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PREFACE 

This volume conta?ns the macuscripts of papers presented as part of 
"R&D Productivity: Ndw Challenges for the U.S. Space Program," 
September 10-11, 1985. This conference was planned and operated as a 
joint project betwcen t;e University of Houston-Clear Lake and the 
Lyndon B. Johnson Space Center in cooperation with the American 
Institute for P.eronautics and Astronautics and the American Productivity 
Center. 

The 51 papers published in this volumc~ were selected for 
presentation through a rigorous review process from 112 papers submitted 
for consideration. However, all those who submitted papers made a 
distinct contribution to the success of this conference whether or not 
their work is contained in this publication. The response to the call 
for papers was overwhelming and many excellent contributions had to be 
turned down because of the limitations of time and space. Therefore, we 
express our thmks to all those who submitted abstracts because their 
ideas, work and creativity are the foundation of our efforts. 

A conference of this size and scope requires the support of many 
individuals. Thanks are due the 22 reviewers from AIAA, JSC, and UH-CL 
whose tireless reading, rereading, evaluating and organizing produced a 
program high in both quality and interest. Special thanks to Bob Lewis 
of AIAA for his ability to enlist the help of so many colleagues in this 
task. 

Special mention also must be made of the vast and various 
contributions of Alma Martin from JSC. Her ability to facilitate, 
coordinate and otherwise cut through red ts.pe made our efforts more 
productive. In addition, the work of Betty McSheehy, Jeane Conway-James 
and Steve Dubuc from the Center for Advanced Management Programs was 
tireless and professionally performed. Their efforts in organizing and 
executing the details of this conference made us efficient and effective. 

Our appreciation must also be expressed to Harry M. Porter and his 
staff at the JSC Printing Management Branch. Their ability to meet 
tight schedules with quality work has made this book a reality. 

Finally, the contributions of Les Sullivan to the concept and 
content of this program and the guidance of Wayne Young in the process 
are gratefully acknowledged. 

Otis W. Baskin 
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IMPLEMENTING QUALITY /PRODUCT1 VITY IMPROVEMEHT 
INITIATIVES IN AN ENGINEERING ENVIRONMENT 

Roger R. Ruda, McDonnel 1 Douglas-Houston 

Qua l i t y lP roduc t i v i t y  Improvement (QPI) i n i t i a t i v e s  i n  the 
engineering environment a t  McDonnell Douglas-Houston include several 
d i f f e ren t ,  d i s t i n c t  a c t i v i t i e s ,  each having i t s  own appl icat ion,  ye t  
a l l  targeted toward one comnon goal - making continuous improvement 
a way o f  1 i f e .  The ch ie f  executive and the next ;wo leve ls  o f  manage- 
ment demonstrate t h e i r  commitment t o  QPI w i th  hands-on involvement i n  
several a c t i v i t i e s .  Each i s  a member"of a Q P I  Council which consists 
o f  s i x  panels - Par t i c i pa t i ve  Management, Conunica . i s ,  Training, 
Performance/Product i v i  t y  , Human Resources Management and Strategic  
Management. I n  addtt ion, each manager conducts Workplace V i s i t s  and 
"Bosstal ks", t o  enhance communications w i  t h  employees and t o  provide 
a forum f o r  the i d e n t i f i c a t i o n  o f  problems - both real  and perceived. 

Qua1 i'ty Ci rc les and "Project Teams" are wel l  establ ished w i  t h i n  
McDonnel 1 Douglas as useful  and desirable emp1o:~ee involvement teams. 
The continued growth o f  v o l w t a r y  membership i n  the c i r c l e s  program i s  
strong evidence o f  the employee i n te res t  and management support t ha t  
have developed w i th in  the organization. 

Every member o f  upper management and over one- th i rd o f  the 
renainder of the workforce have been t ra ined and are a c t i v e l y  involved 
i n  some a c t i v i t y  t o  enharm McDonnel 1 Douglas' continuous improvement 
goal . 



I n  a McDonnell Douglas Corporate Pol i c y  Statement, 
S. N. McDonnell, Chairman and Chief  Execut ive O f f i c e r ,  gave the f o l l ow -  
i n g  d i r e c t i o n ,  "The r e s p o n s i b i l i t y  f o r  q u a l i t y  and p r o d u c t i v i t y  i m -  
provement r es t s  w i t h  every MDC employee. Corporate, component and 
subs id iary  c h i e f  execut ives have pr imary r e s p o n s i b i l i t y  f o r  es tab l i sh -  
i ng  and mainta in ing an ? f f e c t i v e  qua1 i tyl;.  r o d u c t i v i  t y  imyovement 
process t h a t  invo lves a1 1 employees." 

McDonnell Douglas-Houston' s Qual i tylProduc t i  v i  t y  Improvement 
(QPI)  process emphasizes s i x  s p e c i f i c  i n i t i a t i v e s  - 2 a r t i c i p a t i  ve 
Management, Communications, Tra in ing,  Perforr~i lnce/Product i  v i  t y  , Human 
Resources Management dnd S t ra teg ic  Management. Continuous improvement 
i n  each o f  these areas i s  the common goal o f  the a c t i v i t i e s  t h a t  have 
been implemented t o  date. There i s  s t i l l  much t o  be done. bu t  w i t h  
the f o l l o d i n g  mechanisms and a c t i v i t i e s  i n  place, and w i t h  the t o t d l  
commitnent o f  top management t o  keep them i n  place, i t  w i l l  ge t  done. 

DISCUSSION 

I n  Janmry,  1384, the D i r ec to r  and Chief  Executive o f  McDonnoll 
Douglas' Houston Operations e s t a b l i  shed a Qual i t y l P r o d u c t i v i  t y  Improve- 
ment Council (QPIC) char tered t o  i d e n t i f y  and implement a c t i v i t i e s  t o  
f u r t h e r  the Corporate QPI i n i t i a t i v e s .  Membership o f  the counci 1 i s  
composed o f  the % r e c t o r  and the next  two l e v e l s  o f  management. Yem- 
bership i s  mandatory and p resen t l y  cons is ts  o f  32 managers. Each 
manager i s  a lso  assigned t o  one o f  the Counc i l ' s  s i x  panels (F igure 1). 

Figure 1 
Quality/Productivity Improvement Council 



Each panel meets w e ~ k l y  and repor ts  progress and recomnendations twice 
monthly a t  the QPIC meetings. The QPIC i s  chaired by the Chief Execu- 
t i v e  t o  emphasize top management comnitment and involvement and a new 
management pos i t i on  was created t o  a s s i s t  him. The new manage- of 
Qual i t y /Product iv i  ty Improvement i s  assigned f u l l - t i m e  responsibi 1  i t y  
f o r  coordinat ing a l l  Q P I  a c t i v i t i e s  w i t h i n  the Div is ion,  other compon- 
ents and Corporate, and f o r  i d e n t i f y i n g  methods and techniques t o  
t r a i n  and motivate every employee t o  become involved i n  the QPI  
a c t i v i t i e s .  

I n i t i a l  t r a i n i n g  i n  qua1 i t y  improvement techniques was pro- 
vided Q P I C  members u t i l i z i n g  the "Juran on Q u a l i t y  Improvement" video- 
tape ser ies [ 11 and the Juran "Pro ject  Team" approach was appl ied by 
each panel. Follow-up t r a i n i n g  has included "Act ion Plans f o r  Imple- 
menting Qual i t y  and Froduct iv i ty "  [2 ] and "Toward Excellence" [ 3 I. 
Agenda items a t  each regu lar ly  scheduled panel and counci l  meeting 
emphasize the comni tment t o  continuous improvement and provide addi - 
t i ona l  opportuni t i e s  f o r  discussing past, present and future a c t i v i  - 
t i es .  

This gPI approach has resu l ted  i n  several improvements i n  
each i n i t i a t i v e  area as i l l u s t r a t e d  by. the fol lowing examples. 

Pa r t i c i pa t i ve  Management 

The Par t i c i pa t i ve  Management (PM) panel began i t s  a c t i v i t i e s  
i den t i f y i ng  what type o f  PM a c t i v i t i e s  could be appl ied i n  the engi- 
neeri'ng organizat ion and def in ing  avai lab le t r a i n i n g  t o  help under- 
stand and implement PM techniques. Several consultants and much 
l i b r a r y  research l e d  the pa ie l  t o  conclude tha t  PM was no s ingle tech- 
nique tha t  could be, o r  was, packaged, avai lab le and appl icable i n  the 
aerospace engineering support services e n v i r ~ n r e n t .  The panel then 
developed a workshop, " In t roduc t ion  t o  P a r t i c i p a t i v e  Management", and 
conducted i t  f o r  a1 i employees o f  the d iv is ion .  The workshop included 
examples of p a r t i c i p a t i v e  management styles, the organizat ional and 
environmental ba r r i e rs  t o  using PM techniques, and the advantages and 
effect iveness of employee involvement i n  management decisions. Pro- 
j ec t s  the PM panel i s  working on now include def in ing  PM t r a i n i n g  
requirements for  supervisors and def in ing  techniques f o r  evaluat ing 
mar~aprs  and supervisors e f f e c t i v e  use o f  PM techniques i n  t h e i r  work 
enr; ronment. 

Comnunica t ions 

There have been not iceable improvements i n  comnunications wi th-  
i n  McDonnell Douglas as a r e s u l t  of the i n i t i a t i v e s  described. Short ly  
a f t e r  i'ts formation, the Comnunications panel recommended pub1 ish ing  a 
loca l  newsletter t o  increase the workforce's knowledge o f  ongoing D i v i -  
s ional a c t i v i t i e s .  "The Houstonian'', a  high qua l i t y ,  e igh t  t o  twelve 
page newsletter i s  now published monthly. It has g rea t l y  improved top- 
to-bottom, and, w i th  employee inputs and a r t i c l e > ,  bottom-to-top com- 
m~n ica t i~ons  as we1 1. 



"Workplace V i  s i  t s "  , o r  Management by Wandering Around (MBWA) , 
i s  u t i l i z e d  ex tens ive ly  by a l l  QP IC  members. V i s i t s  are unscheduled, 
in formal ,  and prov ide d i r e c t  bot tom-to-top communications and problem 
i d e n t i f i c a t i o n .  

"80ssta lksh a re  he ld  r e g u l a r l y ,  u s u a l l y  weekly, by the D i v i -  
s ion  D i rec to r .  T h i r t y  t o  f o r t y  personnel f rom a1 1 o rgan iza t iona l  
l e ve l s  a re  i n v i t e d  t o  a t tend  these meetings. The meetings have no 
f i xed  format, the D i r e c t o r  s o l i c i t s  t op i cs  and problems fo r  discuss 
from attendees. ?roblems i d e n t i f i e d  a t  these meetings a re  l a t e r  
assigned t o  managers f o r  r eso lu t i on .  Some t y p i c a l  problems and the 
reso lu t ions  a re  5hown i n  Figure 2 .  Each Department Manager i s  en- 
couraged t o  conduct s imi  l a r  meetings w i  t h  h i  s personnel . La te ra l  

i o n  

i r 

commu~rications i s  g r e a t l y  ennanced~by having the top three organiza- 
t i o n a l  management l e v e l s  i n  attendance a t  the r e g u l a r l y  scheduled 
Q P I C  and panel meetings. 

Figure 2 
CONSTANT IMPROVEMENT THROUGH BOSS TALKS AND WORKPLACE VISITS 

BOSS TALKS 8 0 8 5  WALKS 
Wsuv)  (-200 PER MONTH) 

. . . . AND 
RESULTANT ACTIONS 

0 NEED MORE COMPUTER TERMINALS 0 MANY ADDED. t. >RE PLANNED 

0 POOR COPIER SITUATION 0 DAlLV MAINTENANCE 

0 NEW BUlLDlNO CONCERNSIISSUES 0 APPOINTED PARTICIPATIVE TIGER TEAM 

0 EXCESSIVE CONTROL OF SUPPLIES 0 ELIMINATED SIQN OUT REQUIREMENT 

0 LATE DELIVERY OF HOUSTONlAN 0 REVISED DELIVERV SYSTEM 
NEwwmEn 

Tra in ina  

Tra in ing,  i n  a l l  areas - management, adm in i s t r a t i ve  and tech- 
n i c a l  i s  needed t o  ensure a top q u a l i t y ,  p roduc t i ve  workforce and 
sus ta in  a continuous improvement process. 

P r i o r  t o  the f o rmu la t i on  o f  the T ra i n i ng  panel, var ious types 
of t r a i n i n g  were arranged f o r  and scheduled by i n d i v i d u a l  nanagers. 
The Tra in ing  pane l ' s  i n i t i a l  task was t o  determine what s k i l l s  were 
being taught t o  whom, what o the r  d r i l l s  were needed and what would be 
needed i n  the f u tu re .  



A consultant f i  m 'nas used t o  help def ine what the management 
t r a i n i n g  needs were f o r  supervisors, mid- level and executive leve l  
managers. Surveys o f  p ro jec t  and department managers i d e n t i f i e d  
technical requirements. A f te r  the needs were established, the search 
f o r  e f f e c t i v e  t r a i n i n g  programs was begun. Solne are being developed 
i n te rna l l y .  

An evening study program exis ted t o  provide employees an 
opportunity t o  develop s k i l l s  t ha t  would cont r ibu te  t o  t h e i r  personal 
growth. The program was great ly  expanded and a f u l l  time t r a i n i n g  
coordinator was h i  red t o  enhance the programs qua1 i t y  and con tent .  

Tra in ing i n  s t a t i s t i c s  and q u a l i t y  cont ro l  i s  ~ r e s e n t l y  being 
provided a t  a l l  leve ls  t o  a i d  personnel i n  recognizing what can and 
should be measured o r  monitored t o  improve processes, and t o  detect  
and resolve errors.  This t r a i n i n g  i s  being conducted as pa r t  of a 
"Continuous Improvement" workshop, where the need f o r  s t a t i s  t i c s  i s  
examined and examples o f  t h e i r  use i n  monitor ing processes are pre- 
sen ted. 

The major ob jec t ive  o f  the ~ e r f o r m a n c e j ~ r o d u c t i v i  ty panel has 
been t o  def ine a Performance Measurement System (PMS) appl icable t o  
an engineering organizat ion where performance i s  considered to consis t  
o f  both q u a l i t y  and product iv i ty  factors.  Their  i n i t i a l  e f fo r ts  were 
to  analyze non-productive engineering time so tha t  measurements o f  
t h i s  factor  could be an ind ica tor  o f  improvements. The c o l l e c t i o n  
and t rack ing o f  information proved t o  be too unwieldly however, and 
t h i s  apprcach was dropped. The PMS present ly  i n  use i s  nruch more 
f l e x i b l e  and appl icable t o  the whole organizat ional environment I4 I. 
I t  i s  based on the American Product iv i ty  Center's " fami ly  o f  mezsures" 
system tha t  was developed by the panel a f t e r  attending APC's "Know- 
ledge Worker Measurement" workshop. 

The present task being worked by t h i s  panel i s  t~ assess the 
status and resu l t s  of the Continuous Improvement process a t  McDonnell 
Doug?as-Houston, and t o  i d e n t i f y  areas where fu r the r  improvements 
shotlld be emphasized. 

hman Resources Malnaqement - -- 

The Human Resources Management panel's i n i t i a l  pro jects were 
t o  anaiyze and improve the employee career counsel 1 i ng  procedures, t o  
devise a means f o r  making employees more aware o f  job opportuni t ies 
w i th in  the company and t o  increase the effect iveness and q u a l i t y  o f  
the Recognition and Awards program. The new Job Posting System i s  i n  
place, a1 lowing employees t o  be aware o f  job  openings and apply, con- 
f i d e n t i a l l y ,  fo r  a job  tha t  may be more i n  l i n e  w i th  t h e i r  career goals. 



The Career Counsel 1 i ng Supervisor ' s Handbook was developed 
and i s  i n  use by each superv isor  i n  the d i v i s i o n .  E x i s t i n g  C e r t i f i -  
cates of Achievement, New Technology Awards, and the Employee Sugges- 
t i o n  Program were rev i sed  and r e v i t a l i z e d .  The "D'irectors Award" was 
created t o  reward the one most outs tanding achievement each month. 
The p r o j e c t  p resen t l y  being worked by t h i s  panel i s  t o  f e r r e t  ou t  
r e s t r i c t i v e  company p o l i c i e s  and procedures and rev i se  them t o  be 
more i n  l i n e  w i t h  the new organ iza t iona l  cu l t u re .  

S t ra teg ic  Manaqement 

The S t ra teg i c  Management panel was j u s t  r ecen t l y  added t o  the 
QPIC as an i n d i v i d u a l  improvement i n i t i a t i v e .  The panel 's  cha r t e r  i s  
t o  e s t a b l i s h  s t r a t e g i c  management as a "Way o f  L i f e " ,  where the 
approach t o  business i s  the i d e n t i f i c a t i o n  o f  a )  the changes the 
company faces i n  the f u t u r e  and b )  the a l t e r n a t i v e s  t h a t  can be de- 
veloped f o r  dea l ing  w i t h  those changes. The i n i t i a l  p r o j e c t  then, 
f o r  t h i s  panel, i s  t o  de f ine  the long range business plans and the 
cur ren t  business s t r a teg ies  f o r  implementing those plans. 

Qual i t y  C i r c l es  

Qual i t y  C i  r c l  es a t  McDonnel 1 Douglas-Houston were a forerunner  
of the formal QPI o r g a ~ i z a t i o n .  They were es tab l i shed  i n  1983 w i t h  
the format ion o f  th ree  p i  l o t  engineer ing c i r c l e s .  There was some 
doubt i n i t i a l l y  as t o  the a p p l i c a b i l i t y  o f  t r a d i t i o n a l  q u a l i t y  c i r c l e  
techniques w i t h i n  a pu re l y  engineer ing ?nvironment. A t  present, the re  
are twen ty - f i ve  c i r c l e s  (23 i n  engineer ing)  i n v o l v i n g  over 260 em- 
ployees, and the o r i g i n a l  three c i r c l e s  a re  s t i l l  opera t ing  e f fec-  
t i v e l y .  S ix  c i r c l e s  are p resen t l y  s e l f - f a c i l i  t a t i n g ,  i .e., they 
tot all:^ lead  and manage t h e i r  own a c t i v i t i e s .  

The c i r c l e s  program a t  McDonnell Douglas i s  named SPACE - 
Solv ing Problems Among Creat ive Employees. Each c i r c l e  leader  rece ives 
28 hours o f  t r a i n i n g  which inc ludes t r a d i t i o n a l  qual i ty c i r c l e  problem- 
so l v i ng  techniques, as we1 1 as group leadersh ip  techniques. C i r c l e s  
are formed w i t h i n  e x i s t i n g  work groups, each usua l l y  having s i x  t o  
fourteen members. Each c i r c l e ,  w i t h  the he lp  o f  a f a c i l i t a t o r ,  pro-  
ceeds w i t h  prob len-so lv ing techniques t r a i n i n g  and immediately begins 
wo rk i n~ l  an a work- re la ted problem o f  t h e i r  choice.  C i r c l es  have v o l -  
un ta ry  w m t ? r s h i p  and meet f o r  one hour per week on company t ime. 
Whet a recomnendatiol f o r  a s o l u t i o n  t o  a problem has been formulated, 
e $resen ta t ion  i s  made t o  management. Management has responsi  b i  1 i t y  
f o r  making the dec is ions t o  implement o r  no t  implement suggestions. 
Almost every proposed s o l u t i o n  has been implemented t~ date. Typ ica l  
problems chosen inc lude : improving the con t rac t  documentation review 
cyc le ,  improving in t ragroup  communications, s tandard iz ing crew t r a i n -  
i n g  scrip';;, reducing memo rou t ing - t ime and improving A x e n t  qual i t y  
assura:,ce procedures. 



A key ingredient  t o  a successful q u a l i t y  c i r c l e  program i s  
management comnitment, and as t h a t  has been provided i n  support of 
QPI a c t i v i t i e s ,  the c i r c l e s  have done we l l  i n  t h i s  engineering en- 
v i ronmen t . 
Project  Teams 

Project  Teams are created a t  McDonnell Douglas whenever a 
spec i f i c  management-related problem needs to  be solved. Membership 
of each team i s  comprised o f  management and non-management personnel, 
a t  any level ,  across the organization, who have the knowledge neces- 
sary t o  solve the problem. Each team leader receives group problem- 
solv ing t ra in ing ,  e i t h e r  through the Q u a l i t y  C i rc les  program o r  
"Juran on Q u a l i t y  Irnprovcment". An ind i v idua l  team e x i s t s  only  as 
long as i t  takes t o  define, analyze and solve t h a t  p a r t i c u l a r  problem. 
A1 1 QPIC members and e igh ty - f i ve  middle managers i n  Houston have taken 
the J u r a ~  series, and over 260 supervisors and engineers have received 
Circ les t ra in ing .  More are being t ra ined continuously t o  meet our 
goal o f  100% employee isvolvement i n  QPI  i n i t i a t i v e s .  

The Qua1 i ty/Product i  v i  ty Improvement Counci 1 i s  the heart ,  and 
the brains, o f  the McDonnell Douglas-Houston QPI i n i t i a t i v e s .  The s i x  
QPI Counci 1 panels - Par t i c i pa t i ve  Management, Co~nunicat ions , Train- I 

i ng, Performance/Producti v i  ty , Human Resources Management and Strate-  I 

g ic  Management are cont inua l ly  i d r ? t i f y i n g ,  developing and implement- 
i n g  plans and a c t i v i t i e s  t o  capi t.- i :ze on every improvement opportunity.  
This top management team, l e d  by B i  I 1 Hayes, Di3ector and Chief Execu- 
t i  ve of Houston Operations, i s  comni t t e d  t o  continuous improvement. 

The remainder o f  the workforce i s  a lso becoming very involved 
i n  the continuous improvement process. There are twenty- f i  ve Qua! i t y  i .  -. 
Circ les and the number i s  cont inuing l o  grow. Employee involvement 
and t r a i n i n g  i n  Q P I  techniques present ly  includes over one- th i rd o f  
the workforce, one hundred percent i s  our goal. Employee recogni t ion 
fo r  achievements provides add i t iona l  mot ivat ion f o r  everyone t o  get 
involved. Implementation o f  continuous qua l i t y /p roduc t i v i t y  improve- 
ment a c t i v i t i e s  i s  wel l  underway a t  McDonnel: Douglas-Houston. 
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ABSTRACT 

The United S ta t e s  A i r  Force Systems Command (AFSC) is charged 
with the  development and acqu i s i t i on  of aerospace technology systems. 
Much of t ha t  a c t i v i t y  i s  concerned with space systems development, 
acquis i t ion ,  and operations.  Heavy emphasis is being placed on produc- 
t i v i t y  i n  organizat ional  and process funct ions which w i l l  keep aerospace 
systems on the  leading edge of technology, with plans extending capa- 
b i l i t y  i n t o  the fu ture .  The prod-dctivity emphasis ranges from people- 
or iented a c t i v i t i e s  t o  resource and technological funct ions which support 
na t iona l  aerospace object ives .  The AFSC space-related missions w i l l  be 
discussed a s  a spec i a l  area of product ivi ty  e f fo r t s .  

INTRODUCTION TO THE COMMAND 

The primary mission of t he  Air Force Systems Command (AFSC) i s  
t o  advance aerospace technology, apply it t o  operat ional  aerospace 
systems development and improvement, and acquire  qua l i t a t i ve ly  superior ,  
cost-effect ive,  and l o g i s t i c a l l y  supportable aerospace systems. The 
Command has been involved i n  space missions from the  e a r l i e s t  United 
S ta t e s  ventures,  going back t o  t he  ea r ly  1950's i n  exploratory work by 
General Bernard Schriever a past. Systems Commalid c o m n d e r .  

The Air Force Systems Command a l s o  supports the  major space 
r e s p o n s i b i l i t i e s  of the  Department of Defense, including basic  and 
applied research, development, t e s t  and engineering of s a t e l l i t e s ,  space 
launches and missions, boosters,  space probes,, and re la ted  space systems. 
The Command i s  present ly heavily involved i n  the  research a c t i v i t i e s  of 
the Space Defense I n i t i a t i v e s  program, under the  camand of a space 
vetern of AFSC experience, General Abrahamson. In  addi t ion,  AFSC 
supports many NASA programs and p ro j ec t s  t h a t  operate  under agreements 
between the  Department of Defense and NASA. 



AFSC Resources - 
The Command is one of the  l a r g e r  A i r  Force Colpmends. In  scope 

of f i nanc i a l  a c t i v i t y ,  i t  would rank s i x t h  among the  Fortune 500 of 
United S t a t e s  corporations.  The personnel ranks of AFSC list 27,500 
mi l i t a ry  and 29,500 c i v i l i a n  personnel. The na ture  of i ts  research, 
development, t e s t ,  and acqu i s i t i on  means t h a t  AFSC is the  primary 
A i r  Force employe: of s c i e n t i s t s ,  engineers,  and technica l ly  or ien ted  
personnel. 

I n  t he  cur ren t  1985 f i s c a l  year,  Systems Command is managing 
approximately $38 b i l l i on .  Within t h a t  amount, $23.1 b i l l i o n  goes f o r  
procurement of a i r c r a f t  ($16 b i l l i o n ) ,  m i s s i l e s  ($5.3 b i l l i o n ) ,  and o ther  
equipment ($1.8 b i l l i o n ) .  Beyond t h a t ,  $10 b i l l i o n  is applied t o  
research, development, t e s t ,  and evaluat ion (RDT&E) , $1.5 b i l l i o n  f o r  
operation and maintenance, and $540 mi l l i on  f o r  m i l i t a r y  construct ion.  
The remainfng $3 b i l l i o n  comprises fore ign  m i l i t a r y  s a l e s  ($1 b i l l i o n ) ,  
reimbursables ($1.2 b i l l i o n ) ,  and mi l i t a ry  pay ($900 mil l ion) .  

The magnitude of t he  resources en t rus ted  t o  AFSC d i c t a t e s  a  heavy 
r e spons ib i l i t y  f o r  product ivi ty  i n  discharging its missions t o  ensure 
t h e  bes t  output fo r  the  resources involved. A s  a  v i t a l  segment of t h e  
A i r  Force s t ruc tu re ,  AFSC adminis ters  th i r ty -e igh t  percent of t he  t o t a l  
A i r  Force budget, while u t i l i z i n g  only 6.5 percent of t he  personnel of 
t he  A i r  Force. A s  a  f i n a l  indicaror  of t he  key r o l e  of t he  Systems 
Command, AFSC cur ren t ly  adminis ters  29,000 a c ~ i v e  con t r ac t s  valued a t  
approximately $108 b i l l i o n .  

Organization 

The hea r t  of AFSC contains  four -oduct d iv i s ions :  

1. The Space Division (Los Angeles AFS) which develops, 
tests, and supervises  launch and operat ion of space c r a f t .  
F a c i l i t i e s  include V;.ndenburg AFB (which w i l l  provide f o r  
fu tu re  s h u t t l e  launches and recover ies ) ,  t h e  eas te rn  space 
f a c i l i t i e s  a t  Pa t r ick  AFB, and the  Space Technology Center 
a t  Kirtland AFB. 

2. The Electronics  Systems Division, which develops, t e s t s ,  
and procures e l ec t ron i c  systems f o r  aerospace and ground 
missions. 

3. The Armament Division which develops and tests con- 
vent ional  weapons. 

4,  The Aeronautical Systems Division which develops and 
tests a i r c r a f t  systems. 

The B a l i s t i c  Missi le  O f f  i c e  a t  Norton M B  is invcl.ved i n  the  
development and t e s t i ng  of mi s s i l e s  and t h e i r  component systems. The 
Foreign Technology Division monitors a  wide v a r i e t y  of foreign 



technological  a c t i v i t y ,  wi th  s p e c i a l  emphasis on space. The Contract  
Management Divis ion oversees  t h e  c o n t r a c t s  f o r  a c q u i s i t i o n  of aerospace 
systems, including space systems. The Aerospace Medical Divis ion 
s t u d i e s  t h e  e f f e c t s  of manned f l i g h t ,  wi th  space f l i g h t  c o n s t i t u t i n g  
a f o c a l  a r e a  of resea rch  and t r a i n i n g .  A v a r i e t y  of l a b o r a t o r y  and 
t e s t  l o c a t i o n s  a r e  ve ry  involved i n  apace-related resea rch  and test 
a c t i v i t y  t o  examine t h e  cond i t ions ,  hazards ,  eqd p o t e n t i a l s  f o r  
pursuing miss ions  i n  t h e  space environment. 

The Space Technology Center a t  Ki r t l and  AFB is a r e l a t i v e l y  new 
organ iza t ion  es tab l i shed  t o  support  t h e  space miss ion of t h e  Command. 
Subordinate t o  t h e  Space Divis ion,  t h e  Space Technology Center s u p e r v i s e s  
t h e  Geophysics, Rocket Propulsion,  and Weapons Laborator ies .  Planning,  
development and t e s t  a c t i v i t i e s  suppor t  a wide range of space ven tures ,  
wi th  t h e  S t r a t e g i c  Defense I n i t i a t i v e  r e s e a r c h  p r o j e c t  : prime c l i e n t .  

Transforming t h e  resource  and o r g a n i z a t i o n a l  c a p a b i l i t y  of AFSC 
i n t o  s a t i s f a c t i o n  of aerospace miss ions  and o b j e c t i v e s  means t h e  blending 
of Commami a c t i v i t i e s  i n t o  o r c h e s t r a t e d  e f f o r t s  t o  meet chal lenges .  
Action.? t o  pursue Conrmand cha l l enges  i n  a product ive  and c o s t - e f f e c t i v e  
manner w i l l  be discussed i n  t h e  contexp of people, resource ,  and program 
i n i t i a t i v e s .  

PEOPLE PRODXTIVITY INITIATIVES 

One v i t a l  segment of t h e  p r o d u c t i v i t y  program of AFSC r e s t s  i n  
peaple programs. l n  August, 1984, General Lawrence Skantze assumed 
cormnand of AFSC and ind ica ted  a concern f o r  p r o d u c t i v i t y  i n i t i a t i v e s  
wiehin t h e  Command. While e n t r u s t e d  wi th  thousands of t a l e n t e d  people 
and a l a r g e  f i s c a l  and a c q u i s i t i o n  r e s p o n s i b i l i t y  by t h e  A i r  Force, 
General Skantze saw t h a t  execut ing t h e  miss ion of t h e  Command would 
soon involve "doing more wi th  less." The v a s t  a r r a y  of program 
r e s p o n s i b i l i t i e s  with inc reas ing  c o s t s  would t e s t  t h e  a b i l i t y  of t h e  
Command t o  respond. 

Changing the  Cul ture  - 
Contemporary management resea rch  and w r i t i n g  a t t e s t s  t o  t h e  need 

f o r  a s s e s s i n g  t h e  c u l t u r e  of o rgan iza t ions  t o  v e r i f y  g o a l s  and v a l u e s  
i n  pursuing g o a l s  of excel lence,  change, o r  renewal. The c u l t u r e  change 
process  is a t  work i n  AFSC. A s  i s  o f t e n  t h e  c a s e  i n  a change of command, 
t h e  new commander w i l l  e s t a b i i s h  h i s  s t y l e  and working expec ta t ions  i n  
ca r ry ing   he organizat ion t o  t h e  accomplishment of missions.  Since  AFSC 
is  a l i n k i n g  pin  between t h e  us ing o p e r a t i o n a l  cormrunds of t h e  A i r  Force 
and t h e  community of resea rch  and development (R&D), a c q u i s i t t w ,  dnd 
c i v i l i a n  c o n t r a c t i n g  f i rms ,  t h e  Commad f i n d s  i t s e l f  a m i l i t a r y  organi-  
za t ion  wi th  m u l t i p i e  t i e s  t o  s e p e n t s  of t h e  c i v i l i a n  world. 



General Skantze ( 3 )  has  placed eaphas i s  on managing t h e  A i r  
Force a c q u i s i t i o n  r o l e  i n  a "business-like" manner. Th i s  means t h a t  
AFSC m i l i t a r y  and c i v i l i a n  personnel n o t  on ly  must meet m i l i t a r y  
s tandards ,  but  must be a b l e  t o  perform c r e d i t a b l y  i n  d e a l i n g s  end 
n e g o t i a t i o n s  wi th  c i v i l i a n  c o n t r a c t i n g  o r g a n i z a t i o n s  and R6D e n t e r p r i s e s .  
AFSC personnel performing w e l l  w i l l  b e s t  suppor t  t h e i r  col leagues  i n  
t h e  o p e r a t i o n a l  and combat comands.  "Buying smartly" would become more 
than a catchy slogan.  

Managing i n t e l l i g e n i l y  inc ludes  a deep concern f o r  q u a l i t y .  
Q u a l i t y  assurance is a major element of AFSC a c q u i s i t i o n  and c o n t r a c t  
management programs. Qua l i ty  i n  s t a f f  work and bus iness  management 
programs of t h e  command a r e  endorsed as a c o r o l l a r y  of t h e  des i red  
q u a l i t y  sought i n  procurement activities. 

People Programs 

An a r r a y  of ven tures  t o  involve Command personnel i n  improving 
p r o d u c t i v i t y  and q u a l i t y  opera t ions  includes:  

1. Suggestion Programs which have been emphasized t o  
generate  i d e a s  submitted t o  propose improvements. The 
q u a n t i t y  and q u a l i t y  of sugges t ions  has  been g r a t i f y i n g  
i n  response t o  Coaunand emphasis. While a common management 
t o o l ,  suggest ion s y s t e m  have r e f l e c t e d  commitment of 
o rgan iza t ion  member?. 

2. Sensing s e s s i o n s  w i t h  s e n i o r  o f f i c e r s  from f i e l d  
commands have assessed  problems and o p p o r t u n i t i e s  i n  
thosc  o rgan iza t ions ,  as w e l l  a s  examined inter-organiza- 
t i o n  r e l a t i o n s h i p s .  Input  from those  key personnel has  
been ins t rumental  i n  working ou t  k inks  i n  opera t ions ,  and 
i n  reducing we-they conf ron ta t ions .  Th i s  was one of many 
innovat ions  wi th  behav iora l  s c i e n c e  f l a v o r  . 
3. Off -s i t e  s e s s i o n s  by g e n e r a l  o f f i c e r s  and key s t a f f  
reviewed o b j e c t i v e s ,  va lues ,  weaknesses, s t r e n g t h s ,  
t h r e a t s ,  and o p p o r t u n i t i e s  which f a c e  t h e  Command. These 
work meetings ( i n  c i v i l i a n  c l o t h e s )  promoted c r e a t i v e  and 
cohesive op t ions  f o r  f u t u r e  Command opera t ions .  

4. An o rgan iza t iona l  survey of t h e  AFSC headquar ters  was 
conducted by t h e  A i r  Force Leadership and Management 
Development Center t o  provide d a t a  t o  managers of 
organizarJ.ona1 components. These d a t a  c w e r  job s a t i s f a c -  
t i o r ,  a t t i t u d e s  toward work group and superv i sors ,  organi-  
z a t i o n a l  c o m u n i c a t i o n s  and o t h e r  top ics .  These f ind ings  
should provide o p p o r t u n i t i e s  f o r  improving management and 
p roduc t iv i ty  i n  t h e  headquar ters .  



5 .  A c i v i l i a n  personnel work f o r c e  e f f e c t i v e n e s s  s tudy 
group has  been convened wi th  r e p r e s e n t a t i o n  from a l l  f i e l d  
u n i t s .  Th i s  grcdp is genera t ing  i n i t i a t i v e s  f o r  opt imizing 
t h e  c o n t r i b u t i o n s  of t h e  c h i l i a n  work f o r c e ,  an important  
segment of t h e  AFSC family.  

6. Enhanced c a r e e r  development programs a r e  beinf put  i n  
p lace  t o  provide c a r e e r  pa th ing  f o r  personnel. Career 
s a t i s f a c t i o n  and p r o g r m s  is important  f o r  t h e  oupport of 
ind iv idua l  and work group p r o d u c t i v i t y ,  a s  we l l  a s  t o  
provide work f o r c e  s t a b i l i t y .  

7.  Decentral  t z a t i o n  is encouraged, whenever poss ib le ,  a s  
a  means of e s t a b l i s h i n g  t h e  importance of t h e  "work placet '  
and t h e  "work un i t . "  Senior: o f f i c e r s ,  such a s  General 
Larry Welch, v i c e  ch ie f  of s t a f f  ( 5 1 ,  h: . ?  endorsed 
d e c e n t r a l i z a t i o n  a s  a  move t o  promDte p a r t ' l i p a t i o n  of 
personnel a t  a l l  l e v e l s  i n  pursuing q u a l i t y  and proci~lc- 
t i v i t y  o b j e c t i v e s .  

The foregoing a r e  some e x a l ~ p l e s  of an  emphasis on people programs 
irk AFSC which a r e  designed t o  promote a n  awarene -; of q u a l i t y  and pro- 
d u c t i v i t y  i n  t h e  c u l t u r e  of rhe  Command. The e n t i r  . 2ommand has  beer 
s e n s i t i z e d  t o  t h e  need :or g r e a t e r  a t t e n t i o n  t o  t h e  use  of people and 
o t h e r  r e sources  t o  meet g o a l s  of each o rgan iza t ion  I n  AFSC. Working 
"smartert '  and "better" is encouraged a s  a  means of d e a l i n g  d i t h  t h e  
con t inuh l ly  inc reas ing  workload of t h e  Command. 

RESOURCE PROD'JCTIVITY 

Since  AFSC is  en t rus ted  wi th  a  major segment of t h e  A i r  Force 
buying r o l e ,  t h e  use  of s o p h i s t i c a t e d  and contemporary t o o l s  and 
techniques  a r e  required t o  manage t h e  development, t e s t ,  and a c q u i s i t i o n  
a c t i v i t i e s  of t h e  Command. Some of t h e  major p r o d u c t i v i t y  impacts 
follow. 

Management Information Sysrems -. 
To adminis ter  the  f u n c t i o n s  ir.herent i n  t h e  AFSC n i s s i o n ,  t h e  

management of information is e s s e n t i a l .  Vast amounts of d a t a  must be 
s e l e c t i v e l y  acquired,  s t o r e d ,  analyzed,  and presented t o  dec i s ion  makers 
t o  manage t h e  Command. Executive Information System (EIS) c ~ p a h i l i t y  
is  a v a i l a b l e  v i t h i n  and between elements ~f  the  command t o  mainta in  
rea l - t ime communic~tions.  While e l e c t r o . ~ i c  mail  and i i l i n g  (among o t h e r  
e l e c t r o n i c  c a p a l ' l i t i e s )  a r e  common p lace  i n  indus t ry .  t h e  m i l i t a r y  
n e c e s s i t i e s  of s e c u r i t y ,  r ead iness ,  and g loba l  coverage aczen tua te  t h e  
EIS c o n t r i b ~ ~ t i o n .  



A new s t a f f  d i r e c t o r a t e  (KR) was for~ned i n  1984 t o  d e a l  wi th  
Zomputer r e sources  and management informat ion systems. The system 
a r c h i t e c t u r e  is being developed, wi th  growth and v e r s a t i l i t y  of f u n c t i o n  
a  key element. Th i s  c a p a b i l i t y  inc ludes  use  and networks of  micro- 
computers, a s  w e l l  a s  networking wi th  main-frame and suppor t  computing 
f a c i l i t i e s .  It is worth no t ing  t h a t  AFSC f a c i l i t i e s  inc lude  equipment 
ranging from ~ i n i - c o m p u t e r s  t o  super-computers. Needless t o  say,  
ex tens ive  des ign and t r a i n i n g  a c t i v i t y  is  involved t o  achieve and main- 
t a i n  t h e  p roduc t iv i ty  t h a t  can be a t t a i n e d  from e l e c t r o n i c  c a p a b i l i t i e s .  

I n d u s t r i a l  Modernization I n c e n t i v e s  Program - 
Typical  of many p r o d u c t i v i t y  v e n t u r e s  i n  AFSC is t h e  I n d u s t r i a l  

Modernization I n c e n t i v e s  Program (LMIP) . IMIP, simply s t a t e d ,  is 
c o n t r a c t i n g  f o r  p roduc t iv i ty .  IMIP u s e s  t r a d i t i o n a l  and innova t ive  
c o n t r a c t i n g  techniques t o  s o l i c i t ,  " incent iv ize"  and s u s t a i n  c o n t r a c t o r s  
ir inc reas ing  p roduc t iv i ty .  

A s  used, IMIP i s  a  p a r t n e r s h i p  between a  c o n t r a c t o r  and t h e  
A i r  Force d i r e c t e d  a t  s y s t e m a t i c a l l y  b r ing ing  t h e  l a t e s t  manufacturing 
teck?ologies,  and t h e  c a p i t a l  investments needed t o  prod(,-e them, onto 
t h e  production f l o o r  of a  c o n t r a c t o r ' s ' f a c i l i t y .  Resu l t ing  e f f i c i e n c i e s  
i n  production y i e l d  sav ings  t o  DOD weapon system c o n t r a c t s  which a r e  then 
shared with t h e  c o n t r a c t o r .  Th i s  a l lows  t h e  c o n t r a c t o r  t o  r e a l i z e  a 
s a t i s f a c t o r y  r e t u r n  on t h e  investment. 

AFSC has  32 ;MIP1s on c o n t r a c t ,  which inc lu- les  both  prime and 
s u b t i e r  c o n t r a c t o r s  u i t h i n  t h e  aerospace  i n d u s t r i a l  base. The A i r  
Force ' s  commi t~~en t  of over $400 m i l l i o n  f o r  f a c t o r y  a n a l y s i s  and 
manufacturing technology development has  been matched by a $1.4 b i l l i o n  
c o n t r z c t o r  ,omitment f o r  development of new manufacturing technology 
2nd a c q u i s i t i o n  of c a p i t a l  equipment. The p ro jec ted  sav ings  a s  a  r e s u l t  
of t h e s e  commitments exceed $4.5 b i l l i o n  on DOD product ion programs 
through 1990. 

The use  of IMIP combines t h e  b e s t  of  technology and good 
manufacturing management to  enhance product ion c a p a b i l i t y .  I n  h igh  
c o s t ,  s h o r t  production run,  and long l ead  time s i t u a t i o n s  a s  found wi th  
space system p r o j e c t s ,  t h e  IMIP ven tu re  is  showing g r e a t  p i -oduct iv i ty  
p o t e n t i a l .  

P r o d u c t i v i t y  is a cha l l eng ing  o b j e c t i v e  i n  advanced technology 
programs, wi th  cos t  iug  a  p a r t i c u l a r  nemesis. The "Should Cost" programs 
a t tempt  t o  determine -1ha~ c o s t s  reasonably ought t o  be r a t h e r  than c o s t s  
a r e  o r  have been. Tbpre i s  evidence t h a t  t h e  c o s t  curve  can be ben t ,  
r a t h e r  than cont inuin& t o  e s c a l a t e  (11. IMIP is then seen a s  a  t o o l  t o  
h e l p  combat t h e  s e r i o u s  t . i rea t  t o  p r o d u c t i v i t y  by program i n s t a b i l i t y  
and c o s t  overruns.  



Planning 

B e t t e r  management f o r  p r o d u c t i v i t y  involves  improved planning 
wi th  accompanying r c d r o l  systems. I n  t h e  ques t  f o r  more p r o d u c t i v i t y  
i n  i ts  miss ion a r e a s ,  AFSC u s e s  planning ex tens ive ly .  A prime example 
is the  Space Technolcgy P lan  ( 4 1 ,  a product of t h e  Spc,:e Technology 
Center.  Th i s  type  planning h a s  a s t r o n g  impact on t h e  Command and 
r e l a t i o n s h i p s  wi th  DOD, NASA, o t h e r  government agencies  and indus t ry .  

Space technology planning focuses  a l l  A i r  F ~ r c e  space  technology 
investment and execut ion i n  suppor t  of f u t u r e  space miss ion requirements.  
Se lec ted  space technology development p r o j e c t s  w i l l  pursue o b j e c t i v e s  
in: on-board process ing and hardened e l e c t r o n i c s ,  s p a c e c r a f t  autonomy, 
space power, and advanced m i l i t a r y  s p a c e c r a f t  c a p a b i l i t y .  

A r t i f i c i a l  i n t e l l i g e n c e ,  power c e l l  r e sea rch ,  and advanced 
space computer technology a r e  hoped t o  provide increased s p a c e c r a f t  
l i f e t i m e ,  memory, s u r v i v a b i l i t y  and autonomy. The p r o d u c t i v i t y  of 
t h i s  r e sea rch  is t i e d  t o  unique f e a t u r e s  of space needs. Some of those  
f a c t o r s  i c ~ i u d e :  

1. Space systems have lodg lead t imes and long l i f e  t imes.  

2 .  Technology development must s t a r t  very  e a r l y  be fo re  
systems a r e  we l l  def ined.  

3 .  There is  a premium on a c c u r a t e  f o r e c a s t i n g  of 
technology needs. 

The complexi t ies  of t echno log ies  of development, t e s t ,  and 
production make t h e  t a s k s  of AFSC chal lenging.  P a r t n e r s h i p s  a r e  being 
forged wi th  o t h e r  agenc ies  and indus t ry  t o  p r o ~ i d e  p r o a c t i v e  approaches 
t o  managing f o r  q u a l i t y  outcomes i n  a c o s t - e f f e c t i v e  manner. 

COYCLUSION 

A r e c e n t  NASA r e p o r t  on improving Qua l i ty  - and P r o d u c t i v i t y  i n  
Government - and Indus t ry  (21  c a p t u r e s  t h e  essence of t h e  AFSC ques t  for 
produc t iv i ty  i n  i t s  a c t i v i t i e s .  Qua l i ty  of work, q c l i t y  of work l i f e ,  
and q u a l i t y  of management a r e  corners tcnes  f o r  inc reas ing  p roduc t iv i ty .  
Technology and production bases h e l p  provide t h e  s e t t i n g  f o r  q u a l i t y  
of work i n  meeting s t andards  and requirements f o r  products  a d  outpu t s .  

People programs genera te  commitment and work environment 
cond i t ions  vhich c o n t r i b u t e  t o  t h e  success  of t h z  o rgan iza t ioa .  Q u a l i t y  
of management f o s t e r s  l e a d e r s h i p  t h a t  has the  t e c h n i c a l  and l e a d e r s h i p  
s k i l l s  t o  provide d i r e c t  ion  and feedback i n  guiding t h e  orgmiza:  ion 
t o  i ts  o b j e c t i v e s .  The people of AFSC a r e  working toward thosc  q u a l i t y  
cond i t ions  i n  t h e  p u r s u i t  of p roduc t iv i ty .  
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SELF-RENEWAL: 
A STRATEGY FOR QUALITY AND PRODUCTIVITY IRPROVEWNT 

D. H. Hutchinson 
McDonnell Douglas Astronautics Company 

Huntington Beach, California 

Eighty-three management improvement pro,jects tnitiated st the 
UcOvnnell Docglas Astronautics Company since April 1983 provide case 
studies of productivity improvement techniqms mdj measuremenrs of 
Improvement. These prodects were Initiated as part of a program of 
self-renewal that Sanford N. McDonnell, HcDonnell Douglas Corporation 
chairman and chief executive officer, outlined in his 1984 message I 

to the corporation. He described the followirlg five initiatives 
designed "to foster self-renewal throughout the corporation and thereby 
prepare for the f~ture": 

1. Strategic Management_. A continual dynaml.~ open-ended 
planning process that focuses on overall goals, long-range needs, 
problems, and opportunities to ensure that the corporation grows and 
rIwt8 the requirements of an ever-evolving marketplace. 

2. Human Resource Mailageme. The company assures itself of a 
continuing cadre of top-flight people by helping ecployees plan and meet 
career goals and by identifying ttnd grooming those with the greatest 
potential. 

3. Participative tlanagement . A two-way process that allows 
employees to share in the shaping of the future of the company by 
encouraging people to express their opinions and by training managers to 
listen to those opinions and consider them very carefully. 

4 .  Productivity Improvement. Productivity: another word for 
efficiency--for achieving the maximum in product value while avoiding 
unnecessary costs both in house and at vendors to meet the challenge of 
aggressive competitors. 

5. Ethical Decision-Making. Adherence to high et,hical 
standards Is a commitment to excellence and a central part of the 
Corporation's traditions ~ n d  world-wid6 reputation. 

This paper discusses productivity improvement: Sandy McDonnell s 
fourth key for corporate self-renewal. The concept of product~vity or 
ef%iciency is supplemented with two additional concepts of productivity 
improvement: effectiveness and innovation. Dr. V. Edwards Deming, 



early in the 19508, applied statistical techniques to the improvement of 
quality [ 2 ] ,  and Dr. Kaoru Ishikawa worked with the Quality Circle 
Headquarters of the Union of Japanese Scientists and Engineers in Tokyo 
141. These activities provide the basis for the well-documented process 
of improvement of efficiency and praluctivity In several American and 
Japanese industries, and for the process of continuous improvement in 
the KcDonnell Douglas Corporation. Case studies of Improvement of 
ef f iciebcy , effectiveness , and innovation at McDonnell Douglas are 
presented in this paper. 

Strategic objectives and busincss unit planning are the framework 
for quaiity and productivity improveme~t at UcDonnell Douglas 
Astronautics Company in Huntingtm Beach, California (PIDAC-HB). 
Business units, organized a i ~ n d  products, are expected to manage 
continuous improvement during product life cycles. The mission, focus, 
and methods of improvement are adapted to the achievement of program 
goals dcring product life cycles. l'he methods must afford continuous 
improvement. Mission 6nd focua are adaptive as the progranl life cycle 
moves from concepticn through design .and development to operations and 
support. 

THE READAPTIVE PROCESS 

The dilemna facing American industry has been well documented. 
In industry after industry, US firms are losing their competitive 
advantage. This loss is the underlying cause for the country' s present 
economic distress and many relath social pr3blems. In an effort to 
turn this loss around, industrial leaders have sought ways to renew the 
competitive edge. The readaptive processes of the automobile, steel, 
hospital, agricultural, residential construction, coal, and 
telecomnicationa industries have been well described [ ? I .  The 
aerospace industry is not exempt from world-wide competition; it also 
must renew itself. The readaptiva process in the aerospace industry has 
begun to receive the combined attention of government, industrial, and 
educational institutions. The approach used at McDonnell Douglas 
includes performance Improvement project teams (Appendix) that focus 
upon and solve problems as part of a continuous process of improvement 
(Figure 1) . 

The forces that lie behind the form that readaptation takes in 
the seven basic industries studied by Lawrence and Dyer 173 and those 
giving form to the readaptive process at McDonnell Douglas are similar. 
The most remarkable are changes in core technologies, policies, 
competition, and the importance of choices in organizationai strategy. 

The readaptive process (Figure 2) involves seeing organizations 
&is socio-technical-learning systems. The idea that orgarizations must 



FIGURE i. PERFORMANCE IMPROVEMENT LIFE CYCLE - THE READAPTIVE PROCESS 
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be learning systems is not new; it was the central theme of James March 
and Herbert Simon's classic 1958 work [8]. It is also the basis of 
rigorous studies of adaptive systoms technology [91. Uhat is involved 
is a change in ways of looking at organizati~ns. The old concepts of 
mechanical efficiency and bureaucracy are replaced. An integration of 
innovation and efficiency must take place through the involvement of all 
of the employees in active processes of learning and striving (effective 
Interaction). At each stage in a program's life cycle, the process of 
performance improvement must develop an appropriate focus so as to 
improve quality and productivity. The focus of effort will change as 
the task evolves. Early phases of programs are characterized by the 
need for purposeful innovation. 

Purposeful Innovation (Doing Well Uhat Has Never Been Done Before) 

The early stages of a program life cycle focus on purposeful 
innovation. - qovation lo the heart of renewal. Case studies from 
Renewinn American Industry 171 suggest that if organizi?tions are to be 
efficient operational systems , they must also be Innovative learn1 ng 
systems. Systematic innovation consists of the purposeful and organizeh 
search for change, and the systematic analysis of the oppcrr1tunit1es euch 
change might offer [31. The term innovation as used here 94 

economic, social, and technical tern. It is the improved yjdld 
resources. 

Effective Interaction 1 Doing the Rkhr Thing--The &rt cgration - 
,Innovation and Efficiency) 

Organizations are interacting sytems in the process 
development. New programs demand renewal of theae systems. 

As programs reach the development sti~ge, each department must 
learn to adapt and effectively interact with other departments. 
Effective interaction occurs when producers know what users need and 
produce what satisfieo them. Successful programs depend upon effective 
interaction. Improvement. pro3ects must focus on producing useful 
information: budgets, schedules, contracts, tests, eoftware, and so 
forth. The interactions of these services provide a source of 
organizational effectiveness improvement. Improvement in interactive 
effectiveness is prerequisite to improvement in operational efficiency. 
One must be doing the right thing, then improve the efficiency of the 
operation. Effectiveness improvement is a task of the developing 
organization. 

O~erationg Efficiency (Doing It Right && First Time) 

As programs move toward operational phases, the focus shifts 
again, this time toward process control. The central focus of the 
producrivity movement embraced in Japan after Vorld War XI was 
operational efficiency. The work objective was to do l r  right the first 
time. Doing the right Job correctly is the key to productivity. Through 
the development of quality circles in Japan, this resulted in the 
Japanese worker's having almost total. authority within his discipline. 



There 1s a convergence of interests that amounts to participative 
management. 

Many companies in Japan and in the United States are currently 
involved in intensive effort8 to incorporate quality concerns into 
problems of product-line trs-Mitions, applications to design, relations 
with customers, and research and development. Although operational 
efficiency is necessary in these functions, it is not sufficient. 
Effectiveness and innovation are also critical. 

INNOVATION, EFFECTIVENESS, AND EFFICIENCY CASE STUDIES 

Operational reliability, quality, pad produs3vity depend upon 
having all of the parts working right in a process. When organizations 
like McDonnell Douglas and NASA take on new projects, they take on tasks 
of organizational transition. Transitional adaptation through the Ilfa 
cycle of a program, f r m  concept development to operationally successftil 
missions, includes an adaptation of performance improvement techniques 
to the changing nature of the problem6 encountered. J. PI. Juran has 
called improvement projects "problems scheduled for solution" (51. The 
pr~blem-solving methods pioneered by Dr. W. Edwards Deming [ 2 1 ,  Dr. 
Kaoru Ishikawa C41, and Dr. ~uran' in Japan have resulted in the 
continuing development of a management improvement process. This 
process is an ideal vehicle for continuing to improve quality and 
productivity as a program makes the transition from research and 
development to operetional maturity. 

The current Space Station program, emitted to putting a 
permanent manned station in space by the early 19906, is in its 
definition and preliminary design phase. Thus, Space Station program 
performance improvement projects m a t  be devoted to purposeful 
innovations. The spirit of entrepreneurship, of newness, of finding 
opportunities to do economically, socially, and technically what has nor 
been done before facilitates this stage. Perspective 
from the operational worker as a follower of practices 
project to a kno-wledgeable worker guided by a renewed 
and a sense of the new whole of which he is a part. 

Purposeful2 @ n o v a t i  Systems JDoin~ Well What Has 
Before) 

mist be shifted 
on some previous 
sense of purpose 

Never Been Done - -- 

Case A focused factory or "plant within a plant" was 
Study developed at MDAC in 1979 to answer the need for 
No. 1: high-technology electronics manufacturing within 
E/E Develop- the company. The need for complex electrical and 
ment Versds electronic ( E N )  products required a highly 
Production technical manufacturing capability and recent 

contract demands for concurrency of design and 
development required a quick-response capability. 
The systems of the new "plant within a plant" were 
not fulfilling this quick-response requirement. A 
reevaluation of the plant's developmental anC 
production roles and missions was in order. 



A Juran project (see Appendi'.) was implemented to explore ways 
far the "focused factory" to m a t  quick-response requirements and 
expectations. A team from management and engineering MS selected and 
tha problem was stated: exlotin3 syatems were not fulfilling the need 
for the highly technical, .iuick-response manufacturing capability 
requlrbd by complex prdiucts and concurrent developarent of 
electrical/electronlc itma. The improvement pro3ect team thus set as 
Its ~bje~ti~bt! to (1) amess existing methods and procedures and 
structure new methods ant'; procedu;:es aligned more In keepi~g with a 
developmental approach, ( 2 )  establish task definitions for the 
implementation of a developmental shop, arid ( 3 ) reconmend organizat ioaal 
and support function c'mnges. The :earn met periodically for nearly a 
year. 

The problam with development proJects had been evidenced in 
schedule slips, ccst overruns, drawing release delays, and errors in 
work in~tructions. Syetems being used stressed control rather than 
innovation, and ,Fitted mature prod?iccs rather than development 
projects. This pattern a2peared in drawing preparation, production 
planning, manufacturing, inspection, and test. Also, the knowledge 
gained during development was often lost; job classifications were not 
appropriate, drawlng systems needed changing, and organizational 
reporting relationshtps needed adaptatlon. 

The statistical (variance reduction) techniques of the Juran 
process were not very useful for this kind of performance improvement 
project. T h i ~  project required a form of performance improvement that 
Peter Drucker has recently described as "purposeful innovation" 131. 
The key recmilendation was to form a development team that has the 
flexibility to depart from the past and invent new ways of working so as 
to adapt to the variables of developmental projects. The improvement 
project team worked out remedies in the drawing system, provided 
development work instructions, and focused responsibility for 
development tasks. More involvement In goal setting and planning was 
3eebed at the interface of engineering and manufacturing to increase 
flexibility and efficiency, match people to tasks, and account for 
costs. The problems, causes, and remedies are shown in Figure 3 ,  

FiGURE 3. CASE STUDY NO. 1-E/E DEVELOPMENT VERSUS PRODUCTION I 
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Interactive Effectfveness (Doing the Right Th.ing) 

Case A pilot "white-collar" productivity improvement 
Study project (UCPI) was iaitiated in FUIAC' B Department 
No. 2 147, Financial Controle--Direct Budgets, in 1984. 

It has been a unique project. It addresses the 
renewal of a department. A pr~ject team of nine 
represented t.he 33 members 01' the department. 
This team was confronted with the demands 3f 
interactive effectiveness. 

A pilot "white collar" productAvity Improvement project (VCPI) 
was initiated at HDAC to explore procluctivtty in a department whose 
function ie to provide useful services and Information. The American 
Productivity Center's six-phase YCPI d'ramework" provided a methodology. 
This particular UCPI project 1n::olved three groups of people: 

The Produce~~s. Meetings were neld in which all 33 members 
of Department 147 worked together to diagnose problems and opportunities 
for improvement. Complete feedback was given to each member of the 
departmilt regarding the rer ults of a 200-question survey of att I tudes , 
leadership, co;mnunication, participation, goals, measurement, rewards, 
resocrces, and related concerns. They'then set out to make improvements. 

0 & Users. One-hund.red and fifty fiscal, program, and 
business managers as well as engineering and operations users in eight 
different program or business :inits were surveye6 and interviewed. 
Feedback from this material provided a bash for (1) redesign of the 
services of the department to nl,eet strategic plans, (2) team buildhg 
for new teaming alignments, and ( 3 )  technology applications for improved 
service to users. 

The Managers. A nanagement group included the Director of 
Financial cozols, the Contro.ller, the Vice PresMent-Fiscal, ~ n d  the 
Director of Productivity. Pepsrtment 147's manager became a member cf 
the producer project team in t m  example of participat ive management in 
act ion. 

The greatest block to interactive ef feet ive?~ess in organizatiorrs 
is the attempt to protect intctrest groups and preserve old ways of' doing 
things. These interests must be worked through person by person. This 
VCPI pilot project provided 11 framework to make transition processes a 
part of personal and organlziitional renewal, a concept to be instLZuted 
on a department-by-department basis in selected parts of the company. 

The lessons learned, expressed by the improvement project's team 
members, Included the followkng: 

1. Commitment Q Improvement: Producers, users, and managers 
must be committed to improvement. 

"The American ~roductivit~ Center's six phases of a white-collar 
productivity improvement project are, briePly, diagnosis, objective 
setting , measuring, service redesigti, team devel.opment , and development 
of technology parameters. 



2. People Involvement: Everyone's persontti opinicit, valid or 
not. influences interaction. 

3. Producer Ownership: Each producer and each user is a stake 
holder who must own and share in the gains of improvement. 

4. Involvement: Effectiveness mans doinp the right 
things and requires interaction between prNucer8 and uaers. 

5. Responsiveness: Services must be responsive to the needs of 
those who are oerved. 

6. ljfficiency/Effectiveness: The role of the VCPI is to 
develop organizational effectiveness. 

The UCPI process works. Its improvsments accrue to prodwers, 
users, and managers (Figure 4) if they believe in it. But credibility 
must be won. In the Department 147 project, not one of the three groups 
was easy to convince. Even the pilot coordinator aud managers had to go 
through the process. The key is complete honesty and feedback. The 
first meeting with the entire department did not result in belief 
because the will to change was not apparent. It took action to show 
that manager, user, and producer groups had the will to & something. 
Once member8 of the department received feedback and became involved in 
diagnosis and objective-stting, things turnad around dramatically. 
Cmitment came even in the midst of the heavy daily workload. 

FIGURE 4. INTERACTIVE EFFECTIVENESS 

1 Managers 



The YCPI resulted in the improvement of attitudes, participation, 
comnunication, leadership, goal-setting, measurement, rewards, 
recognition, and use of resourcee within the department. It resulted In 
the involvement of management not only in getting to know the work of 
the department m r o  thoroughly, but in providing a sense of mission and 
focus and in selecting the team and then allowing the team to ac'ually 
make improvements. The WCPI a180 resulted in improvement. of the 
relationship of the producers to managers and users (Figure 5 ) .  This 
began with idmtificaton of the users continued with attempts to see 
the department through their eyes, and result(& in further improvements 
that will continue to be made In the future. 

FIGURE 5. OVERVIEW OF THE PHODUCTION/UTILIZATION SYSTEM 

(Adapted from Killman (61) 

1. Production Processes 4. FeedbackISolicitation 

2. Utikation Processes 5. Community Culture and 
Organization 

3. DisseminationlProvision 
Processes 6. lntzrfaces and External 

Forces 

Operational Efficiency (Doing Things Right the rirvi The) 

Case Hardwar,e acceptance is determined after 
Study manufacture by part inspecton. However, 
No. 3: inspection does not prevent nonconformance 
Crush Grind of parts. Since h significant percent of 
Process Control machine shop rejections is &?counted for by 

machine operation, more hardwars could be 
accepted if the manufact  ring procass could 
be controlie,' so as to prevent nonconformance 
of parts. 



MDAC had recently been dircurb,ng the morits of a quality control 
philosophy bared upon prevenLion rather than betection of defects. To 
tert this concept and solve thir rjmcific partr-repction proolem, 
manageImnt chartered a team representing manufacturing, planning, e n ~ d  
quality departments. 

Through analysis OF prior nonconforowrce cortr, a particularly 
unratl~factory machining prwers war identlflml. Thir process is 
required to hold very close dimensional toleraccer, out it consistently 
prodllced defective parts. Many traditional approaches to corrective 
action had been tried but had met with little succebr. Thus, the team 
felt that a new approach was in order. 

Tne team used the follou1r.g investigative procedure: (1) 
identify likely causes, ( 2 )  tee: these posribilities to determine their 
actual effect, ( 3 )  eval~ate test results and lmplwmnt corrective 
solutions, ( 4 )  test Gmse solutions for effectivsneas, ( 5  1 train 
operating personnel in the new approach, (6) reduce oo eliminate in-line 
inspection and accept the prodxt on the basis of process control. 

To identify potential causes of defective pats, the team held a 
brainstorming session. Over 75 opinions or possible causes were 
gathered through this process. Tnege crpinions were c.~egorized and 
diagramled on an Ishikawa "flshbone" chart [41  to shw their 
1nterrel.ationshlps (Figure 6). Next, copies of the flshbono chart were 
distributed to persons familiar with the machine proceEs under 
investigation. These people were hsked to identify tho ten most likely 
causes of proceso nonconformance. These results were then correlated to 
produce a list of the most likely cnuseo. 

The group then determined what data and experimental approaches 
were required to prove or disprove these most likely causes. In this 
case, a p r o c m  capability analysis was considered crucivl to evaluate 
the possible defect causes. 

FIGURE 6. CRUSH GRIND PFtOCESS CONTROL ,, 



Once the experiment was performed, the data were analyzed with 
simple statistical techniques (Figure 7). These statistical tools 
included histograms (Figure 8) that showed how the data were distributed. 

FIGURE 7. RUN CHART 1 

1.6164 
rn = Nonconformance 

Parts in Run Order 

FIGURE 8. HISTOGRAM 

Diameter (1.6160 to 1 .tY85) 

2 8 



The analysis revealed several significant conclusicns. Of 
greatest iaportance, it revealed that the process was not capable of 
con6latently producing parts within the design tolerances. In fact, ths 
experimental results suggested that a 25% failure rate should be 
expected from this prwess. Differences in inspection techniques 
btween operators and inspectrrrr used as m c h  as 20% of the design 
tolerance. Variation6 in part center depth6 (this proceas grinds parts 
on centers) were as high as + 0.023 in., requiring a new setup for each 
part. 

Clearly, this was n w  and interesting information. Here was a 
machine process destined to make defective parts regardless of the 
efforts of the operator. To correct this obviou6ly unsatisfactory 
situation, equipment was ordered that could be attached to the machine 
to improve its capability and automatically co-nsate for variations in 
part center depth. This equipnt cost leer then $20,000 and w1J.l pay , 
for itself in less than 1-1/2 years. In addition, manufacturing and 
inspection agreed to use the same inrpectlon tool6 w,d techniques. I 

I 

Once the new equipment I6 received and installed, tha study team 
will perform a new process capability study to prove that the machine 
enhancements are effective. Once thts is demonstrated, the machine 
operators will be trained in simple' statistical techniques, especially 
control charts. The operator wlll then Implement normalized process 
control cnarts and Cuality Assurance wlll inspect by monltoring the 
control charts and auditing the manufacturing inspections. 

This project has been very successful so far and has served to 
show the viability of tho process control approach to quality control 
[lo]. In addition, it strongly suggests that a process isn't thoroughly 
known until it is known statistically. 

KDAC anticipates more projects of this kind in the future, 
leading to significant Improvements in quality and reductions in costs 
through improvement In operational efficiency, in office technology as 
well as in manufacturing. 

CONCLUSIONS 

The mission, focus, and methods of quelity and productivity 
improvement project8 are part of a renewal or readaptation process that 
changes during the life cycle of aerospace programs. The industry is 
begiming to become aware of the need for managing life-cycle 
transitions and developing self-renewing organizations. William 
P--'ages, a consultant to HDAC-HE, has summsrized the challenge of 
organizational transition 1 :  wechange' is ,&en something stops 
happening rir when something starts happening. 'Transiticn,' on the 
other hand, is an inner reorientation process that an organization snd 
all the individuals in It go through when a char,ge requires everyone to 
work on a new team, fill a r,ew role, and act In new way." 
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THE SPACE TRANSPORTATION SYSTEM 
AS A PRODUCTION PROCESS 



THE KEY TO SUCCESSFUL MANAGEMENT OF STS OPERATIONS: 
AN INTEGRATED PRODUCTION PLANNING SiSTEM 

Wi l l i am A. Johnson, Rockwell I n t e rna t i ooa l  
C h r i s t i a n  T. Thomasen, Rockwell I n t e rna t i ona l  

ABSTRACT 

STS operat ions managers a re  be ing conf ronted w i t h  a unique s e t  of 
chal lenges as a  r e s u l t  o f  i nc reas ing  f l i g h t  ra tes,  the demand f c r  f l i g h t  
man i fes t lp roduc t ion  schedule f l e x i b i l i t y  and an emphasis on cont inued 
c o s t  reduct ion.  These chal  lenges have created the need f o r  an i n t eg ra ted  
product ion p lanning system t h a t  prov ides managers w i t h  the capabi 1  i ty t o  
plan, s inedule,  s ta tus  and account f o r  an o r d e r l y  f l ow o f  products and 
serv ices across a  large, mu1 t i - d i s c i p l  i ne  organizat ion.  With increased 
v i s i b i l i t y  i n t o  the  end-to-end product ion f l ow f o r  i n d i v i d u a l  and 
para1 l e l  missions i n  process, managers can assess the in tegra ted  impact 
o f  changes, i d e n t i f y  and measure the i n t e r r e l a  t i onsh ips  of resource, 
schedule, and techn ica l  performance requirements and p r i o r i t i z e  produc- 
t i v i  t y  enhancements. 

BACKGROUND 

The Operations Challenge 

The Space Transpor ta t ion System (STS) f l  i g h t - t o - f l  i g h t  recon f ig -  
u r a t i o n  process a t  Johnson Space Center (JSC) encompasses i n i t i a l  f 1  i g h t  
f e a s i b i  1 i t y  assessments, f l i g h t  t r a j e c t o r y  design, f l  i g h t  operat ions 
planning, f l i g h t  product ion generat ion,  f a c i  1  i t y  recon f igu ra t ion ,  f l i g h t  
crew and c o n t r o l l e r  t r a i n i n g ,  r e a l  - t ime miss ion support and post - f  1 i g h t  
reconst ruct ion.  A s  the STS t r a n s i t i o n s  t o  mature operat ions,  t h i s  
end-to-end process must be stream1 ined t o  minimize cos t  wh i l e  
mainta in tng acceptable qua1 i t y  and r i s k  l e v e l  s. Reconf igurat ion 
schedules must be reduced wh i l e  ma in ta in ing  l a t e  manifest  and f l i g h t  
content  change f l e x i b i  1  i ty. Increased f l i g h t  ra tes  must be accommoeated 
w i  t h i n  product ion capac i ty  and manpower 1 i m i  t a t  ions.  These chal  lenges 
have created the need f o r  an i ~ t e g r a t e d  project/performance management 



system t o  prov ide managers w i t h  improved v i s i b i l  i t y  and con t ro l  o f  the 
r econ f i gu ra t i on  process f l ow  and the  f l i g h t  product ion l i n e .  

Product ion L ine  Environment 

Each STS mission f lown increases t he  experience database and the 
p o t e n t i a l  f o r  a  h igher  degree o f  comnonali t y  between a  new s e t  of 
miss ion requirements and those o f  a  previous f l i g h t  . Continued stan- 
da rd i za t i on  o f  f l i g h t  products and con f i gu ra t i ons  promote maximum 
u t i l i z a t i o n  o f  gener ic data and minimizes t h  e f f o r t  requ i red  t o  generate 
fl i ght  s p e c i f i c  updates. I nco rpo ra t i  on o f  o ther  process enhancements 
such as such automation, mcdular lzat ion,  conso l ida t ion ,  s i m p l i f i c a t i o n  
and e l  i m i  na t i on  con t r ibu tes  t o  a  changing opera t iona l  environment t h a t  
p a r a l l e l s  a  product ion 1  ine  methodology. As management focuses on t he  
chal lenge o f  mainta in ing an o rde r l y  f l o w  o f  products and serv ices across 
the l a rge  , mu1 t i - d i s c i p l  i n e  o rgan iza t ion  respons ib le  f o r  the  JSC 
fl i g h t - t o - f l  i g h t  recon f igu ra t ion  process, the suppor t ing 
p ro  jectlperformance management system must be o r ien ted  t o  prov ide the 
capabi 1  i t i e s  o f  an i n t eg ra ted  product ion p lanning system. 

Reconf i g u r a t i o n  Process 

The f l i g h t - t o - f l  i g h t  r econ f i gu ra t i on  product ion process i s  
composed o f  th ree  major elements. F i r s t ,  the  a c t i v i t i e s ,  products, 
schedules and associated resources w i t h i n  each techn ica l  d i s c i p l  i n e  t h a t  
are s t r uc tu red  t o  meet f l i g h t  s p e c i f i c  requirements and mi lestones. 
Second, the  i n t e r r e l a t i o n s h i p  o f  the fl i g h t  preparat ion,  product ion,  
miss ion operat ions and support func t ions  t h a t  es tab1 i shes process 
cons t ra i n t s  between techn ica l  d i s c i p l i n e s  fo r  a  spec i f i c  f l i g h t .  Th i rd ,  
the composite se t  o f  f l i g h t s  i n  s e r i a l  and p a r a l l e l  processing t h a t  
compete f o r  u t i  1  i z a t i o n  o f  the common manpower, f a c i  1  i t i e s ,  hardware and 
software resources. The end-to-end process covers approximately a  one 
year  pe r i od  from the F l i g h t  D e f i n i t i o n  and Requirements D i r e c t i v e  (FDRD) 
basel ine through launch o f  the mission. I t i s  a  r e l a t i v e l y  dynamic 
process w i t h  the p o s s i b i l i t y  o f  changes i n  the  f l i g h t  mani fest  con f ig -  
u ra t i on ,  veh i c l e  assignments, f l  i g h t  schedules o r  miss ion requirements 
occur r ing  l a t e  i n  the f low.  The irnpact o f  these changes may be t o  a  
s i ng l e  miss ion o r  domino i n t o  several f l i g h t s .  



In tegra ted  Product ion P lanni  nq System 

The in tegra ted  p roduc t ion  p lanning system must prov ide managers 
w i t h  the c a p a b i l i t y  t o  plan, schedule, s ta tus  and account f o r  a l l  the  
work invo lved on a s i n g l e  and mu l t im iss ion  bas is  w i t h i n  t h i s  dynamic 
environment. As a  resource management t oo l ,  the  system must support t he  
i n t eg ra ted  fo recas t ing  and performance assessment o f  the  resource 
requirements and resource- leve l ing  techniques where necessary t o  s tay  
w i t h i n  product ion capac i t y  1  i m i t a t i o n s .  As a work process ana lys is  t o o l ,  
the  system must f a c i  1  i t a t e  the  i d e n t i f i c a t i o n  o f  schedule c o n f l i c t s  and 
product ion process choke-points and support the eva lua t ion  o f  p roduc t i v -  
i t y  improvement opt ions and determinat ion o f  r e l a t i v e  p r i o r i t y  f o r  
implementation. As a change assessment t o o l ,  the  system must prov ide 
data which c l e a r l y  def ines t he  i n t eg ra ted  impact o f  the  management 
dec is ions t o  be made on a s i n g l e  miss ion bas is  and the p o t e n t i a l  domino 
e f fec t  t o  p a r a l l e l  in-process missions. As a model o f  the f l i g h t - t o -  
f 1 i g h t  r econ f i gu ra t i on  process the i n t eg ra ted  product ion p lanning system 
can prov ide an inva luab le  t o o l  i n  the  successful  management o f  STS 
operat ions.  

METHODOLOGY 

A c t i v i t y  Categor izat ion 

The methodology used i n  developing a model of the f l i g h t - t o - f l i g h t  
recon f igu ra t ion  process i s  based on a b u i l d i n g  b lock approach from an 
i n d i v i d u a l  a c t i v i t y  l e v e l  t o  an i n t eg ra ted  f l  i g h t - s p e c i f i c  work plan, 
and u l  timate:y, i n t o  a  composite mu1 t i m i  ss ion work plan. I n i t i a l  analy- 
s i s  of the NASA and coc t rac to r  work requirements i d e n t i f i e d  i n  th ree  
bas ic  a c t i v i t y  categor ies :  

1) Manifest-dependent a c t i v i t i e s  t h a t  a re  dedicated t o  o r  d i r e c t l y  
associated w i t h  spec i f i c  f l i g h t  schedules and r e q ~ i ~ e r n e n t s .  These 
a c t i v i t i e s  (e.g., the O r b i t e r  on-board mass memory u n i t  (MMU) load 
product ion)  are gener ic f o r  each mission. 

2)  Man i fes t - re la ted  a c t i v i t i e s  t h a t  a re  i n s t i t u t i o n a l  i n  nature, 
bu t  w i t h  per iods o f  dedicated support t o  a  spec i f i c  f l i g h t .  These 
a c t i v i t i e s  may be der ived from the composite mu1 t i m i s s i o n  resource- 
u t i l i z a t i o n  p r o f i l e s  associated w i t h  the manifest-dependent a c t i v i t i e s  



(e.g., Central  Computing F a c i l i t y  (CCF) operat ions)  o r  
ener i c  manifest-dependent a c t i v i t i e s  f o r  a s p e c i f i c  f b g . , Shu t t l e  F l i g h t  Operations Manual (SFOM) update) 

added t o  the 
1 i g h t  requirement 

3)  Manifest- independent a c t i v i t i e s  t h a t  a re  r e g u l a r l y  scheduled, 
on-going o r  d i s c r e t e  p r o j e c t  a c t i v i t i e s  hav ing l i t t l e  i n t e r a c t i o n  w i t h  
f l i g h t  requirements. These activities (e.g., CCF preven ta t i ve  mainte- 
nance) would be i n t eg ra ted  w i t h  t he  man i fes t - re la ted  o r  independently 
schedu'ed (e.g . , In tegra ted  Management Center (MTC) development). 

Generic Process Flows 

The mani fest-dependent a c t i v i t i e s  w i t h  t h e i r  associated resource 
requi  rements (manpowerlfaci 1 i ty/hardware/sof tware) a re  the  basic s tan- 
dard b u i l d i n g  b locks f o r  the  model. Generic process flows can be con- 
s t r uc ted  f o r  each techn ica l  d i s c i p l i n e  l i n k i n g  the  a c t i v i t i e s  w i t h  t h e i r  
key i n p u t  and ou tpu t  products, mi les tone events, and s e r i a l  o r  p a r a l l e l  
time-phasing f o r  a t y p i c a l  h igh  complexi ty mission. I n t e g r a t i o n  of these 
gener ic process f lows f o r  each techn ica l  d i s c i p l  i n e  i n t o  a n  end-to-end 
network l o g i c  f l o w  es tab l  i shes the  i n t e r r e l a t i o n s h i p s  and process 
cons t ra i n t s  between d i  s c i  p l  ines.  The-data can be s t r uc tu red  i n t o  several 
l e v e l s  o f  h ie ra rchy  f o r  corresponding ' l eve ls  o f  management v i s i b i l i t y .  
Hammock a c t i v i t i e s  are es tab l i shed  a t  h igher  l e v e l s  t o  span the  compos- 
I t e  dura t ion  and summarize the s ta tus  o f  a group o f  lower t i e r  a c t i v -  
i t i e s .  

Key mi lestones can be f i x e d  a t  a given launch-minus date t o  
conform t o  top - leve l  t e ~ p l ~ t e s  p rev ious ly  negot iated. The number of 
these f i x e d  mi lestones should be kept t o  a minimum, hwever ,  t h i s  a1 lows 
a c t i v i t i e s  t o  f l o a t  between the  e a r l i e s t  poss ib le  s t a r t  and the l a t e s t  
poss ib le  f i n i s h  dates imposed by inpu t /ou tpu t  dependencies w i t h  o ther  
por t ions  of the network process f low. As discussed l a t e r ,  t h i s  fac to r  
becomes c r i t i c a l  i n  the a b i l i t y  t o  l e v e l  the  u t i l i z s t i o n  of resources. 

F l i gh t -Spec i f i c  T a i l o r i n g  

F l i g h t - s p e c i f i c  t a i l o r i n g  i s  requ i red  t o  transform the  gener ic 
network l o g i c  f l ow  i n t o  a se r ies  o f  f l i g h t - s p e c i f i c  plans cons is ten t  
w i t h  each se t  o f  miss ion requirements. An ana lys is  o f  the  r e l a t i v e  
mission-unique d r i v e r s  a ~ d  complexi ty fac tors  war performed t o  determine 
how one miss ion d i f f e r s  from another. The f i r s t  conc lus ion was t h a t  1 i v e  
l e v e l s  o f  complexi ty a re  des i rab le  t o  t a i  l o r  a c t i v i t i e s ,  products, 
schedules, and resources t o  miss ion s p e c i f i c  requirements: h igh, nedium, 



low, DoD, and launch-on-need (LON). Second, d i f f e r e n t  d i s c i p l  ines are 
a f f ec ted  by d i f f e r e n t  mission-unique d r i v e r s  and complexi ty fac to rs :  a 
s i ng le  o v e r a l l  r a t i n g  f o r  the  t o t a l  network l o g i c  f l ow  i s  no t  always 
appl icab le.  Third,  complexi ty can vary  as a f unc t i on  o f  the  miss ion 
phase. Fourth, an approach t h a t  considered r e l a t i v e  complexi ty by 
nrlssion phase and d l s c i p l  i n e  provides an oppor tun i t y  t o  reduce selected 
por t ions  o f  the network l o g i c  f l ow  where a un i form complexi ty reduc t ion  
o f  the t o t a l  f l ow  i s  no t  possible.  Development of a parametric mat r i x  
approach t o  the mission-unique d r i v e r s  f o r  each mission phase a1 lows a 
judgement weight ing f a c t o r  o f  r e l a t i v e  complexi ty t o  be app l ied  t o  a se t  
of s p e c l f i c  fl i g h t  requl  rements. 

F l  i gh t -Spec i f i c  Plans - 
App l i ca t ion  o f  the miss ion-unique d r i v e r  mat r i x  t o  a p ro jec ted  

f l i g h t  r a t e  model and generic network l o g i c  f l ow  r e s u l t s  i n  a ser ies  of 
f l  i g h t - s p e c i f i c  plans. A c t i v i t y  durat icns and the  associated resource 
requirements f o r  lower complexi ty tasks can be reduced accordingly.  
Adjustments can be made f o r  u t i l i z a t i o n  o f  dedicated DoD secure re -  
sources where appl i cab le  and man i fes t - re la ted  a c t i v i t i e s  added where 
appropr iate.  While each f l i g h t - s p e c i f i t  p lan  conforms t o  the same 
top- leve l  temp1 a te  o f  key mi lestone launch-minus dates, fl i o h t - s p c i i i c  
t a i l o r i n g  by technica l  d i s c i g l  i ne  and mission phdse resu l  t b 4 i s  essen- 
t i a l l y  a unique c r i t i c a l  path f o r  each plan. Each f l i g h t - s p e c i f i c  p lan  
i s  a l so  t a i l o r e d  t o  achieve the minimum product ion cos t  by cons iderat ion 
of the r e l a t i v e  mission complexi ty f ac to r s  i n  developing the a c t i v i t y  
dura t ion  *and associated resource requirements. These schedule and cost  
ta rge ts  can be planned a, ' . qsured on a f l  i gh t -by - f l i c j h t  basis.  

Mu l t im iss ion  Work P la r~  

A composite m u l t i m i s s ~ o n  work p lan i s  created from the i nd i v i dua l  
f l i g h t - s p e c i f i c  p:ans. Each a c t i v i t y  and event i s  coded t o  i d e n t i f y  the 
associated f I i g h t  number, responsible technica l  d i s c i p l  i ne  and organ- 
i za t i on ,  au thor i z ing  work breakdown s t ruc tu re  (WBS) code and o ther  
se lec t i on / so r t  f lags t o  f a c i l i t a t e  a v a r i e t y  o f  composite output  repor ts  
and graphics. Other mani f es t - r e l a ted  and independent a c t i v i t i e s  can be 
overlayed, t o  complete the scheduled work p r o f i l e  f o r  any given t ime 
span. 

Analysis o f  the mu1 t im i ss i on  work p lan data can i J e n t i f y  p o t e n t i a l  
schedule c o n f l  i c t s  , product ion f l ow  choke-points and timeframes where 
the resource u t i 1 i zat  i o n  requirements exceed the composite product i o n  



capacity and manpower 1 im i ta t ions  . Automated resource-level i n g  can be 
performed by establ i sh ing  a resource avai lab1 1 i t y  curve and a1 lowing the 
cmputer  t o  reschedule the e f fec ted  a c t i v i t i e s  t o  a more opportune 
timeframe w i t h i n  the network l o g i c  constra ints  f o r  each mission. Groups 
or  categories o f  a c t i v i t i e s  can be given r e l a t i v e  p r i o r i t i e s  t o  i n f l u -  
ence the automated reschedul i n g  process. Successful resource-level i ng  
may not  be possible i f  the network l o g i c  does not  provide s u f f i c i e n t  
schedule f l e x i b i l i t y  w i t h  a c t i v i t y  f l o a t  between the e a r l i e s t  and l a t e s t  
possible s t a r t  dates. 

The impact o f  a change i n  mission requirements can be assessed by 
rev is ing  the appropriate f l  ight-specif  i c  a c t i v i t i e s ,  products, m i  l e -  
stones, in te r re la t ionch ips  and associated resource u t i l i z a t i o n  requi re-  
ments. The revised fi igh t - spec i f i c  plan(s) can be incorporated i n t o  a 
composite mu1 t im iss ion  work plan t o  evaluate the in tegrated impact of 
the change t o  the current  basel ine o r  cmb ina t i on  o f  baseline and other  
pending changea. This same approach can be appl ied t o  evaluat ion o f  
proposed product i  v i  t y  enhancements. Revision o f  the generic network 
l og i c  date corresponding t o  the improved process f low o r  revised re- 
source requirements can be projected t o  a mu1 t im iss ion  scale t o  deter- 
mire w e r a l l  gain i n  production e f f i c i enc ies .  

APPROACH 

System Prototype 

A prototype of an in tegrated production planning system was 
developed u t i  1 i t i  ng the PROJECT/2 p ro jec t  management software t o  val i - 
date the concept and methodology described above. PROJECT12 software was 
selected fur tiie prototype based upon the a v a i l a b i l i t y  o f  a mainframe 
i n s t a l  l a t i o n  w i t h i n  our corporate resources, which met the system 
performance c r i t e r i a .  Other considerations included accessib( 1 i t y  o f  
experienced users, and a demonstrated user-fr iend1 iness. The key factors 
i n  the success of any pro jec t  management system are the s t ruc tu r i cg  of 
the database which must simulate as accurately as possible the 
real-world environment and the c a p a b i l i t y  t o  present the data i n  formats 
which managers can read i l y  assess plans, status, analyze a1 ternat ives 
and incorporate changes. The focus o f  the prototype development was t o  
demonstrate these capabi 1 i t i e s .  



A generic network l o g i c  flow was created i n t e r r e l a t i n g  over 500 
a c t i v i t i e s ,  products, and milestone events t o  model the JSC 
f l i g h t - t o - f l i g h t  reconf igurat ion product ion process. The s t ruc ture  of 
the netrvork l og i c  f l ow  was b u i l t  around the d e f i n i t i o n  o f  11 technical 

d i sc ip l i nes  which provfded a b e t t e r  va l i da t i on  of t h e i r  funct ional  
in terre lat ionships.  The responsible organization, WBS coding, se- 
l ec t i on /so r t  f lags, and associated resource u t i  1 i z a t i o n  p ro f i  l es  were 
added t o  the database for  each a c t i v i t y  and event defined. Samples of 
fl ight -spec i f i c  work plans a t  several leve ls  o f  hierarchy were generated 
f .  both the graphic and tabular  form. 

A composite mu1 t im iss ion  work p lan was created combining 36 
f l i gh t - spec i f i c  plans representing f l i g h t s  from 51-L (01/22/86 launch) 
through 81-6 (02/15/88 launch). The mu1 t i m i  ssion database c m t a  i ned over 
19,000 a c t i v i t i e s ,  products, and milestone evects, and over 30,000 
l og i ca l  in te r re la t ionsh ips .  Samples of composite production schedules 
and resource u t i  1 i z a t i o n  p r o f  i les  were generated. A p re l  i m i ~ a r y  eval -  
ua t ion  of autotaated resource-level i n g  and p r i o r i t y  schedul i ng  opt ions 
ware a lso concluded. A data t rans fe r  approach was developed and demon- 
s t rated t o  f a c i  1 i t a t e  interchange of data between the prototype system 
and the other e x i s t i n g  p ro jec t  management/schedul ing  systems .The resul  t s  
t o  date have proven the f e a s i b i l  i t y  of  the concept and val idated many of 
the conclusions reached i n  developing t h i s  methodology. 

Conclusions 

A r e a l i s t i c  amount o f  schedule f l e x i b i l i t y  ( c r i t i c a l  path f l o a t )  
must be provided w i t h i n  the network l o g i c  for  each missinn t o  accomno- 
date unplanned chenges and resource-level i ng  when required. The net 
impact t a  a s ing le  mission and po ten t i a l  kziZno impact t c  p a r a l l e l  
missions i n  process must minimizia t o  maintain overa l l  production 
eff ic iency, While reduct isn o f  the end-to-end production template f o r  a 
mission does provide a minimum schedule, i t  does not necessari ly provide 
a correspcnding reduct ion i n  the composite production costs f o r  a l l  
missions i f  f l e x i b i l i t y  i s  l o s t .  

As the ST5 f l i g h t  r a t e  continues t o  increase, the r e l a t i v e  time 
between missions decreases resu l t i ng  i n  a higher degree of overlap for  
the same a c t i v i t i e s  i n  ~ a r a l  l e l  ~ r o c e s s i n ~  for  d i f f e r e n t  missions. This 
creates an increase i n  the number o f  equi;alent missions compet 
u t i  1 i z a t i o n  o f  the same common manpower, f a c i  1 i t y  , hardware and 
resources. A shorter product ion temp1 ate maybe needed t o  reduce 
overlap and reduce the number o f  equivalent missions i n  pa ra l l e  
cessing. The challenge i s  achieving a balance between a shorter 
and re ta in ing  the necessary schedule f l e x i b i l i t y .  

i ng  for  
software 
the 

1 pro- 
temp1 ate 



One s n ! ~ t  ion i s  a continued emphasis on p roduc t i v i t y  enhancements. 
Sta&rdizat lon o f  f l  i g h t  products and coqff gwa t ions  throuyh u t i  - 
1 i z a t i o n  of generic data reduces t h e i r  s e m i  t i v i  t y  t o  unplanned changes 
i n  requirements and the need f o r  cchedule f l e x i b i l i t y  t o  incorporate the 
changes. Automation, modularization, and consolidation of a c t i v i t i e s  
general ly reduce the end-to-end processi ng time and i ncrcases f 1 ex i  b i  l -  
i t y .  Task simp1 i t l c a t i o n  reduces the required s k i l l  leve l  and associated 
p r o d u c t i ~ n  cost. S?ec i f i c  enhancements must be evaluated i n  terns of the 
in tegrated production process on both a s ing le  and mult imission basis t o  
determine the net  b e ~ e f i t  and r e l s - i v e  p r i b r i t y  f o r  implementation. 

An integrated product ion planning system i s  one of the keys to 
maintaining a product ive workforce and i d e n t i f y i n g  where improvements 
are needed. The a v a i l a b i l i t y  o f  a management system too l  t ha t  proviaes 
the capabi 1 i t y  t o  develop accurate work planning schedules, p ro jec t  
resource requirements, assess program status/evaluate impacts and 
a1 ternat ives t o  changes i s  essent ia l  t o  the management decision process. 
Continued refinement of the prototype mojel o f  the JSC fl igh t - to - f l  i g h t  
reccnf igura t ion  process w i  11 provide a more in-depth ana ly t i ca l  capabi 1 - 
i t y  t o  support management i n  meeting the challenges b f  the dynamic STS 
operations cnvi  ronment. Long term improvements include the devel opment 
o f  an expert system app l ica t ion  where the management decision process 
based on manual analysis o f  scheduling. a1 ternat ives i s  automated t o  
produce an optimum schedule. 
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THE STAR SYSTEM: A PRODUCTION ENGINEERING APPROACH TO STS 
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ABSTRACT 

This paper doxments a fundamental change to the way Space Trans- 
portation System flight preparation is done. It involves (1) systematic 
restructuring the STS flight preparation task, to miniairze its R&D con- 
tent, (2) development of the STAR System to structure and support the 
remaining work flow. STAR is an integrated software system providing 
automation and quality control mechanisms necessary to create a 
pLOk.-~:-" UL,,,..-,Ln= 1 : I . -  process. This approach has been implesented using tools 

and methodolo3y developed by IBN under' NASA contract, to produce paj.load 
flight data requirements. It offers increased product quality, reduced 
cost per flight, and greater responsiveness to change. 

INTRODUCTION 

The Space shuttle was designed for operational flexibility neces- 
sary to take on a variety of missions. Its flexibility is achieved by 
adapting orbiter and ground systems to the specialized requirements of 
each flight. However, the scale of modificaticn is immense. The systems 
which have evolved require e'xtensive software tailoring in order to per- 
form orbiter and ground operations and training. For a typical flight, 
several million individual requirements must be defined, integrated, and 
validated. The flight preparation process to create these requirements 
takes many months and extensive resources. Our ability to produce 
flight-specific requirements in an era of increasing flight rate is a 
major challenge for tuture STS growth. 

The NASA Spacecraft Software Division was early to recognize end 
respond to this challenge. In 1979, they chartered an IBM task to define 
an approach to flight preparation of Orhiter Avionics Software in the 
Shuttle Operations era. Tbe goal of this task was to define a way to 
reliably produce mission-reconfigured Flight Software products for a high 
flight rate (over 20 flights per year), at a areatly reduced cost per 
flight [ 2 ] .  This set of objectives focused attention on potential ap- 
plication of production-line methods to STS flight preparation. 

The task scope covered preparation and verification of the 
flight -tailored Primary Avionics Sof twere System (PASS) load, and inte- 
gration of the orbiter's Nass Memory Unit (MNU) contents. The former 
includes flight -critical Guida~ce, Navigation, and Control (GNbC) sys - 
terns, as well as Systems ?lanagernent and Payload Management systems es- 



sertial to mission success. These applicacions necessitate rigorous 
control of product quality. 

The Space Transportation Automated Reccr~figuration (STAR) System 
was developed by IBM to address this need. It is both a tool and an ap- 
proach, which results in restructuring the R&D tasks of Shuttle prepara- 
tion to form a production process. 

PRODUCTION ENGINEERING APPROACH 

The approach utilizes production methods to re-engineer the tasks 
of flight p~eparation 111. Existing methods made extensive use of R&D 
processes and tools, treating every flighc as a special case. Fli&t 
requirements were defined in terms of differences from a previous flight 
baseline, causing simple manifest changes to result in wide-spread 
changes. These techniques could not support the demands of an increasing 
flight rat, 

A production engineering discipline was applied t~ the preparation 
of flight-tailored software, in a manner analogous to early automobile 
manufacture. Starting with a hand-crafted prototype (eg. STS-S), 

re-design it for manufacturing 
design and build an assembly line to produce it on 
establish a supply system for basic parts 
establish a quality coztrol system for production 

The principal difference is that these tssks were applied to logic and 
data, rather than glass, rubber, and steel. 

??..a production-line approach depends on ability to isolate inde- 
pendent components, which presented several technical challenges. It was 
first necessary to separate the effects of flight preparation from those 
resulting from development of new capabilities. Once functional changes 
were separated out, monolithic collections of data requirements remained, 
containing tens of thousands of parameters. A flight preparation process 
had evolved which managed changes to an integrated set of requirements, 
obscuring the origins of its content. 

Secondly, it was necessary to identify component parts. Major 
drivers were identified, which include the launch site, launch date, 
orbiter vehicle, flight trajectory, and cargo characteristics. Iden- 
tification of drivers causing changes in subsets of parameters made it 
possible to divide the data into smaller parts. Each component contains 
a group of functionally related parameters, which change at the same time, 
for the same reason. These exist independently of flight assignment, and 
remain relatively stable in content. 

Third, the rules governtng selection and integration of parts had 
to be defined. Grouping of data into components provides leverage for 
flight seiection: identification of a higher level name is equivalent to 
many detailed parameter substitutions. Integration and validatian func- 
tions can also be automated to simplify flight-related tasks. When all 
components have been selected and integrated, a flight-specific require- 



FIGURE 1 - CATALOG-BASED RECONFIGURATION APPROACH 

ments baseline can be produced. The full approach is illustrated by 
Figure 1. 

This approach constitutes a basic change to the way the flight 
preparation task is viewed. Rather than development of a unique fligh* 
requirements baseline, the task becomes collection of flight-independe,~.~ 
components, which are later selected and integrated on a flight basis. 
This concept allows research and development efforts to focus on provision 
of new components based on projected future needs, while streamlining and 
automating production tasks. Once this capability is in place, available 
components build up until it becomes effective to reuse existing elements. 
A measure of standardization also encourages the reuse of previously 
collected elements. As a result, R&D effort i~ minimized. 

Production engineering converts recurring R&D activities to one- 
time tasks, in a structure which encourages their reuse. The task objec- 
tive is changed from development of an integrated product to development 
of components with bxoeJer applicability, which can then be reliably in- 
tegrated together. This approach considers R&D efforts to be capital 
investments, to be utilized by the STS Program long after the flights for 
which they were performed. 

The Space Transportation Automated Reconfiguration (STAR) System 
is the first major implem,entation of the production engineering approach. 
It is a pathfinder providing mejor new capabilities to the STS program. 
It divides flight configuration requirements into separately manage-"'e 
components (called "units"), which exist independently of f ligh'i ,, ,: 

It combines quality-enhancing functions of validation, inspectioi,. .;ld 



config~ration control into the requirements collection process. It al- 
lows controlled integration of units into larger assemblies; at each step, 
consistency constraints are validated. Flight-specific requirements are 
produced by integrating only t h z  !ii&st :cv=: i i i ~ L t ~  iiaeded to define its 
content. This provides the flexibility necessary to respond to the 
changes in flight definitioc which are inherent to a transportation sys- 
ten. 

THE STAR SYSTEM 

The Space Transportaticn Automated Reconfiguration (STAR) system 
is a software configuration and data nanagement system developed by the 
IBM Corp. under contract to NASA. The initial delivery in June, 1985, 
provided the basic capabilities needed to collect, validate, and inte- 
grate Space Shuttle Systems Management and payload data into the overall 
reconfiguration production process. This data includes the definition 
of payload related telemetry streams, uplink commarrds, onboard displays, 
and the onboard processing required to command and control the payloads 
themselves. The first flight using products from the STAR system is 
STS-61E which is scheduled to fly in early 1986. Subsequent planned up- 
grades to STAR will add additronal payload processing capabilities plus 
incorporate data management support of the vehicle parameters monitored 
by the on-board General Purpose Computers (GPC'S). 

The development of STAR began in late 1982. IBM was responsible 
for all aspects of the software engineering task: requirements analysis 
2nd specification, implementation and integration, and coordination of 
the customer's user acceptance testing and release to operational pro- 
duction. Over 149,000 source lines of PL1 and ADF code were delivered. 
At the time of release, NASA engineers had already input over 22,000 
payload parameters and 55,000 description definitions defining 54 pay- 
loads. The transition to production was smooth and the system readily 
accepted because the user community was very involved right from the be- 
ginning. Therefore useability received as much consideration as 
functionality. 

Purpose of STAR 

Several years ago NASA realized that the reconriguration data 
management tools and techniques they were using would not support their 
future Shuttle flight frequency goals. The process was labor intensive 
and error prone because of of the amount of data involved 2nd lead time 
required. Additionally, there was no convenient means of reusl;?~ previ- 
ously defined data, so each mission required a ''custom" syscem put to- 
gether by a team of "experts'!. The impact of errors was frequently 
significant because they typically weren't caught until late in the 
critical path processing for a flight. STAR is one of several new tools 
.!.,tez!ec! tc: e!i=inah i i~oss problems and deficiencies. 

The purpose of the STAR system is to automate, centralize, and 
control the collection of Shuttle reconfigurable data that is processed 
by the ground m d  on-board flight computers. The remainder of this paper 
describes the concepts and approach chosen by IBM, and the features and 
capabilities of the STAR system itself. 



FIGURE 2 - A HISSION UNIT HIERARCHY IN THE STAR SYSTEM 

Basic Concepts 

The basic STAR concepts are: 

Software enforced configuration control 
Software enforced data quality/error detection rules 
Automated selection for reuse 
Streamline and control mission manifest tasks 

SYSTEM FEATURES 

The STAR system enforces these basic concepts via: Data Structure, 
Data Integration, Data Control, User Access Control and Data Partition- 
ing. These terms are introduced below< Additional detail on each topic 
is provided in subsequent sections. 

Data Structure is controlled by use of a predefined hierarchy, 
shown in figure 2. This hierarchy segregates each group of reconfigura- 
tion elements into controiled structures called "units". The units used 
in STAR include: Mission, Cargo Bay, Cargo Element, Payload, and Dlsplay. 
Data is controlled by only allowing data in a "working" state to be 
changed. Data may only be used for a reconfiguration after all audits have 

11 been passed and the data has been baselined" for use. Access to the STAR 
data bases are limited to a set of predefined users. The tasks that a 
user can perform are further restricted by user function (e.g. data entry 
clerk, data suppliers, data coordinators, mission managers, approval 
board chairperson). Data integration is enforced at data entry for audits 
that detectable on a s i ~ g l e  screen of data (called a list or data cate- 



gory). Audits that cross screens of data are verified by manually initl- 
ated batch processes called integrators. Each unit type has an integration 
processor. All screen audits and integration checks must be successfully 
passed before data can be submitted for baselining. Data collection is 
performed mission independently to allow data reusc on multiple flights 
(e.g. parameters required by the Payload Assist Module (PAM) upper stage 
are stored once and reused on each flight). Mission dependent data values 
(mission manifest, payload bay address, etc. ) are collected in a mission 
independent data base which contains all known missions. A mission de- 
pendent data base is created for each mission to allow the mission inde- 
pendent units to be configured with the mission dependent values. 

Data Structure 

The data ;t;:ctnre nf +he STAR system is hie:archical and is con- 
trolled via a templare called a prototype. Collcction within the proto- 
type is further control led by data categories, list categories and units. 
These categories define the content, consi.aints snd structure. 

DAiA CATEGORIES coniain actual data values which define or share 
some common purpose or ful~ction. For example, the calibration coeffi- 
cients for a parameter would be collected in s single data category. Each 
data category has a corres.>onding specifically designed i11pu.t. data 
scresn. Each data category a'so has a set of intra-data category audits 
which are enforced at data entry. Thesz =adits must be passed before the 
data can be baselined.Examples of audits include value, format, range and 
inter-value constraints. 

LIST CATEGORIES contain REFERENCES to other list and data catego- 
ries. List categories are used to group multiple parameters with a common 
source or function rogether. Examples of a list category include the 
references to the set of payload measurements and payload commands for a 
payload. The list categories are used to construct a template called a 
PROTOTYPE . The protc:ype defines the lists and data categories that 
may be referenced within the specified prototype. In addition, the pro- 
totype defines the number of list categories that may be referenced in 
the specific prototype. For example, the Cargo Bay protccype defines the 
maximum number of Cargo Elements that may be defined in the Cargo Bay. 
Any number of specified data categories may be referenced wi:.hin the 
prototype. For example, many parameters may require calibratioq in a 
payload. The filled in structure of a prototype is called a UNlT. The 
Space Shuttle payload units are: Display (an saboard display de- 
scription), Payload (an upper stage, pallet or spacecraft on an upper 
stage or a subset of a large payload like Spacelab), Cargo Elemenc (a 
collection of Payload and Display units which are manifested. as a group), 
Cargo Bay (the Cargo Elements and Displays (which contain mnltiplc Cargo 
Element data) which make up a Shuttle Cargo Bay), and Mission (the Cargo 
Bay and Space Shuttle Vehicle which will fly on the specified mission). 

References are made via a standard name structure consisting of 
the category name, occurrence name and a qualifier. The category name 
selects the specific category definition. The occurrence name defines a 
specific instance of the category. The occurrence name may have specific 
audits. The qualifier is used to distinguish between concurrent versions 
of the occurrence name. Qualifiers allow different models of a parameter 



o r  uni t  t o  be maintained concurrently i n  the da ta  base. For example, an 
uppw stage may have a  new model which has unique parameters from the  old 
model. The new model may reference a l l  of t he  unqualified common parame- 
t e r s  and the  new unique qua1 i f  ied parameters. The o ld  u n i t  would con: inue 
t o  reference the unqualified parameters. 

Data Integrat ion 

Some audi ts  cannot be performed onl ine because they exceed allow- 
able onl ine computer resources,  va l ida t e  inter-category aud i t s ,  o r  pre- 
vent un i t s  t ha t  contain inva l id  inter-category da t a  from being submitted 
fo r  review. These audi t s  a r e  grouped i n t o  batch processes ca l l ed  
in tegra tors .  Each uni t  has a  dedicated in tegra tor .  Special data  catego- 
r i e s  ex i s t  t o  allow batch job submit tal ,  t he  review of r e su l t i ng  
error/warning messages, and t o  view o ther  relevant  da ta  co l lec ted  by the 
in tegra tors .  

Data Control 

A l l  c.hanges t o  data  a r e  inventoried under an authorizing control  
instrument ca l led  a  Data Change Request (DCR). An authorized user must 
crehte (OPEN) a DCR before any da ta  can be changed. Ths uni t  or  un i t s  t o  
be changed must be se lec ted  o r  a  new 'unit  may be defined using the  pro- 
totype. Within each uni t  the  author must authorize the  s e t  of categories  
t o  be changed. Other authorized suppl iers  of a  cat.egory may change o r  
define occurrences of the  authorized categories .  A l l  changes e re  con- 
tained in change records ca l l ed  WORKING COPIES. A l l  working copies must 
pass a l l  defined audi t s  before t he  occurrence can be submitted for  review 
(FROZEN). Befcre a  DCR can be submitted for  review a l l  occurrences must 
be frozen and che authorized and supplied categories  must match. The 
control  board must then approve the  DCR and the  batch process which 
baselines the data must be executed t o  change the  working copies from the 
frozen t o  basel ine s t a t e .  

Access Colltrol 

Access control i s  enforced by user  i den t i f i ca t ion ,  user function 
and other  r e s t r i c t i o n s .  O ~ l y  authorized users  may log on. Each user has 
a  unique ID which i s  used t o  t ag  each change made by t h a t  user .  Users a r e  
organized in to  functional gro!lps. These groups a re :  configurat ion control  
(maintains access control  da t a ] ,  data  suppl ie rs  (ch.ange da ta  va lues) ,  DCR 
coordinators (control DCR submission), board chairperson (d ispos i t ions  
DCIis j , reviewers (browse d a t a ) ,  product generators (perform production 
product generation),  and mission nanagers (only authorized suppl ie r  i n  
mission dependent data  bases) .  A separate  access cont ro l  da ta  base fur ther  
r e s t r i c t s  users within the  above general groupings. This da t a  base defines  
users ,  a l t e rna t e  users f o r  each user ,  ca tegor ies ,  data  suppl ie rs  for  each 
category, DCR coordinators,  q u a l i f i e r s  and mission managers. 

Data Par t i t ion ing  

Data col lected in  STAR is par t i t ioned  i n t o  mission dependent c a l -  
ues and mission independent values.  Mission dependent values a r e  co l -  
lected a t  a  high leve l .  This allows mission independent da ta  t o  be reused 
on multiple missions. In STAR, the Display, Poyload dad Cargo Element 



Units are collected in a mission independent manner. This allows standard 
upper stages to be used on multiple missions without reentering the data 
values. Data is separated into units with this goal as a major consider- 
ation. For example, the PAM uppe: stage is broken down into several Pay- 
load unit.s differentiated by whether or not the parameter is for standard 
upper stage, optional upper stage services, upper stage spacecraft ser-. 
vices or upper stage Orbiter software generated parameters. 

This separation of data allows NASA to easily update mission man- 
ifests when changes are required. Only the Cargo Bay unit needs to be 
changed to define the new mission dependent data value set. On the Shuttle 
the mission dependent dat8 values include the data buss addresses, data 
buss device type, display numbers, flight software load, IDS which dif- 
ferentiate between multiple payloads of the same type (e.g. multiple 
PAMs) and other similar values. 

Since this data is maintained in a mission independent data base 
users viewing the mission independent data do not "see" the mission de- 
pendent values on the same screen as the mission independent values. A 
mission dependent data base is created for each mission to capture a 
complete set of ddta for a specific mission. The mission dependent values 
are "baried" in the low level occurren,ces so that users viewing the data 
can see mission dependent and independent values simultaneously . Changes 
are restricted to mission managers in the mission data Lase. Only make 
work mission unique changes are intended to be entered directly into the 
mission data bases. 

The ptiyload data is provided to the various facilities that use 
payload data via 3 standard transfer data set called a Payload Data 
Transfer Format. These fat; lities include the flight software, mission 
simulators and the launch facility. In some cases the additional 
channelization data is added to the data produced by STAR '-1 another el- 
ement of the reconfiguration system prior to de1ive:y to the user. 

The STAR sys tem implements a product ioii engineering approach which 
minimizes the effort and errors encountered in building mission manifests 
for the Space Snuttle payloads. STAR accomplishes this by providing: 

A flight-independent catalog of data components 
Enforced configuration control of all data changes 
Enforced audits which validate data on entry 
Data reuse by selection and integration of catalogued components 
Tools to aid the manifestlremanifest process 

STAR also controls reconfigurable Space Shuttle vehicle parameters that 
are required to be monitored by the onboard general purpose computers. 
STAR is currently being upgraded to also process all reconfigxrable data 
values for the Orbiter Guidance, Navigation and Control computers. When 
this is accomplished in the spring of 1986 STAR will contain generic 
functions which will allow control of any data. The approach taken by 
STAR is general, and can be applied to all areas of STS flight prepara- 
t ion. 
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This study scmnined the relationships ammg mdMQer behavior, 
group climate and managerial of fectiveness . Survey data were collects3 
fmm 435 GMl4-15 mnagers and their  subordinates a t  NASA concerning 
managanent practices and prceptiosls of the group emviromnent. Per- 
formance ratings of manAgers wre Obtained frun their superiors. The 
results strongly supported a causal rrpdel in h i c h  subordinates' 
climate pemepticns mediate the cffects of m g e r  behavior on perfor- 
mince. 'Ihat is, the develqment of group climate provides the ~7-s  
thrmgh which the effects of manager practices may be understocx . 
Analyses also revealed that the function performed by a manager and 
his  group (e.g., research) influenad the specific nature of the 
causal dynamics. Sarre inplications of the results for n l i i ~ g m t  
training and develapnent are discus&. 

Sock1 science research has shown that the behavior of leaders 
and managers is a potent deteminant of gruup mtivation and behavior 
14;s). hknxmr, recei~t research has shawn that both a manager's own 
sense of his  behavior, and the extent to which his  subordinates share 
his perceptions of his  behavior rmst k mmidered in order to explain 
a manager's effect on his  grmp [I]. 

A mnagerls view of himself, and the congruence be- his  
view and h i s  subo~dinates~ view of him, operate to effect gruup behav- 
ior by influencing various perceptions and expectations held by subor- 
dinates abart the g r w p  envhmnent, mite sensibly the variables that 
have been faund to be useful. for prediciting the achiev-t and social 
behavior of groups include: 

(1.) the extent to which subrdinatcs perceive their goals, 
tasks, and roles clearly 



(2. ) the extent to which suhrdirutes believe tha t  nigh, 
chall.enging standards are being l~sed to evaluate -ir performance 

(3. ) the extent to which subordinates expect to receive 
evaluative feedback about their performnee and to have input inb 
g m p  decision nraking (i .e . , the extent to w';ich subordinates expct 
to participate in  grsrup evaluation and decision makinq) 

(4.)  the extent to which  subordinates expect to be rewarded 
mnetari ly and with praise for achieving perforrrran=c: s&dar& 

(5 .) the extent to which subordhates expect tha t  aff  i l i a t i n g  
with other group e r s  w i l l  resul t  in their being re~dlded w i t h  
positive social feelings of f r i e n d l k s ,  supp rt, ;?C! trust 

(6.) the extent to which subordinates believe their group 
has open, cooperative relations other oryanizatimal un i t s  

Taken together, these perceptions of the g?rol~p envirament which ,re 
important predictors of task and social  behavior have been calk, 
group climdte. 

I n  sum, social science research and theory indicate that a 
group's p e r f o m c e  may be explained and predicted t l i i q h  the use 
of a general causal model (see Figure 1) . This &el assigns group 
ciimate perceptions a central, mediating role. Self- and mbordi- 
nate perceptions of maruger behavior influence clirnace which them 
d e t e h s  the quality of the group's task and social outamos. The 
f o m t i o n  of group climate perceptions thus provides the prcxess 
*thmqh which the rrotivati~nal an?. perfurnaxe effects  of managerrent 
practices can be understood. 

Fiyure 1 
Schematic We1 of the C l i i t e  Mediation Process 

THE MANAGER'S PERCEPTIONS 
O r  H I S  (BJN REllAVIOR 

\ 

PERCEPT IONS BEIIAVIOR 

SUPERIORS' 

THE AGREEMENT BETWEEN 
PERFORMANCE 

W A G E R ' S  6 SUBORDINATE'S 
EVt,LUATI'?NS 

PERCEPTIONS OF THE 
MANAGER'S BEHAVIOR 

The present study represents an appl icat im of the 
practice---- climate idea to the realm of m a ~ q e r  dewlopcrent a t  
NASA. In  particular, the fidings to be discussed indicate the way 
in which m g e r  bhavior  and subordinate c1iwt.e perceptions effect 



the perceptions a mnager Is superior has about the m g e r  ' s ocm- 
petence. In sane sense, of course, a superior's of a 
group's lILaMger may be related to gra;lp performance. But the models 
tested here do not {nclude gmup perfomam? measures. 'Ihe prime 
usefulness of these models resides in their ability to map the 
dynamics controlling the OOmRLnication of performance relevant expec- 
tatiori and perceptions bebeen managers, their subordinates, and 
their fllpervisors. 

A W i e r  aim of the pre-xnt study was to determine whether 
group climates m t  advantageous for manager perfomme ratings 
differ by function within KFISA. That is, different aspects of the 
group environment m y  facilitate better performance outcanes and 
social relations depending upon the nature of the g m p  mgllbers' 
functional responsibilities. In terns of the propostd fdel, this 
depmdency W? be dfested in different climate perceptions 
mediating the effects of lMnilger behavior on performane appraisals 
in different fiulctions . 

METHOD 

Overview 

The first step in assessing the causal dynamics prevailing 
bithm functions amng management practices, grmp climate percep 
tions, and superiors' performance evaluations was to measure each 
of these variables. ?is task w s  begun by collecting data about 
perceptions of m g e r  behavior and group climate £ran 435 middle- 
level (CM14-15) m g e r s  and their subordinates at NASA. mre 
specA"iwlly, m g e r s  and fllbordinates were askd to rate the 
ex ten^ to which 80 different rtlanaganent practices and 42 different 
clhte expectations prevailed in their gmps. 

Factor Analysis of Practices and Climate Perceptions 

Given the large nunber of management practices and climate 
perceptions assessed, factor analyses m e  performed to reduce the 
amplexity of data within these danains. Accordingly, factor 
analyses were conducted, one for m g e r  perceptions of their own 
behavior, and another for group perceptions of climate. The goal 
of these analyses was to represmt the rather larye variable sets 
in terms of d l e r  groups of hptxetical variables [ 3 ] .  These 
underlying factors can be interpreted as orgarfzationally shared 
schenes for organizing thoujhts and perceptions abaut the NASA 
enviromlent . 

A principal ccmponents factor analysis with oblique rotation 
w s  applied to mqers' ratings of the extent to &ich they rrnfom- 
ed each of 8G differeiit behaviors. A set of 10 factors was found to 
reflect the dimensions along which NASA managera perceive their own 
behavior. These were: Prarvtjng Achievement, mnitorinu rmjects, 



Identifying with the Organization, Taking Others Eerspective, 
Lag with Performance, Creating Tmst, Involving Others, &axpizing 
Others, Managing Resources, and Dealing w i t h  Problens.  A self- 
rating scale was then derived from each of the factors. High soores 
on these scales (range: 1-5) mean that a manager sees himself as 
perfomung more of the definitional behaviors. 

In order to  assess agreanent between a mmger and his  
subordmates ooncerning the manager's behaviors, subordinates' 
ratings were averaged over each of the items canprising a f a cb r ,  
and then subtracted fran the mnager's self-rating. Fositive 
difference smres then indicate that the mmager has rated his  
behavior mre favorably than his  subordinates have rated it. 
Negative difference scares indicate that & subordinates have a 
mre  favorable view of the manager's behavior than the m g e r  
has of h i s  o m  behavior. 

A principal ccmponents factor analysis with oblique 
rotation was also applied to subordinates' perceptions of their  
group climate. The results revealed that- grnup clinrate perceptions 
m e  faund to  vary along six basic dimensions: Clarity (of 'goals 
and t a sks ) ,  Getting t\e job done, Participation (in decisim- 
making and performance evaluation processes) , Standards (level of) , 
Social Retards, Interunit Relations. Six group c l k t e  scales 
w r e  created based on this solution. 

P e r f o m c e  Evaluations 

Pe r fomce  ratings of managers were then obtained f ran 
their scperiors. The systtm used t o  derive these performance 
ratinqs is outlined in the NASA Su,pxvisory and Managerial Perfor- 
m c e  Rating Systan (1980). 'Ibis systen uses a behaviorally 
anchored rating twhnjque; detailed guidelines sptn-ify h m  perfor- 
m c e  objectives should be developed, evaluated, and reviewed. I n  
order to  use p e r f o m c e  appraisal r a w s  as  an out= variable 
in the? phnned analyses, m g e r s  were assigned pints based on 
their ratmgs each year over a three year period (FY 1980-1982). 
The following method of scoring was used: Managers wxe given 10 
p i n t s  for each outstanding rating raxived during the FY 1980-1982 
mey received five points for every highly successful rating re- 
ceived, md one pint for every successful r a w .  Managers were 
not given any p i n t s  for satisfactory ratings. No mnagers in th is  
sample received unsatisf actcry rat-s . 

Both t he  se t  of 10 manager self-prception variables and 
10 manager-subordinate perceptual difference variables were includ- 
ed as predictors of climate and performance appraisal o u t m s  in 
the subsequent evaluation of the basic causal mode!.. Scores on 
the group c l im te  scales were tested as mediating variables. mese 
analyses we e conducted seperately for work groups havicg different 
functional responsibilities. Each group was classified ac~vrdzng to 
the mulager's reported function. !his resulted in a four-way 
classification of groups: engineering, research, project w g e t m t  



and acfninistrativ4 resource. 

DI order to dmmstrate that g r w p  climate pemepticms 
mediate between percepba's of =ger behavior and evaluatians 
of his pe~To13twce three requirarrents nust be satisfied [2] : 

(I.) a m g e r ' s  perceptions of his own behavior and the 
extent to which his subordinates agree w i t h  ttiose perceptionc: affect 
h i s  p e r £ o v  rating. If these effects cb not exist, there is 
mttung for q a p  climate perceptions to mediate. 

(2.  ) manager and subordinate perceptions of maMger 
practices influence group climate. Clir;d* pmqt ions can only 
mediate the effects of ~ ~ ~ g e r  behavior variables i f  they are 
thenselves affected. individual clirrrate variables which pass this 
test can be armsidered "potentialn mediators of manager practice 
effects. 

(3. ) group climate prceptions rmst influence superior's 
ratings of nranaQer performans when the effects of manager and 
subordimte perceptions of mnager behavior are amtrolled. Satis- 
faction of this n q u h m m t  represents the actual mediating effect 
of group clirnate. 

If these three rqpiranents are met, mediation can be 
claimed. is, the ef f zs of manager behavior variables on 
performance evaluations can ne under;tood in terms of their in- 
fluence on subordimtes' pm~ptims of gruup clirnate. 

To test these r e q u i r m t s  for mdiation, path analytic 
techniques tere used. Path analysis is a type of rrailtivariate 
statistical nethod for +,;estiq causal inferences with correlationdl 
(or survey type) data [61. i rs t ,  superiorst ratings of manager 
perfonmnce were qressed  the 10 manager self-perception 
variables, and the corresporrling 10 mger-subordinate perceptual 
difference variables. Next, each of the six climate variables was 
regressed on these 20 mamger behavior variables. Finally, 
superiors' ratings of m g e r  performance were regressed on the six 
lSmte variables and the 20 nanager behavior variables (i.e., the 
full  path model). Ehtering a11 six clinate variables into this 
eyuation makes it possible t?' evaluate their relative mediating 
effects. These three equatims e r e  estimated for each of the four 
functions in order to acamh:  whether the causal dyMmics m n g  
practices, climte, and perfmnance-related autoanes differ in 
relation to the primary task perfolmed by the manager's group. 

A strepwise r e g r e s ~ i ~ n  procedure was used to test the 
effects of the nultiple predictors on each of the climate var- 
iables and superiors' per fomce ratings. Variables m e  entered 
into the regression equatio~ .if the p-value associated w i t h  the 
variable's path coefficient [beta weight) was less than .lo. It 



is these analyses which establish the causal chain i n  w%ich per- 
ceptions of m g e r i a l  practices affect  group climate perceptions, 
which in turn affect  superiors' ratings of a manager's performance. 

RESULTS 

An exanination of the path d e l s  for  each of the four 
fllnctions indicated that grmp pen=eptions of climate did mediate 
the effects  of manager behavior perceptions on superiors' rat ings 
of w a g e r  p e r f o m c e .  In addition, a manager's perception of 
h i s  am behavior and the extent to &ich h i s  subordinates agreed 
with those perceptions affected prformance evaluations directly.  
%t is, the effects  of scme manager behavior variables were not 
mediated by group climate perceptions. The results also suggest- 
cd that  not a l l  group climate perceptions are r e lwan t  in deter- 
mining a superior's evaluation of the g r q  manager's performance. 
Precisely which group climate perceptions play a rrediaiting role 
depends on the function performed by the m g e r  's group. 

lhe path models for  the research and engineering groups 
are  presented in Appendix A to i l l u s t r i t e  sane of the major as- 
pects of the present analysis. Only si tat ist ically significant 
relatlons be twen  predictors and the nediating and outarne 
variables are represented in the path diagrams. Both the research 
and etyineering pth d e l s  predicted meaningful variation in 
p e r f o ~ m c e  ratinqs that  cannot be attr ibuted t o  chance (Research, 
18%; Ehgineermg, 11%), indicating that  the mdels have predictive 
validity . 

Research Groups 

The f u l l  pth mdel for  research grcups is displayed in 
Appendix A, Figure 1. These resul ts  d m n s t r a t e  tha t  superiors' 
evaluations of manager performance are direct ly  a f l  -4 by two 
fac+ars, the perceived climate for  participation a. subrdinates  
and a m g e r ' s  self-perception of the extent to w h i ~ .  he involves 
his  subordinates in group planning and decision&ing (Involving 
Others). Specifically, a manager's performance rating is hicjher: 

(1. ) the mre h i s  -&rdinates expect to participate in the 
areas or decision-making and performance evaluation (path coef- 
ficient=.32). 

( 2 . )  the more he perceives himself a s  creating opportunities 
for his  subrdinates  t o  kaxw invclved in the planning of mrk ,  and 
to hhve influence during the d e c i s i o n d i n g  process (path coef- 
ficient=.27). 

Taken together, these resul ts  suggest that  recognition of 
effective nunaganent di research groups a t  NASA j.s based on a man- 
.agerts ab i l i ty  t o  carmunicate a participative approach t o  h i s  sub- 



ordinates and supuvisors. Manager's who are able to darelop a climate 
high in participation are recognized by their superiors as mre out- 
standing performers. A t  least two hypotheses can be suggested to 
explain this relation: 1.) research grcups characterized by higher 
levels of participation actually achieve mare and have better social 
relations, and 2.) those ~ evaluate the performance of V e r s  of 
such g r u p  hold the "inplicit theory" that participation by subordi- 
nates is iqortant in attaining these positive autames. Of course, 
these hypotheses are not mtually exclusive; as discussed previously, 
superior's notions of what leads to good performance are likely to be 
correlated with the actual determinants. 

The direct effect of Involving Others on perfonname evalua- 
tions provides further evidence that participative behavior on the 
part of the m g e r  is particularly valued by his superiors. More- 
over, by allawing group mendsers to contribute to planning and deci- 
sioniMking processes, a manager may actually be camunicating to 
th0.s~ cutside his g m ~ p  that his subordinates are extranely -tent. 

As noted, the path d e l  indicates that the evaluation a 
manager receives £run his superiors c q  be increased by raising his 
subordinates' expectations about participation. In fact, 53% of the 
variation in subordinate participation expectations can be attrkted 
to mandger m v i o r  perceptions. Hence the £cur paths to the climate 
variable suggest how a mnager may proceed to raise tk.ese expectations. 
Participation is expected to be higher the mre a manager sees himself 
as creating trust ( i . e . , building supportive relationships with sub- 
ordinates, apimsizing amperation; .30), and the mre willing he is 
to involve subordinates in planning/decision-malung ( .33) . With 
respect to the Involving Others variable, the perceptual agreemat 
be- a ma?ager and his subordinate is a stronger determinant 
(-.66) of Participation than the mnager's self-perception. It 
appears that subordinates' participation expectatio.ns are higher the 
less the ma~ger's estimate of his willingness to involve others in 
planning exceeds his subordinates' ratings of his behavior in this 
regmi. In other mrds, a climate of participation is undermined 
&en group manbers perceive their m g e r  making inauthentic claims 
abaut his attempts to solicit their opinions and include them in the 
unit's planning process. 

Manager-fllbordinate perception differences on the Fleognizing 
0th-a 2cimMsion also determine group perceptions of participation. 
Spcifxally, participation expectations will be higher the less a 
manag- ' s claims for his recognitiobl behaviors (i .e . , providing in- 
formal feedback to fl;bordinates, taking a personal interest in sub- 
ordinates) exceed those of his subordinates (-.26). 

Engineering Groups 

The analysis for engineering groups indicates that subordi- 
M ~ S '  climate perceptions concerning both participation and inter- 
unit relations mediated managmt practice effects on the outcane 



varizble (see AppMduc A, Figure 2). Self- and subordinate percep- 
tions on t w  mamgement practice variables also directly affected 
superiors' evaluations. Specificaily, Figure 2 shows that a manager's 
performance rating is higher: 

(1. ) the mre his subordinates expect to participate in the 
areas of decision-making and perfoxmane evaluation. (.23) 

(2.) the less his subordinates perceive their relations with 
other organizational units as apen and cooperative. (-. 23) 

(3.) the less he perceives himself as involving others in 
planning/decision-making processes. ( - -18) 

(4. ) the 1a.q~ the difference between the manager ' s walua- 
tion of his participative approach and his subordinates' evaluation 
of him. (.3%) 

(5.)  the mre he perceives himself as identifying with 
organizational g d s  and objectives. (.28) 

(6 .) the less his perception of the m t  to which he 
identifies with the organization exceeds his subordinates' percep- 
tions of him on this d-ion. (-. 35) 

As was true of those supervising research groups, engineer- 
ing magers h o  are able to effect a climate high in participation 
are evaluated mre favcrably by their superiors. These evaluations 
m y  be bsed on relatively objective perfomce criteria with groups 
characterized by an atmoqhere of participation actually performing 
better. 

'i%e extent to which subordinates expect to have input in 
decision-illaking depends heavily upon several aspects of their m- 
ager's behavior. Wagers who see thanselves as understanding of 
others' pint of view (Takincj Others Perspective) will increase sub- 
ordinates ' expectati~~ls for participation ( .18) . H w e r  , the 
mnger's effectiveness in this regard is constrained by the extent 
to *ich his subordinates share his perceptions about the meaning of 
his behavior, If the manager-subordinate difference is large, 
particpatim is lowered, as evidenced by the negative path coef- 
ficient (-.31). Several other aspects of the manager's behavior 
also influsnced performance expectations. 'Ihese variables were also 
found to affect the climate for participation in research grcxlps and 
do not require further discussion here. 

Although group climate perceptions of high participation are 
likely t~ enhance a manager's performance rating, the manager 's cwn 
participation behaviors sean unappreciated by his superiors. That is, 
the mre a m g e r  perceives himself as involving others in decision- 
making, l m r  is his perfomce evaluation (-. 18) . Apparently, the 
superiors of engineering group nlanagers feel that a directive approach 
is more appropriate than a mrc participative style. These results 



suggest that a ma~yx's perfanrance evaluation is l ikely to be be t te r  
to the extent that he is seen by h i s  superiors a s  using a nonpmtici- 
pative approach b ; i t \  h i s  unit. &st the upposite impressim, hac(llwer, 
hid be wiged with ones' subordinates i n  oder t~ enhance perfor- 
mime rati iqs.  

Interunit functioning, the second mediator of mna~anent prac- 
tice effects, has a negative inpact an superiors' evaluations of m- 
ager perfomance ( - .23) . Interestingly, this is the only instance in 
which the "mre is better" rule does not apply with respect to a cli- 
mte mediator, i.e., more positive perceptians of a un i t ' s  relations 
w i t h  other groups are related tc lcw performance ratings. It appears 
that "good interunit" relations or "cooperative relations" are not 
valued by the superiors of engineering group l ~ l i i ~ g e r s .  'Ihe prevailing 
notion may be that canpetition among ~roups  and a a m p n y i n g  feelings 
of t e r r i t o r i a l i t y  and distrust are nore potent d v a t i n g  forces than 
oooperative tendencies. Managers who are perceived to be able to 
maintain a basic level of insecurity are benefited given t h i s  value 
orientation (i . e. , canpetition over coopration) . 

The nude1 indicates that a mmger ' s  ab i l i t y  to create trust 
and respect m n g  h i s  subordinates, and h i s  recognition behaviors are 
inportant determinants of interunit  functianing. Tb i l lus t ra te ,  i f  
a manager perceives himself a s  interested in h i s  subordinates and a s  
pruvidmg recognition, and i f  t h i s  interest is seen a s  genuine by the 
subordinates thenselves, bet ter  inter-grcup relations result. These 
resul ts  suggest that  good "inter-group" relations are fac i l i t a ted  by 
good "intra-group" relations. 

The f lna l  set of effects  to be discussed concern an engineex- 
ing manager ' s perceived identif icatim with the arganization. !Ibe 
manhg of these results seem appanDnt. To the extent tha t  mnagers 
identify with the organization, aphas ize  a.oaxnplishing t!!e w r k  of the 
organization and have good relations w i t h  upper level executives, they 
w i l l  be awarded high performance ratings. In short, "team players" 
are valued m n g  those ir. engineering. 

me causal models produced by the present study (and other 
similar models) have been used a s  part of the NASA kidnaganent 
Education Program (MEP) cohcted a t  the Wallops Island Training Cen- 
ter. An important part of the t m  week MEP trzining program involves 
feedback to participant imnagers about *eir subordinates ' perceptions 
of the rmmgers' behavior, g m p  climate, and the differences be- 
m g e r  and subordinate perceptions. 

In March 1985, feedback to managers was accanpanied by presen- 
tat ions of the models genersted by the present study. Since the usual 



feedback prncess provides managers with information abmt a larye set 
of different behavior ratings and climate perceptions, the mdels can 
wrk to focus participants'attention on the practice and climate di- 
mensior!~ that may be most critical for explaining the managers' 
effects on others. 

me 30 March MEP participants viere divided into four groups 
a~mrding to functional area. One MEP trainer was assigned to each 
group (research, engineering, project, and administrative). The 
trainers first described the nature of the results to the group. 
Then, the m g e r s  were asked to carmerit upon the face validity of the 
results, i.e., "Did me &el seem to be a sensible representation of 
influence pmsses wLthin their awn grmp?". By and large, managers 
reported that the mcclels m e  not inconsistent with the way they per- 
ceived practice to cljmate effects. And, the lllodels lznded to make 
saw effects of their behavior more salient or explicit. 

Managers tiere then asked to try to relate their personal 
feedback results (given in terms of NASA M 4 - 1 5  norms) to the rmdels . 
For example, the administrator mdel suggests that subordinates' ex- 
pectations of receiving social rewards are increased to the extent 
that managers are seen as performing three types of behaviors (per- 
spective taking, recognizing ot,hers, and involving others) . Mminis- 
ttrators interested in increasing subordinates' social reward expec- 
tancies m-c advised to check their ratinqs on these practicx? dimen- 
sions to locate =Ik areas, or areas that might be improved. By 
focusing the atteLtion of certain ranagers on specific practice areas 
that likely affect the perceptions of others, training becanes more 
focused and, hence, practical. 

The notion that "or,ees behavior effects others" can be trans- 
formed through this type of mrk. The change is £run a general, 
rather bmal, "law of social behavior", to many mre precise, instru- 
mental percepts to guide and energize change. 

Work with both mdel generation and training application tech- 
niques is ncw proceeding. We feel we have only begun the process of 
increasing the impact of rigorous empirical social research on manage- 
ment and organization developtent. 
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MENTORING AS A COMMUNICATION CHANNEL 
IMPLICATIONS FOR INNOVATION AND PRODUCTIVITY 

Lee Avant, Federal Express Corporation 
Robert )J. Boozer, Wemphis State Unlvers l ty  

ABSTRACT 

Thls paper Investigates the impact o f  a formalized mentoring 
program as a comnunlcatlon channel f o r  enhancing information 
d is t r i bu t ion ,  Innovatlon, and product iv i ty .  F o m l  and informal 
approaches t o  mentoring are discussed. Interviews w i t h  11 members of 
formal mentor-protege teams ind icate  comnunlcatlons I n  the mentoring 
re la t lonsh lp  can a f fec t  Ind lv ldua l  and organlzatlonal Innovatlon ana 
product iv i  t y .  

INTRODUCTION 

A major premise of t h i s  paper I s  t ha t  'the U.S. aerospace program 
In teracts  w i th  an environment tha t  has been described as post- industr ia l  
society - an environment characterized by increasing knowledge, 
complexity, and turbulence. Such an environment places special demands 
on organizations: more rapid, frequent, and complex declslon making, more 
rapid and frequent Innovation, and more continuous, wide-ranging, and 
di rected Infcrmation acqu is i t ion  and d is t r i bu t ion .  To be e f fec t i ve  I n  
such ati cnv! ronmeqt requl r t s  t ha t  organization structure and process be 
designed t o  r e f l e c t  these demands. [3]  

The purpose of t h i s  paper 1% t o  Invest igate the u t i l l t y  o f  one 
r :  ternat lve f o r  meeting some of these demands. I n  p a r t i r  l a r ,  t h i s  paper 
Investigates the u t i l i t y  o f  a formalized mentoring program as a 
conmunlcatlon channel f o r  enhancing information d l s t r l  butlon, innovation, 
and product iv i ty  w i th in  an o r , ~ n l z a t l o n .  

M e n t o r l a  - The Informal ADDroach 

As t r a d i t i o n a l l y  conceptualized, mn to r i ng  i s  an Informal 
re la t ionsn ip  between two people - one a senior and nore experienced 
ind lv ldua l  (mentor) and the other a more j un i o r  and ; ~ z s  ekperienced 
Indiv idual  (protege). The term f o r  the re lat lonshlp - mn to r i ng  - 
derives from Greek mythology. As the s tory  goes, Odysseus entrusted the 
education of h i s  son Teltmachus t o  a t rus ted fr iend. Thls f r iend Mentor, 
became responsible f o r  t u t o r l ng  , sponsoring, and coaching h i s  protege, 
Ttlemachus, whi le Odysseus was away from home. Simi lar  re lat lonshlps 



have continued through h f s t o r y  as seen I n  doctor - In tern ,  master - 
apprentice, an4 teacher - student re la t lonsh lps .  

Recent research Indicates some consensus about the charac ter ls t l cs  
of m e n t o r l q  re lat lonshlps.  F l r s t ,  they Involve a number of ro les  
s lm l l a r  t o  those performed by Mentor. Kram [6], f o r  exampl?, l d e n t l f  les  
f i v e  career ro les  and four  psychosoclal ro les .  The f l v e  career ro les  are 
those tha t  enhance career development. These lnclude: (1) nomlnatlng 
and supporting the protege f o r  promotion a ~ d  advancement (sponsorship) ; 
(2) asslgnlng r e s p o n s l b l l l t l t s  whlck b r l n g  the protege I n t o  contact w l th  
key organlzat lon f  lgurcs (exposure and v l s l b l l l t y ) ;  (3) asslgntng work 
t h a t  helps develop the protege's technlcal  and rnanagerlal s k i l l s  
(chal lenglng assignments) ; (4) prov ld lng guldel  lnes and feedback about 
work behavlor (coachlng); and, ( 5 )  sh le ld lng  the protege from c r l t l c l s m ,  
adverse pub1 l c l  t y ,  c tc .  (p ro tec t lon)  . The four  psychosoclal ro les  are 
those tha t  enhance the Ind l v ldua l  's  sense o f  s e l f  -esteem, l d e n t l f y ,  e tc .  
These ro les lnclude: (1) p rov ld lng  a se t  o f  values, be l l e f s ,  and 
behaviors f o r  the protege t o  fo l l ow  (role-model); (2)  prok ld lng mutual 
l l k l n g ,  mutual respect, and p o s l t l v e  feedback about performance 
(acceptance and conflrmat:on); (3) c rea t lng  a supportlve c l lmate where 
the protege can dlscuss anxlet les,  fears, and conf 1 l c t s  t h a t  i n t e r f e r e  
w l th  productive work behavlor (counseling); and ( 4 )  es tab l lsh lng  a mutual 
re la t l onsh lp  of l l k f n g ,  understandlng, and Informal soc la l  exchange 
( f  r lendshlp) . 

A second cha rac te r l s t l c  I s  the dynamlc nature of mentorlng 
re la t lonsh lps ;  they evolve through a number o f  phases s l n l l a r  t o  other  
human re lat lonshlps.  For example, Kram (61 l d e n t l f l e s  four  phases: 
l n l t l a t l o n ,  cul t . lvat lon, separatlon, and r e d e f l n l t l o n .  

A t h l r d  charac ter?s t lc  i s  the in formal  nature o f  mentorlng 
re la t lonsh lps .  That I s ,  the  re la t lonsh lps  develop wl thout  spec l f l ca t l on  
and guldance from the formal organlzat lon. Rather, the re la t lonsh lps  are 
lnf luenced by f a r t o r s  found t o  in f luence other  types o f  Informal group 
and soc la l  network formation (131. For example, the  l n l t l a l  phase I s  
lnf luenced by proxlmlcs and a t t r a c t l o n  fac tors .  Ind lv ldua ls  I n  close 
prox lml ty  (face-to-face j ob  Interv iew,  task force meetlng, etc . )  are 
afforded the o p p o r t m l t y  t o  l n t c r a c t  and dlscover slml l a r  i n te res ts  and 
a c t l v l t l e s .  These s l m l l a r l t l e s  form the basls f o r  a t t r a c t i o n  and fu tu re  
l n te rac t l on  ( cu l  t l v a t l o n )  I n  the development of a m n t o r l n g  re la t lonsh lp .  

A f ou r th  cha rac te r l s t l c  seems t o  be the pervasive I m p o r t - x e  of 
the  informal mentori,:g re la t l onsh lp  I n  f o s t e ~ l n g  career development and 
success f o r  the protege. For example, i n  Roche's [12] study o f  1,250 
executlves, 63% lndlcated they had a mentor. Furthermore, those 
executlves w l t h  a mentor reported higher sa la r ies ,  bonuses, t o t a l  
colnpensatlon and career s a t l s f a c t l o n  than non-nentored executlves. Othei- 
research lndlcates most corporate presldents have had mentors a t  some 
stage of t h e i r  career I&]. As the t l t l e  of one s r t l c l e  puts It - 
*Everyone who makes I t  has a Mentor* [2!. 

Beyond I t s  Impact o f  personal and career development, m n t o r l n g  
can a1 so Impact broader organlzr t lona l f unct:ons and a c t l v l  t l t s  . Robert: 
[ lo] ,  f o r  example, lncludes sponsoring (mentorlnq) as one of the  f l v e  key 



ro les  personnel must perfonn whlch are necessary f o r  e f  f e c t l v e  
performance of the RbD funct ion.  Roberts notes that ,  beyond prov ld lng 
protect ion,  coaching, and encouragement, the mentor can help establ  l s h  
the  appronrldte organlzat lonal  cu l t u re  f o r  ef  f t c t f  ve R6D. Zty [14] 
discusses a t  l eas t  seven b e n t f l t s  t o  the  organlzat lon Including 
enhancement o f  the processes of management development, management 
succession, and soc la l  l z a t l o n  t o  power. Another benef lt, o f  p a r t l s u l a r  
l n t e r e s t  here, 1s t h a t  o f  improved organlzat lonal  c m u n l c a t l a n .  

Zey vlews the m n t o r l n g  r t l a t l o n s h l p ,  i n  par t ,  as a  means c f  
promotlng comnunlcatlon between varlous leve ls  o f  the  organ1 zat lon I n  
t h a t  the mentor and protege ac t  as a l I n k l n g  p lnsn i n  the  sense t h a t  
L l k e r t  used the t e r n  [? I .  These l t n k i n g  pins thus a c t  as a  c m u n l c a t l o n  
channel by whlch ln format lon can f l ow  between two management groups a t  
d i f f e r e n t  leve ls  I n  the hierarchy. U h l l e  L i key t  conceived the  l i n k i n g  
p i n  re la t lonsh lp  t o  be a  formallzed one (betmen members o f  the  chaln of 
conmand), Zty, lr h i s  research, found t h a t  proteges he l n t e r v l w e d  tended 
t o  perform many of the l l n k l n g  p l r i  functlotrs I n  t h e l r  Informal mtntor lng 
re lat lonshlps.  , 

The l n f a m l  m n t o r t n g  r t l a t l o n s h l p  a?so has I t s  r l sks .  1;, a 
sttidy o f  3000 mentdr-protege pal rs ,  B lo tn l ck  [I] f w d  only 34 pa l r s  were 
r b l e  t o  m l n t a l n  the  re la t l onsh lp  f o r  three o r  mrt years. Moreover, 
1200 of the 3000 proteges dere eventual ly  f l r c d  by tne  mentors! Uh l l e  
no t  a l l  studles lnd lca te  such d r a s t i c  outcomo, research on the phases o f  
lnformal m n t o r l n g  re la t lonsh lps  does Ind ica te  t h a t  change, 
organlzat lonal  and/or lnd lv ldua l ,  can place s t r a l n  on the  re la t lonsh lp  
uhlch leads t o  conf i l c t  and separatlon, o f ten  w i t h  negatlve 
consequences. For example, as the  protege gains confldence 2nd 
experience, he c r  she may des i re  more autonomy, thus pressuring the 
mentor t o  aloosen the re insm.  Should the mentor perce3ve the need f o r  
autonamy as prerrature, o r  i f  the  mentor has become too dependent upon the 
protege, c o n f l l c r  develops due t o  Ind l v ldua l  change. D r g r n ~ z a t l o n a l  
changes such as p r m t l o n s  and t rans fers  a lso  can leave the pa r t l c l pan ts  
I n  a  mentorlng r t l a t l o n s h l p  fee l l ng  ar I f  they were l e f t  ' ho ld l~~ r_  the  
bagm. 

A questlon t h a t  a r lses  a t  t h l s  p o l n t  I s :  "ca? some program be 
created and managed whlch mul r~ ta lns  the  advantages o f  the  mtntor lng 
re la t l onsh lp  whl l e  reducing o r  e l l rn lnat lng the  d l ~ a d v a n t r g e s ? ~  T : I ~  
general rcsponse seems t o  be 'It may o r  may no t  be worth a  t r y a  w l t n  s m  
organlzat lons l n p l m n t l n g  f o m l  mtntnr ing proc;rams and other  
lnd lv ldua ls  polntlnc, t o  t he  r l s k s  o f  such fan-1 programs [6,9]. 

One c m a n y  t h a t  has launched a  formal l red m n t o r l n g  program i s  
Federal Express Corporatlon. Bceause o f  rap ld  growth and a  promotton 
from w l t h l n  po l lcy ,  the corporat:on has a very spec la l l z td  management 
workforce wl thout  the broad h ? i t  o f  experience needed t o  be the  fu tu re  
leaders of the c m a n y .  A fonna l l red  mtntor lng program was l d e n t i f  l e d  as 
a  mans of ac ross - fe r t l  1  i r l n g m  these nanagers. 



Four years ago, one d l v l s l o n  Implemented such a program, and It 
has proven successful. I n  1984, a Leadership I n s t l t u t e  was founded i n  
which outstanding managers were selected as Ins t ruc tors ,  o r  'preceptorsu, 
f o r  a twelve t o  f l f t e e n  month tenure. These peop7e were targeted f o r  
p a r t i c i p a t i o n  I n  a r e 4  sed artd revamped mentoring program. 

I n  the proqram designed f o r  the  preceptors, there  are  four ro les  
o r  funct ions: (1) the preceptor/protege, (2)  the  mentor, (3) tne natura l  
boss, and (4) the HRD coordlnator, who I s  responsible f o r  uork lng w i t h  
the people Involved t o  f a c i l i t a t e  and t rack  the re la t ionsh ips .  Some of 
the c r i t i c a l  elements of the  program design are: 
1. the program I s  a voluntary developmental opportunity;  
2. the preceptors must se lec t  a mentor who i s  from a d i f f e r e n t  d i v i s i o n  
and i s  two leve ls  above the preceptor; 
3. both par t ies  must agree t o  a no- fau l t  conclusion. 
The Inc lus ion  o f  these elements has been found t o  b ~ s t  f ~ c l l i t a t e  the 
needs of both the organizat ion and the people involved. 

Thros gh a series of s e l f - a n ~ l y s i s  a c t i v i t i e s ,  t he  preceptor 
I d e n t l f l e s  l ~ i r e e  executives f o r  conslderat lon as mentor. A f t e r  a mentor 
candidate I s  intervieued by t h z  HRD coordinator,  the  preceptor I s  t o l d  
who I s  S~tterested, makes a select ion, and pa r t l c l pa tes  I n  an Int roductory 
meeting, which I s  f a c i l i t a t e d  by the HRD coordinator.  

The t r u e  success cf these re la t ionsh ips  15 then a r e f l e c t i o n  of 
the time, energy and I n t e r e s t  dedi -ated i o  them by the mentors and 
proteges. The HRD coordinator p e r i o d i c a l l y  checks on the status o f  the 
pai rs ,  and the natura: boss i s  encouraged t o  review and r e l n f o r ~ e  the 
a c t i v i t i e s  and discussions I n  which they are Involved.. 

A t  present, the Leadel-ship I n s t i t u t e  has seven preceptors: s i x  men 
:nd 0r.e wLman. There are two other  women, outside o f  t he  I n s t l i x t e ,  who 
s w g h t  developmental support from HRD and are a lso lnvolved i r !  the  
program. Only one member of t h l s  group, a woman, i s  black; none o f  the 
mentors are black. A l l  o f  the  proteges are between 30 and 40 years old; 
?he mentors range from 40 t o  55. 

Hentorlng and Conunicat ion 

As mentioned e a r l i e r ,  the mentorlng re la t i onsh ip  can have an 
Impact on the organizat ion beyond enhancing tcrsonal  and career 
development. I n  pa r t i cu la r ,  i f  t h e  formal mentorlng r e l a ~ i o n s h i p  
discussed above i s  vlewed as an organizat ional  comnunlcatlon channel, 
there I n t u i t i v e l y  would seem t o  be Iwp1icatlor1s f o r  In format ion 
dlssemination, innovatlon, and p roduc t l v l  t y  - fac tors  which have been 
proposed as essent ial  i n  pos t - Indus t r ia l  society.  

A conceptual framework f OF explor ing the re la t ionsh ips  betwetn 
nentor ing , oryaal zat lonal comnunicat 1 on asd Innovat ion and product1 v l t y  

La. 



I s  Indicated I n  Figure 1. F l rs t ,  ncntorlng Involves performing cer ta ln  
ro les  described ea r l i e r  (sponsor, protector, etc.). [6] Second, 
performing these roles en ta l l s  and evokes, a t  the sane t l m t ,  specl f lc  
comunlcat Ion dlmenslons character1 zlng organ1 zatlonal cornnunlcatlon. 
[Ill Thlrd, the combination of ro les and connrunlcatlon dlrwenc,lons 
lng l les  the existence of an organlzatlonal network whlch -an help create 
organlzatlonal condltlons whlch have been found t o  f a c l l l t a t e  Innovation 
and product lv l ty  [5,8]. 

FIGURE 1 

Relationship of Mentoring as a Comnunlcatlon Channel t o  
Innovation and Productlvl t y  
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An example might help. One f a c t o r  cormonly associated w l t h  
innovat l  t.i 1s the  existence o f  a long-range perspectlve. Conceptual l y ,  
t h l s  perspectlve could be conveyed t o  a protege by the  mentor performing 
a number of ro les.  By prov ld lng assignments whlch requ i re  long-range 
th lnk lng,  the protege I s  challenged t o  Incorporate t h l s  perspectlve. 
Furthermore, the asslgnment mlght be one w l t h  exposure and v l s l b i l l t y  
where the protege could cane I n t o  contact w l t h  key organlzat lonal  
personnel w h ~  are known by the mentor t o  value and encourage t h l s  
perspectlve. Whether t h l s  mentorlng st rategy I s  e f fec t l ve ,  however, a lso  
depends upon the ncjture o f  comunlcat lons w l t h l n  the  network. For 
example, I f  the w n t o r  does not  t r u s t  the protege, she/he I s  no t  l i k e l y  
t o  provlde chal ienglng assignments whlch have exposure and v l s f b i l l t y .  
I f  the protege r e i  - Ives too  much Informat lon (overload) f rom the mentor 
and/or key personnel, learn lng ef fect lveness i s  l l k e l y  t o  he decreased. 
I n  sunmary, these examples i nd i ca te  a de l i ca te  balance between mentoring 
ro les  and comunicat lon dynamics I n  c rea t ing  and maintaining an 
organlzat lonal network f o r  enhanclng Informat ion dlsseminatlon, 
lnnovat ion, and product lv l  t y .  

Whl l e  the for-go1 ng model proposes l o g l c a l  relat lonsl. !  ps between 
mentorlng, comnunlcation, and Innovat lon and productivity, the  concepts 
I n  the model are based l a rge l y  on research resu l t s  Invo lv ing  Informal 
networks. Very l i t t l e  In format lon i s  ava l lab le  concernlng formal 
mentorlng re la t lonsh lps  and even less ln format lon I s  ava l l ab le  concernlng 
the  Impact o f  formal mentorlng programs on innovat lon and product lv l  t y .  
Thus, the a p p l l c a b l l i t y  of the model t o  a formal s e t t l n g  was Invest igated. 

THE STUDY 

Intervlews were conducted w l  t h  11 members o f  mentor-protege teams 
Involved I n  the  Federal Express program. No spec i f i c  hypotheses were 
establ lshed p r i o r  t o  the Intervlews. Rather, an in te rv iew format was 
constructed so as t o  e l l c l t  personal i ns igh ts  i n t o  th ree  areas o f  
I n f o n a t l o n :  (1) the mentorlng ro les  (sponsor, coacb, etc.) t h a t  were 
prevalent i n  the re lat lonshlp,  (2)  the  comnunlcation dlmenslons ( t r u s t ,  
gatekeeplng, etc.) t h a t  characterized these ro les,  and (3)  the  Impact the  
re la t l onsh lp  has had on personal and organ1 sat lonal  lnnovat lon and 
product lv l  t y .  

An open-ended format was 'used t o  a l l ow  mentors and proteges t o  
r e l a t e  t h e i r  i ns igh ts  I n t o  these three aspects o f  the  re la t lonsh lp .  
Glven the exploratory nature o f  the research, It was f e l t  t h a t  sample 
members should have as much freedom as possib le t o  provlde Ins igh ts  which 
may not  be represented I n  the  model. A t  the  same tlme, however, the  
in te rv lew format was st ructured so as t o  requ i re  sample members t o  
comnent, a t  some t ime I n  the  Interv iew,  on the  spec l f l c  dlmenslons o f  the  
model. 

A l l  In terv lews were conducted by one o f  t he  researchers who 
prev iously  bad establ ished a rapport  w l t h  sample members. This 
l nd l v ldua l  had pa r t l c l pa ted  I n  the  development and Implementation of the 



formal mentorlng program and had interviewed the  sample members a t  
various times dur ing the l i f e  o f  t he  program. The contents o f  the  
in terv lews were recorded and t ranscr ibed f o r  snalys ls .  

The Interv iews produced 121 single-spaced pages a f t e r  
t ranscr ip t ion .  Both researchers worked separately on the  analysis wnlch 
lnvolved an Induct ive approach t o  generating propos i t lons  about the 
model. .Each researcher generated proposi t ions whlch could be I l l u s t r a t e d  
by quotes from the t ranscr ip ts .  The researchers then met and combined 
propos3tions. 

FINDINGS 

I n  seneral, the  f lnd ings  support the  model. Numerous examples 
were found whlch Indicated the  mentorlng re la t lonsh lps  d l d  a c t  as a 
coranunlcatlon channel and t h a t  !nformatlon dlssemlnatlon, lnnovatlorl and 
p roduc t l v l t y  were Impacted by the  mentorlng relationships The resu l t s  
a lso  Indicated, however, t h a t  the  re la t lonsh lps  were no t  equal ly  
e f fec t i ve .  Rather, c e r t a i n  fac to rs  seem t o  be needed f o r  the  f o m l  
re la t l onsh ip  t o  achieve I t s  po ten t i a l .  

A f i r s t  p ropos l t lon  i s  t h a t  the formal mentor11:g team must go 
through developmental phases s h l l a r  t o  those found I n  Informal  
re la t lonsh lps .  This proposit+on evolved out  o f  a comparison o f  the 
responses from newly formed teams and those from teams whlch had 
previously some Informal re:atlonshlp. The fo l low lng quote from one 
mentor, who i s  involved I n  both kinds o f  re lat lonshlps,  I l l u s t r a t e s  t h i s  
proposl t lon:  

It takes a wh i le  f o r  each o f  those two persona l i t ies  t o  know 
the  o ther  one and fee l  comfortable ... I n  the case o f  people I 
worked 4 t h  f o r  a longe- per lod o f  t h e ,  we had been through 
t h a t  cyc le ...y ou have t o  go through a whole ser ies o f  subjects 
and dlscussions d n t i l  you f i n d  ou t  t h a t  you respect each 
o ther 's  competence. Then you go through another phase where 
the, I guess, the respect l e v e l  contlnues, and then i t  f i n a l l y  
gets t o  something t h a t  i s ,  I guess, t r u s t f u l .  

A second propos i t ion  I s  t h a t  the po tent la1  f o r  the  formal 
re la t ionsh ips  t o  lmnedlately impact Innovat ion and p r o d u c t l v l t y  i s  
l i m i t e d  by the  extent  t o  whlch the  p a r t l e s  i n  the  re la t l onsh lp  see t h i s  
po ten t l a l .  When questioned about the  bene f l t s  o f  the  re la t ionsh ips  and 
whether It had any ef fects on personal o r  corporate Innovat ion and 
product lv l ty ,  most of the  l nd l v idua ls  viewed the  major impact i n  terms o f  
long-term management development. Wheia asked questlons such as, 'Can you 
describe a s i t u a t i o n  o r  conversatlon you've had w l t h  your mentor/protege 
i n  whlch they helped you solve a problem o r  your mental ' l l g h t  bulb '  came 
on?', m s t  i nd i v idua ls  could no t  g ive  an example. 

A t h l r d  p ropos i t ion  i s  one re la ted  t o  the  second proposi t lon.  The 
po ten t l a l  f o r  the  re la t i onsh ip  t o  impact innovaf ion and product 'v l ty  a lso 



seems l im i ted ,  I n i t i a l l y ,  by the  cross d i v i s i o n a l  s t ruc ture  of the  formal 
re la t ionsh lp .  While one o f  the human resources object ives of the formal 
re la t ionsh ip  I s  t o  provide the  protege w i t h  a  mentor from another 
d iv is ion ,  and thereby broaden the  protege's corporate perspective, the 
d i f fe rence i n  perspect ive I s ,  i n i t i a l l y ,  a  b a r r i e r  t o  be overcome. The 
b a r r i e r  seems manifest I n  a t  l e a s t  two ways. F i r s t ,  both mentors and 
proteges expressed a  concern about the accountab l l l t y  of what the protege 
learned. For example, one mentor was concerned the protege would only  be 
able t o  apply the  experience I n  the mentor's d i v i s i on .  Second, I n  those 
re la t lonsh lps  where the mentor and protege had some p r i o r  re la t i onsh ip  o r  
were w i t h i n  a  comnon d i v i s i on ,  the  comnon background was found t o  
f a c i l i t a t e  innovat ion and p roduc t i v i t y  more so than i n  the  
cross-d lv ls lonal  re la t ionsh ips .  This f a c t o r  was p a r t i c u l a r l y  c lea r  i n  
the in te rv iew when the protege Indicated her mentor ( from the  same 
d i v i s ion )  was able t o  brainstorm Ideas w i t h  her. 

CONCLUSIONS AND RECOHHENDATIONS 

As exempli f ied by the  Federal Express case, the  fo rmal lza t lan  o f  
the mentoring process i s  possible, and has the po ten t i a l  f o r  both 
inmediate and long-term bene f i t  t o  the i nd i v idua ls  involved and t o  the  
corporat ion. However, i t  seems t h a t  the chemistry t h a t  occurs i n  
informal re la t ionsh ips  must s t i l l  be establ ished i n  order f o r  the 
formallzed re la t i onsh lp  t o  be f u l l y  product ive. While in formal  
re la t ionsh ips  t y p i c a l l y  are founded on f r iendsh ip  and a  mutual t r u s t ,  
formalized pa l r lngs  must take some t ime t o  determine where they "stand" 
on c r i t i c a l  Issues. 

Add i t iona l ly ,  s ince they are fcmded on the premise o f  personal 
development, most formalized pa i r s  seem t o  have some d i f f i c u l t y  i n  seeing 
the u t i l i t y  o f  t he  learn ing t h a t  occurs beyond th2 re la t i onsh ip  I t s e l f .  
This narrow focus I s  f u r t h e r  emphasized by the b a r r i e r  created by the  
matching o f  c r o s s d i s c i p l i n e s  I n  the pa i rs .  I n  order f o r  these 
re la t lonsh lps  t o  enhance the innovat ion and product1 v i  t y  o f  the 
corporation, and not  j u s t  the individuals involved, I t  would seem 
appropriate f o r  these issues t o  be addressed a t  the i n i t i a t i o n  o f  the  
re la t ionsh ip .  

Idhen viewed from the perspect ive of the organizat ion w i t h  a  large 
research and development population, It would seem t h a t  a formalized 
mentorlng program would serve as a  valuable development t o o l  f o r  the 
Ind lv ldua ls  and an investment I n  the f u t u r e  f o r  the organizat ion. With 
the proper prer>arat lon and f a c i l  i t l t l o n  o f  the i nd i v idua l  s  and the1 r 
pai r ings,  a mentorlng program could no t  on ly  broaden the people involved 
beyond t h e l r  I n4 l v idua l  p ro jec ts  and respons ib l l l t l es ,  bu t  could a lso 
Increase the  probabi 1  1  t y  o f  a smooth and progress1 ve i n teg ra t i on  between 
t h e l r  current  a c t l v i  t i e s  and the1 r organ1 za t lon 's  mission f o r  the  fu tu re .  
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other extreme are equity cooperative ventuns which provide for joint decision making 
within the context of a jointly-owned enterprise. Neither contractual nor equity cooperative 
ventures are new..3J Although the creation, existence and death of cooperative ventures 
have been going on for decades they have received increased attention lately as more 
corporations look to wllcctive activity to achieve strategic objectives. In particular, there is 
gmwing intenst in cooperative ventures to undertake research and development. 

The Importance of R&D and the Need for Cooperation 

Although "technology" and "R&D" are commonly used words, it is doubtful that a 
common meaning of !he terms can be implied fiom this frequent usage. For ,he purpose of 
clarity the following def~t ions  will apply. The term technology describes the knowledgt 
required for the production and delivery of goods and services. Likewise, technological 
innovation is the process by whicl? this knowledge is dtveloped and ultimately transformed 
into specific gocds, products, and services. One should note that these definitions 
encompass not only technology that is directly traceable to "scientific" knowledge but also 
includes knowledge in areas that have not bear or can not be classified as scientific. But, 
this only takes care of the " R  patr of R&D and all too often this is a common ommission 
on the part of those discussing X g t D  policy and management. Devdopment is an important 
and easily overlooked part of the process that takes the new information or knowledge that 
results from research and transforms it into a form that is useable, either as a base on which 
additional knowledge can be built or as an actual product or service improvernent.[13~ p 4  
This transformation process is particularly important with regard to cooperative research 
and development ventures. 

The first crucial steps in the complex process of technological innovation are 
research and development activities through which increaed understanding and control of 
various "technologies" are gained. Economist Joseph Schumpeter's concept of the proem 
had three distinct segments. The first segment is invention, that initial insight that idcntifics 
and defmes a new capability. Following invention is innovation, the transformation of the 
capability into a form useable by society. The last phase Schumpeter referred to as 
imitation, which describes thc diffusion of technology as others copy and make 
improvements on the orignal ,hovation.[ll; 69 ~ 2 1 1  Some authors contend that too often 
the invention phase is over emphasized as the critical part, whereas innovation and imiution 
(or diffusion) maybe be of gual or perhaps greater importance to society.[!o* F-67 

lnventlon -& lnnovrtlon --& lmltrtlon 



In that a society's or institution's limited and valuable management t h e  and energy 
must be allocated among various competing activities, an examination cf rhc relative 
importance of R&D activities, collective or otherwise, is ~xpircd. There is little question 
that technological innovation plays a critical role in modern society. This observation is 
particulariy pertinent to the last fifty years during which industrial, social, med,,al, legal, 
and organizational innovations have l e d  to incredibie economic (and ultimately social 
progress) that has been experienced by nearly d l  countries and peoples. Despite its 
recognized importance to prosperity md the promise of a "better life" the innovation 
process is only a vaguely understood phenomenon. This perceived importance of 
innovation is evidenced by an increasing chorus of concern regatding the state ut F.&D in 
this country and others. 

Rc~earch and development activities are generally cited as having four significant 
positive effects on the "commonweal". First of all, R&D, as part of the overall innovation 
process, is credited as the primary driving force behind economic gr~wth.[~* pJ4] Thz 
second major contribution claimed for research and development activities to economic 
health is in improving international competitiveness. In fact, some analystj of the a p p  znt 
decline of competitiveness on the part of United States f m  point to a lack of innovation as 
a possible c;ause.[41 R&I) activities as an important aspect of national defense efforts is 
generally recognized as the third area of contribution. Since the United States basts much 
of its defense strategy cm the concept of quality instead on quanti~f, any threat to the 
technological lead the 7J.S. enjoys in advanced weapons systems se for serious 
concern. As a consequence a major portion of federally-supported R&L into &f~n~i:- 
related projects.[*. p.111 The final area of societal contribution cited for R&D activities is 
employment. It is argued that as certain industries mature and decline new products and 
services as well as ntw methods of production are the only hope to replace lost jobs and 
generate new oqes.[le p.981 This employment debate is complicated since some argue that a 
portion of R&3 actually resiilts in the reduction of employment opportunities.* 

Three forces are at p!ay in the modem ecor.omy that make cooperative R&D 
ventures increasingly attractive. First, marketplace pressures exerted by foreign 
companies, most notably the Japanese which have a ilistory of cooperative R&D activity 
orchestrated by MITfI and other governmental institutions, have caused domestic 
corporations to reeramine the prevailing "go it alone" attitude. Second, the amount of 
resources (bo& f i r m h l  and human) necessary to c m y  out many modern-day high 

* 
This employment debate is complicated by the fact that some argue that a portion of 
R&D actually results in the tsduction of employment opportunities. Economists. in 
recognition of the fact that technological innovation can either crrate or desaoy jobs, refa 
to efilciency increasing innovation as either "factor biased" or "factor neutral". An 
innova,tion is said to be factor neutral if adoption of the innovation does not result in ; 
change in the relative quantities of inpuu consumed per unit of ~u tpu t  (assuming 
constant relative prices). Conversely, an innovation is factor biased if adoption results in 
a change in the relative quantities of mpua consurlltd per unit of output. To give an 
example, let us say thlit a machine has been developpd that can weld autombiles at a 
fraction of the cost of human welders. Industry adopt!: the new machine (but dw iot 
ctmge output because of the adoption). That innovation is said 0 be factor tt;ast.l in 
favor of capital. Such factor bias, at least in the short-term, u ' . ~  ause unemplojr rent 
It is this t* of innovation (and the ~upportir~g poiicies such as certain tax treatnents) 
that appears to generate a substantial amount of con!rover~~.[-(~ P . ' ~ ]  









conceptual framework) but the unnoticed, unheralded, and often mundane work that took 
the discovery from a scientific capability to a useful and cost effective product. As the 
National Academy of Sciences reported in its summary of the August 1976 Woods Hole 
Workshop: "Much of the c o ~ t  and time are associated with the stages beyond the generation 
of the basic technology itself, s_~ecificaUy, with the production and marketing of new 
products made possible by new technology."[s~ P P - ~ ~ * ~ ~ ~  The importance of both aspects of 
R&D is recognized by the Organization for Economic Cmqxration and Development 
(OECD) in its "Fxascati Manual" which pposed standard practices for surveys of research 
and development. In the Frascati Manual, research md experimental development are 
defined !o: "comprise creative work undertaken on a systematic bash in oder to inctease 
the stock of knowledge, including knowledge of man, culture and society, and the cs; of 
this stock of kncaiedge to devise new applications".[& P-191 

Types of Cooperative Research and Development 

The motivation to seek out partners for a collective RBtD undertaking differs 
according to irdvidual circumstances, but despite the wide range of possible m n s  for 
engaging in zoopcrative R&D venture company, motivation can be broadly grouped into 
the following eight categories. It is important that the collective vtnturc participants as well 
as the collective venture manager bc aware of which motivation categories apply to the 
situation at hand and what is the relative importance of each motivation category to the 
participants. The reason for this awmness is that different organizational structures and 
strategies are appropriate for the various motivation categories. Although eight separate 
motivation categories are suggested it is often the case that any individual participant faces a 
combination of motivations, some more impd?nt that others. Likewise, it is expected that 
no two participants in a cooperative R&D effort experiencr; the exact same set of 
motivabons in the exact same ranking of importance. These differences in motivation 
further complicate the collective venture manager's task. 

1. Cooperation as a way to attain scale economies. 

Achievement of scale economies is often an important element of an individual 
company's motivation to participate in a cooperative venture, but !here is an important 
limitation to scale economies as a motivating force for corporations. If the projected 
benefits from the coopera;ive effort arc seen as yielding significant improvements in 
competitiveness it is unclear that a corporation would want to share these benefits with 
potential competitors unless the scope of the investment was so great as to exceed the 
resources of the individual participant. But because individual corporate resources vary 
firm company to company the "power"'of this motivating element will differ. For example, 
the VLSI project in Japan, a collective research and development effort in advanced 
semiconductor technology, changed the relative market positions of the participants. As a 
direct consequence of the cooperative venture, some companies improved their compeitive 
position vis-a-vis other participating companies and for some their relative competitive 
strength was weakened. For the companies with more limited resources the allure of 
coopration to attain scale effects was greater than companies more favorably situated. 

.4 cooperative effort is attractive if the collective benefit obtained (and presumably 
Eistributed to the participants) can be obtained at less cost to the individual than "going it 



alone". The greater the disparity between the individual cost and the collective cost relative 
to the benefit, the gnatcr is the incentive to participate. Similarly, if the perceived benefits 
of the cooperative effort are remote or uncertain, a pooling of effort can change the "scale" 
of the project facing any single corporation and thereby change the decision on whether or 
not to join. 

To the extent that the collective entqnisc is designed to exploit scale cc01~)m. i~  the 
benefits to be derived by the individual participants from cooption should vary according 
to the degree scale economies a... attained. An individual participant should prefer 
collective effort to individual effort regarding the achievement of scale economies if the 
exptcted value of the perceived benefits, less required contribution, associated with 
collective action, is greater than the value of t!!e perceived benefits, less contribution, from 
individual action. Likewise, the individual participant should welcome additional 
contributor/participants so long as the value of perceived benefits, less contribution, 
without the additional member is less the the value of benefits, less cost, with the additional 
member. Generally, this means that addition partners will be sought until the desired 
economic size of effort is reached 

2. Cooperation as a method to permit a more efllcient use of some limited 
resource. 

This second motivation category is also related to the attainment of scale economies 
but differs from the first in important ways. First of all, it encompasses more than just 
financial resources. Secondly, the limited resource may or may not be scale sensitive. To 
cite an example that illustrates both points, in certain "frontier" R&D projects the resource 
constraint is not money, but people, in the form of trained scientists and researchers. This 
was the situation facing both the Japanese VLSI project regarding expertise in working 
with crystals of exotic materials and the chemical industry when it formed the Chemical 
Lndustry Institute of Toxicology (CIIT) regarding trained toxicologists. This is cunently 
the situation facing MCC regarding experts in artificial intelligence and other highly 
specialized fields. 

One would expect that cooperative R&D ventures established to permit the more 
efficient use of some limited resource to exhibit somewhat different characteristics than 
collecGve R&D efforts to exploit scale economies. Ths primary benefit flowing to the 
participants from this type of cooperation is increased access to a limited resource. To 
accomplish this objective the collective enterprise can either increase the supply of the 
limited resource available or ration the available supply. If the supply of the limited 
resource cannot be increased to meet or exceed the demands for that resource on the part of 
the participants then the general manager of the cooperative enterprise will have to devise 
and operate a rationing system This makes the participants potential adversaries i,.t access 
to the resource in short supply aqd the structure and processes of the collective venture 
should rcflect this situation. 



3. Cooperation to facilitate individual investment in the development of a 
product that is not readily owned by those investing in its creation. 

Companies are naturally nluctant to make investments if the results are dmcult to 
"capture" or "own". Ftx example, investment that yields improvements in personnel sirills 
rather than an actual material product arc less likely to be funded since the investing 
corporation has less ownership or control over the investment output, in this case people. 
Because of this dilernna it makes sense for the total class of potential beneficiaries to 
cooperate in c0nductir.g the effort As an example witness the formation of cooperative 
ventures like the Semiconductor Research Corporation and the Council for Chemical 
Research which seek to develop qualified specialists in much needed disciplines without 
having an individual corporation run the risk of funding its competitors' training. 

Another set of examples in this category would be those investments in basic or 
fundamental reseaxh. Since this type of research often results in ideas and concepts that 
quickly spread (and whose spread is difficult if not impossible to legally contain) 
cooperative efforts in this area art also attractive. Om of the missions of MCC will be to 
develop talent and tml-nology that will be difficult for the investors to capm.  

A third grwp of examples in this category.arc those investments in which the 
ownership or control of the investment output has been curtailed. As an example, the 
Toxic Substances Co~ltrol Act [IS U.S.C. 92601 (1976)] requires that certain discoveries 
regarding toxicolog~cal effects of workplace chemicals be publicly disclosed so that rapid 
dissemination can take place. A cooperative ventun would be useful to counteract the 
disincentive to invest Such situations have helped spawn cooperative ventures such as the 
Chemical Inaus? hti tu te of Toxicology and the Health Effects Institute. 

With regard to this third type of cooperation the managerial task involves control of 
the flow of benefits to non-contributing outsiders, commonly refemd to as the free-rider 
problem. A flow of beriefits to outsiders who do not help pay for producing those benefits 
can jeopardize the viability of a collective venture. If the fealization cf benefits by the non- 
contributing outsider is the result of decreases in the benefit streams to the participant, the 
general manager of the collective will be compelled to either seek methods to stop the 
"leakage" of benefits or force the outsiders to become contributing participants. The 
possibility of outsiders enjoying the benefits without sharing the costs will also put 
pressure on the participants to switch status to non-contributing outsiders. As a 
consequence, one would expect the general manager of such a cooperative undertaking to 
try to structure and operate the collective venture so that participant exit is hindered. One 
would also expect that the participant contribution arangement to resemble a private taxation 
system. 

4. Cooperation as a vehicle to achieve uniformity or standardization. 

There are two methods to a s sw uniformity if it is clear that there is a competitive 
advantage in having complementary technology, One is to achieve a monopoly or 
dominant status and thereby dictate the standard to the marketplace. The other is to engage 
in a cooperative venture to assure compatibility or uniformity. To cite one example, in the 
telecornmuncations industry various devices must be able to communicate with each other. 



For many yem Bell Labs and Western Electric through the power of the AT&T monopoly 
provided the necessary system uniformity and standardization. The uncertainty (and 
opportunity) regarding the role these entities can perform following the antitrust suit 
settlement has prompted other corporations to form cooperative ventures slimad at achieving 
some degree of compatibility and ~tan~hrdization. In the PBX field, Sperry-Northern 
Teltcom, IBM-Rohm, and Ericsson-Honeywell are all illustrative examples. Evidence of 
this motivational element can be found in cooperative ventures between computer 
manufacturers and component suppliers. Onc alternative would b: vertical integration, but 
the resources required and the scarcity of ctrtain critical talent would be restrictive. 

With regard to cooperation that seeks uniformity or standardization, the colleztive 
enterprise executive shocld not be as concerned with the benefit transfer mechanism in that 
the benefits are not normally divided up and distributed to the contributing participants. 
Instead the general management task will focus on the contribution arrangement and the 
nature of the uniformity or standards to be produced by the collective effort. 

5. Cooperation to conduct research or develop a product that is mandated or 
required but does not yield a competitive advantage. 

If investment is required by legal, moral, or ethical standards, and the outcome of 
the investment will not produce competitive benefits in excess of costs, then there is a 
strong impetus to seek out other corporations under the same compulsion in an attempt to 
pool resources and share results. Possible examples in this category are cooperative 
activities relating to pollution control or employee health and safety. This category can be 
contrasted with the third motivational category in which the investment output has value but 
that value cannot be readily captured In this category arc invcstmtnts in which the output 
can be owned or controlled but does not have competitive value. Companies already in a 
marketplace would be likely candidates for a cooperative v c n m  that spreads the costs of 
some competitively valueless investment they had to make. However, there would be 
reluctance to permit potential entrants to share in the fruits of such a cooperative venture 
since even a competitively valueless inveqtment can still serve as a banier to entry. Only 
Aose who have already paid the price of entry will be seen as amactive partners. 

One illustrative example is the Health Effects Institute whlch was established to 
explore the impact of internal combustion engine by-products on biological organisms. 
One of the major difficulties facing General Motors' management in helping to set up HE1 
was determining what each participant would contribute. There was no problem regarding 
distribution of results since the research results were to be equally distributed among the 
participants. GM management feared that GM's contribution to the cooperative venture 
would be so large relative to the other participants that in essence GM would be merely 
funding research necessary to its competitors. At the outset the primary concern of the 
general manager of this type of collective activity will be establishing an acceptable 
contribution amangement. After an approved cost-sharing mechanism is devised and 
cooperation is established, the general management task should shift to one of maintaining 
participant interest and support. This latter task could be a difficult one in that participating 
company interest and support of a cooperative venture \kith no competitive impact is likely 
to wane. 



6. Cooperation as a method to maintain independence or  credibility. 

In certain conflict situations investments that seek to examine and resolve the 
subject matter of the controversy will ofen be more valuable if both sides to the 
controversy make a joint iavcstment in the examination project. For example, R&D 
conducted by the automobile makcm regarding the health effects of auto emissions is not 
likely to have a high level of cndlbility with certain environmental groups no matter how 
well the actual research is done. In such circumstances a cooperative venture, such as the 
Health Effects Institute, that includes other interested parties can be particularly attrao,tive. 
This category would also encompass projects that are subject to participatory demands by 
groups potentially affected 

Independence of the collective effort can facilitate cooperative R&D even thougn the 
participants remain fierce competitcm regarding the products using the technology 
developed through cooperation. In,lependence and credibility can also be ildeful in 
attracting research talent and insulating rcsesxch projects from the short-term budgetary 
focus of the sponsoring companies. In W, type of collective venture the benefit from 
cooperation is derived not so much f r m  th: actual output of the collective effort as from 
the nature of its production. In other WG&, the significant general management tasks 
regarding cooperative enterprises in this category are more likely to be associated with the 
method of output production rather than the benefit 'transfer mechanism Cooperative R&D 
ventures of this nature often arise from adversarial situations in which two or more 
opposing "sides" are trying to produce the same or similar output, usually for the 
consumption or use of a third party. Such a collective venture requires the general manager 
to design an organizational structure that keeps the participants' antagonistic demands from 
interfering with the operation of the cooperative effort. Consequently, one would expect 
cooperation so motivated to be characterized by extensive negotiation among the sponsors 
during formation and then by extensive autonomy during subsequent operation and 
management. 

7. Cooperation as a means to reduce the costs or risks associated with an 
entry or strategic movement. 

A fm contemplating a business entry into a new endeavor or a strategic movement 
in an older one can often reduce the associated cost or risk by cooperating with others. The 
risk or cost reduction from cooperation occurs because of the differing circumstances of the 
participants. Reducing the risk or cost of entry or strategic movement can be accomplished 
by cooperation with f m s  that are already favorably positioned. The Kodak/Matsushita 
and the General Motors/Toyota cooperative ventures are two significant examples of this 
type of cooperation. For example, in the GMtToyota joint venture GM wants to develop 
small car manufacturing expertise, a skill of Toyota, and Toyota wants to learn about 
automobilc manufacture in the United States, an area of GM expertise. By cooperating, 
each partner can "purchase" skill or knowledge possessed by the other partner. Since the 
"selling" partner has already fully paid for acquiring the skill or knowledge in the f i t  
place, the "buying" partner should be able to purchase at a lower cost when compared to de 
novo or independent action. The difficulties appear when one of the partners acquires the 
strategically-sought skill or knowledge before the other and the incentive to continue 
cooperating disa7pears. 



With cooperative R&D ventures that seek to reduce the costs associated with breach 
of entry or mobility barriers, the benefits to one set of participants are the contributions of 
others. Companies should find this type of coop t ion  attractive if entry or mobility costs 
can be reduced by cooperating with firms that have already paid the price of overcoming the 
entry or -bility barrier. Since the objective of such collective effort is, in essence, to 
assist in tnt establishment of a closer competitor in exchange for something of value, the 
cooperation should be relatively unstable. The perat mmagemcllt task s\urounding such 
cooperation will need to focus on the difficult ~ u e s  of what to do after entry or strategic 
movement has been facilitated. There is also the very real possibility that one of the 
partners will acquire the srategically sought skills or knowledge before the others. At that 
point the satisfied partner has the incentive to cease cooperation. 

8. Cooperation to permit risk diversification or risk sharing. 

Often a firm wishes to diversify its risk by making a larger number of smaller 
investments. By placing more although smalla bets, the riskiness of investments can be 
averaged out, thereby eliminating some of the downside risk in exchange for some of the 
upside opportunity. Mining and drilling comgonies o h  cngagp i.n COOPQative exploration 
to diversify the risks involved. In some sitlstions, such cooperation may be seen as 
insurance in which a class of "at risk" enti- arc protected against cataclysmic change in 
circumstance. For example, RBtD among competit6rs may insun, with minimal individual 
investment, that no one compctitor makes an imL;rmdent breakthrough that would put the 
others at competitive disadvantage. 

The benefit to the participants in coopuativc R&D ventures that serve a risk sharing 
or portfolio facilitating function is that cooperation permits the firms to place smaller bets 
on a larger number of investments. In that he  participant's mamivation to cooperate is to 
divers@ investment risk, the relationship amang the participants should not, in general, be 
antagonistic. AS a consequence, the management task concefll'hg such cooperation need 
not focus as much on establishing elaborate mechanisms to maintin participant cooperation 
as with other types of cooperative ventures. kstcad, devebpkg valuable technology and 
establishing technology transfer mechanisms should pose more of a difficulty to the 
collective venture general manager. 

Conclusion 

Cooperative mearch and development ventures art becoming increasingly attractive 
as a part of the technological innovation t,rocess. Yet, despite the advantages collective 
action can offer the participants, the difiicultks in managing such conso~ums can turn 
opportunity into chaos. Confusion aid disqqmintrnent can be alleviated by managerial 
action aimed at balancing the three elements of a cooperative venture, participant 
contribution, benefit creation, and benefit transfer, and by matching organizational structure 
and strategy to the type of cooperative v e n m  involved. 
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ABSTRACT 

Memoranda of understanding have recently been signed between the 
United States (NASA) and 'three international Space Station partners - 
Canada, European Space Agency (ESA)," gnd Japan. The international part- 
ners are performing parallel Phase B preliminary design studies, concur- 
rent with the U.S., on their proposed elenents/systems for possible 
integration and operation with the U.S. Space Station System complex. 
During the 21-month Space Station Phase P study, a large amount of tech- 
nical interface data will have to be transferred between the U.S. and the 
international partners. Scheduled bilateral technical coordination meet- 
ings will also be held. The coordination and large number of interfaces 
required to integrate the international requirements into the Space Stc- 
tion require a "clean" interface management organizational structure and 
operation procedures to accomplish the integration task, The interna- 
tional coordination management organizzrional structure, management 
tools, and communications network are discussed including the proposed 
international elements/systess being studied by the international 
partnexs . 

INTRODUCTION 

The President, in his State of the Union Message in January 1984, 
directed NASA to develop a permanently manned Space Station within a 
decade. At the same time, he alsc invited friends and allies of the 
United States to join in the program in x d e r  to share its benefits. In 
April 1985, NASA initiated a 21-month Space Station Phase B preliminary 
design study. Short1.y thereafter, government-to-government cooperative 
agreements, in the form of memoranda of understanding (MOU's), were 
signed between the U.S. and three international partners. The MOU with 
Canada was signed on April 16, 1985, with Japan on May 9, 1985, and with 
the European Space Agency on June 3, 1985. Since the international part- 
ners are conductLng parallel Phase B studies with the U.S., an organiza- 
tional structure has been set up within the Space Station Program Office 
to coordinate technical and operational activities with our international 



partners to ensure proposed interilational requirements/elements are ince- 
grated into the U.S. Space Station rrcgram. This is accomplished through 
the International 6 External Affairs OfCtce in the Space Station Program 
Off ice. 

For the first time in NASA's history, a radical departure jr -:- 

gram management has taken place from that of past spaceflight pro,:, L.:: , , 

that four NASA "work Package" Level C Centers (MSFC, JSC, G S K ,  LeRC) 
are responsible for developing specific Space Station Program E1en:entt.i 
Systems. The Level B Space Station Program Office, located at JSC, will 
perform overall program management and the Systems Engineering and 1nt.c- 
gration (SEII) function for the Space Station Program. Because c t  thc 
physical locations and distances involved with the international partners 
and that of the NASA Centers it is evident that innovative management 
techniques and a telecommunications capability la needed for voice con- 
ferences and data transfer. During the parallel Phase B studies, large 
amounts of technical interface data will be transferred between the U.S. 
and the international partners. Multilateral and bilateral technical 
meetings will also be held. International liaison representatives for 
each partner are located at JSC for the Phase B studies. During Phaee 
CID, it is anticipated that U.S. liaison representatives will be located 
in Canada, Europe, and Japan. The space Station Program will be interna- 
clonal in nature, i.e, contain international elements/modules with an 
International Crew. 

SPACE STATlON PROGRAM INTERNATIONAL COOPERATION 

NASA has conducted a number of successful spaceflight programs 
such as Mercury, Gemini, Apollo , A~o~~o/SOYUZ, Skylab, and Space Shac t le. 
Each of these programs have contributed significantly to the ability of 
man to work productively and live in space. The next logical step was to 
develop a permanently manned Space Station which would operate in low 
earth orbit. Recognizinb that the U.S. Space Station is the next large 
development program, substantial international interest has been exhib- 
ited due to past and present cooperatlve activities with NASA such as 
foreign contributions to the Space Shuttle Program. 

Following President Reagan's invitation to U.S. allies and 
.friends to participate in the Spaze Station Program, the NASA Administra- 
tor visited Europe, Canada, and Japan for high-level discussions on 
international participation. Subsequently, the European Space Agency 
(ESA), Canada, and Japan have signed memora~da of understanding (MOUts) 
with NASA that provides the framework of cooperation on Space Station 
during Phase B preliminary design. The main features of the MOU's are 
delineated as follows: 

o It recognizes participation in prior cooperative 
programs, 

o Defines cooperation during Phase B and a basis for 
longer term cooperation through develor-ent and 
operation phases, 



o Identifies principles that must be defined for station 
access, cost sharing, barter, and crew participation 
during subsequent negotiations for Phase C/D/E, 

o Provides a basic description of U.S. and International 
Space Station Program, 

o Program phasing and schedule, 

o Respective tceponsibi:ities, 

o Management reviews/liaison rel,tionships, 

o Advanced Development Program, 

o Data exchange and rights, and 

o Financial and legal matters. 

Three aspects of potential cooperation exists. The first is as a 
It user" of the Space station who essentially dafrnes missions and utilizes 
the Station capabilities. secondly,' as a "builder" who participates over 
a long term in definition and development programs and supplies funding 
and hardware, thereby enhancing the Station capabilities. And thirdly, 
as an "operator" who would participate in a specific system operation 
on-board the Station. The three international partners arc viewed as 
"builder/operator" in the Space Station Program. 

Space Station partners must be sensitive tc 9 . S .  concerns abo, 
technology transfer, exporting jobs, and efficient overall management 
resources. The MOU1s do not authorize cooperation in the Advanced De, - 
opment Probram area. Cooperation in the Advanced Development Program 
will be considered on a case-by-case basis and entered into only when it 
is mutually beneficial to both sides. Matters for future discussion and 
agreement between the partners are foreseen as follows: 

o Respective responsibilities in design, development, 
operation, and utilization, 

o Principles regarding access to all Space Station 
elements, 

o PrLcing policy, 

o Barter of hardware and services to offset costs, 

o Length and type of commitment to the program, 

o Protection of proprietary information and intellectual 
property rigtdts, 

o Crew participation in the Space Station, 



o Definition of appropriate technology interchanges, 

o Operational costs, a7d 

o Appropriate legal arrangements. 

SPACE STATION PROGRAM MANAGEMENT 

The Space Station Prw;ram management structure is divided into 
three levels; Level A - loct :d at NASA Headquarters provides policy and 
overall program direction; Level B - located at the Johnson Space Center 
provides program management, budget, and technical control; and Level C - 
located at JSC, MSYC, CSFC, and LeRC field centers provides project mar.- 
agement for element definition and development. Figure 1 rhows the Level 
B Program Office organization. Four line officee report to the Program 
Manager. The System8 Engineering and Integration Office establi~hea and 
managps the technical content of the Space :tation Program in response to 
the system requirements established by Level A. The Data Management Sys- 
tems and Operations office establishes and manages the data management 
architecture and cverall flight and ground op tions. The Customer 
Integration Office establishes customer requireuents, coordinatet. mission 
data base, and integration of users and their requirements. The krogram 
Management Office manages the program resources to the budget and scbed-  
ule guidelines provided by Level A. The Technical Management Information 
System Staff Office is responsible for developing technical program and 
data management needs and implementing an automated computerized network 
of distributed engineering and management data systems. The Lnternaticn- 
a1 and External Affairs Staff Office serves as the focal point for inter- 
facing with the international community and is responsible for technical 
and management icce~ration of international p3rtner's requirements and 
proposed hardware elements into the Space Station Program. This office 
also serves as .the focus for policy analysis, strategic planning, and 
interfacing with congressional activities, Whitt House visitors, academic 
community, and other federal agencies and departments. 

Internntional Coordination and Mana~ement Process - 
An integrated technical coordination and manbgement process has 

.been established to interface with the international partners (Canada, 
ESA, and Japan) to process and manage change requests, conduct formal and 
informal meetings, and provide the framework for carrying out t.he objec- 
tives of the cooperative prolect as established in the MOO'S. The Space 
Station clanagement functions for in~ernation 1 participation for each 
level it: as follows: 

Level A: Provides overall pclicy and program direction 

o Decistons on interlrational elements 
o Pliinning for evolutionary growth 

Negotiate M O r l ' s  

Q.: - 0. - - - - 



Figure 1 - Space s t a t i o n  program level B o r g a n ~ z a t ~ o n  

SPACE STATION 
p n o a n m  OFFICE 

NOR: NEIL B HUTCHINSON 
DEP. NOR: JOHN W AARON 

PROORAY SCIENTIST: 
DR O'LEN K GARRIOTT 

AND EXTERNAL 
AFFAIRS OFFICE 

MGR: WILLIAM E RICE 

1 - 
TECHNICAL AND YANAGEYENT 
INFORYATION SYSTEM (TYIS) 

INTEGRATION OFFICE 
UGR: J E COO1 S (ACTING) -. - 

SYSTEMS EWOINEERINQ 

Figure 2.- lnternatlonal cooperation management f r a m e w o r k  for phase B 

r-- 
Cenrdlen Ylnlmln of Str ' i  

! lor k k n c e  Technologv 



Level B: Program Implementation 

o Technical coordination of system 
requirements 

o Baseline and control technical data base 
o Integration of international elements into 

baseline configuration 
o Establish and control ICD'e 

Level C: Project Implementat ion -- 
o SELI support to Level B on impact ,f 

international elements 
o Impact of internatlonal elements on Work 

Package Centers 
o Develop system and end items 

Figure 2 illustrates international cooperation management frame- 
work for Phase B. The interfaces and coordination can be seen between 
the U.S. management levels and counterpart international levels. The 
Internatioaal Technical and Integration Panel (ITIP), located at Level B 
and chaired by the Manager of the International and External Affairs 
Office 1s the forum used for technical coordination of activities between 
hASA and the international partners. Membership on the ITIP and formal 
change control flov is shown in figures 3 and 4, respectively. The Pro- 
graa Coordination Comittee--co-chaired by the NASA Associate Administra- 
tor and international counterpart--is responsible f ~ r  overall program 
lirectim and coordination, the main focus is decision on functional and 
technical aspects of internatlonal psrticipation. The membership on this 
colanittee is shown in figure 5 .  The Space Station Level B Control 
Board--chaired by the Space Station Program Manager --integrates the 
Phase B study activities into baseline Space Station configuration and 
lay the basis for initiation of preliminary design activities on all 
Space Station elements. Membership on this board is shown In figure 6. 
The structure of the Space Station Control Board is shown in figure 7. 
It consists of four main panels (Operations, Customer Intergration, and 
International Technical and Iategration) and the Systems Integration 
Board, These four entities are, in turn, supported by fourteen technical 
integration panels, 

Manageueu t Tools 

The management tools used for Phase B international coordination 
at each management Level consists of program review, coordination commit- 
tees, technical working groups, and project liaison coordination. The 
management tools are: 

Level A 

o Bilateral Program Coordination Cornittee 
o Multilateral Program Review 
o International Working Groups 
o Working Croup on International Cooperation 
o L'iaison Oversight 
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F~gure 7 - Space station board and panel structure 
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Level B 

o Program Managers Board, as required 
o International Technical and Integration Panel 
o Membership on fnternational Working Group 
o Membership on Working Croup on International 

Cooperat ion 
o Resident International Project Liaison 

Level C 

o Membership on International Technical and 
Integration Panel 

o Hemberehip on International Working Groups 
o Membership on Working Croup on International 

Cooperat ion 
o Liaison, a8 appropriate following SRR 

Figure 8 shows the Space Station Program schedule with the pro- 
gram milestones. The main tool used by the Program Office for integrat- 
ing the activities of Level B and Level C wcrk packape centers* contrac- 
tors, and international partners is a.systems refec.4 to as "Engineering 
Master Schedule" (EMS). 

In addition, an options list and options matrix is used. The 
options list specifies the proposed international elements to be examined 
across the program and the .options matrix specifies which elements are to 
be examined in combination with other options. Basically, the EMS is a 
system that specifies twenty major program themes which have been grouped 
into three categories: requirements, configuration, and strategy. The 
themes are broken down into specific engineering study activities which 
are scheduled to support the major program milestones. An example is 
shown in figure 9. 

Technical Management Information System 

An Engineering Data Base, which is used for integrating interna- 
tional systems and elements into the U.S. Station, is under development. 
This data base includes baselined configuration drawings, systems/ 
subsystems schematics, system requirements, schedules and plans, and 
'engineering data books. The EMS, discussed previously, will control the 
content of the Engineering Data Base. Engineering, operations, customer 
integration, program management, and international interface documenta- 
tion is also under development which requires transmittal and review by 
our international partners. Additionally, scheduled NASA/International 
Partners Technical Coordination Neetings require presentation material 
transfer, action item generation, tracking, and followup. 

In view of the abave, and coupled with the vast distances between 
our international partners and l~cation of the various NASA Fjeld 
centers, it is imperative that a telecommunications syscem and technical 
and management information transfer system are implemented. The current 
capabilities for international communications are: 



C:: -r..-. ",* - " , 
1 '  ._.A . J  , * L ,  :.A'*. -r b . 

OF POOR QUALIfY 



o Electronic Mail 
- Telemail 

o Text/Image Interchange - Facsimile 

The Technical and Management Infomation System (TWIS) for the 
Space Station Program is being developed in two phases. The Jnternetion- 
a1 System, for Phase I (present to March 1987) is in an implementation 
process and availability is targeted for early 1986. The Phase I1 acqui- 
sition process has been initiated and initial implementation is scheduled 
for March 1987. 

The TMIS ie an integrated system of hardware, software, proced- 
ures end people resulting in the information and products required to 
support the Space Station Program. It is a network of distributed engi- 
neering and management data systems for information exchange linking NASA 
field eentere, contractors, and international partners. 

Figure 10 illustrates how the TMIS will be connected ta the vari- 
ous centers through the NASA Program Support Communication Network, 
Typical THIS architecture at a  cent center is shown in figure 11. The 
functional capabilities of the TMIS are: data base management, CAD/CAE/ 
CAM, models/analysis tools, documents management, scheduling, planning, 
resources, electronic m i l ,  and office automation. 

LNTERNATIONAL DEVELOPMENTS UNDER STUDY 

A brief overview and description is given of the proposed inter- 
national elements/modules being studied by the international 3artners 
during Phase 8. 

Canadian Integrated Servicing and Test Facility 

Figure 12 shows the ISTF attached to the Space Station. The ISTF 
trues structure with its accommodations occupiea a volume of 
approximately 75 ft. x 60 ft. x 20 it. This v o l m e  contains the 
folloving static 
~accommodatians: 

o Positioning systems for payload servicing 
o OMV Hangers 
o ORU Pallets 
o Mobile Base 
o RSS Parking Fixture 
o Robotic Test Bed Accommodations. 

The dynamic elements like the HSS, the SSMRMS, the payloads and 
large space construction facilities will protrude beyond this volume 
during operations cn the ISTF. The ISTF centralizes some servicing 
functions on the Station such as payload/spacecraft serving, integration, 
and checkout; OW fiervicing and accotmnodations; proximity operations with 
tools and EVA work station; robotics test bed, etc. 



Figure 10.- Technical management and information s y s t e m .  
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The growth philosophy for the ISTF allows accommodation ot evolv- 
ing technologies and evolving requirements. Some major areas of grovth 
are forseen in replacement of modified SRMS by advanced SSRMS, incorpora- 
tion of artificial intelligence technologies and sensore into ISTF 
robotic eyetemr for superv1sor;r mode of control, and twc HWS operation 
eimultaneoualy from two different control statione. 

A concept for the Robotic Servicer System ie show in figure 13. 
It is comprieed of a positioning arm with end effector, dexterous arm, 
toolrack, latching location, and passive grapple fixture. This system 
may be used on the ISTF fo: automated servicing operations. 

Canadian Remote Sensing (RADARSAT) - - 
RADARSAT is a free-flying platform which operates in a sun- 

synchronous orbit at 1000Kn. and 99' inclination. The Earth Obeervation 
Satellite includes r synthetic aperture radar, a micro-wave 
scatterometer, and advanced high reeolution radiometer and an optical 
eensor. RADARSAT stowed dimenslone are 23 ft. long and 14.3 fi'.  in 
diameter. Tip-to-tip de$loyed solar array is 137 ft. Figure 1h shows 
the fully deplcyed configuration. " . 

ESA - Columbus Preparatory Program 
The objective of the Space Station Columbus Program, as adopted 

by the eleven members of the European Space Agency (ESA) long-term space 
plan on January 31, 1985, is to develop the set of elements shown in fig- 
ures 15 m d  16. The Columbus Program is based on previous experience 
acquired in Europe vith Space Lab. The elements include: 

o A pressurized manned laboratory module which will be 
used as a life science and/or materials laboratory 
vhile attached to the Space Station. 

o Unmanned platforms for co-orbit and polar orbit 
applications. 

o Unmanned service vehicle to support platform 
ope rat ions. 

o Resource module to support the pressurized module 
free-flying man-tended option. 

The pressurized laboratory will require interfaces with the Space 
Station for power, thermal, and communication services. It can be con- 
figured to optimize user requlrernents and desired mission and payload 
operat ions. 

Platform missions will serve different objectives and needs such 
as material and fluid physics, life and space sciences payloads requiring 
micro-gravity and payloads for Earth observations, Stellar, and Sun 
pointing. Servicing vehicle missions (unmanned) will be utilized to per- 
form at different orbits (1000 KX/28.5' or 700 KM/WO), operatiom such 
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as refueling or exchange of standard ORU's, visurl inspections by camera, 
etc. 

Japanese Experiment Module (JM) 

The JM ie a pressurized multi-purpose expesiment module approxi- 
mately 33 ft. long and 14.5 ft. in diameter. Figure 15 shows the IOC 
Configuratzon which consists of the pressurized module, experiment logis- 
tics module, fired manipulator, air lock, and exposed work deck. Growth 
projections shown in figure 16 include addition of another exposed work 
deck, e'iructural mast, O W  hanger, movable manipularor, man-tended free- 
flyer, teleoperator, and associated service facilities. Some of the 
functions to be supplied by the Space Station to the JEM are: (I) pri- 
mary power eupply and heat rejection, (2) data relay to and from ground, 
(3)  primary air supply, and (4) accoarmodations for crew assigned to the 
JEM system. 

The crew in the pres~urized module can operate a wide range of 
missions such ae material processing, life sciences, space medicine, etc. 
The exposed vork deck is used for accommodating high snerBy cosmic ray 
experiment, space robotic', liquid propellant handling, material science, 
commercial space processing, etc.   he experiment 1opis:ics module which 
is 18 ft. long and 14 ft. in diameter consists of pressurized and unpres- 
surized sections. The pressurized section can accommodate up to two 
crewmen and can serve as a safe haven. The module stores and transports 
experimerit specimens, experiment gases, spare parts, special experiment 
equipments, etc. The fixed manipuiator is used for servicing equipment 
on the exposed deck and manipulates or changes out coc~ponents, experiment 
samples, etc. The airlock located between the pressurized module and 
exposed deck is used to transport equipment and samples with the aid of 
the fixei manipulator. 



Flgure 15 - Space stat~on international reference configurations ( In~t~al )  
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PRODUCTIVITY ISSUES AT ORGANIZATIONAL INTERFACES 

Albert  W. Holland 
Univers i t ies Space Research Association 

ABSTRACT 

Thro sreed f o r  close S9tedspendence b~tween large numbers o f  diverse 
and specialized work groups makes the Space Prqjram extremely vulnerable t o  
l ~ s s  o f  product iv i ty  a t  organizational interfaces. Trends wi th  sn the program 
also suggest tha t  the number and d i ve rs i t y  of f nterfaces w i l l  grow i n  the near 
t e n .  Continued maintenance o f  R&D excellence wi l l require t ha t  inter face 
performance issues be included i n  any future product iv i ty  improvement e f f o r t .  

The types and character ist ics o f  organizat tonal interfaces are b r i e f l y  
presented, followed by a review o f  factors which impact t h e i r  product iv i ty .  
Approaches t o  assessing and improving inter face effectiveness are a1 so 
discussed. 

INTRODUCTION 

I n  order t o  accomplish i t s  objectives, the United States Space Program 
r e l i e s  upon the contr ibutions o f  a wide var ie ty  o f  engineering, sc ien t i f i c ,  
technical and support personnel i-epresent ing a 1 arge number o f  diverse 
organizations. This i s  necessary, o f  course, t o  create a program structure o f  
su f f i c i en t  technical power and f l e x i b i l i t y  t o  f u l f i l l  i t s  mandate. Yet 
achieving the e f fec t i ve  integrat ion and coordination o f  so many special i r ed  
work groups i s  an enormously challenging task, and there are indicat ions tha t  
t h i s  task w i l l  become increasingly complex i n  the near future. 

Several trends wi th in  the space program suggest that  the number and 
d ive rs i t y  o f  work interfaces w i l l  be growing rapidly.  F i rs t ,  the sheer number 
o f  concurrently operating space transportat ion systems and f a c i l i t i e s  i s  
increasing. An example o f  t h i s  i s  - the development and operatlon o f  the space 
station, which w i l l  be maintained and serviced by the space shutt le. Although 
shut t le  operations are now being consolidated under 8 single contractor, NASA 
nevertheless continues overal l  supervi sory a c t i v i t i e s  i n  that  program i n  
addit ion t o  space s ta t ion management. Second, the number and d ivers i  t y o f  
part ic ipants i s  expanding. The development and use o f  the space s ta t ion w i l l  
be a mu1 t inat iona l ,  mu1 t i d i s c i p l  inary i n i t i a t i v e  surpassing any previous 
endeavolm i n  terms o f  inter face management. The s ta t ion w i l l  also encourage 
pr ivate  sector users i n  pursui t  o f  t h e i r  own propr ietary R&D ventures. 
Third, the indent i f ica t ion o f  opportunities f o r  commercial p r o f i t  w i t  1 be 



accompanied by concerted pressure from i n d u s t r i a l  consumers t o  expand and 
d i ve rs i f y  space fac i  1 i t ies ,  t r a x p o r t a t  i o n  and services. To accamodate the 
broad demand, ex i s t i ng  arrangements o f  c r i t i c a l  in te r faces  d i l l  be pressured 
t o  m u l t i p l y  i n  number and t o  reconf igure more frequently.  F ina l l y ,  NASA I s  
a c t i v e l y  encouraging small businesses t o  en ter  the contractor  ranks. This 
no t  on ly  increases the  number o f  cont rac tor  pa r t i c i pan ts  but  the  range of 
spec1 a1 i z a t  ion, i n te rna l  resources and experience as we1 1 . 

Ef fec t i ve  i n teg ra t i on  w i l l  become an increasingly  complex task f o r  
management a t  a l l  levels .  Indeed, the  emergent s k i l l  o f  leadership might be 
the a b i l  i ty t o  manage work u n i t  boundaries and regulate c ross-un i t  
t ransact ions [ lo ] .  I n  order t o  do t h i s  e f f e c t i v e l y ,  something ~ u s t  be known 
about the character1 s t i c s  o f  interfaces, fac tors  a f f e c t i n g  the1 r performance, 
an3 approaches t o  assessment and improvement. 

CHARACTERISTICS OF INTERFACES 

In terac t ions  and transact ions between work groups f low from the  
requirements o f  task accomplishment which necessitate some form o f  l inkage o r  
i n te r face  between groups. For our purposes, three basic types o f  in te r faces  
are o f  p a r t i c u l a r  i n t e r e s t  : (1) the hor! zontal  i n te r face  between work groups 
w i t h i n  an organization, (2) the v e r t i c a l  in te r face  between au tho r i t y  levels ,  
and, (3) the l a t e r a l  in te r face  between organizations. The three types can be 
considered s i m i l a r  i n  structure, w i t h  represe'ntatives from t h e i r  respect ive 
groups i n te rac t i ng  w i t h i n  the in te r face .  A c t i v i t y  occurr ing w i t h i n  the 
i n te r face  i s  a lso inf luenced by the l a rge r  ,rganization o r  environment i n  
which i t  i s  embedded. It i s  important t o  remember tha t  the i n te r face  can be 
viewed as a work subsystem i n  i t s  own r i g h t ,  w i t h  i t s  own boundary, i n te rna l  
dynamics and degree o f  s t ruc ture  [5]. 

Representatives t h a t  populate the i n te r face  serve t o  import and export 
information and technology tha t  i s  requi red t o  solve problems and reduce 
ambiguit ies [15]. Sometimes re fer red  t o  as a boundary spanner, a considerable 
amount o f  research has been conducted on ihe  power [:8, 19, 231, r o l e  s t ress 
[I, 131, Job sa t i s fac t i on  [14, 151, and organizat ional impact [8, 191 o f  the 
representat ive occupying the in terorganizat ional  in te r face .  Somewhat l ess  
a t ten t i on  has been given t o  the a c t i v i t i e s  o f  boundary spanners w i t h i n  
v e r t i c a l  and 1 a te ra l  in t raorganizat  ional  interfaces, a1 though many o f  the 
a c t i v i t i e s  are the same. 

Based upon the work o f  Miles, Brown and Schwab [7,  201, boundary- 
spanning a c t i v i t i e s  may be c l a s s i f i e d  i n t o  e igh t  general categories as 
f o l  1 ows : 

Linkinq: Establ ishing and maintaining re la t ionsh ips  w i t h  
representat ives o f  other key groups; 

Importing: Acquir ing task-re1 ated information, technology and 
resources ; 

Exporting: D i s t r i b u t i n g  task-re1 ated information, technology and 
resources; 

Gatekee i n  : Selec t ive ly  comnunicating in format ion gathered a t  the __gq i n t e r  ace back t o  home decis ion makers; 
Representing: Se lec t ive ly  communicating informat ion  about the home - 

group t o  other representat ives f o r  the purpose o f  shaping opinions, 
behaviors, and outcomes; 



Protec t in  : Thwarting external pressures and in f luence attempts 
which mTght otherwise d i s rup t  home group operations; 

Scannin : Searching f o r  and i d e n t i f y i n g  emerging trends o r  events 
w i e  might represent threats o r  opportuni t ies f o r  the home group; ld  

Moni tor in  : Tracking environmental trends o r  events which have been 
i e n t i  ed as probable th rea ts  o r  opportuni t ies f o r  the home group. -bit 

Brown and Schwab's study [7] of twenty-four e lec t ron ics  f i rms shoved 
t h a t  the frequency o f  the various boundary-spanning a c t i v i t i e s  var ies 
according t o  the representat ives'  funct  tonal areas. For example, engineering 
representat ives tended t o  engage i n  more noni t o r i n g  than manufacturing 
representatives. Furthermore, a c t i v i t y  frequencies varfed by subgroups w i t h i n  
funct ional  areas; sect i on  enginssrs engaged i n  s i g n i f i c a n t l y  more 1 i nk ing  
a c t i v i t i e s  and fewer scanning a c t l v i  t i e s  than d i d  p r o j e c t  engineers. These 
f ind ings  are congruent w i t h  those o f  other  w r i t e r s  15, 171 who contend t h a t  
the d i v i s i o n  o f  labor  i nev i tab l y  fos ters  a va r le t y  o f  fundamental d i f ferences 
between work groups, inc luding d i f ferences i n  goals, p r i o r i t i e s ,  t ime 
horizons, formal i t y  o f  structure, and interpersonal or ientat ions.  These basic 
d i f ferences i n  behavior and perspectives are most r e a d i l y  recognized wher they 
are juxtaposed as they are a t  the organizat ional in ter faces.  

FACTORS AFFECTING INTERFACE PRODUCTIVITY 

Factors which in f luence p roduc t i v i t y  a t  in ter faces are those which 
f a c i  1 i t a t e  o r  impair the occurrence of necessary transactions. Often these 
fac tors  are not r e a d i l y  detectable. Drawing on the concepts and research o f  
previous authors [3, 4, 5, 6, 7, 9, 11, 12 ,22, 251, nine general fac tors  can 
be i d e n t i f i e d  which a f f e c t  i n te r face  product iv i ty .  These are out1 ined i n  
Table 1 and discussed below. 

Essent ia l i t y :  Within any given work system, subunits cont r ibu te  i n  
various degrees t o  the accomplishment o f  over2.11 system object ives. Some work 
groups are more c r i t i c a l  t o  the task a t  hand than others. This i s  a 
by-product o f  the subunits' r e l a t i v e  c e n t r a l i t y  o r  p o s i t i o n  i n  the work f low. 
Furthermore, subunits w i t h i n  a given work system vary i n  degree o f  
interdependence w i t h  one another. The extent t o  which a work group views 
another as essent ia l  t o  i t s  task accomplishment influences a c t i v i t y  a t  the 
i n te r face  [17]. For example, a representat ive o f  one u n i t  may put  
considerably more time and energy i n t o  i n te r face  maintenance and a c t i v i t i e s  
than h i s  counterpart w i t h i n  the same inter face.  Essent ial  i t y  i n e v i t a b l y  
creates formal and informal subunit power di f ferences which by themselves can 
provide a basis f o r  p o t e n t i a l l y  d isab l  i ng  i n te r face  dynamics. 

Structure: The extent t o  which an in te r face  i s  organized a f f e c t s  the  
degree o f  c o n f l i c t  w i t h i n  tha t  i n te r face  and the representat ives'  l i l i ty  t o  
e f fec t i ve l y  conduct transact ions [S]  . The degree t o  which representat ives 
a l low information, resources and people t o  enter  and leave the i n te r face  i s  
one element o f  i n te r face  organization. A h igh l y  permeable in ter face,  o r  one 
t h a t  i s  r e a d i l y  open t o  d i s rup t i ve  inputs o r  losses o f  c r i t i c a l  resources, i s  
said t o  be underorganized [5 ] .  An impermeable o r  overorganized i n te r face  . 
boundary i s  one t h a t  i s  r e l a t i v e l y  closed t o  important inputs o r  outputs o f  
; ~formation/resources and one which r i y i d l y  maintains a f i x e d  composition of 
people and data sources. 



Other elements o f  in te r face  s t ruc ture  are c l a r i t y  o f  representat ives'  
roles, c l a r i t y  o f  author i ty ,  and e f f e c t i v e  procedures governing formal 
in teract ions.  On the whole, a balanced, c l e a r l y  defined, y e t  f l e x i b l e  
s t ruc ture  o f f e r s  the best support f o r  i n te r face  a c t i v i t i e s  [S]  . 
de resentat ives: A person's effect iveness i n  the  boundary-spanning r o l e  

s  r e  a te  t o  the choice and frequency o f  a c t i v i t i e s  which he pursues. Brown + 
and Schwab [7]  suggest t h a t  representat ives should be coached i n  which 
a c t i v i t i e s  t o  engage. Thei r  work ind icates t h a t  ove ra l l  congruence between a 
representative's boundary-spanning a c t i v i t i e s ,  h i s  j o b  posi t ion,  and i n te r face  
essen t i a l l y  might be re la ted  t o  effect iveness. Certa ln ly ,  neglect o f  c r i t i c a l  

i boundary-spanning a c t i v i t i e s ,  such as scanning o r  importing, could adversely 
impact h i s  home work group. 

I 

Context: Events w f th in  the i n te r face  are inf luenced by events i n  the  
! G e d l a t e  and 1 arger environment . Management w i t h i n  the representat ive's work 

u n i t  cont ro l  formal and informal incent ives which a f f e c t  h i s  i n te r face  
a c t i v i  ty. Representatives a1 so frequently r e c r u i t  a1 1 i e s  from t h e i r  home work 
groups and from pow-ful t h i r d  pa r t i es  i n  the  l a r g e r  environment [S] .  

History: In te rac t ions  w i t h i n  the i n te r face  are shaped by i n te r face  events 
which have occurred i n  the past. The re la t i onsh ip  between two work groups may 

, be r e l a t i v e l y  young o r  old, however expectations based upon past events are 
s t {  11 car r ied  forward by representatives. I n te r face  behavior may be shaped by 
broad stereotypes and f o l k l o r e  c i r cu la ted  w i t h i n  the  home groups o r  by 
spec i f i c  events experienced by the representatives. Souder [22] describes 
s i tua t ions  of d i s t r u s t  wbich began as i nd i v idua l  personal i t y  c o n f l i c t s  and 
1 ater  became i n s t i t u t i o n a l  ized a t  the departmental l e v e l  . 

TABLE 1 
Factors A f fec t i ng  In te r face  Product iv i ty  

1. Essen t i a l i t y  . Work group centra l  i t y  di f ferences . Perceptions o f  mutual c r i t i c a l  i t y  . Formal and informal power d i f ferences 
2. Structure . -Boundary permeabi 1 i t y  . D e f i n i t i o n  o f  ro les  . D e f i n i t i o n  o f  au tho r i t y  

. Ef fec t i ve  ru les  and procedures 
3. Representativzs . Congr~ence between a c t i v i t i e s  and j ob  p o s i t  ion  . Congruence between a c t i v i t i e s  and i n te r face  c r i t i c a l  i t.y 
4. Context . Control o f  incent ives . A c t i v i t i e s  o f  t h i r d  pa r t i es  
5. H is to ry  . Speci f ic  events . Stereotypes and f o l k l o r e  



6. Communication . Task-related data . In ter face  maintenance data . Qua1 i t y  and f low o f  information 
7. Norms . Behavior w i t h i n  the i n te r face  . A b i l i t y  t o  self-examine 
8. Resources . Delegation o f  au tho r i t y  t o  representat ives . Strategic  ideas 
9. Goals . D e f i n i t i o n  o f  goals . Dif ferences i n  p r i o r i t i e s  . Commitment t o  goals and p r i o r i t i e s  

Communication: The exchange o f  important in format ion I s  a key func t ion  o f  
the interface. Representatives must import and export in format ion o f  two 
types: (1) data re la ted  t o  tasks a t  hand (e.g., task requirements, 
coordination, milestones, problems) and (2) data requi red f o r  maintenance o f  
an e f f e c t i v e  working re1 a t  ionship (e.g., in format ion about the  i n te r face  
i t s e l f  o r  the nature o f  the transact ions w i t h i n  it). Information exchanged 
w i t h i n  in ter faces can e i t h e r  cont r ibu te  t o  o r  d i s t o r t  the mutual understanding 
o f  functioning, a b l l  i t f  es and resources across pa r t i es  [9]. The usefulness o f  
such exchanges fu r the r  depends upot~ the extent  t o  which the representat ives 
are connected t o  i n te rna l  decis ion makers, representat ives'  se lec t ion  o f  what 
information t o  transmit,  and in format ion time1 iness. 

Norms: Norms which regulate behavior between work groups ac t  t o  support 
o r  i n h i b i t  i n te r face  p roduc t i v i t y  t o  vary ing degrees. For example, 
representat ives who are able t o  openly discuss i n te r face  maintenance issues 
w i l l  more 1 i ke ly  be able t o  adapt the i n te r face  t o  unexpected work 
cont ingenc i es. However, the a b i l  i t y  t o  engage i n  self-examinat ion i s  
extremely d i f f i c u l t  i n  an i n te r face  which i s  constrained by norms suppressing 
such discussion. Argyr is  [3,4] emphasizes the importance o f  being able t o  
quest ion the fundamental norms and assumptions which govern our work behavior, 
and he convincingly describes the negative outcomes tha t  r e s u l t  from not  
developing t h a t  a b i l i t y .  

Resources: The extent t o  which work groups delegatz appropriate au tho r i t y  
t o  t h e i r  representatives i s  important t o  representat ives" act ions. I f  a 
boundary spanner has i n s u f f i c i e n t  power t o  make decisions o f  a t a c t i c a l  nature 
a t  the in ter face,  then h i s  a b i l i t y  t o  buffer i n te rna l  d e ~ i s i o n  makers w i l l  be 
compromised, and top management w i l l  be swamped w i t h  minor d e t a i l s  [26]. 
Excessive representat i  we author i ty  takes managemeat out o f  the decis ion loop 
and resu l t s  i n  decisions being made without b e n e t i i  o f  the l a r g e r  p lc ture.  I n  
addit ion, the home group i s  an excel lent  source o f  idoas concerning 
negot iat ing and inf luence strategies, as wel l  as a sounding board f o r  
planned i n i t i a t i v e s .  

Goals: I n  order f o r  work t o  proceed, spec i f i c  a11d a t ta inab le  subgoals are 
negotiated w i t h i n  the in te r face .  The extent t o  which these subgoals are 
c l e a r l y  def ined and are congruent w i t h  one another i s  associated w i th  the 
degree o f  conf l  i c t  between representat ives [ 5 ] .  Since most in te r faces  manage 



mul t i p le  goals corsurrent ly ,  s i g n i f i c a n t  d i f ferences I n  p r l o r i t l e s  assigned t o  
mutual goals would 1 lkewise impact transact ions. F ina l l y ,  the extent  t o  which 
goals and p r l o r i t l e s  are accepted by a l l  pa r t i es  inf luences the extent  o f  
commitment t o  those goals. 

Many o f  tho factors underlylng In te r face  product lv l  t y  a f f e c t  
In ter faces I n  overt ,  r e a d i l y  I d e n t l f l a b l e  ways. However others, such as 
context and structure, ac t  i n  a subt le  manner upon elements and In te rac t ions .  
A1 though the  act ions md interaction o f  t he  fac tors  themselves ma3 no t  be 
r e a d l l y  apparent, t h e l r  e f f e c t s  general ly  are more discernrble. Determlning 
the conf lgurat lon and extent  o f  these e f f e c t s  p e m l t s  us t o  I d e n t i f y  
opportunl t i e s  f o r  improvl ng l n te r face  product lv l  t y  . 

EVALUATION AND IMPROVEMENT TECHNIQUES 

4lthough some underlying fac to rs  are more r e a d l l y  observable than 
others, one approach t o  evaluat ing l n te r face  p roduc t i v i t y  r e l i e s  on est lmating 
the underlying fac tors  by assessing d t  scernable e f fec ts .  Some o f  these 
ef fects,  symptomatic o f  p r o d u c t i v i t y  loss, are shown i n  Table 2,  

TABLE 2 
SYMPTOMS OF PRODUCTIVITY LOSS* 

. H o s t i l i t y  . Extreme stereotyping . Severe Information d i s t o r t i o n  . D i s t r u s t  . Mutual avoidance . Excessive competi t ion o r  c o l l  aborat lon 

. B i l  a te ra l  se l f -serv ing  manipulatlons . Disrupt ive  turnover o f  representat ives . Concurrent use o f  redundant i n te r fa res  . L i t t l e  cross-party involvement . Poor mutual understanding o f  pa r t y  funct ioning, a b i l i t i e s  
and resources . I n f l e x i b l e  ro les,  ru les  and procedures . I n a b i l i t y  t o  discuss issues per ta in ing  t o  the  l n te r face  i t s e l f  .- Task expectations no t  voiced . Unclear ro les  o r  points-of -contact  . Reluctance t o  u t l l  i z e  other  pa r t y  exper t lse i n  p ro jec t  planning . Overt and covert  task sabotage . Excessive agreemeent . Avoidance o f  sens i t i ve  but  re levant  issues . Appeasement . Suppression o f  d i  sagreement . Decision by de fau l t  o r  "rubber stamping" . Chronic recurrence o f  problems once thought solved 

* Based i n  p a r t  upon i2, 5, 6, 7, 8, 9, 221. 



Techniques used to evaluate R&D productivi ty within work groups can 
be applied to interface assessment. This author agrees with others [21] who 
favor semi -quanti tative measurement techniques (e.g. , rating scales) over 
highly quantitative (e.g., ratio) or hlghly qua1 i tative (e.g., antecdotal/ 
intuitlve) approrches. Pa pas and Remer 1211 suggest using peer ratings in ! which RLD project personne rate each other In terms of productivity. 

Rather than enter the arena of Individual performance appraisal 
however, ratings of the interface night incorporate the advantages of 
semi - quantitative data wrthouSfhe problems of peer ratings. Interface 
incumbents could complete a survey containing Li kert-type scales, rating 
characteristics o f  the interface along relevant factors. This approach offers 
several advantages: 

(1) It focusses incumbents' attention on a single subject of mutual 
interest: the interface; 

(2) Ratings are of salient Interface characteristics, rather than cf 
each other, providing a superordinate goal instead of a source of 
tension; 

(3) As a self-evaluatlon, the technique is mobilizing and motivating. 
All interface Incumbents participate, and the data are "owned 
by the participants; 

(4) Results provide an issue-oriented focus, around which construc- 
. ti ve dl a1 ogue can occur; 

(5) Estimates of intei-face functioning can be made periodically, 
providing participants wi th an opportunity to make comparisons; 

(6) The method is easily embedded into a wide variety of improvement 
prograas and approaches. 

The basis for individual items might be the underlying factors 
influencing productivity, the abll i ty to effectively conduct boundary-spannlng 
activities, and/or the presence of positive and negative effects. Such an 
approach would indicate not only the overall health of the interface, but 
would a1 so direct improvement efforts along specific 1 ines. The Management 
Analysis Office at Johnson Space Center is currently considering utilizing a 
workshop format in which key interface managers would complete ratings of this 
sort as a method of promoti~g awareness and discussion of interface issues. 

A sample of the types of changes that might be made to improve 
interface productivi ty are shown in Table 3. The particular interventions 
selected for use In any given situation depend, of course, upon the 
configuration of reported effects. 

TABLE 3 
SAMPLE OF POTENTIAL INTERVENTIONS* 

1. Fractionate issues to reduce their sire. 
2. Increase be1 ievable csmmunicat ions between representatives. 
3. Redefine mix of personnel and resources at the interface. 
4. Clarify incentives for collaboration. 



Generate credi b1 e information and di scursion regarding the 
interface itself. 
Recruit third partles to regulate amount of conflict. 
Resolve non-controverslal issues first. 
Increase or decrease buffering. 
Train personnel in interface factors and boundary-spanning 
activities. 
Increase ambassadorship, cross-prrty vi si bil i ty and 
involvement . 
Systematize cross-party job rotation, transients or vi sl tation. 
Establ ish a decision authority charter. 
Legitimize the interface to work group incumbents gnd third 
parties. 
Improve communication channels between representatives and 
decision makers. 
Conduct a mutual check of goal priorities. 

* Based in part upon Brown [5,6] and Souder [22]. 

Since organ1 tat ions and their inter faces are dynamlc in nature, 
specific interventions must accomodate shifting factors and effects. What 
was appropriate last year may be inappropriate today. This emphasizes the 
importance of making specific changes within. the structure of a flexible and 
on-going assessment/improvement rocess. Constructive changes made 
without the supporting framework o such a process are likely to be 
short-1 ived. 

5- 

CONCLUSION 

As the space program enters a new era of comnercial ization, 
competition, and global involvement, management wi 1 1  be required to comni t 
Increased levels of effort to interface productivity. It is time to 
incorporate interface issues into existing and planned productivity 
improvement programs and research. A1 though boundary-spanni ng activities 
have been central to much research [12, 14, 16, 18, 191, little attention has 
been given to factors impacting their effectiveness or to the relationship 
between interface functioning and productivity of the 1 arger wark group. 

There are numerous approaches to productivity measurement and 
improvement, however managers are in need of tools and processes which meet 
significant constraints on ..heir time, manpower and funds. Specifically, 
needed are tools and precesses which: (1) minimize disruption of work group 
operations, (2) maxia ize "user-friendly" techniques (e.g., check1 i sts) , 
(3) maximize participant ownership, (4) maximize organizational self- 
evaluation and sel f - improvement (5) focus only upon issues relevant to and 
under the control of the participating organization, and (6) are capable of 
sel f-perpetuation. 

Interface performance is only one element to consider when 
examining the productivity of a work system. However, in an effort as hetero- 
genous and interdependent as space work, Its Inclusion f s essent i a1 . 
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EFFICIENCY AND INNOVATION: 
STEPS TOWARD COLLABQRATIVE INTSRACTIONS 
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ABSTRACT 

Research and development units are faced with the challenging 
objective of being cost effective wl.ile developing high quality, innova- 
tive products. Advanced technology is only part of the solution. It is 
increasingly clear that organization structvres and managerial processes 
mst also be designed and structured to Gzet the dual objectives of 
quality and efficiency. This peper presents the result& of an empirical 
case analysis of a large R 6 D division which is attempting to meet this 
challenge. 

Many firms in b 

INTRODCCTION 

0th the public and th e private sectors of the 
economy view the process of generating ana implementing creative designs 
and product advances as critical to their success. Competitive challenges 
for the internal resources of the firm and in the larger external market- 
place have put pressure on research and development units to be simlta- 
neously creative and cost effective. Since the innovation process has 
traditionally been viewed as costly and inefficient, the dual demands of 
creativity and efficiency have not been easily met. 

in other fmctional areas such as manufacturing and distribution, 
automation has been a significant tool for reducing the costs of opera- 
tion. However, until recently automation implied reduced flexibility, 
loss of creative capacity, and high overhead making it incompatible with 
the R6D environment. The assumptions which were inherent in the early 
developments in automation, are quite similar to the assumptions which 
guide mass production. Assembly lines, numerically controlled machines, 
and machines in which the hardware is programmed are based on the same 
concepts of standardization, specialization, routinization and simplifica- 
tion which form the basis of efficient and effective mass production oper- 
ations. Research, development, and batch production, in contrast, require 
a substantially more sophisticated technology. Machines which are, at 
minimum, programmable, and more often contain sensing and self-pro- 
graming features are needed to effectively automate development and 
small batch aperations. 



The use of computer-assistend design and aanufactur ing systems f o r  
research and development a c t i v i t i e s  and f o r  small  batch production, has 
been o f f e r ea  a s  a  p o t e n t i a l  s o l u t i o n  t o  t h e  d i f f i c u l t  problem of generat-  
ing c r e a t i v e  designs while maintaining a  bottom l i n e .  Computer-assisted 
design and manufacturing Lecbniques and computer-assited communication 
systems he lp  t o  reconc i le  t he  need f o r  f l e x i b i l i t y  with a  concern f o r  . 

e f f i c i e n t  operat ions.  However t h e  design of s ta te -of - the-ar t  t echnica l  
systems is  not s u f f i c i e n t ,  by i t s e l f ,  t o  lower c o s t s  and simultaneously 
enhance innovation. Problems i n  t h e  e f f e c t i v e  use of advanced technology 
more o f t e n  s t e u  from poor implementation o r  from managerial uncer ta in ty  
regarding how t o  c a p i t a l i z e  on t h e  f l e x i b i l i t y  provided than from techni- 
c a l  design de f i c i enc i e s .  In  f a c t ,  a  number of research s t u d i e s  je.g. ,  5, 
3,  8) ind i ca t e  t h a t  non-technical o rganiza t iona l  f a c t o r s  were t he  c r u c i a l  
b a r r i e r s  t o  e f f e c t i v e  and e f f i c i e n t  innovation. Thus, t h e  design of a  
s ta te-of- the-ar t  research and aevelopnent e f f a r t  must include t h e  design 
of appropr ia te  organiza t ion  s t r u c t u r e s  and processes.  

While t h e  not ion t h a t  o rganiza t ion  s t r u c t u r e s  and processes a r e  
important f a c t o r s  i n  achieving organiza t ion  e f f e ~ t i v e n e s s  i s  not  new, 
t h i s  concept has  o f t e n  been overhsadowed by technological  f ea tu re s  i n  
t h e  research and development environment. This  paper assumes t h a t  
advanced technology i s  a v a i l a b l e  and focuses i n s t ead  on t h e  work environ- 
ment and organiza t iona l  processes  which f a c i l i t a t e  o r  i n h i b i t  t he  a t t a i n -  
ment of research and developmer ; objec t ives .  

TWO IMPORTANT CONTINGENCIES 

Af t e r  many decades of research ,  it i s  genera l ly  conceded t h a t  
t he re  is no one bes t  way t o  organize.  It i s  a l s o  agreed t h a t  not a l l  
ways of organizing a r e  equa l ly  e f f e c t i v e .  I f  an  organiza t ion  is t o  
marshall  i t s  resources  e f f e c t i v e l y  and e f f i c i e n t l y  t o  achieve somc 
deelrcd ob jec t ive .  t h e  way i n  which t h e  f i rm is  designed should be 
compatible with t h e  goa ls  which a r e  t o  be achieved and with t h e  s i t u a -  
t i o n a l  f a c t o r s  which provide t h e  context  f o r  o rganiza t iona l  a c t i v i t y  
(1, 4 ,  6). Thus, o rganiza t iona l  goals  and contextual  f a c t o r s  a r e  two 
important cont ingencies  which inf luence  what types of o rganiza t ion  
s t r u c t u r e s  and processes a r e  l i k e l y  t o  be most e f f e c t i v e  i n  a given 
s i t u a t i o n .  

Organizat ional  Goals 

Organizat ional  goa ls  s e rve  a  number of d i f fe re r l t  purposes. Goals 
e s t a b l i s h  a  d i r e c t i o n  f o r  a c t i v i t i e s  o r  de sc r ibe  a  f u t u r e  s t a t e  which 
the  f i rm is  attempting t o  r e a l i z e .  Goals he lp  t o  l eg i t imize  t he  exis-  
tence of a  f i rm o r  u n i t ,  and goa ls  provide a  s tandard fo r  evaluat ion.  
Research and development u n i t s ,  l i k e  most o the r  p a r t s  of an organiza t ion  
have many types of goals .  However, because of t he  na ture  of t he  research 
and development u n i t ' s  con t r ibu t ion  tx t h e  a c t i v i t i e s  of t h e  organiza- 
t i o n  a s  a whole, two types of ob j ec t ives  a r e  of p a r t i c u l a r  Fmpeutznce: 
(1) providing f o r  high q u a l i t y  research appl ica t ions ,  and ( 2 )  product 
design e f f  i c i e ~ x y  a7.1d e f f ec t i venes s .  



In this research study high quality application was meaured by 
items such as improved engineering standards, improved service standards, 
improved manufacturing standards and decreased cost of design changes. 
These items appear crucial to developing a product which is distin- 
guished in the marketplace by exceptional quality and by responsiveness 
to customer needs. Such factors permit a firm to adopt a competitive . 

strategy of product differentiation based on quality. These factors 
also affect how well the research and development unit is integrated 
with other functional units in the organization. Application quality is 
one indicator of the innovative capacity of the R&D unit. 

The second type of goal, design efficiency and effectiveness, 
was measured in this study by items relating to increased efficiency in 
document production (this was one of the primary outputs of the R&D de- 
partment), increased efficiency in design, increased effectiveness in 
design, and increased efficiency in developing product definition docu- 
ments. These items are linked with costs. The more efficiently a re- 
search and development unit is able to design and document various pro- 
ducts the fewer resources it will require to achieve a given magnitude 
of performance, or the greater its performance will be with a given level 
of resources. These f6ctors permit a firm to adopt a cost leadership 
strategy. 

These two goals, (application quplity and efficient, effective 
design) comprise one type of contingency considered in this study of 
designing structures and processes for a research and development opera- 
t ion. 

Contextual Factors 

In a research and development environment, one of the most impor- 
tant contextual factors is the extent to which the task to be done is 
understood, familiar, routine, and otherwise analyzable (2, 7. 8). 
Issues which indicate a high degree of analyzability or familiarity in- 
clude: job monotony, lack of basic interest in the work, the belief that 
the longer an employee holds a job the more boring it becomes, a job 
situation where change is minimal, and the employee has more than ade- 
quate training and skills. Issues which suggest a low degree of analyz- 
ability/familiarity include the feeling of challenge a job provides to 
what the employee thinks he or she can do. belief that the job may be 
frustrating but it is never dull, and indications that something new 
happen, on the job every day. 

On an absolute scale, a research and development environment is 
considered largely nonroutine, having many exceptions, surpirses, and 
situations which are difficult to analyze. Studies suggest that over 
ninety percent of the work in an R6D environment involves nonroutine 
technology and activities. Yet, on a relative scale, some of the tasks 
are clearly more easily understood and performed than others. Therefore, 
thLs contingency remains important despite the overall "uncertain" 
nature of research and development activities. 

A measure of the extent to which the work environment and subse- 
quent tasks are seen to be familiar and analyzable is the second contin- 
gency considered in this study. 



METHODOLOGY 

The study is based on an empirical and case-based research 
effort undertaken at a large-scale research and development division of 
a major midwestern company. Managers, support technicians, engineers, 
and administrative employees in the research and development division . 

were given a versicn of the Michigan Organization Assessment Question- 
naire (M3AQ) which had been modified to fit the conditions of the organ- 
ization. The sample size of 274 represents slightly over 50 percent of 
the relevant erlrployees. Organization culture dictated that participa- 
tion in the study be voluntary. As a result, the sample has dispro- 
portionately high representation from nonunion employees such as managers, 
technicians and engineers. However, data analysis shows no significant 
difference in responses between union and nonunion employees. 

In addition to the questionnaire a content analysis of formal 
organizational documents provided diagnostic information regarding goals, 
structure, organization performance and orgsnization culture. Fifteen 
interview:; with key decision-makers and multiple observations of the 
unit in operation over a period of a year and one half provide the con- 
text for the empirical analysis. 

The research and development division being studies has changed 
from a top-down, functional structure to a workgroup centered structure. 
Twentythree workgroups are identified within the division. Each workgroup 
has a unique set of goals, tasks. evaluation criteria, time-frames for 
deliverables, and relationships with other parts of the division an3 
other parts of the company. Each workgroup contains a mixture of skills 
and hierarchical levels. This structure permits comparison among units 
having different work environments and workflow processes and facing dif- 
ferent task contingencies. 

Based on composite responses to items related to familiarity and 
analyzability, the workgroups were split into two categories: those 
which faced conditions of comparatively high familiarity and analyzabil- 
ity and ihose which faced conditions of comparatively low familiarity 
and analyzability. Eleven workgroups were classified as operating under 
conditions of lower familiarity/analyzability. Twelve workgroups were 
classified as operating under conditions of higher familiarity/analyzabil- 
ity. As mentioned previously, the scores reflect relative rather than 
absolute scales of these items. 

Every workgroup was to some extent responsible for achieving 
goals related to both qua1 ity applications and efficient , ef f 2ctive de- 
signs. Employee's aggregate perceptions of the extent to which goals are 
being achieved were the performance measures used in the study. A two- 
by-two correlational analysis enabled investigation of those structural 
and organizational process characteristics which facilitated or inhibited 
goal achievement under each of the two contextual conditions. 

Five categories of organization structure and process variables 
were irr~estigated: (1) supervisor characteristics, (2) wc~kgroup char- 
acterist ics, (3) employee attitudes and feelings , (4) jobltask character- 
istics, and (5) information processing emphasis. Each of these factors 
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Conditions of high familiarity and/or analyzability suggest a 
different attitude pattern. It may be that the greatest design effici- 
ency is achieved by moderately discontented employees. Design indus- 
tries are frequently characterized by employee mobility. Further, it 
is recognized that movement is dependent on recent performance; an 
employee is only considered as good as his or her last design in many 
cases. Perhaps this interest in change and knowledge of the perform- 
ance prerequisites foster desirable engineering and design activities 
or perhaps such employees are more willing to take more unconventional 
approaches to design. High performance with regard to quality applica- 
tions appears to be fostered by a more contented attitude. Job satis- 
faction, feelings of responsibility and involvement, a more centralized, 
directive structure, and an interest in remaining in the current posi- 
tion contribute to high quality applications under familiarlanelyzable 
conditions. 

LASSEZ FAlRc 
POSIT IVt f ACTORS 
h s r r  to cha* lobs ( S*) 
Tvnovrqr n t m (  (,Got) 

Three of the four contingent conclitions show a positive response 
to task sharacteristics generilly associated with "enriched" jobs (see 
Figure 5). Only an effort to achieve efficient designs under high 
analyzability seems to be positively influenced by a more focused aacl 
more loosely coupled job-task characterization. Variety and feedl-dck 
seem to be the most important factors overall. Quality applica?~ons 
appear to be aided by an interconnectedness with other units in the 
organization. This seems to complement the feelings of organization in- 
volvelment which make a similar contribution. The positi-~e effects of 
interdependent may also indicate greater knowledge of the interests and 
fundtions or diverse operations within the firms. This knowledge in- 
creases the implementation feasibility of many ~esearch and development 
efforts. 



analyzable (see Figure 3). Again the direction of influence is re- 
versed for the two types of goals. Fragmentation and heterogeneity 
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scrong positive effects on quality goals and strong negative ef- 
f ects for design efficiency . Open conmunication among group members has 
a negative effect on quality applications yet a positive effect on design 
efficiency. This pattern suggests that work segmentation and Lome degree 
of specialization may be appropriate for achieving quality dpplications, 
but that shared values and group cohesiveness are importax conditions 
for achieving efficient designs. 

An interesting pattern is evident when employee attitudes are cor- 
related with strong perforolance under the fcur contingent situations con- 
sidered in this study (see Figure 4). If eqloyees feel challenged by 
their jobs and if they have no desire to change jobs, quality applications 
are achieved under cunditions of low familiaritylanalyzntility. An over- 
all feeling of commitment (to the organization an6 to the job) has the 
strongest influence on design achievements under conditions of luw cer- 
tainty. This suggests that in both cases internal motivation has a 

strong effect on performance. Further, it appears :hat application goals 
require more of a job focus, whiie design goals respond to a more general 
organization orientation. 



A supervisor's bchavior end managerial style appear to have the 
strongest positive effect when promoting quality applications under 
conditions of high familiarity and analyzability (see Figure 2). Under 
this set of contingend es, supervisor's who actively encourage employee 
participation in decision-making, who facilitate subordinate interactions, 
goal setting and problem solving, who are aware of work progress and ac- 
tivities aud who treat subordinates as respected individuals positively 
contribute to achieving quality applications. In contrast, these same. 
behaviors have a strong negative effect if analyzability remains high 
but the goal is to develop efficient deslgns. It appears that under 
this latter contingency set, active, facilitative supervisors tend to in- 
hibit performance. If f adliarity;a~,oLy-at:lity is low, however. some 
of the actlve supervisor characteristics (such .?s facilitating decentral- 
ized control) appear to have a positive effect of efficient desjgn per- 
formance. Supervisor behavior did  cot appear to have any influence on 
the development of quality applications when familiarity/analyzabillty 
is low. 

FlGURf 2 Corrclrtss of Vrrlow Supervisor Chrrrcttrirtlcs With Qrwllty 6nd 
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These findings sapport the argument that the most effective 
supervisors may be those who are both versatile ard somewhat inconsis- 
tent. effectively wtching their behavior and direct inv~ivement in thd 
workflow to each situation. These findings suggest r+sr *raining super- 
visors to expand their repertoire of skills might be particulsrly useful 
wher, the task environment is fairly familiar and analyzablc, but that 
this type of investment would not have a strong effect cn performance 
when the job is performed under cozditions of extremely low analyzability. 

Similarly, the characteristics of the immediate work grodp hase 
the strongest effect when cho situation is relatively familiar and 



was considered tor quality application and for efficient, effective de- 
sign goals under conditions or high or low familiarity/analyzability. 

RESULTS AND DISCUSSION 

Results oi this study suggest an interesting pattern nf rela- 
tionships, Under conditions of high familiarity/analyzability, quality 
application goals appear to be fostered by an actively supportive and 
nuturing work environment. In contrast, efficient design under condi- 
tions of high familiarity/analyzability, appears to thrive under a more 
lassez faire work environment. Such a lassez f aire ap~roach may aid 
performance by removing bureaucraric impediments to performance. 

Looking at conditions of low familiarity and analyzability, 06 -  

ficient, effective design appears to be facilitated by an actively- 
managed work environment, while quality applications appear to rely an 
inspiration and motivation. Figure 1 depicts the general work environ- 
ment characteristics and organization processes which facilitate and 
inhibit quality applications and efficient designs. 
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efficient designs cannot and should not be self-containad activities. 
If the choice is made to integrate twc types of goals within a set of job 
or workgroup activities the stress of reconciling diverse objectives be- 
comes an individual rather than an organizational problem. Thus if inte- 
gration is the choice, supervisors, workgroups and individuais require 
training and experience in stress management. Further, they need to 
develop many different sets of skills and operating styles as well as 
ihe ability to choose an approach to fit a given situation. 

A second issue also emerged. Researchers and practitioners ap- 
rear to know much more about haw to structure ana manage circumstances 
xhbch have some degree of familiarity and analyzability. Despite the 
range restriction inherent in looking solely at an R&D environment, strong 
differences were found between lower and higher degrees of familiarity and 
analyzability. An important issue to be resolved, therefore, is whether 
performance under highly uncertain and unfamiliar circumstances is almost 
exclusively a result of individual talents and ctipabilities or whether 
traditional measures and indices of organizational structure and process 
are just not the appropriate factors to consider. If the former 
explanation is true, selection rather than training or organization design 
must be the dominant human resoQrces issue for mary research and develop- 
ment operations. If, however, the latter explanation is true, there is a 
need for designing creative and unconventional organization structures 
and measures to accomodate the unique environment of the research and 
development unit. 
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GAMMA RAY OBSERVATORY PRODUCTIVITY SHOWCASE 

kichard L. Davis, TRW 
Donald A. Molgaard, TRW 

ABSTRACT 

The Gamma Ray Observatory (GRO) Program has been proclaimed to 
be the showc.-se productivity program for NASA and TRW. Among the mul- 
tiple disciplines of a large-scale program, there is opportunity and 
need Tgr improved efficiency, effectiveness, and reduction in the cost 
of doing business. This paper describes the efforts and tools that 
will or have been implemented to achieve this er-d. 

Since the GRO Program is mainly an engineering program with the 
build of one satellite, the primary emphasis is placed on hpioving the 
efficiency and quality of management and engineering. 

Top management of TRW, NASA/Headquarters and GSPC are totally 
committed and firmly endorse productivity for the GFO Program as shown 
by their willingness to implement pctential cost saving tools and re- 
placing older operating procedures with new ones that take advantage 
of today's technologies for more efficient performance. 

During the initial part of the Gamma Ray Observatory (GRO) 
Phase D contract, the project designed and developed a high-fidelity 
full-scale model (FCM) of the GRO. In addition to its use as a de- 
sign, fit check, and personnel handling and training aide, the prin- 
ciple design objecrive for the FSM was to evaluate (prior to the Cri- 
tical Design Review) the current desigr~ in terms of its suitability 
for perfcrming botir planned and contingency extravehicular activity 
(EVA) operations in the deployment, repairjrefueling, and retrieval 
missions of the GRO. Typically, spacecraft development programs have 
not performed this rype of EVA design evaluation tests at such an 
early stage of program de-~elopment. Normally the EVA evaluation ex- 
ercises are performed as part of. the astronaut crew training opera- 
rjons 3 tc 9 months prior to launch. A program could incur signifi- 
cant cost/schedule impact from design deficiencies identified this 
late in the program. By addressing the EVA design compatibility 
early in the program, the GRO project was able to accommodate pro- 
posed changes with ndnimal cost and no schedule impact. 



GRO PROGRAM 

TRW is building the GRO platform to carry four large instru- 
ments to conduct a full sky survey and study selected objects of in- 
terest in the gamma ray region of the electromagnetic spectra. The 
Observatory is 25 feet long, 15 feet wide and 12 feet high weighing 
over 34,000 pounds. The solar arrays span 70 feet. Figure 1 shows 
the GRO configuration. 
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Figure 1. Gamma Ray Observatory 

The GRO will he launched by the Space Shuttle and placed in a 
low Earth's orbit for a minimum of 2 years when it will either be re- 
trieved or refueled by the Shuttle. 



PRODUCTIVITY IMPLEMENTATION 

Within TRW, productivity is an integral part of the organization 
and operation. The GRO Program has a Productivity Manager who reports 
directly to the Program Manager. He is also a member of the Federal Sys- 
tems Division Productivity Council which reports to the Division Vice 
President. This Council reports to the Space and Technology Group Pro- 
ductivity Council. Through this network the productivity actions of all 
the groups are coordinated to ensure that the maximum benefit is passed 
on to all organizations. 

Initial Actions 

At the beginning of the program, a one day brainstorm session 
was held with program management to develop productivity ideas. From 
this session macro goals were established. These were presented to the 
NASA Productivity Steering Committee on 13 July 1983 along with a com- 
mitment for implementation within one year. 

Simplified Performance Measurement System 

In order to determine the status of a Work Breakdown Structure 
(WBS) element, work package and/or task, the managcr must wade through 
a large computer printout which is not only time consuming but often 
dses not get done properly due to the magnitude of the task. A simpii- 
fied automated rnethod was required to ensure quick and accurate assess- 
ment of the prLgram status. 

The Air Force developed such a method for the MX program which 
was called Red Flag. The PMS data is inputted into PCs and the output 
displays are then available for any level of the WBS. These outputs 
are color coded as a function of variance levels for easy identifica- 
tion of problem areas. The trend from the corrective action can be 
 take^ immediately. Displays are available for cost and schedule var- 
iances, variance at completion, manpower plots, performance factors, 
etc. 

Automated Critical Path Schedule - Network 

Several years ago Pert was the preferred method of tracking a 
program schedule status. However due to the many hours required to 
manually draw the network(s) and status the critical path, Pert was 
dropped in favar of Gantr. charts which could be easily drawn and even 
automated. Put Gantt charts did not provide all the necessary infor- 
mation. Today several automated Pert programs are available. TRW is 
utilizing the Project 2 Scheduling System. This is a totally automa- 
ted network schedule system coded to provide traceability to the low- 
est level planning mi1estor.e In the PMS. It is to be updated monthly. 
It features critlcal path networks, logical related bar charts, nub- 
nets with multiple work calendars, interactive graphics and has a 
"what if" analysis capabili~y. 



Improved Communications- 

TRW must interface with GSFC, NASA Headquarters, four major in- 
strument teams, McDonneIl Douglas (XI'S;, Fairchild (CADH) and four major 
subcontractors all of which are located away from TRW. TRW and GSFC are 
locdted 2500 miles from each other. An improved method of communication 
was required to increase efficiency, effectiveness and motivation while. 
decreasing the dost of doing business. 

Two method have been incorporated to achieve this goal, a com- 
puterized network system and video teleconferencing. 

Computerized Network System 

TRW and CSFC jointly analyzed and selected the most cos effqc- 
tive personal computer system for improving not only communications but 
also to improve office efficiency. The DEC Rainbow 100 was selected as 
offering the most. capability, highest speed and best operation at the 
lowest cost. 21 work stations have been installed at TRW and 11 at GSFC. 
These stations have either letter-quality or matrix printers and high 
speed modems for inter-computer communications. 

The initial software package& procured were word processing 
(Wordstar), electronic spread sheets (Multiplan and Lotus 1-2-3), data 
base management (Dbase 11) and communications (Mite). One cost effec- 
tive use was the development of computer generated graphic presentations 
which is used for all design and management reviews. 

Training classes have been held on the use of the computer and 
each of the software packages. These classes will continue to train 
new personnel and teach the operation of new software packages as they 
are acquired. 

Video Teleconferencing 

A normal meeting time span is approximately 2 hours involvicg 5 
to 10 people. When travel is required to attend a meeting 2 to 3 days 
are spent away from the office. Full-frame video teleconferencing for 
technical and program meetings can reduce the travel expenses and time 
away from the office thus improving program efficiency. 

Several test meetings have be2n conducted using rented facili- 
ties in Los Angeles and Washington D.C. The success of these meetings 
convinced both TRY and NASA to install video teleconferencing facili- 
ties at both locations. 

Maxtmize Technology Transfer Lessons Learned -- - 
GRO is maximizing the technology transfer end lessons learned 

not only among TRW programs but also amoung other NASA programs. TRW 
is a matrix organization where except for some of the project manage- 
ment the majority of people are supplied by functionai groups. These 
functional groups support not only NASA programs but also defense and 
commercial programs. As a result the technical achievements on these 
programs can and will be used during the GRO development, manufacturing, 
assembly and test phases. 



The NASA personnel will supply technical guidance learned from 
other programs as well as supplying safety, reliability and design a- 
lerts. The NASA design review team is composed of members who have ex- 
perience on many programs to ensure that past mistakes are not repeated. 

Improved Procurement Cycle 

A reduction in paperwork and rapid responses turnaround time 
will greatly enhance productivity between GSFC and TRW and between TRW 
and our subcontractors. Three procedures have been or will be imple- 
mented to achieve the NASA goal. 

The NASA 533 have been automated reports using the company PMS 
and converting to the NASA format. A productivity incentive clause has 
been implemented which will allow TRW to obtaina higher fee based on 
ideas for measurable cost savings. For every major cost saving gener- 
ated and approved by NASA, TRW will retain 20 percent. If the program 
is overrun at launch, 50 percent must be returned. If there is an on- 
orbit failure that wcis caused by TRW, 50 percent must be returned. A 
portion of this will be distributed to the GRO employees. 

The TRW GRO Program has prepared a subcontractor communications 
plan which flows down the program requirements, including lessons 
learned, and utilizes TRW's computerized network. Each subcontract 
contains the product assurance requirements which inzlude previous TRW 
spacecraft programs lessons learned. GRO subcontracts is providing 
these lessons to subcontractors in request for proposals to facilitate 
their learning and reduce costs. The GRO Program Office will perform 
design reviews and materials and process audits to assist subcontractors 
in applying lessons learned. TRW will implement utilization of person- 
al computers and freeze-frame video conferencing for selected subcon- 
tractors. When fully implemented, these prohctivity improvements will 
reduce the time and cost of manually prepared cost and schedule reports, 
personnel travel expense, and cost of message transmission. 

TRW did itold a subcontractor productivity seminar on 12 and 13 
January 1984. 13 potential subcontract~rs were invited and 10 accepted 
and participated iz ihe meeting. 43 productivity iA~7s were generated 
and are being evaluated for implementation. 

Individual Akard System 

Improving productivity and enhancing personal motivation -e- 
quires an individual recognitisn/reward program which ha5 been imple- 
mented. Recognition is achieved through two ways. Ttie first is the 
GRO Briefs, the monthly program newsletter, which recognizes achieve- 
ments of individuals who have cmtributed in a productive manner. The 
second is letters of recognition which are issued by GSFC, GRO Program 
Office, and/or Federal Systems Division Manager for individuals who 
have performed outstanding accomplis+ents. 

I~dividual rewards are achieved through three ways. The first 
is that any individuals contributing to a program cost savings of more 



than $500,000 will receive a GRO model at an all-hands meeting. The 
second is each award fee period (every 4 months), individuals, SFM or 
below, who the ProgramlGSFC feel contributed the most to the program 
will receive a GRO model at an all-hands meeting. The third is dur- 
ing the year, YRW will continue its policy of rewarding a monitary 
bonw to individuals whose accomplishments warrent special attention. 

Quality Circle 

A Quality Circle has been formed within the GRO Project. It 
is headed up by the SPM for Thermal Design and meets once a week. 
Typically they lock at the day-to-day operations to see if and where 
improvements can be made. Several positive ideas have been developed 
to date. Additional circles are envisioned as the labor mix changes 
in later program phases. 

FULL SCALE MOCK-UP 

In close coordination with NASA/Johnson Space Center (JSC) 
personnel, a series of GRO EVA design evaluation tests were sched- 
uled and performed in the NASP-/JSC Wclghtless Environment Training 
Facility (WETF) using the GRO FSM during the period from 13 February 
to 5 April 1985. Secondary crb;?ctives of these GRO FSM WETF test 
operations were to: 

o Identify the need, if any, for special hardware 
bumper/shock protection on critical GR3 compon- 
ents within the planned EVA work or translation 
routes. 

o Validate the compatibility of the integral GRO 
berthing adapter with the GSFC FSS-developed A 
prime cradle scheduled for use on any GRO repair 
or refueling mission. 

o Verify that all identified planned and contin- 
gency EVA operations can be performed using ex- 
istin3 standard EVA tools and equipment. 

o Familiarize the JSC flight crew personnel with 
GRO EVA operations. to allow conceptual formu- 
lation of EVA scenarios. These scenarios could 
be reviewed and fine-tuned prior to the formal 
GRO EVA crev training operaZions scheduled in 
1987, approximately 7 months before launch. 

FSM Design and Fabrication - . - - 
The GRO FSM was designed to be compatible with the water immer- 

sion environment of the JSC WETF. All materials and coatings used have 
proven tolerance to prolonged exposure to the chemically treated water 



in the WETF. wood or wood products vere used in the FSM. Primary 
etructural elements were made of aluminm, with the secondary struc- 
tures, experiments, and components made of Lexan. The FSM was fsbri- 
cated by a vendor outside TRW from engheering drawings and pre-release 
flight d~awings available at the time of PDR. The FSM was returned tr: 
the vendor for upgrade to the CDR configuration prior to the JSC WETF 
tests. The FSM was shi~ped partially disassembled from TRW in Lo8 
Anieles to the JSC WETF by cummercial air-ride double-drop trailer OF- 
crating with a wide laad permit. 

Crew-Supported Testing 

The CRO FSM was reassembled at JSC and transported to the WETF 
on 25 February 1985. An initial series of pretest EVA evaluation ex- 
ercises were performed by support personnel in scuba gear. The GRO 
FSM was subjected to five separate astronaut crew runs. These tests 
and the participants are identified in Table-!. The configuration of 
the GRO in the WETF for these tests is shown in Figure 2. 

GRO/FSM EVA WETF Operations - -- -- 
As shown in Table 1, the individual. tests were performed to 

support specific objectives fot t!~e deployment /retrieval and the 
repairirefueling missions. Because of the large size of the GRO and 
the relatively shallhw depth of the WETF, a portion of the GRO pro- 
truded above the surface of the water. In most instances, however, 
this did not compromise or invalidate the test. 

DeploymentiRetrieval Mission -- EVA Simulation 

The solar array and high-gain antenna appendage deployment 
mechanisms (Figurz 2) on the GRO are designed for automatic motor- 
driven deployment initiated by ground command from the GRO/POCC after 
the GRO is out of the cargo baj but prior to release by the RMS. 
Should any of the latch actuators or drive mechanisms fail to oper- 
ate normally, each appendage mechanism is equipped with a back-up, 
EVA-operated mechanical override :apability that allows the suited 
astronaut in EVA to deploy the appendate using the standard EVA rat- 
chet wrench in the orbiter tool inventory. In the unlikely event 
that the astronaut is unable to complete the ETA override appendage 
deployment operation, the design will allow the astronauc to restow 
and relatch the appendage prior to GRO return to the cargo bay for 
troubleshooting or return to earth. If the appendage mechanism has 
failed in a partially deployed ccndition and cannot be deployed or 
restowed, the appendage can be jettisoned by EVA action. 

These EVA appendage operations were evaluated in two series 
of tests with different astronaut subjects. Based on comments re- 
ceived during the test and at the post-test critique, a recommenda- 
tion was made to incorporate additional handrails and foot-restraint 
sockets to improve EVA accessibility at the various work stations. 
In addition, a recommendation was received to reclock the three 
solar-array jettison bolts for improved EVA tool accessibility. These 
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recorm~endations were incorporated into the GRO FSM and were evaluated as 
part of the subsequent tests on Harch 18 and 19, 1985. The additions 
and modifications wcrc approved by the test crew personnel. These mod- 
ifications have been jncorporated into the flight design. 

Repair/Refueling Mission - EVA Simulations - 
The GRO design ix~corporates three electronic subsystem modules 

that are capable of being removed and replaced on orbit by EVA. These 
Multi-mission Spacecraft (MMS) etandard modules developed by NASA/GSFC 
are flight qualified and currently in use on the Solar Max and Landsat 
missions. The two GRO MMS porer modules and the MMS comunication and 
data handling module is identical in physical form and fjt to the MMS 
module that was successfully replaced ca the recent Solar Max Repair 
Mission. 

The EVA simulations established EVA translation routes for 
handling of the large modules with a minimum of transfer and hand-off 
operations. Recommendations were received and incorporated for adding 
additional handrails on GRO. 

The GRO is the first U.S. spacecraft to incorporate an on-orbit 
refueling capability. The on-orbit refueling coupler is being devel- 
oped for JSC by Fairchild Controls. A mock-up of this coupling was 
provided for EVA evaluation with the GRO FSM. Several recommendatiana 
on handle placement and the ramping of the latch mechmiom wore made 
during the EVA simulation tests. 

The EVA des!gn evaluation tests performed by the GRO project 
using the FSli bignificantly reduced the possibility for costly, time- 
consuming modifications that otherwise might not have been identified 
unit1 the astronaut EVA crew training operation at 3 to 9 months before 
launch. Required design modifications observed during these GRO FSM 
WETF activities have been incorporated into the flight design with si- 
nimal cost impact and no schedule impact. The JSC astronaut crew per- 
sot.nel and their support planning orgacizatior~s have become familiar 
with GRO at least 2 years before the final E I A  astronaut training op- 
erations are scheduled. WCth the knowledge and hands-on experience 
gained by all participants i a  this initial operation, the final EVA 
training operatiow should be much easier and mininize sigriificantly 
the possibility of costly real-time rework and retest. 
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This pager descr ibes  c e r t a i n  r t r u c t u r n l  changer i n  the N.. ,a1 
Uater ia l  Command vhich resu l ted  from a comparison of i ts operat ionr  
t o  thoee of svlected large-scale p r iva t e  s ec to r  cmpaniar .  Central  
t o  the change was a i.eduction i n  the number of formal r apo r t r  from 
ryeterns commands t o  h%?adquarters, anti the provision of Program Uanage- 
ment Assistance Teams ( a t  the recuest  of the prbgram manager) t o  help 
resolve project  probleaa. I t  is bclievcd t h a t  there changer irptoved 
communication and ir,fotm.h\tion-processing, reduced program u n a g e r  
s t r e s s ,  and reuulted i n  'mproved product ivi ty .  



BACKGROUND AND PROBLEM STATEMENT 

The Naval Material Establishment is responsible for the develop- 
ment, acquisitio;l, and support of all the complex weapons systevs needed 
by the Navy to meet its world-wide commitments. The procurement oi 
Naval weapons systems often involves substantial advances in technology 
because the equipment is required to operate in extremely diverse and 
hostile environments. Advances in t-chnology, in turn, mean that a 
given program manager (PM) must contend with high ievels of uncertainty 
in managing the assigned project. Ideally, the FM seeks R technically 
sound weapon, delivered 05 time, and within budget. Practically speak- 
ing, however, the PM finds these objectives to be somewhat in ccnflict 
i~ith one another. When coupled with the inherent uncer'7lnty of R6D. 
the simuitaneous acccjmplishment of technical performanc . schedule, and 
cost objectives are powerful sources of stress for the PE.. Further, 
the substantial uncertainties of RbD create an extraordjnsry ,demand for 
intra- and inter-orqsnizatlonal communication if the praject s to he 
effective. 

Critical issues for the Naval Material Cornand (NMC) and the PM 
in managing such high technology are concerned witk how effectively their 
organizations are t~ble to communicate the informatim needed to deal with 
uncertainty, an8 also how well individual PEl's are zble to cope with the 
stresses of their jobs. Thfs paver reports the resulm of a case study at 
NMC. Specific atteatlon is given to certain organizational changes made 
by executives at NMC tc help PH's improve communication and cope with the 
stress of their projects. It is believed that t h e ~ e  changes ,,mproved 
overall program productivity. The case presented here was part of a 
brcader investigation which involved a comparative analysis between NMC 
and selected major private sector corporations. The specific purpose of 
the investigation was tc improve the efficjency of NMC and its headqoarters 
staff (Gerlof f , 1985).  

COMPARATIVE ANALYSIS 

Tne NMC was originally organized in 1966 to centralize Naval 
procurement and RbD. At its inception, NMC was organized in a divisional 
or systems command format which included Naval air, sea, electronics, and 
supply divisions (commands). The new structure was compgrable to many 
large commercial organizations and resulted in an improvement in the 
Navy's diverse acquisitior- efforts. However, by 1980 there were some 
indications that NMC's structure was no longer quite as efficient as it 
had been initially. 



The headquarters staff was now very large (in excess of 1000 
pecple). Executives believed NMC was becoming too centralized, too 
concerned with its own issues, and too slow to respond. To some extent, 
top management was fir'tng itself bogged down in problems that could 
better be handled at the system conmand level. Further, there were some 
indicatio~s that this was interfering with the efficiency of the systems 
commands. System command personnel were unable to give their full 
attenticn to developing and acquiring the technology needed by the Navy. 
Some of their tim? was consumed in preparing reports for NMC headquar- 
ters. Though no major difficulties had yet occurred, executives at NMC 
rsnted to tighten their system and head off any problems that might be 
developing. To accomplish thi? pdrpose, a comparative analysis was 
undertaken to see how the IWC headquarters staff operation compared to 
that used by large private sector firms. Over a 6-month period, NMC 
headquarters officials interviewed executives and observed the 
headquarters opera fons of several major U.S. corporations. 

Findings 

On their return to Washington, exrcutives at NMC used the 
information gathered in the field study to analyze the headquarters 
operation at NMC. They concluded that the managerial approaches of the 
several private sector compa~ies were very similar to each other and very 
different from that used at NMC in four ways (Gerloff, 1985, p. 273) : 

1. All were decentralized and had small headquarters staffs. 

2. All used both iong- and short-range corporate planning 
(strategies). 

3 .  All paid very close attention to the management of their 
technology base, in particular, the early development stages 
of new products. 

4. All managed their operating divisions via the careful alloca- 
tion of resources and maintained oversight and control with 
a minimum of ripward information flows. Needless reports and 
excessive interference were avoided. 

Corrective Measures 

In view of these findings, several important changes were made in 
the NMC headquarters structure and r3erations (Gerloff, 1985, p. 274). 
The size of the headquarters stalf was reduced (from over 1000 to about 
500 people) and the role and scope of its operat+-ons were reduced. 
However, special emphasis was given to managing the technological base. 
The volume of upward reports from the systems commands (to NMC head- 
quarters) was cut by 90 percent. Each system command was made fully 
accountable for its individual mission. An NMC Board of Directors was 
established which included the heads of the systems commands in its 
membership. An NMC corForate plan was developed to guide operations 
over the long term. 



PROGRAM MANAGPlEX'i' ASSISTANCE TEAMS (PMAT) 

Against chis background of general change in the structure and 
operations of NMC headquartere, certain additional changes were intro- . 

duccd which were specifically beneficial to the individual program 
managers as they carried out their missions. The job of a PM Is made 
difficult by the high uncertainty of RbD and the consequent need for 
problem-s3lving informatfon and communication. Siuultaneous pressures 
to meet changing operational requirements, project schedule dealines, and 
cost limits while solving complex technical problems often mean =he PM 
must also endure severe levels of stress. 

Special Program Management Assistance Teams (PUTS) were eetab- 
lished at NMC which were instrumental in helping the PM access needed 
problem-relevant information while also coping wfth the inherent stresses 
of program management. Each P U T  consists of a group of experienced, 
former program tlanagers bho are available at the request of a given PM. 
The PMAT cdn provide consultation, added expertise, assistance with 
special problem, or program assessment depending on the desires of the 
individual PM. Ile PMAT reports only to the individual PM, and no 
written reports are used unless requested by the PH. 

Benefit to the Program Mananer 

Executives at NMC believe the PMATs hake teen extremely effective 
and have improved the efficiency of the various programs. They have 
also been well received and -- used by the PMs themselves. Further, the 
PMAT concept seems to be soundly based on comnunication and behavioral 
science research. For example, the comunization literature has long 
argued the benefits of using the richer face-to-face comunication 
channels when dealing wfth complex problems (Bodensteiner, 197:; Woff;rd, 
Gerloff, Cumins, 1977; Gerloff, 1985). Further, the behavioral science 
literature suggests thst an affiliation with others can help indivi- 
duals to cope with high anxiety or stressful situatione (Schacter, 1959). 
Thus, the PMAT presented a tro3bled PM an opportunity to discuss problems 
with people who (1) understood because they have experienced similar 
prob?ems before, and (2) are technically knowledgeable and able to 
introduce additional problem relevact information. It should be emphasized 
that such face-to-face discussions are wperior to more formal and lass 
rich communication channels,.especialiv where complex problems are 
involved (Bodensteiner, 1970: E i r ' t  aud Wigenton, 1979; Wofford, et al, 
1977). A side benefit f-s that the technical experts, who had over the 
years moved from thc systems commands to the headquarters staff, gained a 
new sense of accomplishment. By serving on PMATs, they were able to use 
their technical know-how in a way that ordinary staff work often did not 
permit. 

Zenefit to Top Management 

Beyond such valuable assistance at the program level, NMC found 
that PMATs were also beneficial to higher management in its effort to 
manage the technological base. The managemert literature ir:dicates 



that an important part of inanaging high technology involves the need 
for top managers to be active in the early phases of a project (concept 
fornwlation, design, and development). Decisions made in the early 
phases will have long term and high dollar impacts (Gluck and Foster, 
1 9 7 5 ) .  

Executivas at NMC found that they could use the expertise of 
PMATs in the early assessment of a new program, about 6 months after 
stalt-up. Tbis would be before any requestc for assistance by a PM, 
and was not associated in any fashion with the primary function of the 
PVAT as described previously. At this early juncture in a program, it 
is crizical for higher management to assess whether adequate dollars, 
personnel, and other resources have been made available to the PM for 
successful program completion. The PMAT has proven invaluable to this 
early assessment. 

At the same early critical juncture, the PMAT can be used to 
assess whether operations at the program level are organized to effi- 
ciently use the resources allocated by higher management. The point of 
the assessment being to determine the likelihood that the program can 
produce the desired technology on time and within budget. Though this 
phase of the analysis can be a threat to the PM, NMC executives do not 
feel that it has interfered with their (the PMs) use of the P U T  in later 
phases of the project life cycle. The overall benefit of such an early 
assessment of resource allocation by top management and efficiency in 
resource utilization in a gjcen program enhances the likelihood that a 
poorly conceived progrm can be scr-~bbed where circumstances warrant. 
Such a use of the ?MAT concept opens the possibility that top managers 
and PMs alike will f'nd it easier to cope with the stresses of scrubbing 
a troubled program before the sunk costs (in terms of both dollars and 
psychological costs) arc tso high. 
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ABSTRACT 

The S p a c e  S t a t i o n  Program is h i g h l y  complex n o t  o n l y  i n  its t e c h -  
n o l o g i c a l  g o a l s  and  r e q u i r e m e n t s  b u t  a l s o  i n  its o r g a n i z a t i o n a l  
s t r u c t u r e .  E i g h t  C o n t r a c t o r  teams s u p p o r t i n g  f o u r  NASA c e n t e r s  p l u s  
H e a d q u a r t e r s  must depend o n  e f f e c t i v e  e x c h a n g e  of in format ion- -  t h e  
l i f e b l o o d  of  t h e  program. The T e c h n i c a l  and Management I n f o r m a t i o n  
System (IMIS) is t h e  means by which t h i s  e x c h a n g e  c a n  t a k e  p l a c e .  V a l u e  
o f  t h e  TMIS i n  i n c r e a s i n g  p r o d u c t i l r i t y  comes p r i m a r i l y  f rom its a b i l i t y  
t o  make t h e  r i g h t  i n f o r m a t i o n  a v a i l a b l e  t o  whomever n e e d s  it when it is 
needed.  T h i s  p a p e r  a d d r e s s e s  p r o d u c t i v i t y  o f  t h e  Aerospace  p r o f e s s i o n a l  
and how i t  c a n  b e  enhanced  by t h e  u s e  o f  s p e c i f i c a l l y  recommended t e c h -  
n i q u e s  and p r o c e d u r e s  f o r  i n f o r m a t i o n  management u s i n g  t h e  TMIS. 

1. INTRODUCTIOR 

Mercury, Gemini ,  A p o l l o ,  S k y l a b  ... The Spcice S h u t t l e .  Next i n  t h a t  
series o f  t e c h n o l o g y  e x p a n d i n g  e n d e a v o r s  is t h e  S p a c e  S t a t i o n .  Where 
p r o v i o u s  s p a c e c r a f t  were i n t e n d e d  f o r  r e l a t i v e l y  s h o r t  v i s i t s  t o  s p a c e ,  

- t h e  S p a c e  S t a t i o n  is i n t e n d e d  t o  p r o v i d e  t h e  b a s e  f o r  a permanent  
p r e s e n c e  o f  humans i n  s p a c e .  The k e y  c h a r a c t e r i s t i c  t h a t  makes t h e  
S t a t i o n  d i f f e r e n t  f rom p r e v i o u s  s p a c e c r a f t  is t h a t ,  r a t h e r  t h a n  a means 
f o r  t r a n s p o r t a t i o n ,  i t  is a  l a b o r a t o r y  and  a f a c t o r y  i n  t h e  s k y  n o t  
i n t e n d e d  f o r  a  s i n g l e ,  s h o r t  d u r a t i o n  m i s s i o n  b u t  e x p e c t e d  t o  r e m a i n  i n  
s e r v i c e  f o r  a n  i n d e f i n i t e  l e n g t h  o f  time t h a t  s p a n s  well ' n t o  t h e  n e x t  
c e n t u r y .  

The S t a t i o n  i n c l u d e s  a v a r i e t y  o f  s y s t e m s  and d e p e n d s  o n  know- 
l e d g e  f rom a m u l t i p l i c i t y  o f  d i s c i p l i n e s .  I t  is composed o f  a  s t r u c t u r e  
t h a t  s u p p o r t s  e x p e r i m e n t s  and  s p a r e  p r o d u c t i o n  equ ipment ,  p r e s s u r i z e d  
h a b i t a t i o n  and l a b o r a t o r y  f a c i l i t i e s ,  u t i l i t y  equipment  s u c h  as power 
g e n e r a t i o n  and communica t ions  e q u i p m e n t ,  and S t a t i o n  o p e r a t i o n s  s u p k o r t  
f a c i l i t i e s  s u c h  a s  s a t e l l i t e  s e r v i c i n g  p r o v i s i o n s  and remote  m a n i p u l a t o r  
arms. F i g u r e  1 shows o n e  o f  t h e  c o n c e p t u a l  c o n f i g u r a t i o n  now b e i n g  
s t u d i e d .  





The Space Station - Program 

The Space Stat ion Program (SSP) is currently i n  the early s tages 
of Phase B,  Definition and Preliminary Design. The overal l  program 
schedule leads t o  an i n i t i a l  operational capabil i ty  (IOC) i n  1992. The 
program management s t ruc tu re  is shown on Figure 2. The program i s .  
divided in to  4 work packages, each covering a s e t  of end items and func- 
t ional  respons ib i l i t ies  under the management of a separate Center. Each 
center has under contract 2 separete contractors  (or contractor teams) 
perfcrming para l le l  Phase B s tudies.  

The technical responsibi l i ty  and geographical d is t r ibut ion  of 
prime contractors (and t h e i r  subcon t rac tc r s~ ,  the Level C NASA centers ,  
the Level B program management, and the Level A Agency Office crea te  a 
complex network of information users  and generators. This network feeds 
and thrives on the data tha t  flows through i t  and the information dis-  
t i l l e d  from t h i s  data. I t  is the proper acquisi t ion,  d i s t r ibu t ion ,  and 
processing of ir.formation tha t  lead t o  the analysis ,  design, implementa- 
t ion ,  and successful operation of the Space Stat ion.  

The Problem: Making Information Readily Available - 
A key programmatic goal is  the "se of innovative concepts t o  iz-  

crease kroductivity in the design, implementation, and operation of the 
Station. The complexity of the Stat ion system requires large amounts of 
data t o  be processed and information to  be analyzed. The d ivers i ty  and 
geographic d is t r ibut ion  of program part icipants  demand that  t h i s  
information be made avai lable  i n  many places, a t  a l l  times, and i n  
several formats a t  vhrious l eve l s  of d e t a i l .  Streamlining of information 
exchange i n  t h i s  complex environment can s igni f icant ly  contr ibute t o  
achieve the desired goal of high productivity i n  the Space Stat ion 
Program. 

The Solution: The Technical and Management Information System - - 
NASA recognized the need for  expedient d is t r ibut jon  of and access 

t o  accurate, current information and specif ied i n  tl:e Phase B Statement 
of Work that  a l l  contractors  should use the Technical and Management 
Informetion System (TMIS). A l l  NASA centers ,  contractors ,  and major 
subcontractors a re  required t o  exchange cer ta in  types of information and 
documents by e lec t ronic  means v i r  the TMIS, always s t r iv ing  t o  do 
business i n  a reduced-paper manner. 

The TMIS is a d is t r ibuted  network of data processing nodes 
located througout a l l  the f a c i l i t i e s ,  government. and private,  of the 
organizations involved i n  the Space Statj-on Progra1.1. The system includes 
rhe communications equipment and a l l  the support software. NASA is i n  
the process of developing the core and backbone of TMlS while each 
contractor is expected t o  develop its own segment of the overal l  net- 
work. Figure 3 shows a conceptual diagram of TMIS. 
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2 .  INFORMATION EXCHANGE A N D  R&D PRODUCTIVITY 

There has been a s igni f icant  increase i n  awareness of the need 
for productivity improvements i n  a l l  aspects  of American indugtry during 
the l a s t  decade or so. This may be a  response t o  what some economic and 
social  commentators have referred t o  a s  the "Japanese Challenge". This 
awareness has led to several s tudies  on productivity i n  d i f f e r e n t  work 
environments. Manufacturing productivity has becn of major concern to  
industr ies  such a s  automotive and e lec t ronic  production. The following 
s tudies  deal w i t h  white co l l a r  or o f f i c e  productivity and they a re  
reported here because of the i r  relevance to  Aerospace worker 
producti v i t  v , special ly i n  an R&D environment. 

The Hughes Aircraft Study - 
An extensive and continuing study of R&D productivity was under- 

taken by Hughes Aircraft Company from 1973 t o  1977. Findings of the en- 
t i r e  f ive  year s t l t d y  e f f o r t  were documented i n  a  repori e n t i t l e d  R&D 
Productivity [Reference 11. The study concentrated on identifying fac- 
to r s  most l ike ly  to impact productivity i n  an R&D environment and then 
determine what techniques help t o  counteract the e f fec t  of each fac tor .  
Table 1 l i s t s  the 25 most s igni f icant  fac tors  from t h i s  study. 

Thes? fac tors  were then analyzed through surveys, interviews, 
s t u d y  groups, and expert consultations t o  determine how each factor  de- 
t r a c t s  from productivity. Results of t h i s  analys is  were used t o  formu- 
l a t e  a  se r i e s  of techniques, procedures, and organizational character is-  
t i c s  that can bring about s igni f icant  increases i n  productivity when 
incorporated i n  the work environment. For 19 of the 25 counterproductiv- 
i t y  fac tors ,  effect iveness of the techniques applied depend px imarily on 
improving information dissemination and f a c i l i t a t i n g  information ex- 
change. T h i s  should not be surpris ing when considerjng tha t  the produc- 
t i v i t y  of an a.erospace professional depends on tha t  ina iv idual ' s  a b i l i t y  
t o  obtain,  ass;miaate, and issue information. Figure 4 i l l u s t r a t e s  the 
pivotal ro le  of  he s c i e n t i s t ,  engineer, or manager i n  the flow of 
information. The obvious ccnclusion is tha t  the s ingle  most e f f ec t ive  
element i n  increasing productivity is the provision of a system for 
expedient information flow. The TMIS is such a system for  the Space 
Station Program. 

The NASA-JSC MIDAS S t u d y  - - 
A more recent study on thc e f fcc t  of information flow on produc- 

t i v i t y  of th- aerospace professional was conducted a t  t h ~  Johnson Space 
Center Missior, Operations Directorate.  The purpose of t h i s  s t u d y  was to  
determine the need and formulate requirements for  an information network 
to  be used by the Directorate as  i t  moved from the R&D phase t o  the high 
f l i g h t  race, operational period of the Space Shut t le  program. TI? re- 
s u l t i n g  system was the now operational Management Informat ion Database 
Automation System (MIDAS). 

The study, conducted i n  1983 by McDonnell Douglas under the engi- 
neering and opera t im~s  support contract fo r  NASA, was based on the 



Table 1 
25 Factom M m t  Likely To C a w  !briic~ls 

Counterproductivity Within R&D Organizations 

Ineffective planning, directioo, and control 
Overinflated organiztion structures 
Ovamtaf f ing 
Insufficient management attbntion to productivity, and to 
tha identification and elimination of counterproductive 
factors within the organization 

Poor internal mrnunicatim 
Inadeql !ate technology 
insufficient or ineffective investment in independent 
rase~ch and develqmwni (IF(&D) dforts 

Poor psychological work emvironmant 
Lack of p e o p l ~ i ~ t a  tia i in manaw i- -mt - insufficient 
attention to smplo\rw motivation . 
Misemployment 
Ineffective 8tru~Wing oc assignments 
Lack of effective performama rlpr~raisal and feedback 
Insufficient attentim to low producers 
Technological obsolsxenca 
1neffect;ve reward sysism3 which i ~ d e q ~ t e l y  correlate 
1ndividw.l productivity and compensation 
Lack of equit~ble parallal managerial and tsdniwt 
promotion ladders 
Lack cf equity in operations 
Imf fectiva customer interface 
lnef fective mginssringflproduction interface 
Ineffective +ubcontractorlarpplisr interface and mtr ol 
Opera t id  overmpisxity - constrictive p r d u r a  and 
red tape 
Excessive organizational politics and gamemanship 
Excessive provincialism 
Insff~ctive management developmsnt 
Inadequate irmstment in, and lack of proper maintenance 
of, capital faciliticw 

Indicatas where improving information t x c k g e  will al:oviate 
the impact of theso factors 





t e ~ h r ~ i q u e s  o f  t h e  IBM B u s i n e s s  S y s t e m  P l a n n i n g  a p p r o a c h .  T h i s  a p p r o a c h  
e m p h a s i z e s  twn key  f a c t c r s  i n  t h e  s u c c e s s f u l  d e v e l o p m e n t  o f  a n  i n f o r m a -  
t i o n  sy tem:  l )  Commitment a n d  s u p p o r t  by t o p  management ,  a n d  2 )  User 
o r i e n t a t i o n  a n d  i n v o l v e m e n t  i n  t h e  d e f i n i t i o n  o f  s y s t e m  r e q u i r e m e n t s  a n d  
a r c h i t e c t u r e .  To s a t i s f y  t h e  s e c o n d  f a c t o r ,  i n d i v i d u a l  i n t e r v i e w s  were. 
h e l d  w i t h  35 m a n a g e r s  a n d  i n d i v i d u a l s  whose  j o b  was d a t a  i n t e n s i v e ,  t h a t  
is, p e o p l e  who s p e n d  t h e  major p a r t  o f  t h e i r  work d a y  d e a : i n g  w i t h  f a c t s  
and  f i g u r e s ,  o f t e n  s t o r e d  i n  c o m p u t e r s  o r  s t a c k s  o f  r e c o r d  k e e p i n g  
b o o k s ,  s u c h  a s  p e r s o n n e l  s t a f f  a n d  t r a i n i n g  a c t i v i t y  s c h e d u l e r s .  T a b l e  2 
lists t h e  q u e s t i o n s  t h a t  w e r e  a s k e d  o f  e a c h  i n d i v i d u a l  i n t e r v i e w e d .  

T a b l e  2  
S u r v e y  Q u e s t i o n s  F o r  MIDAS S t u d y  

1. What is y o u r  a r e a  o f  r e s p o n s i b i l i t y ?  
2 .  What are t h e  ma in  o b j e c t i v e s  o f  y o u r  j o b ?  
3. V h a t  are t h e  t h r e e  g r e a t e s t  p r o b l e m s  you h a v e  met i n  a r h i e v i n g  t h e s e  

o b j e c t i v e s  w i t h i n  t h e  l as t  y e a r ?  
4. What h a s  p r e v e n t e d  y o u r  s o l v i n g  them? 
5. What is n e e d e d  t o  s o l v e  them? 
6. What v a l u e  ( i n  man-hours  s a v e d ,  d o l l a r s  s a v e d ,  o r  p r o g r a m s  e n h a n c e d )  

would  b e t t e r  i n f o r m a t i o n  h a v e  @ t h e s e  a r e a s ?  
7.  I n  what  o t h e r  areas o f  y o u r  r e s p o a s i b i l i t y  c o u l d  g r e a t e s t  

i m p r o v s n ~ e n t s  b e  r e a l i z e d ,  g i v e n  t h e  n e e d e d  i n f o r m a t i o n  s u p p o r t ?  
8. What v o u l d  b e  t h e  v a l u e  of  t h e s e  i m p r o v e m e n t s  i n  man-hours s a v e d ,  

d o 1  l a r s  s a v e d ,  o r  p r o g r a m s  e n h a n c e d ?  
9. How v o u l d  you rate y o u r  i n f o r m a t i o n  s u p p o r t  w i t h  r e s p e c t  t o  

a d e q u a c y ,  v a l i d i t y ,  t i m e l i n e s s ,  c o n s i s t e n c y ,  c o s t ,  a n d  volume? 
1 0 .  What is t h e  most  u s e f u l  i n f o r m a t i o n  you r e c e i v e ?  
11 .  How are you m e a s u r e d ?  
12 .  How d o  you m e a s u r e  y o u r  s u b o r d i n a t e s ?  
-.3. What o t h e r  k i n d s  o f  m e a s u r e m e n t  a r e  you e x p e c t c d  t o  make? 
14. What k i n d  o f  d e c i s i o n s  are you e x p e c t e d  t o  make? 
15. What m a j o r  c h a n g e s  are  a n t i c i p a t e d  i n  y o u r  area i n  t h e  n e x t  y e a r ?  

T h r e e  y e a ~ s ?  
16. What d o  you e x p e c t  i:o r e s u l t  f ron:  t h i s  s t u d y ?  
17 .  Do you h a v e  a n y  a d d i t i o n a l  t h o u g h t s  o r  comments? 

?he mos t  s i p , , ~ i f i c a n t  f i n d i n g  r e l a t i n g  t.o p r o d u c t i v i t y  a n d  i n f o r m a -  
t i o n  f l o w  f r o m  t h i s  s t u d y  wns t h a t  a e r o s p a c e  p r o f e s s i o n a l s  s p e n d  f r o m  50 
t~ 9G p e r c e n t  o f  t h e i r  w ~ , k  d a y  s e a r c h i n g  f o r  i n f o r m a t i o n .  T h i s  c o ~ : d i -  
t i m  l e a v e s  less t h z n  h a l f  a n d  i n  some c a s e s  a s  l i t t l e  JS o n e  t e n t h  o f  
a v a i l a b l e  tlmc t o  o p e r a t e  on  t h a t  i n f o r m a t i o n  a n d  b e  " p r o d u c t i v e " .  

Summary F i n d i ~ ~  - 
I n  a t t a c k i n g  a  management p r o b l e m ,  i t  i s  i m p o r t - a n t  to  i d e n t i f y  

t h e  v i t a l  f e w  f a c t o r s  t h a t  c a u s e  t h e  g r e a t e s t  e f f e c t  o n  t h e  p r o b l e m  a n d  
t h e n  l o c u s  on  t h o s e  i n  r e a c h i n g  a solution. When t h e  p r o b l e m  is t h e  n e e d  
t o  i m p r o v e  p r o d u c t i v i t y ,  t h e  a b o v e  s t u d i e s  p o i n t  t o  a s i n g l e  f a c t o r  
wh icn  c a n  p r o d w e  t h e  g r e a t e s t  s u c c e s s :  f a c i l i t a t i n g  i n f o r m a t i o n  f l o w  
r h r o u g h o u t  t h e  o r g a n . - z a t i o n .  T h e r e f o r e ,  a n y  s y s t e m  which  c a n  make i n f o r -  
m a t i o n  a v a i l a b l e  t o  whomever n e e d s  i t ,  when n e e d e d ,  and  i n  t h e  f o r m  
n e e d e d  w i l l  h a v e  a s i r , i i i f  ! c a n t  e f f e c t  I n  i n c r e a s i n g  p r o d u c t i v i t y .  T h e  



S p a c e  S t a t i o n  P rogram t o ~ k  a s i g n i f i c a n t  s t e p  toward:  m e e t i n g  its 
p r o d u c t i v i t y  g o a l s  when i t  c o m m i t t e d  t o  t h e  d e v e l o p m e n t  o f  t h e  TMIS. 

3. TME TMIS ROLE IN SPACE STATION PRODUCTIVITY 

NASA D i r e c t i o n  on Use o f  TMIS - ---- 
NASA h a s  made a n  agency-wide  c o m m i t s e n t  t o  u s e  TMIS o n  a l l  p o s s i -  

b l e  a s p e c t s  o f  S p a c ~  S t a t i o n  d e s i g n  a n d  p rogram management a n d ,  i n  f a c t ,  
h a s  g o n e  a s  f a r  a s  p l a c i n g  a c o n t r a c t u a l  r e q u i r e m e n t  on  a l l  c o n t r a ~ c c r s  
t o  u s e  t h e  - .  stem i n  s p e c i f i c  a p p l i c a t i o n s .  G e n e r a l  a p p l i c a t i o n s  
s p e c i f i e d  i n c l u d e :  e l e c t r o n i c  mail, t r a n s m i t t a l  o f  e n g i n e e r i n g  d r a w i n g s ,  
a n d  t r a n s f e r  c a l l  c o n t r a c t u a l l y  d e l i v e r a b l e  d a t a  r e q u i r e m e n t  list 
items, s u c h  as: m o n t h l y  p r o g r e s s  r e p o r t s ,  d e s i g n  a n d  t r a d e  s t u d y  
r e s u l t s ,  d a t a  p a c k a g e s ,  a n d  c o s t  a n d  p e r f o r m a n c e  d a t a .  S p e c i f i c  a p p l i c a -  
t i o n s  w i l l  b e  d e v e l o p e d  by i n d i v i d u a l  o r g a n i z a t i o n s ,  a n d  as t h e i r  u t i l i -  
t y  become a p p a r e n t ,  w i l l  b e  made a v a i l a b l e  t o  a l l  o t h e r s .  Under  NASA 
d i r e c t i o n ,  some a p p l i c a t i o n s  w i l l  b e  m a n d a t o r y  f o r  s p e c i f i c  f u n c t i o n s  i n  
s u p p o r t  o f  t h e  program.  F o r  e x a m p l e ,  NAL4 may d i c t a t e  t h a t  a l l  Rev iew 
Item D i s p o s i t i o n s  (RIDS) b e  p r o c e s s e d  t h r o u g h  a s p e c i f i c  RID T r a c k i n g  
A p p l i c a t i o n  a c t i v 3 t e d  t o  s u p p o r t  a s p e c i f i c  p r o g r a m  d e s i g n  r e v i e w .  

G e n e r i c  A p p l i c a t i o n s  P o t e n t i a l  -- f o r  TMIS 

G e n e r a l l y ,  a n y  n e e d  f o r  i n f o r m a t i o n  e x c h a n g e  a c r o s s  o r g a n i z a -  
t i o n a l  l i n e s  c a n  b e n e f i ~  f r o m  t h e  f a c i l i t i e s  o f  t h e  TMIS n e t w o r k .  D u r i n g  
t h e  D e f i n i t i o n  and  P r e l i m i n a r y  D e s i g n  a c t i v i t i e s ,  t h e r e  is a c o n t i n u i n g  
need  f o r  d i s s e m , i n a t i o n  a n d  a c c e s s  t o  i n f o r m a t i o n  f r o m  o n g o i n g  t r a d e  
s t u d i e s  t h a t  a f f e c t  mre t h a n  o n e  f u n c t i o n  o r  er.d item. T h e  Ti l IS  c a n  
f u l f i l l  t h i s  need  D V  s e r v i n g  a s  t h e  s t o r a g e  f o r  e v o l v i n g  r e q u i r e m e n t s  
a n d  i n t e r i m  a n ; l y s i s  r e s u l t s .  I n  a d d i t i o n  t o  p r o v i d i n g  t h e  d a t a  a n d  
s t o r i n g  r e s u l t s ,  t h e  TMIS a l s o  p r o v i d e s  t h e  a n a l y t i c a l  t oo l s  t o  p r o c e s s  
t h a t  d a t a  2nd g e n e r a t e  i n f o r m a t i o n .  T e c h n i c a l  d a t a  may b e  i n  c h e  f o r m  o f  
t e x t ,  q i a p h i c s ,  o r  t a b l e s .  

Management f u n c t i o n s  s u p p o r t e d  by TMIS i n c l u d e  t h e  a l r e a d y  men- 
t i o n e d  c o n t r a c t u a l  r e p o r t i n g ;  t a s k  p l a n n i n g ,  s c h e d u l i n g  a n d  s t a t u s  
t r a c k i n g ;  c o s t  a n d  s c h e d u l e  p e r f o r m a n c e  m o n i t o r i n g ;  a n d  d i x e m i n a t i o n  o f  
p e r s o n n e l  l o c a t o r  a n d  a s s i g n m e n t  i n f o r m a t i o n .  

S p e c i f i c  A p p l i c a t i o n s  Now On L i n e  --- 
A t  t h i s  time, NASA is  u s i n g  t h e  T e l e m a i l  s y s c e m  f o r  e l e c t r o n i c  

mail among c e n t e r s  a n d  c o n t r a c t o r s .  L e v e l  B  p rogram management is u s i n g  
a Cyber  830 c o m p u t e r  f o r  b u d g e t  p l a n n i n g  a n d  t r a c k i n g  f u n c t i o ~ s .  Con- 
t r a c t o r s ,  on  t h e  a t h e r  h a n d ,  are i m p l e m e n t i n g  t h e i r  own n e t w o r k  f o r  
i n f o r m a t i o n  e x c h a n g e  w i t h  a l l  members o f  t h e i r  r e s p e c t i v e  teams. T a b l e  3 
is a p a r t i a l  l ist  o f  t h e  a p p l i c a t i o n s  i n  u s e  by t h e  K c D o n n e l l  D o u g l a s  
Team. .\ l a r g e  m a j c r i t y  o f  t h e s e  a p p l i c a t i o n s  are b u i l t  u s i n g  t h e  f a c i l i -  
t i e s  o f  a rt i , l : . i ona l  d a z a b a s e  mansgemlent s y s t e m  (RDBMS). 

I n  d e t e r m i n i n g  whi c h  a p p l i c a t i o n s  t o  i m p l e m e n t ,  e m p h a s i s  h a s  b e e n  
p l a c e d  on t h e  p o t e n t i a l  p r o d u c t i v i t y  q a i n s  a c h i e v a b l e  by t h e  u s e  o f  e a c h  



application. Concern for productivity is carr ied through i n  the actual  
development of the applicat ions and i t  is t h i s  concern that  led t o  the 
select ion of an RDBMS for  that  purpose. Signif icant  productivity gains 
cnn be achieved by using an HDBMS for developing applicat ions when 
conipared t o  using a  language such a s  PASCAL or COBOL. Gains of f i v e  t~ 
tenfold have been reported i n  programming oroductivity along with claims 
that  ce r t a in  applicat ions would j u s t  neger have been developed a t  a l l  
without ava i l ab i l i t y  of the RDBMS [Reference 2 1 ,  

Other Potent ial  S2ecif i c  Appiications - -- - 
A s  w i t h  any other powerful too l ,  the value of TMIS to the program 

w i l l  grow w i t h  the number of applicat ions the system supports. The crea- 
t i v i t y  of users and system developers w i l l  determine hov many appli-  
cat ions and to  what extent TMIS w i l l  support them. For example, Engi- 
neering and s c i e n t i f i c  reference data can be made avai lable  OR the 
system to  ensure consistency and accuracy of the data vsed by a l l  play- 
e r s  i n  the dssign e f fo r t .  Using TMIS for  storage of t h i s  type of refer-  
ence data requires large storage capabil i ty  and f a s t  searching software 
tools .  Technology is evolving t o  the point that  today we have specia l  
purpose database processors, l i k e  the Briton-Lee !nteiilgent Database 
blachine ( IDM) ,  and very powerful database m;rr4gement software tha t  uring 
the desired capabil i ty  wirhin reach. 

One of the potent ial ly most useful applicat ions that  TMIS may 
support i n  the future is document management. This applicat ion would 
support preparation, reviek, approval, maintenance, and configuration 
control of multi-disciplinary documents such a s  in ter face  control docu- 
ments (ICCs) and end item specif icat ions.  These documents require ac t ive  
involvement by many organizations, respofisible for  thc contents of 
d i f ferent  sect ions or types of information. I t  is possible for  a l l  the 
cognizant organizations t o  maintain control of the i r  spec i f ic  a reas  
through proper al locat ion of securi ty authori t i -es  dealing with c5anges 
and approval fo r  changes, Changes can be coorainated using Char~ge Re- 
quest f i l e s  that  can be e lec t ronica l ly  mailed to  those pc tent ia l ly  
affected by the change. Re, iews and coordination of chenges c a l  be 
conducced using scratch f i l e s  2nd electronic mail. Approval of changes 
can be executed by coqfiguration control managers by the use o i  special-  
l y  assigned "signature" passwords. The key advantages of such a  process 
is t-hat a l l  reviewers a re  assured of working on the same generation of 
che subject document and t h e i r  comments a re  avail-able for  general re ,~ iew 
by the e l ec t ro i~ ica l ly  redlined version of the document. 

TMIS allows the aerospace professional t o  use computers and 
information networks i n  a  manner not unlike science f i c t ion  works l i k e  
"Star Trek" and "200i : A Space C)dysseyq' indicate.  The technology 
avai lable t o  the Space Station Program w i l l  provide the nardware and 
software needed t o  deribe great productivity gains from TMIS. O n l y  
imagination and the willingness to  s to re  and format information w i l l  
l imit  the extent and the ways i n  which t h ~ :  systcm can benefi t  the 
Pr~gram. 





C h a r a c t e r i s t i c s  --- Of TMIS T h a t  Enhance  P r o d u c t i v i t y  

No t o o l  c a n  i n c r e a s e  p r o d u c t i v i t y  by i t s e l f .  R e s u l t s  come o n l y  
f r o m  t h e  u s e  o f  t h e  t o o l .  I n f o r m a t i o n  i n d u s t r y  l i t e r a t u r e  a n d  e x p e r i e n c e  
i n  i m p l e m e n t i n g  i n f o r m a t i o n  management s y s t e m s  i n d i c a t e  t h a t  t h e  t h r e e  
k e y  f a c t o r s  t h a t  s t i m u l a t e  t h e  u s e  o f  a t o o l  s u c h  a s  TMIS are, i n  o r d e r  
o f  i m p o r c a n c e  : 

1) Commitment a n d  s ~ p p o r t  f r o m  t o p  management ,  
2)  E a s e  o f  u s e  a n d  a v a i l a b i l i t y  o f  t r a i n i n g ,  a n d  
3)  B e n e f i t  t o  t h e  u s e r .  

The  S p a c e  S t a t i o n  P r o g r a m  h a s  d o n e  a commendable  j o b  o f  t a k i n g  care o f  
t h e  most i m p o r t a n t  f a c t o r  by mak ing  a c l e a r  commitment  t o  TMIS e a r l y  i n  
t h e  program.  I t  w i l l  b e  u p  t o  t h o s e  i m p l e m e n t i n g  t h e  s y s t e m  t o  make s u r e  
t h a t  f a c t o r s  2 a n d  3 a b o v e  are o f  p a r a m o u n t  i m p o r t a n c e  i n  d e f i n i n g  
s y s t e m  c o m p o n e n r s  and  a p p l i c a t i o n s  to  b e  d e v e l o p e d .  

I t e m  2  is a m e a s u r e  o f  w h a t  h a s  become known as  " u s e r  f r i e n d l i -  
n e s s " .  A di lemma arises h e r e  i n  d e c i d i n g  w h e t h e r  t o  g i v e  t h e  u s e r  many 
p o w e r f u l  t o o l s  s u c h  as a p p l i c a t i o n  g e n e r a t i o n  l a n g u a g e s ,  or t o  p r o v i d e  
menu-d r iven ,  preprogrammed a p p l i c a e i p n s .  T h e  f i r s t  a p p r o a c h  r e q u i r e s  a 
s i g n i f i c a n t  " c a p i t a l "  i n v e s t m e n t  i n  d e v 2 l o p i n g  t h e  s k i l l s  o f  many u s e r s  
who t h e n  c a n  d e r i v e  g r e a t  b e n e f i t s  f r o m  t h e  s y s t e m .  T h e  l a t t e r  a p p r o a c h  
r e a c h e s  more u s c v s ,  t h e r e b y  mak ing  t h e  s y s t e m  u n q u e s t i o n a b l y  more  u s e r  
f r i e n d l y ,  b u t  a t  t h e  cost o f  a more  v i s i b l e  " c a p i t a l "  i n v e s t m e n t  i n  a 
c a d r e  o f  a p p l i c a t i o n  d e v e l o p e r s .  T h e s e  d e v e l c p e r s ,  h o w e v e r ,  become q u i t e  
a d e p t  a t  t a k i n g  a d v a n t a g e  o f  t h e  s u b l e  c a p a b i l i t i e s  o f  t h e  s y s t e m  a n d  
are i n v a r i a b l y  more  e f f i c i e n t  i n  t h e  d e v e l o p m e n t  a n d  m a i n t e n a c e  o f  
a p p l i c a t i o n s  t h a n  t h e  u s e r  who o n l y  p r o g r a m s  a s  a s i d e l i n e  t o  h i s  or h e r  
j o b  r e s p o n s i b i l i t i e s .  

T h e  d e g r e e  t o  w h i c h  TMIS is u s e d  w i l l  d e p e n d  u l t i m a t e l y  o n  t h e  
d e g r e e  t o  w h i c h  p e o p l e  a c c e p t  t h e  work s t a t i o n s  a n d  t h e  role t h a t  elec- 
t r o n i c  i n f o r m a t i o n  e x c h a n g e  c a n  p l a y  i n  t h e i r  d a y  t o  d a y  work.  T h i s  
a c c e p t a n c e  i s  g r o w i n g  a n d  c a n  a l r e a d y  b e  m e a s u r e d  by i n d i c a t o r s  s u c h  as: 
u s e  o f  word p r o c e s s i n g  e q u i p m e n t ;  p r e s e n c e  o f  t e r m i n a l s  a n d  p e r s o n a l  
c o m p u t e r s ,  n o t  o n l y  i n  s p e c i a l l y  d e s i g n a t e d  t e r m i n a l  rooms b u t  on  t h e  
work d e s k  o f  t h e  e n g i n e e r ,  s c i e n t i s t : ,  or m a n a g e r ;  u s e  o f  d a t a b a s e  man- 
a g e m e n t  s y s t e m s  f o r  d a t a  e n t r y ,  q u e r y ,  a n d  r e p o r t  g e n e r a t i o n ;  p r o l i f e r a -  
t i o n  o f  d a t a  c o m m u n i c a t i o n  f a c i l i t i e s ;  m d  t h e  i n s t a l l a t i o n  o f  local 
area n e t w o r k s  t o  s u p p o r t  i n d i v i d u a l  f a c i l i t i e s  o r  a g e n c i e s .  

E l e c t r o n i c  i n f o r m a t i o n  e x c h a n g e  s h o u l d  n o t  b e  t h e  means  t o  d o  t h e  
same work w i t h  less p e o p l e .  I t  s h o u l d  b e  a t o o l  t o  h e l p  u t i l i z e  t h e  
c o g n i t i v e  c a p a b i l i t i e s  o f  humans t o  a g r e a t e r  e x t e n t  s o  t h a t  we c a n  do 
more work,  a n d  work o f  g r e a t e r  v a l u e ,  w i t h  t h e  same number o f  p e o p l e .  
G r e a t e r  p r o d u c t i v i t y  c a n  be  a c h i e v e d  i n  q u a l i t y  as  w e l l  as  i n  q u a n t i t y  
by w o r k i n g  smarter r a t h e r  t h a n  by s i m p l y  d o i n g  mc:e work.  



4. CONCLUSIONS 

As t e c h n o l o g y  e v o l v e s  and t h e  s i z e  a n d  c o m p l e x i t y  o f  s y s t e m s  grow 
i n  t h e  a e r o s p w e  i n d u s t r y ,  t h e  need  f o r  a c c u r a t e ,  t i m e l y  d i s s e m i n a t i o n  
o f  vo luminous  amounts  o f  d a t a  h a s  expanded  to  a n  almost s n m s n z g a i b l e  
magni tude.  The S p a c e  S t a t i o n  Program, c o m i t e d  to  t h e  u s e  o f  i n n o v a t i v e  ' 
c o n c e p t s  f o r  t h e  a t t a i n m e n t  o f  h i g h  p r o d u c t i v i t y ,  h a s  r e c o g n i z e d  t h e  
i m p o r t a n c e  o f  i n f o r m a t i o n  a v a i l a b i l i t y  i n  i m p r o v i n g  p r o d u c t i v i t y  by 
s p e c i f y i n g  t h e  r o l e  o f  TMIS i n  t h e  Program. TMIS, however,  is  a t o o l  
t h a t  must be used  i f  i t  is t o  h e l p  b r i n g  a b o u t  t h e  d e s i r e d  p r o d u c t i v i t y  
b e n e f i t s  a n d ,  t o  q u o t e  o n e  o f  t h e  managers  i n t e r v i e w e d  d u r i n g  t h e  MIDAS 

n s t u d y ,  i t  s h o u l d  b e  used  t o  d o  b e t t e r  work,  n o t  t o  come up w i t h  b e t t e r  
e x c u s e s  a s  to  why t h e  work c a n n o t  b e  done". 
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ABSTRACT 

This  paper presents an ana lys is  o f  t h e  process o f  implementing 
advanced manufactur ing technology, based on s tudy i n  numerous organiza- 
t i ons .  This process i s  seen as cons i s t i ng  o f  a se r i es  o f  dec is ions w i t h  
technica i ,  economic, and p o l i t i c a l  -object ives.  Frequent dec is ions 
invo lve  spec i f  i c a t  ions, equipment, resources/organizat ion,  and l o c a t  ion. 
Problems i n  implementat ion are viewed as r e s u l t i n g  from t radeo f fs  among 
t he  ob ject ives,  t he  tendency o f  dec is ion makers t o  emphasize some objec- 
t i v e s  a t  t he  expense o f  others, and the  p ropens i t y  o f  problems t o  spread 
from one area t o  another. Three se t s  o f  r e c m e n d a t i o n s ,  based on t h i s  
analysis,  J re  presented. 

INTRODUCTION 

I n  the  pas t  few years, a v a r i e t y  of new technologies have become 
ava i l ab l e  f o r  use by manufacturing f i rms.  These technologies inc lude 
C A K A M ,  robot ics ,  MRP, CNC, and CIM. Responding tr! the  p o t e n t i a l  gait is 
i n  p roduc t i v i t y ,  qua l i t y ,  and f l , ? x i b i l i t y  o f f e r e d  oy these technoloqies,  
many f i r ~x  have inclt ided them i n  t h e i r  p lans f o r  modernizing and auto- 
mat ing t h e i r  f a c i l i t i e s .  

While some o f  the  gains promised by  ddvanced manufactur ing tech- 
nology (AMT) have indeed been r e a l  ized, f i rms have o f  ten experienced 
subs tan t i a l  problems i n  t h e i r  imp iemen t~ t  Ion attempts. These problems 
a re  o f t c n  nr techn ica l  per  se, bu t  s t m i  from d i f f i c u l t i e s  i n  managing 
t h e  r e l a t  iorrbnip between t h e  technicr.1 aspects o f  automat ion and other  
o rgnn iza t iona l  considerat ions.  The ob jec t i ve  of t h i s  paper i s  t o  ana- 
l y z e  the problems t h a t  f i rms  t , y p i < a l i y  encounter i n  i w l e m e n t i n g  AMT, 
and a f f e r  some sirggestions f o r  r eso l v i ng  them, i n  hopes of i nc reas ing  
t h e  success r a t e  of such attempts. 



The paper i s  divided i n t o  three sections: 

1. What does the process o f  technology implementation 
consis t  o f ?  

2. What kinds of problems do companies encounter i n  
attempting t o  implement ANT? 

3. How can these problems be avoided o r  overcome? 

THE PROCESS OF TECYNOLOGY IMPLEMEWTATIW 

The process o f  implementing new technology fundamentally con- 
s i s t s  o f  a series o f  decisions, which take p lace over a pelbiod o f  months 
o r  years. These decisions t y p i c a l l y  include the select ion o f  t9e tech- 
nology t o  be used, the i d e n t i f i c a t i o n  of the vendor, the product o r  pro- 
cess where the new technology w i l l  be p i lo ted,  how qu ick ly  rhe 
technology w i l l  be spread t o  other uni ts ,  and so on. Each decision i s  
constrained t o  some extent by the decisions tha t  precede it, and 
constrains i n  t u r n  the decisions tha t  come a f t e r  it. I n  t h i s  way, the 
universe o f  technological possib i  1 i Lies i s  g radua l ly  narrowed t o  one 
system, w i th  a spec i f i c  set of capab i l i t ies ,  and a p a r t i c u l a r  implemen- 
t at ion approach. Thus, the r e w l  t ing .technology i s  the expression and 
sum t o t a l  o f  a l l  o f  the choices made along the way. 

I n  order t o  be successful, decision-makers need t o  simulta- 
neously consider three object ives: technical, economic, and po l  i t  i ca l .  
The technical object ive consists o f  developing a system tha t  w i l l  per-  
form the required task according t o  specif icat ions. The technology must 
move material, cu t  metal, or  process information, i n  an e f f e c t i v e  
manner. Much o f  the e f fo r t  i s  devoted t o  design and hnplementation 
demons?) a t ing  tha t  the new technolugy can indecd perform as advett4:ed. 

Tech;. i ca l  success is ,  however, not the sole c r i t e r i o n  o f  e f fec-  
t iveness fo r  new technology implementation. Since technic11 sysiems arc 
imbedded i n  bus iness organizat ions,, the cew technol? ,.-  , s i so  achleve 
economic objectives. This invo'ives demonstrat in; . :he new tech- 
nology puts the organitat 'on i n  a be t te r  f ~ ~ ~ s n c , ~ i  .:I t t jw than i t  
before. Depending on t h r  o r g a n i ~ r ' i o r ~ ,  t h i s  may b,- , .,,resr; .. .rl terns 
of payback period, o r  in te rna l  r ~ c e  of retur:~. Whi ~ t !  .P- , ,,r,s t ha t  
are pushing alrtomation have relaxed the economic c:.i .h?y are 
almost always present t o  some exteqt. 

The t h i r d  object ive t o  be ~ 1 2 t  i n  implementing new technology i s  
p o l i t i c a l .  This consists o f  generating support from a l l  the people i n  
the  organization, o f ten  spread over several departments, whose comni t- 
wnt i s  necessary t o  make the new technology work. The p o l i t i c a l  
problem ex i s t s  because the technology i s  being ~r rser ted  i n t o  an ongoir~g 
soc ia l  system, and i t  w i l l  have an impact on that  system. Few tech- 
nologies w i  11 funct ion e f fec t i ve l y  whzn people are i n d i f f e r e n t  o r  
hos t i le ,  Thus, i n  cirder f ~ r  inlyleecr~tat ion t o  be a success, the re le -  
vant ind iv iduals need t o  be committed, I1olr board," and excited. 

I t  appears tha t  p a r t  of the d i f f i c u : t y  i n  technology implemen- 
t a t i o n  stems from the fac t  tha t  there are almost always tradeoffs 



invo lved among these th ree  oh jec t i ves .  For example, mqking a dec is ion  
so as t o  maximize economic r e t u r n  may i ncu r  techn ica l  costs, and 
choosing so as t o  increase +he p o l  i t i c a l  acceptabi 1  i t y  of the technology 
may 1 i m i t  i t s  techn ica l  success. TI : presence o f  t h s e  t radeof fs  alsne, 
$owever, should no t  cause major problems f o r  implementat ion. Making 
t radeo f fs  such as these are t h e  s tock irl t r ade  o f  managers. However, 
t he  technologies c u r r e n t l y  be ing inplemented irre very  new, and most 
managers do oot  y e t  have a base o f  experience on which t o  r e l y .  Thus, 
i t  o f t en  zppears tha t ,  i n  making implementation decisions, th2 re  i s  an 
imbalance i n  the  a t t e n t i o n  devoted t o  t he  t h ree  ob jec t i ves  i d e n t i f i e d  
above. Many dec is ions s u f f e r  f rom o v e r a t t m + i o n  t o  oce o r  two o f  these 
c r i t e r i a  i n  dec is ion making, and i n s u f f i c i e n t  a t t e n t i o n  t o  the o ther (s ) .  

By basirc* .he decis ions on o n l y  one o r  two o f  the c r i t e r i a ,  
managers ofter, c;eate p. 'ilems on the  one(s) ignored. Because of t he  
connect ions mon~ th,e techn i ca l ,  economic, and soc i  a1 systems, problems 
i n  cne area o f ten  cre4te problems i n  t he  others. I n  t h i s  way, t h e  
ob jec t i ve  t h a t  was emphasized i n  making t h e  dec is ion  may no t  even be 
achieved. A f a m i l i a r  example o f  t h i s  process would be i f  a  ma:tager were 
t o  a t tend so1e;y t o  t e c h n i  31 and economic concerns i n  making a dec i -  
sion. by ignor ing  the oat i t  ; ca l  ob ject ives,  t h e  manager might c rea te  
problems o f  J.,er ac~ep td t~ce .  Eventual ly, t he  problems cou ld  become so 
severe t ha t  the users would no t  want to.make the  technclogy wwk, and i t  
wolrld f a i l .  Technical success would thus no t  be achieved, even though 
i t  was emphasized i n  the decis ion.  

Research t h a t  has been conducted i n  a  number o f  f i rms  leads t o  
the conclusion t h a t  t h i s  i s  a  c m o n  scenar io i n  the implementation o f  
AMT. rhere are recur ren t  pa t t e rns  invo lv i r tg  systematic over- and 
unde a t t en t i on  t o  ,?ec i f ic  c r i t e r i a  i n  s p e z i f i c  types o f  decisions. 
Thus, attempts t o  implement A M 1  o f t e n  run i n t o  trcruble. The problems 
are no t  t e c h ~ i c a l  per se, bu t  stem from the  interdependence among tecb . 
n i ca l ,  economic, and p o l i t i c a l  fac to rs .  I n  t he  next sect ion,  we w i l l  
descr ibe how these dynamics have l e d  t o  problems i n  the f i rms  studied. 

WHAT PROBLEMS MI FIRMS ENCOUNTER IN IMPLEMENTATION? 

There are a t  l e a s t  f ou r  u i f f e r e n t  ypes o f  decis ions common t o  
new technology implementation: Spec i f  i ca i i ons ,  Equipment, Resources/ 
Organization, and Locat ion.  Our research has i d e n t i f i e d  some pa t t e rns  
i n  how these dec is ions are male t h a t  c rea te  problems f o r  the  imple- 
rnentinq f i rms. Each o f  these dec is ion  types w i l l  now be examined, along 
w i t h  examples From research o f  how excessive o r  insufficient a t t e n t i v  
t o  the three c r i t e r i a  has created problems i n  the f i rms  s t u d i ~ d .  

Spec i f i ca t ion  Decis ions 

The f i r s t .  tyoe 9f dec is ion  common:y maae i n  new technolog;. 
implementation invo lves speci f icat iorbs.  Simply put,  these dec is ions 
determine dhat t i le  new system w i l l  do, and what i t  w i l l  no t  do. I n  t h i s  
way, what usua l l y  begins as a  vagi. idea i n  someone's head i s  



cry.;tall ized, p ~ t  down on pdper, and becomes the  i n i t i a l  veh i c l e  f o r  
generat ing support and comnitment P r  t he  p ra j ec t .  The p r o t o t y p i c a l  
s i t u a t i o n  f a r  s p e c i f i c a t i o n  dec is ions i s  when p o l i t i c a l  c r i t c l  .a  are 
~nderemph~asired, and cons t i tuenc ies  t h a t  shoul il be consul ted a re  
neglected. Fa1 l u r e  t o  consider t he  p o l i t i c a l  r a m i f i c a t i o n s  , o f  s p e c i f i -  
c a t  ion dec is ions o f t e n  leads t o  d i s i  11 usionment among users and support 
parscrmel, and u l t i m a t e l y  1 i m i  t s  've techn ica l  e f fec t i veness  o f  t he  
sys tem. 

Regre t t ing  t h i s  s o r t  of dec is ion  process, one autamatio;r p r o j e c t  
manapr  mused, " I ' d  l i k e  t o  t e l l  you t h a t  we d i d n ' t  j u s t  design i t  and 
throw i t  a t  them, bu t  the re  was some of that . "  The case i n  p o i n t  was an 
in format  ion system, designed f o r  use by manufactur ing marlagers, t":i l e  
expressions o f  o u t r i g h t  resentment of t h e  system by this group were 
const ra ined by i t s  suppw t  i n  upper management, t he re  has q u i t e  a b i t  
lc-ss than t o t a l  rt. .,~usiasm, espec ia l  l y  among f i r s t - 1  in(! sdpervisors. 
I n  addi t ion,  a major cmponent o f  t he  informat ton prov ided by t he  system 
was considerer' Innecessary by t he  intended users. 

I r o n i c a l l y ,  sorr2tirnes problems i n  s p e c i f i c a t i o n  dec is icns stem 
from 0vera t ten t "on  t o  the  p o l i t i c a l  dimension. I t  has n f t e n  been noted 
t h a t  t he  i n i t i a l  l i s t  o f  system funct ions grows thraughout t he  p ro j ec t ,  
sometimes t o  t he  p o i n t  where the  o r i g i n a l  gcdl  i s  bu t  one o f  many. This 
i s  usua l l y  a r e s u l t  o f  new peoqle k c w i n g  i n ~ o l v e d  i n  a i r ~ j e ~ t ,  and 
saying, "Cou ldn ' t  we a lso make i t  do. ..?". Whi le agreeing t o  these 
requests i s  o f t e n  an investment i n  the support o f  t he  i nd i v i dua l s  
involved, i t  may lead t o  an overwhelming l i s t  of system funct ions,  none 
o f  which are accomplished e f f ec t i ve l y .  T L s  i s  a r e s c l t  of p o l i t ~ c a l  
ob jec t i ves  being dveremphasized, t o  the  det r iment  o f  techn ica l  objec- 
t i ves .  To - l i e t e  the cycle, t he  l ack  o f  techn ica l  success i n  t he  pro- 
j e c t  o f ten u.,enchants the  user c m u n i t y ,  so t he  p o l i t i c z l  advantages 
of agreeing t o  t he  numerocs requests are no t  rea l i zed .  

Equipment Decis ions 

The second type of tschnology imp?ementation dec is ions conceros 
e q ~ i p ~ n e n t .  One dec is ion co icerns whether technology w i  11 be purchased 
o r  developed in-house. If i t  i s  t o  ut; purckased, the re  i s  the  quest ion 
of which vendor o r  vendors t o  se lec t .  Often connected w i t h  these dec ;- 
s ions i s  the e i . i c t  type of technology t o  be used. Equipment dec:;ioits 
can usua l l y  be broken down i n t o  hardware- and software- ;-elated,. A 
repeated f i n d i n g  i s  t h a t  some f i rms automate using the  absolute lowest- 
cos t  equipment. they  can obtain, aften, t h i s  equipment does no t  perform 
as expected, and ~ ~ l d s  up cos t i ng  mo:e i n  the long run. For ewnp le ,  a 
b u i l d i n g  supply company decided t o  pu t  t h e i r  shop f l o o r  co i l t r o l  system 
on a m in icomp~te r ,  so as t o  avo id  t he  h igh  costs  of us ing the  corpordtc  
ma'rnframe. Unfortunately,  the  minicomputer cou ld  m ; y  hand:e h a l f  o f  
t he  company's product 1 ines, and i t  would have cos t  d f o r t une  t o  rewr i t e  
the  software f o r  t he  mainframe. To date the  company has o n l y  h a l f  o f  
t h e i r  business on t he  system. 

A t  f i r s t  blush, t h i s  sounds as i f  i t  represents an overemphasis 
on ec:nom7c c r i t e r i a ,  and a r e s u l t i n g  s a c r i f i c e  
out o f t e n  those scenarios a r i s e  because manager? 

o f  technic21 c r i t e r i a .  
are r e l u c t a n t  t o  t r y  t o  



conv.ince t r e i r  super io rs  o f  t he  r e a l  cos t  o f  what they  a re  t r y i n g  t o  
do. Thus, aanagers t r y  t o  a v o i d  a p o l i t i c a l  b a t t l e  by  keeping expen- 
d i t u r e s  a t  a p o i n t  where t h e y  do n o t  need approval  from h ighe r  l e v e l s ,  
o r  a t  l e a s t  w i l l  no t  ~ a i s e  eyebrows a t  those l e v e l s .  Sometimes t h i s  i s  
achieved by  d i v i d i n g  a major  purchase i n t o  severa l  sma l le r  purchases. 
Given t h i s  background, which has been observed i n  a number o f  d i f f e r e n t  
f i rms,  i t  appears t h a t  t h e  t e c h n o l o g i c a l  o b j e c t i v e s  o f  equipment dec i -  
s ions  a re  o f t e n  undermined b y  a combinat ion o f  economic and p o l i t i c a l  
fac tors .  

Resource/Organization Dec is ions  

The t h i r d  type o f  dec i s ions  necessary f o r  t h e  implementat ion o f  
new t e i  : inology concerns resources and o rgan iza t i on .  The i ssue  here  i s  
t h e  ? . I #  :nt of manpower t o  be devoted t o  t h e  implementat ion attempt, and 
how i:,, i n d i v i d u a l s  who j o i n  fo rces  i n  t h i s  e f f o r t  w i  1 1  be organized. 
I t  i s  our observat ion  t h a t  t h e  l e v e l  o f  manpower devoted t o  new tech-  
nology implementation i s  o f t e n  inadequate. Firms t r y  t o  conserve funds 
by doing a p r o j e c t  w i t h  h a l f  o f  one person 's  time, a q u a r t e r  o f  m o t h e r  
person's,  and so LII. Since peop le  g e n e r a l l y  f e e l  more l o y a l t y  t o  t h e  
tasks  they  have been do ing and a r e  fami 1 i a r  w i th ,  t h e y  o f t e n  do n o t  even 
devote t h e  amount o f  t ime  a l l o t t e d  t o  t h e  implementat ion p r o j e c t .  Th is  
problem f s  compounded b y  t h e  f a c t  t h a t  performance a p p r a i s a l  and reward 
system seldom adequately recognizes work o f  t h i s  s o r t .  

I n  one instance, an accountant was s l o t t e d  t o  spend over  50 
percent  o f  h i s  t ime on a new MRP system. Unfor tunate ly ,  t h e  company 
had made no p r o v i s i o n  f o r  t h e  f a c t  t h a t  t h e  f i s c a l  year was ending, and 
no one had been assigned t o  cover f o r  him. Needless t o  say, n o t  much of 
t h e  accountant 's  t ime was devoted t c  t h e  MRP. I n  another instance,  an 
e l e c t r o n i c s  f i r m  was s imul taneous ly  implementing an automated m a t e r i a l -  
hand1 i n g  system, a shop-f l o o r  c o n t r o l  system, and moving i n t o  a new f a c -  
t o r y .  This wzs at tempted w i t h  o n l y  one f u l l - t i m e  person devoted t o  t h e  
p r o j e c t s .  Numerous t e c h n i c a l  problems were n o t  ab le  t o  be solved, 
s imp ly  because no one had t h e  t ime  t o  do it. The whole s i t u a t i o n  was 
demora l iz ing  t o  bo th  t h e  implementers and t h e  users o f  t h e  new tech-  
nology. As one o f  t h e  foremen said, " I n  t h e  l ong  run, t h e y ' l l  wish 
t h e y  hzd spent a few more s a l a r y  d o l l a r s . "  C h a r a c t e r i s t i c a l l y ,  t h e  
attempt t o  save money b y  undermanning t h e  p r o j e c t  back f i red .  Because 
t h e r e  was no fund ing f o r  techn ic ians ,  h i g h l y  p a i d  systems ana lys ts  ended 
up doing menial w x k  such as runn ing  cablss.  Thus, t h e  economic ob jec-  
t i v e s  sought by underman?,ing t h e  p r o j e c t  were n o t  r e a l l y  achieved. 

Re1 ated t o  d e c i s i o n s .  i n v o l v i n g  t h e  l e v p l  of human resources 
app l i ed  t o  an implementat ion p r o j e c t  are dec i s ions  rega rd ing  how these 
i n d i v i d u a l s  w S i l  be organized. I t  has been our obse rva t i on  tha t ,  i n  
o rde r  t o  s u c c e s s f u l l y  implement AMT, i n d i v i d u a l s  f rom severa l  d i f f e r e n t  
p a r t s  of t h e  o r g a n i z a t i o n  need t o  coo rd ina te  t h e i r  e f f o r t s .  Depending 
on the  s p e c i f i c  technology, i n d i v i d u a l s  from any o f  t h e  eng ineer ing  
d i s c i p l i n e s ,  product ion,  i n fo rma t ion  systems, ~ c c o u n t  ing, and marke t ing  
may be involved.  When, p o l  i t i s a l  problems besween two o r  more depar t -  
ments serve t o  h inde r  coo rd ina t i on ,  th% t e c h n i c a l  i n t e g r i t v  o f  t he  p ro -  
j e c t  may be compromised. 



One example o f  t h i s  i s  a  p r o j e c t  which was t o  develop an auto- 
mated qua1 i t y  data c o l l e c t  ion system. The p r o j e c t  was being championed 
by a  p l an t - l eve l  q u a l i t y  group. While i t  appeared t h a t  t h e i r  e f f o r t s  
cou ld  have been enhanced by  he lp  from the  corporate  q u a l i t y  and systems 
organizat ions,  p o l  i t  i c a l  problems among these groups l e d  t o  the o r i g i n a l  
group "going i t  alone." I n  another case, t h e  i n s t a l l a t i o n  o f  a  CAD 
system war delayed f o r  over two years by coord ina t ion  d i f f i c u l t i e s  bet -  
ween the  product des;gn and manufactur ing departments. 

The i rony  o f  t h i s  s i t u a t i o n  i s  t h a t  o f t e n  t he  p o l i t i c a l  problems 
can1? be solved u n t i  1 t he  new technology e x h i b i t s  some l e v e l  of success. 
I n  order t o  p r o t e c t  t h e i r  i a reers ,  people i n  organizat ions t r y  no t  t o  be 
associated w i t h  anything t h a t  f a i l s .  So i t  o f t e n  appears t h a t  p o t e n t i a l  
p a r t i c i p a n t s  and supporters are "wa i t i ng  i n  the wings," t o  see i f  t h i s  
uncer ta in  technology w i  11 d e l i v e r  as promised. If the  technology 
f a l t e r s ,  people w i l l  lose f a i t h  i n  botb t he  system and i t s  proponents, 
any i n i t i a l  enthusiam w i l l  be l os t ,  and t he  chances o f  p o l i t i c a l  success 
w i t h  the undecided w i l l  become more remote. As those who might poten- 
t i a l l y  be able t o  he lp  withdraw f rom the  p r o j e c t ,  t h e  l i k e l i h o o d  o f  
technic31 success decreases i n  turn. 

Decisions about o rgan iza t ion  t h a t  are t e c h n i c a l l y  mot ivated may 
have outcomes t h a t  are q c i t e  unpredictable.  I n  one f i r m ,  a  woman who 
wrote procedures f o r  assembly l i n e  workers got  invo lved  w i t h  the  
i n s t a l l a t i o n  o f  a  shop- f loor  c o n t r o l  system. Her du t i es  expanded t o  
inc lude trouble-shoot ing w i t h  the  bar-code scanners used t o  c o l l e c t  
data, and t r a i n i n g  f o r  t he  system users. While n e i t h e r  her j o b  grade 
nor her pay were increased, her e levated s ta tus  was resented by t h e  
other  procedure w r i t e r s ,  many o f  whom had g rea te r  s e n i o r i t y .  Th is  pre-  
sented d i f f i c u l t i e s  f o r  t he  p ro j ec t ,  as they  would no t  make t ime t o  meet 
w i t h  her when the  system was being introduced i n  t h e i r  areas, making i t  
d i f f i c u l t  t o  expand t he  cystem beyona the  i n i t i a l  t e s t  bed. 

A f i n a l  example o f  o rgan iza t iona l  dec is ions comes from a m u l t i -  
d i v i s i o n  f i r m  i n  a  metals i ndus t r y  t h a t  was at tempt ing t o  implement CIM. 
When the  computer profess ionals  w i t h i n  t h e  f i r m  f i r s t  suggested t h a t  C I M  
was an imoortant s t r a t e g i c  d i r e c t i o n  f o r  the firm, they  were v i r t u a l l y  
sent packing, because the  senior  managers f e l t  t h a t  t he  idea of computer 
i n t eg ra t i on  ran counter t o  the  p r e v a i l i n g  corporate  s p i r i t  o f  decentra- 
l i z a t i o n .  The on ly  way t h a t  C I M  vss even tua l l y  approved a t  t he  sen io r  
execut ive l e v e l  was t h a t  the  C I M  advocates packaged i t  as something t h a t  
cou ld  be ~ n d e r  complete c o n t r o l  of t he  business un i ts .  When i t  came 
t ime t o  develop the  sys tem, however, t h i s  o rgan iza t iona l  arrangement 
made i t  extremely d i f f i c u l t  t o  devise a  sy;tem t h a t  cou ld  be used 
throughout the corporat ion.  S a t i s f y i n g  p o l i t i c a l  ob j ec t i ves  thus under- 
mined t he  techq ica l  goals o f  the p ro j ec t .  

Locat ion Decisions -- 
The f i n a l  of t he  four types o f  dec is ions invo lves loca t ion .  

This inclades the se lec t i on  o f  an area (p lan t ,  product  l i n e )  i n  which t o  
p i l o t  thb  new technology, as we1 1  as o ther  areas i n  which i t  w i l l  be 
implemented. P c ' l  i t i c s  o f ten d i c t a t e  which areas are selected, and which 
areavoided.  :n onecase, t h e n e w t e c h n o l o g y w a s p i l o t e d o n P r o d u c t  X. 



As we o b s e r ~ e a  the  implementation process, we g radua l l y  r e a l i z e d  t h a t  
many o f  the s ta r t -up  problems were being caused by t he  complex i ty  o f  the 
product,  When we asked the p r o j e c t  manager about t h i s  choice, i t  turned 
out  t h a t  he and others  a t  h i s  l e v e l  would have p r e f e r r e d  t o  p i l o t  i t  
"any.+lace other  than [Product X I . "  Th is  d e c i s i c r ~  had been made a t  a 
h igher  leve l ,  and was based on t he  p o l i t i c s  o f  s e l l  i ng  the  new tech- 
nology t o  the  management o f  t h e  var ious products. I n  a va r i a t i o t :  on 
t h i s  same theme, a company was s e l e c t i n g  t h e  product  1 i ne  f o r  a r o b o t i c s  
appl icat ion.  The l i n e  which was se lec ted  was p r i m a r i l y  f o r  economic 
reasons, because i t  was exper iencing a l a rge  order  backlog. I t  turned 
out, however, t h a t  t he  assembly process chosen was extremely compl i- 
cated, and l e d  t o  techn ica l  problems i n  developing t he  system. I n  addi- 
t ion,  the pressure t o  sh ip  products i n  t h i s  area kept t he  operators from 
spending t ime on t r a i n i ng ,  which created f u r t he r  delays. 

Our goal i n  descr ib ing  problems t h a t  f i r m s  have i n  implementing 
AMT i s  no t  t o  discourage f i rms  from at tempt ing it. On the  cont rary ,  we 
hope t h a t  awareness o f  these problems helps f i rms t o  avoid them i n  
f u t u r e  attempts. I n  the  concluding sec t ion  o f  the  paper, we o f f e r  some 
suggestions f o r  avoiding the  k inds o f  problems t h a t  have been 
discussed. 

HOW CAN THESE PROBLEMS BE AVOIDED OR OVERCOME? 

Our o v e r a l l  recommendation i s  c l e a r l y  t ha t ,  i n  making the  deci-  
s i m s  o f  which technology implenientat.ion consists,  one must be aware o f  
the impact on a l l  th ree  o f  the  areas. Many problems are caused by  one 
area t3k ing  undue precedence over t he  others, o r  p o t e n t i a l  negat ive 
e f f e c t s  r,f a dec is ion  being overlooked. While awarenejs o f  the  impor- 
tance o f  e ~ x h  f a c t o r  does no th ing  t o  amel iora te  the problem o f  t rade-  
cffs, i t  a t  i s a s t  a l e r t s  managers t o  t he  p o t e n t i a l  problems caused by 
~ v e r a t t e n t i o n  tr, one o r  two o f  t he  ob ject ives.  I n  order  t o  m a t e r i a l l y  
improve the implemmtat ion process, howcver, managers need t3 f i n d  ways 
t o  go beyond t he  t r r ; leof fs ,  and at tempt t o  j o i n t l y  achieve techn ica l ,  
economic, and politics: object ives.  This is,  of course, more e a s i l y  
sa i d  than done. I n  manjl cases, t he  9reccnce or' t r a d e o f f s  among t he  
three f ac to r s  i s  s imply  a dilemna wbich must be faced. This should g i ve  
one pause i n  eva lua t ing  t he  p ~ i e n t i a l  of "easy," o f f - t h e - s h e l f  methods 
of new technology implement a t  ion. Recmenda t  ions f o r  b e t t e r  p r a c t  i c e  
should be grounded i n  an awareness of the  complex i ty  and dilemmas 
involved. 

An overview o f  the problems discussed above would r e v e i l  the  
f o l l ow ing  process. I n  t r y i n g  t o  1 i m i  t expendi tures on technology, mana- 
gers buy o r  develop systems t h a t  are no t  as good as they  need t o  be. 
The e f fec t i veness  o f  the technology i s  f u r t h e r  l i m i t e d  by o rgan iza t iona l  
considerat ions,  such as b a r r i e r s  between departments. Over tlme, the  
technica l  shortcomings o f  the  system g ive  r i s e  t o  p o l i t i c a l  d i f -  
f i c u l t i e s ,  as users and others  whose s u p p w t  i s  needed become progress i -  
ve l y  more disenchanted. This even tua l l y  beccmes a " v i c i o u s  c i r c l e u  o f  
dec l i n i ng  techn ica l  performance and p o l i t i c a l  support. The u l t i m a t e  
Outcome of t h i s  scenar io i s  economi;, as the bene f i t s  o r i g i n a l l y  pro- 



mised by the new technology are no t  rea l i zed .  Usually, however, before 
the  s i t u a t i o n  reaches t h i s  po in t ,  management intervenes. These i n t e r -  
vent ions usua l l y  take two forms: more money and people are thrown a t  
the problems, and the  p r o j e c t  manager i s  impressed w i t h  t he  imp l i ca t i ons  
f o r  h i s  o r  her career  i f  t he  system i s  no t  soon raperat ing as advert ised. 
This t h rea t  then cascades down through the p r o j e c t  organizat ion.  
Simultaneously, t he  p r o j e c t  manager and ott,ers are working bo th  up and 
down the  h i e ra r chy  t o  lower expectat ions f o r  system performance. 

As i nd i ca ted  above, the re  are l i m i t s  t o  the  ex ten t  t o  which 
these problems can be avoided, g iven t he  t radeo f fs  among ob ject ives,  and 
the f a c t  t h a t  problems tena t o  spread from one area t o  another. 
Discussed below, however, are  three se ts  o f  recommendat ions f o r  mana- 
gers, which are der ived from the  cases studied, and the conceptual 
framework abs i rac ted  from them. These recommendations emphasize t he  
a n t i c i p a t i o n  o f  problems before they occur, and t he  breaking up of the  
feedback loops, i n  which problems lead  t o  more problems. 

Technoloqy and Resources 

The f i r s t  recommendation, and t h e  one which w i l l  probably take  
the  most courage t o  implement, i s  t h a t  managers should make every e f f o r t  
t o  convince t h e i r  s!rperiors t o  spend t he  money necessary t o  purchase o r  
deve:op arb e f f e c t i v e  system. This inc ludes both t he  techn ica l  system 
and ehe per;onnel t o  p r o p e r l y  implement it. The importance o f  making 
t h i s  dttempt i s  under1 ined by t he  f a c t  tha t ,  i n  a great  number o f  cases 
studikd,  p r o b l ~ m s  were i n i t i a l l y  c reated by  managers t r y i n g  t o  save 
money on technology, and these problems esca la ted i n t o  major t h rea t s  t o  
the technology's efFectiveness. I t  i s  extremely r a r e  f o r  managers t o  
f e e l  t ha t  they should have spent less  money on a system. Th is  
suggestion i s  made p a r t i c u l a r l y  d i f f i c m t o  p r a c t i c e  by t he  f a c t  that ,  
i n  many f i rms,  t he  u l t i m a t e  dec is ion  makers on c a p i t a l  investment do n o t  
have techn ica l  backgrounds. Thus, t he  temptat  ion i s  t o  make recomrnen- 
dat ions based on cos t  and re turn,  w i t h  less  cons idera t ion  given t o  the  
long-run techn ica l  and pol i t i1cal  e f f ec t s  o f  t h i s  approach. 

On the  other  hand, dec id ing no t  t o  even ask f o r  what i s  r e a l l y  
needed, on the  assumption t h a t  one w i l l  be turned down, i s  a s e l f -  
f u l  f i 11 i ng  prophesy. Sometimes, managers who take the  t ime and t h e  
r i s k  t o  s e l l  t h e i r  super iors  on the  need t o  spend money on technology 
are rewarded. One manager who "decided t o  make the  guy earn h i s  money, 
and t e l l  us why we cou ldn ' t  have what we wanted," a c t u a l l y  got  what he 
wanted. I t  i s  impor tant  t o  reemphasize t h a t  o f t e n  t h i s  approach w i l l  
save money i n  the  long ruti. Even if the  request i s  not  approved, the re  
are advantages t o  making t he  attempt. If the  "championN has t o  s e t t l e  
f o r  l ess  i n  terms o f  technology, i f  i t  doesn' t  work, t h i s  i n d i v i d u a l  i s  
a t  l e a s t  on record as saying t h a t  more was needed. Also, making these 
arguments repeated ly  may eventual  l y  s e n s i t i z e  upper management t o  the  
general problem, and l ead  t o  a more recep t i ve  c l ima te  f o r  f u t u r e  
requests. 

Technical Ef fec t iveness through Organizat ion 

The f i r s t  recommendation reduces t o  achieving techn icd l  e f fec-  
t iveness by spending money. Technical success can also, however, be 



enhanced by o rgan iza t iona l  arrangements which do no t  have an economic o r  
p o l i t i c a l  cost. For example: i n  p i c k i n g  an area o r  product i n  which t o  
in t roduce advanced technology, i t  i s  important t o  take advantage o f  
e x i s t i n g  o rgan iza t iona l  strengths,  and avo id  o r g a n i z a t i o n a l l y  weak 
areas. Implementing new t e c h ~ ~ ~ ~ l o g y  w i  11 tend t o  amp1 i f y  both s t rengths 
and weaknesses. The i dea l  area f o r  in t roduc ing  new technology would 
have, f o r  example, good leadersh ip  and cohesiveness. 

Since several d i f f e r e n t  subuni ts w i l l  p robably  be involved, bo th  
i n  the  p r o j e c t  o rgan iza t ion  and on the  user side, i n d i v i d u a l s  from these 
groups work together we l l  should be se lected f o r  the p r o j e c t  team. 
Recent work by the  authors [ I ]  has suggested t h a t  i n d i v i d u a l s  who have 
complementary reward :.tieuctures, broad backgrounds and knowledge, and 
a re  adept a t  shar ing informat i on  and t ak i ng  another 's  perspect ive can 
have a p o s i t i v e  impact an the success of implementation. I t  i s  a l so  
he lp fu l  t o  have people invo lved who are w i l l i n g  t o  experiment, and who 
are no t  o v e r l y  t i e d  t o  the o l d  ways o f  doing things. Some f l e x i b i l i t y  
i l l  terms of going beyond j o b  descr ip t ions  w i l l  p robably  be necessary, so 
i nd i v i dua l s  who are w i l l i n g  t o  go i n  t h i s  d i r e c t i o n  (and those who 
a r e n ' t )  should be i d e n t i f i e d .  If such i n d i v i d u a l s  are n o t  ava i lab le ,  
some t e a m b u i l d i n g  a c t i v i t i e s  may be he lp fu l .  

By c a r e f u l l y  arranging t h e  o rggn iza t ion  of a  p ro j ec t ,  managers 
can improve the technica l  success of the  new technology w i thou t  
absorbing economic o r  po l  i t i c a l  costs. Thus, o rgan iza t ion  prov ides a  
way t o  avo id  the  v i c ious  c i r c l e  o f  techn ica l  and p o l i t i c a l  f a i l u r e .  

Tolerance f o r  Fa i  1  ure 

Developing to lerance f o r  f a i l u r e  i s  another way t o  disconnect 
technica l  problems from p o l i t i c a l  problems. The goal  o f  t h i s  e f f o r t  i s  
f o r  users and support personnel t o  redouble t h e i r  e f f o r t s  when 
conf ronted w i t h  techn ica l  problems, r a the r  than g e t t i n g  d isgusted and 
d is tanc ing  themslves from the p ro j ec t .  To achieve t h i s  goal, i t  i s  
important f c r  f i r m s  t o  be somewhat conservat ive i n  t h e i r  i n i t i a l  automa- 
t i o n  attempts. I t  i s  b e t t e r  t o  p i ck  an a p p l i c a t i o n  t h a t  has a  h i gh  
p r o b a b i l i t y  o f  success than one t h a t  has a  h i gh  expected re turn.  
Developing momentum f o r  automation w i t h i n  a  f i r m  i s  eas ie r  t o  do so w i t h  
a few small successes than w i t h  a  b i g  f a i l u r e .  I n  one f i r m ,  the  f a i l u r e  
of an ambit ious r obo t i c s  p r o j e c t  l e d  t o  negat ive f ee l i ngs  about robo ts  
t h d t  l as ted  several  years. I t  i s  c r u c i a l  t h a t  the  f i r s t  at tempts a  f i r m  
makes a t  AMT do not leave people w i t h  a  bad t a s t e  i n  t h e i r  mouths. 
Otherwise, the  f i r s t  s ign  o f . techn ica1  problems i n  subsequent e f f o r t s  
w i l l  generate an i ns tan t  p o l i t i c a l  react ion.  

The most time-honored s o l u t i o n  t o  p o l i t i c a l  problems i s  t o  
invo lve  users i n  the dec is ions t h a t  c rea te  the  system. User involvement 
should a lso  he lp  t o  break the  cyc l e  o f  techn ica l  and p o l i t i c a l  problems. 
While most managers are probably  aware of t he  need t o  do t h i s ,  t ime 
cons t ra i n t s  and re luctance t o  nego t ia te  w i t h  f ac to r y  f l o o r  personnel 
over techn ica l  matters keep them from a c t u a l l y  doing i t .  I t  i s  impor- 
t a n t  t s  keep i n  mind t h a t  the re  i s  an inverse r e l a t i o n s h i p  between the  
amount of t ime i t  takes t o  make a  dec is ion and the  amount o f  t ime i t  
takes t o  implement i t :  the t ime t h a t  i s  no t  pu t  i n t o  user involvement 
on the  f r o n t  end w i l l  be spent on the back end. 



As the new system develops, the establ ishment of r egu la r  com- 
municat ion l i n k s  t o  keep people up t o  speed i s  essen t ia l .  E a r l y  i n  the  
p ro jec t ,  i t  should be impressed on a l l  p a r t i c i p a n t s  t h a t  few tech- 
nologies work r i g h t  imnediately, and t h a t  some problems should be 
expected, Eventual ly,  t h i s  may inc lude  reminding people of s t a r t - u p  
problems i n  systems t h a t  were u l t i m a t e l y  a success. As the  p r o j e c t  
progresses, c m u n i c a t  ion  needs t o  be maintained. 

While progress r epo r t s  v i a  memos are t he  absolu te  minimum, 
pe r i od i c  meetings among invo lved  p a r t i c i p a n t s  a re  be t te r .  Meetings have 
several  advantages: F i r s t ,  they  l i m i t  t he  ex ten t  t o  which t echn i ca l  
d i f f i c u l t i e s  become p o l i t i c a l  problems, by supplant ing the organiza- 
t i o n a l  rudnor m i l l  i n  p rov i d i ng  in fo rmat ion  about t h e  technology's l e v e l  
o f  success. The absence o f  hard in fo rmat ion  seems t o  leave t he  door 
open f o r  "doomstaf rumors t o  p r o l i f e r a t e .  Pe r i od i c  meetings devoted t o  
shar ing in fo rmat ion  should d im in ish  the  1 i ke l  ihood o f  t h i s  occurr ing.  

Add i t i ona l  advantages o f  f requent  p r o j e c t  meetings inc lude  t he  
f ac t  t h a t  they a l low the  Naccidentalll s o l u t i o n  o f  numerous l i t t l e  
problems t h a t  a r i s e  i n  t he  course of implementation. We have o f t e n  
observed the t ime imnediate ly  befo:e and a f t e r  meetings being used by 
p a i r s  o f  i nd i v i dua l s  t o  so lve problems of t h i s  type. Also, working 
together i n  meetings helps t o  mold the.  i n d i v i d u a l s  invo lved  i n t o  a team, 
so t h a t  t h e i r  f u t u r e  p o t e n t i a l  t o  work together  i s  enhanced. 

To minimize the  t ime devoted t o  these meetings, we would suggest 
t h a t  a l l  those invo lved i n  o r  af fected by  t he  p r o j e c t  be i den t i f i ed .  
These people should be kept informed by memos o f  progress on the  imple- 
mentation. Per iod ic  meetings should inc lude  o n l y  those i n d i v i d u a l s  who 
are invo lved i n  the i s s u a  t o  be discussed. The p r o j e c t  manager should 
have the  power t o  ensure t h a t  t h e  r i g h t  people w i l l  be present  a t  the  
r i g h t  time. ( O f  course, i f  he o r  she has t o  work ve ry  hard t o  do th is ,  
there are probably  fundamental p o l i t i c a l  problems t h a t  need t o  be d e a l t  
wi th.)  

Our f i n a l  recommendation, and perhaps t he  most important, i s  t o  
attempt t c  i n s p i r e  the people who need t o  make the  system work. Th is  
more than anything else, should prevent t he  p o l i t i c a l  problems t h a t  
usua l l y  f o l l ow  techn ica l  d i f f i c u l t y .  This can be accomplished by g i v i n g  
people a v i s i o n  t o  work toward: a p i c t u r e  i n  t h e i r  mind of where the  

._T 

p r o j e c t  i s  golng, and a burning des i r e  t o  ge t  there, Often, the  
"champions" o f  a new technology have such a v is ion,  bu t  they f a i l  t o  
comnunicate i t  t o  the  troops. Many p o s s i b i l i t i e s  e x i s t  f o r  c3m- 
municat ing the  v is ion,  i nc l ud ing  s i t e  v i s i t s  t o  o ther  f i r m s  where i z  
works, and videotapes demonstrating t he  concept. A key component i s  
confidence i n  the face o f  advers i ty .  As an engineer ing manager who had 
successfu l ly  implemented a CAOCAM system said, " I t ' s  no t  s o l d  i n  the 
meetings.. .you get  a l o t  of t h i s  s t u f f  accomplished by  be ing one hundred 
percent p o s i t i v e  in the in formal  contacts.' I f  t he  v i s i o n  o f  the cham- 
pions can be shared w i t h  a1 1 of those whose ded ica t ion  i s  necessary, t h e  
chances are much improved o f  c rea t i ng  systems t h a t  w i l l  be successfu l  
techn ica l l y ,  economically, and p o l i t i c a l l y .  
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COMPUTER SYSTEMS MEASURES 

F. T. Crucian, The MITRE Corporation, Houston, Texas 

In determining the productivity of a computing 
capacity, two of the costs to be considered are: the cost of 
lost productivity (user lost time) due to inadequate computer 
resources; and the cost of increasing the capacity of the 
computer system to reduce uaer's' lost time. This document 
presents the results of a study conducted at NASA/JSC. The 
purpose of the study was to relate the cost of users' lost 
time to the cost of increased computer resources. The goal of 
the study was to identify the overall least cost to the 
computing facility. The document describe8 a survey designed 
to identify the user's lost time and the computer resource 
requirelimt t~ reduce lost time. The results of the survey 
are prese~ted showing the trade off between user's lost time 
and coct =f increasing system capacity. 

1.0 INTRODUCTION 

For the past several years the MITRE Corporation has 
provided support to the Central Coaputing Facility (CCF)  of 
the Data Processing Systems Division (DPSD) at NASA's Johnson 
Space Center (JSC). This support has been in several areas 
including the gathering of requirements and the long range 
planning and procurement of additional computer systems. In 
providing this support, MITRE developed a method for comparing 
computer systems costs to costa incurred by the users due to 
insufficient computer resources. This paper describes the 
method used to accomplish that comparison. 



2.0 Mckggound and Approach 

2.1 General Discussion 

The government procurement process requires 
justification for new or replacement computer systets. The 
justification is prepared by the originating organization and 
submitted to higher level management for approval. It 
includes a description of the system configuration, a 
statement of requirenents, the cost to the government to 
procure the computer system, and the benefits that would 
accrue if the system were acquired. In the approval process, 
the request is frequently returned with a request for more 
definitive statements of requirements and coats-benefits 
analysis. Frequently the user's requirements are prepared 
from data collected on a yearly basis from first and second 
level management. Data from this source can lack 
"granularity" because the resource requiremento are usually 
raw rdquirements - i.e., requests for computer hours, mass 
storam. etc. The end user is not asked to describe how the 
task 
to: 

1) 
2 
7 : 

2.2 

cost 

will be accomplished. Consequently , a method is required 

determ?:~ cke adequacy of the current computer resources; 
d=Llne the requirements needed to satisfy the user; and 
compare the costs of the required computer resources to 
the user's costs. The goal is to identify the realistic 
costs of the requirements and compare these to the 
savings and/or benefit5 accrued to the facility. 

!her Cost vs. System Cost 

MITRE has proposed a method for detertining the total 
of computer services to an organization. This method is 

based on tLr relationship of user ;esponse time to the amount 
of system resources. In this relationship the total cost 
includes both the cost of system capacity and the users. (See 
Figure 2.2-1). The plot of Figure 2.2-1 shows three separate 
curves: a user cost; a systems cost: and a total cost. The 
user cost curve reflects the opinion that the cost of user 
loat time due to insufficient computer capacity will be 
reduced as additional capacity is provided and computer 
services improve. However, as systems capacity increases, the 
system costs also increase. Tnis relationship is reflected 
in the systems cost curve of the figure. These two "curves" 
are summed to produce the total cost curve. This curve 
includes the total costs to the facility for Bath user and the 



computer resources and also reflects the .otal cost/job to the 
facility. The left side of the "total cost" curve reflects an 
overloaded system and a costljob high in user lost time. The 
right side of the curve reflects an under-utilized system and 
a cost/ job high in system8 cost. 

The equation of the user cost curve is not k n o m  t , ~ t  
is assumed to be a curve and not a straight line. Thi5 can be 
assumed because, as additional capacity is provital, service 
to the users improves and lost time is reduced. However, the 
first increments of increased capacity are more effective in 
reducing lost time than the last increments of increased 
capacity. For exampie, consider users w-th almort zero 
computer capacity bairrg required to do their computational 
jobs manually. User cost would be quite high. Adding modest 
amounts of computer capacity decreases these costs 
significantly, and after a certain point is reached, only 
minimal gains are realized. 

Figure 2.2-1 

O V E R L I I M E D  COMPUTER C A P K  I l l  f f l D C R U I I L I Z C O  

The system cost curve shows how system costs chanqe as 
system capacities increases. The system costs could be a 
straight line depending on pricing policy of the vendors and 
the size of the capacity increments. For example, a systems 
configuration consisting only of microprocessors would produce 
almost a straight line. It should be pointed out that an 



almost straight line cost has more of an effect on the total 
cost ctlrve than a cost curve similar to the coat curve in Fig. 
2.2-1. The resultant cost curve rt!flects the sum of the 
changes in both user and system cdsts% The left part of the 
curve shows that the cost to the faciiity is high in user 
zusts if the computer resources are overloaded. The right 
part of the curve shows that the costs to the facility are 
high in systems rosts if the computer resourceF are 
underutilized. This curve will reach a low point which 
represents the minimum cost to che facility of ~ o t h  the users 
and systems costs. 

2.3 Approach 

The system cost curve in Fiqure 2.2 -1 can be easily 
derived by costing the ranges of capacity. Howsver, the user 
cost curve can only be determined and emluated from 
information provided by the user. The user ml~st provide the 
amount of lost time experienced for the carrent computer 
resources and project the amount,of computer recources needed 
to essentially eliminate the lost time. Frcm this data it is 
then possible to attempt to draw the two c!irves in the figtlre. 
The User Cost Curve can S a v ~  three poiw.-s: 

l)a point on the Y axis cortxsponding to "zero" comput 
er capacity and the total cost of r 'le users 

2)a point when the X valur is the size of the current 
configuration and the Y value A S  the cost of the lost time 
using the current configuratic.~: and 

3)a point where the- X value is the size of the prcject 
ed confiauration and the Y value is the cost of the projected 
system to reduce lost time costs to zero (or close to zero). 

The tctal cost curve was then plotted by s~lmming the k' 
coordinate values for each X co0rdinat.e to form the X and Y 
coordinates for the points on the total cost curve. 

The methodology used was based on data acquired via 
questionnaires provided to the users of the computer facility. 
The objective was to identify the tlme lost because of 
insufficient computer resources and to state the computer 
resources needed to eliminate lost time. Statistical 
processing of the data allowed the results of the 
questionnaires to be viewed in a variety of ways. For the 
purpose of the survey, lost time was defined ti be all idle 
time caused by insufficient computer resource? and include= 
time spent inefficiently a s  well. This is disciissed in m5re 
detail later. 



2.3.1 Description of Questionnaire 

A two part questionnaire was designed to identify the 
infarmation. The first part of the questionnaire pertained to 
the user and the organization. The questionnaire included 
questions that identified organizational information, the 
individual identification data, resource usage, and lost time 
data. Information about the organization included location 
aata, task assignment, enqinezring packages required, etc. 
The individual identification data included specific run data, 
account numbers, physical location or the user, experience 
level, etc. Actual resource usage included estimates for 
total r2source (SUP) usage, Batch and Demand ( interactive) 
uss, and terminal usage. The lost time data included time 
lost waiting for o~tput, using demand terminals (slow 
response, facility waits, etc.), because of hardware failures, 
etc. 

The second part of the qkstionnaire allowed the user 
to recore. the estimates of resources required to eliminate 
lost time and how the resources would be used. In this 
survey, the user was asked to specify computer resource 
requirements, expected turn-around time, and the time of aay 
the batch runs were submitted or for the demand terminal 
session. Pata provided in this form were used to form a 
profile of computer usage by time of day. The profile w3s 
then ustd  to identify peak requirements, prime time averages, 
overnight requirements, el;c. thus describing the computer 
resource requirement in finer detail than a total requirement. 
Once the profile was determined then it was possible to select 
the "requirement" to be met -- e.g., two hour peak load, prime 
time average, etc. Once the requirement was selected, it was 
possible to identify the computer configuration needed to 
satisfy that requirement. 

In preparing the questionnaire, the specific wording 
of the questions wr.s considered to be very important. A draft 
was prepared and reviewed by a small group whase primary 
function was capacity o d  configuration planning. ftle review 
process required many iterations before the questionnaire was 
considered satisfactory. Questions had to be self explanatory 
and words had to be selected that were not ambiguous. It was 
alsa necessary to prefix a short memo to the questionnaire 
clefinins the meanii-ig of "lost t'.me". It uas critical that 
lost time be defined uniformly - -  noL as a large number of 
different user9 groups might define it. (To illustrate, ask 

1 SUP - Standard Unit of Processing. The SPERRY 1100 measure 
of computer resource (CPU, IP, etc) utilization 



several different people to define lost time. The definition 
will be forthcoming 01ily after a few minutes of discussian 
with each person.) The questionnaire defined lost time as 
that time spent waiting for: return of output; retrieval of 
files and tapes; slow response on terminals; inefficient 
practices caused by resource limitations (e.g. insufficient 
core %nd SUP allocations, etc.); hardware failures; lost 
output; extra travel to retrieve output from other areas; 
travel to other areas to use graphics terminals not available 
at the place of work; and a special "other" category to be 
defined by the user. Time was not considered to be lost if 
the user had other duties that did not require computer 
resources -- e.g. attending meetings, rea?ing documents, etc. 

3.0 CASE STUDY 

3.1 General Discussion 

The jurvey was performed for an entire division of the 
engineering users of the Central Computing Facility. This 
division corisisted of five separate organizations: a civil 
service group involved in the monitoring of contractor 
activities and development of engineering programs (Group A ) ,  
and four co1;tractor organizaticns. The four contractor groups 
each nad separato but supporting functions. Group B is the 
largest of the four contractors and i s  involved in engineering 
tasks using ccmputer zpstem and software packa~es, with the 
primary responsibility sf mission planning. Group C is 
responsible for providing software maintwance and 
enhancements for all the engineering processes de~eloped for 
Groups A and B. Group D ccnsists of software specialists 
involved in the maintenance and enhancement of general 
software packages used by all other groups. Finally, group D 
is responsible for providing general support to Group A. 

At the time of the survey, the five groups used two 
Sperry systems - an 1100/81 and an 1110. These systems 
supported 130 concurrently active demand terminals ~ h i c h  
inciclded 30 uraphics teminals. The user couid direct the 
computer output to a variety of devices - Sperry 770 line 
printers, Datagraphix Mini-Auto COM Fiche printer, I11 FR80 
an CALCOMP plotters, and remote printers. Group D was the 
only group that did not have a remote printer or graphics 
terminals at their work area. During the prime shift (0730 - 
17GO), demand runs were given a high priority. Runs with 
large memory requirements were carefully monitored. A tew 
batch runs were allowed to be submitted during the day but 
most batch runs were process?d after prime shift. A backlog 



of uncpened batch runs would build steadily during the week 
and would be worked off over weekends. 

3.2 Survev Results 

Approximately ?OO questionnaires were distributed to 
the five groups. Of the 600 surveys returned, 320 of the 
responders declared themselves to be users of the CCF computer 
systems. Figure 3.2-1 presents a sample of the results of the 
analysis of the first questionnaire. This figure shows the 
results according to each group and the hours of tim? lost 
each week because of insufficient computer capacity. The time 
lost was attributed to the fcllowing reasons - wait for 
output, wait for terminal facilities (including poor 
response), wait for file access, insufficient allocations, and 
Hardware Failures and Reruns. The category "other" was folded 
into the last category. The time lost is also repeated as a 
sum for each group for the survey week and as a total hours 
lost. 

FIGURE 3.2-1 
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As can be seen, all users lost a total of 1504 hours 
during the week for an average of 4.7 hours/user/week. Group 
D had the highest average of lost time mainly because of the 
time lost waitfnu for output and terminal facilities. This is 
to be expected because this group did not have access to a 



remote printer and traveled to different locations to use 
graphics terminals. Group B had the next highest average and 
the largest total of hours lost. Since this was the largest 
group - 61% of the total sample, the overall average was 
affected strongly by this group. Group B reported nearly 
twice as much time lost because of insufficient resources as 
any other qroup. All other categories of lost time for Group 
B were fairly clase to the other groups. Group C reported 
more lost time due to hardware faflures/re-runs than other 
groups, and waiting for files. (Further analysis would be 
necessary to identify the reasons for this.) The cost for 
these 1504 total hours of lost time was calculated at a rate 
of $30/hour/user and amounted to $45,129/week or 
$2,346,240/year. (The $30/hour rate is a figure that reflects 
the total costs to the government and includes such things as 
vacation, sick time, benefits, contractor overhead, profit, 
etc. 

The second questionnaire asked the user to identify 
the batch run and demand terminal session resources required 
to eliminate all lost time. Ehch c~f the 320 users was asked 
to ccllect the required runs into groups and specify five 
s e ~ a r a t ~  variables fcr each groups oi' runs - the number of 
runs, tine of day the qroup of runs would be submitted, memory 
size of the group of runs, averaqe SUP minutes required for 
the qroup, and the turn-around time needed for the runs. In 
the case of demand runs, the turn-around time was changed to 
demand terminal connect time. Figures 3.2-2 ~.nd 3.2-3 show 
the Computer Resources and Demand Terminal Resource profiles 
derived from the questionnaire. 

Figure 3.2-2 shows the profile of the SUP requirements 
as described by the users. This figure was drawn by combining 
the weekly SUP requirements for 12-two hour periods (X axis). 
Thus, the requirement for the period of 0800-1000 hours is the 
sum of all the requirement for the period of 08~0-1000 hours 
fot the total week. The Y axis gives the SUP hours/hour 
needed to satisfy che requirement. According to the sec~nd 
questionnair?, the total requirement for the week was 1798 SUP 
hours. Assuming 15 shifts of operations (120 hours), this 
would require a configuration delivering an average of 15 SUP 
hours/hour. However, a peak requirement of 23.5 SUP 
bcurs/hour was identified occurring between 1000 and 1200 
nours. Two other averages are: the 8 hour prime time average 
(0800 - 160C hours) of 20.7 SUP hours/hour; and the 10 hour 
prime time average (0800-1800 hours) of 18.5 SUP hours/hour. 
Obviouslv, the user feels that most of the computer usage must 
be provided during the daytime hours if lost time is to be 
eliminated. It is also interesting to note that about 50% of 
the daytime requirement is for batch runs. 
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Figure 3.2-3 shows the demand terminal requirement 
prof iie. This figure was drawn from data provided as 
described in the previous paragraph. This figure shows the 
number of Concurrently Active (CA I  terminals over 12 two hour 
periods of the typical day as descrjbed by the users. The 
figure shows a peak requirement of 204 concurrently active 
terminals for the time period from 0500-1000 hours. The 
average of concurrently active (CAA) terminals for the prime 
tine period of 0800-1600 hours is 167 terminals. 

Figure 3.2-4 is a sumnary of the Computer Resource and 
llenand Terminal Requirements. The projection base provides 
four periods for the week used to determine the following 
requirements: the peak two hour period; the 8 hour prime time 
average; the 10 hours prime time average; and the average for 
15 shifts of operation. The figure provides the delivery rate 
in SUP hours/b.our, the total capacity in 120 hours of 
operation resulting from the rate, the Concurrently Active 
hvcnge !CAh) cf terminals, the number of terminals required, 
and an e.;imate of the number of 1100/811s required to provide 
the t~..11 capacity. (It has been determined that an 1100/81 
wilt deliver 2.7 SUP hours/hsur when processing the case 
wo, cload described earlier.) As can be seen, the total SUP'S 



available f rom each requirement ranges downward f roa 2820 to 
1800 SUP hours for the four projection bases. This was 
determined by a'suming the stated rate for 120 hours of 
operations. The number of terminals required to support the 
estimated number of CAA terminals is set at one terminal for 
each user. The e3timates of the number of 1100181's required 
ranges downward from 8.8 to 5.6 1100181's. However, the 
profile (Fig. 3.2-2) indiceted that a configuration of 8.8 
equivaien; 1100181's was required to satisfy the user's prime 
time projection cf resources needed to eliminate all lost 
time. 
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3.3 User Costs 

As a result of the analysis described in the previous 
paragraphs, the points on the user cost curve discussed in 
Section 2.0 can now be determined. The analysis has provided 
the lost time costs of $2.3M using the configuration of an 
UNIVAC 1110 2x2 and 1100/81. At the time of the survey, these 
systems provided approximately 720 SUP hours/week. Using a 
2.7 SUP hours/hour rate for an 1100/81 and 120 hours of 
operations, this translates to a capacity of 2.2 1100/81's. 
Thus, the user cost curve includes the points where the X 
coordinate is 2.2 equivalent 1100/811s and the Y coordinate 
reflects a cost of $2.3M/year in lost time. 

Since, it is necessary to provide 8.8 1100/811s to 
eliminate lost time, the user cast curve must include the 
point where the X coordinate is 8.8 and the Y coordinate 
reflects a reduction of $2.3M/year in user lost time. Figure 
3.3-1 depicts the user cost curve using these points and 
assuming the general shape of the user lost time curve 
discussed in Section 2.0, Using the same approach a systems 
cost curve is drawn showing the increase in systems costs to 
the facility to provide the required configuration to reduce 
user lost time costs to zero. This curve (or line) must 



include the following two points. The first point has an X 
coordinate of 2.2 equivalent 1100/811s and the Y coordinate of 
zero increased systems costs for the current system. The 
second paint has an X coordinate of 8.8 equivalent 1100/811s 
and a Y coordinate $5.4M/yesr for the increased costs to 
support the systems capacity to eliminate user lost time. 
(The "sys~em cost curve" is drawn as a straight line. This 
reflects the cost of the 1100/93 family and is affected by the 
vendor's pricing policy. This policy tends to have more of a 
straight line then a curved line relationship.) Using these 
two curves, a total cost curve was then drawn showing the sum 
of the "delta" costs for both the user and system. In 
preparing this figure the total cost to the facility for both 
users and system capacity was assumed to be the basis for the 
X axis. 

The total cost curve in Fig. 3.3-1 has two X 
coordinates at the !Z coordinate where the cost to the facility 
is $2.3M/year. On the left side of the curve, the system is 
overloaded and the cost to the facility is $2.3M/year for user 
lost time. This occurs at an X coordingte of 2.2 eqr:ivalent 
1100/81's. On the right side of the curve, the syste~n is not 
as overloaded and the cost to the facility is the sum of 
approximately $1M in user lost time costs and $1.3M in 
increased systems costs. This occurs at a X coordinate of 
about 4.5 equivalent 1100/811s. The minimum cost to the 
facility occurs at the X coordinate of about 3.5 equivalent 
1100/81's.' At this point, the total cost to the facility 
would total about $2M in both user lost time costs and 
increased systems capacity. Based on the total cost curve, 
the requirements and costs to the facility can now be 
quantified. It can be shown that the facility can: either 
retain the current configuration at a cost of $2.3M/year and 
continue to lose 1504 hourslweek of user lost time; or can 
choose to provide a capacity of 8.8 equivalent 1100/81's at a 
cost $5.4M/year. There are also several choices in between. 
At the same cost of $2.3M/year the facility can choose to 
provide 4.5 equivalent 1100/81's at an increased cost of 
$1.3M/year and lost time costs of $lM/year. The minimum cosL 
to the facility appears to occur at about 3.5 equivalent 
1100/8i's. At this point on the curves, the delta systems 
cost is about $0.8M/year and the user's last time cost is 
about $1.2M/year and the total cost is about $2.0M/year. 



FIGURE 3.3-1 
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Based on the systems costs curve, the facility can 
easily justify a configuration of 4.5 equivalent 1100/818s for 
the same cost as the current 2.2 equivalent 1100/818s. 
However, further justirication not noted here would be 
necessary to justify the 8.8 equivalent 1100/81°s to eiiminate 
user lost time. 

4 . 0  SURVEY CONCLUSIONS 

MITRE made a presentation demonstrating that the 
cost/job: (1) is high in users lost time costs in an 
overloaded facility; and ( 2 )  is high in systems costs in an 
underutilized facility. A simple method was offered that 
showed that as computer resources increase, computer user's 
lost time decrease. In this relationship, it is possible to 
identify the total cost to a facility in the combination of 
increased systems cost and decreased users' lost time costs. 
To form this relationship it was necessary to identify: the 
cost of the user's lost time with the current computer 
configuration; the computer resources needed to eliminate lost 
time; and the cost of these computer resources. 



A survey was performed on a selected division of 
NASA/JSC. Two questionnaires were sent to all members of this 
division. Three hundred twenty Individuals indicated that 
they were users of the DPSD Central Computing Facility of 4 
SPERRY 1100 computer systems. These users estimated an 
average loss of 4.7 hours/week. The total cost for this lost 
time was estimated at $2.3M/year. The same users estimated a 
requirement of 1798 SUP hours/week to eliminate lost time and 
an average of 167 concurrently active terminals. However, a 
profile was drawn showing that the users needed these 
resources primarily during the prime time. The profile 
indicated a peak use from 1000-1200 hours requiring a capacity 
of 2820 SUP hours (8.8 1100/81's). This capacity ranged 
downward to 1800 SUP hours of capacity (5.6 1100/81ts). The 
profile also demonstrated a peak requirement of 204 
concurrently active terminals. Using the survey information, 
a total cost curve was formed. 

The total cost curve showed that at a cost of 
$2.3M/year, the facility could: continue the cuirent system 
configuration of 2.2 1100/811s and lose the 4.7 
hsurs/week/user; or increase the systems capacity to 4.5 
1100/81's (an increased cost of Q1.3M in system cost and 
decrease in user's lost time cost to $l.M/year). The total 
cost curve also showed that it is not cost effective to 
eliminate all users lost time (a savings of about $2.3M/yr.) 
since the cost to provide 8.8 equivalent 1100/81's is 
prohibitive (about $5.4M/yr.I. 
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ABSTRACT 

In parallel to the evolution of Yanagement Information Svstems 
from simple data files to complex data bases, the stand-alcne cornrater 
systems have been migrating toward fully integrated systems serving the 
work force. The next major productivity gain may very well be to make 
these highly sophisticated working level Data Base Management Systems 
(DBMS) serve all levels of management with reports of varying levels of 
detail. Most attempts by the DBMS development organization to provide 
useful information to management seem to bog down in the quagmire of 
competing working level requirements. Kost large DBMS development 
organizations possess three to five year backlogs. Perhaps Off ice 
Automation is the vehicle that brings to pass the Management Information 
System that really serves management. A pcad office automation system 
manned by a team of facilitators seeking opportunities to serve end- 
users could go a long way toward defining a DBMS that serves management. 

This paper will briefly discuss the problems of the DBMS organi- 
s zation, alternative approaches to solving sonw of the major problems, P 

debate about problems, that may have no solution, and rinally how office 
automation fits into the development of the Manager's Management Infor- 
nation System. 

OFFICE AUTOMATION/SCOPE 

Office automation has many fat&ts, but the rise in adminfstra- 
tive costs has forced industry to seek more aggressive ways of increas- 
ing administrative productivity just as has Seen done for decade8 on the 
assembly line. Of course, office work is not a well defined integrated 
process with measurable raw material and countable units of output. 
Therefore, the office productivity axiom assumes that if each office 
task can be completed faster and with more accurate information, then 
the composite of all the tasks will result in greater overall 



productivity. Even haraer to neasure are th~. real benefits suzh as 
increased profitability or reduced or avoided expenses. At NASA, 
productivity is measured in terms of more work done by fewer people, but 
the amount: of worL is hard to measure. Increasing launch rates are 
measurable, but the work involved in new space station challenges is 
hard to compute or even estimate. Even so, it seems logical to assume 
that an integrated o:f ice environment will produce ef f iciencies s4mi lar 
to the integrated assembly line. The task of automating the office in 
itself has potential for increasing efficiency, but every facet must he 
carefully considered to obtain maximum benefit without disruption and h 
create an atmosphere conducive to the process of favorable change. 
Since organizations and people tend to resist changes that create 
confusion and chaos in the work place, a highly structured evolutionary 
process wust be projected. Office automation must harmonize for t!ie 
benefit of the organization through increased productivity in the total 
management information system. 

OFFICE AUTOFATION 
and the 

LARGC INTEGRATED DATA BASE MANAGEMENT SYSTEM (DBMS) 

The Dynamic Evolution of the Large DBMS, -- --- -- - 
It is well known that even the first computers performed simple 

repetitive tasks effectively. Any process that must be done over and 
over by the sese identical method is an excellent candidate for 
computerization. Equally important is the computer's efficient storage 
and recall of data. Once stored, information can be retrieved, sorted, 
and reported to highlight important trends that would have been lost in 
most manual systems. Processing data can be a complicated mathematical 
model or a simple procedure that manages data to support an organizatiol! 
performing a job. The computerized mathematical algorithm is rather 
easy to imagine, but the simple procedure in support of a job can be 
clarified by example. For instance, the job of performing maintenance 
on computer hardware seems routine enough for an example of a simple 
procedure. The basic information is the problem report number, the work 
order number, the descrjption, and the identification of the hardware 
component or part. Adding dates provides a historj of work performed 
for the maintenance technician, performance information fbr the 
maintenance technician's supervisor, and identifies resolved problems 
and design changes for operations and design personnel. If the 
organization is relatively large and there are many computers operating 
in similar configurations, (e.g., the consoles supporting the STS 
subsystems in KSC's firing rooms), then the technician must be identi- 
fied and the !ocation of the hardware established. The operations 
personnel want timely data, so the simple computerized procedure becomes 
the on-line "Autdn .red Line Replaceable Unit Tracking System." 1, ;.ow 
keeps track o. the location of all spare parts, parts sent to the vendor 
for repair an+ expected due dates, etc., etc., etc. It automatically 
flags the on-line "Problem Reporting and Corrective Action System" when 
problem reports are closed. ! t automatically flags the on-line 



"Configuration Management Data System" when design changes are complete. 
It automacically flags the "Shuttle Inventory Management System" when 
tt~e stock of spare computer parts is low. It interfaces with the 
"Automated Ground Operations Scheduling System" to schedul-e the work and 
the needed resources. Two of the systems that are notified of signifi- 
cant eveqts are not on the same computer. The simple procedure has 
quickiy grown into a sophisticated integrated networked system of DBMS's 
that krrp track of hundreds of pieces of information that are entered 
by people in different NASB and contractor organizations and are 
protected by elaborate securicy procedures that ensure autonomy for the 
authorized orgknization. Since these computer procrams essentially fol- 
low the flow of procedures defined to perform work, they are directly 
nffected by each change to the procedure. Even adding volume with no 
logical change can affect the computer programs. The comol icated 
mntheaatlcal model is beginning to look simple and the simple procedure 
is bfaginning to look complicated. 

The Prohlms --- Resist Solutions -- 

What is the simple solution to large DBMS that cannot keep up 
with the dynamic nature of w o ~ k  flow procedures? Can the work flow 
procedures be made less dynamic? Can the compilter resources be 
increased to accomplish more timely modificatims? 60th approaches are 
valid but are not simple or easy in a large organization. 

First, examine the approach that controls the dyncmic nsture of 
work flow procedures. KSC has accomplished a major milestone along this 
path by combining a large number of small contrazts into two large 
 ontr tracts for the base operations and the STS processing. A third large 
contract will handle cargo processing. The model of computer mainte- 
nance in the €!.ring rooms involves the first two major contractors. By 
reducing the number of contractors, the work flow procedures are 
.significantly diminished. When responsibilities are concentrated from 
five o r  six contractors to one contractor, the computer program becows 
simpler. However, it must be changed. Along with the scramble to 
consolidate, KSC must seize the opportunity to streamiine the operation. 
It seems that there arc so many changes to the procedure that the 
computer programs may need a major rewrite. In the quest for stable 
work flow procedures, a major seismic tremor has been generated that 
will se.~d shock waves through the computer systems for some time. 
However, as with ground faults seeking equilibrium, a more stabie f:-ture 
computer base is the eventual derivatLve. 

The second approach thai attempts to pour more resources into 
the computer department so that ~2difications can be made quicker and 
easier, ran certainly reduce +he backlogs. However, a number of 
practj :a1 issues limit a total ..>lution by using this approach. Buying 
major upgrades to computer system.: is a very time consuming task due 
partly to the government procurement regulations. Increasing t1.e staif 
is scmetimes even harder due to the shcrtage of cornouter personnel. 
These two constraints prevent sizing the resources to equal the task. 
As Figure 1 shows, the limited resources applied to the requested 
modifications teqds to flatten the need date curve into an 
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implementation curve that closely  resemble^ the activations of resources 
curve. Almost all of the requested modifications become backlogged 
items. 

Where Are the Priorities - Where Should They Be? - -- - - -- - 
The computer systems that have been described are Level IV w ~ r k  

procedures. Information from these data bases feed computerized systems 
at Level I11 (e.g., Artermis schedules) and Level I1 (e.g., "Inter- 
Center Problem Reporting and Corrective Action"). The Level I1 data 
bases are used for program management, the Level I11 for planning and 
integration, and the Level IV for Implementation. When the cdmputer 
systems are down, the ability to get the job done is impacted at all 
levels. When the requested modifications are ba~klo~ged, the jobs take 
longer to perform. Impact to the computerized procedure directly 
affects the productivity of the work force at each level. The dreaded 
impact to workfarce ~roductivity tends to place a priority on 
modifications that benefit the work force rather than the modificatio,ls 
that benefit the managers. The reports generated from the data bases 
provide data to the people who do the work. Reports designed to 
identify trends that would be usq5*1 in making management decisions are 
not prevalent. Normally, professional and technical people provide 
managemmt with oral and written reports that summarize progress or 
identify problems or issues. The data bases that support the vork force 
could also provide valuable information. Unfortunately, these reports 
in their current state are usually bulky and hard to interpret. Some- 
times the information is scattered across systems and computers and is 
very difficult to integrate. On top of all of these problems, they must 
be mailed or hand carried. Often the infcrmation is badly dated by the 
time it hits the mail drop. 

The Office Automation Alternativr -- - 

Office automation may De the answer to the modification bottle- 
neck and the awkward managemr-nt reporting system. If managers or their 
executive staffs had access to personal computers equipped with software 
tools to manipuiate data, and these tools were networked to the large 
DBMS, then reports could be tailored to the individual manager and 
delivered electronicallv to the local office printer. As the staff 
becomes more familiar with the information in the DBMS and learns more 
about the power of the tools avail-hle through the personal computer, ad 
hoc reports Jesigned by thp stafi call generate timely responses to 
immediate requirements fsr information. By expanding the hardware and 
software tools, bott managers and workers can tap the information to 
suit their need@ without impacting one another. 

THE OFFICE AUTOMATION SOLUTION 

Two Obstacles That Can Be Eliminated ---- 
In order to be effective, two major problems outside the office 

automation system must be solved. First, the various mainframes that 



host the large DBMS are either currently overloaded or operating 
marginally during periods cf peak utilization. If office automation 
demands are to be met, then long range mainframe utilization patterns 
need to be stvdied and adjusted to accommodate the traffi.:. The office 
automation system could provide cectral hardware that woold relieve a 
portion of the loads on the mainframes. The second major 2roblem that 
needs a solution is thr outmoded KSC communication plant. NASA and 
contractor personnel are concentrated in two major areas that are six 
miles apart. The Kennedy Switched Data Network (KSDN) that is currently 
being installed will provide the communications backbone between the 
major buildings and population centers. This system is basically a 
multiplexed twisted pair solution that will maximize the utilization of 
the existing cable plant. It will serve the =ommunications requirements 
until growth pushes the Center toward a fiber dptics replacement. Local 
area networks A S  part of the office automation system would solve some 
of the rigidity of the KSDN1s twisted pair solution. The current 45 day 
lead time required to attach end user equipment to a twisted pair cable 
plant ~ould be eliminated by providing 1o:al area network outlets in 
each room. The local area networks within major population areas and 
the KSDN between areas would network end users to any destination 
desired. 

The Coals of Office Automation ---- 
There are a number of committees throughout NASA devottng their 

time toward ach'eving increased productivity through improved management 
information systems. Figures 2 and 3 identify the NASA Goals and the 
NAS.4-wide information system steering groups. Office aut~sation assists 
in the achievement of all of these objectives. 

On the local level, KSC must improve the effectiveness of NASA 
personnel in order to meet the increasing demands of the Shuttle multi- 
vehicle processing, Space Station planning, ShuttleICentaur modifica- 
t ions, and various new support requirements. An integrated off ice 
automation system 2rovides for increased productivity through the 
following gec~ial objectives: 

o Provides morc cimely and integrated information access. 
o Improvss communications between workers. 
o Implements a wide range of cost effective office automation 

technologies and applications. 
o Facilitate? decision making. 

KSC1s &roach to Office Automation --- 
KSC1s approach toward achievir.g an integrated office automation 

system has been to focus the activity through the Office Automation Task 
Team (OATT) and the ensuing Off!ce Automation System (OAS) Source 
Evaluation Board. Since incepcion in March 1983, the OATT has conducted 
site visits of installed systems. reviewed the literature, canvassed the 
KSC community, consolidated the requirements, and defined the specifica- 
tions. The OAS Source Evaluation Board issued a request for proposals 
in January 1985 and a source selection is scheduled for August 1985. 
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Practical experience with networked office automation systems 
has been obtained through a leased pilot OAS that is networked as well 
as connected to a system of data phones i.1 key management areas. A 
personal computer loan pool has been established to promote the use of 
automated techniques. As with most government and non-government 
organizations, KSC has previously spent its office automation dollars on 
word processors for the office support personnel. Now that communica- 
tions networking for stand alone units is becoming more available, the 
future targets for increased productivity are the managers and profes- 
sionals who account for 80% of the total office personnel costs. While 
stand alon.. personal computers can increase the productivity of this 
group to some extent, the timely integrated reports from the large DBMS 
will provide a ma,x portion of their decision support system. 

Without listing every office automation technology that KSC 
expects to get, there have been a number of features that have b ~ e n  
identified as critical to system acceptance by the KSC community. Tlie 
office automation system must have a graphics package suitable for 
generating visual aids of moderate complexity, must have an integrated 
approach to the office systems functions, must be user friendly and 
responsive, must have a powerful electronic mail and filing system, and 
must have a comprehensive data base manager and communications 
c~pability. A major goal is to provide the networking functionality to 
the KSC contractors' office automation systems. Adequate training is 
l~iewed as a major key to uscr acceptance and system success. 

Office Automation Expectations 

Integrated information serving all levels cf the work force and 
management is KSC's expectation. Planning and reporting sre expected to 
shift from "anticipatory" to "on demand." Planning will shlft from 
analysis to simulation. Keporting will shift from historical trend 
projections to real time control. Information will become more 
accurate, more detailed, and more avaiiable. People at all levels will 
become more productive. 

On the other hand, the management of expectations is a critical 
success factor for office automation. How fast can new technologies be 
absorbed without disrupting the work force? Technology is a moving 
target - there will always be more tomorrow. There is a critical need 
ro promote the acceptance of lags between the creation of technology and 
its implementation and between comercial availability of technology and 
meaningful user absorption. The KSC implementation plan seeks to avoid 
disruption, protect investments, secure acceptance, justify costs, 
provide functianality, and prevent obsolescence. Office automation is 2 
process rather than a project. The office automation user for the first 
time wil.1 have the opportunity to solve the cumbersome manual procedure 
through automated methods. As the work force experiments with the tools 
that are available through office autc- ?ation, they, the end user, will 
invent the office of the future thro17gh the natural selection of the 
useful features. 
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I M P R O V I N G  MANAGEMENT DECISION PROCESSES 
THROUGH CENTRALIZED C O M M U N I C A T I O N  LINKAGES 

Don F. Simanton and John R. Garman, Johnson Space Center, Houston. Texas 

ABSTRACT 
Information flow is a critical element to intelligent and timely decision-making. At 

NASA's Johnson Space Center the flow of information i s  being automated through 
the use of a centralized backbone network. The theoretical basis of this network, i t s  
implications to the horizonal and vertical flow of informatiori, and the technical 
challenges involved in its implementation a re  the focus of this paper. The importance 
of the use of common tools among programs and some future concerns re!ated to file 
transfer, graphics transfer. and merging of vnice and data are also discussed. 

BACKGROUND 
One of the cornerstones of quality and productivity is good informeddecisions. The 

National Aeronautics and Space Administration i s  a civilian agency of the U. S .  
Government which has  been engaged for over 25 years  in research and development 
for air  and space flight. The iohnson Space Center (JSC) in Houston. Texas. a s  one of 
NASA's nine field centers, has  become the leading center in project and program 
management and s p w e  flight operations. Data systems have supported the decision- 
making processes s t  the Center since its inception and have continued a s  a n  integral 
part of the Center's activities for over 20 years. The last 10 years have brought rapid 
growth in computer technologies which in turn has enabled ever-increasing 
sophistication In the use of computers in the operational and ma~lagement decision- 
making process. Capitalizing on these technologies is  no+ only achallenge for JSC in 
str iving for increasing quality and productivity in i ts  p r o d ~ q t s  and activities, but i s  a 
major necessity due to the increased scope of JSC responsibilities. JSC i s  the lead 
NASA center for both the new Space Statlon Program and the qn-going National 
Space Transportation System or  "Space Shuttle" program. 

In order to ensure an integratea approach and to provide direction to the growth of 
data processing at JSC, a strategic plannmgcommittee for automatic data processing 
(ADP) was established in 1964. Many of the concepts included in this paper are  a result 
of the work of that committee which was presented in a formal report in the Spr ing of 
1985. 

INTRODUCTION 
Information flow requlres three basic elements: (1) a need to transfer information, 

(2) a physical connection, and (3) understandability. For example, consider two 
persons speaking to each other over a telephone. First, they must wish to have a 
conversation. Second, they must have a connection (i.e.. the phone must be in order, 
the line must not be busy, and both persons must be present). Finally, they must be 
able to understand each other, a s  in speaking the same language and havinga similar 
knowledge about the topic being discussed. 

 ransfe sf erring information in a data processing envircnment utilizes a similar 
process that also involves al l  three attributes. This paper deals primarily with the 
first two steps in the transfer: the need and the physical connection. More specifically 
it deals with the theoretical basis of the need and the appl~cat ion of that theory a t  JSC 
together with the theory of the management of a network and the way management 
has  been accomplished a t  JSC. The tasks left to be accomplished and the subject of 
understandability will be touched on a t  the end of this paper. 



using irn adaptation of Robert Anthony's analytic mddel of an 

TiiE NEED run INFORMATION FLOW- 
In an  ideal orgrrnizalion. information flows unimpeded both horizontally (laterally) 

and vertically through the manwgement structure. This flow can be best expressed by 
using an  adaptation of Robert Anthony's analytic modej of an organization [ I  J shown 
in figure 1. This model includes three levels of management structure: the strategic 
level, the tactical level, and the operations level. The information needs of each of 
these 1eve:s differs considerably. For example. the operational level i s  concerned 
with detailed information. the tactical level with summary information, and the 
strategic level with trends and projuctions. 

1 STRATEGIC 

DECISION SUPPORT USER FRIENDLY 
(Inlormation) SOFTWARE 

TACTICAL c --- -- - W D O I I  

AUTOMATION SOPHISTICATED 
(Data) "C USER 

OPERATIONAL 

Figure 1.- Organization information model. 

Traditionally the data processing industry has concerned itself with the 
information needs of the operationai. o r  lowest. level. This i s  the level of "au.somati~n" 
where machines are used to enhance. or  in some cases to take e - ~ e r .  processes 
performed by people. Data processing has done well in this area. particularly in 
taking over mundane tasks involving data manipulation and in providing higher 
levels of accuracy and quickex responses than are possible in a totally manned 
znvironment. People using data processed a t  this level are familiar with the 
processes and the data processing required for their specialized functions and are 
normally characterized a s  sophisticated users of data processing. 

At the tactical level the data processing industry is  not a s  well established. Typical 
products today are standard summary charts produced by overnight "batch" 
(noninteractive processing) jobs. This type of reportirig offers little flexibility in 
information available to users. However, this situation is  being addressed by a new 
generation of application development tools, termed fourth generation languages. 
which have recently evolved into vlable commercial products. These languages 
permit information queries on a relational basis thereby allowing questions to be 
unstructured and interactive a s  opposed to the rigidity imposed by the "hard coded" 
batch report approach. It i s  this unstructured aspect of the languages that has  given 



the= the came "decision support" languages. For managers can now request more 
than data. They can request decision information, i.e.. data relationships or 
information from data processing reports which meets specifled criteria. These 
lsnguages are also more "user friendly" than those found at the operational level. 
This characteristic enables less sophisticated users to be effective "programmers of 
applications." It transfers some of the workload or "cost of ownership" of application 
software from providers to users. which in turn creates higher productivity and 
efficiency. 

Until recently. the data processing industry has had little more to offer above the 
tactical level. Standardized summary charts were the extent of the available 
technology for strategic planners. Trend data could be produced but based only on 
previously defined criteria. Fourth generation languages and specialized packages 
whlch produce trend data and allow "what if" questions are the beginnings of what 
promises to be a set of powerful tools for the strategic level. 

?he model created above glves two driving forces for providing communication 
linkages w'rhin a given organization. One linkage is horizontal and primarily 
supports automation in the operational arena. The other linkage is an emergent one 
and provides a vertical flow of data through the organization. There is also third 
driving force, not clearly shown in this model. This force is one of providingcommon 
tools for common uses. 

The Johnson Space Center can be vie~red in several ways. It may be viewed from a 
project sense wherein there are two main projects and host of smaller ones (the main 
projects being the Shuttle Transportation System and the Space Station). It may also 
be viewed as  an organmation consistrng of project offices, an administrative 
directorate. an engineering directorate, and an operations directorate. A third vi'ew 
might be to consider it as a collection of engineering systems. operations systems. 
and information systems. Figure 2 shows how these systems relate in an in?egra1ted 
fashion. 

A tendency in any organization is to organize vertically. such that all functions 
needed by ap. organization are integral to that organization. For cxample, all 
organizational elements have need for a budget system. Thus, vertical organization 
at JSC provides that fo.. each organizational element the budget system be contained 
within that element. This leads to separate anddistinct budget systems for the project 
offices, the administrative directorate, the engineeering directorate, and the 
operations directorate. To make matters worse, these separate budget systems might 
also be duplicated by the program (Shuttle and!or Space Station). Hence, this 
strircture is referred to as a "4 X 3 structure" in its tendency to create 4 X 3 sets of 
systems for each required function across different systsms. 

In the center of figurta 2 [3] appears a logo for the JSC Center Information Network 
(CIN). The logo implies a concept whereby the 4 X 3 problem is avoided by 
interconnecting the data processing syst.ems to bllow the use of a shared supporting 
system across organizations and projects. This is the "common tools for con.mon 
purposes" concept. which is the third driving force for centralized communictrt.~ons 
linkages. Conceptually it is the inverse of the more traditional federated or 
"departmental" systems approach. Instead of bringinp: c~mple t e  sets of unique 
applications and information to each user groi~p. all user groups are provided access 
to common applications. While the information structure remains highly federated 
("you can't see my department's budget until I'm ready to submit lt." 1.0.. move lt up 
the triangle), the Interfaces and bridges required for both lateral access and vertical 
integration are significantly red~ced .  



OR;GI;{AL F;:;zZ in 
OF POOR QUALITY 

j S T S  1 I s ~ a c c  STATION I \I INSTITUTIONAL I 

Figure 2.- "Four by three" structure. 

CREATING THE PHYSICAL CONNECTION 
Over the last year the !orces described above have created a t  JSC a great emphasis 

to build a multinetworked series of interconrrections enabling any element of the 
Center's data processing equipment.  part icularly users'  workstations. to 
communicate with any other element of data process~ngequipment.  particularly that 
which hosts common applicatinns. Because of the universal nature of the three 
drivers listed above. it is anticipated that this networking will be extended to ail of 
NASA's centers within tk e n t  s t  two years. 

The Theoretical Basir of Intarconnectability 

JSC uses six principal ways to network and manage data processing equipment [3]. 
Thes j  are: 

Connecting equipment of hke architecture via front end cornmunirations 
processor backbone linkages when a slngle organization has  con,plete control 
(centralized m a n a ~ e m e n t )  of all parts  of the network. including attached systems 
software. 

Connecting equipment of like architecture via front end communirsbions 
processor backbone l i n k ~ g e s  wlth centralized management of the enviror ment 
limited to control of the network only. 

Connecting equiprnmt of different architectures via hardware and/or software 
bridges. 

Connecting equipment of like architecture via separate front end backbone 
communicatima processors such that there 1s fieverability between networks. 

Connectrng a terminsr! to more than one neiwork vla multiple interfaces a t  the 
terminal. 

Connecting networks by using a limited bridge. 



Each of these methods is illustrated in f igures 3 through 7 (tlre latter two methods 
are  both shown in figure 7). In these d iagrams the network area  of responsibility i s  
depicted by the r ec t ; rnp Ia r  outline in the center.  The usercon1in.lnity is shown on the 
left, and the host procwsors  (applicat ions and infornlation) a re  shown on the r ight  
The fixed components  of the network a re  the contrcrllers ( to wh!ch the termrnels  
at tach),  the backbone wirlng. and the front  end processors .  The variable coinponents 
of responsibility arc the I~ridger, and the opera t ing  system softwarc 

In f i ~ i i r e  3, called "Class A." the provider of  network services is a lso  the "owner" of 
the opc ra t~ l ig  sys t c i i~  within the host processor. This  a r rsngement  consolidirtes 
complete control (and service)  ol1er the management  of the network, and the user  rleed 
only be concerned with the t e r n i ~ n a l  and the applicat ion running  on the host. 

The "Class B" situation in f igure  4 differs from that of Class  A in that the 
"ownership" of the hO!it operat ing sys tem is severed from the consolidated 
management control of the network This  s i tuat ion accordingly requires a degree of 
coordination and interface a s  the network manage r s  no  longer havecomplete control 
of 311 of the components  cecesssary  to m b ~ e  the network operate. The network- 
related sys tems software within the operat ing sys tem must  be c ~ n s i d e r e d  !he 
property of the network manager ,  who must  retain approval  authoritv for chanf:es to 
that  software. 

Both Class  A and Class B have  dealt with two like (architecturally compatible) 
processors "Class C" In f igure  5 presents  two computers  of dissiniiliar architecture. 
In this  case  a protocol converter  is needed to "bridge" .lie two architectuies.  This  
brldge ma] be "one-way" whereby one network accesses the processor of 'he other  
network but not vice versa. o r  it may be "two-way" whereby terrriinals on either 
n e ~ w o r k  may access clthur network s proce-=sors. 

The network shown a s  "Class D" in f igure  6 shows a different method c~f 
Interconnecting two networks. In this  d iagram a giver. host h a s  two iront  end 
processors. one of which is connected to two separa te  networks. The networks shown 
a re  of like (cornpatible) archi tectures but could easi ly involvc b r i d ~ e s  to dissimilar  
architectures. The advantage of this  arranRement is that the secondary network 
connection may  be scverc.d by "downing" the front end processor. An example  of this  
a r rangement  is its use at  JSC to ensure  that  there is no outside access to Shutt le  
miss:on SL-pporting t. . x e s s o r s  du r ing  a mission.  During nonmission periods access 
IS enabled in order  to bring in development and maintenance termirrals.  

"Class E" in figure 7. for  one  example.  is characterized by two networks comec ted  
in such a way that  each network is not fully aware  of the other. In this  example  in the 
first method a terminal has  connectivity to both networks by the use of two se ts  of 
interface cards .  The second method shown por t rays  a limited "file t ransfer  only" 
brrdge between the networks. These a re  termed method 1 and method 2. respectively. 

Connectivity I ssues  

The bridgrng o f  multiple vendor ne twcrks  ra i ses  quest ions of vendor cooperatlc:~. 
This  lssue is one that must  be addressed both from a software products point of view 
(some bridge implementations work only i f  cer tain products a re  Installed on the other  
vendor 's  mach ine )  and f r o m  a ma in tenance  and problern-troubleshooting 
perspective. Obviously, cooperation is required dur ing  installation and also 
whenever a problem occxrs which does 701. clearly belong tcj a given network 

When government and coiltractors sha re  a cnrnnion network thele ex is t s  a need to 
provide strict access control both to application programs and to processors  which 
may be on the network but which need not be accessed in the course of doing business.  
Such control may be achieved w ~ t h  the type of connectivity riiethod chosen (e.g..  Class  
E is much more r e s t r~c t ive  than Class  9).  by tt-c. u,: of user Ill 's which have limited 
processor access. hy the use of application passwords,  o r  by a conlblqation of al l  of 
these 
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Figure 7.- C!ass E connection to CIN 

Securlty 1s always a n  lssue wlth extensive networks. especially those which have 
interfaces to public telephone networks (and most large networks have a t  least one 
s ~ c h  linkage). The convenience that access to a public telephone network provides i s  
of great value. Infrequent users can dial in via telephone from nearly anywhere and 
conduct business. The problem is that so can a n y  "hacker." Protectiou mzasures 
commonly utllized include callback requirements, the limlted distribution of access 
numbers, network passwords, and a p ~ l i c a t i o n  passwords. Nevertheless, the network 
w ~ t h  an  interface to a public telephone network has  wide exposure to a misuse of 
information. 

Connecting special-purpose iocal area networks (LAN's) i s  a n  emergent 
technology. In these cases the interface to the LAN appears a s  a terminal to the 
backbone network. Yet tile LAN itself may cclmimse a number of terminals networked 
together. If multiple sessions can occur simu!taneously across the interface. the 
'dpology of !he two networks appears similar to that  shdwn a s  Class C except that no 
processor i s  involved on one side of the bridge. 

An extension of the LAN concept is that of connection to a wide area network 
(WAN), a network that connects multiple networks together over very high-speed 
linkages. The public telephone system is  an example of a very large WAN. NASA i s  
currently interconnecting all of its major :ield centers over a WAN named the 
Program Support Communications Network. This network uses the X.25 packet 
switching anventlons over a network of both leased and dedicated T-1 carriers. 

Building the Center Information Network 

Examination and a n a l y s ~ s  of the many separate networks existing a t  JSC in early 
1984 led managemznt to conclude that the best way to integrate the networks was to 
mterconnect and build on the existing IBM networks and to standardize on ISM'S 
system network architecture (SNA) a s  the foundation for expansion and integrztion 
with other networks. The choice was made based on three factors. First, already in 
place was a substantial set of SNA networks a t  JSC. Second. most major vendors have 



or  are buidlng bridges to SNA. Third. SNA correspondsclosely. albeit arguably. to the 
open systems interconnection (OSI) m4 $1. The OSI seven-layer network model 1s a 
reallty toward whlct! all vendors are wo ?g, with completion expected In the 1990's. 

The setting of the S N A  a s  a standard having been accompllshed, the current 
backbone network integrates multlple vendor products (e.g.. IBM. Sperry,  DEC. 
Xerox) coverlng most of the Center. Each of the six theoretical types of networks are 
currently elther in use or planned for use a t  JSC. Where possible the network paths are 
two-way: however. currrent industry offerings limit some of the paths to a one-way 
termlnal connection. This limitaiion is expected to be lifted In the next year for most 
vendors. A policy of "buy it. don't build it" has  also been established for network 
growth. Although wails have occurred for needed technologies in some areas. the 
course of events durlng the past two years has proven the wlsdom of the policy. In 
each case the requlred capabilities have appeared on the market prior to the time JSC 
cou!d have developed an equivalent function "ln-house." The product has  also been 
far less expensive than would have been the case for in-house development. 

TASKS TO BE ACCOMPLISHED 
The tasks facing JSC are still enormous and pose a challenging environment. 

Networking i s  simply the first  step whlch, furthermore, has  yet to be completed. 

An immed~ate  goal Is establishing true two-way conneciicns. Transferrihg data 
files is still more constrained than is deslrablc and thus is not yet a widespread 
capability. As of the writing of thls paper there 1s no standard for document 
interchange (unless standard ASCII 1s considered) Re-risable form documents 
created In one brand of word processor may be electronicaliy transmitted from one 
organizational element to another but they are illegible upon receipt. almost a s  if a 
speaker were conversing In Greek but the listener knew only English. Substantial 
need exlsts in this area for  2 dictated de facto standard supportable by many vendors. 

Graphics data transfer is in even poorer condition a s  exchange capability from 
vendor to vendor 1s almost nonexistent. Yet graphics data is destmed to play an  
important role in the Space Station, hence it i s  imperative th.2' the various NASA 
centers be able to exchange graphics data if NASA is to have a well-coordinated 
Space Stat:on Program. In the Shuttle Program. paper has been used a s  the 
transmission media for graphlcs data. In this e r a  of increasing responsibility and 
decreasing budgets. however. the productivity and quallty gainsenjoyed through the 
use of data systems for engineering and technica! management are  becoming 
mandatory elements of major programs planning and costing. Finally. voice and data 
in combination is  just over the horizcn, according to the major data processing 

vtndors. Yet no plans are yet extant to provide vendors' standards for voice and data 
in combination. 

To accomplish these tasks, for most of which solutions remain to be found. JSC 
management has chosen the tactlc of implementing a strategy ratiie; than a plan. 
Such an approach may seem strange to an englneer in that a strategy implles 
certainty about %n objective but uncertainty a s  to how to achle-~e it. A deta~led plan 
does not In fact exist. Rather. prototype efforts will take place, successes will be built 
upon. and failures will be discarded. 

Figure 8 depicts this concept of a strategy-driven approach to building ~ . n d  
integrating data processing over a common network. An excellent description of this 
process may be found, incidentally, in Bernard Boar's Application Prototyplng [2 )  

SUMMARY 
In order to provide management with the information requlred for intelligent and 

timely declslon-making, JSC ADP strategic planning has recommended the use of a 
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Figure 8.- Strategy-driven approach. 

common network strategy. Thls strategy has been adopted and a theoretical plan for 
network management has been developed. A common architecture has been selected 
to ensure that connectivity exists among all organizational elements and to provide 
the basis for transierring data and lnformation to all levels of management. This 
universal access to information combined with common tools will create new 
capabilities of information access to the tactical arid strategic levels of management 
and will furthei promote the flow of lnformation a t  the operatima1 level of 
management. 

The products currently supporting ~mplementation arc  "state of the art" vendor 
products that engage only tbs illitial asrects of the networking problem, those 
dealing with connectivity. Hence the network engineering task remains a 
challenging and path-finding exercise. k*et the network is sr? iceberg wlth b ~ i t  its tip 
showing. There remain the problems of understandability, of transferring graphics 
data, and of the mtegrated transfer of voice and data. As the networking problem 
evolves. corresponding management challenges will emerge from which new 
strategies will evolve for dealing with the problems of centralized communications 
linkages. 
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A PERFORMANCE MEASUREMENT SYSTEM FOR ENGINEERING SERVICES 

Richard L. West, McDonnell Douglas - Houston 

ABSTRACT 

This paper descr ibes  a  performance measurement system being 
developed by McDonr'ell Douglas Technical Services Company-Houston. 
Based an the Family of Measures Concept proposed by the American Pro- 
duc t iv i ty  Center, the measurement system provides both a  means of moni- 
to r ing  performance and a  resourlce t o  support management decision 
mak ing. The process of performance indicator  davelopment i s  discussed 
and typical  indicators  a r e  described. 

The paper c o n c l u d ~ s  with a  summiiry of some of the lessons 
!earned i n  applying productivity measurement3 t o  engineering services  
tasks and in automating data collect!nn, evaluation and in te rpre ta t ion .  

BACKGROUND 

McDcnnell Douglas Technical Services Company-Houston (MDTSCO-H) 
bu i l t  i t s  fo.mdations a t  JSC on a  small task in 1965 t o  convert the 
Gemini Missio,l Simulator t o  an Apollo Procedures Trainer. Since tha t  
time, MDTSCO-H has provided engineering and operat ions support on 
Apollo, Skylab, She Apollo Soyuz Test Project and the Space Shutt le  
Program. Over 1000 personnel a r e  now a part  of the Houston Operations, 
providing support t o  JSC under the Space Transportation System Engi- 
neering and 3peration3 Support contract  and supporting McDonnell 
Douglas Space Stat ion Phase B s t u d i e s ,  Ninety percent of the  current 
employees a r e  engineering and technical people performing non-routine 
tasks for the nat ion 's  space programs. 

In 1982 the compny proposed t o  NASA a streamlining program t o  
reduce STS cos t s  and improve mission effect iveness .  In October 1982, 
tha t  i n i t i a t i v e  was formalized under the STS Engineering and Opera- 
t ions  Support Contract [ 2 1 .  In ear ly  1983, McDonnell Douglas corporatn 
self-renewdl i n i t i a t i v e s  were implemented and formzd the bas is  for  the 
current  Qual i ty  and Productivity Improvement Program a t  MDTSCO-H [ 3 j .  
One element of t h a t  Qual i ty  and Productivity Improvement Program is ihe 
Performance Measurement System discu.ssed in knis  paper. 



MOTIVATION FOR A PERWRMANCE MEASUREMENT SYSTEM (PMS) 

The MDTSCO-H PMS is based on a de f in i t i on  of performance i m -  
provement t h a t  includes improvement in  both qual i ty  and productivity.  
Development of a PMS a s  a key par t  of the  Qual i ty  and Productivity 
Improvement Program was motivated by a numbe~ of fac tors :  

- An e f f ec t ive  PMS provides a highly v i s ib l e  indicat ion of "how 
goes i tu and a resource fo r  management decis ion making. 

- I t  allows management t o  diagnose the  past ,  control  current  
performance, and plan f o r  the future.  

- I t  allows management t o  evaluate the  effect iveness  of per- 
formance iqx-ovement i n i t i a t i v e s  by co r re l a t ing  changes in  
perforrrance indicators  with implementation of those 
in i t ia t iv-es .  

- Fiilally, and perhaps most important, it provides a means f o r  
keeping everyone in  the organization informed and involved in 
the cont inuoua improvement .of performance. 

With such a l is t  of payoffs for  a PMS, the  motivation for  its 
development and implementation was c lear .  But, although the  motivation 
was c l e a r ,  the  approach t o  development and implementation in  an engi- 
neering serv ices  environment was not. 

PMS DEVELOPMEN? 

The i n i t i a l  e f f o r t  t o  develop a PMS a t  MDTSCO-H was undertaken 
by the Performance and Productivity Panel of the Qu2li ty  and Productiv- 
i t y  Tmprovement Council (QPIC). The council  is comprised of the  top 
three management leve ls  a t  MDTSCO-H and is the focal  point f o r  q ~ a l i t y  
and product ivi ty  i n i t i a t i v e s  C31. 

In reviewing avai lable  l i t e - a t u r e  on qua l i ty  and productivity 
measurement, the Performance and Productivity Panel found extensive 
references re la ted  t o  a production manufacturing environment. In such 
an environment productivity wa; ea s i ly  defined a s  output divided by 
input. - widgets per do l la r  or  widgets per hour. Qual i ty  was defined in  
terms of scrap - defect ive widgets per thousand. 

Early e f f o r t s  t o  apply such de f in i t i ons  t o  an engineering serv- 
'ces  environment proved d i f f i c u l t .  How does one measure productivity 
in an environment where most products a r e  unique; where the ascent 
f l i g h t  design fo r  one mimion may be  s ign i f i can t ly  more complex than 
one for  a supe r f i c i a l l y  dimilar mission? How does one quant i ta t ive ly  
deflne scrap in such an environment? After several  f a l s e  s t a r t ,  the  
panel was introduced, through an American Productivity Center seminar, 
t o  the  family of measures concept proposed by Carl C. Thor [ 4 ] .  



The APC Family of Measures Concept 

Mr. Thor pointed out t h a t  " i t  is necessary, much Fore frequently 
than in  a  factory,  t o  use a  co l lec t ion  of measures ra ther  than a  s ing le  
measure for  a  par t icu lar  (profess iona l )  department. " The reference 
provided an example of how the  family of measures concept could be 
applied t o  an engineering department. This family of measures concept 
was adopted by the  Performance and Productivity Panel. The reference 
fur ther  suggested a  pa r t i c ipa t ive  approach t o  t,he development of per- 
formance measurements. That approach became the  nucleus fo r  the  
panel I s  PMS Development Plan. 

PMS Development Plan 

The development plan out l ined an approach f o r  development of a  
h ie rarch ica l  s e t  of performance indicators  beginning with de f in i t i on  of 
top-level ( d i ~ i s i o n - l e v e l )  ind ica tors  by the QPIC. The top-level indi- 
ca to r s  provided a context for  de f in i t i on  of re la ted  lower-level ones. 
These lower-level indicators  were augmented by o thers  unique t o  the  
par t icu lar  organizational element fo r  wkich they were developed. 

Development of Top-level Indicators  . 

The Performance Measurement System was intended t o  p r o ~ i d e  both 
hard and s o f t  indicators  of performance. Hard indicators  included the  
qua l i ty ,  productivity and t imeliness  of products, and quant i ta t ive  
r~..xsu;.es of f i s c a l  performance. The s o f t  ind ica tors  focused on per- 
f'crmance on corporate i n i t i a t i v e s  in  a reas  such a s  pa r t i c ipa t ive  man- 
agement, employee development and recognbtion, and other f ac to r s  of 
qual i ty-of- l i fe  ifi t9e  workplace. 

Corporate i n i t i a t i v e s  defined the major a reas  of performance t o  
bc masured. The QPIC began de ta i led  development of candidate indica- 
t o r s  f o r  those areas  u s i n g  the Nominal Group Technique [ 4 ] .  After an 
i n i t i a l  rou~id-robin brainstorming and " l i gh t "  ed i t i ng ,  the r e su l t i ng  
list of ind ica tors  was fur ther  ed i ted ,  organized i n t o  categories  by the 
d i r ec to r  and published fo r  fu r the r ,  de ta i led  review by the  f u l l  Q P I C .  
The i n i t i a l  s e t  of divis ion-level  ind ica tors  was baselined and imple- 
mentation begun only a f t e r  thorough discussion, r ede f in i t i on ,  aad i t ions  
and delet ions.  

Resulting Top-level Indicators  

The Division-level ind ica tors  ( f i gu re  1 )  cons is t  of 31 indica- 
t o r s  in seven categories:  Business Development Effectiveness,  Fiscal 
Health, Staff ing Adequdcy, Contractual Performance, Organizational 
Climate, Organizational Product ivi ty/Qual i ty  of Work, and Techrmlogy 
Posture. A f i n a l  indicator ,  Self-Renewal and Continuous Improvement, 
is ca1cu;cted a s  a  weighted average of scores  i n  the  seven categories  
and providss an assessment of overa l l  performance a t  the a iv is ion  
level .  



FIGURE 1 
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1 n Inclicators 

The Organizational Climate category illustrates some of the soft 
indicators nentioned earlier. For example, the "Workplace Visitsu 
indicator (figure 2 )  represents a measure of the level of ttmanagement 
by wandering around" (MBWA) as discussed by Peters and Austin [ I ] .  
While not an end in itself, the indicator is expected to allow assess- 
ment of the effectiveness of MBWA in the MDTSCO-H organization when 
correlated with other measures cf organizational climate. 

Hierarchical Development of Lower-Level Indicators 

With division-level indicators defined, the next level of the 
organization - Engineering and specific Projects - began def ini t ion of 
their PYS indicators. Some were defined automatically as a flowdown 
from the division-level indicators ( figure 3 ) .  Additional indicators, 
each speciflcaliy tailored to a particular organizational element, were 
defined using the same nominal group technique described earlier for 
divisicn-level indicators. For example, indicators unique to the Soft- 
ware E.igineering Department include software development productivity 
and conformance to software standards. 



FIGURE 2 

FIGURE 3 
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LESSONS LEARNED 

Since definitlon of the division-level indicators was completed 
only last Fall, and the lower-level indicators even more recently, 
there are a number of lessons still to be learned. Experience to date 
with the MDTSCO-H PMS does allow some generalizations to be made, how- 
ever, about what seemed to work effectively: 

- Start at the top. This not only demonstrates top-management 
commitment but forces careful top-level thinking before In- 
volving a large number of people. In additlon it provides 
the required top-level definition of indicators which Lower- 
ley.el indicators must support through the flow-down pro-. -i.-ss. 

- Once the initial definition is complete, b ~ g i n  implementation 
with a few selected indicafors rather than tackling the whole 
list at once. Experiment. Try it out. Then use what was 
learned to expand implementation to the complete list. 

- Don't restrict indicators to those that can be plotted as 
control charts. Control charts may apply for most fndicators 
in a production manufacturing environment; in a non-routine 
knowledge-based engineering environment, statistical bounda- 
rles for control chart limits may not be available. 

- Don't reel constrained to cast indicators in concrete. Re- 
view them periodically. Delete and add indlcators to insure 
that the PMS really measures those factors that are key to 
the current and future success of the organization. 

Attempts to automate the generation of PMS indicators hove in- 
clcded zeveral C$?P:-related activities for DoD applications and corn- 
mercial software packages. Most of the d ivisicn-level indicators are 
currently plott?d using graphics program on personal 6omputers. Some 
of the indicators use a standalone proqram; others, depending on the 
complexity of calculat,ions involvm, are generated with spreadsheet 
programs which include an integrated graphics capability. Hierarchical 
measures are well suited to computer-generated spreadsheets and a nun- 
oer of such products arc availablc which allow efficient consolidation 
of lower-level iridicators to generate higher-level ones. 

General 1 y speak ing, however, the recommended approach is to 
conceritrdte initially on definition of meaningful indicators and not 
commlt too edrly to automation of an immaturse set of measures. 

A future goal is to automate as much of the PMS process as eco- 
nomically feasibie. Expert systems may also prove LQ be of assi~tance 
in decision making l~sing the indicaScrs. For the present,, however, the 
MDTSCO-t i  PMS is primarily a haads-on, manual system, l~ndei. internal 
e v d l u a t  Lon. 



CONCLUSION 

The MDTSCO-H Performance Measurement Systea represents m e f fo r t  
t o  measure performance for an engineering services organization. In 
addition t o  measuring the usual hard parameters such as  sa les ,  return 
on investment, e tc . ,  the system is deaigned t o  provide an indication of 
performance in other areas or corporate initiatives. 

Thc family of measures concept and use of the nomina; group 
technique were found t o  be effective means for defining performance 
indicators a t  a l l  levels  of the organization. The current inCicators 
represent a beginning. They, l ike  the organization whose performance 
they measure, w i l l  evolve a s  MDTSCO-H presses forward on the path of 
continuous improvement. 

REFERENCES 

[ 1 )  Peters, Tkoms J. and Austin, Nancy K . ,  Random House, New York, 
1985, pp. 378-392. 

[ 2 ]  Petersburg, Ronald K . ,  "Streamlining: Reducing Costs and hcreaa-  
i n g  STS Operations Effectivenesslw Proceedings, R&D Productivity 
Conference, Lyndon B. johrrson Space Center, 1 985. 

C31 Ruda, Roger R., wImplementing Quality/Productivity Improvemmt 
In i t i a t ives  i n  an Engineerlng Services Environrrz : t ,"  Procoedin 3 ,  
R L D  Product l v l t y  Conference, Lyndon B. Johnson Space ~ e n d 5 .  

C 4 ]  Stephenson, Blair Y. and Franklin, Stephen G . ,  "Bettar Decision- 
Maklng for a 'Real World1 Environment," Administrative Management, 
July, 1981, pp. 24-38. 

C51 Thor, Carl C . ,  "Measuring the Productivity of Technfc~i Re- 
murces, " Knowledge Worker Measurement, Aver ican Prcjucti v i  t y  
Center, 1 984. 

Richard West is a Trl 

B l O G R A F H Y  

nclpal Staff Engineer w i t h  McC; 1el1 
Douglas Techniczl Services Company-Houston. He has 2G years of experi- 
erlce in the aerospace industry. In h i s  current assignment as 4ssistant 
t o  the Director, he is responsible for cocrdinating the development and 
implementation of Division-Level indicators for the MDTSCO-9 Perform- 
ance M~asurement System. 



IMPROVING ENGINEERING EFFECTIVENESS 



SOME KEY CONSIDERATIONS I N  EVOLVING A COHPUTER 
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The epace s t a t i o n  d a t a  management system i n v d v e s  networks o f  
computing resources  t h a t  must work cooperat ively  and r e l i a b l y  over  an  
i n d e f i n i t e  l i f e  span. Th is  program r e q u i r e s  a long schedule of modular 
growth and a n  even longer period of maintenance and opera ti on. The de- 
velopment and opera t i o n  of space s t a t i o n  computing resources  w i l l  in- 
volve a spectrum of systems and so£ tware l i f e  c y c l e  a c t i v i t i e s  d i s t r i b -  
uted a c r o s s  a v a r i e t y  of h o s t s ,  an  i n t e g r a t i o n ,  v e r i f  i c a t i o u ,  and v a l i -  
d a t i o n  h o s t  wf  t h  t e s t  bed, and d i s t r i b u t e d  t a r g e t s .  Thia paper fden t i -  
f i e s  the requit>-ment f o r  the e a r l y  e s t a b l i r h n e n t  and use of an  appropri-  
a t e  Computer Systems and Software Engineering Support  Environment. T h i s  
environment w i l l  suppor t  the  Research and Development Produc t iv i ty  chal- 
lenges presented bp the  space s t a t i o n  computing sys  tea. 

CONTEXT AND CHALLENGE 

The Space S t a t i o n  Program is d i f f e r e n t  from p s t  NA3A p r o j e c t s  
i n  t h a t  i t  w i l l  provide the c a p a b i l i t y  t o  support  a permanent manned 
presence i n  space. The computing resources  w i l l  provide an end-to-end 
information system t h a t  w i l l  evolve over approximately 70 years  and re- 
main o p e r a t i o n a l  f o r  an  i n d e f i n i t e  period.  A t  matur i ty ,  the  Space Sta-  
t ion  Program w i l l  involve networks of computing resources  loca ted  on the  
ground, i n  low e a r t h  o r b i t ,  i n  h igher  o r b i t s ,  and hopezully on a perma- 
nen t  manned s t a t i o n  on the  moon. There w i l l  be v e h i c l e s  opera t ing  be- 
tween the e a r t h ,  mu1 t i p l e  space sta t i o n s ,  f r e e  f l y i n g  p l a t f o m s ,  moor. 
and deep space. Such a program is  l i k e l y  t o  r e q u i r e  the  l a r g e s t  number 
of processors ever  embedded i n  a n  i n t e g r a t e d  end-to-end system. These 
processors  mu8 t work coopera t ive ly  and r e l i a b l y  t o  maintain the  system' s 
i n t e g r i t y  and q u a l i t y  of s e r v i c e s  i n  a p i  te of t h e i r  physical  s e p a r a t i o n  
i n  space. More than ever  be fore ,  the  key t o  bu i ld ing  and opera t ing  an  
adaptable ,  r e l i a b l e  aystern is bel ieved t o  be the  e a r l y  es tabl ishment  and 
use of a n  a p p r o p r i a t e  Computer Systems and Software Engineering Support 
Environment . This  environment w i l l  suppor t  the t echn ica l  response t o  
the research and development chal lenges  of the NASA space s t a t i o n  com- 
pu t i n g  sys  tern. 

*Ada is - the  trademark of the  US Government, Ada J o i n t  Programming O f f i c e  



P a r a l l e l  Research - 

APPROACH TO THE PROBLEH 

The space s t a t i o n  da ta  management system can be divided i n t o  
th ree  f u n c t i o n a l  a r e a s :  

1 . Ne twork Communica ti on Serv ices  (NCS) 
2 .  Network Inf  orma t i o n  Service8 (EIIS) 
3. Network Appl ica t ions  Serv ices  (NAS) 

This  f u n c t i o n a l  d i v i s i o n  w i l l .  maximize the  o p p o r t u n i t i e s  f o r  p a r a l l e l  
r e sea rch  i n  r e l a t e d  a r e a s  of concern. Th i s  approach i s  i l l u s t r a t e d  i n  
Figure 1  which shows th ree  types of Local Area Networks (LAN's) expected 
to  be i n  day-to-day use by year  2000. 

The scenar io  of Figure  1 e x h i b i t s  Space S t a t i o n  d l ,  Ground Sup- 
p o r t  S t a t i o n  #27,  and Manned O r b i t a l  T r a n s f e r  Vehicle # 3 ,  Each l o c a l  
a rea  network i n  shown t o  be f u n c t i o n a l l y  d ivided i n t o  c l u e t e r s .  Each 
c l u s t e r  is made up of t h r e e  f u n c t i o n a l  components: NCS, NIS, and NAS. 
The lowest  l a y e r s  of the NCS component can be connected t o  a  l o c a l  a r e a  
network media (eg ,  a  f i b e r  o p t i c  r i n g )  t o  a  gateway t o  ano the r  LAN o r  t o  
a  t r a n s m i t t e r / r e c e i v e r  t o  remotely loca ted  LAN's ( e g ,  a  r a d i o  f r e -  
quency l i n k  o r  a  l a s e r  beam l i n k ) .  These lowest  l e v e l  NCS connect ions  
form s t a b l e  i n t e r f a c e  p o i n t s ,  i f  they conform to  emerging I n t e r n a t i o n a l  
Standards Organ iza t ion ' s  Open Sys tems Interconnect ion (OSI) model. 

The mcrr t challeng?r?g (and important)  8 t a b l e  i n t e r f a c e  p o i n t  f o r  
the purpose of f a c i l i t a t i n g  the f a r e l l e l  r e sea rch  a c t i v i t i e s  is the  0 ~ ; ;  

a t  the  junc t ion  of the t h r e e  c l u s t e r  co,aponents. A d e f i n i t i o n  c: the  
sof tware  and hardware p ro toco l s ,  t h a t  govern exchanges among the  th ree  
components should a l l o u  resea rchers  t o  combine the  b e s t  of  t h e i r  work 
f o r  study.  Th i s  assumes t h a t  each group of r e sea rchers  a p p l i e s  modern 
pr inc  i p l e s  of computer s y s  tems and sof m a r e  engineer ing wi th  regard  to: 
layered des ign,  management of a b s t r a c t  o b j e c t s ,  and p rov i s ion  of f a u l t  
to le rance  w i t h i n  av env i  ronment con ta in ing  both r e a l  time and d a t a  
d r iven  a p p l i c a t i o n s .  

Proposed 1990 Environment ------------- 
The b e s t  b a s e l i n e  f o r  a  1990 so f tware  engineer ing suppor t  envi- 

ronment is  a  mature Minimal Ada Progaming Support Environment ( W S E ) .  
However t h i s  minimal t o o l s e t  is  i n s u f f i c i e n t  by i t s e l f .  By 1990 the re  
should be a  commonly accepted model and vocaholory f o r  the  p r o j e c t  d a t a  
base and f o r  en forc ing  the  conf igurat ior i  management p o l i c i e s .  Th i s  c o w  
mon model and vocabulary make p o s s i b l e  the development o f :  a  r euseab le  
component l i b r a r y  a p p l i c a b l e  t o  every  phase of the l i f e  c y c l e ;  h i g h l y  
automated t echn ica l  t o o l s  which reenforce  methodologies a p p r o p r i a t e  f o r  
the va r ious  l i f e  c y c l e  p h ~ s e s ;  and h igh ly  automated management t o o l s  
which complement the t e c h n t c a l  too l s .  

As shawn i n  Figure  2 ,  t h i s  proposed 1990 environment should sup- 
p o r t  t:he c o n t i n u a l  e v o l u t i o n  of the sys  tem engineer ing requirements.  
When enough of the sys  $em engineer ing requirements a r e  s u f f i c i e n t l y  
understood,  work can proceed i n  p a r a l l e l  t o  begin t o  determine th?  s o f t -  
ware engineer ing requirements.  Continuing t h i a  h ighly  i t e r a t i v e  feed- 



back process ,  the work can progress  t o  determine :he hardware engineer-  
ing reqcirements.  Throughout a l l  th ree  a c t i v i t i e s  the re  i s  a need t o  
manage people and l o g i s t i c s .  As summarized a t  the bottom of the Figure ,  
t h i s  i s  a  h igh ly  i t e r a  r i v e  process  of cous ide r ing  syscema, sof tware  and 
hardware where a l l  information f o r  a l l  phases of the  l i f e  cyc le  a r e  in- 
pu t  i n t o  e C A I S  (C~mmon APSE I n t e r f a c e  S e t )  conforming p r o j e c t  database  
wi th  we l l  understood conf igura t ion  change reanagemcnt. The engineering 
process  i s  a ided  by a h ighly  automated s e t  of advance t echn ica l  too l s .  
In  turn  the a p p r o p r i a t e  use qf the advalced t echn ica l  t o o l s  a r e  reen- 
forced by a high ly  automated st? t of complementary management too l s .  
Th i s  envronmen t w i l l  a l s o  suppor t  the changing maintenance requirements 
over  the e n t i r e  l i f e  c y c l e  of the da ta  management system. 

Working D e f i n i t i o n  --- 
The upper h a l f  of Figure 3 proposes a working d e f i n i t i o n  f o r  the  

sof tware  engineer ing process j u s t  descr ibed (adapted from Ross, Good- 
enough, I r v i n e ,  1975 [ 4 ] ) .  The klt!y t o  t h i s  d e f i n i t i o n  i e  the  recogni- 
t i o n  of the f i v e  g o a l s  of uof m a r e  engineer ing ( i e ,  n o t  j u s t  "cor rec t " ) .  
I t  i s  most u ~ f o r t u n a t e  t h d t  the rush to  produce code which can be demon- 
s t r a  ted t o  pass  eccep tance t e s t s  of ten produces sof tware  a t  c o s t s  which 
a r e  t y p i c a l l y  l e s s  than 20% o f  the l i f e  c y c l e  c o s t s  of the software.  
Over 80% of today 's  sof tware  c o s t s  a r e  incurred i n  maintenance and 
opera t i o n  a t t empts  to  modify the sof tware t o  meet changing requirements,  
t o  r e p a i r  the softwa-e, and to  tune the  software.  The d i f f i c u l t i e s  
a s s o c i a t e d  wi th  modifying sof tware  i n  a s a f e  and r e l i a b l e  manner that is 
c o r r e c t ,  e f f i c i e n t  and unders tandable were among the p r i n c i p a l  concerns 
of the des igners  of the MAPSE and C A I S .  

The bottom of Figure 7 shows the t r a d i t i o n a l  view of the major 
phases of the sof tware  l i f e  c y c l e  depic ted  i n  the textbooks. However 
the top ha l f  of Figure 4 i s  believed to  be a f a r  more r e a l i s t i c  view of 
the h ighly  i n t e r a c t i v e  l i f e  c y c l e  phases f o r  p r o j e c t s  such a s  space 
s t a t i o n .  A s  shown, the work commences wi th  the a n a l y s i s  of systems 
engineer ing requiremen t u .  A t  some pofn t the sys tem requ i  rements a r e  
s u f f i c i e n t l y  understood t o  ennSie work t o  begin i n  p a r a l l e l  on the  
sof tware  engineer ing requirements.  This  h igh ly  i t e r a t i v e .  work is fed 
i n t o  the p r o j e c t  data  base poss ib ly  producing changes i n  the  preceding 
work. Theee e f f e c t s  r i p p l e  through the o t h e r  phases of the  work. When 
the sc f  tware engineer ing requirements a r e  suf f i c e n t l y  understood a t h i r d  
p a r a l l e l  a c t i v i t y  ( t h e  a n a l y s i s  of the hardware requirements)  can a l s o  
begin. 

I t  i s  important  t o  r e a l i z e  t h a t  the e f f e c t s  of these  i t e r a t i v e  
i n t e r a c t i o n s  can be s t imula ted  from any p o i n t  along a continuum of re- 
quirements a n a l y s i s  a c t i v i t i e s .  A t  one end of the continuum we d e a l  
wi th  " i l luminated"  i s s u e s  ( th ings  ve understand very w e l l ) .  Typ ica l ly  
we analyze  and represen t  such requirements i n  a h ighly  procedure d r iven  
fashion.  This  g i v e s  r i s e  to  the  'myth' of proceeding i n  d i s t i n c t  s t e p s  
from one phase of the l i f e  cycle. to  the nex t  phase i n  a s t a i r s t e p  o r  
w a t e r f a l l  sequence of a c t i v i t i e s .  Unfor tunate ly  these a r e  the easy 
i ~ s u e s  to  dea l  with.  A t  the o t h e r  end of the continuum a r e  the "dark" 
i s sues .  Typ ica l ly  the a n a l y s i s  and r e p r e s e n t a t i o n  of such requirements 
cannot begin i n  the same procedure d r iven  fashion a s  the  a c t i v i t i e s  a t  



the i l luminated end. These nonprocedutal  a c t i v i t i e s  a r e  more l i k e l y  to  
be dr iven by i n s i g h t e  gained from i n t u i t i o n ,  in fe rence  and inves t iga -  
t ion .  Rapid pro to  typing,  s imula t ing ,  and a r t i f i c i a l  i n t e l l i g e n c e  tech- 
niques can be very  use fu l  i n  ga in ing  these  i n s i g h t s .  

STEPS TO THE 1990 SOLUTION 

Minimal Toolse t  

The minimal t o o l s e t  is  e x h i b i t e d  i n  Figure 5. The HAPSE depic t -  
ed i n  the upper p a r t  of the  f i g u r e  cons:sts of the  s e r v i c e s  of a  KAPSE 
(Kernel of the APSE) which i n t e r f a c e s  t o  the  o t h e r  CAIS conforming MAPSE 
t o o l s  and the p r o j e c t  da ta  base. The s i x  functional div! s i o n s  of the 
MAPSE t o o l s  which s i t  on top of  the KAPSE a r e :  the compi ler ,  the  edi-  
t o r ,  the l i n k i n g  l c a d e r ,  the command language, the debugging t o o l s  and 
conf igura t ion  management too l s .  i t  i s  important  t o  r e a l i z e  t h a t  the  
MAPSE t o o l s e t  i s  r e l a t i v e l y  independent of methodology and w i l l  provide 
the most he lp  t o  the sof tware  eng ineer  dur ing the development phase c f  
the l i f e  cycle .  

Advanced t echn ica l  t o o l s  a r e  needed t o  ree fo rce  s p e c i f i c  method- 
o l o g i e s  a p p r o p r i a t e  f o r  e a r l i e r  aad l a t e r  phases of  the l i f e  cyc le .  Un- 
f o r t u n a t e l y  a n  i n t e g r a t e d  s e t  of t o o l s  a p p r o p r i a t e  f o r  the  11 f e  c y c l e  of 
a p r o j e c t  such as  the  space s t a t i o n  does n o t  e x i s t  a t  t h i s  time. Three 
s t e p s  a r e  e s s e n t i a l  i n  o rde r  to  meet the  1990 g o a l s  mentioned e a r l i e r .  

The S teps  

The f i r s t  s t e p  is t o  e s t a b l i s h  a  minimum b a s e l i n e  t o  begin  the  
development of :he system and sof tware  suppor t  environment. Th i s  would 
incluCe a  mature CAIS conforming MAPSE. The second s t e p  is t o  i d e n t i f y  
and s e l e c t  a p p r o p r i a t e  methodologies f o r  a l l  phases of the  l i f e  cyc le .  
Th i s  includes  methodologies f o r  i d e n t i f y i n g  and developing those  reuse- 
a b l e  components which have a  h igh p o t e n t i a l  f o r  return-on-inves tment. 
The t h i r d  s t e p  is t o  b u i l d  the  reenforc ing  t o o l s  which f a c i l i t a t e  and 
reward the a p p r o p r i a t e  use of the  methodologies. Th i s  s t e p  is  divided 
i n t o  two e s s e n t i a l  p a r t s .  The t o o l s  t o  r eenforce  t3e  t e c h n i c a l  method- 
o l o g i e s  must be reasonably we l l  understood be fore  the  complementary ad- 
vanced t o o l s  to  suppor t  nanagemen t can be developed. 

S l i c e  of L i f e  

Figure 6 shows a  s l i c e  of the l i f e  c y c l e  [ 3 ] .  E s s e n t i a l l y  t h i s  
view i s  a p p l i c a b l e  to  any phase of the l i f e  c y c l e  o r  any s t e p  wi thin  any 
phase. I t  begins wi th  a  r e p r e s e n t a t i o n  of  the  problem ( o r  a  proposed 
represen ta t ion ;  which i s  now ready t o  be transformed according t o  some 
methodology i n t o  a  new r e p r e s e n t a t i o n  which is  c l o s e r  t o  the  s o l u t i o n  of 
the problem. The r e p r e a e n t a t i o n  i s  fed i n t o ,  the p r o j e c t  d a t a  base and 
appropr ia te  v e r i f i c a t i o n  and v a l i d a t i o n  techntques a r e  a p p l i e d  t o  i n s u r e  
t h a t  the new r e p r e s e n t a t i o n  conforms t o  t h e  l e t t e r  and the  s p i r i t  of the 
previous represen ta t ion .  The v l r i f i c a t i o n  and v a l i d a t i o n  r e s u l t s  a l s o  
e n t e r  the p r o j e c t  da ta  base and feedback i s  used t o  f i n e  tune e a r l i e r  
s t eps .  The boctom of Figure  6 a - p l i e s  t h i s  view macroscopical ly  t o  the 
phases. I n i t i a l  concepts of the problem space a r e  transformed i n t o  a 



requirements a n a l y s i s  document. The requirements a n a l y s i s  document 
c o n s i s t s  of two major d i v i s i o n s :  the " s h a l l s "  which must he demonstrat- 
ed a t  acceptance  t e s t  time and the "shoulds" which a r e  v i t a l  t o  the l i f e  
c y c l e  success  of the p r q j e c t  b u t  which canno t  be dichotomously demon- 
s t r a t e d  on a  p a s s - f a i l  b a s i s  a t  acceptance  t e s t  time. 

The " s h a l l s "  of the  requirements a n a l y s i s  document a r e  t rans-  
formed by a n  a p p r o p r i a t e  methodology i n t o  a  des ign s p e c i f i c a t i o n  docu- 
ment. The des ign  s p e c i f i c a t i o n  document s p e c i f i e s  i n  anno ta ted ,  com- 
p i l a b l e  Ada package s p e c i f i c a t i o n  f c m :  what process ing is  t o  be de- 
monstrated a t  acceptance  test time, how w e l l  the process ing is t o  be 
performed and under what circumstances the  process ing is  t o  be perform- 
ed.  The des ign team can then cons ide r  the  va r ious  des ign  a l t e r n a t i v e s  
which would meet the des ign spec i f  i c a  t i o n ~ .  The des ign  a 1  t e r m  t i v e s  can 
then be eva lua ted  i n  the  c o n t e x t  of the "shoulds" of the  requirements 
a n a l y s i s  document. A p r o f e s s i o n a l  eng inee r ing  judgement i s  used t o  
s e l e c t  the  b e s t  des ign a l t e r n a t i v e .  

The model of the  s l i c e  of  the l i f e  c y c l e  can a l s o  be app l i ed  i n  
a more mfcroscopic sense  t o  s t e p s  w i t h i n  the  v a r i o u s  phases. For ex- 
ample, the  bottom half  of Figure  4 shows a n  expansion of the require-  
ments a n a l y s i s  phase f o r  l a r g e  complex systems. Each of  the  f o u r  over- 
lapping a c t i v i t i e s  can be s ~ b d i v i d e d  i n t o  f o u r  p a r t s :  a n a l y s i s ,  p a r t i -  
t ion ing ,  a l l o c a t i o n ,  and s y n t h e s i s  [ 2 ] .  

For example, the f i r s t  a c t i v i t y  can begin wi th  a n  a n a l y s i s  of 
how many types of l o c a l  a r e s  networks a r e  a p p r o p r i a t e  t o  accomplish the 
g o a l s  of the space s t a t i o n  program. Th i s  may r e s u l t  i n  a  f i r s t  pass  a t  
part : t ioning the computing requirements among l o c a l  a r e a  networks t o  be 
l c c a t e d  on the ground, on space s t a t i o n ,  on f r e e  f l y i n g  pla t forms,  and 
on o t h e r  types of l o c a l  a r e a  networks. A s  shown i n  the  f?gure  the  
p r i n c i p a l  requirements a n a l y s i s  team can cont inue t h e i r  work while a 
s e l e c t i o n  of t a s k  f o r c e s  can now begin  t h c  a n a l y s i s  o f  t h e i r  p a r t i c u l a r  
LAN assignments.  One team may analyze  the  LAN requirements  f o r  space 
s t a t i o n  while o t h e r  teams analyze  the requirements of o t h e r  en ti t i c s .  
Each of these  t a s k  f o r c e s  w i l l  e v e n t u a l l y  reach the p o i n t  of p a r t i t i o n -  
ing t h e i r  work i n t o  va r ious  computing requirements.  

The t a sk  f o r c e  focusing on the  space s t a t i o n  may determine t h a t  
a  f u l l y  mature space s t a t i o n  vould have "N" c l u s t e r . .  of computing re- 
qurrements (eg ,  a  guidance, nav iga t ion  and coutro: c l u s t e r ;  a  h e a l t h  
maintenance f a c i l i t y  c l u s t e r ;  and o t h e r s ) .  As a  r e s u l t  of t h i s  p a r t i -  
t ion ing ,  new task  f o r c e s  can be a s s i g n e l  a d d i t i o n a l  p a r a l l e l  a c t i v i t i e s  
t o  begin a  more d e t a i l e d  a n a l y s i s  of the requirements f o r  each of these  
computing c l u s t e r s .  A t  some p o i n t  the f u r t h e r  p a r t i t l o n i n e  of the 
requirements of each of the c l u s t e r s  i s  analyzed i n  the  con tex t  of the 
whole program so t h a t  common denominators can be f a c t o r e d  i n t o  c l u s t e r  
componen t s  such a s  Network Communication Serv ices ,  Network Informa t i o n  
Serv ices  and Network Appl ica t ion Serv ices .  

The second phase of the l i f e  c y c l e  i s  macroscopical ly  shown a t  
the bottom of Figure 6 as  the  second t ransformat ion s t e p  which l e a d s  



from R requirements a n a l y s i a  document to  ri des ign spec i  f i c a  t i o n  docu- 
ment. However t h i s  phase can be subdivided i n t o  a more microscopic 
expansion of the design s p e c i f i c a t i o n  s t e p s  as shown i n  Figure 7 [ I ] .  
The second s t e p  of t h i s  phase is  p a r t i c u l a r l y  important t o  good systems 
and software engineering.  Th is  s t e p  produces a r e p r e s e n t a t i o n  r e f e r r e d  . 

t o  a s  the a b s t r a c t  f u n c t i o n a l  s p e c i f i c a t i o n .  A c h a r a c t e r i s t i c  of a good 
a b s t r a c t  f  unc t i o n s l  spec i s  tho s e p a r a t i o n  of engineer ing concerns t h a t  
a l lows the more d i f f i c u l t  i s s u e s  to  be analyzed wi th  r e s p e c t  t o  r i s k  and 
the p r o b a b i l i t y  of impact by f u t u r e  change. 

Those "dark" i s s u e s  i d e n t i f i e d  to  be " a t  r i s k "  can be i d e n t i f i e d  
i n  the  p r o j e c t  d a t a  base and can quickly  be nseigned t o  f e a s i b i l i t y  t a sk  
fo rces .  For each of these  i s s u e s ,  the  f e a s i b i l i t y  t a sk  f o r c e  should 
begin by doing a s a t u r a t i o n  study. The purpose of the s a t u r a t i o n  s tudy 
is t o  determine i f  a s o l u t i o n  t o  the  i s s u e  has  been found by o t h e r s  and 
i f  the  s o l u t i o n  is documented and a c c e s s i b l e  t o  the  t e m .  I f  the  team 
can convince t h e i r  peers  t h a t  they now know how t o  so lve  the problem, 
the i s s u e  may he removed from the " a t  rf-%'nr l i s t  i n  the p r o j e c t  d a t a  
base. The feedback from the  p r o j e ~ c  d a t a  base then a l lows  t h i s  i s s u e  t o  
progress  t o  the nex t  transformation.  I n  Rang c a s e s ,  however, the  i s s u e  
i d e n t i f i e d  w i l l  n o t  Save been solved i n  the  same con tex t  a s  the  c u r r e n t  
~ p p l i c a  t ion  o r  the re  is i n s u f f  i c i a n t  informa t i o n  a v a i l a b l e .  

The team may proceed t o  the  cons idera t ion  of d e t a i l e d  scenar ios .  
I t  i s  poss ib le  t h a t  s t ruc  trued-walk throughs of d e t a i l e d  s c ~ n a r i o e  may 
succeed i n  convincing the  team and t h e i r  pee rs  t h a t  the  i s s u e s  a r e  suf- 
f i c e n t l y  understooE t o  be removed from the " a t  r i s k "  l i s t .  Unfortun- 
a t e l y  a number of these  walk throughs succeed i n  improving the  team's 
~ n d e r s t a n d i n g  of the problem b u t  n o t  i n  convincing them they have a aa t- 
f s f a c t o r y  s o l u t i o n .  

Rapid Protyping ------ 

I t  is then appropr ia te  f o r  the  t a sk  fo rce  to  bu i ld  a rap id  
prototype.  The rapid  prototype i s  n o t  a rap id  prototype of the  e n t i r e  
system. Ins tead  i t  focuses on the s e p a r a t e  concern which was considered 
t o  be a t  r i s k .  I f  the unders tmding  t h a t  emerges From work wi th  the 
rap ld  prototype convinces the team and t h e i r  peers t h a t  the  i s s u e  can 
now be removed from the " a t  r i s k "  'list then the  nex t  t ransformat ion s t e p  
can begin. Upon some occasions a rapid  prototype may be a l e s s  appro- 
p r i a t e  approach than a s imulat ion.  Even more f r e q u e n t l y  the  rap id  
proto type may requ i re  i n t e r a c t i o n s  with simula t ions  of the remainder of 
the environment. Th i s  is  an  a r e s  which i s  n o t  we l l  understood a t  the 
p resen t  time. 

THE 1930 ANSWER 

To summarize the  praceeding sections, a computer systems and 
aoftware engineer ing support  environment appropc i s tc  f o r  1990 implies a 
mature, CAIS conforming MAPSE haa been extended to  provide the follow- 
ing: an i n t e g r a t e d  and h igh ly  automated support  envfronment c o n s i s t i n g  
of a l i f e  c y c l e  da ta  base,  a p r o j e c t  l i b r a r y  wi th  a l a r g e  colZect ion of 
reusable  components, good conf igura t ion  change management, advanced 
t echn ica l  t o o l s ,  and advanced management t o o l s  f o r  use w i  t h  d i s t r i b u t e d  



h o s t s ,  d i s t r t b u t e d  t a r g e t s ,  and a n  i n t e g r a t i o n ,  v e r i f i c a t i o n  and val ida-  
t i o n  h o s t  w i t h  t e s  tbed. 

ACKNOWLEDGEMENT 

This  work has  been eupported i n  p a r t  by NASA Cont rac t  Number 
9-17010. I n  a d d i t i o n  t o  t h e i r  co l l eagues  a t  NASA Johneoe Space Center  
and the Univers i ty  of Houeton Clea r  Lake, the  a u t h o r s  g r a t e f u l l y  ac- 
knowledge the  suppor t  of the  p a r t i c i p a t i n g  c o n t r a c t o r s  and manufacturers  
which make the work of  the J o i n t  NASAIJSC UH CL APSE Beta T e s t  S i t e  pos- 
s i b l e  . 

APPENDIX 1 

The NASA/JSC 'JH-CL APSE Bete T e s t  S i t e  was e s t a b l i s h e d  i n  Sep- 
tember 1983. The t e s t  s i t e  team has  grown t o  25 o r g a n i z a t i o n s  supplying 
76 resea rchers .  There a r e  64 t a s k s  underway. The t a s k  o r d e r  f o r  the 
teams i s  t i t l e d :  

"Research i n  the Appl ica t ion of the  Ada Programming Suppor t  
Environment t o  the  L i f e  Cycle of Large,  Complex, Die t r i b u t e d  
Compu t i n e  Appl ica t ions"  

The purpose is  s t a t e d  i n  the m s k  o rder  a s :  

"The r e s e a r c h  w i l l  address  the  a p p l i c a t i o ~ :  of the Ada P r o g r a m i n g  
Support  E n v i r ~ i ~ m e n t  t o  l a r g e ,  Complex, d i e  t r i b u t e d  computing ap- 
p l i c a t i o n s  (such a s  the  Space Program) wi th  a . long schedule of modular growth 

(eg ,  10..30 y e a r s )  and a  . longer  l i f e  c y c l e  
invo lv ing  

. d i s t r i b u t e d  h o s t s  . d i s t r i b u t e d  t a r g e t s ,  and a n  . i n t e g r a t i o n ,  v e r i f i c a t i o n  and v a l i d a t i o n  
h o s t  and t e s t  bed. 

I n  p a r t i c u l a r  the  resea rch  w i l l  focus upon the i s s u e s  which a r e  
n o t  wel l  underetood (ie, ' da rk '  i s s u e s )  i n  the computer systems 
and aoftwara engineer ing of such a p p l i c a t i o n e .  The g o a l s  of  the  
resea rch  a r e  t o  . i d e n t f f y  and . i l lunr i twte  these  'dark '  a r e a s  and to  . reCuce the  a r e a s  : a t  r i s k '  . " 

APPENDIX 2 

Terae 3 e f i n i t i o n s  of space s t a t i o n  competing terms z r e  l i s t e d  
below: 

Ada* Augusta Ada Bryon, Countess of  Lovelace, daughter  of Lord Byron 



APSE 
CAIS 
G AN 
rso/os1 

JSC 
KAPSE 
LAN 
MAPSE 
N AS 
NCS 
NIS 
RAN 
U H  CL 

wa8 the a e s i s t a n t  and pat ron o f  Char les  Babbage and worked on 
h i s  mechanical a n a l y t i c a l  engine.  (The world 's  f i r r t  program- 
mer). Also the h igh l e v e l  language of the U.  S. Department of 
Defense. *Ada i s  a r e g i e t e r e d  trademark of the  U .  S. Govern- 
ment Ada J o i n t  Program Off i c e  
Ada Programming Support  Environment 
Common APSE I n t e r f a c e  S e t  
Clobal  Area Network 
bn terna  t i o n a l  Standards  Organi za t i o n  Open System I n t e r c o n n e c t  
(The seven l e v e l  network communications model) 
Johnson Space Center 
Kernel APSE 
Local Area Network 
Minimal APSE 
Ne twork Appl ica t ion Serv ices  
Ne tworlc Communication S e r v i c e s  
Network Informa t i o n  Serv ices  
Remote Area Network 
UnLversi ty  of Houston Clea r  Lake 
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ABSTRACT 

The Rocketdyne Division of Rocktmll In torna t iona l  has embarked 
on a product ivi ty  improver~snt p rog rm i n  engineering. This e f f o r t  
included pa r t i c ipa t ion  i n  the  White Col la r  Product ivi ty  Iwprovoment 
( W I )  pro jec t  sponsored by the  American P r d u c t i v i t y  Center. A number 
of things have been learned through t h i r  p ~ , o j e c t .  It baemr t h a t  any 
product ivi ty  impcovement pro jec t  should be amploy~a driven. The 
Rocketdyne pro jec t  was e s s e n t i s l l y  s t a r t e d  a s  r r e s u l t  of a grass-  
roo t s  e f f o r t  t o  rerwve some p a r t i c u l a r  hindrancar,  and employee 011- 

thueiam was a prime f ac to r  i n  the  continuing progrems of the  e f f o r t .  
A s ign i f i can t  r e s u l t  was t h a t  awarenese of problems a t  a11 1 sls in- 
creased. Many i ssues  surfaced i n  the  d i a ~ n o s t i c  phaue, and were then 
noted and discussed. This process added 1 e g i t h c . y  t o  i s sues  that had 
previously been merely ur.spoken concitrns . The i n i e i a l  f rterings of 
many members of the p i l o t  group was that e ign i f i can t  chrrnges w o ~ l d  
occur r e l a t i ve ly  quickly.  It is now recogniz.6 that t b i s  w i l l  have t o  
be an ongoing, long-term e f f o r t .  A v c m t h m & h d  
-lteeping a l l  those people involved ensums t h e i r  
cnrUw-51C t o  i n c r e a ~ ~ w u r t - p r d w k b ~  An added 
bene f i t  t o  keeping a la rge  number of people involved is that as 
chanses a r e  proposed arx! t r i e d ,  t he re  is increased acceptance because 
those a €  fected .have contributed t o  t he  c!rengeo. Ths, it  is evidmic 
t h a t  t h i s  degree of employee involvement has made Rocketdyne's program 
successful .  

DISCUSSION 

The Rocketdyne Division of Rocln 11 1:rtenrational is o company 
of approximately 7000 employees. The primary products of t h i s  d iv i s ion  
a r e  l iqu id  rocket engines. Rocketdyne designs,  develops,  and menufac- 
t u r e s  low volume, sophis t ica ted  rocket engines and rsla ' ied technology 
products th r r t  a r e  o f t en  i n  the  public eye. This type of company and 
t h i s  type of work conrmends an engineering s t a f f  comprised af dedicated 
nnd very capable individuals .  

Americon business and cu l ture  has entered i n t o  an e r a  when pro- 
duc t iv i t y  in  the work force is i n  t he  foref ront  of i ts  a t t e n t i o n .  



Costs of doing business,  and stayinkt i n  busineas,  a&-e high and w i l l  
only increaee. The primary surv iva l  technique is t o  become a s  produc- 
t i v e  a s  possible. This is espec ia l ly  important a t  Rocketdyne, where 
expensive and low volume prcA*lcts a r e  so ld  almost exclusfvely t o  
government agencies t h a t  recent ly  have gained u renewed cos t  contain- 
ment focus and a r e  w i l l i r y l  t o  charyle cont rac tors  t o  spread out  t he  
ava i lab le  funds. 

Rocketdyne, along w? t h  o ther  members of the aerospace industry,  
was h i t  extrenrely hard i n  t he  e a r l y  1970s. Companies were forced t o  
d r a s t i c a l l y  cu t  buck by reducing the  sire of t he  f a c i l i t i e r  and the  
number of employees. A few yearu passcd while regrouping and working 
t o  develop new products. Due t o  key cont rac ts  such a s  t he  Space 
Shut t le  Main Engine, Rocketdyne began t o  grow and expand. Aa a r e s u l t  
of t h i s  growth and expansion, a la r8e  f r a c t i o n  of the  present  engi- 
neering ~ t a f f  is young. Th:? has created an i n t e r e s t i n g  bimodal work 
force of older  employees vho were retained throughout the e a r l i e r  lay- 
o f f s  and the newer, younger employees. 

The productivity influence i n  t h i s  environment menif ests i t s e l f  
d i f f e r en t ly  on individual employees. Changes t o  increase product ivi ty  
a r e  generally changes Lo the  t r a d i t i o n a l  o r  comfortable way of opera- 
t i on .  Resistance t o  chawe var ies  between people, but  t yp ica l ly  in- 
creases  with age and/or experience. Thus, t he  bimodal employee age 
p r o f i l e  a t r a t i f i e s  employees i n  response t o  c h a n ~ e .  

I n  addi t ion t o  t h i s  employee s t r a t i f i c a t i o n ,  t he re  a r e  s i$nif?-  
",ant differences i n  personal ins ights ,  values,  c u l t u r a l  boekgr~ ind ,  
job h is tory ,  and work e th i c s .  The combination of s t r a t i f i c a t i o c  along 
d i f f e ren t  l i nes  and simple personal d i f fe rences  has create4 a nonhono- 
geneous engineerim s t a f f  t h a t  is not bound t o  t r a d i t i o n a l  Linss of 
thought. The lac, of cont indi ty throughout the  eng inee rhg  r t a f f  is 
ref lec ted  by a  lac^ of s u b s c ~ ~ i p t i o n  t o  the  company Line. I n  l i 6 h t  of 
the industry requirement f o r  a more productive work force ,  t h i s  c ross  
sec t ion  of employees has been primed f o r  response. 

The mst straightforward means toward increased product ivi ty  i n  
the work fccee is in the manufacturing o r  production area.  Because of 
t h i s .  Eniployee Action Ci rc les  (Quality Ci rc les )  were fostered and de- 
veloped among the manufacturing personnel . These groups were d i rec ted  
toward problem solving and streamlining the  mmufacturing process. 
Realizing the re la t ionship  between good engineering an& a smooth and 
e f f i c i e n t  manlrfacturing process,  the idea cc: s imi l a r  problem solving 
groups within the  engineering department war: su$!gested. 

l n  Hay of 1983, a f i r s t  Line manager i n  the Engineering Desisn 
Technology Department was asked t o  coordinatz such a group with the  
help of a Quaiity Ci rc le  f a c i l i t a t o r .  Because Employee Action Ci rc les  
were viexed as a blue c o l l a r  a c t i v i t y ,  t h i s  white c o l l a r  sroup was 
ca l led  a Nominal Group Tech~Jque (UGT) group, a f t e r  the  methodology t o  
be used i n  the problem iuent i f iczk ion  and solving process.  Involve- 
ment wikh the group was voluntary, and inv i t a t i ons  were extended t o  
the members of the manager's u n i t .  The purpose 3f the group was t o  
look a t  ways t o  increase the employees' product ivi ty .  



Hews of an employee group formed t o  leg i t imate ly  r a i s e  and 
address common product ivi ty  concerns spread throughout the engineer- 
ing department. There were numerous product ivi ty  so re  poin ts  among 
t h e  engineers,  and an UGT group was viewed a s  an opportunity t o  have 
a say i n  making thu organization function more e f f ec t ive ly .  The 
timing was for tuna te ,  f o r  t he re  were l i m e r i n g  doubts about menage- 
ment i n i t i a t e d  product ivi ty  program t h a t  had recent ly  been a t -  
tempted. Ea r l i e r  a c t i v i t i e n ,  such a s  an ifitimidating personal time 
usage study sumnerized i n  p i e  cha r t s  and product ivi ty  increase news 
b u l l e t i n s  t he  engineers were ins t ruc ted  t o  wr i t e  on a quota bas i s ,  
had l e f t  a bad t a s t e  among the  w i n e e r i n g  s t a f f .  An UGT group ap- 
peared t o  be a way engineers could c rea t ive ly  address and ident i f9  
product ivi ty  obs tac les ,  and then wrk toward t h e i r  e l iminat ion.  

More than a way t o  help the  coopany become more competitive, 
p ro f i t ab l e ,  o r  more secure i n  its business r ec to r ,  i n t e r e s t  i n  in- 
creased product ivi ty  was seen by the  engineering s t a f f  as a way t o  
el iminate  o r  reduce f r u s t r a t i o n  and obs tac les  standing i n  t he  way of 
d o i q  the  challenging and in t e re s t ing  work they were hired t o  do. 
Increased product ivi ty  would mean the  a b i l i t y  t o  be f r e e  t o  perform 
a t  a high l eve l ,  and not be d i s t r ac t ed  o r  hindered i n  t h a t  pursu i t .  
%%ere were 2erscnel goals t o  a t t a i n ,  so  i n t e r e s t  was high. 

The f i rs t  UGT group completed its a c t i v i t y  with a summary 
repor t  i n  November of 1983. That repor t  addressed such issues a s  
rrnnecessary analyses,  organization and r e t r i e v a l  of records,  noisy 
working areas ,  and the  avenues pursued t o  i n i t i a t e  a favorable 
change f o r  each issue.  During t h a t  time period, two o ther  groups 
were allowed t o  foon from an Individual u n i t  with the  d i r ec t ion  and 
help of the f i r s t - l i n e  manager and a f a c i l i t a t o r .  Those groups 
worked on various problems through approximately June of 1984. 

The UGT groups were focused a t  sho r t  range, addressing pr r -  - 
lems a f f ec t ing  e f f ic iency  and morale with nuch energy and emotion. 
Many of the i ssues  were met with responses from management t h a t  
t he re  was no budget t o  i.mplement the  suggestion, o r  t h a t  it was con- 
t r a r y  t o  the present corlpany aperat ing pol ic ies .  To a degree, these  
responses conf i m e d  somi of Lhe employee f r u s t r a t i o n s  with the  sy5- 
tem, and they decpened some resentment toward management's a t t i t u d e .  
PGT groups were authorized t o  meet and s u b i t  recommended changes, 
but there  was no m e n a g f ' n t  commitment t o  respond. There was no 
ove ra i l  plan or  d i r ec t ion  t o  t he  UGT program, r e su l t i ng  i n  very 
l i a i t e d  goals be;ing ashieyed. 

In  May of 1984, t he  American Product ivi ty  Center ( A P C )  con- 
tacted the  Rockwell corporate Product ivi ty  and Planning Department 
regarding the White Collar  Product ivi ty  Improvement (WCPI) Program. 
2he WCPI, a research pro jec t  conducted by the  APC, was one of the 
programs se lec ted  by Rockwell t o  a t t ack  the  productivi'iy issues 
among i t s  white c o l l a r  employees. The Rocketdyne Division was chosen 
t o  be the  site of one of the  WCPI pilot. groups. It was then decided 
t h a t  the p i l o t  group a t  Rocketdyne would be off t o  a head s t a r t  i f  
it u t i l i z e d  an employee base t h a t  had already demonstrated an 



i n t e r e s t  i n  increased product ivi ty ,  so  the  p i l o t  group was centered 
around the  8roups with UGT experience. 

The d i r e c t o r  of the  Design Technolo8y Department a t  t he  
Rocketdyne Division endorsed the  p ro j ec t  and introduced it t o  the  
p i l o t  6roup. H e  uns than appointed t o  another pos i t ion  within t h e  
d iv is ion  i n  t he  boginning of the  p ro j ec t ,  and the  departmsnt was 
l e f t  under t he  d i r ec t ion  of an ac t ing  d i r ec to r .  I n  re t rospec t ,  t h e  
pro jec t  was momahat hampered by the  absence of a full-t ime depart- 
ment d i r ec to r .  Some Lock of au thor i ty  from the  top was f e l t  when 
decis ions were required t o  expedite changes. The p i l o t  g r w p  a t  
Rocketdyne, comprised of about e ighty  people divided i n t o  o i x  u n i t s ,  
performs analyses that support a l l  of the programs i n  t he  d iv is ion .  
Thia p i l o t  8roup is one of t he  biggest  i n  t he  APC projec t .  

The WCPI methodology cons i s t s  of s i x  phases: Dia8nosis, Ob- 
j ec t ives ,  Measurement, Service Redesign, Team Development, and 
Technology Parameters. This approach is d i f f e r e n t  compared t o  the  
t r ad i t i ona l  product ivi ty  improvement program t h a t  concentrate on 
i n c r e a s i w  output,  which a r e  more appropriately used i n  a blue col- 
l a r ,  production-t.ype working environment. The white c o l l a r  working 
envirmment involves a unique in t e rac t ion  between qua l i t y ,  e f f i -  
ciency, and effect iveness .  The WC?l .methodology provides a l o ~ i c a l  
framework f o r  an organization t o  review and enhance i ts  operations.  
An organiza t io~ .  looks a t  its funct ions,  determines the  reason8 f o r  
performing its serv ices ,  sets feedbacks on the performance, f i nds  
ways t o  improve its serv ices ,  and assembles the  people and equipment 
necessary t o  accomplish t h e  tasks.  

The humen dynamics and operat ional  prac t ices  of t he  p i l o t  
group were rwveyed i n  the diagnosis phase. This provided a base l ine  
f o r  the  pro jec t .  every on^ i n  the  p i l o t  group f i l l e d  out  a survey 
quest ionnaire  developed by the APC. One-to-one interviews of a cross  
s ec t ion  of the p i l o t  group members and t h e i r  users  were conducted by 
a neu t r a l  par ty.  This survey showed t h a t  t he  p i l o t  group provides 
state-of-the-art  technical  analyses,  is highly motivated, and enjoys 
the  technical  challenges. Three s e n s i t i v e  a reas  t h a t  the p i l o t  group 
as a whole f e l t  could be improved were the working environment, 
l a t e r a l  and v e r t i c a l  comnrnications, and e f f i c i e n t  use of computing 
equipment and peripherals .  This survey did not uncover any i ssue  
t h a t  was unknown t o  a majority of the p i l o t  group, but  it  documented 
the  concerns t h a t  were mere veybal complaints before.  Althoush the 
p ro j ec t  was viewed with skep t i c i s c ,  a volunteer s t ee r ing  comf tLee 
f o r  the  pro jec t  consis t ing of botn f i r s  t - i i ne  mawgars and technica l  
s t a f f  was formed. Involvement trams were a l so  formed t o  a t t ack  the  
th ree  previously ment-?sid product ivi ty  hindrailce a reas .  

The diagnosis phase s e t  the s t age  f o r  t h i s  pro jec t .  The com- 
s i i t t ee  and the  involvement teams got people involved in  the begin- 
ning of the pro jec t ,  and they were f r e e  t o  explore solcltions. The 
involvement teams proposed and effected s ~ m e  changes within the 
p i l o t  group. The r e su l t an t  changes were accepted readi ly  because 
people a f fec ted  were d i r e c t l y  involved i n  f o m l a t i n g  the  changes. 



The s i x  u n i t s  reviewed t h e i r  funct ions during the  objec t ives  
phase, and then determined the purposes f o r  per foming them. This 
e f f o r t  resul ted i n  the  purpose and mission statement of the e n t i r e  
department. Every u n i t ' s  manager determined the  main serv ices  per- 
formod by the u n i t ,  snd the s t a f f  i n  the u n i t  brainstormed the  ob- 
j ec t ives  of the services .  An YGT method was used t o  rank the  objec- 
t i v e s  of each service.  The serv ice  objec t ives  were then reviewed by 
the  users .  

Going through t h i s  phase gave everyone i n  t he  u n i t  a b e t t e r  
sense of d i rec t ion  and perspective. This exe rc i se  chowed people how 
they f i t  i n  the  whole organization, and how t h e i r  cont r ibu t ions  
a f f e c t  the progress of the  tasks .  This phase took more time than 
an t ic ipa ted  t o  complete. Much time was spent i n  discussing why cer- 
t a i n  serv ices  were performed. The process could have gone quicker 
i f  the manager had s e t  t he  object ives  a lao ,  and then had them re- 
viewed by the u n i t  and the  users .  After  a l l ,  t he  manager should s e t  
the  goals f o r  the  u n i t .  The object ives  a r e  a good t o o l  f o r  managing 
and p r i o r i t i z i n g  tasks  performed i n  the  u n i t ,  and they a r e  espe- 
c i a l l y  usefu l  for indoctr inat ing new s t a f f .  The review by the  users  
was essent ia l  because 5 ,  the  u n i t  a sense of t he  expectations 
placed on them. The process promotes conanrnication between the  users  
and members of the  u n i t .  

Measurements were formulated t o  measure the  se rv i ce  objec- 
t i v e s .  It was d r s i r ed  t o  develop measurements t h a t  a r e  simple t o  
make, not t i n e  consuming, and not t raceable  t c  any individual .  The 
s t ee r ing  c o m i t t e e  f e l t  the  mecsurements should consider e f f ic iency ,  
e f fec t iveness ,  qua l i t y ,  t imeliness ,  employee a t t i t u d e ,  motivation, 
resource usage, and user  s a t i s f a c t i o n .  The objec t ives  from the  s i x  
u n i t s  i n  the p i l o t  group were combined t o  form a list of commcn 
group object ives .  Measurements were formed t o  measure these comon 
p i l o t  group object ives ,  so less time would be required by each u n i t  
t o  develop and make the cleasurements. The p ro j ec t  s tagnated somewhat 
a t  t h i s  point because the  s teer ing  c o m i t t e e  was puzzled over the 
appropriate  measurements t o  be made. A lack of expe r t i s e  t o  f o m -  
l a t e  the appropriate  measurements was f e l t .  A separa te  produc:ivity 
iz+.~vement pro jec t  within Rocketdyne had an exper t  i n  measurement 
on s t a f f ,  and it had taken them one year t o  d e w  -: a ~ d  va l ida t e  e. 
survey of e ight  questions.  With the  completien of t h i s  phase 
appcaaching, the s t ee r ing  c o m i t t e e  decided t o  p ? ahead. They 
took the information a t  Band and derived a user  survey, an eaa lys t  
survey, and a llst of measu.rements fo r  t he  i !~d iv idua l  u n i t s .  The 
measurements were reviewed by the u n i t s ,  so  each u n i t  could t a i l o r  
the  measurements. 

Heasurements a r e  usual ly the stumbling block of most white 
c o l l s r  product ivi ty  projec'ts . Individuals  a r e  genera l ly  wary an.', 
r e luc t an t  t o  submit t o  measures of t h e i r  p roduct iv i ty .  The s t ee r ing  
committee was concerned about how rhranagement would use the  measure- 
ments obtained. Recognizing t h a t  there is .io pe r f ec t  l i s t  of m a -  
surements, the s t ee r ing  c o m i t t e e  was deemed t?> be the  most qua l i -  
fieit t o  formulate them. Famil iar i ty  with the operat ions of the p i l o t  
group helped formulate the measures. The quest ions i n  the surveys 



were similar to the quest ions in the other productivity improvement 
program survey. This was a otartiry point from which tho msasurw 
can be refined at a later date. Effort is in progreos to obtain the 
fomlrted measurclrasnts. 

~ a c h  unit constructed flw.harts depictiry the m y  it. ror- 
vices -re porfonwd in the uorvice redesign pharo. Tho hindrancor 
became virible, ro they presented opportunities for iaprov-nt. 
The hindrancos from the units were combined to f o m  a lirt of comron 
group bottlenecks that could be attacked colloctively. S o m  rowice 
changes to v'reamlina operations were propored to management. Ser- 
vice redoeign is an ongoing process, since thore are almye new sit- 
uations that present new ways to operate more efficiently. 

The Rocketdyne White Collar Pruductiviey L a p r o v m t  project 
is ongoing. The above summary describes the f irrt pass thro-h the 
APC methodology. As a result of the enthusiasm senerated by the 
Design Technology pilot group, three more pilot groups within 
Rocketdyne were formed. Other units within the Divirion have shown 
Interest as well. Rocketdyne's desire is ;o make the WCPI methodol- 
ogy a continual process. 

There have been a number of changes that have occurred as a 
result of this productivity effort. One of the most significant 
changes at Rocketdyne has been an increased awareness on the part of 
employees and all levels of management. In many cases, problems 
that were uncovered had been in existence for a long time. The pro- 
cess that was use' during this program legitimized theee issues, an8 
created a framework for discussion and resolution. Although this 
process can occur at any time in an organization, a directed effort 
such as Lhis encourages the kind of thoughts and exchanges between 
members of the staff that often leads to resolution of the 
problems. Awareness seems to be a real key in creating the kind of 
climate in which productivity improvements can be considered. 

Another key to the success of any white collar productAvity 
improvement proJect is that the projcct nust meet the ne6& of the 
employees and be desired by them. Concurrent with this, hmtwsr, 
there m s t  be full management srrpport. This is not to say that man- 
agement must be heavily involved in the proceqs, or directiw the 
effort. Any such project that is so overshadowed by management that 
the employees do not feel a part of it will be oniy marginally suc- 
cessful at best. h effort driven and sustained by the cnployees, 
on the other hand, will by definition have the energy and interest 
necessary to get the best return for the time spent. Since each 
individual manager perceives the increased productivity benefit to 
his area differently, support will never be uniformly avuilable. 
Some managers will even be openly hostile. But as an effort yro- 
gresses, opportunities will become available for those pecple to be 
convinced of the value of the project. A n  effort should be mads tr, 
commrnicate all of the successes and improvemnts that occur along 
the way, hecause sqccess breeds interest. The continuing success of 
the projr will be dependent on getting as m c h  management support 
as possible. 



A f a i r l y  coraaron f a l l acy  i n  many o q a n i z a t i o n o  is tha t  pro- 
duc t iv i t y  *roverent is 8 d i r c n t e  type of e f f o r t .  Pro8roms with 
f ixed t ime periods ace o f t en  es tab l i rhed  i n  the hopes t ha t  petman- 
a n t ,  bene f i c i a l  choqpa  w i l l  occur. I t  a s e m  t ha t  a a m n  r e a l i s t i c  
view is t h a t  p raduc t iv i ty  i g r o v r w n b  needs t o  take place i n  an en- 
vironment of ongoiry e f f o r t .  Th. w r y  na ture  of the proceoo, includ- 
i- tho  important role of he&htu\od awsreneos, is one of long-term 
c m i t u n t .  In  t h i s  kind of environaent,  problems and inpediments 
t o  e f f i c i ency  a r e  constant.y beiw fe r r e t ed  ou t .  Solut ions t o  these  
problems a n  constant ly  i n  work. I n  t h e  i dea l  case,  t he  search f o r  
b a t t e r  ways t o  do thin&. kco#r p a r t  of the organizat ion 's  standard 
operat ing procadurn. A t  Rocketdyne, t he  idea t ha t  p roduct iv i ty  i~p 
pmvement is an on&oiw e f f o r t  has given individuals  t he  impetus t o  
continue workin& on prsblom8 f o r  which the re  are no short-term solu-  
t i ons .  It  a l s o  erased 8- of t he  Lad fee l ings  created by pas t  
e f f o r t s  t h a t  s t x v e  t o  obtain s i g n i f i c a n t  p roduct iv i ty  i rprovemnte  
without a sustained d f o r t .  

In  any omanirtation, tho  most irpportant a s s e t s  a r e  t h e  
people. Th. knould&o of bow t h i w s  work, and how they could work 
b e t t e r ,  res ides  i n  there  poople. They a r e  t he  c o l l e c t i v e  wisdom of 
the  company. It is - o r t a t  t o  let these  people cont r ibu te  t o  t he  
so lu t ions  of t he i t  ovn problears. In  many organizat ions such a s  
Rocketdyne, people a r e  highly motivated end d e s i r e  t o  do t h e i r  jobs 
..s calapletely and e f f i c i e n t l y  a s  possible .  They can be expected t o  
approach the  opportunity t o  improve th ings  r e l a t i n g  t o  t h e i r  jobs 
with enthusiasm. The wealth of Ins igh ts  i n to  t he  workings o; t he  
organizat ion is a resource t h a t  should not be wasted. In  addi t ion ,  
keeping these people involved helps t o  ensure t h a t  they w i l l  accept 
t he  changes t h a t  m s u l t  from their e f f o r t .  

Rocketdyne applied the American Product ivi ty  Center methodol- 
osy t o  a p i l o t  group i n  the  m i n e e r i n g  Department. The methodolo6y 
provided a framework f o r  the  establishment of an ongoing e f f o r t  t o  
improve white c o l l a r  product ivi ty .  I n  add i t i on ,  the  e f f o r t  has pca- 
vided an o u t l e t  f o r  e q l o y e e s  with a leg i t imete  d e s i r e  t o  improve 
procedures a f f e c t i u  t h e i r  jobs.  Another bene f i t  i n  having an on- 
going product ivi ty  pro jec t  was t h a t  many l ingering but unspoken con- 
cecns became legi t imate  issues. Extensive inputs  from users were 
obtained. C-nication a t  a l l  l eve l s  was enhanced. Work on improv- 
ing product ivi ty  w i l l  continue, but there  have been accomplishments 
t o  d a t e  and a system has been put in  place t o  f a c i l i t a t e  fu tu re  
e f f o r t s .  



R, H. WORDLWD - was graduated from the University o t  Washington 
located in Seattle, Washington, in June 1.980 with a B.!;. in Mechan- 
ical Engineering. Since that time he has uorked in the Aerothecmo- 
dynamics Department at Rocketdyne, and is now a Lead Btqineer work- 
ing on Space Shuttle Xain issues. 

S.  T. VOGT - received both B.S. and U.S. de~rees in Uechenical m i -  
neering from Furdue University. He has spent the last three years 
at Rocketdyne in the areas of analytical heat transfer and experi- 
mental aerodynamics. Prior to that, he spent three years at Hughes 
Aircraft Company in the Missile Systems Group. 

A. K. YOO - received his B.S. degree in Aeronautical mineering 
from California Polytechnic State University, San Luis Obispo, His 
position st Rocketdyne is in the area of rocket engine performance 
analysis. Prior to joining Rocketdyne, he was a student trainee in 
Flight Testing Ensineering at Edwards Air Force Base. 



INPROVING ENGINEERING EFFECT1 VENESS 

JANET D. FIERO, CONSULTANT 

ABSTRACT 

America's quallty of I l fe  Is  attributed by many to the tcchnologlcal 
advances made possible by our sclentlsts and engineers. In the ? 460's 
factors are occurring to force U.S. Industries to recognl t e  that: 1 ow 
engineers and sclentlsts are a crlt lcal resource and 2) this resource Is not 
being used to  fts fu l l  potential. Amerlca's industrial giants are experimenting 
wl th many approaches to lmprovlng productivOty In manufacturing but are 
st i l !  mainly 'wrlnglng their hands' regarding engineering organlzations. 

As an Internal consultant at Motorola, Inc. this author was selected to 
investigate methodologies to Improve engineering productfvlty. Thfs paper 
w i l l  review the rocky road to improving engineerlng effectiveness ut tlizlng a 
speclfic semlconductor engineering organization as a case study. The 
organization had a performance problem regarding new product intrsduct ions. 
With the he!p of this consultant as a "change agent' the engineering t+am used 
a systems approach to through variables that werp effecting thelr out put 
significantly. This papei* w i l l  d l sc~ss  the crit ical factors for improving this 
eyineering organlzatlcn's effectiveness and the roles/responsibilities of 
rnanage~imt, the individual ensheers and the internal consultant 

INTRODUCT ION 

Motorola, Inc., an intematlonal I o ~ d e r  in commercial and industrial 
electronics, generated $5.5 bll l lon In 1984 sales. The company, headquartered 
in Schaumburg, I1 1 inois, manufactures a wide range of e ix t ronic equipment. 
Products include systems and coinponents ranging from cellular radio 
telephones and two-way FM radios t o  data communication products and 
semiconductors. 



Approximately 1 00,000 employees wor4 for f ive distinct operat i ng 
segments in  1 10 countries. Each segment, known as a sector, Is  divided into 
groups or divlslons depending on the size of the organization. 

The Japanese have captured an increasing segment of many lndustrlal 
markets In the last 20 years. These include steel, consumer electronics, 
automobiles and hardware. The Japanese have targeted three specif f c 
markets which Motorola serves directly or indtmctly: semiconductors, 
commun i cat Ions and computers. 

In  1983 the Semiconductor Products Sector of Motorola, Inc. tdentlfted 
engihemirgpvoktivity as a crXical strategic Issue facing the organlration. 
An Executive Vice-president assumed the role of champion. A sectorwide 
committee was formed togatherdataonpmductlvlty issuesandmake 
recommendations. After the problems were identifled and prioritized the 
comm t ttee recommended that a manager be asslgned ful 1-t ime to address the 
Issues. In 1 984 Janet F iero was selecte(i as Manager of Engineering 
Productivlty. Thls decision was based on her success at developing the 
corporate Total Quality Improvement training strategy. 

Approximately 60 engineers and engineering managers were 
lntervtewed resulting in  several projects using different approaches. The 
project involved with improving a division's new product introductton record 
was selected as the basis for  this paper. 'This case study best deptcts the 
potential success of such an improvement effort. 

NEW PRODUCT I NTWDUCT IONS 

Pecogut 10 
. . n of the Problem 

The vice-president of a particular semiconductor dlvision began having 
a serles of meetings to  improve the division's new product introduction 
record. Three Product Managers, a Market ing Manager, a Planning Manager and 
a Manuf ac tlr lng Planager reported to this V. P. Des t gn Englneer t ng reported 
Into the Product Mal?agers. Through a long and introspect lve process the 
management team explored why the current level of performance relative to 
new products was not meettng their expectations. The lnl t ial  tendency was 
to spend thelr meetlng tirnt. trying t9 find Individuals responsible for the 



sl  lppage in schedules. The management team resisted this tendency t o  
"search for the qul l ty" and looked for the factors that had changed relative to 
thelr prevfous success record of new products. 

--Circul t s  had got ten larger, exponent ial  l y  larger, and resources had 
Increased I hear1 y . 

--Check and balance system had slipped. Resources had le f t  and had not 
been replaced 

--Criteria for successful prototype had become much tighter. 
--Allocation of resources had shifted from new products to exlstlng 

products (i.e. from long term to short term). 
--Demand for new markets runs counter to economic times. In good 

tlmes l lke 1984 the demand for new products was less. Internal 
priorities focused on 'milking' existing products rather than 
developing new ones. 

--Rapid growth of the divlsion had resulted In people who were 
Inexperienced at thelr current level. Deslgn Managers in particular 
had moved rapidly from 'harrds-on' work to the management of the 
deslgn process. These people needed effective, job-related training. 

--The design organfzatlon had been decentralized and f lexfbllity to 
allocate resources for special projects like CAD applications was 
Iimlted. 

--New CAD and project management tools were being developed by 
centra! research but exlsting tools were not being maintalned cr 
enhanced. 

--The number of interfaces for the design engineer had increased. 
The matrlx structure of the or-gmlzatlon was more complex. 

--The organization had become more inte~mationally oriented. 

Introduction of the concepts of the Performance System helped the 
vice-president and hls direct staff to step back, gain perspective on their 
probtem, and reach some appropriate act ions. This Performance System was 
developed by Dr. Geary Rummler of Summit, New Jersey. The system I s  based 
on dist lnqulshlng the dlf ference between the performer and the perform me. 
The diagram on the following page illustrates the prlnclples of the 
Per r'ormance Sys tem. 



Figure 1 The Performemce System 

It was imperat lve for the top management team to  recognize that poor 
performance of the Design Engineering Department regarding new product 
introductions might have resulted from a breakdown i n  any of the f lve 
components of the performance system. In one meeting the V.P. and his direct 
staf f  reviewed the follcwing questions relative to  the 5 components: 

1. Theoutput 
--Is there adequate and appropriate cr i ter ia (standards) w i t h  

which to judge the deslgn team's performance? 
--Do the Design teams know what Is  expected of them? 

2. The Input 
--Is there a clear cr  sufficient!y recognizable Indicailon of the 

need to  perform? 
--What interference i s  there from incompatible or extraneotls 

demands? 
--Are the necessary resources (budget, personnel, equipment, etc.) 

available to perfom,'? 
--Are the products adequately specified and defined for the design 

teams? 



3. The Consequences 
--Are there suf f icient posit ive consequences (Incentives) to 

perform? 
--Can we eliminate the negative consequemes (dlslncentives) to  

perform? 
4. The Feedback 

--What klnd ~f feedback exlsts zs to how well (or how poorly) the ;ob 
Is belng performed? 

--Is the feedback t lmely and approprtate? 
5. The Performers 

-Do they have the necesssry know ledge and skl l ls to 
perf om the job7 

--Do they have the capacity to perform1 both physically and 
emotionally? 

--Do they have the wlllingness to perform (given the incentives 
available)? 

From this analysis the division management team decided the output 
most crlt lcal to tlteir ongoing success was to deslgn products w i th  much 
fewer reworks or 'passes.' The team recognized they had been f ocuslng the 
organizations prior1 t ies on today's profits rather than tomorrow's products. 
Thls appeared t o  make the design group's performance less Important. They 
admitted that fnadvertently they might be rewarding rework by glvlng 
prlority and attention to those who were most delinquent. There was I i t t l z  
tracklng or feedback about the status of v'arious products and the number of 
passes that had occurred. W l  th the real lzat ion that the perf omance system 
was breaklng down in a number of places the management team 'rallled 
around the flagpole" making Flrst Pass Success the werrlding goal for 1985. 

1.  The Output -- t 00% Flrst Pass Success goal on new products was made 
publfc to ai l  members of the organization. The 1965 goals reflect*? goals 
that supported thF - dperordinate goal. Some del lnquent products were 
terminated. 

2. The Input--Two areas which received immediate attentior: were 
marketing plans and CAD software packages. Both of these areas 
reqwlred the clout of the V.P. to improve !he quallty of the serulce. 



The C:onsequences-- lncentlves were Inst l tuted for deslgns that dunct ioned 
Or! the f l rs t  pass. Attempts were made to remove yrlorlty from dellnquent. 
product deslgns. 
'The Feedback--Tracking systems were Implemented. Desfgn revlews held 
(curing the development cycle were revised. A hlgQer level of management 
began attendlng deslgn revlews. 
Tne Performer--New expert lse in CAD appllcatlons was added. Exlstlng 
~z rwnne l  were tralned ;n Project Management Skl l Is. Deslgn P-wgement 
?esan working with the lntemal consultant to analyze the Performance 
System wlthln the deslgn englneerlng group. 

W e  Deslgn Managers xet to redesign the method!: and procethres In 
which they created their outputs. The methodologies uscd do desfyn 
yesterday's products were not work trg well loday. The des t :;a managers 
moved through a process b a t  allowed them the lnslght to ~.cvise their 
procedures The events occured as follows: 

Defined the output (Flrst Pass Success) in  terms of functlonallty, D.C. 
& AC., electrical, manufacturablllby, ai;J schedule. 
Identified interim outputs and corrcspondlng standards. 
Ident i f  ied their 'customers' ( i t .  the departments that received :he17 
output) 
Negotiat~d with the 'customer' to aelermh? i f  they agreed wi th !he 
standards of the output whlch wou!d become thelr Input. For most ti?!? 
was a f irst! A l l  department began l o  trust r4at I f  they recelved 
quality inputs they could meet their schedule committments. 
Llsted z l l  the tasks necessary to produce the deslgn outputs. 
Redesigned the sequsnce of the tasks for maximum effect weness. 
Redesigned the meet lngs that rnonl tored new products. A process for 
technical de5ign and business trade-off decls ions was implemented. 
Cross-funct lonal champions of new products were I d v t  i f  led a; ~d 
brought into the review process earlier to be part of the trade-off 
dec is 1 ons. 
I dent i f led Inputs to th? deslgn process, spec 17  led standards and 
communicated tnese to the appropriate departments. 
Initiated and monltored checklists soe~lfying required check points. 
Wrote rndividuai Performance Appr -1sals to include First Pass 
Success standards. 

2 $ h  



s Requested that departmentseffectlngnew product lntroductiorls 
I =  rocess move throu~h the same process as the deslgn group. Th;, p 

would def lne: what servlce or product they produce; what Inputs they 
needed; and how they woulo know i f  their "customer" was satisfied. 

The process used by the Design Managers was ,an appl icat im of the 
concepts developed ~y Geary Rwnrrrler entitled 'O~arrizational Mapping 
Process'. This process 1s based on the premlse that crganizations operate as 
systems, consist lng of subsystems (functlons/departments) requiring 
speslf ic inputs and outputs in order to meet the organlz?Alonas (system's) 
object lve. An organ4 tation's effect lveness i s  usually a function of how we: l 
these orgsnlzat lonal subsystems are l h e d  or connected. System 
"dlsconnects' are frequently at the root of ~ rgan i ta t  lonal performance 
issues. 

0r~;~dzat ion Mapptng i s  an effective and efficient process wl th a 
vlsual fomat  whlch re?resertts an organization as a system and guides a 
management team thrcugh a focused analysis to effective action plans. A 
flow chart is  the visual that depicts hJw the lnputs and outputs of each 
function interface to pmduce the final product.. 

The 0, uarlizat Ion Mapping Process has been u;ed wi th  teams ranging 
from a presr2?nt and vice pr'es tdtnts LO peer work groups addresslng wch  
cr I +  lea\ buslness issl~es as: 

o the implementation of a new dlvlsfon strategy; 
b the imoleme~tatlon of a dfvlslon reorganlzallon; 
d the Improvement of t,he product design process; 
e the tmprov~ment of manufacturing yield, quallty, cycle t h e ,  

inv~ntory ,cast and del it'erg.; 
0 the merger of f unct ions; 
a the design and start-up of new furr3tons. 
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e a cross-funcSlona1, eomprzhenslve plan for address!ng the 
Critical Business i sswe. 

e the potent id for a stronger management "team." 
c ;r common process for addresslng crsss-fmtional r'ssues In 

the future. 



Progress was made i n  the organlzatlon described in  this case study. In 
1 984 only 1 2.5% of the new products were First Pass Successes. In 1 985, 1f 
the remaining months hold true to the new trend, over 50% of the products 
designed w i l l  meet FIrst Pass Success standards. That's the good news. f he 
bad news Is that the extra effort required to set up the systems and 
procedures to ensure First Pass Success has caused a 25% reduction in  1985 
new product Introductions. This case study i s  a clear example of an American 
management team maklng a long-term investment. The team almost buckled 
under due to the painful short-term consequences. Now they realize that the 
long-term gains w i l l come. 

Hine~ight shows the project could have been done more eff  iciently and 
effectivelv. Looking backwards and leami-ng from mistakes i s  not considered 
a worthwhile activity in  most companies. For significant Improvements to be 
mad? we must accept and even reward critiqufng. Rewarding the individual or 
group who uncovers a problem i s  much more productive than searching for the 
guilty and shooticg them. 

The design engineerlng group did an excellent job of l ist ing a l l  the 
tasks that they "should" do In order to ensure First Pass Success. It would 
nave been helpful to make a l i s t  of a l l  the other tasks they do that detract 
from the l i s t  of good intent ions. McOonnel l Douglas Electronics Company 
launched an improvement project similar to this one. Two l is ts  were created: 
value-added tasks and non-value-added tasks. A goal was made to decrease 
norr-vdue-added tasks(l.e.waste). This effort, coupled w l  th other 
improwmen! act lv i  t tes, al lowpa engineering resources to decrease through 
attrition during a growth year. 

Th! -sign group at Motorola recommended to thelr Interfacing 
departments that they map thelr organizat ions specifying the standards fo- 
inputs and outputs. This action was followed through by some but not a l l  
departments. Thus :he innovative improvement activities of the design group 
were not being reinlorced by the larger system. The lack of division-wide 
buy-in t o  the new methodology lef t  the design group feeling totally 
rei;ponsible for the per lorn~ance tho~gh many tasks were outside tneir 
control. 



Many other factors affect lng new product performance were !dent l f ied 
and not fu l  ly resolved. These included Improvements In: the pr oduct plannlng 
process; the goal sett Ing process; englneerlng compilt ing tools and support; 
and training needs assessment. 

The role of interna! consultant In this project was awkward and 
ambiguous. A contract Detween the consultant and vice-president would have 
clarif ied !he roles and e1,pedited tbe project. To be.effectlve an internal 
c m u l t a n t  must newl ia te w l th  the client the following: 

e an understarb ling of the problem 
e the 'scope of the project 
e the clientas expectstlons 
e the conzul tant's expectations 
e agreement on deliverables and tlrnefrarr a 

External forces facing American Industry today demand Internal 
changes. Change i s  necessary but very dii'f icul t. Each of us has rioted at one 
time or another " The cnly constant thinc~ around here is change.' Change i s  
often a reaction to  external factors. change i s  not often enough due to  a 
proactive choice. This case study shows irn organlzat ion undergoing change. 
This change was painful. The Individuals advocating chapge were resisted. 
~ u t  progress was made. We a l l  have f il led our notebooks at conferences w i t h  
innovative ideas that back i n  the "real' world fa i l  in the implementation. The 
complexi ty of the change process must be appreciated before you venture back 
home to implement the pearls of wisdom received today. 

Suppose research validated a theory that people at an optimum weight 
are more productive then people who are overweight. You, as a conscienscious 
manager, request that the personnel organization select the best weight 
reduct ion program wi th  a1 1 necessary training componsnts. You agree to send 
necessary folks tfij the events. The Btrst problem may be t o  get the personnel 
organization to ;:we to help you. The second may be getting anyone to  attend 
the "e\centsW. vou can always nake them go, but, w i l l  the objective of weight 



loss be achieved? Most of us recagnlze we have areas that need 
Improvement-los!ng a few omds ,  stopping smoklng, or exercising more. Few 
of us do anythtng serious about It unt 11 a slgnif lcant event, such ds a heart 
attack, strikes us down. 

Must we wait for a corporate 'heart st tackg In our companles before we 
choose to implement change? Is r t ~ c t h  our bnly cholce? Managing a crlsls 
Is  easy. Managinj improvement Is  dlfftrult. One Is  reactive. One 1s proactive. 
When managing a crlsls the problem Is well defined and the resources to  be 
a1 located are obvlous. When managlng Improvement the problem and 
opportunl t les are numerous and mblguous, plus resources scarce due to  
previous crlsls a1 locat lons. The successful managers of tomombv w l ll be 
those who clean up lnef fectlve systems and create new systems that improve 
the output. CONTINUOUS IMPROVEMENT must become a way of We !or 
companles to move f mm survlving to thrlvlng. Improvement requires change. 
Change w l I !  never be popular. As you 1 lsten to these Ideas and go home to 
admate  change recognize the task at hafld Is  not easy. If you feel resistance 
you are probably effect lng chanse. Go3d luck! 
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ABSTRACT 

It has been es t imated t n a t  NASA expends anywhere from 6 t o  IU percent  of  
i t s  annual budget WI t h e  a c q u i s i t i o n ,  imp l rmen td t i on  and maintenance o f  
computer sof tware.  A1 t bough researchers  have ~ r o d u c e d  numerous sof tware  
eng ineer ing  approaches over  t b e  pas t  5-10 years;  each c l a i m i n g  t o  be more 
e f f e c t i v e  than the  o t h e r ,  t h e r e  i s  ve ry  l i m i t e d  1 , u a n t i t a t i v e  i n f o r m a t i o n  
v e r i f y i n s  t h e  measurablz impact  t h a t  any of these techno log ies  may have 
i n  a  product ion  environment. A t  NASAIGSFC,  an extended research e f f o r t  
aimed a t  i d e n t i f y i n g  and measuring so f tware  techniques t h a t  f a v o r a b l y  
impact p r o d u c t i v i t y  o f  so f tware  development, has been a c t i v e  over  t h e  
pas t  8 years. S p e c i f i c ,  measurat l  e, sof tware d e l e l o p e n t  techno log ies  
have Deen app l i ed  and measured i n  a  p roduc t ion  environment. 

Hesu l t i ny  so f tware  development approaches have been shown t o  be e f f e c t i v e  
i n  bo th  i ~ n p r o v i n y  q u d l i t y  as w e l l  as p r o d x t i v i t y  i n  t h i s  one 
env i  ronment . 



INTRODUCTION 

The Sof tw6re Eng ineer ing  Labora tory  (SEL) was e s t a b i  i shed i n  1977 by  
Goadard Space F l  i j h t  Center (GSFC) t o  i n v e s t i  y:.te t h e  e f f e c t i v e n e s s  o f  
so f tware  engineer i n y  techniques as appl i e d  t o  t h e  development o f  yround 
support  f l i g h t  dynamics systems. The goa ls  o f  t h e  i n v e s t i y a t i o n  a r e  ( 1 )  
t o  understand t h e  so f tware  development process i n  a p a r t i c u l a r  
environment, ( 2 )  t o  measure t h e  e f f e c t s  o f  va r ious  development 
techniques,  models, and t o o l s  cn t h i s  develoynent  process, and ( 3 )  t o  
i d e n t i  f y  and app ly  improved methodoloyies i n  t h e  GSFC environment . SiL 
research should p rov ide  t h e  knowledye t o  enab le  GSFC t o  produce b e t t e r  
qua l i t y  , l e s s  c o s t l y  so f tware .  

To accomplish these goals,  t h e  SEL s t u d i e s  so f tware  f o r  s a t e l  1 i t e  m iss ion  
support  d u r i n y  i t s  development l i f e  cyc le .  Th is  so f tware  i s  deveioped by 
t h e  Systems Development Branch a t  NP~AIGSFC, which i s  respons ib le  f lor  
genera t i ng  f l i g h t  dynamics support  so f tware  f o r  CSFC-supported miss ions.  
The sof tware  i n c l  udes ~ t t i  tude de te rm ina t ion ,  a t t i t u d e  c o n t r o l  , maneuver 
p l  anniny, o r b i t  adjustment, and yeneral  m iss ion  a n a l y s i s  support  systems. 

The SEL c o n t i n u a l  l y  ~non i  t o r s  and s tud ies  a1 1 Systems Oeve loprnent Branch 
sof tware ,  which i nc ludes  sof tware  develdped bo th  by GSFC employees and by 
c o n t r a c t o r  personnel . Thi s data covers so f twdre  d e v t l  opment p r o j e c t s  
t h a t  s t a r t e d  as e a r l y  as 1978 and as l a t e  as 1985; and t h e  SEL 
a n t i c i p a t e s  ~ n a t  data  w i l l  con t i nue  t o  be c o l l e c t e d  and s tud ied  i n  t h e  
f u t u r e .  Approximatz ly 50 p r o j e c t s ,  vihicn ranye i n  s i z e  from 20dG l i n e s  
o f  source code t o  over ISIJ,OUU l i n e s ,  nave been i n v o l v e d  t o  date.  

While i n v e s t i g a t i n g  p r o j e c t s  t o t d l i n y  inore than 2.5 mi 11 i o n  1 i nes  o f  
code, SEL personnel gained i n s i g h t  i n t o  t h e  sof tware development process 
and beyan t o  d i s c e r n  t rends i i ~  t h e  r e l a t i v e  e f f e c t s  o f  va r ious  techniques 
app l i ed  LO t h e  so f twdre  p r o j e c t s .  Th is  r e p o r t :  

o Describes t h e  n o t i v a t i o n  and backjround o f  t h e  SEL. 

o Relates t h e  concepts and a c t i v i t i e s  of t h e  SEL. 

o Su~nmarizes t h e  r e s u l t s  o f  SEL rzsearch.  

o /?eports t h e  s ta tus ,  conc lus ions,  dnd recommendations of '  tne  SEL. 



APPROACH 

Extens ive  e f f o r t s  nave been made d u r i n y  recen t  yea rs  t o  d e v i s ~  i m p r w e a  
sof tware devel  o p ~ e n t  techniques.  Th is  work generated numerous i001 s 
( e  .ye, precompi l e r s  and p r o g r a m e r  workbenches), c o s t  and re1  i a b i  1  i t y  
model s  , and method01 oy i es ( e  .y . , s t r u c t u r e d  proyrammi ny and top-down 
des i  yn) ; a l  l were s u p p ~ s e d  t o  improve t h e  development process. E a r l y  
e v a l u a t i o n s  o f  t he  e f f e c t i v e n e s s  o f  these techn iques were incomple te  
and/or i nconc lus i ve .  This may have been due, i n  p a r t ,  t o  an un rea l  i s t i c  
assumption t h a t  t h e  ~ ~ f t w a r e  development process cou ld  be i s o l a t e d  f rom 
t h e  environment i n  which i t  occurs.  However, no element o f  t h e  
development process can be understood o u t s i d e  t h e  c o n t e x t  o f  r e l a t e d  
f a c t o r s .  

For  exa:nple, product ;  v i t y  i t i  some envi ronments may be c ~ n s t r a i n e d  by 
s t a f f i n y  pa t te rns .  T!~us, t h e  p o s s i b l e  b e n e f i c i a l  e f f e c t  o f  a 
p roduct  i v i  ty-enhardciny method01 oyy may remain un rea l  i zed and unrecoyn i  zed 
because o f  an i nzppro? r ia te  a1 1 o c a t i o n  o f  manpower. 

The :;EL approac '~  t o  so f tware  eng inee r ing  research i s  no1 i s t i c .  I t s  f ou r  
components are a  problem statement,  an environment, a  process o r  
a c t i v i t y ,  and a  product  ( s o f t w a r e ) .  The' development process i s  
subd iv ided i n t o  seven sequent ia l  pfiases o f  a c t i v i t y .  A goal o f  SEL, 
then,  i s  LO r e f i n e  ' 4e d ~ f i n i  t i o n s  of t he  model elements and t o  d e f i n e  
t h e i r  re1 a t  i cnshi  ps . 
Tne f i r s t  s tep  toward t h i s  yoc l  i s  t o  -- dnderstand t h e  so f twa re  
development process c u r r e n t l y  i n  o p e r a t i o n m t s  e n ~  i ronmmt .  
Impor tan t  a t t r i b u t e s  o f  t h e  so f iware  p r v ~ i e n  and p r o d a ~ c t s  must a l s o  be 
i r v e s t i y a t e d .  Such an ul idersLan3iny p rov ides  a  b a s e l i n e  frm which t h e  
e f f e c t s  o f  at ie~uptecl  improvements can be measured and a1 lows t h e  
i d e n t i f i c a t i o n  o f  s t reny t r ls  and weaknesses so t h a t  e f f o r t s  can t>e focused 
on t h e  areas o f  y r e d t e s t  need. 

Beyand unaerstandi  ny t h e  c u r r e n t  process and env i  ronlnent , t h e  SEL i s  
i n t e r e s t e d  i n  improving t h a t  process and envi ronment.  The SEL recoyn izes  
;; fou r -s tep  ~ r o c e d u r e  ledd i  ny t o  more e t f e c t i  ve so f twa re  development. 
The steps are  t o :  

o Hecome aware o f  t he  developrrient techn iques a v a i l a b l e  

o  Eva luate  tne  a v a i l a b l e  tcchn iquec t o  de termine those nlosr 
e f f e c t i v e  

o  E n j  ineer (customi ze)  those ' ' nes t "  ~ e c n n i q u e s .  

Tnis procedure cdn becode the b a s i s  o t  a  r e y u l a r  system of  s e l f -  
e v ? l  ua t  i o n  and i~nprove~nent  , whereby ds rew teci-rr'ques become ,lvai l ab le ,  
[.hey a re  t e s t e d  and i nco rpo ra ted  i n  t h o  sot twar._ f e v e l o p ~ ~ e n t  process.  



OBJECTIVES OF THE SEL 

The o v e r a l l  o b j e c t i v e  o f  t h e  SEL i s  t o  understand t h e  so f twa re  
development process and t h e  ways i n  which i t  can be a l t e r e d  t o  improve 
the  q u a l i t y  and t o  reduce t h e  c o s t  o f  t h e  p roduc t .  However, t h e  SEL has 
d e f i n e d  some intesmedi  a t e  o b j e c t i v e s  w i t h i n  the p r e v i o u s l y  d e f i n e d  areas 
o f  concern t h a t  w i  11 he1 p  meet t h a t  genera l  goal  . These o b j e c t i v e s  f a i  l 
i n t o  two c lasses :  expe r imen ta t i on  and comnunicat ion.  

Exper imenta t ion  i n v o l v e s  eva l  u a t i n y  e x i s t i n y  so f twa re  d e v e i o p m ~ i ~ t  
techno1 o j i e s  and devel  op iny  new techno 
SEL are t o :  

o Conduct c o n t r o l l e d  exper iments 

l o g i e s .  S p e c i f i c  ob.!rct 

o  Eva1 ua te  so f twa re  development methoao loy ies  

o  Eva luate  so f tware  development t o o l s  

o  Analyze cos t  e s t i m a t i o n  models 

o  Analyze so f twa re  re1  i d b i  l 

o  Develop a  se t  o f  so f twa re  

i t y  mode 

qua1 i iy m e t r i  c s  

i v e s  o f  t h e  

The r e s u l t s  o f  expe r imen ta t i on  must ue i n c o r p o r a t e d  i n  t h e  so f twa re  
development process t u  improve i L .  Th is  process r e q u i r e s  communication 
betweerl researchers  and d?ve loqers .  S g e c i f i c  cominunicacions o b j e c t i v e s  
o f  t h e  SEL are  t o :  

o 3 e r i s e  so f twa re  development s tandards  

o  Devel cp s o f t w ~ r e  management guide1 i nes 

o  Pr-ovi je red  i - t i m e  t e e t i ~ a c k  t o  development tea,r!s b e i  ny mon i to red  

o  Mdi t i t a i n  'conidct ~i t h  %he so f twa re  eng i  nee r iny  research comnuni t y  

C l e a r l y ,  t he  o b ~ e c t i v e s  o f  t h e  SEL r e t l e c t  i t s  m u l t ~ s t e p  approach t o  
so f tware  eng jnee r iny ,  3s desc r ibed  e a r l  i e r .  



SOFTWARE CHAHACTEfl ISTICS 

The general ca tegory  o t  f 1 i g n t  dy!lamics so f tware  i n c l u d e s  appl  i c a t i o n s  to 
support  a t t i t u d e  a e t e r m i n a t i o n ,  a t t i t u d e  c o n t r o l ,  maneuver p lann ing ,  
o r b i t  adjustment ,  and general  mi s s i o n  a n a l y s i s .  Most o f  t hese  proyrams 
a re  s c i e n t i f i c  and mathemat ical  i n  na+;ure. The a t t i t u d e  systems, i n  
p a r t i c u l a r ,  a re  a l a r g e  and nomoyeneous group o f  so f tware  t h a t  has been 
s tud ied  e x t e n s i v e l y .  The a t t i t u d e  d e t e r m i n a t i o n  and c o n t r o l  systerns a re  
designed s i m i l a r i t y  f o r  each m i s s i o n  u s i n g  a s tandard  e x e c u t i v e  suppor t  
packaye as t h e  c o n t r o l l i n g  system. 

Typ i ca l  l y ,  a t t i  t ~ d e  s y s t e m  read sensor medsurementc f rom a t e l e m e t r y  
stream and determine t h e  a t t i t u d e  o f  t h e  spacec ra f t  from t h i s  data.  
Depending on cne types  of t h e  da ta  a v a i l a b l e  and t h e  accurac ies  r e q u i r e d ,  
t h e  s i z e  o f  these systerns mdy range from 30,OUO l i n e s  o f  c ~ d e  t o  about 
120,Wu l i n e s  o f  code. A l  1 these systems a r e  designed t o  r u n  i n  ba tch  
a?d/or  i n t e r a c t i v e  g raph ic  mode. Some e x i s t i n g  s o f t w a r e  cari be reused 
f o r  each new system, s i n c e  t h e r e  a r e  always some s i m i l a r i t i e s  t o  pas t  
systems, especi a1 l y  i n  t h e  h i  y h - l e v e l  design. The pereentaye o f  reused 
code ranyes from 1U percent  t o  an upper l i m i t  o f  n e a r l y  70 percent .  

A l l  a p p l i c a t i o n s  developed i n  t h e  fl i y h t  dynamics area o f  GSFC have 
deve1opmer:t t ime  c o n s t r a i n t s  cor respond in l j  t o  launch dates.  Most o f  t h e  
sof tware d iscussed i n  t n i s  paper must be completed ( i m p l y i n y  comple t ion  
o f  acceptance t e s t i n g )  6U days b e f o r e  t h e  scheduled launcn. I T  t h e  
so f tware  i s  no t  completed, r e q u i r e d  c a p a b i l i t i ? ~  must be d e l e t e d  o r  
rede t i ned ,  and an d l  t e r n d t i v e  v e r s i w  o f  t h e  in tended system must be 
d e f i n e d  t o  ensure t h a t  t he  r t i iss ion can be supported i n  some 1 i m i t e d  
fashion.  

The devel  o p e n t  process r iorn~al l y  beg ins  approxi rndte ly  16 t o  24 months 
before  a scheduled 1 auncn i n  o r d e r  t o  be comp:eted 2 montr~s i n  advance o f  
launch.  This develcp~i i tnc ~ e r i o d  i s  d i v i d e d  i n t o  phases t y p i c a l  o f  thr: 
s tandard so f tware  1 i f e  cyc 1 e. 



STUDY RESULTS 

The data provided by t he  SEL has formed the  bas is  o f  numerous software 
engineer ing studies.  The software deve\opment tasks from which datd Has 
co l l ec ted  f o r  t he  SEL data base are comprised of over 50 f l i g h t  dynamics 
p ro j ec t s  developed over 8 years. A l l  data  co l l ec ted  by t he  SEL i s  
assembled i n  a  computer data base t o  f a c i l i t a t e  i t s  access by researchers 
and managers. 

Two very s t rong e f f e c t s  were i d e n t i f i e d  e a r l y  i n  the  SEL i nves t i ga t i ons  
and have been confirmed i n  the  l i t e r a t u r e  (Refcrence 1 :, ?hat i s ,  
variation i n  p rogramer  a b i l i t i e s  appears t o  be the most powerful  
i n f luence  on the p r o d u c t i v i t y  and q u a l i t y  of software development. I n  
adaition, the r lature o f  the l oca l  c m p u t l n y  and work environments seems 
t o  he a s i q n i f i c a n t  determining fo rce  on the  process. Any v a l i d  
experimental dssiyr, which i s  at tempt ing t o  study e f f ec t s  of; w id i t i o f i a l  
parameters such as methodoloyy must account f o r  o r  e l im ina te  these 
ef fec ts .  



METHOUdLOGY EV4LUA1 ION 

A so f tware  development methodology i s  t h e  r e g u l a r  appl  i c a t i o n  o f  a se t  or  
spec? f i ed  techniques t o  p a r t  o r  a1 1 o i  t h e  so f tware  development process.  
:he rnethodoiogies and techn iques s t u d i e d  by t h e  SEL cdn be c l a s s i f i e d  
i n t o  f i v e  yroups. The groups and some examples o f  e ~ z h  a re  l i s t e d  below: 

o  Uesign Techni y e s  

- Top-down s t r u c t u r e d  des i  yn 
- Tree c h a r t s  
- Uata f l o w  diayrsms 
- HIP0 c h a r t s  
- Process des i yn  ianyuages 

o  Design Eva1 u a t i o n  Techniques 

- S t r e ~ y t h  dnd c o i p l  i ny aria l y s i  s 
- Connectian m a t r i c e s  
- Proyraw co r rec t l i ess  p r o o f s  

o  S t ruc tu red  Iniplernentat i o n  Tecnni qces 

- Top-dorrn s t r u c t u r e d  progrdr~rni ng 
- S t ruc tu red  1 anyuayes 
- Code redd ing 
- Wal kthrouqhs 

o rlanayement Techniques 

- Ch ie f  proyrdmner tedrns 
- Oesiyn rev iews 
- L i b r a r i a n  f u n c t i o n s  
- Independent t e s t  teams 

o L ~ o c u n e ~ t a t i o n  Techniques 

The SCL's apprddch t o  evdi  i 3 t i n g  l n e t h 0 d ~ 1 0 y i ~ ~  114s w e n  t o  ccir . > .  

a rd  qua1 i t y  da ta  trom s imi  l a r  p. ejects t 3 a t  empl oyrd d l  t fer ik,  
dev?loprne:~t r rethodologies (sernicoi + r o l ? o d j  expe r imen ts ) .  T t q  I V ?  

e f f e c t s  o f  t h e  methodologies on the  pr-oduct ;?rl then be u i i ~ t . !  ana *,he 
usefu i techniques i d e n t i  f l e d .  Cont ro i  l e d  exper1ment.s wou I d  be th;, i d e z l  
,wans o f  c o l l e c t i n j  da ta  f o r  these andiyses.  However, t!v cus: b f  
d u p l l c d t l n y  any l a r g e  developnent  e t t o r t  g rec ludes chat  s t r a i q v .  

The i n j h i  l i  t y  t o  make complete coinpdrisons o f  t!w p r c j e c t s  s t u d i e d  hds 
delayed tne  d e r i v a t i o n  o f  d e f i n i t i v e  concl  l ~ s i o n s  troin t h e  data .  However, 
some e f f e c t s  a re  appzrent  A suimary o t  t h e  e d r l y  r e s u l t s  o f  methodology 
e v d i u a t i o n s  ! s  p r e s e n t e ~  i n  Table 1 .  A s u p e r t l c i d l  exani indt ion o f  t h i s  
t a b l e  sugyests t h e  reasonable ~ o : ~ c l u : i o n  thd; most techniques t h d t  do n o t  



s i  qnl f i c a n t  l y  i n i r e d s e  t h e  yroyramner'  s and/or d e s i g n e r ' s  workload ou, 
t n a t  prov ide  a h i g h e r  l e v e l  o f  o r y a n i z a t i o n  t o  h i s l h e r  a c t i b i t i e s  have a  
y o s i  t i ve impact on the  development process.  



TABLE 1. SEL METHu32L;;GY EVALUATION: SOME 
CONCLUSIONS 

C o s t  E f f e c t i v e  

Formal Test P l d r  

Process Ues! qn 
Lanyu;ye ( PDL) 

Coae Reddi - ~ y  

Formal T r a i n i n y  

L i b r a r i a n  

S t ruc tu red  Ana lys is  

C o n f i y u r a t i o n  M g t .  

Resul t s  o f  Eva1 u a t i o n s  

Cost Unclear  Not Cost E f f e c t i v e  

Code Wal k th rouyhs S imula ted Const ruc ts  

Top-down Desi gn Axiomat ic  Desi yn 

Top-down Code Code Analyzers 

Ch ie f  P r o y r a n e r  Larye Problem Statement 
Tzam Languages 

Code Audi t o r s  Independent Ve r i  f i c a t i  on an6 
In tey r  a t i o n  

Desi yn Formdl i sins Hequi rerncnts 
Languzyes 

Fonnal Design Reviews Automated PUL 

S t ruc tu red  Code 
(Precompi l e r s j  

I t e r a t i v e  Refinement Resource F, t in iat ion 
Yodel s 

R e l i a b i l i t y  Models 



,Yore r i g o r o u s  techniques have been a p p l i e d  t o  t h e  a n a l y s i s  o f  some 
subsets o f  t h e  SEL da ta  on methodologies.  Table 2 shows t h e  r e s u l t s  o f  a 
study o f  t h e  e f f e c t s  o f  methodology on p r o d u c t i v i t y .  E s s e n t i a l l y ,  i t  
conf i rms t h e  SEL's e a r l  i e r  conc lus ions .  

TABLE 2. RELATIONSHIP BETWEEN PRODUCTIVITY 
AND VARIOUS FACTORS 

Fac to rs  

PDL 
Formal Uesi yn Review 
L.-si gn Formal i sm 
l,-,iy~ Dec is ion  Notes 
I' :sign Walkthrough 
Code Wal k th rough 
Code Readi ny 
-- 
I op-Down Design 
S t r u c t u r e d  C( Je 
L i ~ r a r i a n  Use 
Ch ie f  Proyramner Team 
Formal Test Plans 
Heavy Management Invalvement 
Formal T ra i  n i  ny 
Top-Down Code 

C o r r e l a t i o n  



I n  a d d i t i o n  t o  exper iment ing  w i t h  and lneasuriny t h e  above ment 
techno lcg ies ,  t h e  SEL has qained i n s i g h t  i n t o  a d d i t i o n a l  areas 
have major  impacts on t h e  ove rd l  1  p r o d u c t i  ~ i t y  as we1 1 as qua1 
so f tware  development . 

i oned 
whi ch  may 
i t y  o f  

P r o d u c t i v i t y  f o r  l a r g e  vs. smal l  systems 

The comnon b e l i e f  by many so f twa re  managers and deve lopers  i s  t h a t  as t h e  
s i z e  o f  d sof tware  system increases,  i t s  comp lex i t y  i nc reases  a t  a  h i y h e r  
r a t e  than t h e  l i n e s  of code increase.  t3ecause of t h i s  f a c t ,  i t  i s  
commonly b e l i e v e d  t h a t  i n  t h e  e f f o r t  equa t i on  

where E = e f f o r t  o f  person t i m e  
where I = l i n e s  o f  code 

t h a t  t h e  va lue  o f  b  must be j r e d t e r  than 1. The p r o j e c t s  t h a t  t h e  SEL 
has s tud ied  have beeti unable t o  v e r i f y  t h i s  be1 i e f  and i n s t e a d  have found 
t h e  va lue  o f  b  t o  approx imate ly  .92 i n  t h e  SEL environment. The f a c t  
t n a t  t h i s  equat ion  i s  n e a r l y  l i n e a r  leads t o  t h e  coun te r  i n t u i t i v e  p o i n t  
t n a t  a  p r o j e c t  o f  IsG,OUO l i n e s  o f  c o d e ' w i l l  c o s t  approx imate ly  3 t imes  
as much as a  50,UdU l i n e s  o f  code p r o j e c t  i n s t e a d  o f  4 o r  5 t imes as much 
as i s  o f t e n  c o m o n i y  oel  ieved.  

( F u r t h e r  d e t a i l s  can be found 1~ Reference 2.) 

P r o d u c t i v i t y  V a r i a t i o n  

Another c n a r a c t e r i s t i c  t h a t  t h e  SEL has been i r i t e r e s t e a  i n  s t u d y i n y  has 
been t h e  v a r i a t i o n s  i n  programmer p r o a u c t i v i  t y .  Obv ious l y  one would want 
t o  increase t h e  p r o d u c t i v i t y  oy vrhatever approach found t o  De e f f e c t i v e ,  
bu t  f i r s t  we must c l e a r l y  understand what t h e  b a s e l i n e  c h a r a c t e r i s t i c s  
o f  p r o d u c t i  v i  t y  dl-e (mi nimum, maximum, averaye, d i  f f e rence  between smal l  
and l a r g e  p r o j e c t s ,  e t c . ) ;  o n l y  then w i  l l we know if we have improved o r  
n o t  i n  t h e  years t o  come. 

As nas been found ~y  o t n e r  researchers  i n  v a r y i n g  envi ronments,  t n e  
p r o d u c t i v i t y  o f  d i f t e r e n t  p r o g r r l m e r s  can e a s i l y  d i f t e r  by a  f a c t o r  o f  8 
o r  1~ t o  I .  Tne SEL d i d  t l r l d  t n d t  t h e r e  was d g r e a t e r  v a r i a t i o r ~  ( t r o r ~ l  
very  iow p r o d u c t i v i t y  o t  .5 I .o.c ./hour t o  10.8 1  .o.c./hour i n  smal l  
p r o j e c t s .  The probaDle reason t o r  t h i s  i s   hat newer people a r e  
t y p i c a l l y  pu t  on smal 
d i t f e rences  i n  t h e  r e  

R w s i n g  Code -- 

As wa: s t a t e d  i n  t t le  
env i ronment t y p i c a l  l y  

e r  p r o j e c t s  and t n e  SEL has found extreme 
a t 1  v e l y  inexper ienced personnel . 

n t r o d u c t  i an  , g r o j  e c t s  b e i  ny developed i n  t h e  SEL 
u t i l i z e  approx imate ly  30 percent  o l d  code, 

Al though i t  i s  o b v i o u s l y  !ess c o s t l y  t o  i n t e g r a t e  e x i s t i n g  code i n t o  a  
system r a t h e r  than hav ing  t o  yenera te  new code, t h e r e  i s  sane c o s t  t h a t  
must ce a t t r i b u t e d  t o  adop t i ny  t n e  o l d  code, The deveiopment team must 
t e s t .  i n t e g r a t e  and p o s s i b l y  docun~ect t h e  o l d  code, so t n e r e  i s  some 



overhead. By look iny a t  approximately 25 p ro j ec t s  ranging i n  s i z e  from 
25,000 1  ines o f  code t o  over 100,000 t o t a l  1  ines o f  code and rany ing i n  
percent o f  reused code from 0  percent t o  70 percent, the  SEL f i n d s  t h a t  
by a t t r i b u t i n g  a  value of approximately 20 percent overhead cos t  t o  reuse 
code the  expenditures of t he  25 p ro j ec t s  can best be character ized. NOW 
the  SEL uses the  20 percent f i g u r e  f o r  es t imat ing  t h e  cos t  o f  adopt iny 
e x i s t i n g  code t o  a  new sof tware p ro j ec t .  

Devel opment Resources 

Another area o f  concern t o  the SEL i n  d e f i n i n g  the bas ic  p r o f i l e  of 
software development , was t h a t  of s t a f f i n g  1  eve1 and resource expendi ture 
p r o f i l e s .  Many a u t h o r i t i e s  subscr ibe t o  the  po in t  t h a t  t he re  i s  an 
optimal s t a f f i n g  l eve l  p r o f i l e  which should be fo l lowed f o r  a1 1  sof tware 
p ro j ec t s .  Such p r o f i  les as a  Ka l e i  h  Curve are suggested as opt imal . -++--- Chart 8 depic ts  c h a r a c t e r i s t i c s  o  c  asses of p ro j ec t s  monitored i n  t he  
SEL and shows the d i f f e rence  i n  p r o d u c t i v i t y  and r e l i a b i l i t y  f o r  yroups 
o f  p ro j ec t s  haviny d i f f e r e n t  s t a f f i n g  l eve l  p r o f i l e s .  Althouyh t h e  
Kayleigh Curve may be acceptable f o r  some p ro jec ts ,  t he  SEL has found 
t h a t  wide va r i a t i ons  on these c h a r a c t e r i s t i c s  s t i l l  lead t o  a  successful 
p ro jec ts .  The SfL has a1 so iound tha t .  extreme dev ia t ions  may be 
i n d i c a t i v e  of problem software. 

Resources A1 1 ocat i on 

dne set o f  basic in fo rmat ion  t h a t  one may want t o  understand i s  j u s t  
where do programers spend t h e i r  t ime. When t he  SEL looked a t  numerous 
p ro j ec t s  t o  understand where the  t ime was spent, i t  found t h a t  t he  SEL 
envi  ronment deviated somewhat from the  o l d  40-20-40 ru l e .  T y p i c a l l y  
p r c j ec t s  ind ica ted  t h a t  when the  t o t a l  hours expended were based on phase 
dates o f  a  p ro j ec t  ( i  .e., a  s p e c i f i c  data def ined the  absolu te  complet ion 
o f  one phase o f  tne  cyc l e  and the  beginning of the  next phase) t he  
D-eakdawn was less  t h m  25 percent f o r  design, c lose t o  50 percent f o r  
c ~ d o  and about 30 percent f o r  i n t e g r a t i o n  and t es t .  

When the  proyrarmers provided weekly data a t t r i b u t i n g  t h e i r  t ime t o  t he  
a c t i v i t y  t h a t  tney f e l t  they were a c t u a l l y  doiny, no mdt ter  what phase o f  
software development they were i n ;  the p r o f i l e  looks q u i t e  d i f f e r e n t .  
The three phases (designs, code, t e s t )  each consumed approximately the  
same percent e f f o r t  and over 25 percent o f  t he  t ime was a t t r i b u t e d  t o  
' o t he r '  a c t i v i t i e s  (such as t r a v e l  , t r a i n i n g ,  unknown, e t c  .) . Tne SEi 
has con t i nua l l y  found t ha t  t h i s  e f f o r t  ( o t he r )  e x i s t s ,  and cannot 
e a s i l y  be reduced, and most probably s h o T d T e  accepted as a  given. The 
SEL nds found i t  t o  be a  mistake t o  attempt t o  increase p r o d u c t i v i t y  
merely be e l i i l l i n a t i n j  rilajor po r t ions  o f  t h i s  ' o t h e r '  time. 

Cost Model s  

I n  add i t i on  t o  the s tud ies made pe r t a i n i ny  t o  var ious measures f o p  
software, the  SEL has a lso u t i  l i z e d  the cost data c o l l e c t e d  from the  many 
p ro jec ts  t o  ca l iD ra te  and eva luate var ious a v a i l s b l e  resource es t imat ion  
models. No attempt was intended t o  qua1 i f y  one model as beiny any b e t t e r  
than dnother. Tne ob jec t i ve  o f  the s tud ies was t o  b e t t e r  understand the  



s e n s i t i v i t i e s  o f  t h e  va r ious  w d e l  s  and t o  determine which 111ode1 s  seemed 
t o  c h a r a c t e r i z e  t h e  SEL sof tware development environment most 
c o n s i s t e n t l y .  

I n  s tudy ing  these resource models, n i n e  p r o j e c t s  which were somewhat 
s i m i l a r  i n  s i z e  were used as exper imental  p r o j e c t s .  Each o f  t h e  mvdel s  
was fed complete and accura te  data  from t h e  SEL da ta  base and each 
was c a l i b r a t e d  w i t h  nominal se ts  of  p r o j e c t s  as comple te ly  ds ti!; 
exper imenters could.  Sumnary r e s u l t s  i n d i c a t e  t h a t ,  o c r a s i o n a l l y ,  some 
models can accu ra te l y  p r e d i c t  e f f o r t  r e q u i r e d  f o r  a  so f tware  p r o j e c t .  
The SEL has r e i t t e r a t e d  what many o t h e r  sof tware develops and manayers 
c la im.  Cost models snould never be used as a  s o l e  source 01 2;t imation. 
The user 111ust have acc?ss t o  exper ienced personnel f o r  es t i t nd t i ny  and 
must a l s o  have access t o  a  corpora te  memory which can be used t o  
c a l  i b r a t e  and r e i n f o r c e  someone' s  es t ima te  of cos t .  Resource r o d e l  s  can 
be used as a  supplemental t o o l  t o  r e i n f o r c e  one's es t ima te  o r  t o  f l a g  
p o s s i b l e  i ncons is tenc ies .  

More d e t a i l e d  i n f o r m a t i o n  on t h e  SEL s t u d i e s  can be found i n  Reference 3, 
4 ,  and 5 .  

E f f e c t s  o f  MPP on Sof tware Uevelopment 

I n  an at tempt t o  determine i f  t h e  u t i  1  i z a t i o n  o f  Modern Proyr,amming 
Prac t i ces  (MPP) has any impact ( e i t h e r  favo rab le  o r  u n f a v o r a b l e j  on t h e  
development so f tware ,  a  se t  o f  I 0  f a i r l y  l a r g e  (between 50,000 1  .o.c. and 
120,000 1 .o.c. and f a i r l y  s imi  1 a r  p r o j e c t s  (same development environment, 
same type o f  requirements,  same t ime c o n s t r a i n t s )  was c l o s e l y  examined. 
These p r o j e c t s  had Deen developed i n  t h e  SEL environment where d e t a i l e d  
i n f o r m a t i o n  was e x t r a c t e d  from the  p r o j e c t s  weekly and where each p r o j e c t  
had a  d i f f e r e n t  l e v e l  o f  MPP enforced d u r i n g  t h e  development process. 

The MPP's ranged frorn va r ious  design approaches (such as POL, Design 
Walkthroughs, e tc . )  t o  cod? and t e s t  methodologies (such as s t r u c t u r e d  
code, reading, e t c . ) ,  t o  va r ious  i n t e g r a t i o n  and s y s t e r  t e s t i n g  
approaches. A l  l t he  p g s s i b l e  MPP's were r a t e d  and sca led as t o  t h e  l e v e l  
t o  w h i ~ h  t h e  p r a c t i c e  was fo l lowed f o r  each p r o j e c t  ( t h e  r a t i n g  was done 
by the  SEL researchers Dy the sof tware Leve lopers) .  The o n l y  purpose o f  
t h i s  exe rc i se  was t o  d e p i c t  t rends and no t  t o  prove t h a t  any one s i n g l e  
p r a c t i c e  was more e f f e c t i v e  by i t s e l f  than any o the r .  

The ieve l  t o  which MPP's were u t i l i z e d  were p l o t t e d  a y a i n s t  p r o d u c t i v i t y  
aya ins t  e r r o r  r a t e .  The a p p l i c a t i o n  o f  t h e  MPP has f a v o r a 3 l y  a f f e c t e d  
p r o d u c t i v i t y  by about 15 percent  f o r  these exper iments.  K e s d l t s  o f  
so f tware  r e l i a D i  l i ~ y  vs.  MPP i s  very  quest ionab le .  The SEL i s  c o n t i o u i n g  
a n a l y s i s  o f  a d d i t i o n a l  da ta .  

( f o r e  d e t a i  1 s  o f  t h i s  e f f o r t  car1 De found i n  Reference 6 ) .  



Several po in ts  stand out among the  r e s u l t s  o f  the  research performed i n  
the  SEL. These tw  po in t s  are as fo l lows:  

1. The software development process can be improved through t he  
1 i c a t i o n  o f  selected method01 -j !es. This general conc lus ion was 

d from observat ions made d u r ~ n g  the  past several years. 
P roduc t i v i t y  ra tes  have s t e a d i l y  increased through t he  years w i t h  t he  
app l i ca t i on  o f  more re f i ned  methodologies. Even w i t h  the  add i t i ona l  
overhead o f  data c o l l e c t i o n  and spec ia l  t r a i n i n g ,  a steady lmprove~nent i n  
the devel o p e n t  process i s  evident.  

The amount o f  improvement a t t r i b u t a b l e  t o  any given methodology i s  v2ry 
d i f f i c u l t  t o  quan t i f y ,  bu t  the  h i s t o r y  o f  t h e  SEL i nd i ca tes  t h a t  almost 
any o f  the  d i z c i p i  ined nethodoloyies ava i l ab l e  w i l l  favorab ly  a f f e c t  t he  
process by about 5 t o  10 percent over the  absence o f  any sucn approach. 
A methodology t h a t  i s  p a r t i c u l a r l y  we l l  su i t ed  t o  a s p e c i f i c  environment 
cot I d  enhance p r o d u c t i v i t y  by as much as 20 percent. Opt imiz ing t h e  
o r g ~ n i  zat iona l  s t r uc tu re  o f  the  people support ing t he  p r o j e c t  can produce 
an add i t i ona l  improvement of 10 percent. 

2. The greatest  need i s  f o r  t he  r a t i o n a l  a p p l i c a t i o n  o f  the  ava i l ab l e  
tecnnoloyies,  not  f o r  the c rea t i on  o f  new technologies.  Ourinp the  past 
several vears. the  SEL has ;earned t h a t  the re  are no shortaqes o f  we1 l- 
a e f i  ned &thodologies and t o o l  s. The de f i c i ency  o f  cu r renc-p rac t i ce  i s  
i n  the u t i  1 i za t ion  o f  the dvai l a b l e  sof tware technology. Software 
implementers have been slow t o  evaluate and adapt these approaches t o  
t h e i r  p a r t i c u l a r  environments. 

Software technologies snould not  be accepted w i thou t  c r i t i c a l l y  examining 
t h e i r  e f f ec t s  and wi thout  understanding the environment i n  which they 
operate. However, the evidegce i s  conc lus ive t h a t  t he  sof tware 
development process can be s u b z t a n t i a l l y  improved throuyh t he  a p p l i c a t i o n  
o f  appropr ia te  tr.c,$noloyy. 
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ABSTRACT 

Ned methods and approaches are being tried and evaluated with the 
goal of increasing productivity and quality. The underlying concept in 
all of these approaches, methcds or processes is that people require 
interactive communication to maximize the organization's strengths 3nd 
minimize impediments to productivity improvement. 

This paper examines Bendix Field Engineering Corporation's 
organizational structure and experiences with employee involvement 
programs. The paper focuses on methods Bendix developed and implemented 
to open lines ofcommunication throughout the organization. The Bendix 
approach to productivity and quality enhancement shaws that interactive 
communication is critical to the successful implementaiton of any 
productivity improvement program. The paper concludes with an 
examination of the Bendix methodologies which can be adopted by any 
corporation in aqy industry. 



Bendix Field Engineering Corporation's (BFEC's) international 
reputation in the technical field has remained an industry standard for 
more than 35 years. Quality service, combined with effective 
competition in the world market, has contributed to BFEC's distinction 
as a preeminent supplier 9f engineering and support services in the 
electronics and aerospace industry. 

In a field as dynamic as the technical service industry, with a 
multiorganizational structure, BFEC has maintained its position by 
unremitting efforts to enhance quality, productivity and cost 
effectiveness of the services prov~ded to its many customers. 

EFEC has long had a 'working smarter' concept which reflected the 
corporate commitment to engineering excellence and productivity 
improvement. Many factors have contributed to productivity and quality 
enhancement, but the most crucial and indispensable element is the 
quality of service provided by our skilled engineering and technical 
profeszionals supported by our progressive management team and dedicated 
work force. 

The purpose of this paper is to present methodologies BFEC 
created and adopted to augment a successful productivity and quality 
enhancement program. 

BFEC's Productivity and Qdality Enhancement Program did not start 
last year. The foucdations of the program have been in place for 
years. These foundations include statistical concepts and 
accoiintability, goal setting, and measurement of performance against 
gmls. 

?n the labor-intensive service industry, for example, 
productivity can be directly related to absenteeism. BFEC has 
conrtar.tly searched for ways to reduce absenteeism so that productivity 
uiay be iwreased. Records of absence rat6 and associated costs have 
been maintained since 1960. In 1976, an alarming trend of increased 
absence was noted. Armed with a long history of absence statistics, the 
Absenteeism Reduction Program was developed. The program begins with 
management reports of absence trends by individual departments, and 
includes research information, company determined standards of 
performance, recognition of employees with outstanding attendance 
records, rewards, publicity of the program, and goals for each element, 
department, directorate and the corporation as a whole. As a result of 
the implementation of the Absenteeism Reduction Program, absence was 
reduced from 2 52% in FY 76 to a rate of 1.91% for CY 84 (refer to 
Flg~re 1). BFEC has avoided spending over $3.2 million dollars in lost 
wages alone during the past 9 years. 
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FIGURE I 

Another  example of t h e  con t inuous  emphasis  on p r o d u c t i v i t y  acd  
q u a l i t y  enhancement i s  t h e  Cost Reduct ion  and Sugges t ion  System. 
E s t a b l i s h e d  i n  1963,  t h e  program has  mo t iva t ed  employees t o  s e e k  b e t t e r  
ways t o  perform t h e i r  jobs  wh i l e  ma in t a in ing  o r  improving t h e  q ~ a l i t y  
dnd reducing  t h e  c o s t s  a s s o c i a t e d  wi th  per forming t h e i r  jobs .  F igu re  2 
d e p i c t s  t h e  c o s t  s a v i n g s  of more t han  $18 m i l l i o n  s i n c e  1981. 
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FIGURE 2  

An i l l t ~ s t r a t i o n  of t h e  c o r p o r a t e  commitment t o  q u a l i t y ,  
p r o d u c t i v i t y  and c o s t  e f f e c t i v e n e s s  i s  demcns t r a t ed  by one o f  o u r  
c o n t r a c t s  w i th  NASA ( f i g u r e  3 ) .  O r i g i n a l l y  implemented i n  1478,  t h i s  
c o n t r a c t  began wi th  a  s t a f f  of 420 employees. A f t e r  t h e  c o n t r a c t  was 
awarded, i t  was conver ted  t o  BFEC's f i r s t  Miss ion  C o n t r a c t .  On c o n t r a c t  
renewal i n  1983,  o u r  t a s k s  had been expanded t o  i n c l u d e  maintenance of 
app rox ima te ly  50 computer sys tems and p e r i p h e r a l s  i n  a d d i t i o n  t o  c o n t r o l  
c e n t e r  maintenance and o p e r a t i o n s  d u t l e s  a t  t h e  Goddard Space F l i g h t  
Center .  BFEC's a t t e n t i o n  t o  zero-based s t a f f i n g  a n a l y s i s ,  c r o s s  
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training, and cross-utiiization of personnel, plus streamlining of 
operations allowed the new contract to begir, with a staff of 84 fewer 
employees than the original contract. All of this was accomplished 
through transfers and normal attritlon and exclusive of all. NASA mission 
precipitated staffing changes. Personnel reduction also resulted in 
lower costs while, at the same time, keeping maintenance and operation 
proficiency at above average levtls. 

"We believe that each generation of products and tech- 
nology should surpass the excellence, ingenuity aqd per- 
formance of its predecessor and :hat all our products 
and service must reflect the ittegrity that is one of 
our nost precious assets." 

These vords, from the Bendix Crccd writteil over 40 years ago, 
challenge earh employee to practico productivity iuprovemtnt and quality 
enhancement as a way of life. The employees are constantly challenged 
to learn something new every day. BFEC's President remarkti that "a day 
when you don't learn a better way of doing your job is wast.ed day". 
With these types of challenges, FFEC took steps to consolidate and 
formalize the Productivity and Quality Enhancement Program tn 1984. 

The first step was taken by the President with the establishment 
of the Productivity Council, a group of seven individuals from various 
major departments who were committed to the basic t m e t  tt:at a 
for-malized quality and productivity improvement program is essential for 
BFEC to remain a leader in providing engineering and support services. 
The initjal group became the product champions of the productivity cause 
within their respective organizational units. 

They did not charge ahesd without understanding BFEC's past 
performance -- both achievements and failures. The council studied and 
learned from corporate experiences. 



The council was aware of a major Bendix Corporation campaign for 
productivity improvement in 1980. During that campaign, the 
Productivity Committee did research, provi:kd training to management in 
national acd international trends in produ,tivity, developed a catchy 
theme and poster design, and conducted a shwt term productivity 
suggestion program. This short term program resulted in over $500,000 
in cost reductions in a three month period, but the program was not 
sustained because there was no continuing long term couunitment and 
because a consolidated productivity improvement and qua1i:y enhancement 
program !:zd not been established. 

In 1978, Bendix introduced an objectives-based pertormance 
planning and review system (PPRS). This program included over 16 hours 
of training for managers in the f. UI cr process involved in planning and 
measuring performance. The PPCRS, as it is now known, is used 
throughout the company, but initially there was Rome reluctance to fully 
implement the philosophy of the program. Rather, there was an attempt 
to fill out the associated forms, and not practice the management 
philosophy it espoused. 

In an effort to be nore productive, the P?&RS was the subject of 
reevaluation in 1982. As a part that study, a special task force asked 
for and received information from employees, supervisors and managers 
about their reactions to the system. The task for found that, 
although the program did improve communication, documentation for the 
system was limlting and the task force suggested a more free-form 
format. As a result of the study, employees began to im3lement the 
philosophy of the program more effecrively. 

The council learned that major programs cannot be implemented 
fully on a dictatorial basis. It alsa learned that when ma,agers, 
supervisors and employees have an oppo>'tunity to participate in the 
structuring of a program, and have an active role in the development of 
a program, there a greater acceptance -- even ownc.rship of the concept. 

With an awareness of PFEC's accomplishments, an awareness of 
programs which were deemed to be less than successful, and a realization 
of the basic employee need to be part of a developing program, the 
Productivity Council began the task of formalizing the Productivity 
Improvement and Quality Enhancement Propram for BFEC. 

The council developed a logo 
for the emerging program. The logo 
is bascially a star, the symbol of 
achievement and excellence. But 
more than just a star, it is peoole 
joined together to represent the 
entire employee population working 
together as a team. Neither a stdr 
rior people Jqined together as a 
team are new concepts; but the 
final product --this logo-- is 
distlnctive. 



The next step in the formalization of the BFEC Productivity 
Program was to discuss the long standing productivity and quality 
commitment with all levels of employees, from executives to entry level 
employees. The Productivity Council compiled the sLstement of BFEC 
Productivity philosophy with the following primary components: 

o Improving communications and cooperation vertically and 
horizontally within the corporate hierarchy and adopting a 
more participative style of management 

o Educating all management persor 21 and employees in 
technfques designed to identify, evaluate, and solve problems 

o Continujng the quality improvement process aimed at "doing 
it right the first time" for tasks perfor..ted withm all 
organizations 

o Using statistical techniques throughout the company: 
operational statistics, cost control, mamgesent, absence, 
safety, etc. 

o Expanding opportunities for employee participation in the 
improvement of services supplied to BFEC's customer 

o Encouraging supplier or subcontractor participztion in the 
quality/productivity inprovement process and providing 
assistance and direction, as required 

The Productivity Council recognized that an effective program 
requjred accive participation from all employees at all levels of the 
organization. The Pre~ident and two key Vice Presidents were chartared 
with the responsibility for the final administrative and budgetary 
decisions as the Productivity Program's Executive Committee. The 
Productivity Council would continue to consist of a Director and 
repres~ntatives from key operational and administrative organizations. 
Individuals from each dzpartmnt volunteered :o serve as Department 
Productivity Coordinators. Employees were surveyed and given an 
opportunity to participate in BFEC's adaptation of the productivity 
improvement process. The council evolved a significant and unique role 
for a vital grwp of employees -- the managers and supervisors. 

The council quickly recognized that one potentially effective 
approach to augment organizational performar.ce appeared to be a merger 
of quality assurance methodology and behavioral science theory. The 
council researched and examined existing lite-ature on the subject and 
contacted companies that had implemented or were in the process of 
implementing productivity improvement programs The council developed 
the Productivity Enhancement Team (PET) concept, and tried the concept 
out in one department as a prototype. This department was chosen 
because it had a long record of productivity and quality commitment 
denonstrated by marked open communications, an effective team of 
managers, and a desire to be in~ovative. 



Research revealed that most exibting prcductivity programs 
centered around manufscturing concerns. The measurement of success was 
typically based on productivity or quality enhancements to a product or 
c,>nsumer item that could be easily measured. However, research into 
motivation and employe? involvement principles indicate that these 
manufacturing-oriented pi~ductivity programs could be transferred with 
some customization to the service industry. Through an iterative 
process, traditionally structured productivity improvement methods were 
tailored to meet the needs of the BFEC organization. 

The growth of the PET program has been controlled during its 
evolutionary phase. Each PET is made up of volunteers, from four to ten 
members. who meet on a regular basis to discuss productivity 
improvement, problems, concerns, and solutions. Employees have been 
enthusiastic about joining and working in these employee-run teams. 
They work on problems appropriate to their job responsfbilities. 

Success of PET teams is linked to certain key elements. The 
voluntary nature of the PET is an important ingredient in developing 
employee support, commitment, and enthusiasm. The voluntary nature of 
ttie program is rooted in the basic concepts r i  motivation and employee 
involvement. PET members learn to work as a team, which not only 
encourages problem solving but slso encourages joint effort and 
collaborative ways of working. This 'team effort' is a new experience 
for many employees who typically perform tasks alone or in a lircited 
exposure to others. 

The most significant aspect of the PET process is the structure 
in the program. Many employees have little experience and few 
opportunities to participate in effective structured problem analysis or 
to work successfully in group settings. During BFEC's PET training, 
employees undergo six weeks of orientation to widely accepted 
produciivity improvement methodologies including: probiem definition; 
brainst3rming, data gathering; cause-and-effect analysis; Pareto 
analysis; preparation of data check sheets, graphs, and charts; and 
presentation techniques. The purpose of this training is to ensure that 
all PET'S operate within the same guidelines, using a specific approach 
to problem solving with the goal of presenting a solution to a work 
related problem to supervisors and managers in a method which easily 
demonstrates that the problea and recommended solution were thoroughly 
evaluated. 

As BFEC impJ-emented the PST process in a controlled environment, 
it became apparent that supervisors and managers had a very important 
role in this evolutionary program. The supervitors of the first PETS 
had mixed reactions. Some were apprehensive because the PET identified 
problems which the supervisor thought should have been recognized and 
solved by the supervisor. Some supervisors were fearful that the PET 
would usurp their authority. 

The Productivity Council discovered from its research and 
practical experience that a productivity program such as the one 
described cannot succcod without involvement from management. To 
achieve this invol-vement and support often requires a drastic change in 
traditional muagement attitudes. 



True change canno t  be d i c t a t e d  o r  mandatsd. I t  must be t r u l y  
embraced by t h e  h ighee r  l e v e l  of  management and communicated throughout  
t h e  company. Communication and : r a in ing  s t a r t s  w i t h  t h e  company 
p r e s i d e n t  and proceeds  t o  d i r e c t o r s ,  program managers and s e n i o r  
managers, department  managers, and s u p e r v i s o r s .  

The c o u n c i l  c o n t a c t e d  v a r i o u s  vendors  of  management development 
and t r a i n i n g  and vendors  who s p e c i a l i z e d  i n  p r o d u c t i v i t y  programs and 
q u a l i t y  of w o r k l i f e  programs. They asked  f o r  ways t o  deve lop  meaningfu l  
r o l e s  of s u p e r v i s o r y  and management pe r sonne l .  

The vendors submi t t ed  p r o p o s a l s  f o r  4 t o  1 6  h c u r s  o f  t r a i n f , l g ,  
du r ing  which t h e  s u p e r v i s o r s  and managers would e x p e r i e n c e  t h e  PET 
p roces s  and d i s c u s s  t h e i r  r e a c t i o n s  t o  t h e  group p roces s .  The c o u n c i l  
f e l t  t h a t  somethinc was mi s s ing ,  

They looked and found a  r e s o u r c e  who t a l k e d  abou t  t h e  p r o c e s s  of  
change. They r e a l i z e d  t h a t  t o  a c h i e v e  t r u e  system-wide a c c e p t a n c e  of  
t h e  PFT p r o c e s s ,  managers and s u p e r v i s o r s  would have t o  n o t  o n l y  s u p p o r t  
and e r d o r s e  t h e  s t r u c t u r e d  PET t e c h n i q u e s ,  bu t  demons t r a t e  t h e s e  
t echn iques  i n  t h e i r  day-to-day i n t e r a c t i o n  w i t h  employees. 

Given BFEC's long  s t a n d i n g  p a t t e r n  of  p r o d w t i v i t y  improvements 
and proven methods of c o s t  e f f i c i e n c y ,  we o n l y  had t o  p rov ide  g e n e r a l  
g ~ l i d e l i n e s  f o r  s u p e r v i s o r s  and managers. The P r o d u c t i v i t y  Counci l  
compiled t h e  P r o d u c t i v i t y  P rocedurzs  Manual which i n c o r p o r a t e s  e x i s t i a g  
programs, p rocedures ,  r e p o r t i n g  channe l s  w i t h  t h e  PET t ech rdques ,  
r e c o g n i t i o n s  and rewards. 

L e t ' s  review t h e  s t e p s  t aken  by t h e  P r o d u c t i v i t y  Counci l .  They 
e s t a b l i s h e d  t h e  PET program, a s t r u c t u r e d  p roces s  f o r  s m a l l  g roups  of 
employees t o  d i s c u s s  work r e l a t e d  problems,  r e s e a r c h  t h e s e  problems and 
p r e s e n t  w e l l  r e sea rched  and documented s o l u t i o n s  t o  managerent .  
Throughout t h e  PET p r o c e s s ,  s u p e r v i s o r s  and managers maint  n  c l o s e  
c o n t a c t  w i th  t h e  PET through r e c e i p t  of t h e  minutes  of  e a c h  meet ing ,  by 
responding t o  PET member r e q u e s t s  f o r  t e c h n i c a l  i n f o r m a t i o n ,  d a t a ,  and 
s u p p o r t ,  by p a r t i c i p a t i n g ,  a s  g u e s t s ,  a t  r e g u l a r  PET mee t ings  and by 
e v a l u a t i n g  and responding  t o  PET recommendations. 

R e a l i z i n g  t h a t  department  management may n o t  be a b l e  t o  implement 
a PET s o l u t i o n  due t o  budget o r  manpower c o n s t r a i n t s ,  t h e  P r o d u c t i v i t y  
Counci l  f u r t h e r  opened a new l i n e  of  co-munication between empl.oyees and 
t h e  h i g h e s t  l e v e l  of management by p rov id ing  t h e  PET w i t h  t h e  
o p p o r t u n i t y  t o  make i t s  p r e s e n t a t i o n  d i r e c t l y  t o  t h e  c o u n c i l .  The 
c o u n c i l  t hen  has  t h e  r e s p o n s i b i l i t y  t o  approach t h e  Execu t ive  Committee 
which has  t h e  u l t i m a t e  power t o  p rov ide  a d d i t i o n a l  budget ,  manpower and 
m a t e r i a l s .  

The P r o d u c t i v i t y  Counci l  ha s  f u r t h e r  developed a  forum t o  open 
l i n e s  of communication between s u p e r v i s o r y  and manager ia l  employees by 
r e q u i r i n g  an  annua l  dephr tmen ta l  p r o d u c t i v i t y  p lan .  T h i s  p l a n  i s  n o t  
des igned  t o  respond t o  t h e  needs  of t h e  P r o d u c t i v i t y  Counci l .  I t  i s  
des igned  L O  cause  t h e  department  d i r e c t o r ,  managers and s u p e r v i s o r s  t o  
meet t o g a t h e r  and,  u s ing  YET-type t echn iques  ( b r a i n c t o r m i n q ,  



problem-solving, etc.), develop specific measurable productivity and 
quality goals and objectives for the year. The Council does not expect, 
nor does it want, a glossy productivity plan which is outside the 
current and established work of a department. It seeks the 
documentation cf goals and objectives which are part of the way the 
department does business. 

In the formalization process, the council opened lines of 
communication between employees by providing the structured productivity 
improvement techniques. It is important to examine the lines of 
communication and the formal and informal channels for communication. 
From this examination, BFEC can share with other service groups its 
experiences in re-emphasizing productivity as a way of life within an 
organization. B F E C  has opened informal lines of communication between 
employees and managers by providing an opportunity for employees to 
study work problems and recommend solutions to management; opened lines 
of communication between executives and managers and supervisors by 
providing a forum for the determination of departmental productivity and 
quality goals acd objectives; and opened a ilew formal line of 
communication between employees and the highest level of management by 
providing a PET with the opportunity to make a management presentation 
directly to the Productivity Council. 

The B F E C  Productivity Council has tried to involve all employees, 
at all levels of the various organizations, in the productivity 
improvement process. All of our approaches, methods and procefses 
require people and people require interactive comunicationa to be 
optimally effective. 

Together, management and employees must communicate tc maximize 
the organization's strengths and minimize impediments to ~rodxctivitp. 
People need to know their role in accomplishing the company's goals and 
objectives and they must be able to communicate to management their 
desire to accomplish these goals. 

People are the strength of the organization and, therefore, the 
mainstay of the productivity and quality effort. They help the 
organization use its resources more efficiently and effectively for the 
betterment of the company and its customers. 

What has happened in the last year and a half is systematic 
formalization of the process throughout the organization. Components of 
the B E E :  Productivity Improvement and Quality Enhancement Program 
include research, reviewing past achievements and failure, learning from 
other companies a ~ d  from our own experiences, adapting structured 
methodologies of effective productivity improvement programs from 
tj,:cally manufacturing entities to the fluid, responsive, mobile world 
of the service industry, and formulating a program which involves 
personnel at all levels of the organization. 

The ideas and methods in this paper are not new. They are 
distinctive. They are like the BFEC productivity logo -- a star 
composed of people interacting. Individually thc pieces are well known 



but together distinctive and a symbol of a renewed vigor to work 
together, to work more innovatively, to work smarter. 

(Phillip P. Marino, Senior Manager of Software and Engineering Services, 
began his career with the Bendix Field Engineering Corporation as the 
Software Quality Assurance Manager. He is now responsible for all 
software and systems engineering services on the Mission Operations 
Support Services Progrbm for NASA real-time spacecrpft control 
net~arks. His prior corporate experiences include Corporate Systems 
Manager for the largest import automotive distributorship on the east 
cost, responsible for all ADP activities for the corporation. Further 
experiences include over 16 years in data processing with the Maryland 
Department of Transportation, Department of Health, and Department of 
Education, culminating as Deputy Director for the Department of 
Education. Mr. Marino holds an Executive MBA degree from Loyola College 
of Baltimore, Maryland.) 



SOCIO-TECHNICfiL INTEGRATION OF THE WORKPLRCE 

George L. Carter 
Manager, Socio-technical Engineering 

Westinghouse Mnufacturing Systems & Technology Center 
Columbia, Maryland 21046 

The object ive o f  socio-technical theory ard design 
i s  t o  provide the best match between the socia l  system and 
the technical system. The achievement o f  a best match 
makes optimal use o f  the resources o f  both systems. 

Implementation of t h i s  theory i s  best served when 
there i s  involvement by the "user" organization. The 
"involvement" r e l a t i ve  t o  the introduct ion o f  new 
technolcgy i n  the organization i s  extremely s ign i f icant .  
Employee involvement i s  c r i t i c a l  t o  e f fec t i ve  per t ic ipat ive  
management. Because t h i s  s ty le  i s  considered t o  be "new", 
many managers lack the experience i n  dealing wi th  such an 
approach t o  management. 

The trends toward par t i c ipa t i ve  management and 
employee involvement have taken various forms. These have 
included qual i ty  c i rc les ,  semi-autonomus teams and adhoc 
act ion teams. I t  i s  noteworthy t o  point  out, as these 
processes have evolved, the ro l e  o f  a f a c i l i t a t o r  has 
become rare preve lant  . 

The f ac i  1 i t a t i o n  . o f  the socio-technical design 
system w i l l  use the t w l s  o f  indu::tr ial  engineering and 
w i l l  be managed usinq a s ty le  which has been structured 
under behavioral science pr incip les.  

The successful integrat ion o f  new technologies i n t o  
the business organization today w i l l  be predicated on the 
socio-technical system which has been developed. 



SOCIO-TECHNICRL INTEGRnTION OF THE WORKPLnCE 

Socio-technical theory o r i g i n a t i ; ~  i n  the 1950s 
looked a t  work e f f o r t  as a system o f  technical and socia l  
components. 

"Socio-technical design i s  based on pr inc ip les from 
tw, d i f fe rent  worlds between which a f~fdamental 
s p l i t  ex is ts .  The technical world i s  oqanized 
around ra t iona l  pr inc ip les o f  e f f ic iency,  whi le the 
phenomenal world w i th in  which humans l i v e  t h e i r  
da i l y  l i ves  i s  organized around psychological 
pr inc ip les based on cognit ion and emotion. The 
pr inc ip les by uhich one world i s  organized are not 
necessarily o r  even l i k e l y  t o  be the same as those 
by which the other world i s  organized. 

The object ive of socio-technical design i s  t o  bridge 
the two worlds through a "best match" between a 
socia l  system organized arourd phenomenal-world 
pr inc ip les and a technical system organ izd  aroufi 
technical-world pr inc ip les .  The achievement o f  a 
best match makes optimal use o f  the resources o f  
both systems. The resources o f  the two systems are 
optimally used when the two systems are members of 
the socio-technical system. 

A work group i s  sel f - regulat ing t o  the degree that 
group members define themselves as system 
contr ibutors rather than job-holders. " (Susman 1976) 

Performance, r e l a t i ve  t o  t h i s  theory, i s  most 
e f fec t i ve  when the socia l  and technical components are wel l  
matched t o  each other. This match does not j us t  happen--it 
must be properly planned and implemented. This 
implementation i s  "best" served when there i s  involvement 
by the "user" community o r  organization. 

The involvement o f  the "user" r e l a t i ve  t o  the 
int roduct ion o f  new technology i n  the organization i s  
ex? remely s ign i f icant  . For decades the organization o f  the 
workplace had been predicated on the pr inc ip les of 
bc i en t i f i c  management. This system i s  s t i l l  routed i n  the 
d r i ve  f o r  more output per hour, o r  breaking down each job 
in to  i t s  simplest, most repe t i t i ve  specialized tasks, w i th  
the shortest possible learning period. ~ c i e n t i f  i c  
management had concentrated on the technical exclusion of 
the socia l .  



This management philosophy generally cons idercd that  
the worker involvement was o f  l im i ted value i n  the 
organization. This i s  no longer t rue.  

Employee involvement i s  c r i t i c a l  t o  e f fec t i ve  
par t ic ipat ive  management. Because t h i s  s t y l e  i s  considered 
t o  be "new", many managers lack the experience and know-how 
i n  dealing w i th  such an approach t o  management. Sometimes 
the concept i s  viewed by managers and supervisors as a 
threat  i n  terms OF conventional power and author i ty .  The 
impatience o f  some managers t o  achieve the s h c r t - t e n  
economic gains while dealing w i th  a sensi t ive new product 
that  requires long term commitments forecasts, a t  best, an 
uneasy pa tbay  t o  meaningful resu l ts .  

We can aeticipate, therefore, that  the worker- 
par t ic ipat ion i n  the development o f  these kinds o f  new 
programs to  improve the so-called "qua l i ty  o f  work l i f e "  
w i l l  manifest i t s e l f  i n  a step-by-step e f f o r t  t o  enhance 
the welfare o f  the workers and t o  u p l i f t  t h e i r  human 
d ign i t y .  For the present and forseeable future,  worker 
involvement i n  decision-making w i l l  more rsad i l y  spring up 
wi th  regard t o  the more immediate and noticeable aspects o f  
the workinq 1 i f e .  Managing the job i s  more immediate and 
urgent. The workers' concern for  the managing o f  the 
enterprise i s  best measured by the immediacy o f  the impact 
on the worker himself. 

The trends towards par t ic ipate  management and 
employee involvement over the l as t  several years have taken 
various organizational forms. These have includes qua l i t y  
c i rc les ,  semi-autonomous teams and ad hoc ac t ion teams. 
Part icipants i n  these organizations f o r  the most pa r t  have 
been voluntary. I t  i s  noteworthy t o  po in t  out, however, as 
these processes have evolved, the vole o f  a " f a c i l i t a t o r "  
o r  " th i rd  party consultant" has become more prevalent. 
One can log ica l l y  conclude that  as par t i c ipa t i ve  management 
philosophies grow, the ro le  o f  the f a c i l i t a t o r  and t h i r d  
party consultant w i l l ,  l ikewise, grow. 

I t  should be noted, however, that  the r o l e  o f  the 
f a c i l i t a t o r  should, i n  time, become a management s t y l e  and 
philosophy and not a pos i t ion  iden t i f i ed  u i t h  a "program". 
"Programs" t r ad i t i ona l l y  become the " f l avo r  of the time" 
and succumb to  new programs that  take t h e i r  place. 



I n  one organization i n  which I was associated, a 
large qua l i t y  c i r c l e  a c t i v i t y  prevailed. The qua l i t y  
c i r c l e  f a c i l i t a t o r s  o f  the organization each had i n  excess 
of twelve c i r c ies  i n  progress a t  any given point  i n  time. 
The organization had a need f o r  more c i rc les ,  but was 
hesitant a.but  adding add i t iona l  new f a c i l i t a t o r s  . TO 
address the problem, "ownership t ransfer"  ws i ns t i t u ted .  

The process cal led f o r  the qua l i t y  c i r c l e  team 
leaders which were work sect ion supervisors, t o  be t ra ined 
t o  become f ac i l i t a t o r s ,  and secondly, a member o f  the 
qua l i ty  c i r c l e  t o  become the team leader. The o r i g i n a l  
f a c i  1 i t a t o r  became a member o f  the Operat ion Hanager ' s 
staff and functioned as an advisor and consultant t o  the 
f a c i l i t a t o r .  

This "ownership process" accomplished two purposes: 

1. Allowed the establishment o f  add i t iona l  
qua l i t y  c i r c les  without the h i r i n g  of more 
f a c i l i t a t o r s  

2 .  Provided the f i r s t  l i n e  supervisor w i t h  a 
" f a c i l i t a t i o n "  management s ty le  which 
helped t o  develop a par t i c ipa t i ve  
management environment i n  the organization. 

The efrectiveness o f  the c i r c les  t o  enhance the 
organization became s ign i f i can t  when the objectives o f  the 
organization were shared w i t h  the "c i rc les" ,  a d  the 
subsequent projects o f  the c i r c les  dea l t  spec i f i ca l l y  w i th  
supporting and accomplishing the objectives, thus providing 
a focused a c t i v i t y  f o r  the c i r c les .  

A second organization which I was fami l ia r ,  was 
organized spec i f i ca l l y  t o  u t i l i z e  the par t i c ipa t i ve  
mana?oment concept. The organization was structured around 
semi-autotomous teams. Instead o f  the t r ad i t i ona l  
f i r s t - l e ve l  supervisor, the teams had team leaders o r  
f ac i  1 i t a t o r s .  The f a c i l i t a t o r s  provided the necessary 
t ra in ing and technical support t o  the teams so they could 
accomiplish the established goals and objectives o f  the 
organization. The ro les of the "team" members changed 
regularly from "product ion workers" t o  support functions 
such as production and qua l i t y  contro l .  

The team leaders o f  the organization had 
professional clclssif icat ions and had come from i ndus t r i a l  
engineering, production, qua l i ty ,  and tes t  backgrounds. 



The effectiveness o f  these organizations has been, 
for  the most part,  dependent on the t ra in ing given t o  the 
part ic ipants.  The t ra in ing  provides ana ly t ica l  and problem 
solving s k i l l s  used t r ad i t i ona l l y  by indus t r ia l  engiqeers. 

The indus t r ia l  engineer played a primary r o l e  i n  the 
sc i en t i f i c  management o f  the organization, both from 
dm in i s t r a t i on  o f  the process and the control  1 ing 
functional respons ib i l i ty .  

With the advent o f  the socio-technical process, the 
indust r ia l  engineer w i l l  again play a major and s ign i f i can t  
ro le.  This basic logic i s  credible, however, there is one 
basic f lau.  

Tradi t ional ly ,  the indus t r ia l  engineer lacks 
t ra in ing i n  the behavioral sciences which is essential i n  
effect ively interact inq as the " t h i r d  party consultant". 
The ro l e  s ign i f i can t l y  changes from the t r ad i t i ona l  " t e l l  
them how" t o  the "suggestive" approach as a technical 
resource t o  the p w t i c i p a t i v e  group. 

For the present time and immediate future, 
specialized t ra in ing i n  the behavioral science pr incip les 
and appl icat ion must be p r o v i d d  t o  the indus t r ia l  
engineers. 

This aspect o f  education i s  not presently required 
i n  most t rad i t i ona l  Indus t r ia l  Engineering curriculums. 

Success o f  the socio-technical theory i s  predicated 
on a part icipants environment which involves the commitment 
of the "user". The greater 'he amount o f  user awareness 
and commitment t o  the process, the lesser amount of 
resistance t o  change and the new technology. 

I t  i s  very d i f f i c u l t  t o  develop a par t ic ipate  
approach i n  an organization when the members have been 
operating independently o f  another. Now, t o  use t he i r  
indiv idual  personalities,. work habits, and ideas toward a 
group goal i s  a very ambitious undertaking. There's no 
denying the benef ic ia l  impact that  genuine par t ic ipat ion 
can produce and the pos i t ive  repercussions i t  w i l l  have i n  
other areas. 



I n  adopting a p a r t i c i p a t i v e  concept philosophy, the 
most o f ten  asked quest ion i s ,  "What i s  i n  i t  f o r  the 
organizat ion's members--and what benef i ts  can the 
organizat ion obtain? We w i l l  f i r s t  take a look a t  the 
research tha t  supports why organizat ion members want t o  
pa r t i c i pa te .  

The often-used c l i che  tha t  we hear, i n  j u s t i f y i n g  a 
p a r t i c i p a t i v e  concept today, i s  t ha t  "peop!e tend t o  
support what they help create." This statement i s  perhaps 
becoming more of a truism, as we gain more and more 
experience working w i t h  people i n  a p a r t i c i p a t i v e  
environment . 

The establishment o f  meaningful goals and object ives 
i s  an important func t ion  o f  any p a r t i c i p a t i v e  concept. 
*'Some goals are set  by the ind iv idua ls  pursuing them, s , .m 
are set w i t h  the p a r t i c i p a t i o n  o f  others, some are set 
exclusively by others. Generally speaking, ind iv idua ls  
most ac t i ve l y  pursue the goals they set themselv~s.  
Involvement i n  goal se t t i ng  might take the form o f  u n i t s  
produced per day, per month, o r  per year. The 
establ ishment o f  a p roduct iv i ty  ob jec t ive ,  a reduced scrap 
leve l ,  o r  a reduced rework percentage can be goals a lso .  

What does a l l  t h i s  involvement promote? I f  there i s  
an acceptance and commitment by both par t i c ipants  and 
management, a cl imate o f  cooperat ion, anderstanding and 
genuine teawork w i l l  p reva i l .  To be successful i n  
promoting teawork  i n  an organization, members o f  the group 
must perceive tha t  higher l eve l  management i s  r e a l l y  
interested i n  ard committed t o  fos te r i ng  a cl imate based on 
open communication and mutual t r u s t .  

When discussing a p a r t i c i p a t i v e  concept w i t h  
ind iv iduals who are interested i n  what i t  i s ,  o r  g e t t i n g  
input from employees on what they th ink  o f  a p a r i i c i p a t e  
concept, an often-heard qilestion i s :  "What's i n  j t f o r  the 
company? Obviously, there must be some benef i ts  o r  you 
uouldn ' t  be t r y i n g  i t ! "  

The answer t o  t h i s  question is--Yes, there can be 
s i g n i f  i ~ a n t  benef i ts ,  if recognized thir t  a pa r t i c i pa te  
concept i s  an on-going process tha t  changes as f requent ly  
as the weather--mainly because there are people involved. 
Because people are involved, a d  f o r  the advantages t o  be 
f u l l y  real ized,  i t  must be approached from the standpoint 
that  employees tire t r u l y  ready and capable o f  making 
pos l t i ve  a d  cor~s t ruc t ive  cont r ibu t ion .  



The benefits derived, i n  some instances, .my be 
measurable i n  do l lars  and cents, while, on the other side 
of the coin, benefi ts less measurable, but very 
s ign i f icant ,  ilore speci f ical ly ,  measurable benefits 
reported by orq~,- t~zat ions adcpting a par t i c ipa t i ve  concept 
nave experienced the fol lowing: 

1. Lower fibsenteeism, which can be related t o  
addi t ional  product shipped and on t i m e  
del iver ies.  

2 .  Lower Turnover, less t i m e  and money spent 
on t ra in ing new people. 

3 .  Higher Qual i ty  can be a resu l t  o f  the 
employees having a pos i t ive  a t t i t ude  about 
the importance of t h e i r  task. A sa t i s f ied  
cuitomer can genzrate repeat orders and job 
security . 

4 .  fleeting Product Tarqets i n  an atmosphere o f  
enthusiasm and commitment. 

5 .  Achievement of  Productivi ty Goals, which, 
i n  turn, lower product costs. The other 
side of the coin that  i s  less measurable i n  
term; o f  do l la rs  and cents, but very 
s igni f icant  from a humanistic standpoint, 
i s  that  you capture a bigger part  o f  the 
whole person. Perhaps the most important 
benefi t  o f  a l l  t h i s  i s  simply the change i n  
environment that ,  character is t ica l ly ,  
occurs when a par t ic ipate  concept i s  
attempted. The plant f l oo r  can become a 
s t r i k i ng l y  d i f f e ren t  place from the days 
when work was jus t  a routine gr ind.  

As previously mentioned, the de\<elopment o f  the 
part ic ipate environment i s  not sometk,ing that  happens 
quickly--however in ternat iora l  competition and Japanese 
management styles have done much t o  bring about the 
awareness of the behavioral sciences e f fec t  on mnaqenrent 
styles i n  busines, today. As large numbers o f  
organizations encounter successes i n  behaviwal management 
applications, expertise w i l l  continue t o  be intagrated i n  
the organization. 



The indus t r ia l  enginepr has t r a d i t i o r i l l y  over the 
provided the in terac t  ion and communication 1 ink 

gtL:en management, technology and the w r k e r .  The r o l e  
today has not changed; however, the process and cu l ture  
have. As management gains greater f am i l i a r i t y  w i th  the 
behavioral sciences, management a t t i tudes w i l l  change and 
thus enhance the cu l tu ra l  change. The behavioral sc'enq 
are now being regarded as resul ts-get t ing tools and wl!! 
thus be expected t o  produce hard, measurable improvement. 

The con f l i c t  between t r ad i t i ona l  i ndus t r ia l  
engineering and behavioral sciences and t h e i r  prac t i t ioners  
i s  disappearing. I n  a quest f o r  greater pr: iuct ivi ty and 
efficiency, I.€. w i l l  put less emphasis on i t s  t r ad i t i ona l  
approach of work s impl i f i ca t ion and w i l l  view overa l l  
eff iciency i n  l i g h t  o f  what the behavioral sciences say. 
Worki-g from the other d i rec t ion,  behavioral -::ientists 
w i l l  need the s k i l l s  o f  i r d u s t r i a l  engineerir.3 t o  develc 1 

useful hard measurement. 

Change, and the management o f  change w i l l  be most 
s ign i f icant  i n  e x p d i t i n g  the process. Because the 
develqpment o f  high technology i s  so rapid, i t  i s  almost 
impossible t o  maintain the knowledge o f  tile employees t o  
the leve l  of technology. Because of t h i s ,  two ,,ajar areas 
o f  the organization need t o  be addressed: 

1 .  Organization has t o  be modified, changed, 
whatever to accept the new technology 

2 .  Retraining o f  the people r e l a t i ve  t o  the 
new technology. 

The indus t r ia l  engineering organization i s  best 
suited t o  deal w i th  the change problem as i t  a f fec ts  the 
organizatjon. Recognizing that  the i r d u s t r i a l  engineers 
mgst have p r i o r  t ra in ing  t o  become e f fec t i ve  f a c i l i t a t o r s  
and t h i r d  party consultants--twn approaches can be taken t o  
address the organization needs f o r  coping wi th  
technological change--ergo-the Socio-technical process. 

One approach might take i n  assessing the needs o f  a 
new requirement, i n  comparison to  the 

analysis. 
existi? organization, i s  cal led funct ional  o q a n i z a t i o m  

This approach u t i l i z e s  a t h i r d  party 
f a c i l i t a t o r ,  but i t  brings i n t o  play a l l  o f  tne 
part icipants o r  rg~embers of an e x i s t i  wj oqan iza t i cn .  F i r s t  
take the exist ing organization and break i t  up by i t s  
specific func' ions. 



As these par t i cu la r  function are broken out, they 
are fur ther broken down by t h e i r  speci f ic  respons ib i l i t ies  
and the necessary tasks r e q ~ i r e d  t o  achieve these 
respons ib i l i t ies .  A t  t h i s  time, we are looking a t  an 
exist ing or jan iza i ion as upposed t o  the one that  w i l l  be 
accepting the new technology. T5is gives the members of 
the organization an opportunity t o  see i f .  i n  fac t ,  the 
responsib i l i t ies are s t i l l  required f o r  the job that  has be 
done today. 

As these functions are analyzed, we have the 
organization point  out the s k i l l s  necessary t o  accomplish 
the specific responsibi Z i t ies  that  they have been 
analyzing. The members, a t  t h i s  point  i n  time, bu i ld  a 
ski1 1s i n~en to r y  of the funct ional organization that  
presently exists.  These are the s k i l l s  which are deemed 
necessary t o  have the organization funct ion properly i n  
today's environment. This information also w i l l  provide a 
framework o f  reference when goiilg through the 
organizational analysis needs for the new technology. 
After the funct icnal wqanizat ion has had an o ~ p o r t u n i t y  t o  
be informed o f  the technology tllat i s  going t o  be 
introduced, I t ' s  possible t o  then go through a funct ional  
organizational analysis usitag the same type o f  approach 
that was used on the ex is t ing o rgan i za t i ~n .  The only 
dif ference here i s  working w i th  the technologist. One can 
now define the new respons ib i l i t ies  o f  the functions that  
are going t o  be required t o  operate the new technology. 

A!: these functions, respons ib i l i t ies ,  and tasks are 
defined, i t ' s  now possible t o  develop a needs analysis o f  
the organization t o  sat is fy  the function wi th  the new 
terhnology. A t  t h i s  point  i n  time, the needs a t ~ l y s i s ,  o r  
s k i l l s  required can be compared t o  the ex is t ing s k i l l s  i r  
the organization. Further anaiysis w i l l  determine skills 
which are now obsolete, which have t o  be retrained, o r  new 
s k i l l s  that  are necessary t o  accomplish the operation o f  
the function w i th  the new technology introduced. 

The organization should also recognize, a t  t h i s  
time, the new c k i l l s  necessary o r  new tasks that  d i d n ' t  
ex i s t  before. The process allows the review o f  the 
organization and the required s k i l l  tasks that  existed 
before t o  sse where there are poss i b i l i t i e s  f o r  job 
blending, s k i l l s  blending, and areas where one can bu i l d  on 
exist ing s t . i l l s ,  where there i s  a natural  progression. If 
there i s  no zlatural progression, then i t ' s  y c i 3  tto be 
necessary to  establ ish programs that  can r e t r a i n  the 
individuals so that  they can, i n  'act, funct ion w i th in  the 
new organization and the technology that  has bezn 
introduced. 



With t h i s  type of  information, i t ' s  possible t o  
s t q r t  the necessary t ra in ing plans f o r  re t ra in ing or  
t ra in ing the organization to  accomplish the end resu l t ,  
that being, the introduction o f  the new technology. 

The second major area t o  be addressed i s  the 
t r a i n i  o f  the people f o r  the new technology. Thls 
t r a i n 1 3  can be placed l n to  two d ~ f f e r e n t  categories: 

1. Training that i s  necessary when the 
technology involves a large number of  
people, such as the implementation of  a 
large integrated factory business systems 
techno logy 

2 .  Where the technology involves a small group 
o f  people, the t ra in ing may be f o r  a piece 
of automated equipment or  f o r  the 
implementation o f  a robotics system. 

The development o f  the t ra in ing  p r  cess required 
that  certa in objectives be met: 

1. Training o f  the personnel t o  be involved i n  
the technology must be enmass, thus 
allowing a snort cycle time from the 
t ra in ing t o  the appl icat ion o f  the 
technology. 

2. Training must be prof iciency bised, not 
pass/fai l ,  so as t o  ensure eicpected 
performnce. 

3.  Training must have "technologist" and 
"user" interact ion ard invol~ement . 

5. Training documentation must be modular and 
transportable. 

5. Training must not be a burden t o  the "user". 

6 .  Training and technology must have 
subsequent "user" ownership and control .  



Qlthough the t r a i n i n g  involves d i f f e r e n t  numbers of 
people, there i s  a commonality between both thpes o f  
t ra in ing .  This commonality i s  t ha t  both must have 
involvement of the organizat ion and the usars tha t  w i l l  be 
t ra ined.  The t r a i n i n g  process i s  ca l led  the 
socio- technical  i n teg ra t i on  process. I t  involves the 
in t roduc t ion  o f  the new technology t o  the factory f l o o r  and 
i s  a three-part  process : 

1. Documentation o f  the tech;iology. 

2 .  Deveiupinsnt and t r a i n i n g  o f  the master 
t ra ine rs .  

3 .  Process i s  the ac tua l  t r a i n i n g  o f  the 
people themselves i n  the new technology. 

The documentation of the f i r s t  step covers the 
documentation o f  the new technology so t h a t  i t  can be 
i n t e r p r e t 4  i n t o  user manuals o r  ,wnuals tha t  w i l l  be used 
by the people i n  app l ica t ion  o f  the new technology. These 
manuals are developed i n  modular form i n  tha t  they can be 
broken down by funct ions and tasks which s i l l  be performed. 

The user manuals become the t e x t  which w i l l  be used 
during the teaching phase, lesson plans are developed i n  
the same modular manner as the manual. These lesson plans 
are developed t o  teach each module. 

The second area deals w i t h  the t r a i n i n g  o f  master 
t ra iners ,  who w i l l  subsequently t r a i n  the t ra ine rs .  These 
master t ra iners ,  f o r  the most par t ,  a re  those tect-,,~ologists 
who developed the technology. The technologists use the 
structured lesson plans when teaching the t ra iners ,  i t  
structures them and provides assurance tha t  the same 
information tha t  they are teaching i s  taught the same way 
time and time again. 

Because these technolog i s  t s  a re  not  profess ional  
teachers, i t  i s  necessary t o  put them through a t r a i n i n g  
program themselves, so that  they, i n  turn, can teach the 
t ra iners .  This program i s  a two-step process, the f i r s t  
bei rq a two-day program tha t  deals w i t h  the p r i nc ip les  and 
theory of how t o  teach i n  an i n d u s t r i a l  organizat ion. 



The second step o f  the teaching process i s  a 
t r a i n i n g  program which deals w i t h  the ac tua l  hands-on 
teaching of one's peers i n  a two-day t r a i n i n g  program. 
A f te r  the i nd i v idua l  has done some teaching, they hav i  an 
opportunity t o  c r i t i q u e  themselves, w i t h  an i ns t ruc to r ,  .tnd 
discover t h e i r  areas o f  s k i l l s  o r  weaknesses. These becorm 
the areas of concentrat ion dur ing the teaching process. 

P r i o r  t o  the t r a i n i n g  o f  t3e t r a i c e r s  by the master 
t ra iners ,  the t ra ine rs  a lso receive t h i s  same type o f  
how-tc-teach t ra in in f l .  This process was designed because 
of the large numbers of people t o  be t ra ined.  I t  was 
decided tha t  the proner way t o  do t h i s  would be t o  t r a i n  
the supervisors o f  the subsequent users. These are the 
people tha t  w i l l  ac tua l l y  be applying the new technology. 

By using the supervisors as the t ra iners ,  i t  a l l w s  
you t o  get the pyramid e f f e c t  r e l a t i v e  t o  the teaching o f  a 
large number of people ir. a short period o f  t ime simply 
because each o f  the supervisors would then, i n  tu rn ,  teach 
t h e i r  own people. Because the supervisors a t h e i r  
employees have t o  maintain the normal everyday work, the 
t r a i n i n g  has t o  be i n  the t o t a l  con t ro l  by supervisors. By 
g i v ing  cont ro l  o f  the teaching process t o  the supervisor, 
i t  allows them, t o  teach when i t  best s u i t s  them. This 
a l l c w  the supervisors t o  es tab l ish  the p r i o r i t i e s  o f  what 
modules they want taught f i r s t .  Secondly, i t  a lso  al lows 
them, when they f e e l  t ha t  someone hasn' t  properly lear~red a 
speci f ic  task, t o  take tha t  persoE t o  the t r a i n i n g  area and 
g ive  them some reinforcement o r  some r e t r a i n i n g  t o  maintain 
iob  pro f ic iency .  

This approach fu r the r  provides t i le supervisor w i t h  
the capab i l i t i es  t o  subsequently r e t r a i n  o r  t r a i n  people 
fo r  r o t a t i o n  and t r a i n  new people coming i n t o  the 
organizat ion. 

As previously mentioned, the process, both the 
funct ional  orqanizationa1 analysis and the subsequent 
t r a i n i n g  process, i s  developed around the user The 
purpose o f  tha t  i s  t o  ensure the commitment o f  the user t o  
the process. To have t h i s  commitme it, the user must play 
an i n teg ra l  pa r t  i n  the development o f  the subseauent 
implementation of the technology. They must be tnere 
during the planning stages, not j u s t  handed a f in ished 
package a t  the end of the process. When using t h i s  
approach, the implementation process can be accomplibhed i n  
a much shorter t ime, and i s  much smoother when qoinq i n t o  
the organizat ion. 



The successful implementation and in teqra t ion o f  new 
and advanced technology i n  the business organlzat Ion today, 
i s  predicated on the cu l t u r c l  environment developed by the 
socio-technical component.balance. 

George L .  Carter i s  Manager o f  Socio-technical Engineering 
a t  ,IRE: West inghouse Manufacturing Systems and Tecnnolc,,j 
Center i n  Colurr'?ia, Maryland. He i s  responsible f o r  the 
int roduct ion and integrat ion o f  advanced manufacturing 
technology (robotics, autonutiur, a d  computer oanagement 
systems) i n t o  the warkplace. 

Other positions he has held w i th in  Westinghouse include; 
but, are not l im i ted to, Manager o f  Cornorate I n d u s P i a l  
Engineering, Operat ions Manager and Plant Manager. 

FI graduate o f  Baltimore University and Mount Saint Mary's 
College, he holds a B . S .  i n  I ndus t r i a l  Management, Masters 
i n  Business Administration and Doctor o f  Laws degree. 



REFERENCES 

Susman, Gerald I. , "Rutonorny a t  drk", Praeger Publishers, 
1979 



INFOWTION FLOW AND WORK PRODUCTIVITY 

THROUGH INTEGRATED INFORMATION TECHNOLOGY* 

A Paper  Submit ted  To The 
Track E n t i t l e d ,  

"Management Issues i n  High Technology" 
a t  t h e  

NASA Co.lference on R6D P r o d u c t i v i t y  
September 1&11, 1985 

Houston,  Texas 

Submit ted b y :  

Rolf T, Wigald,  Ph. D.  
School of  P u b l i c  A f f a i r s  
Arizona S t a t e  U n i v e r s i t y  

Tempe, AZ 85287 

* 
The a u t h o r  g r a t e f u l l y  a c k n o w l e d g e s  t h e  comments r e c e i v e d  f r o m  Dr. 

D i e t e r  von Sanden, Member, Board of  D i r e c t o r s ,  and D i r e c t o r ,  Corpo ra t e  
Communication Technology Research ,  Siemens AG, Munich, F e d e r a l  R e p u b l i c  
of Germany. 



~NFU~WATION FLOW AND WORK PRODUCTIVITY 

THROUGH INTEGRATED TNF08MATION TECHNOLOGY* 

Rolf T. Wigand, School  o f  P u b l i c  A f f a i r s  
Arizon- S t a t e  U n i v e r s i t y ,  Tempe, Arizona 

ABSTRACT 

The a u t h o r  r e v i e w s  t h e  work  e n v i r o n m e n t  su r round ing  i n t e g r a t e d  
o f f i c e  s y s t e m s .  He s y n t h e s i z e s  t h e  known e f f e c t s  o f  a u t o m a t e d  o f f i c e  
t e c h n o l o g i e s  and r ev i ews  t h e i r  known impact  on work e f f i c i e n c y .  These 
e f f e c t s  a r e  e x p l o r e d  w i t h  r e g a r d  t o  t h e i r  i m p a c t  on  n e t w o r k s ,  work 
f l o w / p r o c e s s e s ,  a s  we 11 a s  o r g a . n i z a t i o n a 1  s t r u c t u r e  and  power .  
P a r t i c u l a r  e m p h a s i s  i s  g i v e n  t o  s t r u c t u r a l  c h a n g e s  d u e  t o  t h e  
i n t r o d u c t i o n  o f  newer i n f o r m a t  i o n  t e c h n o l o g i e s  i n   organization^. The 
new i n f o r m a t i o n  t e c h n o l o g i e s  h a v e  r e s t r  , c t u r e d  t h e  a v e r a g e  
o r g a n i z a t i o n ' s  m i d d l e  r a n k s  a n d ,  a s  a  c o n s e q u e n c e ,  t h e y  h a v e  s h r u n k  
d r a s t i c a l l y ,  G r g a n i z a t i o n a l  pyramids h a v e  f l a t t e n e d  wi th  fewer l e v e l s  
s i n c e  e x e c u t i v e s  h a v e  r e a l i z e d  t h a t  t h e y  c a n  g e t  a h o l d  o f  t h e  n e e d e d  
i n f o r m a t i o n  v i a  t h e  new t e c h n o l o g i e s  q u i c k e r  and d i r e c t l y  and do  n o t  
have  t o  r e l y  on m i d d l e - l e v e l  managers. The a u t h o r  s t r e s s e s  t h e  p o i n t  
t h a t  power s h i f t s  a r e  t y p i c a l l y  a c c o m p a n i e d  w i t h  t h e  i n t r o d u c t i o n  o f  
t h e s e  t e c h n o l o g i e s  r e s u l t i n g  i n  t h e  g e n e r a t i o n  o f  a  new f o r m  o f  
o r g a n i z a t i o n a l  power. T h e s e  e f f e c t s  and  t r e n d s  c a n  be  s e e n  a s  a n  
e v o l u t i o n a r y  s t e p  toward more f l e x i b l e ,  d e c e n t r a l i z e d  and l e s s  d e f i n e d  
o r g a n i z a t i o n a l  s t r u c t u r e s ,  r e s u l t i n g  i n  a  f l u i d  o r g a n i z a t i o n a l  s t r u c t u r e  
whose des ign  i s  based on t h e  changing  needs  of  t h e  o r g a n i z a t i o n .  

INTRODUCTION 

O f f i c e  a u t o m a t i o n  c o n j u r e s  i m a g e s  o f  l e g i o n s  of  s e c r e t a r i e s  
t y p i n g  away i n  f r o n t  of  v i d e o  d i s p l a y  t e r m i n a l s .  But t h e  term i m p l i e s  
no longe r  j u s t  word p roces s ing .  I n s t e a d  i t  is conce ived  today a s  a  web 
o f  new t e c h n o l o g i e s ,  i n c l u d i n g  computers ,  PBXs, v o i c e  m a i l ,  e l e c t r o n i c  
messaging,  f a c s i m i l e  d e v i c e s ,  c o n f e r e n c i n g  sys tems,  and o t h e r s .  The new 

*The a u t h o r  g r a t e f u  1 1  y  a c k n o w l e d g e s  t h e  comments r e c e i v e d  f rom D r .  
D i e t e r  von Sanden, M e d e r ,  Board of  D i r e c t o r s ,  and D i r e c t o r ,  Corpo ra t e  
Communication Technology Research,  Siemens AG, Munich, F e d e r a l  Repub l i c  
of Germany. 



i n f o r m a t i o n  t e c h n o l o g i e s  a f f e c t  t h e  a c c e s s  t o  and  t h e n  f l o w  a n d  
d i s c r i b u c i o n  of information th roughou t  an c r g a n i z a t i o n  and, e v e n t u a l  l y ,  
t h e  r e s u l t i n g  changes can  l e a d  t o  i r a s t i c  changes i n  t h e  o r g a n i z a t i o n a l  
s t r u c t u r e  i t s e l f .  

~t i s  f a i r l y  r e c e n t  t h a t  o r g a n i z a t i o n s  h a v e  begun t o  v iew o f f i c e  
a u t o m a t i o n  e f f o r t s  i n  a c o m p r e h e n s i v e  c o n t e x t  i n s t e a d  o f  i n  t e r e s  o f  
i n d i v i d u a l  t e c h n o l o g i e s .  A 1 t h o u g h  a p p r o x i m a t e  1  y  87 p e r c e n t  o f  89 
companies i n  n i n e  c o u n t r i e s  s t a t e d  t h a t  computer ized  i n f c m a t i o n  f l o w s  
p l a y  a  v e r y  impor tan t  r o l e  i n  a t  l e a s t  one c o r p o r a t e  a c t i v i t y  and e v e n  
though t h e  e x t e n t  o f  computer ized  i n f o r m a t i o n  use  is  expec t ed  t o  r i s e  t o  
9 2  p e r c e n t  by 1 9 3 h  [ 3 4 ,  p. 6 7 1 ,  s e v e r a l  a u t h o r s  [ e .  g., 18 ,  p. 57 ;  4 1 1  
c l a i m  t h a t  o r g a n i z a t i o n s  h a v e  t . a r d l y  t a p p e d  f i v e  p e r c e n t  o f  t h e  
p o s s i b i l i t i e s  u t i l i z i n g  i n t e g r a t e d  i n f o r m a t i o n  t e c h n o l o g i e s  i n  o f f i c e  
s e t t i n g s .  A t  s t a k e  f o r  o r g a n i z a t i o n s  i s  a n  o p p o r t u n i t y  t o  e p e e d  up 
communica t  i o n s ,  r e d u c e  p a p e r  f  l o w  and  a c h i e v e  p r o d u c t i v i t y  g a i n s  
t h r o u g h o u t  t h e  e n t i r e  o r g a n i z a t i . o n .  C o n s e q u e n t l y ,  t h e  i n t e g r a t e d  
automated o f f i c e  is  f a s t  becoming a r e a l i t y .  I t  i s  q u i t e  o b v i o u s  t h a t  
o n l y  by i n t e g r a t i n g  v a r l o u s  o f f  i c e  a u t o m a t i q n  t e c h n o 1  o g i e s  i n t o  o n e  
c o o r d i n a t e d  system--an o r c h e s t r a t e d  sys tem--wi l l  t o d a y ' s  o f f i c e  be t r u l y  
e f f i c i e n t  and e f f e c t i v e .  There a r e  t h r e e  broad c l a s s e s  of  i n t e g r a t L o n  
t h a t  c a n  be i d e n t i f i e d :  ( a )  t h e  i n t e g r a t i o n  o f  i n f o r m a t i o n ,  ( b )  t h e  
i n t e g r a t i o n  of u s e r  i n t e r f a c e s ,  and ( c )  t h e  i n t e g r a t i o n  a c r o s s  sys tems .  

A w e l l - p l a n n e d ,  i n t e g r a t e d  o f f i c e  au tomat ion  sys tem demons t r a t e s  
f i v e  c h a r a c t e r i s t i c s :  

1. I t  I n c o r p o r a t e s  e x e c u t i v e s ,  m a n a g e r s ,  a n d  s u p p o r t  
s t a f f .  

2 .  I t  t r a n s m i t s  r e l i a b l y  f u l l y  i n t e g r a t e d  e l e c t r o n i c  
documents-- text ,  d a t a ,  v o i c e ,  a s  w e l l  a s  pictures--and 
s t o r e s  them e  lea: t r o n i c a  1 1  y  a c r o s s  s y s t e m s  a t  h i g h  
speeds ,  be i t  l o c a l  o r  o t h e r w i s e .  

3. I t  i s  a  hos t -ba : .ed  s y s t e m  d e s i g n e d  a r o u n d  a c e n t r a l  
computer and a  c m m o n  a r c h i t e c t u r e .  A s  a  consequence,  
e n d - l ~ s e r s  c a n  g a i n  e a s y  a c c e s s  t o  common d a t a  b a s e s ,  
e d i t  documents . ~ n d  t r a n s f e r  them between s i m i l a r  and 
d i s s i m i l a r  dev i :es ,  i nc  1  uding eouipment from d i f f e r e n t  
manufac tu re r s .  

4. I t  i s  a  r e d l - t i u e  management  i n f o r m a t i o n  s y s t e m ,  
g i v i n g  i t s  u5,ers  a c c e s s  t o  a 1  1  i n f o r m a t i o n  i n  t h e  
orga. l i  z a t  ion  a ~ i d  t inab l e s  them t o  t r a n s m i t  i n to rma t  i on  
t o  t h e i r  c o l l e a g u e s ,  wherever  they  may be. 

5 .  I t  has  f l e > . i b l e  conf i g u r a t i o i . ~ ,  an open a r c h i t e c t u r e ,  
t r a n s p a r e n t  c o n n e c t i v i t y ,  c o m p a t i b i l i t y ,  i n t e l l i g e n c e ,  
f u  1  1 - t u n c  t i o n a  1  z a p a b i  1 i t y  a n d ,  when a p p r o p r i a t e ,  
de sk top  f u n c t i o c a l  i t y .  



W i t h i n  j u s t  t h e  l a s t  two y e a r s ,  a  number o f  t e c h n o l o g i e s  h a v e  
become a v a i l a b l e  on t h e  marke t  t h a t  i n  t o t o  seem t o  make t h e  i n t e g r a t e d  
o f f i c e  come t r u e .  I h e y  r a n g e  f rom v o i c e  m a i l  s y s t e m s  v i a  l o c a l  a r e a  
networks t o  i n t e g r a t e d  communication s a t e  11 i t e  s e r v i c e s .  I t  seems t h a t  
t h e  growing s o p h i s t i c a t i o n  of networks i s  c u r r e n t l y  t h e  most impor t an t  
e l emen t  t h a t  w i l l  make t h e  i n t e g r a t e d  o f f i c e  a  r e a l i t y .  Without  such 
n e t w o r k s  few o f  t h e  r e a l  b e n e f i t s  o f  t h e  i n t e g r a t e d  o f f i c e  c a n  be  
r e a l i z e d .  

~ u c h  o f  t h e  needed t echno logy  e x i s t s  today,  a 1  though r e f i n e m e n t s  
a r e  n e c e s s a r y  t o  t i e  t h e  i n d i v i d u a l  e l e m e n t s  o f  t h e  a u t o m a t e d  s y s t e m  
t o g e t h e r .  An i n t e g r a t e d  o f f i c e  sys tem i s  more t han  j u s t  t h e  sum of  i t s  
p a r t s  and i t  i s  s p e c i f i c a l l y  t h e  t j p p l i c a t i o n s  t h a t  m a t t e r  mos t ,  no t  t h e  
d e v i c e s .  P l a n n e r s  and u s e r s  a l i k e  must l e a r n  t o  unde r s t and  t h a t  t h e y  
a r e  n o t  a  s i n g l e - c e l l  u n i t ,  b u t  tLst they  a r e  p a r t  o f  an  i n t e r d e p e n d e n t  
community.  I n  t h i s  s e n s e  t h e n  a n  i n t e g r a t e d  o f f i c e  s y s i e m  i s  n o t  
d e f i n e d  by  i t s  h a r d w a r e ,  b u t  by i t s  s o f t w a r e .  T h i s  s o f t w a r e  i n  t u r n  
shou ld  a 1  low d i n s i m i l a r  d e v i c e s  t o  communicate among each  o t h e r  and make 
t he  sys tem e a s y  t o  use. I n  accordance  w i t h  t h i s  l i n e  of  t h i n k i n g ,  t h e r e  
appea r s  t o  be a  growing r e c o g n i t i o n  t h a t  t h e  management of  in:orrnat.ion 
and  e f f e c t i v e  c o m m u n i c a t i o n  a r t !  83, i a p o r t a n t ,  i f  n o t  more  s o ,  t o  
o r g a n i z a t i o n a l  s u c c e s s  a s  a r e  p-oducts  and s e r v i c e s .  

The Work Environment Su r round ing  I n t e g r a t e d  O f f i c e  Systems 

One c a n  i d e n t i f y  t h r e e  c l a s s i f i c a t i o n s  o f  o f f i c e  w o r k e r s  a s  
p r o s p e c t i v e  u s e r s  o f  a n  i n t e g r a t e d  o f f i c e  s y s t e m :  ( 1 )  t h o s e  m a k i n g  
1  im i t ed  t r a n s a c t i o n s  accoun t  f o r  33 p e r c e n t  of t h e  workforce ,  (2 )  f u  1 l- 
f u n c t i o n  p r o f e s s i o n a l s  amount  t o  2 7  p e r c e n t ,  and  ( 3 )  s p e c i a l i z e d  
p r o f e s s i o n a l s  c o n s t i t u t e  f i v e  p e r c e n t  o f  t h e  workforce .  The remain ing  
35 p e r c e n t  a r e  w h i t e - c o l l a r  workers  who ar ,e  no t  p o t e n t i a l  sys tem u s e r s  
due t o  t h e  s p e c i a l i z e d  nacu re  of  t h e i r  o r g a n i z a t i o n a l  a c t i v i t i e s  [41 ,  p. 
28) .  I n  1983 t h e r e  were 53 m i l i i o n  w h i t e - c o l l a r  workers  i n  t h e  United 
S t a t e s  and  35 m i l l i o n  w e r e  p o t e n t i a l  u s e r s  o f  i n t e g r a t e d  o f f i c e s  
sys tems ,  bu t  l e s s  than  f i v e  m i l l i o n  had c n l  y d e s k t o p  d e v i c e s  a v a i l s b l e  
K O  them (41 ,  p. 28).  Even today + r u l y  i n t e g r a t e d  d e s k t o p  sys tems  have  
e n j o y e d  v e r y  l i t t l e  p e n e t r a t i o n  i n  mos t  o r g a n i z a t i o n s ,  a  s h o r t c o m i n g  
t h a t  i s  l i k e l y  t o  change r a t h e r  d r a s t i c a l l y  wi th  t he  m a s s i v e  a d v e n t  o f  
p e r s o n a l  computers  on w o r k e r s '  d e s k t o p s .  One mus t  c o n s i d e r ,  h o w e v e r ,  
t h a t  w h i l e  s t r i v i n g  toward= automated i n t e g r a t i o n ,  such  d e s k t o p  d e v i c e s  
must be 1 inked a t  l e a s t  v i a  a  l o c a l  a r e a  network and i d e a l  l y  1  inked w i th  
a  c e n t r a l  mainframe computer i n  l a r g e r  o r g a n i z a t i o n a l  s e t t i n g s .  Wi th in  
t h i s  envi ronment  o f f  i c e  sys tems  a r e  moving toward t h e  i n t e g r a t i o n  of any 
f u n c t i o n  t h a t  can  be c a r r i e d  ou t  by a  number of t e c h n o l o g i e s .  

fhe  market  f c r  t e l e c o m u n i c a t i o n s  equipmeflt and s e r v i c e s  i n  t h e  
U n i t e d  S t a t e s  i s  c e r t a i n l y  a  mos t  p r o m i s i n g  o n e .  I t  i s  e x p e c t e d  t o  
r each  $150 b i l l i o n  c n n u a l l y  by 1987, a  50 pe rcen t  i n c r e a s e  o v e r  c u r r e n t  
spending  [ 19,  p. 221.  S a l e s  of  communications techno  logy  hardware a l o n e  
has  reached $60 b i l l i o n  i n  1983 acco rd ing  t o  Ar thur  D. L i t t l e  e s t i m a t e s  



and w i l l  i n c r e a s e  t o  $90  b i l  l i o n  a n n u a l  l y  b y  1988  [ 4 4 ,  p. 5 9 ; .  
I n f o r m a t i o n  p r o c e s s i n g  h a s  a l s o  g rown  i n t o  a n  enormous  i n d u s t r y ,  
a ccoun t ing  f o r  $33 b i l l i o n  i n  s e r v i c e s  i n  1983--the l a s t  y e a r  f o r  which 
f  i gu ree  a r e  ava i l ab l e - - and  i t  is  p r o j e c t e d  t o  account  f o r  $88 b i l l i o n  i n  
1988 ( 1 7 ,  p. 57 1. Off i c e  automation--according t o  some es t imates--has 
r e a c h e d  o n l y  a  s m a l l  s egmen t  o f  t h e  14  m i l  l i o n  U. S. b u s i n e s s e s  w i t h  
r e v e n u e s  l e s s  t h e n  $10 m i l  l i o n  (23, p. 1261.  O f f i c e  c o s t s  h a v e  b e e n  
e s t i m a t e d  t o  i r c r e a s e  a t  a  compounded a n n u a l  growth r a t e  o f  15 p e r c e n t  
[ l ,  p. 261. 

such market p o t e n t i a l  i s  a l s o  r e f l e c t e d  i n  t h e  v a r i o u s  a c t i v i t i e s  
which t y p i c a l l y  can b e n e f i t  from t h e  u s e  o f  c o m m u n i c a t i o n s  e q u i p m e n t .  
For example,  Xerox r e p o r t s  t h a t  i n  1981 a  t o t a l  o f  850 b i l l i o n  pages o f  
b u s i n e s s  documen t s  were  p r o d c c e d  i n  t h e  U n i t e d  S t a t e s  compared  t o  a n  
a n t i c i p a t e d  1.4 t r i l  l i o n  p a g e s  i n  1985  1 3 6 ) .  T h i s  l a t t e r  f i g u r e  i s  
expec ted  t o  be produced and hand led  by c e n t r a l i z e d  in-house and c o n t r a c t  
p r i n t i n g  ( 3 8  XI,  by c e n t r a l i z e d  d a t a  p r o c e s s i n g  c e n c e r s  ( 3 4  X ) ,  by 
o f f i c e  m a c h i n e s  115 X) and by d i s t r i b u t e d  fo rms  o f  d a t a  p r o c e s s i n g  
(13%).  O v e r  twen ty -one  t r i  11 i o n  p a g e s  o f  p a p e r  a r e  now s t o r e d  i n  t h e  
U n i t e d  S t a t e s  based  on s t u d i e s  by F r o s t  & S u l l i v a n  [ 2 8 ,  p. 531 .  Tlie 
same r e p o r t  c l a i m s  t h a t  f o r  e a c h  o f .  t h e  e i g h t e e n  m i l  l i o n  U. S. : f f  i c e  
w o r k e r s ,  t h e r e  a r e  f o u r  f i l e  d r a w e r s  w i t h  4 ,500  docum?n t s  a p i e c e .  
F u r t h e r m o r e ,  o f f i c e  w o r k e r s  a r e  c r e a t i n g  new d o c ~ ~ m e n t s  , ~ t  t h e  r a t e  o f  
one m i l  l i o n  per  minute. This  t r a n s l a t e s  t o  t h e  annva l  c r e a t i o n  of 4,000 
new documents per  o f f i c e  worker. A t  t he  same t ime t h i s  i n d i v i d u a l  f i l e s  
t e n  p i e c e s  of paper each day,  amounting t o  a  d a i l y  t o t a l  of 180 m i l l i o n  
pages .  W i t h i n  t h e  t i m e  s p a n  o f  a  y e a r ,  t h i s  makes up 46 b i l l i o n ,  800  
m i l  l i o n  pages .  T h e r e  i s  no d o u b t  t h a t  p a p e r  i s  s t i l l  t h e  number o n e  
in fo rma t ion -ca r ry ing  medium i n  t h e  wor ld  d e s p i t e  r e c e n t  d rama t i c  i n r o a d s  
of  o f f i c e  automation systems. 

When a n a l y z i n g  how managers tend t o  spend t h e i r  a v a i l a b l e  t ime  
g i v e s  a d d i t i o n a l  unders ta . ld ing  about  t h e  p o t e n t i a l  o f  i n t e g r a t e d  o f f i c e  
automat ion  sys  tems. Managers i n  o v e r  30 s tudies - - tou  numerous t o  d e t a i  1  
here--spent  when averaged  38.23 p e r c e n t  (SD = 17.45) of t h e i r  t ime i n  
face- to- face  s e t t i n g s ,  10.50 p e r c e n t  (SD = 8.00) of t h e i r  t ime is  s p e n t  
on  t h e  phone ,  14.55 p e r c e n t  ( S D  = 7.73) r e a d i n g  and 14.57 p e r c e n t  !SD = 
5.95) of  t h e i r  t ime i s  occupied by w r i t i n g .  S i m i l a r  s t u d i e s  r e p o r t  t h a t  
46 pe rcen t  of  t h e  manager's t ime is s p e n t  i n  meet ings  o r  w i th  t e l e p h o n e  
c e l  l s ,  25 p e r c e n t  i s  s p e n t  w i t h  a d m i n i s t r a t i v e  t a s k s ,  1 3  p e r c e n t  w i t h  
document c r e a t i o n  a c t i v i t i e s  and the  remain ing  16 pe rcen t  f a l l  i n t o  t h e  
an;;! y s i s  and o t h e r  c a t e g c r y .  O t h e r s  h a v e  r e p o r t e d  t h a t  o n l y  s e v e n  
pe rcen t  of  t h e  m a n a p - ~ ' s  t ime i s  spen t  w i th  primary f u n c t i o n s  ( d e c i s i o n -  
mak ing )  and t h a t  7 8  p e r c e n t  o f  a v a i l a b l e  t i m e  i s  s p e n t  w i t h  v a r i o u s  
c o m u n i c a c i o n  a c t i v i t i e s  such a s  r e c e i v i n g ,  s t o r i n g ,  f i l i n g ,  r e t r i e v i n g  
o r  t r a n s m i t t i n g  informat ion  [ ~ f . ,  e. g., 10, p. 40) .  P r o f e s s i o n a l s  spend 
abcut  20 t o  30 percent  of t h e i r  day j u s t  s e a r c h i n g  f o r  i n fo rma t ion  [43 ,  
p. 781. S e c r e t a r i e s  spcnd 25 pe rcen t  of  t h e i r  t ime away from t h e i r  de sks  
and about  18 pe rcen t  wa i t i ng  f o r  work, i. e. t hey  a r e  e i t h e r  u n a v a i l a b l e  
t o  t hose  they * ~ p p o r t  o r  j u s t  i d l e  [43 ,  p. 781. O the r s  cleirr!  t h a t  o n l y  
20 p e r c e n t  of  a  s e c r e t a r y ' s  day  i s  s p e n t  t y p i n g .  S e c r e t a r i e s  a r e  



i n t e r r u p t e d  app rox ima te ly  45 t imes  a  day ( 4 3 ,  p. 791. Such d a t a  s h o u l d  
be s een  i n  l i g h t  of  t h e  f a c t  t h a t  t h e  c o s t  o f  d i c t a t i n g  and t r a n r c r i b i n g  
t h e  " a v e r a g e "  l e t t e r  Amounts now t o  $8.10,  a  6.6 p e r c e n t  i n c r e a s e  o v e r  
t h e  1983 c o s t  of  $7.60, a c c o r d i n g  t o  t h e  annua l  s u r v e y  o f  t h e  D a r t n e l l  
I n s t i t u t e  o f  Busineee Research 181. I t  is  s t i l l  q u i t e  common t h a t  t h e  
m a j o r i t y  o f  o f f i c e  t a s k s  a r e  n o t  a n a l y z e d  and p r o c e d u r a l i z e d  and, many 
t i m e e ,  when p r o c e d u r e 8  e x i e t  t h e y  a r e  e i t h e -  i g n o r e d  o r  o u t  o f  d a t e .  
q u i t e  f r e q u e n t l y ,  p e o p l e  i n  t h e  o f f i c e  perform t a s k s  which a r e  c l e a r l y  
marked f o r  l o w e r  p a i d  p e r e o n n e  1 a s  c a n  be o b s e r v e d  when a  manage r  o r  
p r o f e s s i o n a l  s t a n d s  i n  l ~ n e  w a i t i n g  f o r  t h e  photocopying machine. 

From t h e  r e s u l t s  of  a  r e c e n t  s t u d y  on t h e  c o n t e n t s  o f  t e l e p h o n e  
m e s s a g e s  c o n d u c t e d  by ATCT [ 3 3 ,  p. 361 we know t h a t  1.eee t h a n  t e n  
pe rcen t  o f  t h e  messages a r e  "complete." i x c e p t  f o r  t h e  c s t e g o r y  of  "no 
messl jell c a l l s ,  t h e s e  phorbe c a l l s  w i l l  t r i g g e r  a t  l e a s t  one more c a l l ,  
e v e n  t h o u g h  i t  i s  h i g h l y  p r o b a b l e  t h a t  a  c o m p l e t e  m e s e a g e  w o u l d  h a v e  
e n j o y e d  h i g h e r  p r o d u c t i v i t y  r e s u l t s .  T h i s  ATdT s t u d y  f o u n d  t h a t  i n  
t e r m s  o f  m e s s a g e  c o n t e n t  46  p e r c e n t  l e f t  name and  number ,  26 p e r c e n i :  
l e f t  name, number and p u r p o s e ,  t e n  p e r c e n t  l e f t  t h e i r  name o n l y ,  n i n e  
p e r c e n t  l e f t  s c o m p l e t e  m e s s a g e  and  n i n e  p e r c e n t  l e f t  no m e s s a g e .  ~t 
s h o u l d  be n o t e d ,  h o w e v e r ,  t h a t  8 2  p e r c e n t  o f  t h e s e  t e l e p h o n e  m e s s a g e s  
constLt*, te  r e a l l y  no more t han  a  " c a l l  r e p o r t "  due t o  t h e  i n t e r p c r s n n a l  
b a r r i e r s  o f  t h i r d - p a r t y  m e s s a g e  t a k i n g .  S i m i l a r  r e s u l t s  h a v e  been  
r e p o r t e d  by  H i r s c h b e r g ,  e t  a l .  [ 9 ] .  A s t e n  [ l ,  p. 31 1 e s t i m a t e s  t h a t  U.  
S.  b u s i : ~ e s s  h a s  currently a  $15 b i l l i o n  " p i n k  s l i p  p rob lem"  ( f o r  
t e l e p h o n e  messages) and t h a t  64 p e r c e n t  o f  t h e  many m i l  l i o n e  of  r e t u r n  
t e l e p h o n e  c a l l s  made a r e  a c t u a l l y  d i s p l a c e a b l e .  

T e c h n o l o g y  h a s  b e e n  a d v a n c i n g  m a n u f a c t u r i n g  p r c d u c t i v i t y  f o r  
c e n t u r i e s ,  b u t  r e l a t i v e 1  y  l i t t l e  h a s  bee11 a c c o m p l i s h e d  f o r  t h e  
i n f o r m a t i o n  and  s e r v i c e s  s e c t o r s  of  U. S. i n d u s t r y .  T h e s e  s e c t o r s  
c o n s t i t u t e  o v e r  5 0  p e r c e n t  o f  a l l  f o u r  l a b o r  s e c t o r s  a n ?  t h e  
' i n f o r m a t i o n  bus i r . e s s1  accoun t s  f o r  60 p e r c e n t  of  t h e  n a t i o n ' s  economy 
[ ~ f . ,  e .  g . ,  2 2 ,  p. 301. Wi th  t h e  i n f o r m a t i o r ?  and s e r v i c e s  s e c t o r s  
be ing  the  l a r g e s t  on2s,  i t  i s  he re  where l a b o r  s a v i n g  a e t h o d s  w i l l  pay 
o f f  t h e  most .  t;umerous p r q d u c t i v i t y - e n h a n c i n g  o f f i c e  a u t o m a t i o n  
t e c h n o l o g i e s  h a v e  a l r r s d y  o r  w i l l  p r o d u c e  l a r g e  a d v a n c e s  i n  
p r o d u c t i v i t y .  One e s t i m a t t  t h a t  informatior1 f l o w s  a r e  i n c r e a s i n g  a t  an 
a n n u a l  r a c e  o f  t e n  p e r c e n t  and s i n c e  o v e r  h a l f  o f  t h e  U. S. work  f o r c e  
i s  now p r o c e s s i n g  i n f o r m a t i o n ,  i t  makes e m i n e n t l y  s e n s e  t o  a u t o m a t e  
i n c r z a s i n g l y  i n f o r m a t i o n  p r o c e s s i n g  and  ~ r a n s m i s s i o n  f u n c t i o n s .  
O t h e r w i s e ,  we a r e  l i k e l y  t o  c h o k e  on i n f o r m a t i o n  o v e r l o a d  a s  t h e  
s t a t i s r i c s  below may sugges t .  

I t  i s  most s u r p r i s i n g  t h a t  i n v e s t m e n t s  i n  o f f i c e  workers  have  not  
been cons ide l  a b l y  h igher .  Bl ue-co 1  l a r  produc t i v  l t y  i n c r e a s e d  more t han  
80  p e r c e n t  d u r i n g  t h e  1 9 6 0 ~ ~  y e t  U. S .  w h i t e - c o l l a r  p r o d u c t i v i t y  
i n c r e a s e d  n i e r k l y  £ o u t  p e r c e n t  d u r i n g  t h e  same t i m e  s p a n  ( 4 0 ,  p. 6 4 n ] .  
I t  i s  g e n e r a l l y  e s t i m a t e d  t h a t  $30,000 i n  s t a r t - u p  equipment ,  s e r v i c e s ,  
and t r a i n i n g  Are r equ i r ed  t o  suppor t  j u s t  one knowledge worker (13, p. 
6 9 1 ,  t h e  t e r m  f r e q u e n t l y  u s e d  t o  d e n o t e  m a n a g e r s ,  a d m i n i s t r a t o r s  and 



p r o f e s s i o n a l s  a s  a  groGp.  P o p p e l  f 2 9 ,  p .  1471  r e p o r t s  f r o m  8 Booz, 
A l l e n  6 Hamil ton  s tudy  t h a t  more t h a n  $ 1  t r i l l i o n  went f o r  e a l a r l e n  and 
Rupport o r  w h i t e - c o l l a r  workers  i n  1982 and $600 b i l l i o n  o f  t h i s  f i g u r e  
went t o  compeneate k.~owledge workers .  Some e x p e r t s  p r e d i c t  t h a t  by t h e  
y e a r  2000, 119 m i l  l i o n  people-- .mounting t o  n e a r l y  90 p c r c e n t  o f  t h e  U. 
S. work f o r c e - - w i l l  be w h i t e - c o l l a r  workerr .  By 1991) a t  l e a r t  h r  , f  of  
a l l  o f f i c e  w o r k e r s  i n  t h e  U. S. w i l  1 u r e  a  word p r o c e s e o r ,  a  d a t a  
p roces so r ,  o r  some v a r i ~ n t  t h e r e o f  (24,  p. 721. S e c r e t a r i e u  and t y p i s t s  
represent o n l y  8.7 p e r c e n t  o f  t c t a l  o f f i c e  s a l a r y  c o s t a ,  w h i l e  
p r o f e s s i o n a l s  and  m a n a g e r s  make up 68 p e r c e n t  ( 141 .  I t  i e  e e t i m a ~ e d  
t h a t  word p r o c e s s i n g  sys tem8 c o u l d  e l i m i n a t e  3.8 p e r c e n t  o f  a l l  o f f i c e  
c o s t s  i f  t h e y  r e p l a c e d  e v e r y  t y p e w r i t e r ,  t h e  r a v i n g s  y i e l d e d  f rom 
a u t o m a t i n g  professions 1 8  and  m a n a g e r e  w i  u l d  be e u b s t a n t i a l  l y  h ighe r .  
A c c o r d i n g  t c  K e a r n s  [ 1 4 ] ,  i n t e r p e r s o n a l  c o m m u n i c a t i o n ,  ana1.ysi .s  and  
d e c i s i o n - m a k i n g  make up  47.2 p e r c e n t  o f  a1  1 o f f i c e  e x p e n d i t c r e s .  I n  
a p i t e  of :hose f i g u r e s  t'louqh, by e a r l y  1980, o n l y  J5 p e r c e n t  o f  major  
U. S. b u s i n e s s e s  r e p o r t e d  h a v i n g  more tiicrn f i v e  q u a l i f i e d ,  f u l  1 - t i m e  
o f f i c e  a u t o m a t i o n  p r o f e s s i o n a l s  on  t h e i r  r t a f f e  [29, p. 1541.  A s  t h e  
c o s t  of automated o f f  i c e  equipment hae d e c l i n e d  a d  becou,e more accep t ed  
i n  t h e  e x e c u t i v e  s u i t e ,  i t  a p p e a r s  t h a t  t h e  r a c e  i e  on t o  uake w h i t e -  
c o l  l a r  workers c o n s i d e r a b  1  y  more p r o d u c t i v e .  

Work E f f i c i e n c y  Due To O f f i c e  Automation E f f o r t s  

A wide v a r i e t y  of o f f i c e  au toma t ion  t e c h n o l o g i e s  a r e  a v a i l a b l e  t o  
be used f o r  v a r i o u s  o r g a n i z r t i o n a l  a c t i v i t i e r .  They c o u l d  be c l a s s i f i e d  
i n t o  f o u r  p h a s e s  of  ~ r o d u c t  p r e p a r a t i o n ,  i. e .  i n p u t  ( c o n v e r s i o n  o f  
i d e a s  o r  t h o u g h t s  i n t o  v e r b a l  o r  w r i t t e n  c o m m u n i c a t i o n s ,  p r o d u c t  i o n  
( p r o c e s s i n g  o r  m a n i p u l a t i n g  i d e a s  o r  t h o u g h t s  c r e a t e d  d n d / o r  s t o r e d  
d u r i n g  t h e  i n p u t  p h a s e ) ,  o u t p u t  ( t h e  g e n e r a t i o n  o f  dn e l e c t r o n i c ,  
o p t i c a l ,  o r  h a r d  copy  d o c u m e n t )  and  d i s t r i b u t i o n  ( t r a n s m i s s i . o n  o r  
movement  o f  o u t p u t  d o c u m e n t s  o r  d a t a ) .  The t o o l s  i n  t h i s  s w e e p i n g  
e l e c t r o n i c  u p h e a v a l  a r e  t h e  i n t e r l o c k i n g  p a r t s  o f  a  c o m m u n i c a t i o n  
network 'ha t  was i ~ c o n c e i v a b l e  j u s t  a  decade ago. These t e c h n o l o g i e s  
i n c l u d e  t h e  f o l l o w i n g :  

C o m u n i c a t i u n  s a t e l l i t e s  
Computer con fe r enc  i ng t e chco logy  
Compt~ters ( i n c  l u d i n q  p e r s o n a l  computers ,  d e s k t o p  w o r k s t a t i o n s  and 

t e r m i n a l s )  
E l e c t r o n i c  mai l  
Facs imi l e  
Networks 
O p t i c a l  c h a r a c t e r  r e c o g n i t  i c n  
PBXs ( t e l ephones  , L n c l u d ~ n g  c e l l u l a r  and mobile  t e l e p h o n e s )  
Record9 ~anage rnen t  t echnology  
Te l econ fe r enc ing  t echno logy  
T e l e t e x  
Video d i s k a  
Videotex t 
Voice messaging ,  v o i c e  r e c o g n i t i o n  and vo i ce  a c t i ~ a t e d  tecnnology  



The l i m i t e d  s p a c e  n e r r  w o u l d  n o t  a 1  l o w  t o  a d d r e s s  a 1  1 known 
p o s i t i v e  and n e g a t i v e  e f f e c t s  f o r  each  of  t h e s e  t e c h n o l o g i e s .  I n  o r d e r  
t o  overcome t h i s  d i f f i c u l t y  an e f f o r t  i s  be ing  uade t o  summarize t h e s e  
f i n d i n g e  f o r  o f f i c e  au tomat ion  s e t t i n g s ,  e s p e c i a l l y  i n t e g r a t e d  o f f  i c e  
a u t o m a t i o n ,  a s  much a s  p o s s i b l e .  R i c e  a n d  B a i r  ( 3 2 ,  p. 1891 p r e s e n t  a 
b r o a d  eummary o f  key  p r o d u c t i v i t y  f i n d i n g s  and  b e ~ e f i t s  o f  o f f i c e  
automation and grouped them i n t o  f i v e  a r e a s :  

1. C o n t r o l :  r e q u i r i n g  l e a s  i n f o r m a t i o n  t o  p e r f o r m  a  
t a s k ,  b e t t e r  p l a n n i n g ,  p r o v i d i c :  a  more e f f z c t i v e  

2 .  Timing: reduced w a i t i n g  t ime  f o r  a  meet ing  t o  commence 
o r  f o r  a n o t h e r  d e p a r t m e n t  t o  r e s p o n d  t o  a n  i n q u i r y ;  
r e d u c e d  time s p e n t  i n  d e c i s i o n - m a k i n g ,  i n i t i a t i n g  
a c t i o n ,  o r  r e s p o n d i n g  t o  t h e  e n v i r o n m e n t ;  i n c r e a s e  
f l e x i b i l i t y  o f  work s c h e d u l e .  U h l i g  e t  a l .  [ 3 8 ,  
c h a p t e r  31 e l a b o r a t e  on t h e  r o l e  o: t h e s e  components 
o f  a  c y b e r n e t i c  c o m m u n i c a t i o n  s y s t e u .  i n  i m p r o v i n g  
p r o d u c t i v i t y .  The o t h e r  t h r e e  a r e a s  i n v o l v e  t h e  form, 
t r a n s f o r m a t i o n ,  and  b y - p r o d u c t s  o f  c o m m u n i c a t i o n  
a c t i v i t i e s .  

3. Automation: t h e  rep lacement  o r  e  1 i m i n a t i o n  of manual 
p roces se s ,  such a s  c o n s t a n t  r e v i s i o n  of m a i l i n g  l i s t s ,  
t h a t  do n o t  c o n t r i b u t e  t o  i n c r e a s e d  e i f e c t i v e n e s s .  ... 

4. -- Media t r a n s f o r m a t i o n s :  t i m e ,  e n e r g y ,  and  e r r o r s  i n  
t r a n s f e r r i n g  i n f o r m a t i o n  f rom one  medium t o  a n o t h e r  
may be reduced. For example,  a company memo may pas s  
t h r o u g h  many m e d i a - - o r a l ,  t a p e ,  t y p e w r i t t e n ,  
h a n d w r i t t t n ,  r e v i s i o n ,  t y p e w r i t t e n  f i n b l ,  photocopies ,  
and mai 1--b?fore t h e  c o n t e n t  i s  e n t e r e d  i n t o  someone ' s 
c a l e n d a r .  

5. Shadow f u n c t i o n ; :  u n f o r s e e n ,  u n p r e d i c t a b l e ,  t i m e -  
c o n s u m i n g  a c t i v i t i e s  c h a t  a r e  a s s o c i a t e d  w i t h  
a c c o m p l i s h i n g  a n y  ; a s k ,  b u t  d o  n o t  c o n t r i b u t e  t o  
p r o d u c t i v i t y ,  i n c l u d i n g  t e l e p h o n e  t a g  and u n s u c c e s s f u l  
a t t e m p t s  t o  r e t r i e v e  i n f o r s a t  i o n  f rom a  p e r s o n a l  
t i l e .  ... 

These  c l a s s  c a t e g o r i e s  a r e ,  u n d o u b t e d l y ,  u s e f u l .  On t h e  o t h e r  
ha?d ,  t h e y  a r e  a t  s u c h  a  h i g h  l e v e l  o f  a b s t r a c t i o n  t h a t  t h e y  a r e  o f  
l i t t l e  d i r e c t  u t i l i t y  f o r  t h e  p r a c t i t i o n e r .  An a t t e m p t  i s  made t o  
summarize key work e f  f i c i e n c v  f i n d i n g s  f o r  o f f  i c e  actomat  i o n  s e t t i n g s .  
They a r e  p re sen ted  i n  T a b l e  1. These and o t h e r  s t u d i e s  have  i n v e s t i g a t e d  
t h e  i m p a c t  o f  i n f o r m a t i o n  t e c h n o l o g y  upon o r g a n i z a t i o n a l  s e t t i n g s .  
S p a c e  l i m i t a t i o n s  do n o t  p e r m i t  a d d i t i o n a l  e l a b o r a t i o n s  on  t h o s e  
s p e c i f i c  r e s u l t s .  



TABLE 1 

Work ~f f i c i e n c y  Impacts of  Off i c e  Automatior; S e t t i n g s  

....................................................................... 
Research Reference Work E f f i c i e n c y  I m ~ a c t  

Changes i n  c o m u n i c a t i o n  p a t t e r n s :  d e c r e a s e d  
f a c e - t o - f a c e  c o n t a c t  andincreased  v e r t i c a l  
communication 
Reduction of  t e l e p h o n e  shadow c o s t s  
D e c r e a s e d  documen t  t u r n a r o u n d  t i m e  and  i n -  
c r ea sed  document o u t p u t  
Improved work f low w i t h  t ime saved 
Inc reased  volume o f  communications 
Reduct ion  i n  t e l e p h o n e  and face-to-face com- 
mun ica t ion ;  i n c r e a s e d  upward communication f l o w  
Cons ide rab l e  s e c r e t a r i a l  t ime saved 
Decl ine  i n  m e n i a l ,  c l e r i c a l  t a s k s  
G r e a t e r  o r g a n i z a t i o n a l  p r o d u c t i v i t y  when seen  
a s  more t h a n  a  way t o  i n c r e a s e  s e c r e t a r i a l  ou t -  
PU t 
Annual c o s t  s a v i n g s  and 8% i n c r e a s e  i n  knowl- 
edge worker . t ime 
S t r i k i n g  p r o d u c t i v i t y  g a i n s  from 50-100+ per-  
c e n t  i n  document p r e p a r a t i o n  
Change i n  working based on a b i l i t y  t o  work a t  
home 

B a i r  (1974) 

B a i r  (1980) 
Samford (1978, 1979) 

S u l l e n  e t  a l .  11982) 
Canning (1978)  
Conrath & Bair  (1974) 

Cramer & F a s t  Ci982) 
Crawford (1982) 
C u r l e y  & Pyburn (1982) 

Dahl (1981) 

Edwards (1978) 

EIU I n f c n n a t i c s  (1982) 
Rank Xerox Large r e d u c t i o n s  i n  t e l e p h c ~ e  use ,  1  hour /day  

l a b o r  saved  f o r  a t t o r n e y s  
J o i n t  i n f o r m a t i o n  s h a r i n g  and e d i t i n g  German Comp:iter 

S e r v i c e s  
B r i t i s h  Dept. c f  Ed- 

u c a t i o n  & Science  
England-various 

o r g a n i z a t i o n s  
B r i t i s h  t r a v e l  

a g e n t s  
Scot  land  

Engel e t  a l .  (1979) 

50-100 X p r o d u c t i v i t y  g a i n s  i n  word p r o c e s s i n g  
a f t e r  6 months 
Many s i t e s  d i d  n o t  r each  c o c t - j u s t i f y i n g  word 
p r o c e s s i n g  p r o d u c t i v i t y  l e v e l s  
Word p r o c e s s i n g  o u t p u t  r o s e  150 X 

Word p r o c e s s i n g  o u t p u t  r o s e  150 % 
5-25 X knowledge worker  and 15-35 % s e c r e t a r i a l  
t ime saved  
Decreased tu rna roun?  t ime i n  document p repa ra -  
t i o n  and s c h e d u l i n g  

More c r e a t i v e ,  c h a l  l e n g i n g ,  complex, o rgan ized  
work 
High. User Acceptauce 

Garaner  (1981) 

Gutek (1982) 

Helmreich & Wimmer 
(1982) 

Johansen e t  a l .  (1974) I t  t a k e s  l o n g e r  t o  t r a n s m i t  ;he same amount of  
i n f o r m a t i o n  i n  e l e c t r o n i c  p r i n t  form than  
t r a n s m i t t i n g  i t  v e r b a l l y  
Use of  mic rog raph ic s  sys tem r e s u l t e d  i n  mini- 
mum of  30 % s a v i n g  o f  annual  o p e r a t i n g  c o s t s ;  
r e d u c t i o n  o f  90 X o r  more i n  space  r e q u i r e -  
ments;  more r a p i d  i n fo rma t ion  r e t r i e v a l  ( 2 5  % 
t o  s e v e r a l  hundred p e r c e n t  f a s t e r ) ;  i n c r e a s e d  
f i l e  s e c u r i t y  and document i n t e g r i t y ;  s u b s t a n -  

K a l t h o f f  & Lee (1981) 
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t i a l l y  d e c r e a s e d  d u p l i c a t i o n  and d i s t r i b u t i o n  

Kaplan (1980) 

Kerr  6 H i l t z  (19b2) 

Leduc (1979) 

L i p p i t t  e t  a l .  (1980) 
M i l l e r  & Nicholc 
(1981 

MeJ-ton (1981) 

Mer tes  (1981) 
Na t iona l  Archives  and 

Records (1981 ) 
c a s e  p roces s ing  

e l e c t r o n i c  messaging 
o p t i c a l  c h a r a c t e r  

scanning  
Na t iona l  Bureau of  

S t anda rds  (1980) 

Panko & Panko (1981) 

P i c o t  & Reichwald 
(1984) ,  P i c o t  e t  
a l .  (1982) 

c o s t s  
Use o f  d i c t a t i o n  equipment r e s u l t e d  i n  6 . Z  t o  
12 X t ime  s a v i n g s  pe r  day 
Agreement on t h e  g r o u p ' s  d e c i s i o n  t e n d s  t o  be 
lower i n  computer  con fe renc ing  groups .  When 
groups  have  longe r  p e r i o d s ,  t h e  l e v e l  o f  agree-  
ment seems t o  improve i n  such  groups .  
Changes i n  communication p a t t e r n s :  a b i l i t y  t o  
work a t  home and i n c r e a s e d  v e r t i c a l  c o m u n i c a -  
r i o n  
Reduc;:cm i n  memos and phone c a l l s  

Improved ~ m m u n i c a t i m  and dec reased  informa- 
t i o n  f l o a t  
Cost  and t i m e  s a v i n g s  v i a  c e n t r a l  l i b r a r y  
Concept ,  s c o p e ,  and p o t e n t i a l  o f  o f f i c e  au to -  
mat;on i l l - 2 e f i n e d  i n  governmen: 
Reduced b a c k l o g < ,  morc t ime ly  and a c c u r a t e  
r e p o r t s  
Too few terminals--no b e n e f i t s  i d e n t i f i e d  
More c o s t - b e n e f i c i a l  t h a n  word p roces s ing  

Use of s t and -a lone  d i s p l a y  t e x t  e d i t o r s  r e s u i t -  
ed i n  an ave rage  of  75 X t o  133 X p r o d u c t i v i t y  
improvement i f  used  f o r  o r i g i n a l  and r e v i s i o n  
t y p i n g ;  ave rage  104 X t o  181 % i f  used f o r  
r e v i s i o n  o n l y  
Use o f  word p r o c e s s i n g  impact  p r i n t e r  ( l e t t e r  
q u a l i t y )  was 148 % t o  533 X f a s t e r  t han  e l e c -  
t r i c  t y p e w r i t e r s '  c a p a c i t y  
Use o f  d a t a  p r o c e s s i n g  p r i n t e r  (ma t r ix )  was 
l , l b 4  % t o  3,554 X f a s t e r  t h a n  e l e c t r i c  type-  
w r i t e r  f o r  a  m a t r i x ,  40-120 c p s  p r i n t e r ;  4,613% 
t o  6,417 % f a s t e r  t h a n  e l e c t r i c  t y p e w r i t e r  f o r  
a  150 t o  2,000 l i n e s  per  minute  ( l i n e )  d a t a  
p r o c e s s i n g  p r i n t e r .  
Use o f  m i c r o g r a p h i c s  enjoyed a  25 X oavings  I n  
r e t r i e v a l / a c c e s s  t ime 
Use of  f a c s i m i l e  ( fax)-- the t r a n s m i s s i o n  of an  
8 1/2"  by 11" page took 30 s e c .  t o  6  u i n . ;  when 
6 min. compared t o  2 days f o r  m a i l  t o  a r r i v e ,  
f ax  was 480 t imes  f a s t e r  
Many p e r c e i v e d  benefi ts--more f o r  managers and 
p r o f e s s i o n a l s  u s i n g  sys tem d i r e c t l y  t han  f o r  
s e c r e t a r i e s  ; h i g h e s t  b e n e f i t  f o r  long-d is tance  
communications 
A t e n s i o n  e x i s t s  between a f a v o r a b l e  a t t i t u d e  
toward t e c h n o l o g i c a l  i nnova t ions  i n  o f f i c e s  and 
s k e p t i c a l  view o f  t h e  s p e c i f i c  pe r sona l  conse-  
quences  t o  be faced  when t e c h n o l o g i c a l  change 
i n  o f f i c e s  o c c u r s .  On t h e  one hand,  a  l a r g e  





G o l d f i e l d  ( 7 ,  p. 661 c l a s s i f i e s  work  e f f i c i e n c y  and  o f f i c e  
p r o d u c t i v i t y  s t u d i e s  a c c o r d i n g  t o  t h e  n a t u r z  of  t h e  i s s u e s  i n v o l v e d  and 
t h e  a s s o c i a t e d  problems by o r g a n i z a t i o n a l  l a y e r ,  a s  r e p r e s e n t e d  i n  T a b l e  
2.  

TABLE 2 

C l a s s i f  i c ~ t i o n  of  Work E f f i c i e n c y  and Off i c e  P r o d u c t i v i t y  S t u d i e s  

O r g a n i z a t i o n a l  
Layer ~ e s c r i p t i o n  Problems ........................................................................ 

Top Execut ives  Most e x p e n s i v e ,  g r e a t e s t  
c o n t r i b u t i o n  

Conceptual  t h i n k e r s  
Decis ions  c r i t i c a l  f o r  s t r a t e g y  h i g h e s t  taboo a r e a  

Managers High s a l a r i e s  

Cont ro l  of  Ope ra t ions  
Decis ions  c r i t i c a l  f o r  

implementat  i on  

P r o f e s s i o n a l s  New t a r g e t  group 
Technica l  s k i l l s  

D i f f i c u l t  t o  i d e n t i f y  
nee; 

Tasks v a r i e d  
S t i f f  r e s i s t a n c e  t o  

au tomat ion  

Q u a l i f i c a t i o n  z r i t i c a l ,  
d i f f i c u l t  

Task s p e c i a l i z e d  

Support  S t a f f  E a s i e s t  t o  q u a n t i f y  and 
c o s t  j u s t i f y  Of t en  l e a s t  s i g n i f i c a n t  

Most f r e q u e n t l y  automated s a v i n g s  o p p o r t u n i t y  
------.------------------------------------------------------------------ 

Of p a r t i c u l a r  concern  t o  t h o s e  i n t e r e s t e d  i n  i n t e g r a t e d  o f f i c e  
automation sys tems a r e  v a r i o u s  s t r u c t u r a l  changes and changes t h a t  can  
o c c u r  w i t h  o r g a n i z a t i o n a l  power t h a t  a r e  d u e  t o  t h e  i n t r o d u c t i o n  o f  
newer i n fo rma t ion  t e c h n o l o g i e s . .  

Squeezing t h e  ' O r g a n i z a t i o n a l  Sponge':  S t r u c t u r a l  Changes Due To 
In fo rma t ion  Technolonv 

The c o m p u t e r  h a s  c h a n g e d  ;he o f f : ce  e n v i r o n m e n t  j u s t  l i k e  t h e  
a u t o m o b i l e  h a s  changed  t h e  c i t y .  I n t e g r a t e d  o f f i c e  a u t o m a t i o n  i s  a  
r e v o l u t i o n a r y  development  i n  t h e  t r a n s f e r  and g e n e r a l  d i s s e m i n a t i o n  of  
i n fo rma t ion  and d a t a .  I t  c l e a r l y  has t h e  power t o  shake  an  o r g a n i z a t i o n  
f rom t h d  t o p  t o  i t s  v e r y  f o u n d a t i o n .  An e f f e c t i v e  i n t e g r a t e d  o f f i c e  
a u t o m a t i o n  s y s t e m  may r e s u l t  i n  t h e  r e s t r u c t u r i n g  o f  one  o r  s e v e r a l  



o r g a n i z a ~ ~ ~ n a l  u n i t s  r ang ing  from minor a d j u s t m e n t s  t o  t h e  e r a d i ~ a t i o n  
o f  a  u n i t .  

S e v e r a l  a u t h o r s  h a v e  a r g u e d  t h a t  new s t r u c t u r a l  c o n f i g u r a t i o n s  
c o u l d  emerge  w i t h i n  o r g a n i z a t i o n s  e m p l o y i n g  n e w e r  i n f o r m a t  i o n  
t e c h n o l o g i e s  [ 3 7 ,  47 ,  501. A l r e a d y  a s  f a r  b a c k  a s  1958 ,  L e a v i t t  and  
Whis l e r  p r e d i c t e d  t h a t  t h e  d e s i g n  o f  l a r g e - s c a l e  h i e r a r c h i e s  w i l l  be 
changed  f rom a  py ramid  t o w a r d  a  b e 1  1 f o r m a t i o n  i n  l i n e  w i t h  c h a n g i n g  
distributions o f  power and  a u t h o r i t y  w i t h i n  t h e  o r g a n i z a t i o n .  Most  
o r g a n i z a t i o n s  enjoyed a  r e l a t i v e l y  r a p i d  growth s i n c e  World War I1 and 
wi th  such growth, midd le  management grew e v e n  f a s t e r .  I n  t h e  1970s,  t h e  
U. S. economy a b s o r b e d  a  r a p i d l y  e x p a n d i n g  l a b o r  f o r c e  and  c r e a t e d  19  
m i l  1 ion  new jobs ,  whereas most wes t e rn  European n a t i o n s  ' economies were 
a t  a  s t a n d s t i l l  o r  s u f f e r e d  d e c l i n e s  i n  t h e  post-OPEC e ra .  I n  e f f e c t ,  
t h e  n a t i o n  had pur  t h e  Baby Boom g e n e r a t i o n ,  b o r n  i n  t h e  1 9 4 0 s  and  
1 9 5 0 s ,  t o  work and t h e s e  Baby Boomers a r e  now r e a c h i n g  m i d d l e  age .  
Working wouien a t  a n  a g e  o f  35 and  o l d e r  h a v e  been  i n s t r u m e n t a l  i n  
a l l o w i n g  bus ines s  t o  expand s i n c e  World War 11. Women h a v e  s e i z e d  two- 
t h i r d s  o f  t h e  more t h a n  20 m i l l i o n  j o h s  c r e a t e d  i n  t h e  p a s t  d e c a d e ,  
a c c e l e r a t i n g  t h e  s h i f t  f rom m a n u f a c t u r i n g  t o  s e r v i c e s  [ 4 9 ,  p. 801. 
M i d d l e  management  t o g e t h e r  w i t h  p r o f e s s i o n a l s  and  t e c h n i c a l  p e o p l e  
c o n s t i t u t e d  t h e  f a s t e s t  growing s e c t o r  i n  t h e  o c c u p a t i o n a l  groups i n  t h e  
l a s t  30 years .  

Typ ica l  1  y middle  management was t o  t a k e  po 1 i c y  d e c i s i o n s  r e c e i v e d  
from t o p  management and t r a n s l a t e  them i n t o  p r o f i t a b l e  revenues .  S t a f f -  
l e v e l  m i d d l e  management was e x p e c t e d  t o  a d v i s e  t h e i r  s u p e r i o r s  on 
marke t ing ,  s t r a t e g i c  p l a n n i n g ,  macufac tu r ing  and e n g i n e e r i n g  i s s u e s .  A t  
an i n c r e a s i n g  pace midd le  managers became t h e  c o l l e c t o r s  o f  i n f o r m a t i o n  
t h a t  t h e y  i n  t u r n  a n a l y z e d ,  i n t e r p r e t e d  and  t h e n  moved a l o n g  t o  t o p  
e x e c u t i v e s .  From t h e s e  t y p e  o f  a c t i v i t i e s  t h e  m i d d l e  manage r  came t o  
dominate l i n e  o p e r a t i o n s .  During t h e  l a s t  few y e a r s ,  however, i t  appea r s  
t h a t  t h e  f u n c t i o n  of midd le  management has changed and t h a t  mqtch of  t h i s  
change is  due t o  r e c e n t l y  i n t roduced  i n f o r m a t i o n  t echno logy  I 3 ,  5, 21, 
2 3 ,  421. T h i s  t e c h n o l o g y  i.s r a p i d l y  r e o r g a n i z i n g  t h e  kir id o f  work 
p e o p l e  do and, a t  t he  s ane  t ime,  r e o r g a n i z i n g  o u r  o r g a n i z a t i o n z  as  w e l l .  
New p a t t e r n s  of communication and i n t e r a c t i o n  become p o s s i b l e  and,  a s  a  
consequence,  o u r  e s t a b l i s h e d  communication ne tworks  w i t h i n  o r g a n i z a t i o n s  
c h a n g e  [ c f . ,  e.  g., 261. The newer  i n f o r m a t i o n  t e c h n o l o g i e s  make i t  
~ o s s i b l e  t h a t  a  g r e a t e r  amount of  i n f o r m a t i o n  i s  made a v a i l a b l e  t o  more 
and more p e o p l e  i n  a n  i n c r e a s i n g l y  t i m e 1  y  manner .  Such  c h a n g e s ,  no  
d o u b t ,  c a n  i n f l i . e n c e  d e c i s i o n - m a k i n g  p a t t e r n s  arid c a n  r e s u l t  i n  
o r g a n i z a t i m a l  power p l a y s .  

Rather  r e c e n t l y ,  a t  l e a s t  s i n c e  1982, t h e  midd le  manager ' s  r o l e  
was t u r n e d  u p s i d e  down. M i d d l e  m a n a g e m e n t  h a s  b e e n  r e d u c e d  i n  
s i g n i f i c a n c e  and  numbers  b e c a u s e  i t s  b a s i c  f u n c t i o n  o f  c o m m u n i c a t i o n  
has--at l e a s t  i n  part--been assumed by machines. The v a s t  in - roads  made 
by t h e  newer i n fo rma t ion  t e c h n o l o g i e s  appea r  t o  h a v e  r e s t r u c t u r e d  t h e  
a v e r a g e  o r g a n i z a t i o n ' s  m i d d l e  r a n k s  a n d ,  a s  a  c o n s e q u e n c e ,  t h e y  h a v e  
shrunk d r a s t i c a l  l y .  Maybe t h e  f i r s t  r e s u l t s  of c h i s  r a d i c a l  phenomenon 



c o u l d  be observed  a f t e r  t h e  most r e c e n t  r e c e s s i o n  i n  t h a t  many l a i d - o f f  
m i d d l e  m a n a g e r s - - u n t i l  r e c e n t l y  a  r a t h e r  s t a b l e  and s e c u r e  p o s i t i o n  
w i t h i n  t h e  o r g a n i z a t i o n a l  h i e r a r c h y ,  e a r n i n g  anywhere between $25,000 t o  
$80,000--were no t  r e h i r e d .  

F r e q u e n t  1 y,  t o p  e x e c u t i v e s  v i e w e d  m i d d l e  ~ a n a g e m e n t  a s  a n  
o r g a n i z a t i o n a l -  s p o n g e  s i t t i n g  s o l i d l y  i n  t h e  m i d d l e  o f  t h e  
o r g a n i z a t i o n a l  pyramid. I f  one pushed t h e  e l a s t i c  sponge a l i t t l e  b i t  - - - 

f rom a b o v e  o r  b e l o w ,  n o t  much happened .  But  i f  o n e  t r i e d  h a r d e r  and  
squeezed t h e  sponge some a c t i o n  o c c u r r e d ,  a l t h o u g h  - - jus t  a s  w i th  r e a l -  
l i f e  uponges- -once  t h e  p r e s s u r e  s u b s i d e d ,  s p o n g e s  h a v e  a t e n d e n c y  t o  
a s sume  t h e i r  o l d  s h a p e ,  s i z e  ar.d v o l u m e .  Now--it appea r s - -new means  
have  a r r i v e d  t o  d e a l  w i th  t h i s  phenomenon. 

AS more and more t o p  e x e c u t i v e s  r e c o g n i z e  t h a t  much o f  t h e  
i n f o r m a t i o n  p r e v i o u s l y  c o l  l e c t e d  by m i d d l e  m a n a g e r s  c a n  be s e c u r e d  
q u i c k e r ,  c h e a p e r  and  more t h o r o u g h l y  by c o m p u t e r - b a s e d  d e v i c e s ,  t h e y  
have  s t a r t e d  t o  v iew much o f  t h e  m i d d l e  management l a y e r  a s  redundant .  
Many now view these  i n f o r m a t i o n  g a t h e r i n g ,  ana 1 yz ing  and i n t e r p r e t i n g  
t a s k s  t r a d i t i o n a l l y  c a r r i e d  o u t  by m i d d l e  managers as c o n s i d e r a b l e  c o s t  
c e n t e r s ,  h i g h  i n  o v e r h e a d  and  making  r e l a t i v e l y  s m a l l ,  d i r e c t l y -  
a t t r i b u t a b l e  c o n t r i b u t i o n s  t c  p r o f i t s . '  They a r e  r e a l  i z i n g  i n  accordance  
wi th  t h e i r  Japanese c o m p e t i t o r s  t h a t  l e s s  means more. Many b u r e a u c r a t i c  
f u n c t i o n s  can  be r e p l a c e d  by i n f o r m a t i o n  technology.  In  a d d i t i o n ,  s i n c e  
much i n t e r a c t i o n  be tween  a  manage r  and  h i s l h e r  s u b o r d i n a t e s  c a n  be 
c a r r i e d  o u t  nons imu l t aneous ly  v i a  e l e c t r o n i c  media, a  manager can t a k e  
on d i r e c t  r e s p o n s i b i l i t y  o v e r  s e v e r a l  more i n d i v i d u a l s .  T h i s ,  o f  
c o u r s e ,  c o u l d  r e s u l t  i n  fewer managers a t  t h e  i n t e r m e d i a t e  l e v e l ,  bu t  i t  
m i g h t  imp1 y a d d i t i o n a l  p o s i t i o n s  a t  t h e  remain ing  l e v e l s .  J enn ings  
[21 ]  c l a i m s  t h a t  one- th i rd  o f  t h e  100 l a r g e s t  i n d u s t r i a l  companies a r e  
r e d u c i n g  m a n a g e m e n t  a a d  t h a t  t h e r e  a r e  c l e a r  s i g n s  t h a t  o t h e r  
c o r p o r a t i o n s  w i l l  f o l i o w .  Ana logous ly ,  d u r i n g  t h e  f i r s t  q u a r t e r  of  1983 
t h e  U. S. Bureau  o f  Labor  S t a t i s t i c s  r e p o r t e d  t h a t  Lnemployment  among 
managers and a d m i n i s t r a t o r s  i n  non-farm i n d u s t r i e s  was t h e  h i g h e s t  s i n c e  
World War 11. The l a t t e r  r e p o r t  d i d  n o t  e v e n  i n c l u d e  those  managers who 
took advan tage  of e a r l y  r e t i r e m e n t  programs and s i m i l a r  incentives. 

Even o  l d -  1 i n e  companies have  made c u t s  i n  t h e i  r midd 1 e-management 
s t a f f s :  F i r e s t o n e  and Crown Z e l l e r b a c h ,  e .  g., c u t  t h e i r  m i d d l e -  
management s t a f f  20 p e r c e n t ,  C h r y s l e r  d i d  t h e  same wi th  40 p e r c e n t  [21,  
p.521. S i m i l a r l y ,  a  f e w  l e a d i n g  e d g e  c o m p a n i e s  h a v e  r e p o r t e d  
s i g n i f i c a n t  s t r u c t u r a l  c h a n g e s  d u e  t o  new in fo rma t ion  technology:  The 
cbairman o f  Hercu le s ,  Inc. c u t  t h e  l e v e l s  o f  management between h i m s e l f  
and H e r c u l e s  p l a n t  Foremen f rom a  d o z e n  t o  s i x  o r  s e v e n .  FMC 
2 o r p o r a t i o n  r e p o r t s  i t s  a m a l g a m a t i o n  o f  s a l e s  d i s t r i c t s  a n d ,  i n  many 
c a s e s ,  c u t  o u t  a  l e v e i  of management. FMC i n s t a l  l e d  a  voice-mai l  system 
and t h e  r e s u l t i n g  r e d u c t i o n  i n  c o s t  f o r  l ong -d i s t ance  c a l l i n g  a l o n e  paid 
f o r  t h e  v o i c e - m a i l  s y s t e m .  C i t i c o r p  i n t r o d u c e d  a  s o p h i s t i c a t e d  
i n f o r m a t i o n  s y s t e m  t o  i ru2rove  c u s t o m e r  s e r v i c e  and make a c c o u n t  and 
m a r k e t  i n f o r m a t i o n  a v a i l a b l e  t o  i t s  c o r p o r a t e  c l i e n t s  more q u i c k 1  y. 
This  s t e p  a l l o w e d  C i t i c o r p  t o  reduce i t s  s t a f f - - 7 0  pe rcen t  o f  wnom were 



fo rmer ly  c l e r i c a l - - f r o m  2,650 t h r e e  y e a r s  ago t o  2,150. Th i s  bank has  
now b e e n  a b l e  t o  move i t s  c u s t o m e r  s e r v i c e  o p e r a t i o n  c l o s e r  t o  i t s  
c l i e n t s  s i n c e  i n fo rma t ion  can  now be t r a n s m i t t e d  e l e c t r o n i c a l l  y. More 
t h a n  90 pe rcen t  o f  i t s  employees were based i n  New York i n  1979 vs. o n l y  
50  p e r c e n t  t o d a y  ( 2 3 ,  p. 1181.  S i m i l a r l y ,  G e n e r a l  E l e c t r i c  l a i d  o f f  
e i g h t  p e r c e n t  o f  i t s  w h i t e - c o l  l a r  work f o r c e  i n  November 1 9 8 4  a t  i t s  
v a s t  Appl iance  Park Complex i n  Louisville amd GTE Corpora t ion ,  whose 
t o t a l  p a y r o l l  h a s  f a 1  l e n  t o  1 8 3 , 0 0 0  f rom 200,000 i n  t h e  p a s t  two-and- 
o n e h a l f  y e a r s ,  has  been c u t t i n g  l a y e r s  o f  management and combining jobs  
t o  boos t  w h i t e - c o l l a r  p r o d u c t i v i t y  [45] .  

I t  has  been e s t imn ted  t h a t  by t h e  y e a r  2000, compu te r i za t i on  w i l l  
h a v e  caused o n l y  a  moderate r e d u c t i o n  i n  t o t a l  jobs. The l i k e l y  l o s e r s ,  
h o w e v e r ,  a r e  e x p e c t e d  t o  be  w h i t e - c o  1  ! a r  c l e r i c a l  and  m a n a g e r i a l  
p o s i t i o n s .  C l e r i c a l  jobs a r e  s a i d  t o  d e c l i n e  from 17.8 pe rcen t  o f  t h e  
work f o r c e  ( i n  1978)  t o  11.5 p e r c e n t  i n  2000. A l t h o u g h  t h e r e  w i l l  b e  
major  growth i n  t h e  p r o f e s s i o n a l  s e c t o r ,  t h e  need f o r  managers v i l l  f a l l  
o f f  [161 .  

T o g e t h e r  w i t h  economic  n e c e s s i t y  and  t e c h n o l o g i c a i  f o r c e s  i t  
a p p e a r s  t h a t  m i d d l e  management  i s  a f f e c t e d  by s u c h  d e v e l o p m e n t s  i n  a  
number o f  ways. The c o r p o r a t e  s t r u c t u r e  t e n d s  t o  be  c h a n g i n g  i n  t h a t  
broader  informat ion  g a t h e r i n g  can be accommodated and t h a t  d a t a  can  f l o w  
t o  t o p  e x e c u t i v e s  and managers d i r e c t l y  w i t h o u t  t h e  e d i t i n g ,  mon i to r ing ,  
i n t e r p r e t i n g  c a r r i e d  ou t  by midd le  managers. Many t imes ,  t h e  a n a l y s i s  
o f  s u c h  a c t i v i t i e s  p r o v i d e  a n  o p p o r t u n i t y  t o  examine  what  w o r k e r s  
a c t u a l l y  do. A redes igned  o r g a n i z a t i o n  i s  l i k e l y  t o  p u l l  t o g e t h e r  and 
merge under j u s t  one o r g a n i z a t i o n a l  umbre 1 l a  department  such  u n i t s  a s  
o f f i c e  a u t o m a t i o n ,  m a n a g e m e n t  i n f o r m a t i o n  s y s t e m s  ( M I S ) ,  d a t a  
p roces s ing ,  word p roces s ing  and te lecommunica t ions .  These e f f o r t s  may 
r e s u l t  i n  t h e  c r e a t r o n  of  a  new group of  i n f o r m a t i o n  managers. They, i n  
t u r n ,  would be r e s p o n s i b l e  f o r  t h e  u se  and p r o t e c t i o n  of v a l u a b l e  d a t a  
a n d ,  i n  a  s e n s e ,  t h e y  w o u l d  become t h e  c u s t o d i a n  o f  o r g a n i z a t i o n a l  
in format ion .  Informat ion  c e n t e r s ,  a s  such  new1 y  c r e a t e d  o r g a n i z a t i o n s  
a r e  c a l  l e d ,  a r e  g r o w i n g  a t  a  r a p i d  r a t e .  O f  160  l a r g e  Nor th  A m e r i c a n  
c o r p o r a t i o n s  q u e s t i o n e d  i n  mid-1984 t;y t h e  D i e b o l d  Group Inc . ,  8 0  
p e r c e n t  s t a t e d  t h a t  t h e y  had  s e t  up i n f o r m a t i o n  c e n t e r s  t h i s  y e a r  ( u p  
from 67 pe rcen t  i n  1983) [23,  p. 1241. Numerous i n d u s t r y  e x p e r t s  p r e d i c t  
t h a t  end-user computing i s  going  t o  be t h e  dominat ing  means o f  p r o v i d i n g  
in fo rma t ion  suppor t  and w i l l  r e s u l t  g r a d u a l l y  i n  a  major o r g a n i z a t i o n a l  
change . 

As a  r e s u l t  of t h e s e  changes ,  t h e  management pyramid has begun t o  
f l a t t e n  w i t h  f e w e r  l e v e l s  a n d ,  a s  a  c o n s e q u e n c e ,  e m p l o y e e s  make more  
l a t e r a l  moves and t h e i r  e x p e c t a t i o n s  t e n d  t o  be l o w e r e d  s i n c e  f e w e r  
o r g a n i z a t i o n a l  l a y e r s  means f e v e r  chances  f o r  promotion. Any changes i n  
t h e  o r g a n i z a t i o n a l  s t r u c t u r e  a r e  today l a r g e l y  pe rce ived  a s  a  by-product 
o f  t h e  new i n f o r m a t i o n  t e c h n o l o g i e s .  E v e n t u a l l y  t h e  s t r u c t u r e  o f  
d e p a r t m e n t s  and d i v i s i o n s  w i l l  c h a n g e  a s  t h e y  i n c r e a s i n g l y  s h a r e  
i n f o r m a t i o n  f o r  o p e r a t i o n s  2nd d e c i s i o n - m a k i n g .  One d a t a  b a s e ,  e .  g., 
may s u p p o r t  s e v e r a l  d e p a r t m e n t s  and o t h e r s  c o u l d  be merged  and  



i n t e g r a t e d  t o  make f u l l  u s e  o f  r e l a t i o n a l  d a t a  b a s e  f e a t u r e s .  T h e s e  
t r e r d s  may sugges t  t h a t  m i d d l e  management p o s i t  i ons  become l e s s  s e c u r e  
and  more c o m p e t i t i v e .  F u r t h e r m o r e ,  o r g a n i z a t  i o n a  1 s t r u c t u r e s  w i l  1 
e x p e r i e n c e  a g r a d u a l  s h i f t  f rom t h e  t y p i c a l  py ramid  t o  a  s h a p e  
r e sembl ing  a  diamond. The c l e r i c a l  f u n c t i o n  i s  l i k e l y  t o  be d i s t r i b u t e d  
o r g a n i z a t  ion-wide. 

A New O r g a n i z a t i o n a l  Power 

The e f f e c t  o f  au tomat ion  on o r g a n i z a t i o n a l  power can  be o b s e r v e d  
i r  a  number o f  ways [ 5 0 ] .  A s  more and more t i m e l y  i n f o r m a t i o n  becomes 
a v a i l a b l e  t o  a  l a r g e r  number of  p e o p l e ,  t h i s  i nc reased  availability o f  
i n fo rma t ion  can r e s u l t  i n  changes  i n  t h e  d e c i s  ion-making  p 8 t  t e r n .  and  
power b a s e s  o f  o r g a n i z a t i o n s .  o r g a n i z a t i o n a l  power c a n  be d e f i n e d  a s  
t h e  a b i l i t y  t o  e x e r t  i n f l u e n c e  and  b r i n g  a b o u t  d e s i r e d  o u t c o m e s ,  
i n c l u d i n g  '1) t he  a b i l i t j r  t o  r e s o l v e  u n c e r t a i n t y  and s o l v e  problems,  ( 2 )  
t h e  power o f  e x p e r t i e e  and  ( 3 )  d i m i n i s h i n g  j o b  s p e c i a l i z a t i o n  [ ~ f . ,  e .  
g . ,  2 ,  p. 3 4 ;  3 5 ,  p p .  3 0 6 - 3 2 8 ;  2 5 ,  p p .  2 - 3 1 .  W i t h  t h e  n e w e r  
i n fo rma t ion  t echno log ie s  a v a i l a b l e  i n  o r g a n i z a t i o n s ,  po 1 i t  i c a L  power 
a s s o c i a t e d  w i t h  t h e  c o n t r o l  o f  i n f o r m a t i o n  becomes more and  more 
d i s t r  ; . bu t ed  i n  most  o r g a n i z a t i o n s ;  , Some, h o w e v e r ,  e x p e r i e n c e  t h e  
o p p o s i t e  f o r  c e r t a i n  t e c h n o l o g i e s ,  i . e .  c o n t r o l  c a n  become more 
c e n t r a l i z e d .  Access t o  i n f o r m a t i o n  v i a  t h e s e  new t e c h n o l o g i e s  makes  
g r e a c e r  c e n t r a l i z a t i o n  of power and c o n t r o l  i n  o r g a n i z a t i o n s  p o s s i b l e ,  
s i n c e  t o p  management i s  e n a b l e d  t o  make d e c i s i o n s  q u i c k e r  and  by 
themse lves  t h a t  would o t h e r w i s e  have  t o  be d e l e g a t e d .  

Routine a c t i v i t i e s  can  a l s o  be r e l t l t e u  t o  decision-making power 
: 2 ] .  Task  r o u t i n i z a t i o n  r e d u c e s  u n c e r t a i n t y  i n  a  j o b  a n d .  i n  t u r n ,  
p r o v i d e s  an avenue t o  reduce  u n c e r t a i n t y  f o r  someone c a r r y i n g  o u t  t h i s  
t a sk .  Furthermore,  t a s k  r o u t i n i z a t i o n  makes pos j i b l e  t h e  r e d u c t i o n  of  
unknown e n t i t i e s ,  reauces  t h e  c o m p l e x i t y  o f  t h e  t a s k  a t  hand, r e q u i r e s  
fewer s k i l l s  and makes t h ~ s e  e x e c u t i n g  the t a s k  more r e p l a c e a b l e .  I t  
fol . lows then  t h a t  t hose  who c a r r y  o u t  r o u t i n i z e d  t a s k s  h a v e  l e s s  power 
wi th  l i m i t e d  o r  no decision-making a u t h a r i t y  i n  t h e i r  work envi ronment .  
These  a r e  u s u a l l y  a l s o  t h e  r e a s o n s  why e m p l 3 y e e s  me- r e s i s t  o f f i c e  
au tomat ion  e f f o r t s .  I n  p a r t  depending  on t h e  s t r u c t u r e  of t h e  t a s k  and 
the  deg ree  of r equ i r ed  s p e c i a l i z a t i o n ,  a  s e c r e t a r y  may, e. g., r e s i s t  a  
c h a n g e  t o  word p r o c e s s i n g  when t h i s  i n d i v i u u a l  was a c c u s t o m e d  t o  
performing v a r i a b l e  t a sks .  

F r e q u e n t l y ,  t h e  s t r o n g e s t  r e s i s t e r s  when a  new t e c h n o l o g y  o r  
procedure  is  in t roduced  a r e  a lmos t  a lways  t h e  midd le  managers. There 
a r e  good r e a s o n s  f o r  t h i s  t h o u g h :  t h e y  e q u a t e  t h e i r  power w i t h  t h e  
number of peop le  they s u p e r v i s e  and a n y t h i n g  t h a t  changes t h i s  i s  l i k e l y  
t 3  t h r e a t e n  them. They a r e  o f t e n  l e f t  o u t  o f  d i r e c t  i n v o l v e m e n t  w i t h  
t h e  new t e c h n o l o g y  a n d ,  a s  a  c o n s e q u e n c e ,  t h e y  do  n o t  e x p e r i e n c e  t h e  
d i r e c t  b e n e f i t s  t h e m s e l v e s .  U s u a l  l y  t h e y  have  been promoted because  
they  unders tand  t h e  c u r r e n t  procedures  b e t t e r  t han  t h e i r  s u b o r d i n a t e s .  
Kearns [ 1 3 ,  p. 70) c l a i m s  t h a t  "The t r o u b l e  wi th  a  l o t  : f w h i t e - c o l l a r  



peop le  i s  t h a t  they  t h i n k  t h e  r ea son  they  a r e  e m p l f ~ y e d  i s  t h a t  t hey  a r e  
e x p e r t s  ." 

On t h e  o t h e r  h a n d ,  t h e  n e w e r  i n f o r m a t i o n  t e c h n o l o g y  c a n  
s t r e n g t h e n  t h e  power of  i n d i v i d u a l e  o r  e n t i r e  o rp , an i za t iona l  u n i t s .  I n  
p a r t  depending on how t h e  equipment i e  u t i l i z e d ,  i n d i v i d u a l e  o r  u n i t e  
c o u l d  be p e r c e i v e d  a 8  be ing  i r r e p l a c e a b l e  which a lwaye  was viewed a s  an  
i ~ p o r t a n t  sou rce  of power. Some i n d i v i d u a l s  o r  u n i t s  may be  a b l e  t o  u s e  
i n f o r m a t i o n  t e c h n o l o g i e s  w h i l e  o t h e r s  a r e  n o t  o r  h a v e  n o t  y e t  r e c e i v e d  
such  technology.  U n t i l  t h e  t e c h n o l o g y  becomeor w i d e l y  a v a i l a b l e  a s  a  
r e s o u r c e ,  t h e  p a r t i e s  i n v o l v e d  can  e n j o y  a  c e r t a i n  deg ree  o f  l e v e r a g e  o r  
power due t o  t h e  acceas  t o  and c o n t r o l  of  t h e  technology.  

Such in fo rma t ion  t echno logy  makes it p o e s i b l e  f o r  i n d i v i d u a l s  o r  
u n i t s  t o  c a r r y  o u t  many more  t a s k s .  A s  a r e s u l t ,  t h e  d e g r e e  o f  
s p e c i a l i z a t i o n  is  reduced i n  many o r g a n i z a t i o n s  and i n d i v i d u a l s  o r  u n i t s  
c a n  t a k e  o n  a d d i t i o n a l  r e s p o n s i b i l i t i e s  w h i c h  may i m p l y  a l o s a  o r  
p o s s i b l y  a n  i n c r e a s e  o f  o r g s n i z a t i o n  p o w e r .  F u r t h e r m o r e ,  s u c n  
developments  a r e  l i k e l y  t o  make o r g a n i z a t i o n a l  u n i t s  more i n t e r d e p e n d e n t  
w i t h  o t h e r s  which can  be accommodated more e a s i l y  and can  make i n c r e a s e d  
i n f o r m a t i o n  e x c h a n g e  and  s h a r i n g  ' p o s s i h l e  d u e  t o  t h e  a v a i l a b l e  
i n f o r m a t i o n  technology.  O v e r a l l ,  a s  s p e c i a l i z a t i o n  i s  r e d u c e d ,  t h i s  
s h o u l d  h a v e  p o s i t i v e  r e s u l t s  on  v a r i o u s  o r g a n i z a t i o n a l  c o n f l i c t  
s i t u a t i o n s  and power s t r u g g l e s  s i n c e  i n f o r m a t i o n  i s  now l a r g e  1 y  
d i s t r i b u t e d  a s  opposed t o  being a v a i l a b l e  t o  o n 1  y  c e r t a i n  i n d i v i d u a l s  o r  
u n i t e .  I t  w i l l  be  rcore and  more d i f f i c u l t  t o  c o n t r o l  a b s o l u t e ,  i. e .  
u n d i s t r i b u t e d ,  i n f o r m a t i o n  when on- l i n e  i n f o r m a t i o n  sys tems and j o i n t  
d a t a b a s e s  a r e  used. 

Conc l u s  i o r  - 
A s  o r g a n i z a t i o n  c h h r t s  art! r e d e s i g n e d ,  a s  c h a i n s  o f  command a r e  

s i m p l i f i e d  and  a s  t h e  new s t r u c t u r e s  a r e  i m p l e m e n t e d ,  t h e  b a l a n c e  o f  
power i s  changing and s h i f t i n g  i n  ou r  o r g a n i z a t i o n s  l a r g e l y  a s  a  r e a u l t  
t o  i n fo rma t ion  technology.  R ig id ,  h i e r a r c h i c a l  s t r u c t u r e s  a r e  r edes igned  
r e s u l t i n g  i n  l e a n e r ,  more f l e x i b l e  and  r e s p o n s i v e  o r g a n i z a t i o n s  w i th  
fewer management l e v e l s  and more d i r e c t  i n f o l m a t i o n  exchange between t h e  
t o p  and  bot toui  l a y e r  o f  t h e  o r g a n i z a t i o n .  O r g a n i z a t i o n s  a r e  c ?  .?sting 
envi ronments  i n  which performance d e t e r m i n e s  compensat ion and a  r e l a t i v e  
h i g h  deg ree  of  freedom t o  improve performance becomes t h e  p s y c h o l o g i c a l  
reward. 

The phenomenon d e s c r i b e d  h e r e  may b e  o b s e r v a b l e  o n l y  i n  a  few 
l a r g e  o r g a n i z a t i o n s  s o  f a r ,  b u t  i t  i s  expec t ed  t o  h i t  many more w i t h i n  
t h e  n e x t  few y e a r s  a s  t h e y  a u t o m a t e  t h e i r  o f f  i c e s .  T h i s  t r e n d  c a n  b e  
s e e n  a s  a n  e v o l u t i o n a r y  s t e p  t o w a r d  more  f l e x i b l e ,  d e c e n t r a l i z e d  and  
l e s s  d e f i n e d  s t r u c t u r e s ,  r e s u l t i n g  i n  a  f l u i d  o r g a n i z a ~ i o n a l .  s t r u c t u r e  
whose d e s i g n  is  based on t h e  changing  needs of t h e  o r g a n i z a t i o n .  I R M ,  
e .  g. ,  i s  one  o r g a n i z a t i o n  t h a t  h a s  l o n g  had  t h i s  t y p e  o f  o r g a n i z a t i o n  
i n  p l a c e .  O r g a n i z a t i o n a l  s t r u c t u r e s  s e r v e  both  t o  d i f f e r e n t i a t e  and t h e  
i n t e g r a t e  t h e  components of comp1e.x o r g a n i z a t i o n s .  O r g a n i z a t i o n s  do n o t  



a c h i e v e  and main ta in  e f f e c t i v e n e s s  by t echno logy  a l o n e .  S t u d i e s  h a v e  
shown t h a t  t h e  e f f e c t i v e n e s s  of an o r g a n i z a t i o n  i s  c o n t i n g e n t  upon t h e  
d e g r e e  o f  f i t  i t  a c h i e v e s  b e t w e e n  t h e  t e c h n o l o g y  and  i t s  s t r u c t u r a l  
d e s i g n .  S i n c e  o r g a n i z a t i o n s  a r e  n o t  t h i n g s ,  b u t  p e o p l e ,  i t  i s  
u l t i m a t e l y  p e o p l e  who w i l l  be  c h a n g e d  by t h e  i m p a c t  o f  i n f o r m a t i o n  
techr .ologiee.  A s  o r g a n i z a t i o n a l  s t r u c t u r e s  change,  t h e  d i s t r i b u t i o n  o f  
p o w e r  w i l l  c h a n g e  a s  w e l l .  T h i s  p r o b l e m  i s  u n q u e s t i o n a l l y  
o r g a n i z a t i o n a l  and c u l t u r a l  w i t h i n  i t s  r e s p e c t i v e  s e t t i n g .  L e a l  and  
Kennedy [ 6 ]  p r e d i c t  t h e  a r r i v a l  of  t h e  "atomized o rgan iza t ion , "  meanir'q 
t h a t  t e l e c o m m u n i c a t i o n  n e t v d r k s  and  common c u l t u r e ,  i .  e .  - n o t  t h d  
o r g a n i z a t i o n  c h a r t ,  w i l l  l i n k  t h e  "atoms." I t  seems t h a t  ways must oe 
f o u n d  t h a t  i m p r o v e  t h e  f l o w  o f  i n f o r m a t i o n  t o  t h e  r i g h t  p e o p l e  and  t o  
p r o d u c e  t r u e  e n t r e p r e n e u r i a  1 o p p o r t u n i t i e s  f o r  managers who wact such 
o p p o r t u n i t i e s  w i t h i n  t h e i r  o r g a n i z a t i o n a l  f rmework .  This  imp1 i e s  t h a t  
i n t e g ~ a t e d  in fo rma t ion  t echno logy  must be app 1 i e d  c r e a t i v e 1  y  t o  change 
t h e  way o r g a n i z a t i o n s  c a r r y  o c t  t h e i r  a c t i v i t i e s  and use  t h i s  t e chno logy  
t o  t h e i r  own c o m p e t i t i v e  advantage .  I n  most o r g a n i z a t i o n s  t h e  t e c h n i c a l  
e x p e r t s  r e s p o n s i b l e  f o r  manag ing  i n f o r m a t i o n  s y s t e m s  h a v e  t e n d e d  t o  
t r e a t  o f f i c e  a d m i n i s t r a t i o n  l e s s  a s  a  s t r a t e g i c  weapon t o  w in  a  
c o m p e t i t i v e  a d v a n t a g e  and more a s  a  p r o d ~ r c t i v i t y  t o o l  t o  i m p r o v e  t h e  
performance o f  c l e r i c a l  and manage r i a l  workers. They have  viewed o f f i c e  
a u t o m a t  i o n  p roduc  t s  a s  s i m p l y  a  mean's t o  c o m p u t e r i z e  o l d  p r o c e d u r e s .  
E x e c u t i v e s  must a r a l y z e  how they  c a n  use  new in fo rma t ion  t e c h n o l o g i e s  t o  
n e l p  r e s t r u c t u r e  t h e  o r g a n i z a t i o n  and  and  p a r e  down u n n e c e s s a r y  
o r g a n i z a t i o n a l  l a y e r s .  The q u e s t i o n  t o  a s k  i s ,  'How would I change my 
o r g a n i z a t i o n  t o  make i t  more e i t l e c t i v e  w i t h  i n f o r m a t i o n  t e c h n o l o g y ? '  
r a t h e r  t h a n ,  'How c a n  I u s e  o f f i c e  a u t o m a t i o n  p r o c e d u r e s  t o  make my 
employees more p r s d u c t i v e ? '  I n  t h e  p a s t ,  many managers mere ly  focused  
on making i n d i v i d u a l s  more p r o d u c t i v e  b y  o v e r l a y i n g  e l e c t r o n i c  sys tems 
(e .  g.,  word p r o c e s s o r s ,  \ .  o n a l  c o n p u t e r s ,  EDP) o n t o  t h e  e x i s t i n g  
b u r e a u c r a c y .  S e f o r e  we c-.. , J d r e s s  t h e  i ; s u e  o f  i n t e g r a t e d  o f f i c e  
s y s t e m s ,  h o w e v e r ,  we n u s t  come t o  r e a l i z e  t h a t  a n  i n t e g r a t e d  s y s t e m  
r e q u i r e s  i n t e g r a t e d  management. An o r g a n i z a t i o n  must f i r s t  e v a l u a t e  i t s  
s t r u c t u r e ,  f o r  t h e  l a c k  of  i n t e g r a t e d  management w i l l  c o n t i n u e  t o  a f f e c t  
t h e  s u c c e s s  o f  a n  i n t e g r a t e d  s y s t e n  a f t e r  i t s  i n s t a l l a t i o n .  
Organ iza t ions  shou ld  not  expec t  lang-term g a i n s  when they  unders tand  t h e  
t e c k n o l o g y ,  b u t  t h e y  d o  n o t  u n d e r s t a n d  t h e m s e l v e s .  I n t e g r a t e d  
i n f o r m a t ~ o n  technology systems a p p l i e d  i n  t h i s  sugges ted  way a r e  l i k e l y  
t o  t u r n  o u t  t o  be t h e  s i n g l e  most impor tan t  o p p o r t u n i t y  f o r  p r i v a t e  and 
p u b l i c  s e c t o r  o r g ~ n i z a t i o n s  u n t i l  1990. 
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"TRAINIWG MANAGERS FOR HIGH PRODUC?TYITYg 
GUIDELINES AND A CASE HISTORY 

Robert M. Ranftl, Hughes Aircraft Company 

ABSTRACT 

Hughes Aircraft's 13-year productivit.: study clearly identifies 
management a s  the key link in the  entire productivi?y chain. This fact  led t o  
the establishment of a long-term series of seminar8 on personal, managerial, 
organizationa!, and operational productivity for all levels and ~ c t o n  of line 
and staff management. 

To inspire the work force to higher levels of productivity and 
creativity management, itself, must fir& be inspired,. In turn they have t o  
clearly understand the productive and creative procemcs, fashion an  effective 
productivity improvement plan with so-und strategy and implementation, 
create an optimal environmental chemistry, and provide the  outstanding 
leadership necessary t o  prop21 their organizations t o  achieve full potential. 

The primary goals of the seminars a re  t o  (1) ignite that  #park of 
ins?iratior., enabling productive action t o  follow, (2) provide participants a 
credible roadmap and effective tools for implementation, and (3) develop a 

, - dedicated commitment to  leadership and productivity :hroughout the  
management team. 

PRORUC'XIVITY STUDY 

Hughes Aircraft - a high-technology organization of some 77,000 
employees--initiated a study in 1973 on means of optimizing productivity in 
technology-based organizations (See Box). The results of this continuing 
study, now in i t s  thirteenth year, clearly stress that  management, itself, is 
the key !ink in the entire productivity chain. 

MANAGEMENTS CRITICAL POLE 

Skiiled, responsible management and superior productivity a r e  
inseparable; we a re  e1:tering a f a r  more demanding e r a  requiring greater  

Copyright @ 1985, Robert M. Ranftl, P.O. Box 49892, Los Ar,gel?s, CA 
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1974, 78 and other articles previously ccpyrighted by the  author. 
Pe rmi s s i cn  t o  r e p r i n t  granted by Rober t  M. Ranftl. 



professionalism among managers. Tomomow's manager, in addition t o  being 
tecbnicaly qualified in his or her field, must be a respected, people-oriented 
leader skilled in ttie latest  techniques of behavioral science and sound 
business practice. In the  past, many managers were able t o  "get by" on their  
technical expertise alone. This, however, will not be possible in the  future. 

The critical tie between an organization's management and the  
organization's productivity is evidmt in the  definition of productivity, itself. 
Basically, productivity is the  ratic? of valuable output t o  input, i.e., the  
efficiency and effectiveness with which available rebources - personnel, 
machines, materials, capital, facilitier, energy, and t ime - are utilized t o  
achieve a valuable output. 

Virtually anyone could manage if resources were unlimited. 
However, as we are all well aware, this is seldom, if ever, the  case and, 
therefore, the  challenge of creative management is t o  get  the  job done 
optimally with the  available resources. And, looking forward in time, there  
will very likely be fewer ra ther  than a greater  abundance of resources a t  
mana~ement ' s  disposal, thus creating an even greater  chailenge. 

Inherently, all resources are bipolar, i.e., they can be fully engaged 
and productively utilized, or, just as readily, they can be underutilized, 
permitted t o  l ie fallow, or counterproductively abused. The "bottom line" of 
an organization's endeavors depends primarily upon the  effectiveness with 
which management deploys the  resources a t  i t s  disposal. Management's 
primary responsibility--its fundamental reason for  existence - is, and always 
has been, the deployment o r  "stewardship" of available resources. Thus, 
management is clearly the  key link in the entire productivity chain. 

Further confirmation of management's critical tie t o  productivity is 
evident when one considers personal productivity. The Hughes study showed 
that  personal productivity does not correlate significantly with such factors 
as  IQ, excellence of education, schools attended, curricula pursued, grades 
achieved, o r  specialized coSsses  taken since graduation. These factors a r e  
extremely important since they indicate a person's qualifications, aptitude, 
and potential t o  perform, i.e., they represent one's credentials. Therefore, 
such factors a re  of great significance when hiring someone into t h e  
organization. However, study participants consistently pointed out that  
among qualified individuals, differences in productivity primarily depend upon 
two key factors, namely, a t t i tude and motivation - first and foremost, the  
at t i tude and motivation of management, and that, in turn, reflected 
downward and coupled with the  at t i tude and motivation of the  work force. 

To achieve high productivity, i t  is particularly important that  every 
member of management be highly skilled, positively motivated, and totaily 
committed. Correspondingly, the same posture is necessary relative t o  the  
entire work force. But, i t  must be remembered that  the  psychological work 
environment is a critical factor in this regard, and it is management who 
establishes the  psychological work environment, (See Figure 1 regarding an 
optimal psychological work environment.) 

It i s  management who gives the  challenging assignments o r  lack 
thereof; i t  is management who establishes the  equity (fairness) within the  



organization or lack thereof; it is management who exhibit8 genuine interest, 
encouragement, and appreciation or lack thereof, maintains equitable 
incentives and rewards or lack thereof, etc., etc. As can be readily seen, 
management not only directly determines i t s  own attitude, motivation, and 
~roductivity, but through i ts  managerial rtyle and technique, and the 
associated psychological work eavironment, is extremely catalytic in 
influencing the attitude and motivation - md therefore the productivity - of 
the entire work force. (See' Figure 2 r e g d i n g  Productive Managerial Style 
and Technique.) 

Still further confirmation that aanagement is the key driving factor 
relative t o  an organization's productivity is evident in another study finding 
which showed that the overall productivity of an organization depends heavily 
upon i ts  management personnel and the top five percent of the rtaff, i.e., 
people who deal largely in the realm of creative and innovative ideas, 
judgment, major decisions, and actions. Participants did not diminish the 
importance of high productivity on the part of everyone else in the work 
force, but the point they clearly made is that i t  is the managerial personnel 
and the top five percent of the staff who set the pace for productive 
operations, i.e., it is their ~deas,  judgment, direction, actions, example, eic. 
that set the pace for organizational productivity down the line. 

If space permitted, many additional proofs that management is the 
key link in the entire productivity chain could be provided. Suffice i t  to  gay, 
management definitely is that link. 

LEADERSHIP 

Gf a:l factors, leadership has by far the greatest leverage on 
productivity. Ultimately, the destiny of any organization hinges on the 
caliber of its leadership. Although many managers have distinct leadership 
abilities in certsin aspects of their jobs, very few qualify as outstanding 
leaders. The few who do are unusually competent, dynamic, confident 
individuals who somehow "have it all together." They are the "uncommo~ 
leaders" potentially capable of creating a renaissance within their respective 
organizations. 

Of significance, leadership is entirely the outgrowth of 
self-deoeI~pment. No two leadership styles are  the same - each style is and 
should remain unique t o  each individual. Furthermore, a good leader in one 
situation may not be a good leader in a different situation. Also, the type of 
leader needed depends specifically on the group to  be led. Yet, even the 
same group may require a different kind of leadership a t  different times in i ts 
evolution. 

Fundamentally, leadership and management a re  uniquely different 
entities, with the intiinsic value of "out~tandi~ig leadership" orders of 
magnitude above and beyond "effective management." Many individuals score 
satisfactorily as  managers who run orderly, profitable organizations and stay 
on par with the competition. The key question is whether those organizations 
are operating anywhere near thzir full potential. Unfxtunately, in the vast 
majority of instances, they are not and very likely neither are  the 
organizations with which they are competing. 



That broad gap separating status quo from full potential can only be 
e d g e d  by outstanding leadership. Such leaders and the  organizations they 
manage, compete with themselves; they d o  not permit others t o  pace them. 
In competing with themaelver, they set the4 : k z A ; c r ' , ~  particuiarly high, and 
then drive themaelves t o  achieve and transcend those standards. Neither do 
they permit the  environment t o  box them in. What t o  0th- may appear t o  
be adversity, uncommon leaders look at as challenge and opportunity t o  
change and build. Although reaiirtr,  they have a strong, positive, 
lifeenhancing bigs. 

Rather than being merely goal oriented, leaders live by values, 
purpose, and commitmeutr, f a r  ruperior t o  and transcending finite goals. 
They actively share their  valuer, purpose, and commitments with others, 
stirring o t h v s  into action. Thus, uncommon l e a d m  create an excitement 
and share that  excitement with their  followus, p v m i t t i r g  them, also, t o  rise 
t o  higher levels. The follower8 hope some of the  benefit8 of the  endeavor will 
rub cff on themselves; this, in tun, happens and synergistically t h e  overall 
effort  results in an unpolarized win/win situation wherein al l  parties involve? 
productively come out ahehd. 

Leaders not only seek improvement in their  organizatims; they 
continually seek improvement in themselves. They are highly creative, 
particularly with respect t o  themselves and their  lives; literally, they are - 

taiented art ists  who make themselves their  own greatest masterpiece. In 
essence, they are on a self-propelled collision course with their  own destiny. 

Being very people-oriented, ieaders value and welcome the  abilities 
and potential of their  followers. In contrast t o  fearing and competing with 
their  subordinates, leaders seek out and enlist their  subordinates' full efforts, 
encouraging them t o  also expand t o  their  limits. Thus, in an organization 
embodying outstanding leadership, ttere is minimum rigidity, fear, politics, 
and gamesmanship; intrinsic, not extrinsic motivation is  the  norm. There is 
both high productivity and a high esprit d e  corps. 

In summary, leaders bring out the  best in ptople and organizations. 
This i s  laraely because l e a d e n  elicit strong, positive, emotional reactions, 
and people fulfill their needs and grow under effective leadership. Such 
leaders are highly proactive and flexible, focusing on the  horizon and beyond, 
continually alert  t o  symptoms, portents of change, and opportunities. Their 
nevu-ending search is t o  discover the  possibilities and potential in everyone 
and everything encountered. They have an uncanny knack of cutting through 
complexity, providing practical solutions t o  difficult problems, successfully 
communicating these solutiom t o  others, and instilling enthusiasm and a 
"can-don at t i  tude. Through such leadership, organizations are dynamically 
transformed - t ~ e r e  is a strong sense of mission and excitement with people 
a d  operations propelled t o  peak performance. (See Figure 3 for the  Profile 
of Outstanding Leader.) 

EUGBISS AIRCRMTS APPROACH TO ACBlEVING FULL POTENTIAL 

Hughes Aircraft Company is taking an aggressive, multifaceted, 
systems approach t o  achieving full potential; focus is on total  quality, with 



primary attention t o  product quality. The company believer that  t o  produce . 
a high quality product, emphasis on quality must be inherent in every facer of 
the organization and every segment of the  product's evolution, i.e., quality 
must be foremost in the  mind of every manager and employee - it must be 
designed, planned, mud built into tbe product. 

The company feels that, collectiaely, i t s  management and employees 
are by fa r  i t s  most important n r o u r c e  in achieving full potential; therefore, 
particularly great emphasis ir being placed on this facet. Other important 
facets  include focus ox: effective marketing and contracting practicer, IR&D, 
optimization of design pcesscr, value engineering, product effectiveness, 
improved manufacturing technology, integrated CAD/CAM, effective 
procurement practices, employee involvement programs, performance and 
cost-improvement systems, upgrade of facilities and equipment, etc. 

The company's overall operations improvement effor t  is 
orchestrated by a corporate-chaired council membered by senior 
representatives from each of the  major operating activities throughout the  
company. The scope of this article, however, is not t o  encoxi~pars t h e  overall 
improvement efforts  within Hughes, but t o  focus on a particularly critical 
element, managerial productivity. 

MANAGERIAL PRODUCTIVITY 

Hughes recognizes that  the key element in achieving and sustaining 
high productivity and product excellence is i t s  management team. Therefore. 
i t  i s  striving t o  develop the  most productivity-conscious and productive 
management team possible. To help accomplish this objective, the  position of 
Corporate Director of Managerial Productivity was created. Basically, the  
charter  of this position is t o  develop the  highest caliber, totally committed, 
productivity- and quality-conscious management team possible. The primary 
vehicle in achieving this end is  training. 

PRODVCTMTY COURSES 

The initial productivity training thrust a t  Hughes was a long-term 
series of voluntary, after-hours courses for line and staff  managers. Four 
basic courses were provided. comprised of 25 class-hours each. The four 
courses focused respectively on (1) personal productivity, (2) managerial 
productivity, (3) organizational and operational productivity, and (4) erfect ive  
means of combating counterproductivity. A particularly valuable adjunct t o  
these courses was that  ei ther the  Chief Executive Officer or President of 
Hughes Aircraft Company personally joined each of the  classes for  one of the  
ten evening sessions. 

After personally teaching more than 1,000 hours of such classes, the  
author recognized t h ~ t  a more streamlined approach would be necessary in 
order to  reach all the  management of a company comprising 77,000 
employees. Furthermore, although the classes were always fully subscribed, 
i t  was evident that  those managers already predisposed t o  productivity 
improvement were more likely t o  voiunteer than those most needing the  
training. 



PRODlilCTMTY SEMINARS 

A transition was, therefore, made from voluntary, after-hours, 
productivity courses t o  a long-term series of mandatory, of f-site seminars on 
personal, managerial, organizational, and operational productivity for  all 
levels and sectors of line and staff management. The content of these tight, 
fast-paced, one-day seminars, which are conducted during normal working 
hours, is a distillation of the  100 class-hours of material contained in the  four 
original productivity caurses. The cantent of the  seminars i s  additive to, and 
compltments the material contained in the  study report, RLD Productivity; 
the  a ~ t h o r  strives t o  minimize redundancy realizing tha t  seminar participants 
have either read the  report o r  can do so  a t  their convenience. 

The seminars are not intended t o  constitute a "cookbook" approach 
t o  productivity improvement, nor is there  any a t tempt  t o  cast  participants 
into a common mold, Quite t o  the  contrary, at the  start of each seminar, the  
author points out that  managers should develop and maintain their  own 
personal style of management, and particularly their  own unique style of 
leadership, adding and subtracting to  that  style only as  they, themselves, see  
fit. Therefore, t h e  seminars do not present a productivity gospel; rather,  
they provide a sharing of insights and ideas. The intention is t o  (1) develop a 
dedicated commitment t o  leadership and productivity throughout the  
management team, ( 2 )  provide team members a credible roadmap and useful 
tools for implementation, and (3) stimulate team members t o  take effective 
productivity improvement actions with respect t o  themselves and t h e  
organizations they manage. 

Productivity improvement cannot be  dictated or  legislated from the  
top. Those a t  the  head of organizations can be highly productive themselves, 
set  noteworthy example, and be catalytic in enhancing productivity down t h e  
line. However, peak organiza:ional productivity will only be achieved when 
each manager stimulates productivity improvement within his or her  
respective organizational sector, with all subordinates performing 
productively in their incumbent positions. 

To date,  the  author has conducted more than 100 seminars within 
Hughes iavolving ~ e v e r a l  thousand members of company line and staff 
management. As described below, a typical seminar 18:30AM- 4t30PM) is 
comprised of four modules of approximately equal length. 

She first semmar module establishes an  awareness, understanding, 
and comaon  vocabulary among the  participants. It deals with the  anatomy of 
producti '~ity, i.e., what is i t ,  why is i t  crtically important, what a re  the  key 
factors that  impact i t ,  how can i t  be evaluated, and, of greatest  importance 
on an overall systems basis, how can i t  be improved. 

The second seminar module focuses on managerial, organizational, 
and operational productivity. A number of key counterproductive factors 
common within organizations are identified and analyzed, with focus entirely 



on effective managerial techniques of precluding or combating such 
counterprocluctivity. Of the  many roles and responsibilities of management 
probed in this module, particularly great emphasis is placed on leadership and 
means of ~nhanciaij  it. . 

Module #3 

The third seminar module focuses on personal productivit,;l. A 
number of counterproductive factors commonly experietced in one's personal 
and professional life are identified, with the  entire emphasis on effective 
means of precluding o r  combating such counterproductivity, In ccnducting 
this portion of the  seminar, the  author draws upon more than 30 years of 
research on productivity, leadership, management, motivation, creativity, and 
professional self-development. Much of this research f o c u s  o r  the  diaries, 
notebooks, and personal journals of uncommon leaders and c r e a t i ~ e  giants 
who have withstood the  test  of t ime and uniquely stand out in history. Such 
materials, never intended for  the  ayes of others, clearly reveal the  core of 
motivation and creativity that  drove these unique individuals t o  the  pinnacles. 
The author identifies the  many common denominatom among these individuals 
and synthesizes these factors into an a c t ~ o n  plan which one can follow in his 
o r  her pursuit of professional self-development and excellence. Because 
personal productivity and creativity totally complement each other, and since 
creativity is a key ingredient in leadership? much attention in this module is 
focused on personal creativity and means of enhancing it. 

Module +4 

The fourth seminar module comprises a pa r tk ipa twe  workshop on 
identifying an organization's major sources of counterproductivity and 
formulating constructive means of combating such counterproductivity. The 
workshops a - e  completely positive in nature, based on concensus and 
constructive discontent. The participants recognize that  there are already 
many highly productive factors within the  organization (these also are 
identified); the objective is t o  make the  organization even better. 

The workshops have proven v e q  effective within Hughes and the  
many other organizations for which the author has conducted seminars on a 
consulting basis. One might assume that  most organizations' lists of major 
counterproductive factors would be very long; however, the  opposite tends t o  
be the norm. Nevertheless, t h ~ s e  lists, although relatively short, are 
extremely important and should be judiciously dealt with in :he productivity 
improvement process. 

VALUE OF THE SEMMARS 

Participants' reaction io  the  seminars has been particularly 
favorable; cn the  anonymous evaluations conducted upon completion, 
participants consistently r a t e  the  seminar highly. Utilizing a scale of 1-6, the  
overall evaluation of the several thousand seminar participant; within 
Hughts, t o  date, averages between 5 and 6; the  ratings of seminars conducted 
for outside organizations is comparable. Of particular significance, 97 
percent of all the managers who have participated in the  productivity 



seminars within Hughes and the  many other industrial, commercial, 
governmental, and academic organizations for  which t h e  author has 
conducted seminars have recommended that  other members of their  
organization's management participate in subsequent aeminuo. Tbrough such 
endorsement, a domino effect  is being achieved which is  very important when 
striving t o  make productivity improvement a n  integral part  of t h e  daily way 
of l ife throughout an entire organization. 

Further confirmation of the  seminars' value ir reflected in the  
thousands of written comments submitted by participants. Typical arc: 

"Best seminar that  I have attended; really helpful, all 
people in managemest should attend." 

"A must for anyone who has a desire t o  become a leader." 

"I've applied rsome of the  principles in my daily routine and 
had the gmates t  results with excellent feedback." 

"This seminar was very successful in motivating me. I 
believe my increased motivation will be contagious t o  the  
people working for me." 

"So much information, t o  well done - a wealth of ideas t o  
integrate into a productivity improvement effort." 

"Reawakened my desire t o  motivate my people t o  increase 
our total  effectiveness and enjoy the  fun of doing it." 

"Exceptionally strong reaction - energizing and motivating 
- I feel as if I will go out and go, go, go!!! 

Recently, an extensive sample survey of past seminar participants, 
both within Hughes and outside, was conducted, t o  determine the  long-term, 
lasting value of the  seminars. Although considerable t ime had elapsed since 
they participated (several months t o  several years), the  large majority of 
respondents (more than 80 percent) still  look back on the  seminars a s  being 
highly effective, and feel their personal productivity and that  of the  
organizations they manage has been, and continues t o  be, enhanced as a result 
of the  seminar. 

A CLOSING NOTE 

The approach t o  productivity improvement must be totally 
professional, avoiding all gamesmanship, fads, and buzz wordr. A well 
qualified, highly motivated and dedicated management team - an 
enlightened, people-oriented management team -that optimally deploys the  
organization's resources, particularly the  human resources, is the  ultimate 
foundation upon which t o  productively and creatively build. 

The productivity seminars - which are continually evolving and 
improving - are making a valuable contribution in this regard. To inspire the 



work force t o  higher levels of productivity and creativity management, itself, 
must first be inspired. The primary goal of the  seminam is  t o  r p u k  that  
inspiration, enabling dedicated commitment and productive action t o  follow, 

An economic renaissance is critically needed. The effective 
chemistry for  such a renaissance requires a synergistic blending of 
people-oriented leademhip and a stimulating, creative climate. Only under 
ruch conditions can - and will - people put forth their  beat efforts. 
Management's most important responribility is t o  establish the  climate 
necessary for this renaissance and provide the  uncommon leaderahip t o  p u t  i t  
all together." 



BOX 

HUGHES PRODUCTIVITY STUDY 

' This continuing productivity study, now in its thirteenth year, encompasses not only the 
traditional research and development functions, but all the key interfacing activities; 
e.g., merketing, contracts, finance, procurement, manufacturing, information systems, 
human resources, industrial relations, and support services. To date, the study has 
involved the active participa~on of 56 major organizations in industry, government, and 
education; the services of 28 prominent consultants; surveys of mclre thon 3,500 
managers, and an sxtensive literature march. In addition, part~cularly valuable source 
material has been derived from the candid insights of many thousands of managers who 
have participated in the author's productivity courses and seminars. 

A book-type .study report, R&0 Productivity, was published in 1974 and a second 
edition in 1978. Although the report focuses on technology-based orgenizations, the 
vast majority of its findings are applicable to  all types sf organizations, and, therefore, 
the report is used as widely in the commercial, pmnmenta l ,  and acadumic sectors as it 
is within industry. Robert M. (Bob) Ranft: has dirscted the study since its inception and 
authored the study reports. 

To date, more than 20,000 copies of the report have been utilized within Hughes and 
more than 125,000 complimentary copies have been shared with interested industrial, 
commercial, governmental, and academic organizations throughout the world. Some 
20,000 U.S. corporations - including 95 of Fortune's top 100 corporations - have 
acquired the report, as well as some 1,000 foreign companies in 5 0  different countries. 
A lwge number of these organizations are using the report in their internal management 
development programs, and more than 100 universities have adopted if for use in their 
curricula. The report is retained by more than 700 libraries throughout the world and has 
been translated into a number of languages. 

Hughes will be haopy to provide complimentary copies of ZaD Productivity to interested 
individuals as long as the supply lasts. Requests should ble addressed to R.M. Ranftl, 
Corporate Directx of Managerial Productivity, Hughes P,ircraft Company, P.O. Box 
1042, FI Segundo, California 90345. 
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OPTIMAL PSYCHOLOGICAL WORK ENV'SONMENT 

Skilled and effectwe management and leadership with outrtanaing people in key 
positions. 

Clearly identified organizational objectives and performance gods. 

Simple organization structure featuring clear lines of direction. 

High standards clf staffing. 

S~mplicity in all operations. 

A stimulating. open, creative climate where everyone can be oneself. 

1 Meaningful, challenging assignments. 

A high degree of personal job freedom. 

Minimum constraints, procedures, and red tape. 

A prevailing sense of equity in all operations. 

An absence of feL politics, and gamesmanship, and the avoidance of any 
connotation of "insiders" vs. "outsiders." 

The absence of a caste system, i.e., the differentiation between first-and 
second-class roles within the organization. 

Equitable, parallel promotion ladders. 

An equitable system of incentives and rewards. 

A climate conducie to career planning, wherein job security is directly tied to 
contribution. 

A prevailing "can do" attitude coupled with *he spirit of "t11;iking improveme:n 
into everything." 



FIGURE 2 

PRODUCTIVE MANAGERIAL STYLE AND TECHNlQUE 

Maintain high performance standards promoting per?onnel and product excellence. 

Mdke a genuine effon to understand subordinates; know their etrengths md 
weaknesses, their primary rources of motivation, their career gods, Mc. 

Effectively integrate ttte abilities of all individuals within the organization, matching 
them to the jobs for which they are best suited. 

Delegate authority, decision making, and control as far down the organization as 
practical. 

Manage by expectations; set high standards and high expectations, and encourage 
subordinates to achieve them. 

Ir,volve subordinates in planning, goal setting, and decisions that affect them. 

Let employees demonstrate their capabilities and grow professionally; help 
subordinates prepare themselves for jobs to which they aspire. 

Maintain light pressure on subordinates to produce, keeping them fully, but not 
excessively, loaded with work. (This must be done skillfully - mild pressure 
properly applied can stimulate productivity, but excessive prassure can eastly 
become counterproductive. 1 

Avoid (1  1 trebting all tasks as maximum efforts or special cases, i.e., "crisis" 
management, (2) rush end overtime followed by aeiiiy, cnd (3) surprise and 
unexpected changes. 

Be available to subordinrtes througb an open-door policy, and make it a point 
occasionally to informally drop by their work places. 

Provide subordinates feodback on their performance; recognize and reward 
achievement; cite mistakes fairly and tactfully. 

Make a special effon tc help suborrlltlirtes who are deficier~t in certain aspects of 
their jobs. 

Assure that no facet of the organization or ~ndividual gfjU short-changed or 
overemphasized, representing equitably all subordinatgs and their work to higher 
management. (Whenever possible, have the person who originated a unique idea or 
did 4 particularlv outstanding job be the one to brief management.) 

Be sensitive to factors that cause employee disxatisfaction and frustration; get to 
the root of such factcrs a d  resolve conflicts in a timely manner. 

Serve as a buffer to protect subordinses irom many of the daily administrative and 
operational frustrations. 

Maintain an effective flow of two-way comm~mication, keeping employees informed 
of the broader aspects of the organization's operations. 

A v ~ i d  imposing personal standards on subord~nates and "oversupervising." 



FIGURE 3 - 
I* 

Sets r partlculrrly poai\ive e n r y l e  ma 0 paraon. Tha OutrtMdlng b.d.r erMMts charmctwlrticr t h r t  a t m p  
h~mlher or r "-on of note. 

Typicrl ocscwotionr: 
l Is unusurlly :ompetmt 

HIS quel~ty and ~ ~ k n a s s  of mind. 
Ir prrt~cularly cnr t lve .  innovrt~ve. end mmtrr- 
d ~ t ~ o n r l  - r unlgue i n d l v h r l 1 s ~ .  
l la h~gMy &elf-mot~va*",d. art:-conbldmt. and 

r d f  -dlnctlng. 
l Her srtremet high integrity, vWes,  and st&. 

rrda - rtrnda rbove orgenczrtionr! ~o l l t l c s  rnd 
grmerrnrnshr~ 
Has unusually t n ~ h  motwer - Ir dedicrrad - 
has r t ~ r m  s m r e  of purpose and commitment - 
Ir never self-aerv~ng. 
l Has s stronq pomtlve or len t r tm.  

l Dbplrym totel self-cammnd. 
l HII r high b v r l  of fbmorvrd df - rOrpcct  Hwi 

wl ' -estnm. 
l Aoceptr thr rdr of (rrd.r wlt5 w l r t e  

hurnlllty - rcr(oy8 ttw r o k  atd h tkrb 
w;erptmd r a hnkr. 
l lr w1111ng t o  work h.rdur than oth.r m r m k r e  of 

t b  term. 
l Hm p.rrkulerly Mgh vhohy, r t omhr ,  m d  

r.Hlv, w r g y .  
l 18 contlnurlly w#rcMnglkerlngldrv.kping~ 

exp.ndlnglevglvlng. 
l Ir I "wlornr " 

I Taker r dvnrm~c rppromch to  ectlvltlcr The outriend~ng larder r p p o u h o r  t n r h  wtth vmwe rnd mthurl- 
ram. IS r lw rys  ornnted toward Improvermnt. 

Ty(ncr1 observat~onr: 
Is rct~on-nr~ented - han r compell~ng drwe to 
eccompl~sh r n d  echnve. 
l la quick to  SIZO up  the merit of mclple. ~ders.  

a d  opportunltles 
l Uses r persurstve parronrl~ty rather th rn  force 

of power to  get thlngs done 
Ir tenrclour - aorsoveres In the t rce of obstr- 
cler -- r lwovr  $re$ th~ngs throrrgr to succers- 
ful complet~on. 

l Is d w r y s  willlfw~ to  "nmd up end k coumod" - makes rwfrrrry dmchlone m d  bcv . whet 
her to  k done. e v m  th-h much or may 
be unpopular and r e r h  )n odv r rw  c. ~~ l c r r rn .  
Cont~nuelly swka  new art4 bolter weys. 
Ie r visionrry - iu unuaurlv nkilkd I? prrdrl 
~ n g  future technologlcd and oporetbnal mads 
r n d  rpp l~cr t~ons.  
A lw ry r  roes m w  chrlbnges and u w  fmlds to  
conquer. 

C lngr  out the best In people. Gettmg p.ople to  do tho11 bast and to  work tOglthor ef f t~ct~vely Is r apocirl 
talent of the out r t rnd~ng Iem4er 

Typ~c r l  obrervrt~onr 
Is strongly people-oriented. 8 m g s  adout dynamic ~ # y m r g i r n  vurthin groups. 
Exh~bttr greet respect for hut; r n  dign~ty. Is r l~mul r t ing  r n d  catalytic - iru~tillr en thus^. 
Is pen~culrrly rkllled In m o t ~ v r t e n r l  proceaaea a rm - rneintrins exciting orgrnizrt iorul 
md In derllng wl th people. cl imrts -- commun~ceter r "con-do" m t u d e  
drr well def~ned, mornlnpful goals and suc- in all r c t~on r .  
cestfully lnsptres rs roc~r ten tc  h l p  rchleue Helps rubord~nrte* rchreve tho11 full p o t m t ~ r l .  
them 

a Has conf~dence In prop1* md ef;ect~vely com- 
munlcrtes that confldunce. 

Drmonstrrten great rklll In dlrectmg day-to-day opwrtionr. The outrtrndlng 1erd.r exh~bl t r  unurur l  r b ~ d y  
n dynam~cslly d l r u t ~ n g  oparrttons for m r x m u m  rorutts. 

T v p ~ u l  observrtmns 
Concepturlly lntrgrrtes rll facets of the oporr- l h n r r  whet m ~ g h t  go wrong a d  dmvolopr 
tmn ccmt~ngency plms. 
l b s  r strong sense of tlmlng end hmnr - wcu-  l Mrlntr lnr  r:ontrol of ell rltuetmnr, wrforming 

rrtoly sensrs "when" and "how much" m wflh relrtive emre durmg t inns  of stress. 
a rch a~turtton. O~rplmyr rbn "alogrnt" stmpl~c~ty ~n rll r c t m s .  
l H n  m uncanny knack for cuttlng through 

cornplexrty - e f f ~ c t r v ~ l y  sorts out Irrrlevrncns 
end ~dsnt~f lea the real drlvlng f rc lorr  - pro- 
vdos p:rctlcal ro lut~ons to dlfftcutt problems 
and ruccersfully communlcrter there rdu t~ons  
to  others. 

L 
Roprlntod from RLD hodurtlv~tv Copvnght c l  974. 78 RobN M Ranftl. P 0 Boa 49802. Los Angales. TA WO*@ 
NOTE Tho "Pfof~lo of an Outltodmg Loodw" 18 rctuolly burlt on 0 fou.dar~on of two ot%*r proftlor, tho "ProfJo of l 
Roductlve Emplovoo" and the "Proflla of 8 Prodvc tlvo Monrgor". The comgoslte can b. v u w d  as three conc*ntrlc 
cwcles w ~ t h  th* "Prof~le of a Productlvo E mcdoyee" at the cmter. surrounded bv the "Profll. of a Producttvo Monwer" 
md the "Rof~l*  of m Outstandmg Loeder" c~rcumscrtbad around tko othof two Naturellv. no wngle ~nd~v~dur l  cdloc. 
IIVOIV encompelses 011 tho tralts 111tod In the t h r n  prof~les Rother. thc profllos ptov~de a ahoppng 11st af trs~ts from 
wh~ch one can reloci I or her unlaue Dursuct of re1f-O~volo~menl. Unfonunotely, spec# dws not p.rmlt reprlntmg of 
tho two sore prof~lo~ ~y con, hawaver. C. found ~n tho study repon. RhD ProkKtlvltv. (S.0 00x1 
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Integration of Autocratic Speech Recognttion into spacmcraft system 
is under study a t  NASA's J W n  Space Center *re Qvelaplent (d S h t t l e  
OrMter enharamnts and cumqt designs of Spae Station are be* coocblcted. 
To denromtrate the capabilities of a n  ASR device i n  a spce aperatim en- 
vironunt, an tqxximnt w i l l  be flam to control the Orbiter's CClV systm 
ly tb Voice CcPrmand Systen CJCS 1. 



The Voice Camnnrrl System exprlnrent padrage wil l  m i s t  cd a W 
systen interface, a a x t m l  pd, and an ASR &vice. Figure 1 s b  tb 
p i a m  a£ the VCS mit ilt the OrMterls AFT flight &&. 



The objective af this eqerhmt is to b m t r a t e  the effectiwness 
of w i a  entry to tk &id- a d  p r b t i v i t y  cd tk c ' m r  
w N e  reducfng tte tadc hmkn. Since A S  ckvfcm are tools t o  w w t e  e d  
system arrl are mt in  of thmdw an d sfretan, t M r  effedivemstl is 
masmed s u 3 j e d i . d ~  bj hw the --rator perceiwa th egstemls effectiwness. 
A - d y g p a l @ m r r m g f a F l b t t e u e e r d i d m c a n t  
i t t o w o l k  o r p e r o e i v e d m a d . c a n t a g e t o ~ t h & v i ~ W h F l e t p e c h i s  
a natural a d  amedent netbd d epsttm, ft is ahten applied 
unnaturally. For irWance, the umtraints ad an isolated mq#zer to say 
words one a t  a time with peuees, be a tddensnm when co~~roliing a systen 
that qu i res  a ccndhms st= d armada. As an emqk,  tk post office 
ndgJ-~ use mice reccgnition to help sort d. The aperator would tsre a le t ter  
or padcage, 4 th zip  code a d  Lt tte canplter &tendm the sort*. It 
d d  be less efficient to say the zip  code one miher at a tinre ratkr t b  
tk full sequence. 

Otkr factors tbt influem tk acceptability and perfo- of an 
ASR device are: 

o Plysiological o Psycholcgical o Emrirmntdl 
0 age o mtiwf3.m o rrrlse 
o sex o a t t ibde  o atmospkne 
0 fa- o stress o pressure 
o &alect 
0 health 



One d q w  pr;t.'em to this application d wioe control i s  the effect 
of ndcm-gmvity on tk hmtln speech mechanism. Poesible effects indude: 

Recognitim d t s  are best on a dependent &- vhen traLned in 
th? ernrirorment i t  is to tE used in, 'Fhe plysiolcgfcal effects encamted 
b3.t-g a adssion can only be shdated.  'Ihe~ndcnrgmvlg cmf~ilnaent aund 
be. HaJewr, t'e aukdent noise on th slut* has been lpeasl0e.d &rirg flight 
ty a m d  l e d  mncys conScted on th f i r s t  the Spaoe Shrttle ndsaiom. 
This naie can be recreated for training patterm i n  a f lQhHyp ermirrxment. 

Psaible future appllcatiors for mice 5put/cutput i n  a Space Station 
b i g n  i.ncl&: 

o Contml d c l d  d r d t  television grstem 
o I d o m t i o n  retieval bj audio respore 
o Systens &out nad wrification 
o hta retrieval M n g  EJA 
0 Gmtrol a€ mtntics 
0 - r y v *  
o Mainterrance and repair aid 
0 Systtm c o r d ~ t i o r r  

Voir3e entry can be applied qually we11 to gmmd operatiom with sitnilar 
q>Ucatlom. The technology i s  emlving to include law wcatularies 
(10,00(H words) with qedcer idepenjency. With the added capeMl l t y  of 
natural *ge processing, mice IR) rmy achiew the mmmchhw carrmnica- 
tian aMUty thet resembles the hmrurtoturmn ccmndnication. Yet, such gala 
are still &iw. 



R d t s  fmn the flight experiment wlll be mea~uted fran the Voice 
Cmd Syetem'e =ry to &tennine the accuraq of tk ASR in fllght a d  
frcm tte subjedive repcrrirg d the c m r / a p e r a t o r .  This f1mfx.I.m 
a f l c ~ t i o m d ~ ~ t L o n t o a B p a c e c a s f t e m r i m c m e n t d l l b e a f o ~  
nrmrer rn & d c p i q  atamlard vdce I/b for Space Station ad future NASA 
projeds. 

WilUamT. Jordan M \ R d  his B.S. i n  Electrical Englneering fran the 
Uniwlsity cd Texas in May 1980. He !ma ainm bren cnplqed bj th h'aTatiod 
Aemrrutics and Space A&dnlstradon a t  the Lyndon B. Johnson Space Center 
in  Houston as tte Project E r g b e r  on Vdce Caormrded S j c ; t . .  



GROUP STRUCTURE AND GROUP PROCESS FOR EFFECTIVE 
SPACE STATION ASTRONAUT TEAMS* 

John M. Nlcholaa, Loyola University of Chicago 
Ronald S. Kagan, LaJolla, California 

ABSTRACT 

Space Station crews will encounter new problems, many derived from 
the social interaction of groups working in space for extended durations. 
Solutions to these problems must focus on the structure of groups and the 
interaction of individuals. A model of intervention is proposed to address 
problems of interpersonal relationships and emotional stress, and improve 
the morale, cohesiveness, and productivity of astronaut teams. 

THE CHANGING NATURE OF SPACE MISSIONS 

With Space Station, the nature of American Bpace missions will 
change. One difference is that NASA will be shifting from missions of 
relatively short duration to operation of a permanent, continuously- 
occupied platform. Astronauts will be living and working in space for 
weeks and months. Interplanetary missions of the future will take years. 

A second difference is that Space Station will increase the size 
of the ongoing crew complement. The preliminary design plan calls for six 
to eight people llving and working for 90-day stretches in 300-mile orbit. 
The number of people in space for extended periods will continuously grow 
as Space Station is expanded and others are built. 

Third, the makeup of astronaut crews will be different. For two 
decades, NASA selected highly trained and disciplined military test pilots, 
men who would do as they were told and consistently perform well, even 
under extremely stressful and hazardous c~nditions. In time, NASA will 
rely more and more on industry and academia for its astronauts. Whatever 
their expertise, one thing is certain: future space crews will be made 
of Different Stuff, different both from the astronauts of yesterday and 
different from each other. They will also devote much less time in prep- 
aration for space flight, so not only will they be different from the 
start, they are likely to stay that way as astronauts. 

*Appreciation is extended to Gustave J. Rath of Northwestern University 
for his helpful comments. 



Finally, more decision making and problem solving will be made 
in space by teams of astronauts themeelves. Thus far most work in space 
has been performed according to schedule and checklist, and with the 
assistance of Mission Control. As man stays longer in space, more con- 
tingencies will arise and more judgement will be required by astronauts. 

New Missions, New Problems 

As the size of teams and amount of time they spend in &pace in- 
crease, so does the likelihood of dysfunctional group behavior- Behavior 
of heteroge~eous groups of six or more in extended isolation is different 
than that of two- or three-man homogeneous groups, so problems can be ex- 
pected that were not seen on earlier U.S. space missions. Informal pat- 
terns of behavior common to workgroupswill arise in apace. Looking at 
small groups in confined, isolated, and hazardous conditions on earth and 
aboard Soviet and American space vehicles suggests some of the kinds of 
soc!al./p~ychological problems expected aboard Space Station. Unfortunately, 
most observations have focused solely on physiological and psychological 
responses; few studies, and none in space, have been directed at group 
behavior. 

Consider, for example, research centered on groups of scientists 
and Naval personnel at remote stations in Antarctica. Among widespread 
emotional problems reported during winter isolation are sleep difficulties, 
headaches, "feeling blue ," feeling lonely, and irritability and annoywr-c 
with others. Studies of group behavior show clear evidence ~i deteriora- 
tion in social relationships and work effectiven.~,~~, particu3ar:iy during 
the latter part of confinement. Groups ieporting the greatest decline in 
teamwor~ and efficiency a l w  hdve the greatest persistent difficulty in 
keeping essential equipment operating, the most frequent open conflict 
among members, and the lowest morale. 

Stress symptoms reported in confined, isolated groups on earth are 
similar to those observed on U.S. and Soviet space flights. Co~imonauts 
report that interpersonal hostility starts to develop after about 30 days 
in space. Hostility also develops between the space crews and n,dssion 
control; cosmonauts report being relieved when communications with earth 
were interrupted. Interpersonal difficulties on U.S. flights also produced 
problems: conflicts on some Apollomissions resulted in faulty or scrubbcd 
experiments; ineffective communication among Apollo crew member€ caused 
near-fatal mistakes on reentry following the Apollo-Soyuz linkup [ I ] ;  and 
on Skylab IV, a frustrated, overworked crew went on strike six weeks into 
the mission. 

Space is a high-cost, high-reward environment. Costs include 
overcrowding anddaily reminders of physical danger; rewards include 
recognition, pride, and adventure. For groups in hazardous conditions 
such as space, the costs--being physical stimuli--are relatively stable; 
the rewards-mostly subjective--are unstable. Radloff and Helmreich [8 ]  
believe that "pioneering" groups adjust and perform well because the per- 
ceived rewards of the mission exceed the costs, but they predict that as 
time passes, the cost-reward ratio will be altered so that costs excesd 



rewards. As space travel becomes more routine, rewards may decline more 
rapidly than the costs. More personnel will be needed, and they will be 
younger and less-experienced. Not all of them will view space flight 
with the same sense of accomplishment and adventure as earlier astronauts, 
nor will they be as prepared, Radloff and Helmreich predict that combined 
changes in the quality of the personnel and in the perceived reward of 
routine work in high-cost situations will result in personnel problems and . 

declining teamwork. 

Teamwork is important to productivity. Astronauts' ability to 
work together effectively, and to adopt and develop formal and informal 
mechanisms to improve their working relationships and group output is 
vital to the success of Space Station. With the estimated cost of a 
human work hour aboard Space Station being $80,000, there .-.ust be con- 
siderable emphasis on productivity. Yet the stresses on teams living 
and working in space have very high potential for inhibiting communication, 
instigating hostility and conflict, and reducing productivity. 

Current Approaches 

NASA is taking amultifacetedapproach to these problems, includ- 
inn ~ P C Z C ~ , ~ U C  selection and crainlng, and human factors design. The U.S. 
and Soviets use psychological/psychiatric guidelines for the selection 
of people with the greatest likelihood of adjusting to the stresses of 
space flight. Both space programs emphasize individual-level solutions 
to reducing and adapting to stress, including relaxation tecnniques, 
meditation, biofeedback, exercise, proper sleep and special diets. 

A second approach is ergonomics and human factors--designing and 
operating a space-habitat that is congenial to living and working in 
space. This includes attention to anthropohetric and architectural 
details of interior layout, lighting, textures, color, windows, and 
size and shape of living and working spaces. Private crew-member re- 
treats, control of noise and vibration, programs to encoucage sleep, and 
effective use of diet and music to combat monotony are examples of features 
being studied. 

Selection, training, and human factors address some but not all 
parts of the problem. First, despite their obvious value, these approaches 
ignore group-centered problems and solutions. A common, fallacious assump- 
tion is that the process used by effective work teams is natllral and even 
simple. But effective teams do not just happen; great skil; and under- 
standing is required by both the leader and team members. Even groups 
working under the best possible onditions on earth suffer from problems 
which hinder their abiiity to perform and limit their output. Secondly, 
current approaches ignore the social environment and individuals' need 
for "social support." Social suppor~--emotional concern, aid, and 
information from others--ie crucial to making social environments less 
stressful, more conducive to stress adaption, and more productive [ 3 ] .  

Astronautcrewstrainintensivelyunder conditionsds realiecicas pos- 
sible. They practice reaponbee to routine situations andcrisis cvents. Nowwe 



must ask: What kinds of skills and abilities should they have to make 
them effective ir. the long-duration, team efforts of Space Station, and 
how should these skills be acquired? 

The technology of applied behavioral science offers interventions 
to increase effectivenees of astronaut teams. This paper proposes an 
intervention model to insure that space crews, as teams, are functionally , 

and social "fit" for missions, and remain that way in space. 

APPLIED BEHAVIORAL SCIENCE IN SPACE 

Applied behavioral science in the  pace Station Program aims to 
improve the interpersonal effectiveness, stresshandling capability, morale, 
and productivity of crews and their support groupe on earth. It includes 
both prcactive and reactivemeasures--interventions applied in planning 
and preparing teams for space and again during missions whenever problems 
arise. 

The intervention model is based upon the technology of organization 
development and the use of social support in stress nsnagement. Organiza- 
tion development refers to efforts to improve an organization's problem- 
solving and renewal processes through use of applied behavioral science 
theory and techniques (see e.g. [ 4 ] ) .  Problem solving is how an organi- 
zation goes about diagnosing problems and making decisions; renewal means 
establishing and encouraging organizational creativity, innovation, flexi- 
bility, adaptability, and motivation. 

Organization development has six areas of emphasis in the Space 
Station Program: (1) It is preventive work rather than therapeutic; 
(2) it is an advisorv/su~~pestivg approach rather than authoritarian1 
directive; (3) it places hea-ry emphasis on instructis to astronauts 
about relevant aspects of group and interpersonal behavior; (4) it is 
based on &a collection about group performance and behavior; (5) it is 
oriented toward the Space Station crew !as a team) and its problems rather 
than individuals; and (6) it places prime emphasis on development of 
social-support skills and alleviation of social-related stressors, in- 
cluding interpe.:sonal and intergroup conflict, percc2tion distortions, 
poor communication, and low levels of truEt and openness. 

Behavioral science interventions focus on the structure of groups 
and the interaction of individuals. Structure includes the hierarchy 2nd 
formality of reporting relationships, roledefinitionof group members, and 
the degree of flex!'ility of the arrangement to accomodate the nature 
of decisions and cssks. Structure-ceqtered interventions for Space Station 
focus on both space crews and Mission Control. 

Interaction-centered activities, also referred to as process i:;:er- 
ventions since they concern the process by which groups interact and work, 
focus on interpersonal and intergroup communications, conflict resolution, 
decision making, and trust and openness among grou? members. 



Group Structure and the Technological Imperative 

Structural interventloris have been used to improve the performance 
of groups by tailoring the group'e size and configuration to alleviate 
structural conflicte which impede work. Research ehowb tk.at decentralized 
groupe are more adaptive to the uncertainties of thair environment and 
technology. As work becomes sore routine, centralized hierarchies are 
more effective. This supports the "technological imperative:" group 
form (its structurs) follows its function (or work)[9]. 

Group efficiency can be improved by adjusting grol:;l structural 
iharacteristics to suit the work. On a recent Shuttle flight, astronauts 
on R two-man team ran into technical difficulties while deploying a 
commercial satellite. After repeated tries, the team was enlarged to 
include a group on earth headed by Sally Ride. Normal communication 
titrough a central liaison was circumvented as Dr. Ride talked directly 
with the team in space. This new structure, decen~ralized for intense 
problem-solving, demonstrates the need for a variety of configurations 
'n space to handle diiferent types of tasks. 

Though the necessity for a shift in structure may be rscognized 
at the time, such a shift can cause problems with Aarity of responsi- 
bilities, stability of lines of authority, and morhle. The eituation 
becomes more difficult as line8 of authorLty must rapi~ly decentraiize 
to allow more creative problem-sclving behavior. Such a change might be 
interpreted as insubordination and be resisted hy the flight csmmnder 
or Mission Control. Future mission teams must be equipped with skills 
to interpret and work with shifting, slternative group structures. 

Group and Individual Process Interventicns 

The objective of process-ce2tered j-terventions in the Space 
Station F,ogram is to build cohesive work teams, improve methods of 
resolving conflict, and develop good interpersonal, comunication, and 
emotional support s~ills. Many of the problems and strebses of Space 
Station work inhere in group process--both within and between space crewE 
and terrestrial support crews. The organization development model deals 
directly with these problems in ways which individually-focused programs 
cannot . 

Groups which possess a high degree of c1o:qeness and solidarity, 
and a low degree of tension, hostility, and major conflict are eaid to bc 
cohesive. Cohesion may lead to more investment in the group, more commit- 
ment to group issues, a Sreater sense of personal recurity, and the desire 
to be a "good" team mem1,er. These alone seem sufficient for  wanting Space 
Station teams to be cohesive, but cohesion is also related to task perfom- 
ance. When groupc strive for high performance, t h ~  highly cohesive groupe 
perform better. They are also more adapta.ble to stresaful conditions: 
among military combat units in battle, thp norc cohesive units generally 
perform better. 

What can be done to incre.de a crew'e cohesiveness? Two contrib- 
tting factors--frequent interaction among members and group prestige--come 



already built-in to space station teams. Cohesion nay be further enhanced 
by selecting people more likely to get along--those with similar values, 
personalities, a3d norms, and evaluating and rewarding them based on group 
performance. Other factors needed for cohesiveness--mutual trust and 
support, and agreement on tha thrust and direction of the team--are fre- 
quently absent in groups, but these can be developed and strengthened 
through organizatim development interventions. 

On the negative side, cohesion may cause members tn be more con- 
cerned with the group than with the purpose for which it exists. Mesbers 
choose to ignore the negative aspects of the group cr are unduly influenced 
by other members of the group. This malady has been termed "groupthink;" 
its symptoms and effects have been well-documented [5]. On Space Station, 
this could lead to crews deviating from mission objectives or ignoring 
directives from mission control. Occasionally such autonomy may be neces- 
sary and desirable. but frequent excursions into group-think could result 
in poor decisions or even disaster. These problems are acknowledged and 
dealt with in organization development interventions. 

THREE-?RASED PROGRAM 

The intervention model uses a three-phased program of training 
and teambuilding, process consultation, and transition debriefing. Action- 
researcl. oriented, the program is directed at maximizing mission-team 
effectiveness and productivity by minimizing dvsfunctional group behavior. 
The intervention techniques, al-hough new to the space program, have shown 
substantial success in a wide variety of settings (see e.g. [2,6,71). 

Phase 1 -  Pre-Flight Training in Group Procesc and Srructure -- 
Pre-flight trainin: is aecessayy to provide crews with learning 

in grodp dynamics and structure, leadership, and interpersonal relation- 
?hips. Sone training should be done in unstructured groupsessions,where 
the group !s allowed to "evolve," sometimes into an informal structure, 
sometimes into disintegration. The trainer encourages individuals to 
explore their feelings, behaviors, thebehaviors of others, and the effect 
of thrse or! the group. This training can be combined with cognitive 
lectures, structured exercises, and role plays to enhance learning and 
relate it directly to the mission environment. 

To help rcduce structural conflict,, crews must also learn con- 
cepts of group-structure analysis, including diagnosis, definition of 
alternatives, eva1ua"ion and selection of new structures, and implementa- 
tion and refinement. During training, crews learn to diagnose group 
structure, using responsibility charts and network analysis to highlight 
communlcation flows, subgroups, and power and control issues. Crews 
.lentify the most suitable configuration@ for e a ~ h  type of task, such 

11 as subgrcups, 13 aison arrangements, or group-leveling" for non-missiun 
activities. Each type of structure is yell-defined during training so 
as t.) il'icit a set of clear behavioral er~ectations during missions. 
Selection of a structural arrangement should be endorsed by the leader 
and nave the comitment of the group. Crews would learn how to walk 



through the pros and cons of alternative arrangements. Even though roles 
and structures should be well-defined prior to a mission, crews should 
be abie to quickly evaluate and refine the group structure to best suit 
unplanned situations. 

Group training also provides skills needed for astronauts to 
support one another in space. Among possible sources of social support-- 
work, nonwork, andprofessional, research shows work-relaced souices are 
the most effective in reducing work-related stress ( 3 1 .  In space, fellow 
astronatits are at once more accessible, more familiar with and similar 
in their experience, andmoreattuned to their unique problems than any 
external person can be. Nonwork sources of support such as interactive 
television meetings with family and friends should be counted as contrib- 
utory stress buffers, but not a major factor in bcffering or compensating 
for the effects of work-related stress in space. Few Americars I1naturally" 
FosEess good support skills; the competitiveness and task-orientedness 
of our society generally limit their development. Although emotional 
support is difficult to "teach" as a skill, groilp training provides the 
neczssary experience. 

Interpersonal and group skills in space will become more important 
2% mankind spends more time there. Notes Cosmonaut Valery Ryumin, veteran 
of two six-month flights, "We (the crew) must solve our problems together, 
taking into account the feelings of the other. Here we are totally 
alone. One m ~ ~ s t  bear in nind constantly the other's good and bad sides, 
anticipate his thinking and the ramifications of a wrong utterance blown 
out of proportion." [ l ]  

Pre-Flight Teambuilding 

Teambuilding is a proactive intervention to "develop" Space 
Station crtws and group support units into effective work teams and 
reduce the likelihood of many group problems ever occurring. Teambuilding 
+elps groups to maximize use of members' resources, develop a high level 
of motivation, reduce hostility and conflict among members, and overcome 
problems ofapathy--including loss of productivity and innovstiveness. 

Typical teambuilding uses data collection, group workshops, and 
a consultant to help the group analyze its behavior, diagnose its problems, 
and develop plans for becoming more effective. Data is gathered from 
thi :eam throughquestionnaires, interviews, or process observation about 
group tasks, group process, and interpersonal conflict. During the work- 
shop, the consultant helps the group understand and diagnose ita grcup 
process. The group develops a plan for becoming more effective and then 
works to implement the plan. 

Traditional teambuilding must be modified for Space Station since 
crews will not be stable. Some astronauts will be on board only once, 
others will be an rotation. The concept of a "Space Station team" must 
be altered, perhaps tc include all astronauts to be sent aloft in the 
forseeable future and key figures at Mission Control who will be in 
frequent communication with them. NASA astronauts would be involved 
in teambuildirlg seasions as part of their initial training. Then--perhaps 



every six months--teambuilding sessions would be conducted to include 
everyone scheduled to be 07 Space Station and at Mission Control for 
the following six months. 

The likelihood of "too-cohesiven groups developing is lessened by 
awareness of its symptoms and effects. Pre-flight training provides 
astronauts and support personnel with skills to recognize and deal with 
these behaviors, and teambuilding is cmducted so that any one "team" 
is not pitted against other groups with which it shares goals and must 
interact. 

Phase 2: In-FJ4ght Process Observation and Co~?sultation 

Process observation uses a skilled third party who observes the 
group and "feeds' data back to the group. She does not ~ffer "expert" 
advice, but "intervenes" to help the group use its own resources to 
identify and solve problems involving the task, the process used to accom- 
plish the task, and interpersonal conflict. The process consultant may 
be anyone trained in process observation and consultation, including 
astronauts or former astronauts. 

The process consultant is interested in the nature and style of 
communication, both overt and covert, the func~ional roles of group members, 
the extent to which personal needs are shared, activities directed toward 
holding the group together as a cohesive team, problem solving and decision 
making activities, the group's understanding and articulating group 
norms--especially the dysfunctional ones, and the group's understanding 
and coping with different leadership styles. 

A full-time process consultant is unlikely to be onboard to observe 
groups and provide consultation. One alternative is to monitor crews via 
radio or television, or collect data from videotapes, televised personal 
interviews or computer-assisted questionnaires. She would then provide 
feedback and counseling, in confidentiality, to individual astronauts 
or entire crews while in space to help them become proficient in self- 
monitoring and self-correcting their behavior. The feedback signal could 
be scrambled to insure confidentiality. 

How effective will "remote1' process observers be? This is diffi- 
cult to foresee since traditionally the process observer is present with 
the group. But tt.e time, budgetary, and physical constraints of space 
flight will require innovation and adaptation for kany interventions, 
including process observation. 

Alternatively, one of the astronauts onboard could serve as process 
consultant. This would be a NASA crew member with other responsibilities-- 
technician, engineer, mission specialist--but vho has been trained and 
has skills in process observation and in giving nonevaluative feedback. 

Groups must be familiar with process consultation before it can 
work. The pre-flight training in Phase 1 is good preparation. Ideally, 
everyone in tbre crew becomes a process consultant. 



Phase 3: Post-Flight Transition Debriefing 

A transition meeting is held at the end of a mission or when crew 
members are rotated back to earth. Meetings held onboard Space Station 
would serve several objectives: departing crew would (1) give emotional 
and performance feedback to associates remaining on the station, (2) obtain 
feedback about their performance, and (3) inform new crew members of vari- 
ous aspects of the mission. The procedure is aimed at reducing the 
temporary negative effect of introducing "novitiates" into previously 
established teams. 

Once back on earth, rotated members would meet with support person- 
nel from Mission Control for a feedback session, the intent being to analyze 
and correct any unresolved conflicts or issues, and reduce the likelihood 
of similar problems occurring on future flights. The process consultant 
for the mission should be present to help the group identify (or recall) 
and work through communication, interpersmal, or conflict issues. Again, 
process training and members' understanding of process-related issues is 
a prerequisite for ihis work. 

CONCLUSIONS 

A model of interventions based c?on organization development and 
social support is proposed to improve team morale, cohesiveness and 
productivity, and reduce problems of social interaction and emotional 
stress. The model uses training, teambuilding, process consultatlon, 
and transition debriefing in a three-phased program. Although new to 
the space effort, similar interventions have been substanttslly success- 
ful in other settings. The arguments and evidence in favor of the model 
are compelling, while the costs are relatively low and entail no major 
risks. Implementing the model does not require elaborate equipment nor 
take substantial time away from work activity. Initial efforts must 
necessarily be innovative and somewhat experimental, and invo!.ve col- 
laboration among behavioral scientists, astronauts, and support personnel 
at Mission Control. 
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SPACE CREW PRODUCTIVITY 
- A D r i v i n g  Factor I n  Space S t a t i o n  Design - 

Harry L .  Wo1 bers , HcDonnel1 Douglas Ast ronaut ics  Company 

ABSTRACT 

The c  ' t e r i a  of performance, cost, and miss ion success p robab l l -  
ity (program conf idence) a re  the  p r i n c i p a l  f ac to r s  t h a t  program o r  pro-  
j e c t  managers and system engineers use i n  se l ec t i ng  t he  optimum design 
approach f o r  meeting miss ion ob jec t i ves .  A Frame o f  re ference i s  d l s -  
cussed i n  which the  i n t e r r e l a t i o n s h i p s  o f  these p e r t i n e n t  parameters 
can be made v i s i b l e ,  and from which r a t i o n a l  o r  informed dec is ions csn 
be der ived regarding the  p o t e n t i a l  impact of adjustments I n  crew pro- 
d u c t i v i t y  on t o t a l  Space S ta t i on  System e f fec t i veness .  

INTRODUCTION 

Crew p r o d u c t i v i t y  w i l l  be t he  d r t v i n g  f a c t o r  I n  determin ing the  
cost  e f fec t i veness  o f  the Space S t a t i o n  and cos t  e f fec t i veness  i n  t u r n  
w i l l  be the  tey t o  p rov id ing  a  v i a b l e  na t i ona l  resource t h a t  can meet 
t he  evo lv ing  needs o f  m u l t i p l e  users dur ing  the  coming decades. 

The very importance, however, o f  t he  problem o f  mar lmiz ing the  
p r o d u c t i v i t y  o f  t he  crew w i t h i n  the assigned resources and a n t l c l p a t e d  
operat iona l  cons t ra i n t s  o f  t he  Space S ta t i on  empharlzes t h e  need t o  
understand the  nature and e f f e c t s  o f  adjustments i n  crew p r o d u c t i v i t y  
w i t h i n  the o v e r a l l  operat iona l  context  o f  t he  Space S t a t i o n  Program. 

The sub t l e t i es  o f  human-machi ne i n t e r a c t i o n s  dc no t  always r e f l e c t  t he  
obvious. Conventional wisdom, f o r  example, suggests t h a t :  

1. P r ~ d u c t i v i t y  measures o f  t he  crew d i r e c t l y  r e f l e c t  changes 
i n  the  t o t a l  e f  f ic- iency o f  t h e  (space) operat ion.  

2 .  Changcs i n  p roduc t i v l c y  can be measured by output  per man- 
hour. 

3. Increases i n  output  per man-hoar a re  des i rab le  because they 
y i e l d  decreases i n  user charges. 

These expressions o f  "convent ional  wisdomH are  no t  necessar i l y  
t r ue .  Increas ing t he  p r o d u c t i v i t y  o f  t he  crew i n  a  g iven task may r e -  



q u l r e  more e l e c t r l c a l  power, and t h a t  I n  t u r n  may decrease the  re -  
sources available t o  support c r l t l c a l  payloads and thus degrade t he  
t o t a l  e f  f  l c i ency  o f  the  o v e r a l l  space operat lon.  Inc reas lng  t he  output  
per man-hour may cause more e r r o r s  o r  mistakes l n  c r i t i c a l  operat ions,  
lead lng t o  poorer o v e r a l l  system performance and h lgher  costs  t o  t he  
p o t e n t i a l  customers. On the  other  hand, dependlng upon c o r o l  l a r y  fac-  
r o r s ,  e l t h e r  lnc reas lng  o r  decreaslng crew work load can have a  nega- . 

t l v e  lmpact on p r o d u c t i v l t y  I n  view of t he  long-term e f f e c t s  o f  uork 
values on crew morale and psycholog lca l  wel l -be lng.  I t  muit be recog- 
n lzed a t  the  ou tse t  t h a t  f o r  t he  Space S ta t i on  deslgner,  p r o d u c t l v i t y  
adjustments can be appraised meanlngful l  y oitly w i t h l n  a  t o t a l  system 
en j l nee r l ng  framework. The Space S t a t l o n  designer o r  system enq:,~eer 
must conslder a l l  the l n t e r r e l a t i o ~ s h l p s  o f  a l l  t he  human and m c h l n e  
elements t h a t  a re  l c  *olved I n  ach lev lng the  mlss lon goals and ob jec t -  
l ves .  

I n  order t o  analyze t he  lmpact o f  crew p r o d u c t l v l t y  adjustments 
I n  terms t h a t  w l l l  be useful  t o  the  system deslgner, o rgan lza t lons  and 
l n d l v l d u a l s  concerned w f t h  enhancing space crew p r o d u c t l v l t y  must: 

o I d e n t i f y  p o t e n t l a l  ways t o  enhance o v e r a l l  system produc t l v -  
l t y .  

o  Develop c r i t e r i a  t o  measure changes I n  p r o d u c t l v l t y  I n  terms 
o f  o v e r a l l  system performance, cos t  fac to rs ,  and mlss lon 
success fac to rs .  

o Provlde l n s l g h t  t o  t he  system deslgners o f  t h e  successive 
l lnkages whereby crew p r o d u c t l v l t y  adjustments can a f f e c t  
t o t a l  system performance, cost ,  and t h e  p r o b a b l l i t y  o f  
ach lev lng a  successful  m l  r s l on .  

The f o l l ow lng  paragraphs dlscuss each of  these th ree  key steps. 

IDENTIFYING POTENTIAL WAYS TO ENHANCE PRODUCTIVITY 

Factors t h a t  can a f t e c t  p r o d u c t l v l t y  lnc lude  both opera t lona l  
lssues (such as phys lca l  condlt1on;ng exercises,  t r a l n l n g ,  maintenance, 
l o g l s t l c s  schedullng o f  a c t l v i t l e s ,  organlzat lon,  e tc  .),  and deslgn 
f ac to r s  (such as i n t e r i o r  layouts ,  modu la r i t y ,  l l g h t l n g ,  no lse con t ro l ,  
work s t a t l o n  deslgn, e t c . ) .  

The methodology used i n  d e f i n i n g  the  c r l t l c a l  deslgn and opera- 
t l o n a l  lssues should be pred icated upon a  d e t a l l e d  cons idera t ion  o f  t h ~  
classes o f  crew a c t l v l t l e s  t h a t  w l l l  be requ i red  I n  t he  Space S t a t l o n  
era.  These lnc lude  th ree  key areas: h a b i t a t l o n  and survlva9 a c t l v l t -  
l e s ;  mlsslon and payload-or iented a c t l v l t l e s ;  and STS/Ground I n t e r f a c e  
a c t l v l t l e s .  I d e n t l f l c a t l o n  of these activities provjdes a  bas ls  f o r  
d e f l n l n g  operat lona l  issues a f f e c t l n g  crew p r o d u c t l v l t y  I n  each a c t l v -  
l t y  area and a  bas ls  f o r  assesslng the  p r o d u c t l v l t y  adjustments t h a t  
could r e s u l t  from deslgn changes. 



An example o f  an operat iona l  issue might be the  t lme t o  be de- 
voted t o  exerc ise using a p a r t i c u l a r  p ro toco l  t o  ma ln ta in  spec i f i c  
l e ve l s  of phys ica l  condifcionlng versus the  des l  r e  t o  minimize exerc ise 
t ime and maximize a v a l l a o l e  work t lme. The opera t iona l  Issue i s  t o  
def ine exac t l y  how much the  exerc ise t lme can be reduced w i t h  t he  par-  
t i c u l a r  p ro toco l  w l thou t  s i g n i f i c a n t l y  inc reas ing  t he  r i s k  o f  i r r e v e r s -  
i b l e  p b j s i c a l  deterioration. A design f ac to r  might be t o  design and 
v a l i d a t e  a  d i f f e r e n t  exerc ise technlque such as an on-hoard human cen- 
t r i f u g e ,  which would o f f e r  the  p o t e n t i a l  of beqng a more e f f l c i e n t  cx- 
e r c l se  procedure than t h a t  used I n  t he  o r i g i n a l  p ro toco l .  

I f  such a c e n t r i f u g a t i o n  procedure were determined t o  be e f f e c t -  
i v e  as an a i d  t o  improving crew p r o d u c t i v i t y ,  then f u r t h e r  t r ade  stud- 
ies  would be requi red t o  es tab l i sh  the cost  e f fec t i veness  and t he  i m -  
pact  on rnlssion success o f  the new implementation technlque. 

Another example might be the  e f f e c t  o f  whole-body showers on 
crew p r o d u c t i v i t y .  Factors t h a t  should be considered i n  a  study of 
t h i s  Issue might inc lude:  

The proliferation o f  sk in-sur face m i c r o f l o r a  i n  the absence 
o f  whole-body showers - when using hand and face wash and 
wipes o r  c l o t hs  on ly .  

The r e l a t i v e  amount5 o f  s k i n  i n f e c t i o n s  w i t h  and w i thou t  
whole-body rhowers. 

The e f f e c t  o f  whole-body showers on crew morale. 

The amount o f  water used per u n i t  o f  shower t ime and t he  
number of  showers al lowed per mission. 

Development, sroductfon, and i n s t a l l a t i o n  costs o f  wholebody 
showers. 

The impact o f  whole-body showers on Space S ta t l on  water 
logistics. 

S t i l l  another example might be the  e f f e c t  on the  number and 
l o c a t i o n  o f  comodes on crew p r o d u c t i v i t y .  Examples o f  f ac to r s  t h a t  
should be considered i n  the  study o f  t h i s  Issue inc lude :  

The number o f  commodes r a l a t i v e  t o  t he  number o f  crew mem- 
bers on each work s h i f t .  

Procedures f o r  comnode use i n  case o f  f a i l u r e  o f  one o r  more 
c  omrnod e s . 

Emergency p rov is fons  f o r  u r i n a t i o n  or  de feca t ion  when com- 
mode I s  unavai lab le .  



Whether o r  n o t  comnodes should be l o c a t e d  i n  o t h e r  p res-  
s u r l z e d  modules as w e l l  as i n  t h e  h a b l t a t l o n  module(s)  
(e.g. ,  I n  laboratories, such as an animal  resea rch  l a b  i n  
wh lch  t h e  crew may wear s p e c l a l l z e d  c l o t h l n g  restricted t o  
t h e  l a b  a rea ) .  

The l n t e n t  a t  t h l s  p o l n t  1s t o  ask t h e  ques t i ons :  ( 1 )  Wl11 
changes I n  t h e  crew o p e r a t l o n a l  a c t i v i t y  o r  I n  t h e  crew o r g a n l z a t l o n  
i n f l u e n c e  performance and thus  impact  p r o d u c t i v l  t y ? ;  and ( 2 )  Wl11 
changes I n  t h e  des lgn  concept  I n f l u e n c e  crew performance and thus  Im- 
p a c t  p r o d u c t l v l t y ?  I f  p r o d u c t l v l t y  ad jus tments  c o u l d  r e s u l t  f r om p o s t -  
t l v e  answers t o  ques t l ons  ( 1 )  o r  ( 2 ) ,  t hese  become I ssues  f o r  f u r t h e r  
\ n v e s t l g a t l o n .  

DEVELOPING CRITEBIA TO ASSESS IMPACT OF PRODUCTlVITY CHANGES 
ON SYSTEM OPTIMIZATION 

The c r l t e r l a  o f  p e r f o r m a . ,  c o s t ,  and m l s s l o n  success ~ r o b a -  
b l l l t y  (program conf ldence)  a r e  t h e  p r l n c l p a l  f a c t o r s  t h a t  program o r  
p r o j e c t  managers and system engineers use I n  selecting t h e  optlmum ap- 
proach t o  meet lng m l s s l o n  o b j e c t i v e s .  The d e c l s l o f i  maker must base h l s  
judgment on knowledge t h a t  a  p a r t l c u l a r  lmp lementa t lon  o p t l o n  can o r  
cannot  achleve t h e  d e s l r e d  p r o d u c t l v l t y  l e v e l s  and meet t h e  b a s l c  per- 
formance requ l rements .  I n  many cases, more t h a n  one imp lementa t ion  -- 
o p t l o n  can meet t h e  performance requlrernents,  and i t  I s  t h e n  necessary 
t o  examlne t h e  r e l a t i v e  c o s t s  and success p r o b a b l l l t y  a s s o c l a t e d  w l t h  
each approach. 

Performance C r l t e r l a  - 

Wl th  regard  t o  performance, t h e  l l m l t l n g  f a c t o r s  on d i r e c t  human 
jnvolvement a r e  p r l m a r l l y  assoc la ted  w l t h  senslng (whether s t l m u l l  a r e  
w l t h l n  o r  o u t s l d e  t h e  range o f  human sensor c a p a b l l l t y ) ;  l n f o r m a t l o n  
process lng  (whether o r  n o t  t h e  comp lex l t y  o f  t h e  l n f o r m a t l o n  t o  be p r g -  
cessed r e q u l r e s  supplemental a l d s ) ;  and a c t l o n  (whzther  o r  n o t  t h e  ac- 
t l o n  r e q u l r e d  1s w l t h l n  t h e  range o f  human motor  responses and t l m e  
a v a i l a b l l l t y )  . 

I n  a  c u r r e n t  s tudy  be lng  performed by MDAC f o r  t h e  M a r s h a l l  
Space F l i g n t  Center e n t i t l e d ,  "The H u ~ a n  Role i n  Space (THURIS)~[~], 
37 ~ e n e r l c  c lasses  of a c t l v l t l e s  have been d e f i n e d  t h a t ,  when combined 
I n  t h e  r e q u l  d o p e r a t l o n a l  sequences, can be used t o  d e s c r l b e  a  broad 
spectrum o f  po ten t ' l a l  space p r o g r a m .  For each o f  these a c t l v ' l t l e s ,  
the  l i m i t i n g  f a c t o r s  I n  terms o f  senslng,  l n f o r m a t l o n  process lng ,  and 
motor ac t lon :  have beer! de f lned,  and t h e  requlrernents f o r  human I n -  
volvement have been descr ibed.  Th l s  gene r i c  s e t  u f  a c t l v l t l e s  was de- 
f l n e d  by examlnlng a  number o f  space programs and p r o j e c t s ,  l n c l u d l n g  
Skylab, Space P la t fo rm,  Space S t a t l o n  Mlss lons ,  and a L l f e  Sclences 
l a b o r a t o r y .  



Each 19f t hese  a c t l v l t l e s  c o u l d  conce lvab l y  be accompl lshed w l t h  
d l f f e r e n t  l e v e l s  o f  human Involvement rang lng  from d l r e c t  manual opera-  
t l o n  th rough v a r l o u s  degree of automated o r  r o b o t l c  s u p p o r t .  I n  t h e  
THURIS study,  f l v e  re fe rence  steps were l d e n t l f l e d  a l c n g  t h e  cont lnuum 
rang lng  f rom d l r e c t  manual o p e r a t l o l l  a t  one extreme t o  comp le te l y  au to -  
mated ope ra t l ons  a t  t h e  o t h e r .  These s teps  were: 

Manual - unalded I V A / E V A ,  w l t h  s lmple  t o o l s .  

Augmented - amp l l f  l c a t l o n  o f  human sensory-motor capab l  ll- 
t l e s  (powered t o o l s ,  ezo-ske le tons ,  e t c . ) .  

- -  Teleoperated - use o f  remote ly  c o n t r o l l e d  sensors and ac tua-  
t o r s  a l l o w l n g  human presence t o  be removed f rom t h e  work 
s l  t e  ( remote manipulator systems, teleopera'.ors, t e l e f a c -  
t o r s ) .  

- Superv lsed - replacement of d l r e c t  manual c o n t r o l  o f  syhsem 
o p e r a t l o n  w l t h  computer -d l rec tsd  f u n c t i o n s ,  a l t hough  maln- 
t a l n l n g  humans I n  supe rv l so ry  c o n t r o l .  

Independent  - b a s l c a l l y  lndependent s e l f - a c t u a t l n g ,  s e l f -  
h e a l i n g  ope ra t i ons ,  b u t  r e q u l r l n g  human l n t e r v e n t : m  ,cca-  
s i o n a l l y  (au tomat ion  an4 a r t l f l c l a l  l n t e l l l g e n c e ) .  

A s  a genera l  statement, response t l m e  was found t o  be t h e  most 
g e n e r a l l y  a p p l l c a b l e  d l s c r l m l n a t o r  between t h e  manua l ly  c o n t r o l l e d  
modes and t h e  more automated superv lsed and lndependent modes of opera- 
t l o n .  I f  responses I n  t lme pe r lods  o f  seconds o r  l e s s  a r e  r e q u l r e d ,  
t hen  t h e  a c t l v l + y  i s  g e n e r a l l y  b e s t  per formed I n  t h e  superv lsed o r  l n -  
dependent modes. A p p l l c a t l o n s  where speed o f  response would d l c t a t e  
t h a t  t h e  a c t l v l t l e s  be pe r fo rced  I n  t h e  superv lsed o r  lndependent modes 
mlght  i n c l u d e  launch a b o r t  procedures and o r b l t a l  t r a j e c t o r y  cpTrec- 
t l o n s .  l f  a l l o w a b l e  response t lmes become mlnutes o r  hours,  and I f  t h e  
spacecrew member I s  n o t  a l ready  loaded then  a l l  modes m lgh t  be a p p l l -  
cab le  and t h e  c r l t e r l a  o f  c o s t  e f f e c t i v e n e s s  o r  C ! ! ~ C P : S  p r v i ) a b l l l t y  
would p r o v i d e  t h e  more appropriate b a s i s  f o r  se lec '  ' ii p a r t i c u l a r  
mode o f  lmp lementa t lon .  

Cost C r i t e r i a  - 

I n  c o n s l d e r l n g  t h e  I ssue  o f  cost, i m r o r t a n t  fc : ;  t l e  num- 
ber  o f  t lmes a s p e c l f f c  a c t 4 v l t y  i s  t 9  b~ per formed, . ?,m13er o f  
d l f f e r e n t  a c t l v i t l e s  t h a t  a r e  r e q u l r e d  t o  be p e r f o r m ,  ; ?he noe1.a- 
t:onal sequence. 

Convent iona l  wlsdom would suggest t h a t  even I f  a g l v e n  a c t l v l t y  
were capable o f  be ing  performed I n  a manual mode, t h e  c o s t  o f  a m n h o u r  
o r  man-minute i n  space i s  so h l g h  t h a t  I f  t h e  a c t l v l t y  were r e q u l r e d  
t o  be repeated a number o f  t lmes,  a c rossover  p o i n t  would q u l c k l y  bc 
reached where i t  would be most c o s t  e f f s c t l v e  t o  implement a more au to -  
mated approach t o  t h e  a c t l v l t y  performance. I n  s l m l l a r  f ash ion ,  i t  can 
be reasoned t h a t  t h e  human ope ra to r  I s  b a s l c a l l y  a s l n g l e - c h a n ~ e l  



mechanlsm and cannot  be expected t o  p e r f o r m  mu1 t l p l e  a c t  t v l  t l e s  s lmu l -  
taneor ls ly ,  a l t h o u g h  t h e  a c t i v i t i e s  m lgh t  be perforrned s e r i a l l y  i f  the  
percormance t l m e  perm1 t s .  

M O M  has developed cos t !  ng models .nat p r o v l d e  compara t lve  da ta  
on t h e  r e l a t l v e  cos ts  f o r  each man-machine mode I n  performing s l n g l e  
and mu l t ! p le  a c t l v l t l e s ,  f r om one t o  many thousands o f  t lmcs  as a  func-  
t i o n  o f  t h e  t lme  r e q u l r e d  t o  pe r fo rm t h e  s p e c l f l c  a c t l v l t y .  F l g u r e  1 
summarizes these r e l a t l o n s h l p s  f o r  t h r e e  t lme  I n t e r v a l s  I n  terms ,i 
normal l z e d  t tAccount lng Unl ts l ' *  

From F lgures  ! A ,  18, and 1 C ,  a  r a t h e r  s l g n l f l c a n t  o b s e r v a t i o n  I s  
t h a t  t h e  c o s t  l e v e l  f o r  d l r e c t  human invo lvement  (manual, augmented, o r  
t e l e o p e r a t e d  modes) genel.*llv r e m I n s  consldet  a b l y  l o h e r  t han  t h e  c o s t  
f o r  t emote human I n v o ' ~ ~ , n e n t  , qerv l sed  and lndependent modes) over  a  
l a r g e  number o f  t lmes t h a t  t h e  at.. t v l t y  mlght  be per formed ( 1  t o  10,000 
tlme:). As may Se nott !, t h e  c o c t  d l f f e r e n t l a l s  span two o rde rs  o f  
magnltude when o n l y  a Few a c t I v a t ) o r s  a r e  r e q u l r e d  (1  t o  10)  b u t  nar row 
t o  one o rde r  o f  magnltude when t h e  number of a c t l v a t l o n s  approaches 
1000. For most a c t l v l t l e s ,  t h e  manual modes a r e  r e l a t i v e l y  
tnexpenstve.  Elden a space s t a t ?  r f a c l l l t y  charge o f  $32,500-per man 
hour,  a l t hough  a  s 3 a n l f l c d n t  t4rl Lor If l e n g t h y  t lmes a r e  Invo l ved ,  I s  
s t l l l  3 r e l a t i v e l y  smal l  c o s t  f a ~ t o r  u n t i l  t h e  f requency o f  ,,je 
approaches 1000. Per fo rmlng a c t l v l  t l e s  I n  t h e  lndependent, super-  
v ised,  o r  t e leope ra ted  mr;des r e q u i r e s ,  I n  most cases, a  ~ e l a A . l v e l y  ex- 
pensive I n 1  t l a l  investment  I n  suppor t  equipment and so f tware ,  wh lch  
does n o t  compare f a v o r a b l y  w i t h  t h e  manual mode u c l e s s  ar f jor t lzed over  a  
l a r g e  number o f  uses. 

The F:re a c t l v l t l e s  Cblat a r e  r e q z l r e d  t o  accompl lsh a  s p e c l f l c  
m lss lon  ob j , - c t I ve ,  t h e  more t lme  r e q u l r e d  and t h e  hlghe;. t h e  c o s t .  
Th ls  I s  t r u e  o f  t h e  manual, augmented, and t e l e o p e r a t e d  modes o f  
ope ra t i on .  I n  t h e  case o f  t h e  operational moaes, where human 
Involvement i s  more l n d ' l r e c t  ( 1  .e.,  t h e  supcrvl!;ed ground, t h e  super- 
v ised-on-orb1 t, and t h e  Independent modes), t h e  p r l n c l p a l  c o n t r l b u t o r  
t o  t h e  c o s t  o f  p e i f o r m l n g  a  se t  o f  a c t l v l t l e s  I s  more d l r e c t l y  dnpend- 
on t  on t h e  c o s t  o f  t h e  resources and t h e  s u p p o r t l r g  equipment I tems 
r e q u i r e d  t n  s e r f o r m  each a c t l v l t y  l n  o r b i t  t han  on t h e  t l m e  r e q u l r e d  t o  
accompl lsh :he a c t l v l t y .  Th ls  means t h a t  I n  t h e  modes r e q u l r l n g  l n d i -  
r e c t  human lnvolvement~,  t h e  c o s t  r e d u c t l o n  due ' 3  t h e  p o t e n t l a l  o f  
shd r lng  comon  equlpment i tems and common resuurces can be a  s l g n l f l -  
cant  f a c t o r  I n  t h e  c o s t  equat lon .  F igu res  10, 1 E  and I F  I l l u s t r a t e  t h e  
c o s t  r e l a t l o n s h l p s  wher~ m c ' t l p l e  a c t l v l t l e s  and r n u l t l p l e  r e p e t l t l o n s  o f  
a  s t n g l e  a c t l v l t y  a re  consldered.  

I n  t h z  examples shown I n  F lgu res  10, 1E and I F  I f  o n l y  l?ce 
a c t l v l t y  were r e q u l r e d  t o  be performed, I t  wo:*ld need t o  be repeated 
thousa d s  o f  t imes b e f o r e  :t would be c o s t  e f f e c t  
degree o f  automated support  . On t h e  o t h e r  har!d, 

- 
*An "Accounting U n l t "  l s  t h e  c o s t  t o  6 

t lme  I n  t he  Manual Mode. 

ve t?  p r o v l d e  some 
i f  a t o t a l  o f  10 

* f o r m  an a c t l v l t y  one 



Figure 1. Comparative Costs of 4lternative Man-Machina Modes for Three Different Performance T~mes 
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a c t i v l t l e s  have t c  be per formed t o  accompl ish t h e  m i s s i o n  o b j e c t i v e ,  
and if one of t h e  10 takes  100 minutes  and has t o  be performed 1000 
t lmes,  d e s l g n i n g  t h e  m i s s l o n  o b j e c t i v e  t o  be accompl ished i n  t h e  
independent mode becomes an attractive o p t i o n .  

M i s s i o n  Success C r l t e r -  

I n  d e v e l o p ~ n y  an es t ima te  of success p r o b a b i l i t y ,  two i ssues  
must be co rs ide red .  One I s  t h e  I s s u e  of human r e l l a b l l i t y  and how t h e  
human can b e s t  be used t o  reduce r i s k ;  t h e  second I s s u e  I s  t h e  Impact  
of t h e  s t a t e  o f  t e c h n o l o g i c a l  read iness  on m i s s i o n  success. Techniques 
a r e  a v a i l a b l e  f o r  e s t i m a t i n g  t h e  l e v e l  o f  t e c h n o l o g i c a l  read iness ;  t h e  
use of t h e  human t o  enhance success p r o b a b l l l t y  I s  more d i f f t c u l t  t o  
q u a n t i f y .  

!:.though p r e c i s e  a n a l y t ? ~  techn iques e x i s t  when predicting t h e  
% z l  i a b l  1  i t y  o f  complex mechanical o r  e l e c t r l c a l  systems w i t h  components 
o f  known r e l i a b l l i t i e s ,  and some success has been achieved I n  p r e d l c t -  
i n g  human r e l i a b i l i t y  f a c t o r s  I n  c e r t a i n  w e l l - s t r u c t u r e d  tasks ,  cons id -  
e r a o l e  c a u t i o n  must be exe rc i sed  i n  a t t e m p t i n g  t o  t r e a t  a n a l y s i s  and 
i n t e g r a t l o n  o f  human and ~nach ine e r r o r  i n  an analogous manner t o  t h e  
techn iques used i n  d e a l i n g  w i t h  p h y s i c a l  systems. The t a s i c  p rob lem I s  
t h a t  human e r r o r s  a r e  fundamenta l ly  d i f f e r e n t  f rom machine e r r o r s .  

When a  p h y s i c a l  component f a i l s ,  t h e  system I s  u s u a l l y  designed 
so t h a t  t h e  f a i l u r e  i s  i s o l a t e d  and d o e s n ' t  a f f e c t  o t h e r  components. 
When humans make a  mls take,  r e s u l t i n g  f r u s t r a t i o n s  may i nc rease  t h e  
l i k e l i h o o d  o f  subsequent e r r o r s .  Machine f a i l u r e s  g e n e r a l l y  r e q u i r e  
human i n t e r v e n t i o n  t o  r e p a l r  o r  r e p l a c e  t h e  f a i l e d  component. On t h e  
o t h e r  hand, humans can mon i to r  t h e l r  own performance and t a n  o f t e n  co r -  
r e c t  t h e i r  own e r r o r s  b e f o r e  they  a f f e c t  system performance. I n  p h y s l -  
c a l  systems, redundant components a re  assumed o r  designed t o  be i nde -  
pendent and, by be ing  p laced i n  p a r a l l e l  networks, can Inc rease  system 
r e l i a b i l i t y .  Redundancy I n  crew s i z e  o r  presence, however does n o t  
n e c e s s a r i l y  i nc rease  r e l i a b l l i t y  and, i n  f a c t ,  t h e  s o c i a l  i n t e r a c t i o n s  
amo~ig crewmembers can l ead  t o  comnon conc lus ions  t h a t  may i n  f a c t  be 
wrong. On t h e  o t h e r  hand, t h e  human's p e r c e p t i o n  o f  t h e  l i k e l i h o o d  o f  
s p e c l f l c  components f a l l l n g  can l e a d  t o  a  g r e a t e r  s e n s i t i v i t y  and 
awareness f o r  Impending f a 1  l u r e  and t h e  p o t e n t i a l  f o r  a n t i c i p a t i n g  co r -  
r e c t i v e  a c t i o n s .  

Whi le  mathemat ical  node l  i n g  o f  human performance may be p o s s l  b l e  
I n  w e l l - s t r u c t u r e d  tasks ,  t h e  -p rec i se  mathemat ical  mode l ing  o f  human 
performance f o r  systems i n  t h e  very  e a r l y  conceptua l  des ign  phase i s  an 
e l u s i v e  goa l .  

On t h e  b a s i s  o f  p a s t  exper ience t h e  bas i c  r u l e  when d e s i g n i n g  
new systems should be tc? cons ide r  t h e  human element n o t  i n  terms o f  
be ing  a  component i n  s e r i e s  w i t h  o t h e r  system elements and hav ing  a  
s p e c i f i c  numeric va lue  of r e l i a b i l i t y ,  b u t  r a t h e r  as an element func-  
t i o n l n g  I n  p a r a l l e l  w i t h  t h e  machine components. The human element can 
eohance system opera t i ons  by reduc ing  t h e  r i s k  o f  system f a i l u r e  
th rough t h e  use o f  human performance c a p a b l l i t l e s  t o  pro via^ p a r a l l e l  



o r  redundant resources I n  t he  form o f  maintenance and serv lc lng ,  
repal  r and replacement, and reprograming  of the  machine elements. 

If t h i s  philosophy of machine I n te r f ace  i s  adopted, then a  man- 
ua l  backup w i l l  be provided wherever poss ib le ,  and t he  more press ing 
issue I n  dea l ing  w i t h  miss ion success p r o b a b i l i t y  becomes t he  impact 
t h a t  the  s t a te  o f  technolog ica l  readiness o f  t he  hardware requ l red  may 
have on misston success. 

ACHIEVING THE OPTIUAL DESIGN FOR THE TOTAL UAN-MACHINE SYSTEM 

Lessons learned from the  US and Sov ie t*  space programs t o  date 
suggest t h a t  (1; systems can have l n d e f l n l t e  opera t iona l  l i f e t i m e s  I n  
space i f  they a re  designed t o  permi t  t he  contingency o f  I n - f l i g h t  
r epa i r  and malntenance; ( 2 )  s t r uc tu res  t oo  l a rge  t o  be launched i n t a c t  
can be constructed and assembled on o r b i t ,  using man's m l q u e  c a p a b i l l -  
t i e s ;  and ( 3 )  the  ~ l e x i b i l l t y  and c r e a t i v e  i n s i g h t s  prov ided by the  
crew i n  s i t u  s i g n i f i c a n t l y  enhance the  p r o b a b i l i t y  o f  successfu l ly  
ach iev lng mission ob jec t i ves .  

The a b i l i t y  o f  the crew t o  manually assemble d e l i c a t e  i n s t r u -  
ments and components and t o  remove p r c t e c t i v e  devices such as covers, 
lens caps, e tc . ,  means t h a t  less  rugged instruments can be used as com- 
pared t o  those fo rmer ly  requ i red  t o  su rv ive  the h i gh  launch acce lera-  
t i o n  loads o f  unmanned launch vehic les .  A s  a  r e s u l t ,  complex mechan- 
i s m s  secondary t o  the  main purpose o f  the  instrument w i l l  no longer  
need t o  be i n s t a l l e d  t o  remove per iphera l  p r o t e c t i v e  devices o r  t o  
a c t i v a t e  and c a l i b r a t e  instruments remotely. With the  crewmembers 
ava i l ab l e  t o  load f i l m ,  f o r  example, complex f i l m  t r anspo r t  systems a re  
no t  needed, and mal funct lons such as f i l m  jams can be e a s i l y  co r rec ted  
manually. The t ime requi red t o  c a l i b r a t e  and a l i g n  instruments d i r e c t -  
l y  can be as l i t t l e  as 1/40th o f  t h a t  requi red t o  do the  same j o b  by 
te lemetry  from a  remote l oca t i on .  

Spec i f i c  experiments and operat ions no longer w i l l  need t o  be 
r i g i d l y  planned I n  advance, bu t  can change as requirements d i c t a t e .  
One o f  the greatest  con t r i bu t i ons  o f  crews I n  s c i e n t i f i c  space missions 
can be i n  reducing the quan t i t y  o f  data t o  be t ransmi t ted  t o  Earth.  
One second o f  data gathered on SEA SAT, f o r  example, requ i red  1  hour o f  
ground-based computer t ime f o r  processing befqre It could be used o r  
examined, o r  a value assessment made. Sc ien t i s t -as t ronau ts  i n  s i t u  
co:11d determine i n  rea l - t ime  whether c loud cover o r  o ther  f ac to r s  a re  
w i t h i n  acceptable ranges before record ing and t r a n s m i t t i n g  data. 

Astronauts can abs t rac t  data from varfous sources and can com- 
b lne m u l t i p l e  sensory inpu ts  (e.g., v i sua l ,  aud i to ry ,  t a c t i l e )  t o  

*The Soviets have been repor ted t o  r e l y  heavqly on manned i n -  
volvement i n  order t o  r epa i r  equipment and subsystems w i t h  ser ious 
shoricomlngs i n  r e l i a b l e  and t r oub le - f r ee  serv lce l i f e .  



I n t e r p r e t ,  understand, and take appropriate ac t ion ,  when requi red.  I n  
some cases t he  human perceptual  a b i l i t i e s  permi t  s igna ls  below no ise 
l e v e l s  t o  be detected. Humans can reac t  s e l e c t i v e l y  t o  a  l a r g e  number 
o f  poss lb le  va r iab les  and can respond t o  dynamical ly changing s l t u a -  
t i o n s .  They can operate I n  the  absence of complete in fo rmat ion .  They 
can perform a  broad spectrum of manual movement pa t te rns ,  f rom gross 
p o s i t i o n i n g  ac t ions  t o  h l g h l y  re f ined  adjustments. I n  t h i s  smse, they 
a re  va r iab le -ga ln  servo systems. 

Thus, w i t h  t h e  advent of permanently manned space s tud les,  t he re  
a re  a l t e r n a t i v e s  t o  the  expensive deployment of remotely manned sys- 
tems, w i t h  t h e l r  operat iona l  complexi ty and h i gh  cos t  o f  system f a l l -  
ure.  Long-term r e p e t i t i v e  funct ions,  r o u t i n e  computations o r  opera- 
t i o n s ,  and large-sca le  data processing funct lons can be expected t o  be 
performed by computers capable of being checked and serv iced 3y crews 
i n  o r b i t ,  j u s t  as they a re  now serviced I n  ground I n s t a l l a t i o n s .  I n  
addl t i o n ,  the  normal funct ions of the  t e r r e s t r i a l  shop, laboratory ,  and 
product ion s t a f f  w l l l  f i n d  c o r o l l a r y  a c t l v i t l e s  I n  t he  work done by t he  
crews manning the space p la t forms o f  t he  coming generat lon.  

The c r l t e r l a  o f  performance, cost, and miss ion success p robab i l -  
Ity (program confldence) a re  the  p r i n c i p a l  f ac to r s  t h a t  program o r  pro-  
j e c t  managers and system englneers use i n  se l ec t i ng  t he  most cos t -  
e f f e c t i v e  approach t o  meetlng mlss lon objectives. Whi le t h e  f l n a l  
se l ec t l on  i n  the  p r o d u c t l v f t y  t radeof f  5etween performance, an 
acceptable p r o b a b l l l  t y  of success, and t he  r e s u l t a n t  cos t  must r e s t  
w i t h  the  dec ls lon  maker, these c r l t e r l a  prov lde a  frame o f  re ference 
from which r a t i o n a l  o r  Informed dec ls lons regard lng the  impact of 
p r o d u c t i v i t y  changes on t o t a l  system e f  fec t lveness can be made. 
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This paper o f f e r s  a research agenda for  mualyzing organizat ional  problems 
i n  permanent organizations i n  outer rpace. The enviroment  of space 
provides subs t an t i a l  opportuni t ies  f o r  .organizat ional  reeearch -- eo h 
face question6 a b u t  how t o  organize p r o ~ a e s i o n a l  workers i n  a 
technologically complex s e t t i n g  with novel dangers and uncer ta in t ies  
present i n  the  i m e d i a t e  envi torment. Although organi r a t  ional  theory and 
behavior have always had important fmplicat ions fo r  research on human 
habi ta t ion i n  outer space, research i n t o  these issues  h s  been iimited 
because technological and medical issues  have been v i ewd  as more c r i t i c a l  
and thus of higher rerearch pr ior i ty .  It is suggrsted t ha t  knowledge from 
organization theory/bthavior has been an underut i l ized resource i n  the 
U.S. space program. A U.S. space e t a t i on  w i l l  be operable by the 
mid-1990's. Organizational issues  w i l l  take on increasing importance, 
because a space s t a t i o n  requires  the long term organization of human and 
robot ic  work i n  the  i so la ted  and confined environment of outer rjmce. 
When an organizat ional  ana lys i s  of the rpace s t a t i o n  is undertaken, there  
a r e  research h p l l c a t i o n s  at: multiple l e v e l s  of analyf ie :  f o r  the 
individual ,  small group, o rgan iza r iond ,  and environmental l eve ls  of 
analysis .  The paper reviews the  research relevant t o  organization theory 
and behavior, and o f f e r s  suggestions for  fu tu re  research. 

The Uni:ed S ta tes  is rapidly crpproaching the beginn:ng of long t e rn  
h a b i t a t i o ~  i n  outer space. A space s t a t i o n  w i l l  be operatlonal by about 
1995 and space colonization vill be close behind. The construction of the 
space s t a t i on  w i l l  take place i n  r ea l  time, with the ast ronauts  a c t ~ a l l y  
assernblying i t s  pre-f abr icated modules i n  space. This achievement w i l l  
mark a very important event i n  human h is tory ,  because it heralds t h e  and 
of short  term space miesions and the beginning of humane l i v ing  and 
working :n space Lor long periods of time. 'Ihe ult imate mcce r s  of t h i s  
remarkable undertaking w i l l  hinge coneiderably on many organizational 
fac tors .  The question of whether human beings can physically survive the 
r igors  and r e a l  environmental dangers of space appears t o  have been 

answered favorably with the succers of the U.S. and Soviet Union's 
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"manned" space  f l i g h t s  t o  da re .  Whe:her humarrs a s  o r g a n i z a t  i o n e i  and 
s o c i a l  systems w i l l  s u r v i v e  t h e  t r a n s i t i o n  from work and l i f e  on ear:h t o  
l ong  term work and l i f e  i n  a  space  environment remains a q u e s t i o n  f o r  
f u t u r e  obse rva t ion  and r e sea rch .  Years of t e c h n o l o g i c a l ,  p h y r i c a l ,  and 
me, a 1  d a t a  have been ga the red ,  and ye t  many b a s i c  o rgan iza~c ion81  and 
manage r i a l  ques t  i o n s  remain unanswered. 

Why have b a s i c  o r g a n i z a t i o n a l  and managerial  q u e s t i o n s  not  been 
answered? To a l a r g e  e x t e n t  t h i s  is because t hey  have not been asked ,  
and t h e r e  a r e  a  number of reaeons  f o r  t h i s ,  which cross-cut  most of t he  
s o c i a l  and behav io ra l  s c i e n c e s  i n c l u d i n g  p s y c h i a t r y  and psychology (San ty ,  
1983; Helmreich, 1983). ( 1 )  A h i e r a r c h y  of " p r a c t i c a l "  concerne d i r e c t e d  
t h e  e a r l y  r e sea rch .  I n  t h e  e a r l y  phases of t h e  U.S. space  program i n  t h e  
1950's and du r ing  t h e  post-Sputnik Era,  o r g a n i z a t i o n a l  q u e s t i o n s  were not 
add re s sed  because t h e  q u e s t i o n  was s u r v i v a l ,  no t  how t o  o rgac i ze .  ( 2 )  
The e a r l i e s t  m i s s ions  had crews of one and then  merely a few, and miss ion  
d u r a t i o n s  were counted i n  hours .  Both of t h e s e  l i m i t a t i o n s  t r u n c a t e d  
o r g a n i z a t i o n a l  and s o c i o l o g i c a l  problems, and t h u s  t h e  appa ren t  need f o r  
i n q u i r y .  ( 3 )  An e a r l y  s u s p i c i o n  of " d o c t m P  nvd human s c i e n t i s t s  
developed among t h e  a s t r o n a u t s ,  l a r g e l y  due t o  rtre kind of p sycho log ica l  
and medica l  t e s t i n g  which surrounded astyonau: s e l e c t i o n  procedures.  The 
s c e n e s  desc r ibed  i n  Tom Wolfe's THE RIG!tT STUFF and t h e  f i l m  by t h e  same 
name provide  :he r eade r  w l th  c o l o r f ~ l  A g e s  of t h e s e  e a r l y  a c t i v i t i e s .  
P s y c h i a t r i s t s  and d o c t o r s  i n  g e n e r a l  a r e  t r a d i t i o n a l  culprits i n  t h e  l o r e  
o f  p i l o t s ,  o f t e n  r e s p o n s i b l e  f o r  grounding m i l i t a r y  p i l o t s ,  t h e  group from 
which t h e  e a r l y  a s t r o n a u t s  were r e c r u i t e d .  ( 4 )  The s t u d y  of 
o r g a n i z a t i o n a l  i s s u e s  su r round ing  space  mi s s ions  u l t i m a t e l y  i nvo lves  t he  
s t u d y  of NASA a s  an o r g a n i z a t i o n  and th: asc ronau te  themselves.  The 
a s t r o n a u t s  a r e  h e a v i l y  i n  demand f o r  both t r a i n i n g  and p u b l i c  appearances ,  
and NASA's admi n:s t r a t o r s  have been r e l u c t a n t  t o  i n c r e a s e  t h e  demands on 
t h e i r  t ime and subsequent  good w i l l  f o r  t h e  purposes of behav io ra l  o r  
s o c i a l  s c i e n c e  r e sea rch .  Behaviora l  r e s e a r c h  is l i t t l e  understood In  
g e n e r a l ,  and t h i s  has not  has tened  t h e  ca se  f o r  o r g a n i z a t i c n a l  r e sea rch .  
( 5 )  S o c i a l  and behav io ra l  r e s e a r c h e r s  s t r i v e  t o  ma in t a in  t h e  anonymicy 
and p r ivacy  of t h e i r  s u b j e c t  i n d i v i d u a l s  and o r g a n i z a t i o n s .  While NASA Is 
a  l a r g e  o r g a n i z a t i o n ,  it is none the l e s s  a  s i  ng le  o r g a n i z a t i o n .  Concerns 
:hat d i s g u i s i n g  i t s  i d e n t i t y  would be d i f f i c u l t  a r e  unders tandable .  NASA 
i s  dependen: upon government-control led funds ,  and t h u s  is a p p r o p r i a t e l y  
s e n s i t i v e  :o main ta in ing  a  f a v o r a b l e  pub l i c  image and l e g i s l a t i v e  
goodwi 11. 

Al l  of t h e s e  i s s u e s  have i n h i b i t e d  t h e  development 06 o r g a n i z a t i o n a l  
and manager ia l  knowledge r ega rd ing  human behavior  i n  t h e  space 
env:ronment. Nonezheless t h e r e  i s  growing r e c o g n i t i o n  of t h e  p re s s fng  
need f o r  t h i s  r e sea rch .  Brady, f o r  example, acknowledged tha: e a r l y  :Dace 
miss ions  provided t h e  presumed high mo t iva t ion  among a s t r o n a u t s  t o  ". . succeed i n  p ioneer ing  a new f r o n t i e r ' '  (1980). I: is an  open ques t  con 
a s  :O what w i l l  mot iva te  p roduc t ive  work CohavLor a t  t h e  h igh  l e v e l  KASA 
has  come :o expec:, g tven  long term miss ions  i n  a  permanmt space  s ta : ion ,  
o p e r a t i n g  under r e l a t i v e l y  r o u t i n e  work c o n d i t i o n s .  Sadin has remarked 
than: ". . i t  now seems c l e a r  :hat t h e  s t a g e  is s e t  f o r  ex tending  a  r e sea rch  
a n a l y s i s  of i n t e r r e l a t e d  selec::on, t r a i n i n g ,  and o r g a n i z a t i o n a l  
problems. ." (1982: V-137). 
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It is i n t e r e s t i n g  t h a t  d e s p t t e  t h e  concerns l i k e  those  expressed  
above,  Bluth has remarked t h a t  :he U.S. space program h s  never  m d c  a 
formal  a t tempt  t o  e s t a b l i s h  exper iments  and record  behav io ra l  r e a c t i o n s ,  
no r  has  i t  used behuviora l  s c i e n t i s t s  i n  i t s  t r a i n i n g  program8 (1981). In  
c o n t r a s t ,  s e v e r a l  American s c h o l a r s  have remarked on t h e  e x t e n t  t o  whicli 
t h e  S o v i e t s  have undertaken s o c i a l  and behav io ra l  r e s e a r c h  on t h e i r  
cosmonauts. Research f i n d i n g s  have been u t i l i z e d  by t h e  Rues ians  i n  t h e i r  
space  program :o a  f a r  g r e a t e r  e x t e n t  t han  i n  t h e  United S t a t e e  (B lu th ,  
1981; Connor, 1983). I n  t h e  s e c t i o n s  which fo l low,  we w i l l  o u t l i n e  a  
r e s e a r c h  agenda developed from an a n a l y s i s  of t h e  e x i s t i n g  r e s e a r c h  and 
theo ry  on o r g a n i z a t i o n  and menagemen: a s  it a p p l i e s  t o  o r g a n i z i n g  t h e  
space  s t a t i o n .  We w i l l  l i m i t  ou t  a t t e n t i o n  t o  t h e  space  s t a t i o n ,  because 
space  c o l o n i z a t i o n  involve8  more g l o b a l  s o c i e t a l  o r g a n i z a t i o n  and 
e v o l u t i o n ,  and t h e s e  i s s u e s  a r e  beyond ou r  c u r r e n t  scope. 

Space S t a t i o n  Analogs: Other  I s o l a t e d ,  Confined Environments (1 .c .E . '~)  

S p ~ c e  s:ations f e a s i b l e  du r ing  t h e  next  s e v e r a l  decades w i l l  be 
f a i r l y  small, have l i m i t e d  h a b i t a b l e  spaces ,  and accomodate s i x  t o  twelve  
human r e s i d e n t s  f o r  i n t e r v a l s  of about  t h r e e  months. The space  s h u t t l e  
w i l l  s e r v i c e  i t ,  t r a n s p o r t i n g  l i m i t e d  numbers of people and goods st 
i n f r e q u e n t  i n t e r v a l s  spaced t o  provide adequate  p rov i s ions .  These 
f e a t u r e s  of a low e a r t h  o r b i t  space s t a t i o n  i n  combinat ion wi th  expens ive  
co7mnunication l i n k a g e s  t o  t h e  o u t s i d e  world,  combine t o  produce an  
i s o l a t e d  and conf ined  environment ,  r e f e r r e d  t o  a s  an "1.- C.- E." Wi:h 
one major excep t ion  t o  be d i scus sed  below, re1a:ively few o r g a n i z a t i o n a l  
and s o c ? o l o g i c a l  problems among space crew members have been made pub l i c .  
Nonezheless ,  a  concep tua l  a n a l y s i s  of t h e  v a r i a b l e s  o p e r a t i n g  w i t h i n  
f u t u r e ,  pemanen t  space  o r g a n i z a t i o n s  s u g g e s t s  t h a t  more r a t h e r  t h a n  fewer 
o r g a n i z a t i o n a l  and s t r u c t u r a l  i e s u e s  a r e  l i k e l y  t o  be encountered.  
Because a space s t a t i o n  w i l l  e x i s t  w i th in  a  high danger ,  h o s t i l e  e x t e r n a l  
envi ronment ,  v i t h  o r g a n i z a t i o n a l  members conf ined  t o  r e l a t i v e l y  crowded 
p h y s i c a l  spaces  w i th  l i t t l e  recourse  f o r  e scape ,  space c r a f t  w i l l  con t inue  
t o  be p o t e n t i a l l y  v o l a t i l e  o r g a n i z a t i o n a l  systems.  

Cons iderable  r e sea rch  has been conducted looking  a t  small groups  i n  
i s o l a t e d ,  con f ined ,  and s t r e s s f u l  mv i ronmen t s  ( ICE's). These a r e  c a l l e d  
Earch-based ana logs ,  where  analog^ a r e  de f ined  a s  any Earth-based 
s i m u l a t i o n  o r  n a t u r a l l y  occur ing  working o r  l i v i n g  arrangement which 
r e p l i c a t e s  i n  par: c o n d i t i o n s  of space h a b i t a t i o n  and f l i g h t .  The 
se!t:ings s t u d i e d  have inc luded  Antar t  i c  r e sea rch  teams, submarine crews,  
oceanographic  r e sea rch  v e s s e l s ,  Alaskan o i l  p i p e l i n e  c o n s t r u c t  i o n  crews,  
and undersea r e sea rch  l abs .  Nane .of t h e s e  I C E ' s  e x a c t l y  r e p l i c a t e s  
permanen: h a b i t a t i o n  i n  space ,  however, e s p e c i a l l y  t h e  unique s t r e s s c s  of 
space  de r ived  from micrograv1:y and i t s  r e l a t e d  i n f l u e n c e s .  When compared 
:o t h e  space s:ation, t he  ana logs  c o n t a i n  t h e  v a r i a b l e  f a c t o r s  of crew 
s c z e ,  degree  of i s o l a t i o n ,  s o c i a l  and e d u c a t i o n a l  background of t h e  crew, 
o r 3 a n i z a t i o n  of t h e  crew, n a t u r e  of t h e  fonnal  work t o  be done,  t h e  
h : s to r i ca l  c o n t e x t ,  deg ree  of con£ inement , and what a r e  p r e s e n t l y  
cons ide red  t o  be t h e  "unique" s t r e s s e s  of space l i k e  meteor s torms  and 
l o s s  of bone d e n s i t y ,  f o r  example, ( B l u t h ,  1981).  They a l s o  c o n t a i n  
v a r i a t i o n s  h o r g a n i z a t i o n  s t r u c t u r e ,  g o a l s ,  and expec ted  outcomes. 

S t u d i e s  conducted on I C E ' s  have i d e n t i f i e d  a number of p sycho log ica l ,  
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soc i a l -p sycho log ica l  and group behavior  e f f e c t s  a s s o c i a t e d  wi th  t he  I C E  
s e t t i n g ,  most of which a r e  undes i r ab l e  from both a  miss ion  performance and 
soc:al d e s i r a b i l i t y  pe r spec t ive .  For example, on A n t a r t l c  s t a t i o n s  where 
confinement of mixed s c i e n t i f i c  and naval  crews v a r i e s  be tveen  e i x  months 
:o a  y e a r ,  t h e r e  have been t h r e e  r epo r t ed  murders (Gloye,  1980). Among 
t h e  navy personel  were i n c r e a s e s  of 40% i n  s t r e s s - r e l a t e d  eymptoms of 
a n x i e t y ,  d e p r e s s i o n  and h o s t i l i t y .  C i v i l i a n  s c i e n t i a t s  rhowed t h e  same 
but  l e s s  i n t e n s e  symp:oms. There was a  h igh ,  c o n s i s t e n t  emphasis on 
pe r sona l i t y -o r i en t ed  r a t h e r  t han  t a sk -o r i en t ed  behavior  (Vinograd,  197.0. 
Also s e e  G.E. Ruff ,  1959; E.K. Gunderson, 1963; C.S. M ~ l l i n ,  1960; and 
Gunderson and P.D. Nelson, 1963, fo-  more d e t a i l  on t h e  A n t a r a c t i c  
exper ience .  

On oceanographic r e sea rch  v e s s e l s  d i f f e r e n c e s  i n  e d u c a t i o n a l  
background and formal  t a s k s  between s h i p  members appear  t o  be r e l a t e d  t o  
group d i s p u t e s  and i n t e r r u p t e d  miss ion  perf  omance .  On one,  t h e  merchan: 
crewmen threw f r o z e n  s c i e n t i f i c  samples overboard ,  e l i m i n a t i n g  $50,000. i n  
s c i e n t i f  i c  m a t e r i a l s ,  2 y e a r s  of s c i e n t i f i c  i n v e e t i g a t  i o n ,  and one 
d o c t o r a l  d i s s e r t a t i o n  (Bernard and Ki l lwor th ,  1974; also see :  M i l l e r ,  
Vanderwalker, and Wal l e t ,  1971; and Helmreich, 1971). On P o l a r i s  
submarines on 60-day submerged runs ,  men r epo r t ed  insomnia,  headaches,  
a t t a c k s  of a n x i e t y ,  and dep re s s ion .  Lack of pe r sona l  space  i n f luenced  the  
development of c l i q u e s ,  h o s t i l i t y  between them. v u l g a r  language ,  j ok ing ,  
and pecking o r d e r s  reminiscent  of behavior  i n  f e d e r a l  p e n i t e n t i a r i e s .  
(Sexner ,  1968) McNeal and a l u t h  have summarized t h e  ICE symtomology i n  
genu ine ly  h o s t i l e  environments. These i nc lude :  boredom, i r r i t a b i l i t y ,  
d e p r e s s i o n ,  a n x i e t y ,  mood f l u c t u a t i o n ,  f a t i g u e ,  h o s t i l i t y ,  s o c i a l  
wi thdrawal ,  v a c i l l a t i n g  mo t iva t ion ,  t e n s i o n ,  and s l e e p  d i s o r d e r s .  ( 1981 ) 

Some would a rgue  tha: ?here  i s  h igh  r i i m i l a r i t y  between the  I C E  
cymtomologies desc r ibed  above and those  produced by s t r e s s  i n  gene ra l .  
The o r g a n i z a t i o n a l  behavior  l i t e r a t u r e  on t h e  predLctors  of s t r e s s  and on 
t h e  e f f e c t s  of s t r e s s  on withdrawal ,  t u rnove r ,  and o t h e r  valued 
o r g a n i z a t i o n a l  outcomes i s  r e l e v a n t  here .  S t r e s s  has been def ined  a s  any 
behav io ra l  responses  of an i n d i v i d u a l  t o  a d v e r s i v e  s t i m u l i  ( ~ t r e s s o r s )  
which push t h e  func t ion ing  of t h e  i n d i v i d u a l  beyond o r d i n a r y ,  
non-emergency coping mechanisms (YcNeal and B lu th ,  1981). The l i t e r a t u r e  
on s t r e s s  management i n  g e n e r a l  may be u s e f u i l y  a p p l i e d  t o  t he  space 
environment a s  a  mechanism f o r  d e r i v i n g  p o t e n t i a l  coping s ~ r a t e g i e s  and a  
preparedness  f o r  s o c i a l  - psychologica l  problems i n  space .  

RESEARCH IS NEEDED on :he e f f i c a c i o u s n e s s  of coping s t r a t e g i e s  a c r o s s  
a  v a r i e t y  of o r g e n i z a t i o n a l  s e t t i n g s ,  i n c l u d i n g  of c o u r s e ,  any which a r e  
concep:ually s:milar t o  t h e  i s o l a t e d  and conf:nod environmen: of o u t e r  
space .  A major problem wi:h t he  ICE s t u d i e s  is  t h a t  they  a r e  p r imar i l y  
a n e c d o t a l ,  few 1 . a r i ab l e s  a r e  quan:if:ed, and seldom i s  t h e r e  any a::ernpt 
t o  s p e c i f y  t he  e f f e c t s  of s p e c i f i c  v a r i a b l e s  on s p e c i f i c  o t h e r  outcome 
v a r i a b l e s .  C a r e f u l l y  designed r e sea rch  is c l e a r l y  needed he re  t o  move 
beyond :he p re sen t  h o l i s t i c  concept ion  of an I C E .  Fu tu re  r e sea rch  must 
break out  t he  concep tua l ly  independent but p o t e n t L a l l y  i n t e r a c t i v e  e f f e c t s  
of :he v a r i a b l e s  wh:ch combine t o  produce an ICE. For example, 
p sycho log ica l  withdrawal  and subsequent  s o c i a l  i s o l a t i o n  have been 
repor:ed on the  A n t a r c t i c  s t a t i o n s .  Withdrawal is  presumed t o  be a coping 
mechanisa f o r  physically i s o l a t e d  s e t t i n g s  u r d e r  conf ined  condi:ions. .A 
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ques t ion  t o  ask  is w i l l  an i s o l a t e d  o r g a n i z a t i o n a l  s e ~ t i n g  where vo rke r s  
a r e  no t  con f ined  con t inuous ly  produce t h e  same e f f e c t ?  I f  e x t e n s i v e  
activ- o u t s i d e  t h e  c o n f i n e s  of t h e  o r g a n i z a t i o n  w r e  p o s s i b l e ,  vould 
t h i s  mediate  some of t h e  obrerved e f f e c t s ?  

There is  one a d d i t i o n a l  o b s e r v a t i o n  which can be made about  t h e  ICE 
s t u d i e s .  Most of t h e  r e sea rch  on long t e r n  i s o l a t i o n  and confinement i n  
h o s t i l e  environments  d e s c r i b e s  behavior  and i n t e r p e r s o n a l  r e l a t i o n s h i p s  
which do not suppor t  op t imal  miss ion  performance. rlowever, i n  t h e  l a r g e l y  
a n e c d o t a l  ICE r e s e a r c h ,  t h e r e  is minimal a t t e n t i o n  pa id  t o  formal  
s t r u c t u r e  o r  d e s i g n  of :he o rgan iza t ion .  T y p i c a l l y  i: is simply igno red ,  
o f t e n  because t h e r e  is s o  l i t t l e  v a r i a t i o n  i n  formal  s t r u c t u r e  i n  t h i s  
r e s e a r c h  wi th  an appbrent  h igh  r e l i a n c e  on t h e  m i l i t a r y  coaunand model o r  
v a r i a t i o n s  of it i n  many of t h e  ICE'r. While some o r g a n i z a t i o n a l  
v a r i a t i o n  has been in t roduced  by t h e  oceanographic r e s e a r c h  v e s s e l s  and 
t h e  n o r t h  s l o p e  s e t t i n g s ,  t h e  a c t u a l  s t r u c t u r e s  i n  p l ace  cannot  be r e a d i l y  
ascertained given  t h e  r epo r t ed  d a t a .  NEEDED RESEARCH: a  thorough 
l i t e r a t u r e  review wi th  an a n a l y s i s  of t h e  o r g a n i z a t i o n a l  des igns  preeent  
i s  needed on comparat ive o r g a n i z a t i o n a l  s t r u c t u r e s  under  c o n d i t i o n s  of 
i s o l a t i o n ,  conf inement ,  and a  h o s c i l e  e x t e r n a l  environment a s  i t  r e l a t e s  
t o  mission performance and t h e  mental  and emot iona l  h e a l t h  of t h e  workers .  

The Yigh Funnel:  I n t r a -  and In t e r -Organ iza t iona l  Links - -- - 
What 2180 d i f f e r e n t i a t e s  t h e  space s t a t i o n  from o t h e r  i s o l a t e d  end 

conf ined  a r g a n l z a t i o n a l  s e t t i n g s  is h a t  has been r e f e r r e d  t o  as t h e  "h?gh 
funnel"  (Hdys, 1984). A t  t h e  p r e s e n t ,  space miss ions  i n  t h e  Untted S t a t e s  
a r e  c l o s e l y  monitored and suppor ted  from t h e  ground. While t h e  h t e n s i t y  
of g r w n d  suppor t  is  l i k e l y  t o  dec rease  over  time wi th  technological 
advance,  t he  space s t a t i o n  w i l l  none the l e s s  x par: of a  very  l a r g e  
o r g a n i z a t i o n  wi th  e x t e n s i v e  i n t e r o r g a n i z a t i o n a l  links -- m e t a p h o r i c a l l y  
desc r ibed  a s  a h igh  funnel .  I n  terms of t h e  t o t a l  o r g a n i z a t i o n ,  it is as 
i f  t h e  o r b i t i n g  s t a t i o n  i t s e l f  were a t  t h e  sma l l  end of an upended f u n n e l ,  
w i th  t he  broad end very  widely based on E a r t h ,  The activities of many 
i n d i v i d u a l s ,  g roups ,  and o r g a n i z a t i o n s  w i l l  converge on a very  small, and 
f o r  5:s high c o s t ,  f a i r l y  modes: s e t t i n g .  

~t the  narrow neck of t h e  funnel  a r e  f i r s t  miss ion  suppor t  and t h e  
a s t r o n a u t  o f f i c e ,  both of which buffe:  and s c r e e n  f n p u t s  t o  t h e  space 
s :at ion,  v l a  mission con:rol f u n c t i o n s .  Expand?ng from :he neck toward 
:he base of t he  funnel  i s  the  l a r g e r  NASA a s  an o r g a n i z a t i o n ,  v f t h  i ts  
m u l t i p l e  s u b u n i t s .  Spreading widely t o  t he  base of :he funne l  and beyond 
a r e  r e p r e s e n t a t i v e s  of a  l a r g e  number of e x c e r n a l  o r g a n i z a t i o n s :  
c o n t r a c t o r s  who b u i l t  t he  s t a t i o n ,  concerned agency and governmental  
groups who fund t h e  space agency,  and por:ions of t h e  s c i e n t i f i c  and 
commercial communities whose r e sea rch  and commercial e n t e r p r i s e s  a r e  
conducted on the  space s t a t i o n .  This  l a t t e r  mega-group is  both q u i t e  
l a r g e  and no: always c l e a r l y  v' ,s?ble, and ye: ? t s  presence  w i l l  be f e l t .  
Through communtcations t o  and from :he space s t a t i o n ,  technical p r o b l e m  
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w:ll need t o  be so lved  wi th  a o r i s t a n c e  from c o n t r a c t o r ' s  eng inee r s  and 
d e c i s i o n s  w i l l  be made and r e f i n e d  rrsardbng r e sea rch  du r ing  the  missLon. 
A t  t h i s  p o i n t ,  one a n  only s p e c d a t e  r e  ' o  how the  high funne l  of 
e x t e n s i v e  i n t r a -  and in t e r -o rgan iza t ion ;  r e l a t i o n 8  is l i k e l y  t o  i n f l u e n c e  
t h e  work arrangements  and work outcomes rn t h e  space s t a t i o n .  COMPARATIVE 
USEARCH IS NEEDED on t h e  e f f e c t s  of s i m i l a r l y  complex "high funnel"  
o r g a n i z a t i o n a l  a r rangements  on r e l a t i v e  o r g a n i z a t i o n a l  power t o  a f  f c r  
d e c i s i o n s ,  cor r t ro l  over  valued r e s o u r c e s ,  morale  and p r o d u c t i v i t y  C -  :hose 
pos1:ioned a t  t he  t o p  of t h e  funnel  i t s e l f ,  t h e  space s t a t i o n  e q u i .  ,.en:. 

There is a  f a i r l y  deep d e s c r i p t i o n  of t h e  low power of a s t r o n a u t  
crews r e l a t i v e  t o  miss ion  c o n t r o l  and f l i g h t  administrators. In  former 
Ast ronaut  Cooper's HOUSE I N  SPACE ( l 9 7 6 ) ,  he deec r ibea  t h e  e x p e c t a t i o n  
t h a t  t h e  a s t r o n a u t 6  would ". .screw something upl", g i v e n  t h e  c o n s t r a i n t  s 
and t e c h n i c a l  c o m p l e x i t i e s  of t h e  1973 Skylab a c t i v i t i e s .  Thfr  
e x p e c t a t i o n  suppor ted  t h e  f i r m l y  a u t o c r a t i c  d e c i s i o n  and a u t h o r i t y  
s t r u c t u r e  vh i ch  governed t h e  a o t r o n a u t r '  work. It was a l s o  c o n s i s t e n t  
w i th  t h e  m i l i t a r y  cownand s t r u c t u r e  t h e  a r t r o n a u t r  were f a u d l i a r  wi th ,  
g?ven t h e i r  most ly e x - m i l i t a r y  p i l o t  backgrounds. When a s t r o n a u t s  were 
scheduled  s o  t i g h t l y  by t h e  ground t h a t  u n a n t i c i p a t e d  e v e n t s  and 
u n s y s t e m a t i c a l l y  stowed equipment prevented them from main ta in ing  the  
s c h e d u l e ,  t h e  t h r e e  Apollo 3 a s t r o n a u t s  'closed down communication wi th  
mi s s ion  c o n t r o l  f o r  twenty-four hou r s ,  c l e a n i n g  and stowing equipment 
p r o p e r l y ,  a w a i t i n g  a  newly p r i o r i t i z e d  schedule  from miss ion  c o n t r o l .  
This  event  has hecome an infamous Harvard Bus iness  School c a s e ,  and t i t l e d  
" S t r i k e  i n  Space" (Balbaky, 1980). This  i a ,  of cou r se ,  one of t he  only  
p u b l i c l y  known "nega:iveW r e a c t i o n s  of aetronau: crews du r ing  a rpace  
f l i g h t ,  and it cen te red  on h igh  f u n n e l ,  o r g a n i z a t  i o n a l  i s s u e s  : t h e  
r e l a t i o n s h i p  between the  ground o r g a n i z a t i o n  and t h e  crew i n  space .  

I f  t h e r e  is an  a r e a  t h a t  is c r i t i c a l  t o  on - s t a t i on  s t r e s s ,  judging 
from pas: expe r i ence ,  i t  is r e l a t i o n s  w i th  Earth-based personnel .  S t r e s s  
from t h i s  sou rce  i n  t h e  pas t  has involved a  combinat ion of h igh  work 
demands and o v e r s p e c i f i c a t i o n  of behavior  , and t h e s e  a r e  e x p l i c i t l y  
o r g a n i z a t i o n a l  i s s u e s .  However t h e s e  sou rces  of r t r e s s  mus: be deal: wi th  
and mediated by more a p p r o p r i a t e  o r g a n i z a t i o n a l  arrangemen:s, because they  
i n f l u e n c e  q u a l i t y  of l i f e  f o r  t h e  space i nhab i  Cants.  Former astronaut , 
Gerald C a r r ,  r e p o r t e d  t h a t  "During t h e  Skylab 3 f l i g h t ,  work was mixed 
i n t o  t h e  schedule  on our days o f f .  Hid-mission w i n s i s t e d  on a f u l l  day 
f r e e ,  -;nd t h a t  i n s i s t e n c e  was l a t e r  l a b e l l e d  r e b e l l i o n .  Like t h e  R u ~ S l a n S  
we had our own f r u s t r a t i o n s  wi th  ground suppor t  ." (B lu th ,  1941a) 

When focus ing  on o r g a n i z a t i o n  and management i s s u e s  on t h e  c?ace 
s:at:on ::self, t h e  very  l a r g e  Earth-based mor!th of t he  "funnel"  could 
e a s i l y  be overlooked.  This  would be a  mi s t ake ,  because most of t h e  
r ea sons  f o r  t h e  space  s t a t i o n ' s  e x i s t e n c e  r e s i d e  i n  E a r t h l y  motives and 
o r d a n i z a t i o n s .  A l t e r n a t i v e l y ,  one could cons ide r  t h e  space  s t a t i o n  
miss ion  a s  a  smal l  o r g a n i z a t i o n  vhich i n c l u d e s  t h e  immediate ground 
s p e c : a l i s t s ,  managers, and communications personnel  a s  w e l l  as t he  crew 
?:self .  This  space/ground teat could r e c e i v e  c o l l e c i i v e  t r a i n i n g  on 
i s s u e s  of mutual i n t e r e s t ,  deve loping  cohes ion  and t r u s t ,  and be more 
f  f m l y  buf fered  from o u t s l d e  p re s su re s  (Hays and Schoonhoven , 1984 ) .  
C l e a r l y  RESEARCH I S  NEEDED on the  v a r i e t y  of o r g a a i z a t i o n a l  des igns  and 
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i n t e r v e n t i o n  mechan?~ms p o t e n t i a l l y  a p p l i c a b l e  -.his complex "high 
funnel"  organ: t a t  i o n a l  s e t t i n g  . 
Organ iza t iona l  Design: Ask t h e  Aet ronauts  

Research is  impera: i v e  which s o l i c i t s  t he  i d e a s  of U .S. a s t r o n a u t s  
and t n e  earth-based managerr of space mi s s ions  r ega rd ing  t h e  
o r g a n i z a t i o n a l  d e s i g n  of f u t u r e  apace s t a t i o n s .  Ar of t h i s  w t l t i n g ,  t h e r e  
is no p u b l i c l y  a v a i l a b l e  d a t a  I n  which c u r r e n t  b e t i c a n  a s t r o n a u t s  were 
fo rma l ly  cngaged i n  systemet  i c  r e sea rch  a8 e x p e r t  i n f  ormanto on t h e i r  
o r g a n i z a t i o n a l  expe r i ences ,  needs ,  and problems whi le  i n  rpace.  I n  
c o n t r a s t  an American s c h o l a r  has been al lowed t o  i n t e r v i e w  Russ ian  
cosmonauts and t o  pub l i sh  t h e  r e s u l t s  of t h a t  r e s e a r c h  (B lu th ,  I N A ) .  

O r g a n i z a t i o n a l  des ign  is an i s s u e  vhich  t h e  Russian8 have e x p l i c i t l y  
d e a l t  v i t h  i n  t h e i r  r e sea rch .  I n  a  p u b l i c l y  a v a i l a b l e ,  t r a n s l a t e d  
c o l l e c t i o n  of pape r s ,  Novikov r e p o r t s  on Russ ian  o r g n d z a t i o n a l  s t r u c t u r e  
i n  space :  "To ou r  view, t h e  ~ t r i c t  d i s t r i b u t i o n  of d u t i e e  and 
r e s p o n s b b i l i t i e s  and r e f r a i n i n g  from a b s o l u t e  anpha6:s on a h i e r a r c h i c a l  
s t r u c t u r e  f o r  a  crew c o n s i s t i n g  of 2-3 people and e r a s u r e  of t h e  concept  
of "cormnander" is  s u f f i c i e n t l y  expedient  a s  a  method which smooths t h e  
sha rpnes s  of such s i t u a t i o n s .  Ev iden t ly ,  one should choose o t h e r  
d e s i g n a t i o n s  which correspond more t o  t h e  developed s p i r i t  of cooperacl.on 
and f r a t e r n i t y  of people who a r e  c a r r y i n g  out  important  a s s i g n m e n ~ s  under 
excremely complex condi:ionc." (1579:  135) 

S t e r e o t y p i c a l  t h ink ing  abtiut :he Russian c h a r a c t e r  and epparent  heavy 
r e l i a n c e  on b u r e a u c r a t i c  o r g a n i z a t  i on  would sugges t  t h a t  t h e  Rur s i ans  
would be among t h e  las: s o c i e t i e s  t o  recommend no commenfi.?r on a space 
s t a t i o n .  Yet,  it i s  t h e i r  e x p l i c i t  r e sec rch  i n t o  t h e  s ~ o j e c :  of 
o r g a n i z a t i o n a l  s t r u c t u r e  i n  space which l ed  t o  t h e  r a t h e r  
c o u n t e r - i n t u i t  i v e  "no commander" conc lus ion ,  above. 

Regarding o r g a n i z a t i o n a l  des ign ,  t h e r e  a r e  a: l e a s t  two i s s u e s  here .  
One is wha: should t h e  d e s i r a b l e  o r g a n i z a t i o n a l  s z r u c t u r e  be f a r  t h e  crew 
i n  space? The second is what should t h e  n a t u r e  of t h e  ground-s ta t ion  
o r g a n i z a t i o n a l  r e l a t i o n s h i p s  be. This l a t t e r  q u e s t i o n  is u s u a l l y  posed 
with1.n NASA a s  how much "autonmy" should t h e  crew have from ground 
c o n t r o l .  When t h e s e  ques t ions  a r e  add re s sed ,  space or ,e ra t ions  managers 
and a d m i n i s t r a r ~ r s  a r e  concerned about des ign ing  space o r g a n i z a t i o n s  f o r  
h igh  l e v e l s  of performance and f o r  the  leas:  c o s t  -- :he f a m i l i a r  
o r g a n i z a t i o n a l  concepts  of e f f e c t i v e n e s s  and e f f i c i e n c y .  Uhi1.e ne::her 
des ign  ques:ion can be s ~ m p 1 i s : l c a l l y  answered, many o r g a n i z a t i o n a l  
t h e o r i s t s  would observe :hat prematurely f i x e d  d e c i s i o n s  should  no: be 
made r ega rd ing  t h e  proper s t r u c t u r e  f o r  t he  space s t a t i o n  which are then  
r e l i e d  upon i n  an unques:ioned manner a s  " the  one bes. way" t o  s t r u c t u r e  
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and manage a  space  s t a t i o n .  There is much we do not yet  t;:ow about  
s t ruc t i t r i i r g  f o r  o r g a n i z a t i o n a l  e f f e c t i v e n e s s ,  pact  i c u l a r l y  vhen r u r v i v a l  
r a t h e r  than  merely e f f e c t i v e n e s s  may be t h e  dependent v a r i a b l e  as 1: is i a  
t h e  i s o l a t e d  and h o s t i l e  e x t e r n a l  environment of rpace.  Yet, twenty y e a r s  
of r e sea rch  on t h e  i s s u e  ha8 demonstrated t h a t  a f i n g l e  way of r t r u c t u r l n g  
s u c c e s s f u l  o r g a n i z a t i o n s  does not e x i s t .  E q u i f i n a l i t y  ampharizes t h a t  
:here is o f t e n  more than  a s i n g l e  pa th  t o  t h e  same outcome. Seve ra l  
s a t i s f a c t o r y  ways t o  s t r u c t u r e  t h e  s i t u a t i o n  l i k e l y  e x i s t .  These,  vl:h 
t h e i r  d i f f e r i n g  s t r e n g t h s  and weaknesses a r e  reviewed i n  Schoonhoven (1983 
and 1984) and c r e r b a s e d  schedu l ing  schemes a r e  developed i n  Sims (i964). 

The systems concept  "morphogen~. is" reminds us t h a t  o r g a n i z a t i o n a l  
form i e  capab le  of a d a p t a t i o n  over  ',me, and ye t  popu la t i on  ec010g i r t s  
a rgue  t h a t  o r g a n i z a t i o n s  a r e  envi roomenta l ly  r e l e c t e d  f o r  r u r v i v a l  when 
s t r u c t u r a l  i n e r t i a  e x i s t s  (tiannan and Freeman, 1984). As ye t  t h e r e  is no 
d e f i n i t i v e  unders tanding  of t h e  r e l a t i v e  s t r e n g t h s  of what a r e  p r e s e n t l y  
two compet inq  p e r s p e c t i v e s :  a d a p t i v e  c a p a c i t y  ve raus  r t r u c t u r a l  i n e r t i a  
a s  they r e l a t e  t o  su rv?va l  of o r g a n i z a t i o n s .  THIS IS AN ARW OF NEEDED 
RESEARCH. The space  s t a t i o n ' s  s t r u c t u r e .  is presumed t o  r e q u i r e  ad jus tment  
t o  changing l e v e l s  of technology,  m o d i f i c a t i o n s  1l: t h e  number and mix of 
space  s t a t i o n  mi s s ions ,  s h i f t s  i n  t h e  number and c h a r a c t e r i s t i c s  of crew 
members, and i n c r e a s i n g  knowledge of space i t s e l f .  T h h  is a  QUESTION FOR 
ZESEARCH r a t h e r  t han  presumption. 

I n i t i a l l y  t h e r e  w i l l  be only one space s t a t i o n ,  " the" space s t a t i o l t  
r e f e r r e d  t o  t h u s  f a r .  However s e v e r a l  v a r i e t i e f  of space s t s t i o n s  a r e  
l i k e l y  t o  be developed i n  t h e  nea r  f u t u r e ,  and they  w i l l  l i k e l y  s p e c i a l i z e  
by miss ion .  There w i l l  undoubtedly be pure ly  commercial v e n t u r e s ;  t h e  
enormous c o s t s  of space development and mibsions a r e  expected t o  be 
s h i f t e d  t o  t h e  p r i v a t e  s e c t o r  wi th  i n d u s t r y  bas!cally paying :he way i n  
t h e  long run. There a r e  a190 m i l i t a r y  a p p l i c a t i o n s  i n  space and t h e  
l i k e 1  fhood of s t a t i o n s  wi th  predominantly m i l i t a r y  miss?ons.  This  
discuss:on sugges t s  t h a t  d i f f e r e n t  ways of o r g a n i z i  .g a r e  l i k e l y  t o  be 
a p p r o p r i a t e  f o r  space s t a t l o n s  a s  a  g e n e r i c  e e t ,  depending on which g o a l s  
and miss ions  a r e  pursued, t h e  d i v i s i o n  of l a b o r ,  t h e  technology i n  p l a c e ,  
and so  f o r t h .  Whether new ways cf o rgan iz ing  w i l l  be r equ i r ed  which 
d e v i a t e  from the  m i l i t a r y  command model is an open q u e s t i o n ,  even f o r  
m i l i t a r y  space  s h i p s .  New f r o n t i e r s  o f t e n  demonstrate  t he  need f o r  
s : ruc tu ra l  i nnova t ions ,  and r e s e a r c h  on e a r t h  i n  t e c h n i c a l l y  complex 
o r g a n i z a t i o n a l  s e t t i n g s  wi th  d r a m a t i c a l i y  d i f f e r e n t  g o a l s  i s  a  l i k e l y  
t a r g e t  f o r  meaningful r e sea rch .  The r e c e n t l y  ani~olrnced General  Motors 
"Saturn" plan: Is a  case i n  poio:. 

Were r e sea rch  undertaken i n  which c u r r e n t  a s t r o n a u t s  a r e  
sys:ema:ical?y engaged a s  expe r t  i n fo rman :~ ,  i t  is important  t h a t  d a t a  
from p a r t i c i p a n t s  i n  the  more r ecen t  s h u t t l e  mlss iqns  be ga the red .  These 
m i s ~ i o n s  have h e n  of longer  d u r a t i o n ,  have had l a r g e r  crews,  have had 
g r e a t e r  spec:a liza:ion and d : v f s i o ~  of l a b o r  (mi s s ion  and payload 
spec:al:sts,  p i l o t s ,  commander) end have been more t e c h n o l o g i c a l l y  and 
~ c i e n :  i f  i c a l l y  sophLs t i ca t ed .  A l l  of these  condi:ions approach the  space 
s:at ion c o n d i t i o n s  more c l o s e l y  than e a r l i e r  miss ions  have. 

Methods fo r  g a t h e r i n g  t h i ~  d a t a  should i nc lude  ti:rec: i n t e r v i e w s  wi th  
c u r r e n t  a s t r o n a u t s  who have made s h u t t l e  f l i g h t s  c.14 w i t h  miss ion  managers 
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for  tnt:ial i n r i g h t s  Into the major prol)lemu and var i rb leu  fo r  bo t l~  
on-board and apace s t e t  ion - e a r t h  o rpan i t a t  ionel  i r r u e s  . There 
organ1 zat  ional  ac to r*  a r e  the b e t  roucces of contemporary and probable 
fu tu re  problem* r e l a t i v e  t o  organ! z a t i o n a l  i rouar .  I n i t i a l  i n t r t v i e v s  
should be oemi r t r u c t u r e d ,  but open-ended t o  ai low fo r  maximum v a r i a t i o n  
l n  reaponges. For a comparrt ive bas i s ,  a s t ronau t s  f roo e a r l i r r ,  r h o r t t r  
missione w i t h  smaller  crews w i l l  be important rourcee of b t r .  A 
reprrsen:ntfve #ample of both se re  of crew mernbrrr crn  e a r i l y  k drvtsed 
 fro^ the vur!ous missions. Cett ing o f f i c i a l  acces r  to  the re  important 
a c t o r s  i s  a  d i f f e r e n t  Issue ,  however, j u s t  ac organazational  entree Is a  
concern Is mus: organlztl t ional  reeearch.  

Once t h l s  i n i t i a l  daca has k e n  gathered and analyzed f o r  t r e n d s ,  
e x p l i c i r  hypotheses can be t e s t e d  ueing da ta  gathered f r m  video ~ 0 3  vocal 
tapes of past space mfssiono. Both of these data sourceo e x i r r .  A 
content analys ie  of such tapes would reveal  the  extent  t o  which 
percept ions of a s t ronau t s  and mission managere regarding oryanizat  iona l  
fssues  a re  supported by a  l a r g e r  data  baee, sampled under varying crew, 
workload, and mission condi t ions .  Video and vocal  tapee a r e  a  r i c h  da ta  
source,  s ince  they a r e  genuine h i s t o r i e s  of the  a c t u a l  2tgani z a ~ i o n a l  
experience. 

A second, a1:hough l e s s  i d e a l  approach t o  hypo'hesls-testing could 
tnvolve the s imulators  in  which 8s:ronauts spend extensive  t r a i n i n g  time. 
The simula:ors provide con t ro l l ed  environments vhich reproduce a s  c l o s e l y  
a s  possible se lec ted  physical  c h a r a c t e r i s t i c s  of the  space c r a f t .  Given a  
s u f f i c i e n t l y  r e a l i s t i c a l l y  simulated work environment, these  s e t t i n g s  
could be ~ s e d  t o  experimentally manipulate organizat ional  c h a r a c t e r i s t i c s  
i n  order t o  study the e f f e c t s  of v a r i a t i o n  in  o rgan iza t iona l  s t r u c t u r e  on 
task  performance. F l igh t  eiclulatore have been used r a t h e r  success fu l ly  by 
the m i l i t a r y  and the commercial a i r l i n e s  t o  t r a i n  p i l o t s .  I t  appears t h a t  
t a sk  condi t ions  a r e  s u f f i c i e n t l y  r e a l i s t i c  t h a t  value from the CrainIng is 
genuine. 

NASA has funded simulation s t u d i e s  re levant  t o  work i n  space i n  the 
past .  For example, Brady and Emurian (1978) have e tudied i s o l a t i o n  and 
conf inemen: reacr ions  ammg volunteer  sub jec t s  in laboratory  s e t t i n g s .  
However, among the d i f f i c u l t i e s  ; r i th  simulated space environments and 
o the r  iso1a:ion s t u d i e s  i s  t h a t  the re  is no t r u e  danger from the  simulated 
space environment t o  the experimental s u b j e c t s ,  and of course a  
microgravity condi:ion does not e x i s t .  Among simulated s t u d i e s  of spzce 
uslng long-term i so la t io r .  (YO-days) i: has been d i f f i c u l t  t o  ob ta in  the 
experimental condi:ions des i red  a s  a  consequence. Crews have high 
awareness of the s imulat ion,  produce a  high l e v e l  of perf onnance , 
genera l ly  good morale, and l i t t l e  h o s t i l i t y .  The lack of t r u e  danger :n 
:he benign s imulat ions  appears t o  account f ~ r  genera l ly  favorable outcomes 
of :he experience,  (Seersan and McFarland, 1972) Studies  of o the r  
phenomenon may no: depend Dn the very dif  f icul:  problem of experimenrally 
r ec rea t ing  genuine ?so la t ion  and the  awareness of confinement, and thus 
may be more s u c c e s s f ~ ~ l  than the i s o l a t i o n  s t u d i e s  appear t o  have been. 
For example, the simulat  :on of a  s=?ent  i f  i c  s h u t t l e  missions appears t o  
have been s u c c s s s t u l i y  executed, and a s  a  consequence, the  o rgan iza t iona l  
and psychological a spec t s  of mission management were observable.  Results 
suggested tha t  :he s o c i a l  dynamics of planning and i n t e g r a t i n g  the 
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components of mi s s ions  a r e  c r i t i c a l  Yo succes s  (Helmreich,  Uilhelm, 
Tanner, S i e b e r ,  and Burgenbauch, 1979).  

N a t u r a l l y ,  what one s i m u l a t e s  depends on t h e  q u e s t i o n s  addressed  i n  
t h e  r e sea rch .  Important  work i s  being done i n  t h r e e  c o r n e r s  of t h e  
coun t ry  i n  which i n t e r a c t i o n s  among commercial a i r l i n e  crew 
&embers a r e  ana lyzed  t o  understand how group dynamics and f o r ~ r a l l y  
d i f  i s r e n t i a t e d  s t a t u s  t n f l u e n c e  crew e r r o r  r a t e s  hnd miss ion  performance. 
Some of t h e s e  a r e  s imu la t ions ;  o t h e r s  Lnvolve d i r e c t  o b s e r v a t i o n  of 
working crews i n  a i r p l a n e  c o c k p i t s ,  a t  l e a s t  i n i t i a l l y .  This  is t h e  work 
of R. Hackman, i n  p roces s ,  H. C. Foushee on dyads and t r i a d s  a t  35,000 
f e e t  ( l 9 8 4 ) ,  and a  s o c i a l  p s y c h o l o g i s t ,  R. L. Helmreich, l ong  a c t i v e  i n  
space- re levant  r e sea rch  (1971; 1980; and 1979). What is  important  is t h a t  
t h e s e  r e s e a r c h e r s  have c r e a t i v e l y  examined e m p i r i c a l  s e t t i n g s  a v a i l a b l e  
f o r  space- re levant  r e s e a r c h ,  and i n  s o  doing have a l s o  made o r i g i n a l  
c o n t r i b u t i o n s  t o  t h e i r  biqse d i s c i p l i n e s  a8 wel l .  C o l l e c t i v e l y  t h e i r  work 
p rov ides  a  good model f o r  t h e  e x c i t i n g  r e s e a r c h  which a w a i t s  t h e  
s t i m u l a t e d  o r g a n i z a t i o n  and management i n v e s t i g a t o r .  

Spacc S t a t i o n  a s  t h e  Ul t imate  Company Town 

Research i s  a l s o  needed on t h e  i n t e r a c t i o n s  between t h e  formal  (work) 
o r g a n i z a t i o r ' s  s t r u c t u r e  and t h e  s o c i a l  l i v i n g  s r r u c t u r e  under c o n d i t i o n s  
of i s o l a t i o c ,  conf inement ,  and a  h o s t i l e  e x t e r n a l  environment. The 
concern is wi th  t h e  s o c i a l  r e l a t i o n s h i p s  among people who a l s o  l i v e  where 
t h e y  work. The space s t a t i o n  has been desc r ibed  a s  t h e  u l t i m a t e  company 
town (Schoonhoven, 1087 : 2 3 ) .  What a r e  t he  l i k e l y  i n t e r a c t  i ons  between 
of f -duty  s o c i a l  s t r u c t u r e  ana t h e  formal o r g a n i z a t i o n  of t h e  work? How 
does  t h e  i n t e r a c t i n g  s e t  of v a r i a b l e s  i n f luence :  ( a )  mi s s ion  performance,  
( b )  t h e  mental  and e n o t i o n a l  h e a l t h  of t h e  space  workers ,  and ( c )  
i n d i v i d u a l  and co1lec:ive human produc:ivity? Even t h e  Russians have now 
demonst ra ted  t h e i r  i n t e r e s t  i n  t h e  "emotional  enthusiasm" of t h e i r  
cosmonauts,  because i t  i s  presumed t o  i n f l u e n c e  "working capac i ty"  
(Lomov, 1979: 9 ) .  

Recent c o u r t  ca se s  on E a r t h  i nvo lv ing  naval  personnel  a t  s e a  sugges t  
t h a t  c l o s e  pe r sona l  r e l a t i o n s h i p s  a r e  l i k e l y  t o  develop du r ing  long 
m i s s i o n s ,  d e s p i t e  formal  o r g a n i z a t i o n a l  r e s t r i c t i o n s  t o  . t h e  c o n t r a r y  
r e g a r d j n g  'If r a t e r n i z a t  ion". Pr ivacy  needs a r e  l i k e l y  t o  develop on long 
:em ~ l s s i o n s  a s  w e l l ,  which develop frr-n both psychologica l  a s  well ss 
s o c i a l  needs.  Sexual  behavior  and t e n s i o n s  must be expec ted  and planned 
f o r .  S t u d i e s  of a l l - m a l e  p r i son  environmen:s d e s c r i b e  i n  grim de:a:l :ha: 
vic: imizat ion and d e s t r u c t i v e  i n t e r p e r s o n a l  b e h ? . ~ i o r  is common when sexual  
needs a r e  not  fo rma l ly  recognized ,  condoned, and a r ch i : ec tu ra l l y  planned 
f o r  i n  a  facility. 

One may a l s o  expec t  t h a t  t he  format ion  and d i s s o l u t i o n  of pe r sona l  
r e l a t i o n s h i p s  is  l i k e l y  t o  c r e a t e  a d d i t i o n a l  t e n s  t ons  which undermine 
p r o d u c t i v e ,  c o o p e r a t i v e  work group behavior .  9bv ious ly  t h e  p r i s o n  studies 
of a l l -male  groups demons:rate t h a t  it is no: t he  hb5ed presence of women 
i n  an o r g a n i z a t i o n  wilich suddenly i l l u m i n a t e s  t h i s  i s s u e .  I t  is c l e a r  
:ha: i f  o f f i c i a l s  simply ignore  t h i s  " d e l i c a t e "  i s s u e ,  in-mtssion problems 
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a r e  c l e a r l y  p r e d i c t a b l e .  Sin: lar ly,  i f  t r a d i t i o n a l  c u l t u r a l  mores a r e  
presumed t o  d i c t a t e  " app rop r i a t e "  behav io r ,  t h i s  may s e v e r e l y  h inde r  :he 
crews' a d a p t i v e  a p a c i t y  t h a t  w i l l  be e s s e n t i a l  du r ing  t h e  l o n g e r  term 
e x p l o r a t i o n  of t h e  un ive r se  and beyorrd. We would a g r e e  w i th  t h e  
psych:a t r i s t  , Santy 's  conc lus ion ,  t h a t  "We must avoid l e t t i n g  r i g i d  
c u l t u r a l  va lues  and customs,  e s p e c i a l l y  i n  t h e  a r e a  of w x u a l  mores, 
prev3n: r e sea rch  i n  t h i s  area."  (1983: 522)  

The e x i s t e n c e  of t r u n c a t e d  s o c i a l  r o l e s  is a  v a r i a b l e  which may 
i n f l u e n c e  miss ion  performance. As t ronau t s  a r e  c u r r e n t l y  s een  
un id imens iona l ly  as vorkero  and wh i l e  i n  space  do not  en joy  t h e  u sua l  
v a r i e t y  of s o c i a l  i n t e r a c t i o n s  as s y b l i n g ,  spouse,  c h i l d ,  p a r e n t ,  o r  
j o ~ g i n g  p a r t n e r .  I n  t h e  formal  work group one is c o n s t a n t l y  eva lua t ed .  
I n  a  fami ly  o r  f r i e n d s h i p  s e t t i n g ,  i n d i v i d u z l s  are accepted  more 
complete1 y  and per f  onnance p r e s s u r e s  a r e  reduced s u b e t a n t  i a l l y  . Blut  h  
remarks :hat i n  small conf ined  groups  a l l  a s p e c t s  of d a i l y  l i f e  are i n  t h e  
presence  of t h e  same group of people  vho a r e  always t h e r e .  The group must 
f u n c t i o n  f o r  both work and f r i e n d s h i p ,  e v a l u a t i o n  and noneva lua t ive  
suppor: . ( l 98 lb ;  Des t ab l i zed  se l f -concepte  can r e s u l t  from imposed r o l e  
r e s t r i c t i o n s ,  which can i n  t u r n  i n f l u e n c e  rn iss ior~  performance. While t h i s  
i s  an i s s u e  f o r  r e s e a r c h ,  p r i o r  work i n  t o t a l  i n s t i t u t i o n s  l i k e  p r i s o n s  
and s t a t e  mental  i n s t i t u t i o n s  s u g g e s t s  t h a t  e x t e n s i v e  v i s i t a t i o n  r i g h t s  
from fami ly  members p lay  a  par: i n  dep re s s ing  u n d e s i r a b l e  s o c i s l  behavior .  
S i m i l a r l y  havjng t h e  e q u i v a l e n t  of an  open-phone t o  f ami ly  and f r i e n d s ,  
l i k e  E.T.'s phone home, is  l i k e l y  t o  reduce confinement percept  i o n s  by 
i n t  roducing more v a r i e d  r o l e  o p p o r t u n i t i e s ,  a l t e r n a t i v e  s o u r c e s  of 
e v a l u a t i o n ,  and s i g n i f i c a n t  o t h e r s  f o r  ee l f -concept  e t a b i l i z a t i o n .  Th i s  
i s  speculation, however, and s y s t e m a t i c  e v a l u a t i o n  of e x i s t i n g  medrated 
communications r e sea rch  would be u s e f u l  here .  

Crew S e l e c t i o n :  S t r u c t u r e  v e r s u s  P e r s o n a l i t y  - 
Most of t h e  r e sea rch  sponsored by NASA on crew s e l e c *  >n has keen 

conducted from a  psychiatric o r  p sycho log ica l  p e r s p e c t i v e ,  &cause  a n  
a s t r o n a u t ' s  psychologica l  s t a b i l i t y  was cons ide red  of primary importance 
d u r i n g  t h e  s e l e c t i o n  process .  (See San ty ,  1983, and Helmreich,  1983, f o r  
r e v i e v s  of t h i s  l i t e r a t u r e  from t h e  two pe r spec t ives . )  Because t h e  
d i s c i p l i n e s  of p s y c h i a t r y  and psychol3gy both emphasize t h e  i n d i v i d u a l ,  
most of t h e  r e s e a r c h  r e l e v a n t  t o  crew s e l e c t i o n  i n  t h e s e  two d i s c i p l i n e s  
recommends s e l e c t i n g  f o r  d e s i r a b l e  p e r s o n a l i t y  a t t r i b u t e s ,  where 
androgonous,  f l e x i b l e  people-or ien ted  i n d i v i d u a l s  a r e  argued t o  promo:e - 
group coope ra t ion  and c o n f l i c t  r e d u c t i o n ,  f o r  exemple. Tt.,-re is evidence  
t h a t  s y s t e m a t i c  c h a r a c t e r i s t i c s  of groups ,  l i k e  t h e i r  sex  r a t i o  f o r  
example, o p e r a t e  s t r u c t u r a l l y  t o  produce extremes of performance and 
reduced group e f f e c t i v e n e s s .  This  r e s e a r c h  sugges t s  t h a t  s o c i o l o g i c a l  
charac:er:s:ics nf groups ,  not merely p e r s o n a l i t y  c h a r a c t e r i s t i c s ,  mav 
s t r o n g l y  i n f luence  d e s i r e d  outcomes on space miss ions .  

Work groups can be desc r ibed  by the  e x t e n t  t o  which they  a r e  
numer i ca l ly  skewed by the  balance of a  dominant,  m a j o r i t y  s o c i a l  group t o  
a  numer ica l ly  r a r e ,  m i n o r i t y  s o c i a l  group. When t h e r e  is a  low proporz lon  
of t he  numer ica l ly  r a r e ,  m i n o r i t y  s o c i a l  ca t ego ry  i n  t he  group,  a 
c o n d i t i o n  of tokenism i s  s a i d  t o  e x i s t .  I t  has been wel l  documented :ha: 

AN AGENDA FOR ORGANIZATIONAL RESEARCH 



tokenism (whether  in tended  o r  i n a d v e r t a n t )  r e s u l t s  i n  high psycho1og:cal 
s t r e s s  f o r  t h e  token members; t h a t  performance extremes of ove r  and under 
achievement a r e  l i k e l y ;  t h a t  imbalanced and u n s t a b l e  s e l f - concep t s  deve lop  
f o r  t h e  tokens;  t h a t  the maintenance of s a t i s f a c t o r y  s o c i a l  r e l a t i o n s h i p s  
w i t h i n  t h e  group is problemat ic ;  t h a t  dominant members of t h e  group s u f f e r  
h u m i l i a t i o n  when out-performed by t h e  m i n o r i t i e s .  This  latter dynami: 
undermines :he group's  a b i l i t y  t o  encourage e x c e l l e n t  pe r fo rzance  among 
a l l  of i t s  members. The consequences of tokenism a r e  reduced pe r fo r sance  
w i t h i n  t h e  group as a whole. The dynamics of tokenism a l s o  h e l p  t o  
p e r p e t u a t e  a system w h k h  keeps members of t h e  token ' s  ca t ego ry  i n  s h o r t  
o r g a n i z a t i o n a l  supply.  Th i s  is a s t r u c t u r a l  e f f s c t  which o p e r a t e s  w i t h i n  
t h e  s o c i a l  system, independent  of s e l e c t e d  p e r s o n a l i t y  c h a r a c t e r i s t i c s .  
The d e c i s i o n  t o  send crews i n t o  space  w i th  "token" members i n  t h e i r  crews 
can  have t h e  nega t ive  consequences desc r ibed  above. S a l l y  Ride, t h e  f i r s t  
U.S. woman a s t r o n a u t  i n  space ,  and Commander Bluford ,  t h e  f i r s t  U.S.black 
a s z r e s d u t ,  bo th  f l ew  under s t r u c t u r e d  token s i t u a t i o n s .  S ince  t h e  space  
s t a t i o n  w i l l  p r e sen t  c o n d i t i o n s  of l ong  term i s o l a t i o n  and conf inement ,  
t h e  presence of nuto. t i c a l l y  skewed crews could have s e r i o u s  nega t ive  
consquences f o r  f u t . , r e  space miss ions .  

Based on Kanter 's  work (1977a). rehearch  should  investigate when a 
work group moves from a numer ica l ly  skewed, r a r e  token-dominant m a j o r i t y  
s t r u c t u r e  t o  a  balanced position. This  is neces sa ry  t o  inform manager ia l  
d e c h i o n s  r ega rd ing  t h e  a p p r o p r i a t e  gender ,  e t h n i c ,  and c u l t u r a l  ba lance  
of  a s t r o n a u t s  neces sa ry  t o  crew s u c c e s s f u l  space  s t a t i o n  miss ions .  This  
w i l l  f a c i l i t a t e  r e c r u i t i n g ,  s e l e c t i o n  and development d e c i s i o n s  f o r  t h e  
a6:ronaut co rps ,  and t h e  knowledge w i l l  h e l p  NASA miss ione  avoid t h e  
n e g a t i v e  consequences of t h e  dynamics of tokenism: p sycho log ica l  s t r e s s ;  
t h e  performance extremes of over  and under achievement; more balanced 
se l f - concep t s ;  enhanced i n t e r p e r s o n a l  i n t e r a c t i o n  between men and women 
wirhout  t he  p re s su re  of p u b l i c  h u m i l i a t i o n  of t h e  dominants and consequent  
n e g a t i v e  a f f e c t ;  t h e  swings of ei:her s o c i a l  i s o l a t i o n  o r  pub l i c  s c r u t i n y ,  
h igh  v i s i b i l i t y ,  and l a c k  of pr ivacy  exper ienced  by tokens.  

I t  is not enough t o  r e c r u i t  f o r  androgenous,  p ~ y ~ h ~ l ~ g i ~ a l l y  s t a b l e  
i n d i v i d u a l s  a s  has beeil sugges ted  i n  some r e s e a r c h  on the  e f f e c t s  of 
i s c l a t i o n  and con f inecen t  i n  h o s t i l e  environments .  Some s o c i a l  
categories, l i k e  gender and r a c e ,  a r e  s t i l l  very  impor tan t  i n  our  s o c i e t y .  
Women, o r  members of any o t h e r  under represented  ca t ego ry ,  need t o  be added 
t o  t o t a l  group membership i n  s u f f i c i e n t  p ropor t i ons  t o  c o u n t e r a c t  t h e  
e f f e c t s  of tokenism. What t he  p r e c i s e  numbers a r e  is  a  m a t t e r  t o  be 
r e sea rched .  S i m i l a r l y ,  i f  none of t h e  nega t ive  e f f e c t s  of tokenism have 
emerged dur:ng s h u t t l e  f l i g h t s ,  then t h a t  is a l s o  important  in format ion .  
I f  the  nega t ive  e f f e c t s  of tokenism have not emerged, perhaps 
inadve r t a n t l y  avoided through NASA's exzens ive  t r a i n i  ng progra 
m s ,  then the  s p e c i f i c  v a r i a b l e s  r e s p o n s i b l e  f o r  t h e  d e p r e s s i o n  of t h i s  
s t r u c t u r a l  e f f e c t  should be understood.  I: is  not  enough t o  be f o r t u n a t e .  
Expel s i v e  long :em d s s i o n s  r e q u i r e  maxlmum in fo rma t ion  from which t o  
make crew asslgnmen:~. 
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Human - Robotic I n t e r a c t i o n :  Who's i n  Control? -- -- 
Oqe of the  o b j e c t i v e s  of the  Space S t a t i o n  Technology S tee r ing  

Committee has k e n  t o  es:ablish the  des i red  l e v e l  of technology tc, be used . 
i n  the  i n i t i a l  des ign and opera t ion  of an evolut ionary ,  long l i f e  space 
s t a t i o n  and the  longer  term technology f o r  a p p l i c a t i o n  t o  improved 
c a p a b i l i t i e s  (R. C a r l i s l e ,  1982). Research is c u r r e n t l y  i n  proces t o  
develop robo t i c  systems t o  enhance human p toduc t iv i ty  i n  the  space s t a t i o n  
context  as one avenue f o r  r e a l i z i n g  t h i s  object ive .  Since robots  and 
r o b o t i c  systems a r e  p re ren t ly  r e l a t i v e l y  youthful  and developing 
technologies ,  few organ iza t ions  have had extensive  time-based experience 
w i t h  them. L i t t l e  s e r i o u s  reeearch has k e n  conducted t o  document the  
e f f e c t s  of robots on human performance, oaf e t y ,  productivi:y, and o v e r a l l  
o r g a n i z a t i a n a l  performance. 

The i n s t a l l e d  base of robo t i c ,  f l e x i b l e  manufacturing systems has 
grown s u b s t a n t i a l l y  i n  recent  years  i n  the  U.S. and i n  Japan. These 
i n d u s t r i a l  s e t t i n g s  provide n a t u r a l l y  occuring v a r i a t i o n  i n  robo t i c  
systems and o rgan iza t iona l  arrangements. They could be used t o  study a  
number of i s sues  important t o  the  space. s t a t i o n ' s  development. Of f i r s t  
concern is  the cond i t ions  which promote Bafety of the  human p a r t i c i p a n t s  
i n  the system. Other pragmatic concerns include:  what has been the impact 
of these  technological  innovations on worker characteristics, including 
required s k i l l  l e v e l s  and educat ional  a t ta inment ;  how has the r e l a t i o n s h i p  
between managers and the  system opera to r s  changed with the in t roduct ionn 
of i n t e l l i g e n t  machines; have r e l a t i o n s h i p s  between members of the work 
group been modified i n  ways which impact o v e r a l l  group and/or 
o rgan iza t iona l  performance? What a r e  managerial and worker a t t i t u d e s  
toward i n t e l l i g e n t  machines? Do favorable a t t i t u d e s  evolve over time o r  
do they requ i re  managerial in te rven t ion  i n  the  form of spec ia l i zed  
t r a i n i n g  t o  promote rapid  acceptance and e f f i c i e n t  u t ! l i z a t i o n  of the  
machines. Uhen we speak of an evolving technological  system l i k e  the  
space s*-:ion, what changes over time ran be expected i n  the t a sks  o r  jobs 
p e r f o r  -:d by humans i n  the  system? The bas ic  quest ion t o  be researched is 
wha: a r e  the cond i t ions  under which s t rong performance is made poss ib le  
when i n t e l l i g e n t  machines become a  e ign i f  i c a n t  element i n  the 
o r g a ~ i z a t i o n a l  system. 

Conclusions 

In  -maera1 it appears t h a t  e x i s t i n g  research and theory on 
o r g a n l ~ c l t ~ o n  nnd manabernen: can be use fu l ly  synthesized t o  de r ive  ?nsigh:s 
and p d d i c t i o n s  regardLng appropr ia te  o rgan iza t iona l  designs and probable 
o rbmi l i i a t iona i  and small  group behavior one can expect on a  petmanen:, 
'.urnan inhabi ted  space s t a t i o n .  However a s  t h i s  revtew has demonstrated, 
much of the a p p l i c a t i o n  of these  ideas  leaves  us with p red ic t ions  which 
should be t e s t e d ,  and wi th  much research before us. Many of the  quest ions  
racsed by the r e l a t i v e l y  novel environmental s e t t i n g  of space can be 
inves:iga:ed wi thin  e a r t h l y  organizat ions .  The robot ice  quest ions  ra lsed 
above a r r  an example, It would be unfor tunate  i f  the U.S. astronau:s8 
expercznce in  space along with t h e i r  counterpar: mission managers were 
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overlooked i n  t h e  impor tan t  r e s e a r c h  ahead. We can no longe r  r e l y  
e n t i r e l y  upon t h e  few Russian s t u d i e s  which have been t r a a s l a t c d  and on 
e x t r a p o l a t  i o n s  f r m  a n e c d o t a l ,  unsystemat i c  r e s e a r c h  in t h e  ICF. space  
a n a l o g s  f o r  p r e d i c t i o n s  of l i k e l y  human behavior  and mi s s ion  performance 
i n  a permanent space  s t a t i o n .  h e r e  are many areas in which t h e  r e s e a r c h  
and t h e  a p p l i e d  exper ience  of o r g a n i z a t i o n  theo ry ,  behav io r ,  and 
development a r e  l i k e l y  t o  demonst ra te  h igh  u t i l i t y  i n  t h e  f u t u r e  s u c c e s s  
of  t h e  space s t a t i o n  as an o r g a n i z a t i o n .  I f  t h i s  a r t i c l e  has a l e r t e d  t h e  
r e a d e r  t o  new and exciting r e s e a r c h  o p p o r t u n i t i e s ,  t hen  one of t h e  major 
g o a l s  of t h i s  a r t i c l e  w i l l  have been achieved.  
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ABSTRACT 

The magic, mystery and romance which will surely surround its 
first years of operation and the careful selection of motivated, dedica- 
ted (to NASA) crews will doubtless combine to ensure high levels of pro- 
ductivity among the first several crew generations to occupy space sta- 
tion. However, once space =tation's operations become routine and the 
magic, mystery and romance give way to perceptions of its being just an- 
other isolated and confined place to go to work, high levels of perfor- 
mance and effectiveness coald become problematic. It will be at that 
point that the crews' environmental context will become an increasingly 
significant productivity parameter. 

In consideration of this, unprecedented (fbr NASA) and commend- 
able attention is being paid to issues of "crew productivity" during 
current design work on space station. Unfortunately, this "crew produc- 
tivity" is being defined almost exclusively in terms of "human factors" 
engineering and "habitability" design concerns. While such spatial en- 
vironmental conditions are, of course, necessary to support crew perfor- 
mance and productivity, they are by no means sufficient to ensure high 
levels of crew performance and productivity on the post-IOC (Initial Op- 
erational Configuration) space station. What is being relatively ig- 
nored is the role of the organizational environment as a complement to 
the spatial environment for influencing crew performance in such isola- 
ted and confined work settings. 

This paper identifies three possible models of operation for 
post-IOC space station's organizational environment and explains how 
they and space station's spatial environment will combine and interact 
to "occasior." patterns of crew behavior - both desireable and undesire- 
able. The paper concludes by suggesting a three phase program of re- 
search designed (a) to identify patterns of crew behavior likely to be 
"occasioned" on post-IOC space station for each of the three models of 
operation and (b) to determine "proactive"/preventative management stra- 
tegies which could be adopted to maximize the emergence of preferred 
outcomes in crew behavior under each of the several spatial and organi- 
zational environment combinations. 



POST-IOC SPACE STATION 

While space station's initial organizational model of operation 
will likely follow the successful traditions established by over two de- 
cades of U.S. manned space programs, legitimate question8 can be raised 
about its long-term appropriateness for what is likely to be a more rou-' 
tine, more coumercially-oriented, l e s ~  glamorous, more isolated and con- 
fined post-IOC (Initial Operational Configuration) space station [3] .  
Once the magic, mystery and romance of space station's initial years of 
operation fade to leave rather bleak but accurate perceptions of its be- 
ing just another isolated and confined place to go to work, one can ex- 
pect the station's enviromental context - both spatial and organiza- 
tional - to become an increasingly important productivity parameter 121. 

The Spatial Environment 

Fortunately, the spatial component of that environmental context 
is receiving unprecedented (for NASA) and laudable attention as a poten- 
tial productirity parameter during the current design work on space sta- 
tion. For example, Seyond the expected "human factors" engineering con- 
cerns, NASA has begun exploring "habitabSlityl' design concerns of priva- 
cy, crowding, territoriality, personal space, way-f inding, spatial ori- 
entation, ecc. ,  which would have been considered frivolous cr at best 
largely irrelevant for any of the previous U.S. manned space programs 
(including, unfortunately, Skylab) ( 41 .  

While design work on spece station's spatial environment is con- 
tinuing (and is therefore unavailable for public presentation at this 
ttme), the design concept work of NASA's in-house, 30O-t member "Skunk- 
works" team done during the Sunnner of 1984 is available for illustra- 
tive purposes (see Figure 1) [2]. While these design concepts for 

FIGURE 1 
Illustrative Space Station, Port View 



space station's spatial environment were not intended to ~eflect all 
state-of-the-art "human factors" engineering and "habjrability" design 
concerns, they nevertheless give some feel for the degree of attention 
being focused on these concerns as potential productivity parameters for 
the crews of space station. 

But while such features a3 "zero-gravity body posture" appro- 
priate design, artificial vertical referencing system, individual pri- 
vate crew quarters, etc., are obviously necessary to support long-term 
crew performance and productivity, they are still not sufficient to en- 
sure such behaviors. While the spatial environment 's influence on usere' 
behaviors is undeniable, there are few who would argue the case in favor 
of some form of spatial environment (i.e., architectural) "determinism." 
Rather, the spatial environment is instead viewed as "occasioning" cer- 
tain patterns of user behavior - but even then only to the degree that 
other environmental factors are at least not working at cross purposes 
r11 

Consequently, the design of the environmental context in which 
post-IOC space station's crews must operate will have t o  address consid- 
erably more than "human factors" engineering and even "habitability" de- 
sign spatial concern8 if high levels of crew performance and productivi- 
ty are to be not just "enabled" but actually "occasioned." Providing a 
"productivity occasioning" environmental context for the post-IOC space 
station will necessarily mean considering those other enviromental fac- 
tors as well. And foremost among those relatively ignored "other" e.ivi- 
romental factors in terms of its likely influence on crew perforwance 
and productivity in isolated and confined settings like the post-IOC 
space station is the organizetional environment. 

The Organizational Environment 

Combining and interacting with post-IOC space station'o spatial 
environment features to either compromise or reinforce its "productivity 
occasiotlng" potential will be a number of organizational environment 
concerr's. Regretably, despite its virtual certainty as a productivity 
parameter on-board space station, the model of operation that organiza- 
tional environment will adopt remains largely undefj.ned and relatively 
ignored. As a significant complement to post-IOC space station's spa- 
tial environment for influencing crew performance and productivity, one 
might have expected more attention to have been paid to this area - in- 
c?uding the possibility of having the organizational environment's se- 
lected model of operatim serve as one of the prime drivers for the spa- 
tial environment's design to ensure (at minimum) their compati~ility. 

Unfortunately, because the on-going design of space station's 
spatial environment continues largely outside of any major consideration 
of what model of operation its organizational environment should ideally 
adopt, the selected spatial environment will inevitably become the limit- 
iqg factor in any eventual choice of orgauizational environment concerns. 
But while the opportunity to have post-IOC space station's organizational 
environment serve as a primary consideration in the design of its sp~tial 
environment has been lost (with the consequcnce that certain spatial and 
orgaqizational environment combinations with strong "productivity occa- 



sioning" potential may no longer be possible), there still remains the 
choice of an organizational environment which can hopefully complement 
the eelected spatial environment. 

Assuming that the eelected spatial environment will poeseae the 
necessary "human factore" engineering and "habitability" deeigc feature8 
without which crew functioning w~vld be severely affected (if not under- 
mined altogether), there still rema1.n~ certain significant (even if con- 
strained) performance- and productivity--relevant decisions to be made a- 
bout post-IOC space station's organizational environment. Even if the 
selected spatial environment were to present "human factors" and "habi- 
tability" features permitting potentially high levels of crew per.:ormance 
on space station, it would be the organizational environnent which would 
largely determine the degree to which those potentials were or were not 
real. ized . 

Indeed, with space station likely to be a rather spartan spatial 
environment for a variety of budgetary, practical or oversight reasons, 
the burden on the organizational environment to realize fully whatever 
potentials that the spatial environment provides will be enormous if 
post-IOC qace station is to entertain any thoughts of being a productive, 
cost-effective enterprise. Consequently, the design of space station's 
organizational environment, although perhaps not as significant as it 
might have been had it served as one of the prime drivers for the design 
of apace station's spatial environment, nevertheless remains a critical 
influence on space station's crew performance and productivity. 

ALTERNATIVE MODELS CF OPERATION 

Because :space stat~on's organizational environment remains large- 
ly undefined and relatively ignored, questions about which models of op- 
eration might be considered to reinforce the chosen spatial env4ronment's 
I t  productivity occacioning" potential remain unanswered. While some might 
favor a continuation of the successful operational traditions established 
over the past two decades of U.S. manned space programs, such proposals 
would seem to ring untrue due to the numerous ways in which post-IOC 
space station will be substantially different from any of NASA's previous 
experiences - including the Skylab program. With post-IOC space station 
likely to provide a more routine, morc comercially-oriented, less glam- 
orous, and more isolated and confined experience for its crews than will 
initially Le the case when space station first becomes operational, the 
appropriateness of continuing to carryover traditional operational pro- 
cedures from NASA's previous manned ;pace yragrams can logically be 
questioned . 
The "Parmilitary" Model of Operation 

The practice of maintaining an or~anizational envi1,onment de- 
signed for NASA'S mar? traditional "paramilitary" model of operation 
(i.e., N~SAlmilitary astronaut-dominated operations in which any commer- 
cial activity 1 s  perfdrmed primarily by the crew on behalf of earth- 
bound cllents) may be already becoming obsolete as the private sector 



begins to book c:,~dage for its own employees on ~huttle (STS) missions 
eo that they can conduct their own proprietary experiments. Once space 
station passes through its fir .t few "shake-do.-r." years, the incidence 
of private sector employees going to work in space to conduct expari- 
ments and even to engage in manufacturing activities will likely become 
the "norm" rather than the current "exception." At that point, NASA'a 
traditional "paramilitary" model of cperation could begtn to conetrain 
such activity and thereby compromise the comercial potential of post- 
IOC space station. Consequently, organizational environments based upon 
alternative models of operation should at least be considered. 

The "Host" Model of Operation 

One moderate alternative to the "paramilitary" model and one for 
which there are numerous earth-bound illustratk ns is the "host" model. 
Applied to the post-IOC space station, this model would find a smaller 
NASA/military crew functioning As "host" to on-board civilians engaged 
in commercial/prcprietary activities on behalf of private sector, earth- 
bound ~orportations. In such a model of operatio-. ;he crew would retain 
full authority over all on-board activities ana;ogous to th. authority 
vested in the crew of a commercial airliner or passe Ler ship but wodd 
generally be reluctant to exercise such duthority except under the most 
extraordinary conditions. Obviously even this moderate alreraative to 
the traditional "paramLlitary" model would necessitate a substantially 
different organizational environment for post-IOC space station to that 
which NASA has provided to date. 

The "Corporate" Model of Operation 

A second alternative representing a somewhat more radical depar- 
ture from NASA's traditional "paramilitary" model of operation would be 
the "corporate" model. Characterized by NASA's removing itself com- 
pletely from day-to-day operations to allow ihe post-IOC space station 
to become a predominantly civilian, commercial enterprise engaged in 
proprietary research and manufacturing, this model oi operatinn would 
see NASA's role return to a focus on advanced research and developmwt 
activities in keeping with its original charter. Under this "corporate" 
model of operation, post-IOC space station could become a government 
leased commercial facility with NASA's involvement restricted to pro- 
viding selected technical services to private sector occupants on a "by 
request," fee-paid basis. With NASA's withdrawal from any routine op- 
erational roles on-board, post-IOC space station's organizational envi- 
ronment would obviously be a radical departure from that to be found 
for a "paraurilitary" model of operat'on. 

Consequences of the Choice of ;?ode1 

For each of these three models of operation for post-IOC space 
station's organizational environment there are 50t1.. costs and opportu- 
nities which make the choice between them less (ntuitively apparent 
than it migh~ at first seen. The only thing that is intuitively ap- 
parent is that each of these three models of operation for the ,-rnani- 
zational environment - when combined with space ~tation's selected 
spatial environment - will inevitably "occasjon" markedly different 



patterns of crew behavior and thereby differentially impact crew perform- 
ance and productivity. 

While the spatial environment will define upper and lower limits 
on the crews' performance and productivity potentials by its accomcda- 
tion (or lack of accolmaodation) of the crews' "human factors" and "habi- 
tability" needs, it will be the organizational environment's adopted 
model of operation - interacting with the selected spatial environment - 
which influences the degree to which those potentials are to be realized. 
By its reinforcing or compromising spatially defined "occasions" for 
various patterns of behavior which will influence the crews' performance 
?nd productivity, the organizational environment will necessarily become 
a significant productivity parameter on the post-10C space station. 

Consequently, the choice between alternative models of operation 
for post-IOC space station's organizational environment cannot be matn 
arbitrarily, intuitively or based upon some established tradition. The 
potential consequences for post-IOC space station's crcw performance and 
prod11 tivity ,xi-e too sianfiicant to base the choice on anything less rig- 
orcuc or empirical than that vhich would be expected for comarable "hu- 
man factors" engineering decisions. 

Beyond the Choice of Model 

Moreover, while it is important to realize the potentially signi- 
ficant consequences of choosing between alternative models of operation 
due to the unique opportunity which each - when combined with the ~elec- 
ted spatial environment - presents for influencing "occasions" for spe- 
cific patterns of crew behavior, it is equally important to realize that 
each spatial and organizational environment combination actually "occa- 
sions" a range of both desireable and undesireable patterns of crew be- 
havior. 

Because there is no reason to expect there to be some special or 
magical combination of spatial and organizational environments for post- 
IOC space station (or any setting for that matter) which will always de- 
liver the "goods" and invariably suppress the "bads" in "occasioned'' 
crew behavior, steps will surely have to be taken to influence the dis- 
plays of certain of those behaviors. For chat reason, management stra- 
tegies for encouraging desireable pscterns of "occasioned" crew behaviors 
and discouraging undesireable patterns of "occasioned" crcw behaviors 
will need to be identified for each of the spatial and organizational en- 
vironment combinations before any informed choice can be made between al- 
ternative models of operation for post-IOC space station. 

SUGGESTED PRQGRAM '3F RESEARCH 

Even though the era of large scale commercial research and manu- 
facturing acrivity for space station is still w d l  over a decade away by 
even the most. optimistic estimates, it is important to note that it is 
already too ].ate for any particular model of operation for post-10C space 
station's organizational envircnment to be included among the considera- 



tions influencing the current design work 01, space station's spatial en- 
vironment. Because of that lost opportunity, organizational environment 
options for ~ost-IOC space station are already constrained to those which 
can be accommodated by the selected design for space station's spatial 
environment. 

Yet while possibilities for certain spatial and organizational en- 
vironment combinations may have already disappeared, there still remain 
iaportant (even if co.~strained) options for post-IOC space station's or- 
ganizational enviroment which will still significantly influence crew 
performance 2nd prodcctivity. To enable informed choices among those re- 
maining organizational environment options, a three phase program of re- 
search will be needed not only to understand the patterns of crew behav- 
ior "occasioned" by each spatial and organizational environment combina- 
tion but also to identify effective "proactive"/preventative (as opposed 
to "reactive"/corrective) management strategies for both encouraging and 
discouraging certain of those behaviors so "occasioned." 

Occasioned Crew Behavir.2~ 

Secause the chosen model of operation for post-IOC space station's 
organizational environment - when combined with the selected spatial en- 
vironnent - will significantly inf luence pat tc rns of crew behavior, it 
is suggested that Phase One of this suggested program of research first 
identify those patterns of crew behavior "occasioned" by each of the spa- 
tial and organizational environment combinations and then determine the 
desireability or undesireability of all such "occasioned" behwiors in 
terms of their impact on long-term crew performance and productivity. 

This could be done ehrough full-scale, earth-bound behavioral sim- 
ulations involving longitudinal study of task performance and effective- 
ness for eazh of the alternative spatial and organizational environment 
combinations. From suc!~ research one would know the patterns of crew be- 
havior likely to be "occasic;ned" by various spatial and organizational 
environment combinations and those "occasionai" behaviors' probable im- 
pact on long-term crew performance and productivity. 

Management Strategy Options 

With each spatial and organizational environment combination for 
the post-IOC space station "occasioning" a range of crew behaviors - 
both desireable and undesireable in terms of their impact on long-term 
Ci'5-d performance and productivity - it is suggested that Phase Two of 
this suggested program of research identify managnment strategy optjons 
which organizations operating in close earth analogs to each of the spa- 
tial and organizational environment combinations have employed in deal- 
ing with both desireable and undesireable patterns of crew behavior. 

By examining readily available, documented experienczs in these 
close earth analogs (e.g., extended underwatei cruises in nuclear sub- 
marines for the "paramilitary" model; "wintering over" in Antarctica for 
the "host" model; and isoJ-ated Alaskan oil pipeline camps for the "com- 
mercial" model), a range of options for influencing patterns of "occa- 
sioned" crew behavir~rs associated with each of the  spatial and organiza- 



tional environment combinations can be identified. From this research 
one would ohtain lists of hypothetically appropriate and inappropriate 
management: strategy:optims for influencing both desireable and undesire- 
able patterns of crew beh-vior associated with each of the spatial and 
organizatlotal environment combinations to be considered for post-IOC 
space station. 

Empirica1i.y Inf oirmed Choice 

Because an irifonned choice between alternative spatial and organi- 
zational environment combinations for the post-IOC space station is only 
possible when the hypothetical appropriateness or inappropriateness of 
alternative management strategy options for influencing both desireable 
and undesireable patterns of "occasioned" crew behavior have been empiri- 
cally tested for each model of operation, it is suggested that Phase 
Three of the si~ggested program of research determine the effectiveness 
of the various management strategy options. 

As in Phase One of this suggested program of research, full-scale 
earth-bouud, behavioral simulations involving longitudinal study of task 
performance and effectiveness for each of the alternative spatial and or- 
ganizational eavironmenr combinations could be employed to provide an em- 
pirical test of the ac,ual dppropriateness and ina~?ropriateness if hypo- 
thetically appropriate and inappropriate management strategy options for 
dealing with patterns of both desireable and undesireable crew behavior. 
From this research one would have a group of empirically-based indicators 
of the probable effectiveness of various management strategy options for 
influenciqg patterns of "occasioned" crew behavior likely to be associ- 
ated with each of the alternative spatial and organizational environment 
combinations for the post-IOC space station. 

ALL OTHER CONDITIONS BEINS HELD CONSTANT 

Underlying all this discussion of "alternative spatial and organ- 
izational environment combinations for the pcst-IOC space station" and 
"on what basis one might begin to make informed choices between them to 
maximize crew performance and productivity" are three basic arguments: 
(1) that the crews' environmental context will become increasingly signi- 
ficant as a productivity parameter as post-IOC space station becomes 
just another routi~e, isolated and confined place to go to work; (2) that 
the spatial component of that environmental context will define upper and 
lower limits for the crews' performance and productivity "potentials" by 
its accommodation (or lack of accommodation) of their "human factors" 
and "habitability" needs; and (3) the organizational component of that 
environmental context will strongly influence the degree to which those 
"potentials" are ever realized through the model of operation adopted 
and the appropriateness and effectiveness of management strategies em- 
ployed within that model of operation to encourage/discourage pattern:. 
of desireable/undesireaSle crew behaviors which (in combination with thi 
selected spatial environment) it "occasions." 

Of course, it should be recognized that the aforementioned dis- 



cussion and basic zrguments are rooted in the theoretically acceptable 
buc practically improbable assumption of "all other conditions being 
held constant." Without doubt one can expect that in the "real world" 
of past-IOC space statfon all other conditions will not be held constant 
and they thereby will introduce an avalanche of uncontrolhd complexity 
into this simple model of environmentally "occasioned" belnsvior and its 
influence on long-term performance and productivity. 

But such is often the case with empirical research - one begins 
with an admittedly simple model and gradually adds complexity as pressiny 
circumstances dictate and/or as researct-based understanding allows. 
That is the rationale behind this simple discussion of alternative spa- 
tial and environmental environment combinations and how one might begin 
to make informed choices between them for post-IOC space station. 
has been preserted is an admittedly simple model of environmentally "oc- 
casioned" behavior and that behavior's influence on long-term crew per- 
fomance and productivity - a model to which complexity can hopefully be 
added as appropriate research--based understanding and knowledge increase 
to warrant more complex model building. 

And that, in large part, is ~ h y  it is not too early to begin the 
suggested program of research now. It is not that the decade or so that 
stands between now and the post-ICC space station era is such a short 
perlod of time in any absolute sense, but rather that, &iven the current 
simplicity of our models of environmentally "occasioned!' behavior, there 
is oven now barely enough time for the growth and developmect which our 
models must undergo if they are to deliver the needed understanding by 

date required. 
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ABSTRACT 

Artificial lntelligence (Al) is flourishing outside the bounds of its 
traditional academic environment. A number of the computer technologies 
pioneered in the A1 world can make significant contributions to increasing 
STS operations productivity. Application of expert systems, natural language, 
speech ,ecognition, and other key technologies can significantly reduce 
manpower while raising productivity. Many aspects of STS support lend 
themselves to this type of automation. The Artificial lntelligence Section of 
the Mission Planning and Analysis Division has developed a number of 
functioning prototype systems which demonstrate the potential gains of 
applying A1 technology. 

BACKGROUND AND GROWTH OF ARTIFICIAL INTELLIGENCE 

The field of Artificial lntelli ence had i t s  beginnings over 20 years 
ago. The original goal was to make t ?I e computey "thinka like a human; i.e., 
to make computers solve problems in a fashion very similar to the way 
humans do. After an initial flurry of interest, the mainstream of the 
computer industry stayed out of serious research into Al, and the work 
continued primarily in the academic environment a t  such places as Carnegie- 
Mellon University, Stanford University, and M.I.T. Although the original 
problem has proven to be considerably more difficult than initially 
anticipated, significant strides have been made towards improving the 
capability of both computer hardware and software. These developments 
have application to real-world problems, and in recent years, Al has begun to 
flourish outsiae the academic environment. Spurred by the success of a few 
key technologies, commercial development is  placing more and more of the 
computer advances moneered by the AI researchers into the mainstream 
environment. 

Artificial lntelligence is generally split into a number of subfields, 
including: colnputer vision, natural language, speech recognition and 
synthesis, robotics, and expert systems. Applications in all of these areas are 
in commerci31 dse. Other areas, such as common sense reasoning, true 
computer learning, self-adapting syst.sms, etc., are still not well developed 



outside the research environment. Although numerous universities are doin 
work in Al, most of it is at the graduate level or above, and researchers wit ! 
extensive Al background currently command top dollar in the job market. On 
the commercial side, much of the current effort has been devoted to 
providing software (expert system shells, natural language systems, computer 
algebra) and hardware (vision, speech s nthesis, speech recognition, robotics) 
tools which aid in the development o r Al products, thereby, eliminating or 
reducing the need for expensive Al experts. Numerous companies have 
formed in the last three years to capture a part of this growing market. 

The most common cornputer language for Al work is st i l l  LISP, 
although PROLOG, C, and Ada nave gaincd some acceptance. PROLOG is 
widely used in both Europe and Japan. There is no universally accepted LlSP 
standard, but Common LISP is rapidly evolving into a de facto industry 
standard. Dialects of LlSP are available on many machines, from personal 
computers to mainframes. Computers specially designed to run LlSP have 
done much to improve the performance c f  the language and are available 
from a growing nur5er of vendors such as Symbolics, LMI, Xerox, and Texas 
Instruments. Compe~~cion and increased sales are steadily lowering the price 
of the hardware. These machines also incorporate many software 
environment advances: windows, pointing devices, high resolution bit- 
mapped graphics, and object oriented programming capability. 

APPLICATION OF Al TO STS OPERATIONS 

The Space Transportation System (STS) is rapidly becomin 
operational program. Many aspects of this program face the chal 
reducing manpower and resources while s t i l l  supporting a growing light 
rate. Meeting this challenge will require increased reliance on automation 
and higher productivity in all phases of mission support. STS operations, 
particularly in the areas of real-time support of the Mission Control Center 
(MCC), system performance analysis, and mission planning have matured to 
the point where a large amount of expertise has been developed. Due to the 
nature of the organization, much of this expertise has been recorded in the 
form of flight rules, procedures handbooks, etc. 

Many of the available Al technologies are directly applicable to these 
NASA operations. Expert s stems can be applied to well understood, rwt ine 
tasks to capture specialize d knowledge and reauce manpower requirements. 
Improved man-machine interfaces using voice synthesis, voice recognition, 
natural language, and advanced graphics can increase the productivity of the 
operators. 

Many of the MCC tasks lnvolve monitoring data for potential 
problems or recordin information for analysis. Slnce these procedures are 
now well understoog, and generally well documented, they readily lend 
themselves +o implementation in expert systems where the specialized 
knomledge can be captured in a computer program. Although systems that 
adapt and respond to new situations as they are occurring are not available 
as of yet, expert systems have proven quite capsble in well defined problem 
areas. Expert systems make excellent monitoring tools since they never get 
bored or tired, are always alert, react faster than humans, and can't retire or 



quit. Expert systems can provlde a wide range of a~d; from merely warning 
controllers of developing problems, to advising controllers on potential 
responses, to actually correctin prcblems as they occur. The use of expert 
systems for these kinds of tas s cou!d potentially free large amounts of 
manpower. 

9, 

Another potential benefit of expert systems is a reduction in the 
effort required to modify the system. Since knowledge is represented and 
coded in a manner more clo,ely akin to the way humans think, theoretically, 
it is easier to maintain the information. This theory has been difficult to 
prove since most expert s stems in commercial use are near the beginning of r their life cycle. Also, veri ication of expert systems is still a poorly understood 
concept. Current techniques involve "training" the expert system in a 
manner very similar to the way human experts are trained, through 
repetition and simulation of problem situations. For most NASA appiications, 
i t  is anticipated that the expert systems would work in parallel with human 
experts until confidence is gained that the expert system performs correctly 
and at an expert level. 

The increased use of automation in all functions will place a larger 
emphasis on the manner in which humans interact with the computer. The 
man-machine interface must become more flexible and less dependent upon 
the users learning spectfic procedures and peculiar syntaxes. The emphasis 
will be on allowing users to work wlth the computer tools in a manner that is 
comfortable for the user and not dependent on hardwarelsoftware 
limitations. Natural language processing could allow users to enter 
commands or Information into the system w~thout learning a special 
terminology. Speech recognition systems coi~ld allow users to enter 
information whlle leav~ng their hands free and also avoids typing mistakes. 
The combination of natural Ian uage ar~d speech recognition provides a 
flexible yet powerful manner ? or users to enter information into the 
computer. At the same time, speech synthesis systems can provide for output 
from the system wlthout requiring direct user attention. Better use of color 
and advanced graphics systems will also improve the effectiveness of 
information presented to the user. 

PROJECTS OF THE MPAD Al SECTION 

The Artificial Intelligence Section, Technology Development and 
Applications Branch of the Misslon Plannlng and Analysis Division (MPAD) has 
been actively working on Al applications for over a year. Projects are 
currently under way which could provlde sign~ficant productivity gains for 
STS operations as well as potential applications for Space Station. The 
Artificial lntell~gence Lab currently has In use a number of state-of-the-art 
hardware and software systems, including: 6 Symbolics computers, 1 LMI 
computer, a V4X 111780, a Wewlett Packard 9000, numerous personal 
computer systems, DECTalk speech synthesis systems, Votan and Kurzweil 
voice recognition systems, the Knowledge Engineering Environment (KEE) 
expert system building tool, the Language Craft natural language tool, the 
OPS5 + expert system tool, and the Automated Reasonin Tool (ART) for 
bul!ding expert systems. These tools have been used in the 2 *velopment of a 



number of functioning prototype expert systems. Some of the prototype 
expert systems are applicable to STS operations, including: 

Naviqation Expert -- NAVEX 

An experts stem which emulates the decision making of the 
flight controllers w & o work on the high speed ground navigation console 
during the ascent and entry phases of Shuttle missions. Currently the task 
requires three people who monitor the tracking data from 1 to 3 radar 
stations, control the operation of the High Speed Trajecto Determinator Y (HSTD), monitor the comparison between the onboar and ground 
navigation systems, and provide status information to the Flight Dynamics 
Officer. The expert system monitors the same radar data and the output 
from the HSTD. It will warn the operator of current or impending problems 
with the data and will recommend potential actions. This system has the 
capability to reduce manpower requirements from three people per shift to 
one. 

MCC Software Status Expert System -- MCCSSES - 
An expert system which emulates the function of the Printer 

Controller in the MCC. This flight contr.oller monitors the on-line printer for 
error status messages during all flights anti simulations. Virtually all the 
software and hardware in the MCC report error or status information to this 
printer. The printer controller scans this printout in real time for significant 
information and the reports i t  to other fli ht controllers, primar~ly the 
Computer Supervisor. This expert system caul d potentially eliminate this job 
and also provide extended capability for error detection, analysis, and 
correction. 

Expert System for the Fliqht Analvsis Svstem -- ESFAS 

An expert system which acts as an intelligent front end to the Flight 
Analysis System (FAS), a set of computer programs used to design many of the 
Shuttle missions. This system will allow less hi hly trained users to make use 
of the FAS for mission design and will provi 8 e a friendlier, more powerful 
interface lor experienced users moving on to Space Station projects. 

MCC Workstation On-Orbit Naviqation 

An expert system which will provide advice and control for on-orb~t 
navigation functions. 

Naviqatian Console Shift Schedulinq 

An expert system to aid in the complicated task of schedcling teams 
to work on the navigation console. 

Most of these expert system prototypes take full advantage of the 
advanced software environments available on the LISP machines usin2 highly 
visual rnterfaces and mouse oriented interaction, as well as spee~ii synthesis. 
Expert systems applications in more traditional languages a r d  computers are 
also being explored, including development of our own expert system 
language based in C. Use of parallel processing for expert systems is also 



being researched. Along with the expert systems, the Al Section has ongoing 
work in speech recognition and natural language systems a well. 
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The Space Station Program will incorporate analysis of operatiom 
constrainu and considerations in  the early design phssa  to avoid the need 
for later modifications to the Space Station for operation& This paper 
discusses, from a qualitatire perspective, the application of modern tools 
and administrative techniques to minimize the cost of performing effective 
orbital operations p l a~n ing  and design analysis in  the preliminary design 
phase of the Space Station Program. 

Tools and techniques discussed include: approach for rigorous analysis of 
operations functions, use of the resources of a l u g e  computer network, and 
providing for efficient research and access to information. 

NASA directed that operations plafining be done early in the Space Station 
program, as part of the &finition and preliminary design activities. Our 
goal in Or ib i~s l  Operations Planning is to avoid dcsigning in  errors that 
would later have tc, be corrected, or would reduce the efficiency of 
operations due to work-aroud solutions. 

Because of the limited availability of analyticd. modeling tools and the 
uniqueness of each new manned space flight program, operations planning is 
the iilost labor-intensive techiiicz! zrrrlysis done in the design of manned 
space systems. Consequently, orbital operations planning is a prime target 
for productivity improvement. 

The basic flow of the task of operation, planning. shown in Figure 1, 
follows the method generally used for dc.velopmcnt of operations plans for 
manned spaceflight Sccaarios of the operations, a reference hierarchy of 
the functions accomplished by these operariont, and resulting requirements 
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are developed in a iterative procedure. wi th  each activity feeding back 
into the othera. 

The ohperations planning procedure is coupled wi th  the prccess of 
preliminary derign Ey providing suesamenu of the designm to the design 
organizations, and feeding rynthuized p r d u c u  back into the basic 
reference data. .-7hile thir  approach ensuru  that operationr consi.lcrations 
will be included in the  early phast. of the  design activity, the 
labor-intensive nature of rtandard rnethodr of operationr planning make the 
process cspecia!ly challenging fo r  prcductire application in  a broad-rcoped 
program, such a4 the Space Station. h the number of rubsystems and design 
options fo r  each rubryrtem i n c r w y  team coordinatior and information 
gathering Jemand more of each engheer'r t i m c  Since every technical 
discipline h w  to addresa operatiom wmik:a t ion~ ,  the operations 
engineers must exchange infarmation wi th  each derign group. So, the 
effecu of the communicatioq. overhead cortr are amplified for operations 
planners. who spend the lnrgest amount of time communicatirg with other 
groups. 

The keys to productivity improvement in operationr planning are found in 
the implementation of there commuicat ion activities. Figure 2 rummarizes 
the methods available for rtreamlinlng the analysir of the operationr of a 
large number of interrelated ryrtemr and communicating with design 
organizations to accomplish there analyrer 



Figure 2: Methoda for Incrensiug kroductivity in  Space Station 
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AXALYSIS OF OPERATIONS FUNCTIONS 

By using an organized a~proach to the definition of operations analyses, 
the operations planner maximizes use of previous work done in  the name 
subject areas. His efforts are concentrated on analyses most beneficial to  
the current program. Space qtat!on Definition and Preliminary Design 
contracts divide the work into sereral work packages, so each design team 
is concentrating their efforts on a specific subset of the total systems of 
the Slzcr, Station. This situation requires an w~ecial ly  organized 
approach, with operations aod design analyses organized so that information 
can be found quickly by the operations planner, by the reviewer, and by the 
system designer. 

Prior to thjr &sign study. operations analyses were organized in  a mixture 
of systems, subsystems, and operational function& The result of the lack 
of uniformity in this type of organization of the material is that a 
disproportionate amouat of time will be spent acarching for data in  
comparison to the time apen.: using the data. 

By matrixing the operations functions with the systems invalved in  
performance of each function (see Figure 31, we can eliminate a confusion 
which historically arises in cperations planning. Previously, functions 
and system were mixed in this type of analysis, so that the general 
relationships between operations and the systems wed in each operation 
were obsc~~ed.  

Each function is nnalyzed to determine which systems are involved, and how 
each system is used i~ accomplishing that function. From this analysis. 
the impact of the operations function on each system's design requirements 
can be determined. The toial impact of all operations considerations on an  
individual system's design can be found by summing the reslllts of all the 
functional analyses. 



Figure 3: System Af'fected by Operations Functiom 
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For efficiency, only major &sign dr iven  are considered du-ing preliminar3 
design. The resultant operations scenarios are incomplete; however, since 
the scenarios are devdoped and modified iteratively with the system 
designs, they p ro~ ide  a foundation for  later phases of the program. 
Carrying the curly work into the detailed design phase avoids additional 
costs to per:orm the same analyses again. This process provides the 
fmndatic - for highly productive development of further documents when the 
progrr-m h a  reached sufficient maturity to began detailed planning of the 
step-t:~ -step procedures. 

Providing a matrix of operations functions and the subsystems involved in 
accomplishing each function enabler all users to find the data efficiently 
and conveniently. The function heirarchy ir based on current experience 
and practicer in the Space Shuttle program. extended to encompass the 



Figure 4: Program Genealogy Cbsn 
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unique features of the Space Station. This arrangement closely p a l b l s  
the organization of NASA personnel and provides a familiar form that allows 
reviewers to find what they are looking for  quickly. Operations planners 
can assess the completeness of their work and identify the trend of system 
inpacts And subsystem designers are  provided with a quick look a t  the 
bottom line of how operations considerations place requirements on their 
subsystems, 

ACCESS TO INFORMATION 

Operations plrnning engineen spend the largest share of their t h e  finding 
the information needed to do their work. At the beginning of the program, 
a training curriculum should be developed that teaches the engineers what 
work has beel; done before, and where ta find the applicable documentation. 

The training should include sufficient details on past programs for  the 
engineer to acsess the applicability of the past work to the current 
problem. For example, the basic hierarchy of operations functions of the 
Space Station have not changed significantly during the past twenty years, 
though the details, emphasiq and methods of implementation of these 
functions have changed dramatisally. 

Genealogical histories are most useful to training engineers to find and 
assem information quickly: the genealogy of the program, and the geneaology 
of the available documentation. By representing the interrelationships 
of programs and documents. by objective and date, a better understanding 
of the current program's history and applicable documentation is 

available. Exur~ples for these are shown in Figures 4 and 5. 



Figure 5: Genealogy of Applicabla .Docum?ntation 
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&sides an elaborate computerized communications and data storage network, 
a well-<rrganizcd central libary provdies a cost-effective productivity tool 
available to a large program. The cost of implemertation of a library is 
usually one research libarariac plus the f l o o ~  space for the facilities. 
Some of the costs of facilities for atoring documentation will be recovered 
becausc the presence of the central libiai-y reduces the need fa r  similiar 
furniture to store several duplicate copies of the same documentation a t  
each engineer'r work rite. The increased productivity from having a 
library available can run between 25% and 9096 of each engineer's time, 
depending on the program and the ec.;ineer's specific work assignment. 

Beyond provision of a library and the necessary tools to use the library 
efficiently, electronic tools can br used to tecrease the time spent 
discovering and gathering information. Methods for using these electronic 
tools arc discussed below under Use of the Technical and Management 
Infwmation System. 



Figure 6: Comparison of Older Methods to Th4IS Tools 
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USE OF THE TECHNICAL AND MANAGEMENT INFORMATION SYSTEM 

Engineering labor costs a t  least 100 times as much an a computer's time. 
(The exact ratio of the c9st of adding an engineer to a project compared to 
the cost of serving an ddit ional  computer terminal or adding a desktop 
computer will vary depending on the tooh and computer configurations used 
in each program..) So, computer systems should be designed lo that the 
machine is always waiting for the man, and not the reverse. 

NASA specified that all producu of the Space Station definition and 
preliminary &sign study would be "delivered electronically to the maximum 
extent possible". The Technical and Management information System ('I'MIS) 
which resulted from this direction has provided us with an unprecedented 
kit  of productivity tools which have proved their worth in  areas beyond the 
simple electronic delivery of documentation. 

Figure 6 compares tools prevously used in operations planning to those 
available from the TMIS. 

Electmnic mail has replaced most of the daily technical coordination that 
otherwise would be d m e  using typed memoa. An immediate gain in  
productivity usually results from having engineers typing instead of 
writing by hand When revisions and editing are performed by the engineer 
himself, without secretarial assistance, he avoids errors that result from 
miscommunication and from the secretary's interpretation of his cryptic 
handwriting. 



Figure 7: Summary of Data Base Applicationr 
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Use of electronic mail also provides a machinereadable form for  the 
contents of each message, The text and technical analyses contained in  the 
day-today engineering communications can be merged and formatted into 
deliverable documentation with minimal additional work. Having tzxt and 
graphics in machine-readable form eliminates the extensive duplica~ion of 
effort necessary to produce final documentation from paper copie3 of the 
engineering work. 

A key feature of the implementation of this philosphy is having the TMIS 
interface electronically with the word processing facilities a t  each site. 
Products of these iaily activities are in  near-final form when they are 
transmitted to the word processor for formatting into formal documentation; 
and they can be transmitted with no additional keystroking required This 
procedure can reduce the man-hours required to produce a document by an  
order of magl?itude. 

Data Base Features 

The centralized TMIS also provides a data base sy.stem which is applied to 
enhance productivity in the areas summarized in Figure 7. 

The data bases used in daily technical analyses contain relations of all 
mission, operations, and system requirements, the function breakdown, the 
operations scenarios, and design assessmenu These data bases are used to 
create figures for Zinal deliverable documentation from the technical 
analyses presented to system design groups. 



Data bases are also used to reduce the labor overhead in management of the 
tark. One batubaae c o n d m  an extremely detailed master schedule for  the 
task from which reporta are extracted so all the engineerr are aware of 
short-term m d  long-term milestoner Other report. from t_ha &tailed 
rchedule data base keep the customer informed of when to expect certain 
products from the rtudy, and rtili othera become inputs to program-level 
master schedules used to manage the whole team'r progresa and direction. 

Tooh can be developed an they're needed 

The need for  new roftware tooh arises continuously in the R&D environment. 
The availability of a computer and a high-order language provider tho 
en;rineem with the basic resources they need to generate these new mftware 
tcmb when the need for them is identified. If a t  leaat one of the 
angineerr in each group ir proficient computer programming, analyrer that  
would have taken w e e h  of drudgery with a hand calculator can be dispatched 
with a small investment in programming time. 

For example, in the analysis of the Space Station personnel transportation 
needs, a few b1,ura of one engineer's time produced a program to model the 
status of Space Station and Space Shuttle crews and vehiclea The program 
provides a toplevel look a t  the transportation rcenarios for  any set of 
input parameters, ruch as variations on the Station crew rize, maximum stay 
time on orbit for  a crewman, maximum number of people on board a Space 
Shuttle Orbiter, rkills required on bcard a t  a specific time, and so forth. 
Without the TMIS resources, this analysis would have taken longer to 
produce less rigorous answers. Use of the TMIS also produced 
documentationquality output, eliminating artista* time and providing 
engineers with data in an easily understood form. 

STANDARDIZATION 

Standardized formats and outlines are used to speed compilation and access 
to information. Standard froms for each bookkeeping job (such a8 recording 
applicable requirements and system effectivity of each operatiom function) 
alert designers to :he operations concerna that have a significant impact 
on the design of their individual eubsytems. 

Standardized outlines also wiIl reduce the anlount of time required to 
review and synthesize the inidividual inputs of each work package. In the 
Space Station studies, all work packages depend on NASA to assemble these 
individual inputs and republish them for use by the entire program. The 
productivity gains from an efficient synthesis process count twice, since a 
timely turn-around of these data will keep all the work packages focussed 
on a common baseline and reduce duplications of effort. 

These st=dard formats work well with the data base management features of 
the TMIS. Relations between requirementx, functions. operations scenarios, 
subsytems, and aections of final documentntion w e  prescrved in data bases. 
Reports from these data bases shaw u p t d a t e  relationships betwen the 
data. and immediately identify missing information. 



Figure 8: Enchancements to Productivity Tools and 
Techniqua Currently Being Developed 
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GOALS FOR THE NEXT FEW YEARS 

Experience with these techniques for improving engineers' productivity 
Pea& to tome reasonable goals for building on the available tools These 
goals are listed in Figure 8. Each of these goals is at some stage of 
evaluation and implementation in the Space Station program. 
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ABSTRACT 

As the Space Transpor ta t ion System (STS) en te rs  i t s  o p e r ~ t i o n a l  
era,  the need fo r  standardized, automated, miss ion p lanning computer 
t o o l s  has become apparent. I n  order t o  support  an increased f l i g h t  r a t e  
w i thou t  a corresponding increase i n  manpower, qu icker  and more e f f i c i e n t  
methods a re  needed t o  perform standard tasks.  Also, the problem o f  ?os ing  
experienced personnel through a t t r ' i  t i o n  creates the need t o  r e t a i n  t h e i r  
knowledge and exper t i se  even a f t e r  they are gone. 

To he lp  so lve both o f  these prohlems, the S h u t t l e  T ra j ec to r y  and 
Launch Window Expert  System (STALEX) was developed t o  automate many as- 
pects of e a r l y  miss ion p lanning f o r  space s h u t t l e  missions c a r r y i n g  geo- 
synchr.onous communications sa t e l l 9  tes. Most o f  the commercial Shu t t l e  
missions planned f o r  the t three years w i l l  c a r r y  a t  l e a s t  one of t h i s  
type of s a t e l l i t e .  The . :ations o f  STPLEX inc lude  payload deployment 
scheduling, launch w i n d ~ w  ana lys is ,  o r b i  t a ~  t r a j e c t o r y  determinat ion,  and 
land ing oppo r t un i t y  se l ec t i on .  

INTRODUCTION 

Recent h i s t o r y  has d isp layed a v i r t u a l  exp los ion  i n  the  p o p u l a r i t y  
and v i s i b i l i t y  o f  a r t i f i c i a l  i n t e l l i g 2 n c e  (A!)  app l i ca t i ons  t o  i ndus t r y .  
The A1 technique rece i v i ng  the most a t t e n t i o n  i s  t h a t  o f  "exper t  systems". 
An exper t  system i s  a computer program which dup l i ca tes  the dec is ion  pro-  
cess which a human exper t  would use to  solve a complex problem. Most 
exper t  sys terns are w r i t t e n  i n  r e l a t i  ~ e l y  new A1 programming languages 
(e .  g. LISP). These languages are being supported by a new gene:-ation o f  
computers which are designed w i t h  emphasis on the machine-user in te r face .  

A1 o r i en ted  languages are based on a d i f f e r e n t  concept than t h e i r  
predecessors. While languaqes such ac FORTRAN, PASCAL, and Ada are de- 
signed t c  manipulate numbers, languag. such as LISP, LOGO, and PROLOG are 
designed to  manipulate charactelSs o r  symbols. This approach, known as sym- 
b o l i c  processing, i s  conducive t o  the modeling o f  dec is ion  l o g i c ;  a process 
known as knowledge representat ion.  



STALEX i s  an e x p e r t  system t h a t  i s  used i n  the  p re -m iss ion  p l a n n i n g  
frr Space T r a n s p o r t a t i o n  System (STS) s h u t t l e  f l i g h t s .  I t  was developed on 
a  SYMBOLICS 3600 computer and i s  w r i t t e n  i n  a  combinat ion  o f  LISP and 
FORTRAN. 

Th i s  paper desc r i bes ,  i n  genera l ,  how the  use o f  e x p e r t  systems and 
t h e  l a t e s t  machine-user i n t e r f a c e s  can i ~ p r o v e  p r o d u c t i v i t y .  Speci f i c a l  ly ,  
t h e  use of STALEX i n  t h e  e a r l y  phase: s f  Space S h u t t l e  m i s s i o n  p l a n n i n g  i s  
descr ibed.  To h i g h l i g h ~  the  b e n e f i t s  o f  e x p e r t  systems, a  c l o s e  compar i- 
son between STALEX and the  o l d  a n a i y s i s  t o o l s  w i l l  be made. 

STALEX APPLICATIONS 

The STALEX i s  used f o r  f l i g h t  des ign  on Space S h u t t l e  m iss ions  
which c a r r y  geos j ,~chronous communications sa te1 1  i t e s  as t h e i r  payload.  For  
t h i s  t ype  o f  m iss ion ,  t he  STALEX performs two major  tasks :  launch window 
a n a l y s i s  and schedu l i ng  o f  when the  payloads a r e  re leased  (dep loyed)  f rom 
the  S h u l t l e .  

The ldunch window i s  the range o f  t ime d u r i n g  the  lduncl i  day t h a t  
launch may occur .  S a t e l l i t e s  impose c o n s t r a i n t s  on t h e  launch t ime  due t o  
t h e i r  requ i rements  on the  i n e r t i a l  o r i e n t a t i o n  o f  t he  s h u t t l e  p a r k i n g  o r b i t  
a t  t he  t ime they  a r e  deployed. Because the s h u t t l e  o r b i t  doe5 n o t  remain 
i n e r t i a l l y  f i x e d  th roughout  the  m iss ion  ( i t  i s  r o t a t i n g  due t o  g r a d i t a t i o n -  
a1 p e r t u r b a t i o n s  a r ' s i n g  f rom the  o b l a t e  ;hape o f  t he  e a r t h )  t h e  launch 
window requ i rements  f o r  a s a t e l l i t e  are a l s o  dependent upon how long  i n t o  
the  m i s s i o n  they  a r e  deployed.  Each s a t e l  1  i t e  i s  scheduled f o r  one pr ime 
and one backup dep loyrnen t o p p o r t u n i t y  . There fore ,  each sa te1  1  i t e  imposes 
two r e s t r i c t i o n s  on the  launch window; one cor respond ing t o  i t s  p r ime de- 
ployment o p p o r t u n i t y ,  a ~ d  one correspondin9 t o  i t s  backup o p p o r t u n i t y .  

There a re  a l s o  r e s t r i c t i o n s  on when d u r i n g  the  m i s s i o n  a  s a t e l l i t e  
may be deployed.  O r b i t a l  mechanics i n v o l v e d  f o r  t he  s a t e l l i t e  t o  reach 
the  d e s i r e d  f i n a l  g e o s t a t i o n a r y  o r b i  t ! i m i  t deployments t o  occur  once eve ry  
90 minutes  as the  S h u t t l e  passes over  the  equator .  A d d i t i o n a l  pay load r e -  
qu; r.e;nents 1  i m i  t deployments t o  occur  on o n l y  those equator  i a  1  c r o s s i  ngs 
which f a l l  w i t h i n  c e r t a i n  l o n g i t u d e  bands. F i n a l l y ,  t h e  t imes o f  t he  s a t -  
e l l i  t e  deployments must a l s o  be compat ib le  w i t h  t he  a s t r o n a u t  a c t i v i t y  
t i m e l i n e .  A few examples o f  these c o n s i d e r a t i o n s  i n c l u d e  l i m i t s  on the  
number o f  events scheduled f o r  any one crew day, t he  u n a v a i l a b i l i t y  o f  
those r e v o l u t i o n s  d u r i v g  the crew s leep  pe r iods ,  and requ i rements  f o r  t he  
amount clf r ime between scheduled deployment s p p o r t u n i t i e s .  The m i s s i o n  
p lanne r  must determine a  deployment sequence (a pr ime and a  beckup oppor-  
t u n i  t y  f o r  each s a t e l l i t e )  which o p t i m i z e s  the c r i t e r i a  f o r  t he  t imes o f  
deployment and the  r e s u l t i n g  launch window. 

The s o l u t i o n  o f  t h i s  problem i n v o l v e s  a  r n f k i n a t i o n  o f  s t r a i g h t -  
forward numer ical  a n a l y s i s  and the a p p l i c a t i o n  of e x p e r t i s e  ga ined f rom 
exper ience.  T h e  convers ion  o f  the payload requ i rements  f o r  deployment on 
a  g i ven  o r b i t  t o  a  launch window requirement i s  an unambiguous mdthematic 
c d l c u l a t i o n .  On the o t h e r  hand, the  g u i d e l i n e s  f o r  schedu l i ng  deployments 
from a  crew t i m e l i n e  s tandpo in t ,  o r  more i m p o r t a n t l y ,  the  c r i t e r i a  f o r  



se lec t i ng  the best del~loyment sequence from a la rge  se t  of poss ib le  so lu -  
t i ons ,  are not  hard ~ n d  f a s t ,  and most are no t  o f f i c i a l  l y  documented. I n  
most cases they are s impiy ru1,es o f  thumb t h a t  are learned from experience. 
The STALEX combines models o f  these r u l e s  (a process known as knowledge 
representat ion)  WI t h  the numerical ca l cu l a t i ons  needed t o  determine deploy- 
ment oppo r t un i t i e s  and launch winmws. I t s  goal i s  t o  a1 low ease of use, 
t o  perform the task qu i ck l y ,  and t o  cons i s t en t l y  choose the same s o l u t i o n  
as the experienced m i  ss ion p l  ;lniler. 

A NEW APPROACH 

The concept 07 the "exper t  system" invo lves  a bas ic  divergence from 
e a r l  i e r  approaches t o  computer proqramni ng , I n  co rven t i  onal programni ng , 
the computer i s  used t o  a i d  the user i n  h i s  dec is ion  makingiproblem s o l v i n g  
by speeding up numerical ca l cu l a t i ons .  This method, shown i n  F igure 1 ,  i n -  
volves the expert  i n  an i t e r a t i v e  process o f  c ~ l c u l a t i o n  and dec is ion  making 
lead ing t o  a s c l u t i o n .  

Figure 1 

An exper t  system models the knowledge used by the exper t  i n  the 
dec is ion  process, thereby removing him from the ioop (F igure 2 ) .  

INPUTS ISYMIIOLI~ 
PROCESSING 

Figure 2 

The exper t  sys tern approach holds bene f i t s  from three s tandpoin ts .  
F i r s t ,  i f  the knowledge o f  many exper ts  i s  accura te ly  represented, such a 
system shoula ii,;;;.:tirallv outperform any s i n g l e  exper;. Second, the ex- 
p e r t  system w i l l  operate f d s t e r  and w i  'hout the human drawbacks such as 
boredom, forget fu lness,  o r  fd t igue .  A t h i r d  b e n e f i t  i s  espec ia l  l y  a p p l i c -  
able t o  i ndus t r y  and the space program. I f  dn exper t  system s u c c e s ~ f u l l y  
performs as we1 1 as the human expert, t9e knowledge and c a p a b i l i t y  t o  sc lve  
a problem i s  "captured" and w i l l  not  disappear when the exper t  i s  no longer  
around. The aerospdce business i s  known t o  be dynamic i n  t e r m  of  person- 
ne l  turnaround, and the cos t  o f  p ~ n l a c i n g  exper t i se  i s  thus subs tan t i a l .  



These concepts were used i n  the developinent o f  STALEX w i t h  the 
key goal being t h a t  o f  ---- automation. 

AUTOMATION OF THE SOLUTION SEARCH 

The task f o r  the f l i g h t  designer i s  t o  s e l e c t  a s a t e l l i t e  deploy- 
mentsequerice which meets two c r i t e r i a  . F i r s t ,  the  sched\r!cd deployments 
must meet the crew t ime 1 i ne guide1 ines.  Second, deployment sequence must 
r e s u l t  i n  an acceptable launch window. These two c o n d i t i o n s  do n o t  always 
r e s u l t  i n  the same deployment sequence. Therefore,  many p o t e n t ' a l  s o l u -  
t i o n s  must be i d e n t i f i e d  and eva luated t o  determine the one which b e s t  
meets the requ i  rements. 

P rev ious ly  , f i v e  separate programs ( t h e  Payload Launch Window p ro -  
grsm fami l y )  were used t o  a i d  i n  t h i s  a n a l y s i s .  Two of these were used t o  
e n t e r  and e d i t  data f i l e s  which de f ine  the payload c o n s t r a i n t s  on the 
s h u t t l e  orb! t o r i e n t a t i o n  a t  the t ime o f  deployment. Having cons t ruc ted  
these f i l e s ,  the f o l l o w i n g  steps Here used t o  determine the b e s t  s o l u t i o n .  

1 - Determine ava i  l a b l e  deployment w b i  t s  tkBJt meet n a ~ l o d d  c o n s t r a i n t s  
by runn ing the Payload Deployment ,Oppor tun i t i es  Launch Window 
(PLDOLW) program once f o r  each s a t e l l i t e  

2 - Se lec t  a deployment sequence t h a t  meets crew t i m e l i n e  c o n s t r a i n t s  
(a prime and backup deployment o p p o r t u n i t y  f o r  zach payload) from 
the PLDOLW l i s t  o f  a v a i l a b i e  o r b i t s  

3 - Ca lcu la te  the launch window corresponding t o  the deploymellt se- 
quznce. For the planned launch date, t h i s  i r  done by runn ing  the 
Composite Launch Window P l o t t i n g  (CLWPLT) program. For a range o f  
dates a r o u ~ d  the planned launch d a t ~ ,  t h i s  i s  done by runn ing the 
Payload Laur,ch Window P l o t t i n g  (PLWPLT) program 

4 - If the launch window i s  ur,acceptable, o r  i f  i t  may be improved by 
changing the deployment sequence, s e l e c t  a new sequence and c a l c u -  
l a t e  the new launch window by runn ing CLWPLT and PLWPLT ovet' aga in .  

This process was h i g h l y  i t e r a t i v e .  One program had t o  be r u n  be- 
fo re  the user  cou ld  s e l e c t  a p o t e n t i a l  s o l u t i o n ,  then a r ~ o t h e r  program had 
t o  be rur, t o  f i n d  i f  the s o l u t i o n  was acceptab le .  The second and t h i r d  
steps had t o  be repeated numerous t imes u n t i l  the f l i g h t  des igner  was con- 
f i d e n t  of  havinq found the bes t  s o l u t i o n .  

The major drawback was the lack  o f  automat ion i n  these programs. 
As descr ibed before ,  the f i n a l  launch w i n d ~ w  i s  the r e s u l t  o f  combining t?e 
launch window r e s t r i c t i o n s  de r i ved  from severa l  c o n s t r a i n t s .  I n  runn ing  
the CLWPLT and PLWPLT programs, the user  would s p e c i f y  a c o n s t r a i n t ,  and 
the pwgram wou;d c a l c u l a t e  the corresponding launch window. The usPr 
would then s p e c i f y  the nex t  c o n s t r a i n t ,  and aga in  the program would g i v e  
the r e s u l t i n g  launch window. The CLWPLT program dou ld  c a l c u l a t e  the i n t e r -  
sec t ion ,  o r  com$osite, o f  those p r e v i o u s l y  en te red  c o n s t r a i n t s  s p e c i f i e d  by 
the user.  This process i s  very l a b o r  i n t e n s i v e ,  requirCng the I lzc?r  t o  btl 
c o n s t a n t l y  e n t e r i n g  data and w a i t i n g  f o r  c o m ~ u t e r  t o  pe r fo rm i t s  c a l c u l a  L ions.  



An expe r t  system r e q u i r e s  a  very  d i f f e r e n t  approach. STALEX 
combines a1 1  o f  t he  a1 g 3 r i  thms r e q u i r e d  f o r  the  numer ical  c a l c u l a t i o n s  
(s teps  1 and 3 )  w i t h  a  model o f  the  knowledge used t o  s e l e c t  and e v a l u a t e  
p o t e n t i a l  s o l u t i o n s  [ I ] .  There a re  two types o f  knowledge t h a t  must be 
modelled; t h e  methods o f  gene ra t i ng  p o s s i b l e  s o l u t i o n s ,  and t h e  gu ide-  
1  i n e s  t o r  e v a l u a t i n g  the  s o l u t i o n s .  STALEX uses a  conve rg ing  process t o  
generate and e v a l u a t e  a  p o t e n t i a l  s o l u t i o n  s e t .  Beg inn ing  w i t h  t h e  rea lm 
o f  a l l  p o s s i b l e  deployment t i m e l i n e s ,  a  l a r g e  number a r e  e l i m i n a t e d  and 
the  remainder a re  eva lua ted.  STALEX models the human l o g i c  needed t o  do 
t h i s  by u s i n g  -- f i l t e r s  and r u l e s .  

F i l t e r s  a r e  func t i ons  which e l  i m i n a t e  l a r g e  numbers o f  p o t e n t i a l  
s o l u t i o n s  by u s i n g  c e r t a i n  t e r m i n a l  c r i t e r i a .  F a i l u r e  o f  t h i s  c r i t e r i a  
i m p l i e s  t h a t  a s o l u t i o n  i s  t o t a l l y  unacceptable.  Rules may a l s o  e l i m i n -  
a t e  s o l u t i c n s ,  b u t  t hey  model t he  l e s s  s t r i n g e n t  g u i d e l i n e s  needed t o  
d i s t i n g u i s h  an op t ima l  s o l u t i o n  f rom many acceptab le  s o l u t i o n .  

With tbe computer pe r fo rm ing  the  seccnd s tep ,  t he  human e x p e r t  
i s  removed f rom the  l oop  and the  e n t i r e  a n a l y s i s  i s  automiated. T h i s  
approach lends i t s e l r  t o  a  more g r a c e f u l  s t y l e  o f  data e n t r y .  Because 
t h e  program now performs the  e n t i r e  a n a l y s i s  a l l  o f  t he  t o p  l e v e l  da ta  
must be i n p u t  p r i o r  t o  i t s  execu t i on .  . The user  e n t e r s  da ta  once a t  t h e  
bes inn ing  i n s t e a d  o f  c o n s t a n t l y  d u r i n g  the  program execu t i on .  

QUICK RESPONSE TO MISSION CHANGES 

An a l l  t o o  common o c c u r r e n w  i n  the space program i s  an unex- 
pected prcblem caus ing  the  d e f i n i t i o t l  o f  a  s h u t t l e  m i s s i o n  t o  change. An 
engine problem can cau5e severa l  launch dates t o  s l i p ,  o r  s a t e l l i t e  manu- 
f a c t u r i n g  delays can cause t h e  payloads on severa l  m iss ions  t o  be remani-  
fested.  A t y p i c a l  s h u t t l e  m iss ion  nldy see tw:, launch da te  ck mges and 
t h r e e  payload reman i fes t s  be fo re  a c t u a l l y  f l y i n p .  I n  these cases, t h e  
ldunch window and deploy sequence must be r e c a l c u l a t e d .  React ing  t o  such 
changes q u i c k l y  and a c c u r a t e l y  i s  impera t i ve  i n  o r d e r  t o  m a i n t a i n  a  rea-  
sonably s t a b l e  STS m iss ion  schedule. The STALEX accomm~dates t h i s  by 
makir,g use o f  p rev ious  execut ions  o f  t he  program t o  speed up t h e  worL 
needed f o r  m iss ion  redess gn. 

The o r i g i n a l  PLW program f a m i l y  used one mechanis~n t o  save t ime  
on r e ~ e a t e d  execut ions  o f  i e  programs. By b u i l d i n g  f i l e s  o f  pay load  
c o n s t r a i n t s ,  t h i s  da ta  was en te red  o n l y  once. The STALEX expands upon 
t h i s  techqique by a l l o w i n q  the  permanent s to rage of an e n t i r e  m i s s i o n  
d e f i n i t i o ~ .  A l l  o f  t he  data  needed t o  determine the  launch window and 
deployment sequence f o r  a  m iss ion  can be s t o r e d  i n  a  data base. Should 
a  change occur on a  miss ion ,  t h a t  m iss ion  data  i s  read i n t o  the  program 
from the  data base ( r a t h e r  than re -en te red  from the  keyboard)  t h e  change 
made t o  the  d e f i n i t i o n ,  and the  a n a l y s i s  per formed f o r  t h e  new m i s s i o n  
d e f i n i t i o n .  



A NEW USER IVTERFACC 

Conventional computers comnunicate w i t h  humans by d i s p l a y i n g  
characters o r  graphics on a d i sp l ay  o r  screen. Humans, i n  tu rn ,  com- 
municate w i t h  csmputers through the  use o f  a keyboard, l i g h t  pen, o r  
muse.  The method of  i n t e r a c t i o n  between the human and computer i s  
c a l l e d  the user i n t e r f ace .  The l e v e l s  o f  s o p h i s t i c a t i o n  i n  computer 
user i n t e r f aces  range from the s i ng le  number d i xp l ay  o f  the hand he ld  
ca l cu l a to r ,  t o  the advanced CAD/CAM computers which can d i sp l ay  th ree  
dimensional representat ions o f  ob jec ts  which the dser can movt o r  r o t a t e  
w i t h  the touch of a 1 i ght pen. The capabi 1 i t i e s  and ease of use of  any 
program are dependerll upon the user i n t e r f a c e  o f  the host  computer. 

The op.iginal launch window design programs were developed on a 
Hewlet t  Packard (HP) 9825 desk top c a l c u l a t o r .  The term ca lcd l .3 to r  i s  
misleading here: the system inc luded f loppy  d i s k  d r i ves ,  a pen p l c t t e r ,  
and a dot  ma t r i x  p r i n t e r .  I t s  major disadvantage was t h a t  the "screen" 
d isp layed on ly  one 1 ine,  no t  u n l i k e  a pocket ca l cu l a to r .  Th is  forced 
the programs t o  be w r i t t e n  i n  a "prompt/responseU s t y l e .  The s i ng le  
l i n e  d isp lays a prompt, request ing a value f o r  a v a r i a b l e  o r  a choice 
fo r  which program operat ion i s  t o  be performed next,  and the user re -  
spocds. The drawbacks o f  t h i s  type o f  .user i n t e r f a c e  inc lude:  

o The cser can on ly  view a bare minimum o f  in fo rmat ion  a t  any one 
t i  rrle 

o The number o f  characters on the s i ng le  l i n e  praever!t a l l  bu t  the 
shor test  prompts o r  messages 

o The values o f  program var iab les  are hidden from the user because 
the s i ng le  d i sp l ay  l i n e  i s  erased w i t h  each new prompt 

o The user has m in i xa l  con t ro l  over the f l ow  o f  the prograrlr processes; 
the prompt/response szqucnce must be fo l?owed i d e n t i c a l  l y  each t ime 

The STALEX i s  hosted or, a SYMBOLiCS 3600 compuSer. This computer, 
known as a LISP machine, i; one o f  a new generat ion o f  computers designed 
f o r  A1 app l i ca t ions  and f ea tu r i ng  advanced user i n t e r f a c e  capabi 1 i t i e s .  
The system inc ludes a la rge  h igh  r e s o l u t i o n  screen, keyboard, and mouse. 
The user i n t e r f a c e  i s  based on t h e  wjndow concept [2].  A window i s  a con- 
f i g u r a t i o n  o f  the computer termina l  screen. Each window i s  d i v i ded  i n t o  
smal ler  sect ions c a l l e d  "panes". The STALEX makes use o f  two types of 
panes; output  panes and meiu panes. Output panes a re  sect ions of the 
screen where graphs and dynamic t e x t  i n fo rmat ion  i s  d isp layed.  Menu panes 
i n  t u r n  cons is t  o f  three types [3]: 

o Var iab le  value e d i t i n g  menus which d i sp l ay  and a l l o w  e d i t i n g  o f  
program var iab les  

o Comand menus which a l l ow  con t ro l  o f  progrdm processes (STALEX 
d isp lays  these itT inverse v ideo)  

o Temporary menus which appear f o l l ow ing  s e l e c t i o n  from a command 
menu i n  order  to re f i t i e  t i le choice 

The STAl-EX cons is ts  o f  s i x  windows. Th2 top l e v e l  window i s  
c a l l e d  the Mission D e f i n i t i o n  Window (F igure 3 )  and i s  disp layed upon 
program i n i t i a l i z a t i o n .  Th is  window i s  designed t o  a l l ow  en t r y ,  e d i t i n g ,  
and viewing o f  a l l  the bas ic  mission d e f i n i t i o n  data.  This data may be 
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entered manually o r  au tomat i ca l l y  loaded from the miss ion data bas?. Two 
o ther  windows are used t o  en te r  data i n t o  the permanent payload data base, 
and the remaining th ree  windows d i sp l ay  the launch window and deployment 
sequence so lu t ions .  F igure 4 shows an example o f  the day-of-launch 
launch window d isp lay .  

Rather than a prompt/respanse f l o w  o f  con t ro l ,  the STALEX i s  a  
menu d r i ven  program. To change the value o f  a  program var iab le ,  the user 
pos i t i ons  the mouse over the cu r ren t  value, c l f c k s  the mouse, and en te rs  
the new value from the keyboard. Other menus a1 low program processes t o  
be invoked by aya in  c l  i c k i n y  the  m o x e  on the des i red ac t i on .  Th is  type 
of user i n t e r f ace  has many advantages over the promptjresponse concept: 

o  A1 1 of the basic inpu ts  are l o g i c a l l y  format ted and v i sab le  on 
one screen 

o Using the mouse t o  make se lec t ions  g r e a t l y  speeds up the e d i t i n g  
process and reduces the chance o f  t yp i ng  e r r o r s  

o  A l l  i npu ts  are predef ined and are drawn from requirements docu- 
ments; no design work i s  needed t o  c a l c u l a t e  the i n p u t  data 

o  Erroneous i npu t s  a re  t rapped a t  a  h i gh  i e v e l  and re -en t r y  i s  
permi t ted  

o  A l a rge  s e t  o f  d e f a u l t  data i s  ava i l ab l e  and au tomat i ca l l y  loaded 
if the user f a i l s  t o  p rov ide  a l l  of the necessary inpu ts  

o The user i a t e r f a c e  i s  h i g h l y  i n t e r a c t i v e  

INTERACTIVE GRAPHICS 

The STALEX graphics and graph enhancement c a p a b i l i t i e s  prov ide 
add i t i ona l  t ime savings f o r  the engineer user.  A common problem f o r  a1 1 
engineers i s  t o  e f f e c t i v e 1 2  communicate the r e s u l t  o f  an ana l ys i s .  Th is  
i s  espec ia l l y  t r u e  f o r  the f l i g h t  designer who must present the launch 
window ana lys is  t o  several  NASA miss ion p lanning review boards such as 
the F l i g h t  Operations Pane1 (FOP), the Cargo I n t e g r a t i o n  Review Board 
( C I R ) ,  and the Miss ion I n t e g r a t i o n  Control  Board (MICB). The launch 
window problem i s  no t  e a s i l y  v i sua l i zed ,  and the on l y  method of commun- 
i c a t i n g  the r e s u l t s  o f  t h i s  ana lys is  i s  through e f f e c t i v e  graphics.  

The P i W  programs p l o t  r e s u l t s  d i r e c t l y  onto paper. For a - typ ica l  
launch window, t h i s  would take approximately ten  minutes. If a mistake 
was made, the process had t o  be completely repeated. The STALEX d i s -  
p lays the graphs on the computer termina l  screen, i n  l ess  than a second. 
The graph can be enhanced o r  r e p l o t t e d  i n  a  n e g l i q i b l e  amount of t ime.  
When the user i s  s a t i s f i e d ,  the graph can then be "dumped" t o  a  graphics 
p r i n t e r .  The ab i  1  i t y  t o  use i n t e r a c t i v e  computer graphics i s  dependent 
upon the c a p a b i l i t i e s  o f  the computer, no t  the inheren t  c a p a b i l i t i e s  o f  
the program. The STALEX a lso  inc ludes such graph enhancement features as 
automatic reg ion  shadirg,  l abe l i ng ,  g r i d  and l i n e  drawing, and arrow 
drawing. These fea tu res  make heavy use o f  the mouse t o  p rov ide  a na tu ra l  
and h i g h l y  i n t e r a c t i v e  graph enhancement capab i l i t y , .  



RESULTS 

, 
F igures 5 and 6 p rov ide  a represen ta t i ve  ccmparison o f  the t ime 

requi red t o  perform several  tasks r e l a t i n g  t o  launch window and deploy- 
ment sequence determinat ion us ing  the PLW program f a m i l y  and the STALEX. 
Figure 5 compares the time requ i red  f o r  data e n t r y  and graph product ion 
tasks. Figure 6 compares the l a r g e r  ana lys is  tasks which represent a  
combination o f  sma l le r  tasks i nc l ud ing  those shown i n  F igure 5. The 
amount o f  design t ime i s  r - l a t e d  t o  the complexi ty o f  the mission. The 
values i n  F igure 6 a re  represen ta t i ve  o f  a  mission c a r r y i n g  three deploy- 
able sa te l  1 i tes.  

MANPOWER REQUiREMENTS 
OAT* ENTRY A N 0  G R I M  CROWCTION 

'O 'I 

S r A U X  

Figure 5 

MANPOWER REQCilREMENTS 
OCPLOY SEQUENCE k U U N C H  WINDOW DESIGN 

1 2 0 ,  1 1 4  1 

CLW Creprom. 

Figure 6 
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I n  a d d i t i o n  t o  the obvious t ime savings the STALEX i s  u s u a l l y  
more thorough i n  i t s  ana lys is .  For a t y p i c a l  miss ion ca r r y i ng  three de- 
p loyable  sate1 1 i tes,  the STALEX evaluates over 500 deployment sequences 
and ca lcu la tes  the launch windows f o r  the bes t  twenty so l u t i ons .  Using 
the PLWPLT programs, the human exper t  would examine ten seque~xes a t  the 
most. While STALEX d iscards over  90% o f  the so lu t i ons  i t  evaluates as 
unacceptable, i t  w i  11 never over look an acceptable s o l u t i o n  whi l e  the 
human exper t  might.  

CONCLUSIONS 

The STALEX i s  a proto type system. I t  nas been used f o r  launch 
window design on s i x  space s h u t t l e  missions. For three missions i t  has 
been ured as the so le  launch window design t o o i  . I t  has proven the use- 
fulness and power o f  app ly ing A1 techniques t o  so l v i ng  engineer ing 
problems. 

Experience w i t h  STALEX has l e d  t o  two conclusions. The f i r s t  
i s  t h a t  the use o f  i nnova t i ve  computer programming techniques t o  automate 
design tasks can g r e a t l y  improve p r o d u c t i v i t y .  Expert  systems can reduce 
manpower, impmve q u a l i t y  o f  work, and make the engineers j o b  more re -  
warding. The second conc lus ion i s  t h a t  a computer program can o n l y  be 
as powerful as the computer t h a t  runs i t .  The c a p a b i l i t i e s  o f  the com- 
pu te r  !e.g. graphics, user ~ n t e r f a c e ,  memory, e t ~ )  l i m i t  the c a p a b i l i t i e s  
of the program, 
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AUTOMATED CREW PROCEDURE MAINTENANCE 
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ABSTRACT 

Preparing 30 control led documents for each flight of the Space 
Shuttle involves 90 people at JSC in processing 206 or 300 changes to 
existing check1 isrs, 2nd bui lcling new procedures. A prototype system is 
discussed below which stores and displays those precise sets of 
instructions, including rationale and change history, using readily 
available hardware. In addition, It provides a simple method of 
structuring th2 data in a form for easy understandinq and maintenance. 

Crew Procedures Attributes - - 
Checklists : 

I. 

Are the disti:led result of much study and decision making 
by experts in multiple functional responsibilities. 

Have a definite process for coordinating and implementing 
the frequent changes. 

Us? standard names to refer to switches or indicators, as well 
as having plain text, and short tables of data. 

Must preserve the sequencing of steps to work. 

Refer to specific people, times, or pieces of equipment that 
need to be orchestrated. 

Comply to some standard format. 

(Notice that the above description applies not only to 
procedures for Shuttle operat ions, but to test procedures for many 
other types of complicated equipment. A subset of those qualities also 
applies to many contractural documents and interestingly enough, to 
program source code. ) 



The Problem 

More in format ion i s  re la ted  t o  a page o f  procedure than j u s t  the 
i ! s t r x t i cn :  : isted. There i s  a background o f  wnat the step does, o r  
whose inputs i t  was based on. I n  the case a f  switch labels w i t h  obscure 
abbreviations, i t ' s  useful t o  have the f u l l  name shown, w i t h  a b r i e f  
descr ip t ion  o f  ac t i on  i n i t i a t e d .  Some explanat ion o f  the r a t i o n a l e  f o r  
a step (o r  group o f  steps) i s  needed t o  acquaint a new crew member o r  
f l i g h t  c o n t r o l l e r  w i t h  the steps being performed. I n  the case of a 
payload supplied by an outs ide organization, i t  may be useful  t o  make a 
reference t o  t h e i r  requirements document as the reason f o r  a p a r t i c u l a r  
way o f  doing things. Few people have the exper t ise t o  understand the 
ra t i ona le  f o r  a l l  guidel ines given i n  d i s c i p l i n e s  other  than t h e i r  own. 
An add i t iona l  volume, such as a F l i g h t  Procedures Handbook i s  one way of 
expla in ing the steps. I n  the heat o f  preparing the inain procedure f o r  
an upcoming f l i g h t ,  i t  i s  inconvenient t o  spwd the time needed t o  keep 
tha t  separate docummt up t o  date. 

Much o f  the in format ion i n  the check l i s t  i s n ' t  e a s i l y  co l lec ted  
w i t h  only  manual methods. Engineers spec ia l i z ing  i n  a p a r t i c u l a r  area 
may want t o  see only  the operat ion o f  a p a r t i c u l a r  piece of equipment 
fo r  comparison w i t h  other  books o r  f l i g h t s .  Ind iv idua l  crew members may 
want t o  sk ip steps f o r  the other  crew'meinbers and p ick out the next step 
he o r  she should perform. A t  a given p o i n t  i n  operations, i t ' s  useful 
t o  know j u s t  what conf igura t ion  a panel o r  system has been put  in,  and 
t race  the steps t h a t  change the setup. Gathering tha t  information by 
hand i s  slow and tedious. 

Paper d i s t r i b u t i o n  f o r  the people involved i n  change 
coordinat ion has c e r t a i n  hazards. A f i f t h  generation copy, especial  l y  
if i t  was handwritten, can take ex t ra  t ime t o  i n te rp re t .  I n  t y p i c a l  
d i s t r i b u t i o n  systems the proposed change o f t e n  spends days being copied 
and routed. I f  copies are sent out i n  p a r a l l e l ,  then one person has no 
way of seeing how other  members o f  the review team have responded. If 
the change request i s  routed s e r i a l l y ,  then changes c a n ' t  be done 
quick ly ,  and i t  can be tough t o  decipher j u s t  which one o f  four previous 
people i s  making any p a r t i c u l a r  suggestion. 

Modifying the masters fo r  a book, using mostly manual methods, 
and d i s t r i b u t i n g  copies tha t  incorporate the approved changes can take 
weeks.  SOP^^ po r t i on  o f  t ha t  preparat ion t ime i s  spent i n  ensurir,g t ha t  
the proce4ure conforms t o  an establ ished standard f o r  combining the 
p l a i n  tex t ,  switch throws, tabies o f  data, and computer inputs i n  a 
consis tent  manner. Edi tors a lso check t o  see tha t  on ly  approved 
nomenclature has been used i n  switch arid talkback names. I f  there are 
s p e c i f i c  numbers usdd f o r  each step, those may need t o  be redone, which 
can r i p p l e  through several pages. 

For Shut t le  missions the l a s t  weeks beforn f l i g h t  are periods of 
both i n t m s e  t r a i n i n g  and the f i n a l  edSting and p r i n t i n g  o f  the on-board 
documents. For new refinements o r  problems found and solved dur ing 
tha t  f i n a l  pract ice,  two a l te rna t ives ,  ne i the r  o f  them a t t r a c t i v e ,  
present themselves. E i the r  postpone the i r ~ c l u s i o n  o f  the c h a ~ g e  u n t i  1 a 
f l i g h t  o r  two l a t e r ,  o r  go through the extra, o f ten  f r a n t i c ,  e f f o r t  t o  



get  the change i n  the  books f o r  the  next  f l i g h t .  F l y i ng ,  o r  even 
p r a c t i c i n g  w i t h  an outdated c h e c k l i s t  i s  t o  be avoided. The increased 
f l i g h t  r a t e  demands t h a t  the p repara t ion  pe r i od  be trimmed down. 

The es tab l i shed  method f o r  coord ina t lnq  changes invo lves  many 
people, bu t  c e r t a i n l y  doesn ' t  reach everyone who I s  i n te res ted  i n  a 
mod i f i ca t ion .  To someone who has reviewed t h e  check l i s t ,  bu t  doesn ' t  
work w i t h  i t  d a i l y ,  t he  most important f ea tu re  o f  a new e d i t i o n  i s  the  
changes s ince i t s  l a s t  use. I n  paper documents, "change bars' '  i n d i c a t e  
t h a t  an improvement has been made, bu t  o f f e r  no c l ue  as t o  why, o r  who 
requested i t. Oftent imes t he re  i s  a h i s t o r y  o f  changes t o  exp la i n  why 
a sentence ended up t h a t  way. Some changes d o n ' t  have t h e i r  own 
techn ica l  j u s t i f i c a t i o n ,  bu t  a re  made merely t o  be cons i s t en t  w i t h  
s i m i l a r  documents. Change bars by themselves leave many t h i ngs  
unexplained, and no h i n t  as t o  where t o  f i n d  the reasons. 

S to r i ng  the " co rp l e te "  document means more than showing j u s t  
enough d e t a i l  f o r  a t r a i n e d  crew t o  i n t e r p r e t .  F l i g h t  personnel t h a t  
ge t  reassigned, engineers t h a t  r o t a t e  through and work every t h i r d  
f l i g h t ,  new c u s t m e r s  t r y i n g  t o  understand how t h e i r  s i m i l a r  opera t ion  
might  go, o r  managers t h a t  a re  t roub leshoo t ing  need t o  be ab le  t o  grasp 
t he  background and change h i s t o r y  i n  a co,ivenient manner. 

The a t t r i b u t e s  o f  a c h e c k l i s t  t h a t  make i t  a p rec i se  and 
po r t ab le  document f o r  success fu l l y  opera t ing  complicated equipment a l so  
r e q u i r e  a subs tan t i a l  e f f o r t  t o  ensure accuracy and completeness. With 
l ess  and less  t ime betwcen S h u t t l e  f l i g h t s ,  and the  assumption t h a t  
Space S t a t i o n  operat ions w i l l  use an e n t i r e l y  e l e c t r o n i c  f l i g h t  da ta  
f i l e ,  the re  i s  p l e n t y  o f  m t i v a t i o n  t o  apply automation t o  the  process 
of ma in ta in ing  procedures. 

A So lu t i on  

S to r i ng  the in fo rmat ion  contained i n  a procedure i n  e l e c t r o n i c  
form f o r  sapid d i s t r i b u t i o n  i s  the f i r s t  step i n  automating i t s  
processing. A microcomputer w i t h  f l oppy  d i s k e t t e s  t h a t  can be copied i n  
a few minutes works f o r  smal l  groups, wh i l e  a minicomputer t i e d  i n t o  a 
l o c a l  area network serves t h a t  purpose f o r  a l a rge r  operat ion.  Those 
a re  bo th  recent  a l t e r n a t i v e s  t o  us ing a t imeshar ing a t e rm ina l  t i e d  t o  a 
mainframe. A l o c a l  area network, o r  remote computers t i e d  by modems 
over vo ice grade phone l i n e s  have the advantage t h a t  no t  a l l  equipment 
used has t o  be i d e n t i c a l .  The increased f l e x i b i l t y  b r i ngs  w i t h  i t  the 
requirement t h a t  the f i l e s  being t r ans fe r red  have a form t h a t  d i f f e r e n t  
machines can process. I f  the f i l e s  can be b u i l t  us inq  on l y  characters  
de f ined  i the  A S C I I  (American Standard Code f o r  In format ion 
Interchange),  so much the  be t t e r .  

A S C I I  f i les  can be processed by most equipment, bu t  a simple 
t e x t  f i l e  doesn ' t  have t he  s t r u c t u r e  needed f o r  p rope r l y  s t o r i n g  a l l  thc  
in fo rmat ion  t h a t  makes up a procedure. The t r i c k  i s  t o  have a sub t l e  
form o f  s t r u c t u r i n g  t he  data t h a t  w i l l  l e t  the  goals  be accomplished, 
bu t  s t i l l  a l lows quick processing. The chosen method i s ,  o f  a l l  th ings,  
l i n e  numbers! O r  s tep numbers, i n  the case 7 f  a pure procedure. Not 
j u s t  p l a i n  l i n e  numbers (190, 110 ... ad i n f i n i t u m )  bu t  numbers designed 



t o  shorten the priocess o f  pagination, showing changes, making a tab le  of 
contents, o r  bu i l d ing  a l i s t  o f  e f f e c t i v e  pages. 

I n  c o n t r ~ r s t  t o  the I ine number ed i to rs  tha t  have fo r tunate ly  
been replaced by screen edi tors,  these numbers are used o n l y  i n t e r n a l l y  
by the program. The step number can be used as a l i n k  i n  a technique 
s i m i l a r  t o  a r e l a t i o n a l  database t o  show and order the steps and t i e  the 
t e x t  i t s e l f ,  rat i 'onale, proposed addi t ions o r  delet ions, a1 1 together. 
The actual steps and the associated in format ion become a database w i t h  
one o f  the output forms being masters f o r  publ ish ing the book. 

Figure 7 - Record Structure 

Line number 
Type + 

Text 
ID 

Each "record" i n  t h i s  database tha t  makes up the procedure has 
an i den t i ca l  form, no matter what i t  represents. O f  three f i e l d s ,  (see 
Figure 1) the f i r s t  i s  the l i r ~ e  number, the second a number which t e l l s  
what type o f  in format ion i s  contained i n  the t e x t  (80 characters, o r  
whatever i s  appropriate) which makes up the t h i r d  par t .  Such a record 
s t ruc ture  i s  simple t o  w r i t e  out to, o r  read from, an A S C I I  f i l e .  

One way t o  construct the l i n e  number i s  t o  have seven o r  e igh t  
i nd i v idua l  numbers i n  array. The f i r s t  few might represent the major 
sect ions of a book, and successive subdivisions tha t  are used t o  
organize the book. The l a s t  two numbers are needed t o  show the version 
number o f  the l i ne ,  and which segment o f  the l i n e  i s  represented by the 
t e x t  i n  t ha t  record. 

Figure 2 shows an example 1 ine as i t  appears i n  a check l i s t ,  
w i t h  i t s  associated rat ionale.  I f  there were more t e x t  than could be 
f i t  i n  one record, an add i t iona l  record labeled as segment 2 could be 
used. Notice tha t  the actual check l i s t  l i n e  and the r a t ~ o n a l e  both 
have the same l i n e  number, but t h e i r  "types" are d i f f e r e n t .  Table 1 
shows an example l i s t  o f  'typesN tha t  might be used f o r  the records. 
The tab le  can be b u i l t  i n  whatever manner i s  convenient. 

Figure 3 shows the modified records f o r  a change tha t  has been 
requested. To show the addit ion, the o r i g i n a l  l i n e  i s  broken up i n t o  
two pieces, and has the version number incremented. The t e x t  t o  be 
inser ted 5s marked as being a d i f f e r e n t  type, and a separate segment. 
Using some d isp lay  technique the proposed i nse r t i on  can be contrasted 
w i th  the o r i g i n a l  tex t .  An add i t iona l  record i s  used to  show the formal 



change request number, which can be tracked for  t ha t  new version. If 
desired, add i t iona l  records can be used t o  show who requested the 
cbmge, or what I t ' s  approval s tatus was. 

Figure 2 - An Example Step 

Before: 

MS1 CRT Report "pin out" times for PIVOT pins 

[ 3  1 6  ( 2 ( 8  ! 3  ( 7  / 1 1 1 1 1 I Report .pin out- times for PIVOT pins I 
The text for that step 

~ 3 ~ 6 ~ 2 1 8 1 3 1 7 ~ 1 ~ 1 (  8 I CRT 

Tne equipment usea to perform the action 

3 1 6 1 2 1 8 1 3 1 7 1 1 1 1  

3 1 6  1 2 ) 8  1 3 1 7  1 1 1 1 10 I Usedbythegroundtocalculatea I 

7 

Rationale for that step 

The individual who performs the action 

Defining type 5 as a switch name, and type 6 as i t s  commanded 
p o s i t i o n  provides a means o f  checking nomenclature and t rack ing  switch 
throws. When the procedure i s  being wr i t ten ,  and a type 5 i s  input,  i t  
can be checked aga'nst a l i s t  o f  switch names, t o  be c e r t a i n  t h a t  i s  an 
e x i s t i n g  one. That same l i s t  could be used t o  de f ine  a l l  the possib le 
pos i t ions  f o r  t ha t  switch. The s t ruc ture  a lso allows the handy a b i l i t y  
t o  f i n d  and h i g h l i g h t  a l l  the ca l l ou ts  f o r  a p a r t i c u l a r  switch o r  set  of 
switches. Designations f o r  switch panels (o r  racCs o f  equipment) can be 
used i n  the same way. By maintaining the sequenr e o f  switch uses, i t  i s  
possib le t o  t e l l  the present conf igura t ion  o f  a \!anel, assuming you knew 
what i t  was when the procedure was sta-ted. 



Table 1 - "Types" of Records 
-- 

Typa 
Number Function 

Plain text 
Blank line 
Inserted texi 
Deleted text 
Switch name 
Switch position 
Individual performing step 
Equipment used to accomplish step 
Approval status 
Rationale 
ID of change request form 
Initlator of change request 

Figure 3 - Changes to the Step 

After change has been requested: 

MS1 CRT Report "pin out" times for PIVOT & KEEL piha 

L 3 1 6 1 1 ( 8 i 3 1 7 1 2 1 3 1  1 I pins I 
The new line with the proposed addition 

Status of the change request 

3 1 6 1 2 1 8 1 3 1 7 1 2 1 1  1 1  SYNDPY-15 I 
The identification number of the formal change request 



A record  o f  type 7 f l i gh t  be the name o f  the crewman t h a t  
performs the  act ion.  The database can be q l ~ i c k l y  scanned, f i n d i n g  the  
p a r t i c u l a r  crewman's steps ( t he  next one o r  a l l  o f  them) t o  be 
hrgh l ighted.  On the  occasion t h a t  d i f f e r e n t  crewmen's steps a re  pu t  on 
separate pages, (Commander and P i l o t  on the r igh t -hand  s ids,  M iss ion  
Spec ia l i s t s  on the  le f t -hand  s ide  as i s  done ill some books ) they can be 
eas i l y  segregated. 

With the  d i f f e r e n t  l eve l s  of o rgan iza t ioo  embedded i n  the  l i n e  
r~umbers, some e d i t i n g  processes can be done uu tomat i ca l l y .  Generating a  
t ab l e  o f  contents  requ i res  on ly  f e t c k i n g  the f i r s t  record  w i t h i n  each 
minor heading, o r  whatever l eve l  o f  d i v i s i o n  i s  desired, and l i s t i n g  
those t i t l e s  consecut ive ly .  As changes are made, the l i s t  o f  e f f e c t i v e  
pages can bede te rmined  w i t h  s i m i l a r  'ase. Pag i r a t i on  r u l e s  can be 
def ined t h a t  w i l l  avoid breaking up b locks o f  r e l a t e d  i n f o rma t i on  
(paragraphs i n  p l a i n  documents o r  under1 ined procedures i n  a  crew 
c h e c k l i s t )  as desired. 

Lines need rtot appear on the page i n  the  order  - t h e i r  l i n e  
number:. An o rder ing  t a b l e  can be maintained by the rrogram t o  keep 
t rack  o f  the sequence i n  which the steps appear. This t a b l e  i s  a l s o  
used when the screen cursor  i s  moved, t o  r e l a t e  t ha t  coordinat.-  back t o  
the step being touched. 

I n t e r f a c e  

That l o g i c a l  method t o  t i e  a l l  t h i s  i n f o r m l i o n  together  i s  
noth ing r e a l l y  new, o r  p a r t i c u l a r l y  c lever .  The ether ---- - h a l f  o f  the  
so lu t ion ,  the  hard~are-dependent techniques now ava i l db l e  t o  present  the  
numerous p ieces t o  the crew and ather  readers i n  an unc lu t t e red  manner, 
i s  what makes i t  worth t a l k i n g  about.. Several hundred k i l o b y t e s  o f  
memory, and f a s t  processors i n  a  package cheap enough t o  be d i s t r i b u t e d  
t o  i n d i v i d u a l  o f f i c e s  are the key t o  making an automated s o l u t i o n  
p r a c t i c a l .  Mic.  i xompute rs  w i t h  enough memory t o  eas i l y  support  the  use 
of c o l o r  and "windowing" sof tware prov ide a convenient way o f  d i s p l a y i n g  
the d i f f e r e n t  l eve l s  o f  i n fo rmat ion  t h a t  form ? check l i s t .  

Add i t i ons  o r  de le t ions  can e a s i l y  be d i s t i ngu i shed  from 
unchanged t e x t  w i t h  the use o f  co lors .  A d i f f e r e n t  background shade can 
h i g h l i g h t  t he  step c u r r e n t l y  being examined. Hues can a l so  separate the 
ac tua l  procedure being st t id ied from the s ta tus i ng  i ~ f o r a a t i o n  and e d i t o r  
command opt ions.  I f  there are a l i m i t e d  set  o f  type f on t s  used, they 
can be i nd i ca ted  w i t h  a change i n  co l o r .  

For t h i s  discussion, windowing i s  the d b i l i r y  t o  over lay  a  
p w t i o f l  o f  the physic31 screen w i t h  a  d i f f e r e n t  background c o l o r  and 
fill i t  w i t h  a n c i l l a r y  t e x t .  This can be done more thdn m c e  i f  needeo, 
us ing d i f f e r e n t  shtdes, o r  l i n e s  t r  fsrm a border t o  separate s u c c e s s i ~ e  
windows. When any p a r t i c u l a r  window i s  no longer needed, i t  can be 
closed w i t h  the s t roke o f  a  f unc t i on  key, uncovering the in fo rmat ion  
p rev ious ly  shown below i t .  kindows, i n  t h i s  case, do no t  a l low the 
computer t o  be performing n i b t i n c t  tasks s imultaneously.  



Figure 4 - Editing Display 
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Nhi le  workinq on a checkl is t ,  +he workstat ion screen can use the 
layout shown i n  ~ i ~ i r e  4, though i t  (and the next f i g u r e  ) can ' t  show 
the use o f  color.  The main area o f  the screen i s  used f c r  viewing 
por t ions cC a check1 i s t  page, w i th  another area needed t o  show func t ion  
key use. Contalland and qtatus area can be kept t o  a minimum, since a 
window can eas i ly  be ca l led  up t o  g ive more d e t a i l .  As the cursor 
passes over each step, tha t  step i s  h igh l igh ted  by a change i n  back- 
ground color .  (For these f i g u r ~ s ,  l i n e s  around the procedure step take 
the place cf contrast ing colors t o  ind icate th2 "current"  step.) Though 
the computer cannot d isp lay a1 1 o f  a p r in ted  page on the screen a t  one 
time, status l i n e s  can be thrown up a t  the top and/or bottom on demand, 
t o  i d e n t i f y  page numbers or  headers tha t  are associated w i t h  the page. 

A keystroke creates a window containing ra t i ona le  o r  a 
comment provided, o r  a h i s to ry  o f  changes t o  the step, r i g h t  on the 
screen as shown i n  Figure 5. The windows have overla'd the t e x t  
already present, but 1 i ke  a sheet ;' paper covering a corner o f  the 
book, can be wh is~ed  away t o  reveal the o r i g i n a l  wording. A l l  the 
background l inked t o  a pa r t i cu la r  step can be conveniently shown, as 
needed. For a p a r t i c u l a r  switch name used i n  the step, a window might 
s p c l l  out the f u l l  oame o f  the funct ion, and notes on i t s  use, since the 

i s  the e lec t ron i c  
place on the page, 

i s  the advantage o f  

database can be q.;eried about such 
equivalent o f  hol4ing your f inger  a t  
and p i l i n g  other documents on top o f  
doing i t  t h i s  way? 

things. This 
one p a r t  i c u  1 a r  

i t .  But what 



Figure 5 - Display with Rationale and Change History 
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When requesting a change to an existing procedure, the engineer 
can see the up-to-the-minute status of the book, including other changes 
that are pending. Once his change is made to a central copy of the 
book, a other; interested in the book can see that request, 
immediately. People at remote locations can see the proposed change, 
reasoning, and comments as fast as it can be electronically transmitted. 
Changes since the last edition can be flagged as to whether or not  hey 
have been approved by the whole community, or are still under 
ccnsideration. Since the rules for formatting are contained in the 
routine for displaying a procedure, the result will be consistent with 
standard practice. If approved, the changed page itself and the list 
of effective pages can be updated with checking being the only 
additional human work. 

When a change is proposed, other information about that reque~t 
can be gathered for tracking by management, if needed. Reasons for the 
change, books affected, initiator's name, concurv.ences, dates, and sther 
data can be recorded for use in separate programs. 

When creating a new procedure, rationale for the steps can be 
captured and preserved when the steps are entered, since it is 
convenient to do. Databaw-1 ike functions, now avai lable with an 
electronic document, can also be used when building the checklist. 
Stat.us infvmation about what panel, software block, or digital 
autopilot mode is being used can be shown, or added to the top of a new 
page. The total result can be distributed immediately aft2r creatio~ 
and approval. 



It appears tha t  the burden f o r  bu i l d ins  the tab le  o f  contents 
and format t ing the document f a l l s  on the engineer w r i t i n g  the 
procedure, but  t ha t  i s  ac tua l l y  a hidden p a r t  of the input  process. 
Windows, i f  appl ied copiously, can be used t o  g ive  c lea r  in format ion 
about command choices. A "help screen" can be used t o  expla in use o f  
the funct ion keys on the workstat ion t o  perform a "block moveN, f o r  
example. I n  short, the environment can be made simple enough f o r  even 
an engineer t o  ure! - 
EQUIPMENT NEEDED 

The equipment needed t o  provide t h i s  automated t o o l  i s n ' t  
p a r t i c u l a r l y  fancy. Most business microcomputers have a t  l eas t  the 
na t ive  a b i l i t y  t o  handle p r i n t i n g  l e t t e r s  i n  d i f fe ren t  co lo rs  w i t h  tha t  
same pa le t te  ava i lab le  f o r  background colors. A r i c h  character set  t ha t  
includes a checkmark, or  the graphics characters used t o  provide borders 
fo r  tables can make the process easier. Most recent microcomputers have 
a hard disk, a t  leas t  as an option, and room fo r  plugging i n  several 
hundred k i loby tes  o f  memory. For a miniscule cost  i n  purchased 
software, the basic bu i l d ing  blocks are there. 

This prototype was b u i l t  using. an AT & T 5300 (an IBM compatible 
machine) equipped w i t h  a hard disk, the f u l l  640 k i loby tes  o f  memory, 
and a co lo r  monitor. The language used was Turbo Pascal, sold by 
Borland In te rnat iona l .  The windowing software i s  a package ca l  led  
" V i r t u a l  Screen Inter face" ,  a product of Amber Systems, Inc. The e n t i r e  
package described has a l i s t  p r i ce  near $5,000. 

CONCLUSION 

Stor ing proced tes (and ather documents tha t  combine the work o f  
several people) f o r  e lec t ron ic  d i s t r i b u t i o n  and e d i t i n g  g rea t l y  speeds 
the process o f  coordinat ing changes and producing the f i n a l  book. The 
methods out l ined can be used t o  show suggested changes and the r a t i o n a l e  
tha t  supports i nd i v idua l  sections of the document. Modern hardware, and 
innovat ive software now ava i lab le  provide c lever  ways t c  d isp lay  the 
information, as needed. By t r e a t i n g  a procedure as a database o f  
actions, times, people, and equipment, instead o f  j u s t  a t e x t  f i l e ,  
convenient methods can be b u i l t  t o  understand the operation. Embedding 
e d i t i n g  guidel ines and procedural nomenclature checks i n  the program 
makes the process o f  c rea t ing  o r  changing a check l i s t  faster  and e a s i w  
f o r  the personnel involved. 

M r .  Hollingshead i s  a Senior Engineer i n  the Orb i t  Procedures 
and F l i g h t  Data F i l e  sect ion a t  JSC, bu i l d ing  s a t e l l i t e  deploy 
procedures and prov id ing automated too l s  f o r  check1 i s t  maintenance. 
His p r i o r  experience includes running and w r i t i n g  i ns t ruc t i ons  f o r  the 
funct ional,  qua l i f i ca t i on ,  and acceptance tes t i ng  o f  var ied aerospace 
hardware. 
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STREAMLINING: REDUCING COSTS AND 
INCREASING STS OPERATIONS EFFECTIVENESS 

Ronald K. Petersburg, McDonnell Douglas 
Technical Services Company, Inc., Houston, Texas 

ABSTRACT 

The McDonnell Douglas Corporation has a Corporate-wide program 
t o  create a management and work environment conducive t o  iw reased  j ob  
sa t is fac t ion  and continuous qua l i  t y /p roduct iv i  ty improvement. A re- 
l a t e d  a c t i v i t y  ca l l ed  Streamlining i s  an i n t e ~ r a l  p a r t  of the McDonnel: 
Douglas Technical Services Company-Houston Space Transportat ion System 
Engineering and Opera ti ons Support (STSEOS) Contract w i th  NASA/JSC. 

The paper w i i l  discuss the develapment of Streamlining as a 
concept, i t s  inc lus ion  i n  the STSEOS Contract, and how i t  serves as an 
incent ive t o  management and technical support personnel. The mechanics 
o f  encouraging and processing Streamlining suggestions w i l l  be discussed 
inc luding reviews, feedback t o  submitters , recogni ti on, and how i n d i  v i  - 
dual employee performaitce evaluations are used f o r  motivat ion. Several 
items tha t  have been implemented w i l l  be mentioned. Information re- 
ported t o  JSC w i l l  be discussed as we l l  as the methodology o f  determining 
estimated do1 l a r  savings. 

F ina l l y ,  the ove ra l l  e f f e c t  o f  t h i s  a c t i v i t y  on the a b i l i t y  of 
the McDonnel 1 Douglas f l  i g h t  preparat ion and mission operations team t o  
support a rap id l y  increasing f l i g h t  ra te  without a propor t ional  increase 
i n  cost w i l l  be i ' l lust rated.  

INTRODUCTION 

The Space Transportation System (STS) has provided a vehic le t o  
de l i ver ,  re t r ieve ,  and service a wide var ie ty  o f  paylaads i n  the near- 
earth o r b i t a l  environment. Many design, fabr ica t ion ,  implementation 
and operat ional challenges have been met and undoubtedly there w i  11 be 
more t o  come. The NASA and i t s  Support C o n t r a c t ~ r  team have taken the 
STS from a developmental environment i n t o  an operational era. Support 
f o r  the e a r l y  f l i g h t s  was extremely labor- in tensive since the f l i g h t  
object ives were designed t o  systematical l y  v e r i f y  the operat ion and 
f l e x s ' b i l i t y  o f  the vehic le systems. S tar t ing  w i th  the f i f t h  f l i g h t ,  
however, emphasis s h i f t e d  t o  operat ional object ives w i th  the add i t i on  



. o f  paying customer$ and va luable  crlmmercial and s c i e n t i f i c  payloads. 
This very q u i c k l y  brought home the f a c t  t h a t  the STS must become proven 
and c o s t - e f f e c t i v e  t o  compete w i t h  o ther  del  i v e r y  systems. 

McDonnell Douglas Technicai Services Company (MDTSCO) , through 
the Engineer ing and Operations Support Contract, i s  p l ay i ng  a s i g n i f i -  
cant  r o l e  i n  t ransforming STS from a R & D t o  an opera t iona l  system. 
McDonnel 1 Doug1 as prov ides engineer ing support f o r  f l i g h t  p repara t ion  
and miss ion operat ions.  Recognizing these a c t i v i t i e s  ds a s i g n i f i r ~ a t  
f ac to r  i n  the cos t  per  f l i g h t  equation, McDonnell Docglas prrsram man- 
agement devised a process t o  prov ide cos t -e f f ec t i ve ,  h i  g i ~  qual i t y  
support i n  a r a p i d l y  inc reas ing  f l i g h t  r a t e  env ' r~nment  . 

The approach i s  c a l l e d  S t r a m l i n i n g  and the remainder o f  t h i s  
paper w i l l  f u r t h e r  de f i ne  tire term, discuss how i t  evolved as an effec- 
ti ve qual i t y l p r o d c ~ i i  v i  ty improvement t o o l  , de f ine  the mechanics of 
t rack ing ,  r zv~ew ing ,  and repor t ing ,  and w i l l  e xp la i n  how McDonnell 
D n q i a s  has developed i t  i n t o  a never-ending process o f  continuous 
qual i t y l p r o d u c t i v i  t y  improvement. A1 so i n c l  uded w i  11 be examples of 
r e s u l t s  and est imated savings. 

DEFINITION 

An exact d e f i n i t i o n  o f  St reaml in ing i s  e l u s i v e  and can vary 
g r e a t l y  froi l l  qovernmeni agency t o  agency, company t o  company, manager 
t o  manager, and Person t o  pe rsm.  There i s  noth ing wrong w i t h  t h i s  as 
long as the u l  t imc te  goal o f  such an a c t i v i t y  r e s u l t s  i n  inc reas ing  
p r o d u c t i v i t y  w i thou t  s a c r i f i c i n g  qual i ty .  

I n  broad, bu t  appropr ia te  terms, the McDonnel 1 Douglas con t rac t  
defines St reaml in ing as "initiative/innovation i n  reduc-hg the cost of 
STS f l ight  prepaiiatwn and/or increasing effectiveness of STS flights". 

McDonnell Douglas has not  l i m i t e d  St reami in ing t o  d i r e c t  con- 
t r a c t  support  r e s p o n s i b i l i t i e s  bu t  has provided concepts, ideas, and 
implementation plans f o r  p r o d u c t i v i t y  improvements t o  bene f i t  the over-  
a l l  STS progran. 

PROCESS IMPLEMENTATION 

McDonnel 1 Douglas determined t h a t  f ou r  bas ic  ing red ien ts  were 
eszen t i a l  t o  s t i ccess fu l l y  develop and implement a St reaml in ing process: 
1) Management commitment; 2 )  P rov id ing  the proper environment f o r  the 
workforce; 3 )  Incen t i ves  f o r  the workforce t o  p a r t i c i p a t e ;  and, 4 )  A 
system f o r  record ing  and repo r t i ng  progress ( i n t e r n a l l y  and to  the 
cus~omer ) .  A l l  o f  these are equa l l y  impor tant  f o r  ga in ing ~anagement 
and workforce support  and c~s tomer  awareness and acceptance. They i n -  
s t i l l  a c u l t u r a l  s h i f t  tciward h i gh -qua l i t y  products a t  the lowest 
poss ib le  cos t .  



A l ack  o f  top - leve l  management comnitment t o  any new i n i t i a t i v e  
can mean f a i l u r e  o f  t h a t  t h rus t .  Th is  i s  t r u e  whether i t  i s  o n l y  per -  
ce ived by the  workforce o r  i f  i t  i s  seen by the workforce as being r e a l .  
Leading by example has been found t o  be a powerful  t o o l .  Continuous 
encouragement down through the chain o f  comnand serves as a constant  
reminder t o  the workforce. 

Prov id ing The Proper Environment 

Engineers and s c i e n t i s t s  need more than a desk, paper, penc i l s ,  
access t o  a computer, and a pe r i od i c  paycheck t o  become en thus ias t i c  
stream1 i ne rs  . The workplace environment a t  McDonnel 1 Doug1 as i s  made 
more conducive ,s  Stresml in ing by: 

1 )  Encouraging s k i l l  sharpening through in-house and advanced degree 
t r a i n i n g ;  

2 )  l p p l y i n g  paraprofessionals t o  necessary rou t ine ,  r e p e t i t i v e ,  manual 
operat ions ; 

3 )  Imp [ementi ~g s tandard iza t ion  and then automation t o  known processes 
and/or product generation; 

4 )  Prov id ing employee involvement through the a p p l i c a t i o n  o f  P a r t i c i  - 
p a t i v ~  Management techniques; 

5 )  Support ing the format ion o f  problem-solving teams ( Q u a l i t y  C i r c l e s )  
i n  work areas - a long w i t h  appropr ia te  ledder  t r a i n i n g  i n  b ra in -  
storming and c t h e r  problem-solv ing techniques; 

6 )  Increas ing the avai  l a b i  1 i ty o f  micro-computers f o r  generdl engineer- 
i n g  use and p rov i d i ng  adequate remote access termina ls  t~ l a rge  
mainframe computers; 

7) Makmg management m r e  v i s i b l e  through boss t a l k s  and workplace 
v i r , i t s ;  

8) Rein fo rc ing  the cuncept t h a t  the re  i s  always a b e t t e r  way to  accom- 
p l i s h  a task o r  t o  improve a process; 

9) Assuri'ng the workforce t h a t  a t t e n t i o n  t o  Stream1 i n i n g  o r  e l i m i n a t i n g  
t h e i r  assignment w i l l  na t  jeopardize t h e i r  f u t u r e  bu t  r a the r  a l l ow  
t h e i r  t a l e n t s  t o  be used f o r  more c rea t i ve  work; and 

10) B r i e f i n g  a l l  new employees on the concept and process o f  Stream- 
l i n i n g  as p a r t  o f  the McDonnell Douglas o r i e n t a t i o n  (,ession. 

Fo l lowing are examples of McDonnell Douglas progress rr r e s u l t s  
dur ing  the six-month per iod  ending i n  March 1985: 

1) The number o f  Qua1 i t y  C i r c l es  grew from 9 t o  22; 

2 )  Strong emphasis on the bene f i t s  and proper use o f  p a r t i c i p a t i v e  
management techniques c g n t i  nued t : ~ rouyh  an in-house workshop given 
t o  al l -hands; and, 

3 )  The use o f  paraprofess ionals  on rou t ine /p roduc t ion  tasks was i n -  
creased frgm 24 t o  44.  



Incent ives to P a r t i c i p a t e  

The vast  m a j o r i t y  o f  employe2s i n  a profess ional ,  knowledge- 
based workforce are se l  f -mot ivated t o  excel a t  t h c i  r assignments. At 
McDonnell Douglas, proven incen t i ves  ai-s used t o  focus the workforce 
t a l e n t s  on c o n t i n u a l l y  improving the process. 

Streaml i n i n g  suggestions t h a t  are implemented and r e s u l t  i n  tan- 
g i b l e ,  and sometimes i n t ang ib l e ,  bene f i t s  are recognized through an 
employee recogn i t i on  program. This r ecogn i t i on  takes t : ~ e  form of an 
i nd i v i dua l ,  o r  group, achievement c e r t i f i c a t e ;  and/or monetary awards. 
Also used f o r  i ncen t i ve  a re  "ext ras"  as p a r t  o f  the o v e r a l l  compensation 
package - bonus p lan  payout and spec ia l  sa l a r y  reviews. 

Other more sub t le  methods inc lude  modest monetary awards through 
the McDonnell Duuglas suggestion program, candidacy f o r  the JSC launch 
ho twee  program, recogni t i o n  by var ious and ~ t k :  pub l i ca t i ons ;  e.g., 
the company newslet ter  and l oca l  newc;;apers. L e t t e r s  o r  o ther  forms of  
reccgni  t i o n  by the customer an4 , '~ r  end-user have proven t o  be ext remely  
powerful  mot ivators  bu t  a r c o u t s i d e  of McDonnell Douglas c o n t r o l .  

As a me?:ure o f  the quan t i t y  o f  these mot i va t iona l  methods a t  
McDonnell Qsuglas, du r ing  i six-month per iod ending i n  March 1985, the 
Enginrer ing and O p e r a t i r ~ i s  Contract  recorded the f o l  lowing: 

1) More than 200 corr~nendations/awards were made as p a r t  o f  the employee 
recogn i t i on  pr3gram; 

2 )  Monetary a w ~ r d s  o f  about $3850 f o r  s i x teen  eniployee suggestions; and, 

3) Twenty l e t t e r s  received frorr, JSC management commending the p e r f o r -  
mance o f  seventy i nd i v i dua l s .  

System f o r  Recording and -- Report ing 

Another i ng red ien t  i n  the McDonnel 1 Douglas Streaml i n i n g  process 
i s  a system t o  record, t rack ,  and repo r t  on the d i s p o s i t i o n  o f  sugges- 
t i ons .  I t  i s  a lso  necessary t o  fo rma l l y  revlew the items f o r  appropr i -  
ateness and a p p l i c a b i l i t y .  I t  i s  a1 so impor tant  t o  recognize employee 
p a r t i c i p a t i o n  by d i r e c t  feedback - keeping the submi t ter  akare o f  where 
the suggestion i s  i n  t i le review process f low and, i f  i t  i s  re jec ted ,  t o  
supply the reason. 

I t  should be noted t h a t  there have been suggestions t h a t  r e -  
qu i red  customer acceptance and requi red changes i n  po l  i c y ,  r u l e s  and/or 
procedures before implementation. Because o f  t h i s ,  the end-user i s  
inc luded i n  the process. 

The process a t  McDonnell Douglas can be described by a f low 
diagram, as shown by Figure 1. 



FIGURE 1 
STREIVCINIIK, PROCESS FLOW D l  AGRM 
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A micro-computer data base i s  u t i l i z e d  t o  provide sumnary 
reports plus feedback and acknowledgement l e t t e r s .  I t  a1 so faci  1 i ta tes  
regular repor t ing  on the progress o f  Streamlining t o  management and the 
customer. 

Another important step i n  repor t ing  i s  the i n te r face  w i t h  JSC's 
Product iv i ty  Improvement Program. McDonnel 1 Douglas has submitted 
several ideas t o  JSC which were subsequently implemented and reported 
on i n  the JSC - Crier  newsletter.  

STREAMLINING RESULTS 

The continuous improvement approach to  day-to-day and f l i g h t - t o -  
f l i g h t  a c t i v i t i e s  has generated 1 i t e r a l  l y  hundreds o f  Streamlining 
suggestions/ideas. An appreciable percentage o f  these have been approved 
and implemented. Co l l ec t i ve l y  they have been shown to  accumulate i n t o  
sizeable estimated contractor  and STS Program savings. Results have 
been formally presented t o  the JSC Technical Manager of the McDonnell 
Douglas Contract semi-annual l y  since October 1982. 

I t  should be noted tha t  there have been implemenited ideas tha t  
are in tang ib le  i n  nature; 'i .e., cannot be t rans la ted  i n t o  p r o g r a m t i c  
d o l l a r  savings. Some o f  these have enriched the q u a l i t y  o f  work l i fe ,  
which c e r t a i n l y  contr ibutes t o  employee morale and mot ivat ion - and 



thereby, hope fu l l y ,  lower ing a t t r i t i o n ,  o r  turnover .  Others have re -  
sul  t ed  i n  h igher  qua1 i t y  products by us ing procedures/approaches t h a t  
are designed t o  s i g n i f i c a n t l y  reduce the chance f o r  human e r r o r .  

I n  an environment o f  a  r a p i d l y  inc reas ing  f l i g h t  ra te ,  McDonnell 
Douglas has concentrated a g rea t  amount of e f f o r t  on Streaml i n i n g  the 
f l i g h t  p repara t ion  and miss ion operat ions support  func t ions .  Resul ts 
o f  some o f  the implemented St reaml in ing ideas are discussed i n  the re -  
mainder o f  t h i s  sect ion.  

F l i g h t  Preparat ion Resul ts 

Data on the McDonnell Douglas - Miss ion Planning and Analys is  
Div is ionIJSC f l  i g h t - t o - f l  i g h t  r econ f i gu ra t i on  e f f o r t s  ( l a b o r  hours and 
l a rge  mainframe coniputer t ime)  are gathered and monitored t o  measure 
the e f fec t i veness  o f  the Streaml i n i n g  resu 1 t s .  Implemented r e s u l t s  
such as standardized (seasonal ) I n i  t i a l  izat ion-Loads, the a p p l i c a t i o n  
o f  the d i r e c t  i n s e r t i o n  ascent phase, and simp1 i f y i n g  the analyt.4cal 
payload i n t e g r a t i o n  func t ions  have con t r i bu ted  t o  the p o s i t i v e  t r end  
o f  f l  i g h t - t o - f l  i g h t  r econ f i gu ra t i on  support  requirements. F igures 2 
and 3 dep i c t  the r e s u l t s  o f  such e f f o r t s  logged f o r  eleven (11) STS 
f l i g h t s ,  s t a r t i n g  w i t h  STS-5, f o r  l abor  hours and computer t ime used, 
respec t i ve ly .  

F IGURE 2 

RECONF I GURATI Old LABOR BY F L I G H T  
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FIGURE 3 
RECWIGLRATIOW C W U T E R  USAGE BY FLIGHT 
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This i n f ~ r m a t i o n  c l e a r l y  shows the ef fect iveness o f  stream1 i n i n g  
the f l i g h t  preparat ion process. The .data f o r  f l i g h t s  STS-5, -9, and 
STS-41C are considered "out1 i e r s "  i n  that  the object ives and/or complex- 
i t y  of the missions demanded considerably more e f f o r t  i n  the preparat ion 
a c t i v i t i e s .  They were " f i r s t - o f - a -  kind" f l i g h t s  - f i r s t  d i  r c c t  inser -  
t i o n  ascent, f i r s t  rendezvous, and f i r s t  high i n c l i n a t i o n .  Some author- 
i t i e s  assume both the labor hours and computer time required per f l i g h t  
w i  11 l eve l  o f f .  This suggests tha t  an increasing emphasis on Stream- 
l i n i n g  would be a  diminishing re turn  s i t ua t i on .  

Another dramatic i l l u s t r a t i o n  o f  an increase i n  p roduc t i v i t y  i s  
shown i n  Figures 4 and 5. These f igures  d isp lay the number o f  missions 
i n  the preparat ion cyc:e, the t o t a l  labor hours expended, and computer 
time used versus time. 

f l G U l E  4 
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As i l l u s t r a t e d ,  wh i le  the number o f  missions i n  work has i p -  

creased s i g n i f i c a n t l y ,  the l eve l  of l abor  requ i red  seems t o  be s t a b i l -  
i z i n g .  Computer t im requirements, however, are no t  so we1 1-behaved. 
I t  may be t h a t  t h i s  should b~ expected and might be i n d i c a t i v e  o f  such 
th ings as increased autonat ion,  mission-compiexi t y ,  schedule s l  i p s ,  
and remanifests.  

Mission Operations R e s ~ ~ l t s  - --- 
The McDonne! 1 Douglas involvement i n  the development o f  f l  i ght 

procedures, operat iona l  products, crew and support  psrsonnel  t r a i n i n g ,  
s imu la t ion  support, and rea l  - t ime miss ion c o n t r o l  has been i n t e n s i v e l y  
analyzed f o r  p o t e ~ , t i a l  Stream1 i n i n g  ideas. 

One recent accomplishment t ha t  r esu l t ed  f rom a Stream1 i n i n g  
suggestion was the development o f  a standardized t r a i n i n g  plan. Th is  
s a t i s f i e s  the need f o r  a s t r uc tu red  method f o r  developing ground sup- 
p o r t  personnel i n  t o  technica l  l y  competent and c e r t i f i e d  i n s t r u c t o r s ,  
developers, f l  i ght  con t r o  1 l e r s  , o r  f l  i ght d i r e c t o r s .  

The use o f  e x i s t i n g  sof tware too;s f o r  the automated documenta- 
t i o n  of Shu t t le  Yissi?. Simulator app l i ca t i ons  sof tware was anoth r 
example o f  i nc ress iny  p r o d u c t i v i t y  and g r e a t l y  reduc ing the chance f o r  
e r r o r .  

McDonnell Douglas standardized and s i m p l i f i e d  the Crew A c t i v i t y  
Plan. This has al lowed proper support o f  an inc reas ing  f l i g h t  r a t e  
w i thou t  any s i g n i f j c a n t  increase i n  s t a f f .  



Increased automation o f  the F l i g h t  Data F i l e  (FDF) product 
generation has e l  iminated much o f  the manual e f f o r t s  associated w i th  
t h i s  a c t i v i t y .  This a lso allows quick access to  the FDF f o r  re?orts,  
schedules, and updates. 

These are on ly  a few o f  the implemented Streamiining suggestions. 
i n  the mission operations support area. The Mcbnne l l  Douglas enphdsis 
on p roduc t i v i t y  improvements w i l l  ensure J cont inufng stwarn o f  new 
ideas and sugges t i ons . 

SAVINGS ESTIMATE 

Formal presentations are given by HcDonnell Douglas t o  the JSC 
Technical Manager on a semi-annual basis. Thcse presentat ions rev ieb 
the e n t i r e  Streamlintng a c t i v i t y  f o r  a six-month period, h i g h l i g h t  the 
most s i g n i f i c a n t ,  and provides an estin.ate o f  program savings r e s u l t i n g  
from implemented suggestions. 

The process o f  convert ing labor hours, computer time, and other 
expenditures t o  program savings i n  d ~ l l a r s  per yejr  i s  d i f f i c u l t  and 
the accuracy can c e r t a i r l y  be challenged. However, a cost ing c r i  t.:ria 
has been developed and i s  cons is ten t ly  appl ied. Thc reported savings 
art! f e l t  t o  be representat ive. The pro jected year ly  cost savings are 
determined using a year ly  launch r a t e  a f  12, two o f  wt.ich are Spacelab 
and two  involve a rendezvous. 

The implemented stream1 i n i n g  i terns reported f o r  the per iod from 
Apri ' l  , 1984, through March, 1'385 r e s u l t  i n  an e s t i m a t ~ d  fu tu re  yea r l y  
cost  savings o f  approximately $8.5 ( i n  1985 do l l a rs ) .  

SUMMARY 

Streamlining has proven t o  be an e f f e c t i v e  t o o l  t o  cont in1musly 
improve the q u a l i t y  and decrease the cost  o f  performing engineering 
support servi'ces a c t i v i t i e s  1 i ke those c i ! r rent ly  underway a t  McOonnel l 
Doug1 as. 

To be successful, however, several bas-ic ingredients are r e -  
qui  red. There nus t be a top-down and demonstr ated manageme~t c o m i  t w n t  , 
an environment f o r  the workforce which i s  support ive o f  the commitment, 
incent ives t o  encouraqz workforce p a r t i c i p a t i o n ,  and a s rStm f o r  the 
formal gathering, reviewing, aad repor t ing  o f  progress and achievewnts . 
The absence, whether perceived o r  rea l  , o f  any o f  these w i  1 l jeopardi t e  
the e n t i r e  process. 

It has been demonstrated by McConnell Douglas a f t e r  a r e l a t i v e l y  
shor t  per iod of t ime tha t  t h i s  approach t o  iccreasing p roduc t i v i t y  can 
develop 6 work environment i n  v!,ich continuous iinprovement and hold ing 
the gains i s  a way o f  l i f e .  
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ACTIONS FOR PRODUCTIVITY IMPROVEMENT IN CREW TRAINING 

Gerald E. Miller 
McDonnell Dou~las Technical Services Company, Inc. 
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ABSTRACT 

To improve the productivity of astronaut crew 
instructors in the Space Shuttle program and beyond, the 
following actions are proposed. In~~ructor certification 
plans should be established to shorten the time required 
for trainers to develop their skills as well as improve 
their ability to convey those skills. Members of the 
training cadre should be thoroughly cross trained in their 
task. This provides better understanding of the overall 
task and greater flexibility in instructor utilization. 
Improved facility access will give instructors the benefit 
of practical application experience. Former crews should 
be integrated into the training of upcoming crews to 
bridge some of the gap between simulated conditions and 
the real world. The information contained in lengthy and 
complex training manuals can be presented more clearly 
and efficiently as computer lessons. The illustration, 
animation and interactive capabilities of the computer 
combine for a most effective means of explanation. 

INTRODUCTION 

As the Space Shuttle becomes an operational sys- 
stem, evei increasing numbers of demands of continua1l.y 
greater complexity are being placed on all areas of sup- 
port. This is easily evidenced by the ambitious launch 
schedule for the immediate future and the missi3n scenar- 
ios of the immediate past. The curr2nt launch manifest 
calls for a Shuttle mission each month. Assuming an aver- 
age mission length of five to seven days, it may be seen 
that twenty-five percent of support personnel's time will 



be devoted to real time on-orbit support. While simultan- 
eously, the same personnel are tasked with readying the 
upcoming crew for the next month's launch. Looking back up-. 
on previous missions revealz even greater demands, The un- 
foreseen contingencies involving the Westar, Palapa and 
most recently, the Leasat satellites, demonstrated the re- 
ality of unplanned support requiremects. Few tasks 
are as directly affected by these realities as that of as- 
tronaut crew training.' 

Instructor certification plans 

Education in che field of hardware/human inter- 
actions, which represents the apex of crew training, will 
require constant productivity~improvement if it is to keep 
pace with the operational world. This translates into bet- 
ter application of existing resources. Of course, the pri- 
mary resource of any instructor is human. One means of im- 
proving the productivity ~f this commodity is the estab- 
lishment of, ar~d adherence ta, a definite and structured 
instructor certification plan. 

When new employees are hired to become trainers, 
it is not unusual for them to lack firstk,and knowledge of 
the system on which they are eventually expected to become 
an expert. This is especially true of the more exclusive 
systems found in the space business, such as Extravehic- 
ular Mobility Units (EMU'S), Manned Maneuvering U ~ i t s  
(MMU's), or evet, the Shuttle itself. Incoming instructors 
cannot be expected to have pregious experience with sys- 
tems such as these, since the systems are unique to a li- 
mited sectior; of the iqdustry. A similar problem exists for 
any area of the industry which deals with relatively un- 
common systems. As a resul-t, newcomers often spend a great 
deal of time and energy in the familiar, "coming up to 
speed", process. The reasons for this are often quite 
common. There are always the technical manuals to be read. 
Such documents are frequently written in a fashion that is 
tedious to read and usually are not kept current with 
changing ddta. There is also v?ry seldom an organized or- 
der in which manuals should be approached. There are us- 
ually training sessions or classes which may be attended 
as an observer. Unfortunately, new hires are often inun- 



dated by the amount of information covered by an actual 
training session and are unable to interrupt with ques- 
tions since the sessions are intended for the crew being 
trained, not for the observers present. Complicate these 
problems with the fact that a single source is often not 
available with which newcomers may gauge their progress, 
and tne impedances to productivity become clear. 

A solution to these difficulties can be the de- 
velopment of a definitive instructor certification plan. 
The concept is quite similar to the curriculum outlines and 
course catalogs csed by universities. All training, whet- 
her in the form of manuals or live sessions, should be 
organized into a coherent, chronological flow. A brief 
description of what is to be covered and how long is us- 
ually required should be includea. Particular milestones 
should be establishel throughout the plan to mark times 
when an individual achieves designated plateaus in the 
field. An example of such plateaus for instructors is that 
time when a person is deemed ad expert in a particular 
facet of the subject being studied. For instance, in the 
field of extravehicular activity (EVA), a "Kennedy Space 
Center Expert" designation is made when all training con- 
cerned with the launch facility is completed. 

As an example, figures 1 and 2 show the curriculum 
list and course descriptions for the Kennedy Space Cente- 
section of the EVA/Crew Systems Instructor Training Flow 
and Certification Plan. 

FIGURE 1 
SAMPLE CURRICULUM LIST 

KSC EVA SYSTEMSIPAYLOAO EXPERT 
LESSONlACTlVlTY SIGN GfF 
(flow Code: T KSC E V A I P L )  

A C T I V I T Y  

CSC EVA 2 1 0 1 .  
QG-101-KSC 1 1 0 3  
QG-102-KSC ; I 0 3  
@-125-KSC 1 1 0 3  
QG- 126-KSC 1 1 0 3  
QG-i28-KSC 1 1 0 3  
QG-150-KSC 1 1 0 3  
K S t  EVA WD 2 1 3 1  
O-EVA EVA1 '131 
C-KSC EVA 2 1 0 1  

START 
DATE 

COnP 
DATE 

TRAINEE 
I N I T I A L S  

OJT I h S T .  
I N I T I A L S  



FIGURE 2 
SAMPLE COURSE DESCRIPTION 

KSC EVA SYSTEMSIPAYLOAD EXPERT 

1. FCTC CWE: KSC EVA 2'01 
TITLE: KSC EVA Monitor Outies 
WR4TION: 1 hour 
SYNOPSIS: This lesson i s  a b r i e f i n g  on the dut ies and r e s p o n s i b i l i t i e s  o f  

the KSC EVA ! ion i tor  t o  include an overview o f  the walkdown a t  
KSC, procedures f o r  coordinattny vehicle t ranspor tat ion/  
l o g i s t i c a l  suppcrt. range safety considerattons and scheduling 
access i n t o  the Orbiter. and badging/access t ra in ing .  

2. STPXCOOE: QG-101-KSC 1103 
TITLE: F i r e  Protectlo.1 Safety Or ientat ion 
WRATION: 0.5 hour 
SYNCPSIS: This c lass fami l i a r i zes  students I n  operational areas a t  

Kennedy Space Cener w i t h  f i r e  suppression equipcncnt, f i xed  and 
por tab le systems. and the most e f f e c t i v e  use on d i f f e r e n t  
classes o f  f I re .  

NOTE: This c lass  i s  r e w i r e d  f o r  KSC area access badging. 

3. STPC COOE: Q6-102-KSC 1103 
TITLE: Toxic Propel lant  Safety 
WRATION: 1 hour 
SYNOPSIS: This c lass provides a general knowledge o f  the t o x i c  propel -  

lants  used a t  KSC. It covers the nature of the p rope l lan ts  aW 
*he hazards involved 13 the use of the propel lants. Access 
. ~ n t r o l  procedures. w8rnlnq systems acd safety equipment a re  
covered. I t  fami l i d r i z e s  persons w i th  the locat ion.  use and 
l i m i t a t i o n s  o f  tns  rocket propellan: gas mask and a i r  cap%~le.  

NOTE: This c lass i. required f o r  KSC area access badging. The 
refresher class (QG-106-KSC) i s  required ever) 3 years. 

4. STPC CWE: QC-125-KSC 1103 
TITLE: Launch Comp'ex 39 Faci 1 i t y  Safety Fami l i a r i za t io r  
OURATIOU: 0.7 hours 
SYNOPSIS: This c lass provldes an overview o f  the f a c i l i t i e s  a t  Launch 

Complex 39 (LC-39) and the work f low of  the Orb i te r  from touch- 
down t o  launch. I t  covers the safety hazards and hazardous 
areas a t  the S h ~ t t l c  Landinq Faci l l t y  (SLF), O r b i t e r  Processing 
F a c i l i t y  (OPF), and the Vehicle Asseably Bu i ld ing  (VAB). It 
also covers evacuat+ r ignals .  egress routes and safety  
equ ipment . 
MOTE: This c lass i s  reqbired fo r  KSC area access badging. 

Upon completion of all necessary requirements, 
certification as a qualified instructor may be granted. 
This helps establish self-confidence within tne new in- 
structors as well as the confidence of those they will be 
training. The definition of set criteria for instructor 
certification not only reduces the time required for 
trainers to develop their skills, but vastly improves the 
ability to relay those skills. 



Cross training 

After an instructor is certified in one area of ex- 
pertise, the next means of productivity improvement may 
be applied, That is the concept of cross training. While 
technical proficiency is best maintained by focusing on 
a particular field, for instance extravehicular activity, 
instructors should not be disadvantaged by iso~atim to a 
particular subset of that field. The impact of this ap- 
proach on training effectiveness is to greatly reduce the 
integrated flow of a task. However, by cross training 
staff members in the various subsets of their field, a number 
of productivity improvements will be seen. Among them is 
the continuity of beginning to end contact by a crewmem- 
ber with a single trainer. 

When a crewmember is being trained for a particu- 
lar task, the training is usually separated into certain 
components. This a common approach to solving any complex 
problem. The individual compon&nts, however, commonly are 
the responsibility cf different instructors. The problem of 
bringing the separate information together is frequently 
left to the crewmember. Questions concerning the relation- 
ship of events in different components must be resolved 
through the interface between segregated information 
sources. Productivity is thus hampered when instructors are 
unfamiliar with the workings of other sectidns of their 
task. If instructors were adept in all aspects of their task, 
which is the expected result for the crews they are train- 
ing, then continuity could be provided from initial 
training to real time execution. This can provide crewmem- 
bers w;th a single, authoritative source of information on 
their expected performance. Also. the instructors' under- 
standing of the overall task will be greatly improved. Due 
to this improved understanding, the quality of information 
'passed on by the instructor will increase. This is often man- 
ifested as a keener insight into the complicated relation- 
ships between the mechanical systems being used. Thus, 
productivity may be improved with respect to the time need- 
ed to resolve problems as well as the extent to which prob- 
lems may be solved. 

Further productivity improvement as a result of 
cross training may be seen in the area of scheduling, As 
Space Shuttle missions are slated with ever increasing 
frequency, the sche?uling of instructors assigned to a part- 
icular mission becomes continuously more delicate. Add to 



this the demands of unforeseen contingencies, such as salvag- 
ing the Westar, Palapa, and Leasat satellitesr and the resul- 
tant loads placed on training staffs can become overwhelm- 
ing. By creating a training cadre comprised of members who 

. 

are equally knowledgeable jn all aspecis of their task, 
the negative impact of such demands can at least be mini- 
mized. Unex acted work requirements that shift personnel 
away from scheduled training, as when instructors are need- 
ed to develop salvage procedures, can leave crews without 
instructors. With a fully cross trained staff, loss of pro- 
ductivity can be minimal since other instructors would be cap- 
able of taking over for those who were called away. 

Improved facility access 

With a strong understanding of the system in hand, 
an instructor's productivity may be further enhanced through 
improved facility access. This involves making instructors 
more familiar with the training environment by exposing 
them to it, not only as instructors, but as students as 
well. Instrrlctors' ability to convey learning expectations 
is vastly il- proved if they have experienced the training 
session for themselves. 

Crew training can, in general, be divided into two 
types, that which is mentally rigorous and that which is 
physically rigorous. Often it is some coinbination of the 
two, as is acutely illustrated by extravehicular activity. 
In either case, it is inherently necessary to place the 
crewmenber in environments which are i~itially unfamiliar, 
complex, harsh or even potentially hazardous. In most in- 
stances, instructors will have studied and observed the fac- 
ility environm2at. But rarely will they be given the oppor- 
tunity to experience the demands it will make on the pro- 
cedures beirg developed or relayed. Instructors are conse- 
quently forced to plan tasks using conjecture, assumption 
or speculation that the procedures will be workable. Pro- 
ductivity suffers because cewmembers must often work out 
techniques from scratch. The instructors are unable to short- 
en the time required to do this since they lack the euper- 
ience of practical application. The overall effect can be 
compared to taking piano lessons from a teacher who under- 
stands music theory, but has never actually played a piano. 

To illustrate this point, the figure below shows 
an underwater training session at 'he Weightless Environ- 
ment Training Facility (WETF). All af the procedures be- 





It is possible to remedy this si+ation by expos- 
ing instructors to the conditions of training fa ilities 
whenever feasible. While new procedures are stilf in the 
early developmental stages, trainers should undergo in- 
structional sessions identical to those lzter intended for 
use on the crews. Thus, once instructors begin presenting 
these new procedures as facts, they would command a much 
better perspective of how to approach the task. Communi- 
cation between the crewmember and instructor would improve 
since each would possess a common reference of experience. 
Productivity increases as instructors become better able to 
convey expectations, and more importantly, technia~les to 
crewmembers. 

;ntegration of former crews 

Another means of productivity improvement is the 
integratio~ of former crews into the training of upcoming 
crews. This integration may seldom be in the form of an 
actual instructor. Instead, the role often becomes more that 
of a consu,ltant. 

Tec!~niques fabricated on Earth, yet intended for 
space, are frequently liindered by the simple fact that they 
were created under the constrdints cf planetary limita- 
tions. Regardless of the painstaking efforts made to sim- 
ulate the space environment, many vast discrepencies still 
exist. As a result of these discrepencies, procedures which 
work well in simulated space may not in actual orbit. Often, 
the reverse is true. Tasks which were foreseen as being 
quite laborious, may turn out to be very simple in space. 
The constant use of feedback from returning crews thus be- 
comes an excellent means of improving productivity. It 
has been common practice over the years for all support 
personnel to make use of the debrief information from for- 
mer crews. It should be noted, therefore, that what is be- 
ing suggested is intended to go beyond the passive relay 
of data to a more active involvement in training sessions. 
For example, having an experienced crewmember in atten- 
dance during a WETF task often provides instructors with im- 
mediate feedback for questions concerning the manual man- 
ipulation of satellites, on--orbit crewmember work re- 
straints or maneuverability about the payload bay in zero 
gravity. This accurate insight as to how well the train- 
ing simulates the real. world is invaluable. 

Computerized lessons 



ORIGINAL F.'? : !? 
OF POOR QGALITY 

The use of illustrated/animated computer lessons 
to supplement printed texts can produce an outstanding 
improvement in productivity. Complex systems are made much 
clearer when their function can be animated. The immediate 
feedback and individual interaction of a computer also re- 
present improvements over printed workbook/lecture combin- 
ations. 

Nearly all Shuttle systems which crews must learn, 
indeed all space systems in general, are to say the least, 
complicated. It is also true that regardless of their com- 
plexities, the systems must be mastered on schedule. 
Therefore, training Frsgrarns are inevitably faced with the 
problem of h ~ w  to convey a working knowledge of complex 
systems while maintaining the highest level of productiv- 
ity. Traditionally, the initial stages of crewmembers' 
training consists of many hours spent studying the volu- 
minous stack of technical manuals associated with their 
given assignments. Such documents are always quite thor- 
ough, yet their effectiveness can be greatly improved 
by supplementing them with computer lessons. For ex- 
ample, figure 4 belou shows a schematic diagram of the 
Extravehicular Mobility Cnit (EMU) used by Space Shuttle 
EVA crews. This space suit diagram is representative of 
those used in most training manuals. 

FIGURE 4 
SPACE SHUTTLE EXTRAVEHICULAR MOBILITY UNIT SCHEMATIC 



Normally, a schematic such as this will appear in 
a manual along with detailed drawings to illustrate each of 
its components. Down to the smallest item, the system is 
methodically chronicled by diag~ams such as the one below. 

' 

Figure 5 is an expanded view of the pressure sensor called 
out in figure 4. 

FIGURE 
ITEM 132: POTENTIOhETER T Y r E  PRESSURE SENSOR 
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~ o n n e c t o r J y [  / 
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-Reference pressure 
(vacuum or ambient) 

It may be se2n that figure 5 illustrates one of 
the least complex components, representing the smallest 
fraction of the eAltire system. Yet, a substantial amount 
of written text would accompany figure 5 in a training 
manual to expl-ain the sensor's interaction with the over- 
all system. Zxpanding this example to the trul) compli- 
cated compGnrnts and then adding the requi rr..r: t~ con- 
vey their physical interaction durina oper . ~i the 
integrat.ed system, yj.e! ds an understan< *ng - : dormnds 
being addressed. Not 3nl.y is .he  printed t~ 4 +o 
do this cumbersome, it is ;11.,0 tedious, nonL.-:c4c- 
and ditficuit to update as changes occcr. 

Fully illustrated and animated explan? :.. CE  
systems such as the EMU can be programmed ints ~.#.nputer 
1esso.1~. Animated representations of flow paths, f3ns, 
pumps, motors and electrical circuits in operatlon can 
convey their physical interaction faster a ~ d  more clearly 
than printed text and static diagrams. Productivity im- 
proves further since crewmembers mhy work at whatever 



pace suits their degree of familiarity with the system. 
This is done hy establishing level within the progranuned 
lesson. With such an interactive p~oqrarn, the crewmember 
may request further explanation of particular areas, or 
move through a brief overview of well known ones. Also, 
since most complicated texts require the scheduling of a 
live lecture session to explain them, time may be used 
more efficiently. This is a result of the fact that most 
well programmed coaputer lessons require only a brief dis- 
cussioq with a trainer to clarify points left after the 
lesson, as opposed to a lengthy lecture. Further improve- 
ment in productivit\' be seen as system updates oc- 
cur. When changes occur . ich effect printed tsxts, page 
change notices must be generated and distributed. These 
must not. only be mailually ad,ded to all existing copies 
of the text, bu- hand carried to wherever those copies 
may be. However, a single change in the program of a com- 
puter lesson can complete an update for all who wish to 
use it, regc.rtlless of thei. lxation. 

CONCLUSION 

Productivity improvement in the field of crew 
training becomes i~perative as the Space Shuttle enters 
its operational phase. Instructor certification plans, cross 
trainins. facility acress, integration of former crews, 
and computerized lessons represent some of the neans a- 
vailable to increase the effectiveness of instructors. All 
of the measures discussed have been adopted by the EVA 
Astronaut Training Office. The value of such ueasures may 
be seen in the following statistics. From 1981 to 1985, the 
EVA training office has experienced a 25% increase in per- 
son)!c?l. During the same time period, the n-mber of Shuttle 
flightz oeing successfully supported annually has increased 
600%. It should be noted that all of the actions discussed 
are applicable t:, productivity impr0veme.t of any form of 
training, not only astronaut crews. 
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GROUND PROCESSING OF THE McDONNELL DOUGLAS 
PAYLOAD ASSIST MODULE (PAM) 

C. E. Bryan, McDonnell Douglas Astronautics Company 
D. A. Mac1 can, McDonnel 1 Doug1 as Astronautics Company 

ABSTRACT 

This paper describes how the McDonnell Douglas PAM ground 
processing operations have evolved since they were s ta r ted  a t  KSC i n  
1982. The object ive o f  the changes was t o  reduce the prelaunch t e s t i n g  
o f  the Airborne Support Equipment i n  order t o  increase the throughput of 
PAM systems whi le not  compromising the r e l i a b i l i t y  o f  the system when 
functioned on-orbi t. The changes t h a t  resu l ted  from lessons learned and 
experience gained from the i n i t i a l  cargo element ground processing, the 
on-orbi t performance o f  the systems, p lus the p o s t - f l i g h t  refurbishment 
and r e c e r t i f i c a t i o n  o f  the Airborne Support Equipment have resu l ted  i n  
s i g n i f i c a n t  reductions i n  1 abor expenditures and work s h i f t s  required t o  
prepare a PAM system f o r  f l i g h t .  Our streamlining e f f o r t s  are cont inu- 
i n g  and are expected t o  y i e l d  addi t ional  p roduc t i v i t y  improvements i n  
the future. 

THE PAYLOAD ASSIST MODULE PROGRAM 

Recognition o f  the need f o r  an economical upper stage t o  augment 
the Space Transportation System's large and heavy pa load c a p a b i l i t y  l e d  
t o  the development of the Payload Assist  Module r PAM) as a spinning 
s o l i d  upper stage. T5e stage was sized t o  provide the c a p a b i l i t y  f o r  
boosting a Delta Expendable Launch Vehicle c lass s a t e l l i t e  t o  
geosynchronous t rans fer  o r b i t  a f t e r  release from the Orb i te r  i n  a low 
c i r c u l a r  o rb i t .  

The devel ~prnent o f  a spin s tab i  1 i zed system represented an 
order ly  adaptation o f  a fami ly  o f  spinning upper stages which McDonnell 
Douglas had designed f o r  NASA as the t h i r d  stage o f  the popular and 
we1 1 -proven Delta Expendable Launch Vehicle (ELV). The National 
Aeronautics and Space Administrat ion agreed i n  1977 t o  l e t  McDonnell 
Douglas develop the PAM system on a commercial basis and offer i t  t o  
s a t e l l i t e  system owners f o r  payloads o f  the Deltz ELV class. The 
propcsed system had the add i t iona l  advantage o f  being adaptable t o  
e i t h e r  the STS (PAM-D) o r  the Delta ELV (Delta PAM), thereby prov id ing 
the r a t e l l i t e  owners w i t h  a backup launch capab i l i t y  as the STS was 
procecdir~g through the f i n a l  phase o f  i t s  develo?ment program and the 
f i r s t  four  STS development f l i g h t s .  The f i r s t  o f  12 Delta PAM launches 
took place i n  November 1980. This was fol lowed by the launch of the 
f i r s t  two PAM-D syst.ems on STS-5 on November 11, 1982. A growth version 
o f  the PAM-D system was given a go-ahead i n  1983. The growth version i s  
designated PAM-DII ,  and i t  i s  scheduled t o  make the inaugural f l i g h t  i n  
November 1985. The launch record f o r  the f i r s t  14 u n i t s  along w i t h  
those curVe7t ly  scheduled through m i  d-year 1986 are provided i n  Table 1. 



TABLE 1. STS PAM LAUNCH RECORD AND SCHEDULE 

STS 
MISSION 

STS-5 

STS-7 

STS -8 

STS-41 B 

STS-41 D 

STS-51 A 

STS-51 D I E  

STS-51 G 

STS-51 I 

STS-61 B 

STS-61 C 

STS-61 E 

STS-61 H 

UNIT  
NUMBER 

1 
2 

3 
4 

5 

6 
7 

8 
9 

10 

11 

1 2  
: 3 
14 

1 5  
1 6  

1 7  
1 8* 
1 9  

20* 

2 1 

2 2* 
2 3  

ASE 
S/N - 
01 
03 

0 2  
03 

01 

02 
0 3 

01 
04 

03 

0 4  

0 2  
03 
01 

04 
01 

03 
0 2  
01 

TBD 

TED 

TB D 
TB D 

CARGO ELEMENT LAUNCH 
IDENTIFIER - DATE 

SBS-C 11-11-82 
ANIK-C3 

WESTAR-IV 02-03-84 
PALAPA-B2 

TELSTAR-3B 08-30-84 
SBS-D 

ARABSAT-A 06-1 7 -85  
MORELOS-A 
TELSTAR-3C 

PLANNED 

ASC-A 08-24-85 
AUSSAT-A 

MORELOS-B 11 -2?-85 
SATCOM-KU1 
AUSSAT-B, AiJSSIIT 

WESTAR-VII 03 -06 -96  

SKYNET-IVA 06-24-86 
PALAPA-B3 



The PAM i s  a system designed t o  provide the necessary in jec t ion  
veloci ty t o  de l iver  payloads (spacecraft) from the low earth o r b i t  o f  
the STS Orbiter i n t o  higher energy t ransfer  orbi ts.  The PAM f l i g h t  
system includes the consumable expendable vehicle (EV) and the reusable 
Airborne Support Equipment (ASE) t ha t  interfaces wi th  the Orbiter. 

The PAM expendable vehicle hardware consists of the sol i d  rocket 
motor (SRM) and the payload attach f i t t i n g  (PAF). The ASE includes the 
cradle, the spintable, the thermal control system, and the avionics 
equi pments requi red t o  funct ional ly  interface w i th  the Orbiter and 
f l i g h t  crew. The PAM f l i g h t  system hardware i s  shown i n  an exploded 
view i n  Figure 1. 

FIGURE 1. PAM-DI I FLIGHT HARDWARE 
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. 
PAM Expendable Vehicle - 

The SRM i s  the propulsive element o f  the PAM vehicle. It i s  
supplied by Morton Thiokol, Inc. and i s  designed t o  accommodate a wide 
range o f  mission performance requirements. Propel 1 ant loading fo r  the 
baseline PAM-D mission i s  approximately 4400 pounds. The new PAM-DII 
SRM i s  a1 so supplied by Morton Thiokol and has a maximum prope l lan t  load 
o f  7155 pounds. The propel lant  lo,  ,d i n  both motors can be var ied  as a 
mission option. 

The PAF provides the means o f  at taching the spacecraft t o  the 
SRM and the mounting accomnodations f o r  the PAM av ionics subsystem 
boxes. The PAF s t ruc ture  has two react ion f i t t i n g s  t o  provide load- 
car ry ing  paths t o  the cradle forward r e s t r a i n t  arms. These r e s t r a i n t  
arms are re t rac ted  t o  permit  spin-up o f  the PAM and the spacecraft  p r i c r  
t o  deployment from the Orbiter.  The components f o r  a f u l l y  redundant 
e lec t ron ic  sequencing system (shown schematical ly  i n  Figure 2 )  are 
mounted on the payload at tach f i t t i n g .  The avionics system consis ts  of 
a t imer assembly, an e lec t ron ic  contro l  assembly, and bat ter ies.  The 
avionir: s system comnands SRM i gni ti on, spacecraft separation, and 
yo-weight release. 

FIGURE 2. EXPENDABLE VEH1CI.E AVIONICS 
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PAM Airborne Support Equipment - 
The PAM cradle i s  the aluminum s t ruc ture  which mounts the system 

t n the cargo bay. The cradle i s  attached t o  the Orb i te r  w i t h  fou r  
longeron and one keel attachment points. The spintable i s  bo l ted  t o  the 
cradle and i t  serves as the pedestal f o r  mounting the motor t o  the ASE. 
There are two motor dr iven r e s t r a i n t  arms on the cradle which provide 
the forward s t ruc tu ra l  attachments t o  the Expendable Vehicle Payload 
Attach F i t t i n g .  The cradle a1 so provides mounting accommodations fo r  
the sunshiel d and the avionics equipment. 



The spi ntabl  e provides the ro ta t i ona l  ve loc i t y  t o  the PM/space- 
c r a f t  combination f o r  s t a b i l i z a t i o n  a f t e r  deployment. Spinning i s  
accompl ishe4 by redundant e l e c t r i c  d r i ve  motors, which are capable of 
prov id ing a solected spin r a t e  i n  the range o f  40-100 rpm f o r  PAM-D o r  
35-75 rpm f o r  PAM-DII. The PAM expendable vehic le i s  jo ined t o  the 
spintable by a vee-block clampband. When the clampband i s  released by 
the redundant b o l t  cu t te rs  the separation springs on the spintable 
provide the separation impulse t o  deploy the expendable vehic le and ' 

s a t e l l i t e  from the cradle i n  the Orbiter.  

The ASE avionics system, which i s  comnon t o  both PAM-D and 
PAM-DII, i s  shown i n  a funct ional  layout  I n  F igure 3. This system 
in te r faces  w i t h  the STS Orbiter,  the PAM expendable vehicle, and the 
spacecraft. The PAM avionics accepts and implements commands from the 
Orb i te r  General Purpose Computer (GPC) data bus and Standard Switch 
Panel, d i s t r i bu tes  Orb i te r  28 VDC power t o  the PAM and spacecraft, 
provides closed-1 oop sequencing of PAM systems, and generates system 
status information f o r  d isp lay t o  the crew and downlisted f o r  rea l  time 
monitor ing i n  the Mission Control Center a t  the  Johnson Space Center. 
The microcomputer-based Sequence Control Assembl i e s  are the hear t  o f  the 
av ionics cont ro l  system. The sequence contro l  assembl i e s  iSCAs ) are 
redundant con t ro l l e rs  f o r  the sequencing and operat ion o f  a l l  PAM 
equipment i n  the Orbiter.  Cer ta in key steps i n  the sequence are 
performed by the F l i g h t  Crew (switch panel o r  General Purpose Computer) 
due t o  t h e i r  safety o r  t iming c r i t i c a l l y ;  however, the ma jo r i t y  of the 
deta i  1 ed sequenti a1 steps are hand1 ed automatical ly by the SCA system. 
The SCA, w i t h  the signal condi t ion ing u n i t  (SCU) and the spfn system 
d i s t r i b u t i o n  box (SSDB), cont ro ls  the operat ion o f  the PAM heater 
elements, the opening and c los ing  of the sunshield, and the operat ion o f  
the r e s t r a i n t  arms, spin system, and deployment system. Excess spin 
ra tes  are prevented through the use o f  dual overspeed pro tec t ion  
assembl ies. 



ASE Thermal Control System (TCS) - 
The Thermal Control System consis ts  o f  m q l  ti 1 ayered thermal 

blankets mounted on the cradle t o  provide thermal p ro tec t ion  fo r  the PAM 
EV and ASE eq, ments. The sunshield i s  mounted on top o f  the cradle t o  
provide thermal p ro tec t ion  f o r  the spacecraft t o  cont ro l  the on-orb i t  
so la r  i npu t  t o  and heat l oss  from the spacecraft when the Orb i te r  bay 
doors are open. Thermostat ical ly-control led rad ian t  heaters are 
i n s t a l l e d  on the i n te rna l  surface o f  the cradle blankets t o  provide the 
required heat i npu t  f o r  co ld  STS a t t i t u d e  or ientat ions.  The po r t i on  o f  
the sunshield covering the top o f  the spacecraft i s  a clamshell 
s t ruc ture  t h ~ t  i s  opened and closed by a redundant e l e c t r i c  ro ta ry  
actuator operat ing a wire rope cable system. 

PAM ON-ORBIT OPERAilON 

The PAM system i s  launched w i t h  the sunshield clamshells open 
and i n  an e l e c t r i c a l l y  passive mode. A f te r  the Orb i te r  has achieved the 
desired 16C t o  190 naut ica l  m i l e  c i r c u l a r  o r b i t ,  the cav fo bay doors are 
opened, the PAM system i s  powered up by the crew, and the sunshield i s  
closed. A f te r  closing, the system i s  powered down u n t i l  60 minutes 
p r i o r  t o  the nominal deployment time, The Clrbi t e r  maneuvers t o  achieve 
the proper deployment a t t i tude.  The a t t i t u d e  maneuvers are completed by 
deployment minus 40 minutes. The deployment sequence i s  i n i t i a t e d  by 
the f l i g h t  crew a t  deployment minus 15 minutes. The sunshield i s  
opened, the r e s t r a i n t  arm withdrawn, and the sp in  system br ings the 
expendable vehic le and spacecraft up t o  the pre-prggramned sp in  rate.  
A t  deployment minus 3 minutes, the terminal sequence i s  i n i t i a t e d  by a 
General Purpose Computer conand t o  the SCA. During the terminal 
sequence, the ordnance systems are armed, the spacecraft i s  conf igured 
f o r  deployment, and the f i n a l  deployment command i s  issued by the GPC. 
The EV and spacecraft are e jected from the c rad le  a t  approximately 
2.5 f e e t  per second a t  the pre-programneci sp in rate.  When the EV i s  
released, the t im ing  systems on the payload a t tach  f i t t i n g  s t a r t  a 
countdown t o  i n i t i a t e  the sol i d  rocket  motor 45 minutes l a te r .  A f te r  
the deployment i s  completed, the f l i g h t  crew i n i t i a t e s  the c losure o f  
the sunshield t o  p ro tec t  the remaining equipment, and powers down the 
PAM ASE. The PAM ASE i s  powered up again i n  preparat ion f o r  pay1 oad bay 
door c lose fo r  descent. A f te r  powering the system, the sunshield i s  
opened and the system i s  then secured fo r  descent. T0t.31 operat ing t ime 
of the avionics system i s  usual ly  60 t o  75 minutes on-orbit. Total 
spinning time i s  j u s t  over 15 minutes. 

PAM ASSEMBLY AND CHECKOUT 

Preparation o f  PAM systems t o  meet NASA manifested mission 
schedules i s i n f  1 uenced by Ground Support Equipment and checkout 
f a c i l i t y  1 im i ta t i ons  and the four  sets o f  MDC-provided PAM-D Airborne 
Support Equipment and three sets o f  P A M - D I I  ASE. A t  the i n i t i a l  
incept ion o f  the launch s i t e  t es t i ng  i n  May 1982, NASA al located one o f  
the two checkout bays o f  the Explosive Safe Area 60 (ESA 60) F a c i l i t y  on 
the Cape Canaveral A i r  Force Stat ion f o r  the assembly and t e s t i n g  of the 
PAM systems. MDC provided a s ingle ground checkout t e s t  set. This t e s t  



set  was moved t o  ESA 60 a f t e r  being used i n  the fac tory  for  over two 
years o f  system in teg ra t i on  design v e r i f i c a t i o n  t e s t i n g  a t  Huntington 
Beach, Cal i forn ia.  The t e s t  set, o f f i c i a l l y  i d e n t i f i e d  as the PAM Model 
500 Test Set, i s  a mini-computer con t ro l l ed  "Orbi ter  simulator" and 
telemetry ground stat ion. The Orbi ter  simulat ion po r t i on  o f  the t e s t  
se t  provides h igh  f i d e l i t y  in ter face simulat ion o f  the Orb i te r  av ibnics 
systems shown i n  Figure 3. The t e s t  set  a lso provides t e s t  equipments 
f o r  monitor ing the av ionics equipments packaged on the expendable ' 

vehic le Payload Attach F i t t i n g .  

This multi-purpose t e s t  set  l i m i t s  t e s t i n g  t o  a s ing le  t e s t  
a r t i c l e .  The cabl ing requirements t o  connect a c rad le  o r  an expendable 
vehic le t o  the t e s t  set make i t  p r o h i b i t i v e  t o  r e d i r e c t  the shor t  
durat ion t e s t i n g  from one cradle t o  another o r  from one expendable 
vehic le t o  an a l ternate.  The t e s t  set  a lso r e s t r i c t s  the t e s t i n g  t o  
e i t h e r  a cradle o r  an expendable vehicle, no t  both i n  pa ra l l e l .  These 
res t r i c t i ons ,  therefore, make se r ia l  scheduling necessary. The ESA 60 
hazardous processing f a c i  1 i ty introduced several operat ional compro- 
mises, inc luding l i m i t e d  f l o o r  space, which had an adverse e f f e c t  on the 
overa l l  operation. Most o f  these compromises were e l iminated when the 
PAM operations were moved t o  the Astrotech TIC0 f a c i l i t y  i n  T i t u s v i l l e  
i n  the F a l l  o f  1984. This f a c i l f t y  wds s ized t o  accomnodate the 
physical needs o f  the PAM equipment. .. It o f f e r s  a separate cont ro l  room 
f o r  housing the t e s t  set, an overhead h o i s t  adequately sized t o  a l low 
l i f t i n g  the e n t i r e  cargc element w i th  a s ing le  ho is t ,  more f l o o r  spate 
i n  the checkout c e l l ,  and a dynamic balancing machine I n  a room adjacent 
t o  the t e s t  c e l l .  These f a c i l i t y  improvements and the i nc lus ion  o f  the 
dynamic balancing operat ion t o  the sme bui  1 d! ng provided an opportuni ty  
t o  consolidate our operations i n  one locat ion.  Figure 4 depicts the 
flow of PAM hardware a t  the Eastern Launch Site. 

FIGIJRE 4. PAM HARDWARE FLOW AT THE EASTERN LAUNCH SITE 



The Astrotech f a c i l i t y  i s  now the cent ra l  hub f o r  McDonnell 
Douglas PAM ground processing a c t i v i t i e s .  The PAM elements are staged 
through t h i s  f a c i l i t y  as shown i n  Figure 5. Once the PAM system i s  
completed, the spacecraft i s  added and the t o t a l  cargo element i s  
readied f o r  t ransport  t o  the Kennedy Space Center, Ver t i ca l  Processing 
F a c i l i t y .  Upon rece ip t  o f  the cargo element a t  the Ver t i ca l  Processing 
F a c i l i t y ,  NASA and i t s  supporting contractors place the cargo element 
i n t o  the v e r t i c a l  t e s t  c e l l  and v e r i f y  the cargo element in ter faces.  
They then move the t o t a l  payload complement t o  the launch pad, i n s t a l l  
i t  i n  the Orbiter,  c e r t i f y  the  in te r faces  between the Orb i te r  and 
payload, and launch it. A t  the completion o f  the mission, the Orb i te r  
and the payload ASE are returned t o  the Eastern Launch S i t e  where the 
cargo residuals are returned t o  the appropriate payload organizat ions. 
I n  PAM'S case, the ASE i s  off- loaded t o  a cradle support stand, covered 
and returned t o  the Astrstech f a c i l i t y  f o r  post-landing inspect ions, 
refurbishment, reconf igurat ion, anc! r e c e r t i f i c a t i o n  before i t  i s  
reloaded w i t h  another expendable vehicle f o r  the next usage. PAM J n i t  
11 , prepared f o r  the  ANIK-C1 spacecraft, was successful l y  processed 
through Astrotech i n  November and December 1984. This system was 
launched and deployed from Discovery i n  A p r i l  1985. 

FIGURE 5. HAZARDOUS PROCESSING FA< I L  ITY OPERATIONS-ASTROTECH-TIC0 
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FIELD TEST PROGRAM EVOLUTION FROM STS-5 TO STS-520 

A f te r  processing the f i r s t  two u n i t s  f o r  STS-5, an e f f o r t  was 
undertaken t o  make an overa l l  assessment o f  the effect iveness o f  the 
F i e l d  t e s t  program. This assessment was done i n  p a r a l l e l  w i t h  the 
operations tha t  had alreacty s ta r ted  f o r  Uni ts  3 and 4 fo r  STS-7. This 
study took i n t o  consideration the resu l t s  o f  the performance of Uni ts  1 
and 2 on-orbi t ,  the post-landing v isual  inspect ion resu l ts ,  and the 
analysis o f  the on-orbi t  telemetry data. Aoalysis of the labor  data 
showed tha t  approximately 87% o f  our f i e l d  costs were associated w i t h  
the ESA 60 a c t i v i t i e s .  We, therefore, concentrated our e f f o r t s  on 
analysis o f  the ESA 60 (Astrotech) a c t i v i t i e s .  E f fo r t s  t o  improve the 
operations a t  the Vert ica l  Processing F a c i l i t y  and Pad were a lso  
included. NASA spearheaded the e f f o r t  t o  review the on-1 i ne  operations 
w i t h  MDC, Hughes A i r c ra f t ,  Telesat and S a t e l l i t e  Business Systems 
par t i c ipa t ion .  The NASA e f f o r t s  a1 so resu l ted  i n  sign1 f i c a n t  
p roduc t i v i t y  improvements, bu t  the mast s i g n i f i c a n t  ga!ns t o  MDC 
resu l ted  from changes made i n  our hazardous processing f a c i l  i t y  
operations. 

As yow would expect f o r  a newly designed system, the F i e l d  Test 
program was planned t o  be extremely corservst ive. The designated Test 
Engineering personnel who s ta f fed  the PAM Program were by and la rge  
reassigned from the on-going Delta Prbgram. Therefore, the F i e l d  Test 
program was heavi ly  inf luenced by system t e s t  techniques which were 
fundamentally proven. The t e s t  program was s t ruc tured t o  detect 
mi smanufactured hardware o r  off-nomi na1 operat ion of prev iously  tested 
systems. The tes t i ng  was developed around the fac to ry  t o  F i e l d  
concept. A l l  black box and subassembly t e s t i n g  was planned f o r  the  
factory. Disassembly of hardware was el iminated wherever possible. 
F ina l  c e r t i f i c a t i o r , ~  o f  the system was accom~lished a t  the highest 
assembly leve l  achievable. A1 1 redundancy and l o g i c  paths associated 
wi th  t h ~  f a i l  operational, f a i l  safe design were demonstrated. A11 
c i r c u i t  and software paths would be ve r i f i ed .  

The operational systems tha t  were . I  place i n  F l o r i d a  f o r  Delta 
were a lso extended to  PAM. Test requirements provided by the designers 
a t  Huntington Beach were converted to t e s t  procedures which included the 
proven features of the Delta Launch Preparation Documents. The word 
processing techniques used for  the generation o f  Delta procedures were 
extended fo r  PAM proedures. The Qual i ty  Assurance program and a l l  o f  
the features f o r  ver i fy ing  the in-process inspect ion 7equirements dur ing 
assembly and t e s t  operations were i den t i ca l .  Test team laixbership, 
assignments, procedures and ' responsibi l  i t i e s  were not  a1 tercd. The 
exposure of our operations and the resu l t s  o f  e f f o r t s  were shared w i t h  
our customers i n  the same manner as our a c t i v i t i e s  are shared w i t h  NASA 
q u a l i t y  and technical personnel. A t  t h i s  po in t  i n  time, the reusable 
features of the ASE d i d  not a l t e r  our t e s t  approach. The only  impact 
t h a t  r e u s a b i l i t y  imposed was the s t ruc tu r i ng  o f  equipment l o g  books f o r  
maictaining records f o r  mu l t i p le  usage. When the review team looked a t  
the t o t a l  t es t  program, 't was c lea r  t h a t  major changes i n  our approach 
t o  t e s t  the reusable equipment should be mtde. The benef i ts  o f  
successful previous f l i g h t  operat ion and the detriments o f  previous 
exposure t o  f l i g h t  environments were key factors taken i n t o  considera- 
t ion.  Our e f f o r t s  toward stream1 f ning checkout operdt ion were pr imcr i  l y  



d i rec ted  toward the Airborne Support Equipment, r a t h e r  
C' expendable hardware. I n i t i a l  reduct ions i n  checkout were 

gradual ly  over the  cargo elements processed f o r  5TS-7 through 

than the  
imp1 emented 
STS-51 D. 

PM checkout i s  s t r uc tu red  i n t o  t ou r  l e v e l s  o f  assembly: 
(1  ) Airborne Support Equipment; (2) Expendable V,  'q ic l  e; ( 3 )  PAM System 
(ASE and Vehic le) ;  and ( 4 )  PAM Cargo Elemc ,; (ASE, Vehfcle, and 
Spacecraft).  One o f  the  i n i t i a l  ga ins was t c j  reduce d u p l i c a t i o n  by 
reass ign ing some ASE and EV t e s t i n g  u n t i l  the PAM system l e v e l  t e s t i n g  
was done. Although t h i s  cou ld  delay discovery o f  a  problem, u l t i m a t e  
re1 i a b i  1  i t y  was no t  compromised. Another area of reduc t ion  i nvo l ved  t h e  
de le t i on  o f  t e s t i n g  on c i r c u i t s  no t  used on t he  s p e c i f i c  mission. 
Previously,  the  philosophy was t o  t e s t  a l l  f l i g h t  c i r c u i t s ,  used o r  
unused, because they represent a  measure o f  hardware heal th .  

The checkout mod i f i ca t i on  w i t h  the  most s i g n i f i c a n t  p r o d u c t i v i t y  
improvement was associated w i t h  Sequence Contro l  Assembly sof tware 
v e r i f i c a t i o n .  For  the  e a r l y  missions, checkout inc luded  t he  opera t ion  
o f  the t o t a l  system i n  a  manner which would f o r ce  the  sof tware through 
almost a l l  poss ib le  paths. The purpose was t o  p rov i de  maximum 
confidence i n  the f l i g h t  software despi te  extens ive module and box l e v e l  
v a l i d a t i o n  and v e r i f i c a t i 3 n .  When our  conf idence i n  software design had 
been astabl  i shed, the system software. o r i en ted  t e s t i n g  was rep1 aced by a  
s i r : l e  b i t - b y - b i t  r e a d / v e r i f i c a t i o n  o f s  the  SCA ROM memory i n  which t he  
f l i p h t  software i s  res ident ,  and a read/wr i te  v e r i f i c a t i o n  o f  each RAM 
1 ocation. 

Another major checkout reduc t ion  step dur ing  t h i s  pe r i od  was the  
e l i m i n a t i o n  o f  e l e c t r i c a l  i n t e r f a c e  v e r i f i c a t i o n  t e s t i n g  i n  t he  NASA 
Ve r t i ca l  Processing F a c i l i t y  (VPF) f o r  missions w i t h  re f lown ASE and a 
veh ic le  ar;d spacecraf t  whose design i s  i d e n t i c a l  t o  t h a t  o f  a prev ious 
mission. The major purpose c f  VPF t e s t i n g  i s  t o  de tec t  any p o t e n t i a l  
cargo e l  ement/Orbi t e r  i n t e r f a c e  problems i n advance o f  t h e  f i n a l  
i n t e r f a c e  v e r i f i c a t i o n  t e s t i n g  a t  the launch pad. The e l im ina t i o r !  o f  
VPF t e s t i n g  on re f lown type systems added minimal r i s k  o f  l a t e  problem 
de tec t ion  w i thou t  increas ing f l i g h t  r i s k .  Th is  approach has been used 
on s i x  o f  the 16 u n i t s  t h a t  havo been de l i ve red  t o  the  VPF w i t h  no 
adverse e f f e c t s  detected dur ing  subsequent t e s t i n g  i n  the  Orb i te r .  

CtlECKOUT RESTRUCTURING FOR STS-51G AND SUBS 

I n  mi*:-1984, a  second MDAC study team was organized t o  
systemat ical  l y  eva luate the  PAM hand1 i ny and checkout requirements f o r  
adequacy and e f f i c iency .  The r e s u l t s  o f  the  study have been imple- 
mented, s t a r t i n g  w i t h  the  STS-51 G mission. A1 though t he  main emphasis 
was on the av ion ics  system, s t ructura l /mechanica l  an6 p ropu ls ion  systttnrs 
were a l so  reviewed. The t h r u s t  was t o  f u r t h e r  reduce t he  ASE t e s t i n g  
wh i l e  ma in ta in ing  very h igh confidence i n  f l  ightwor th iness.  The keys t o  
improved checkout p r o d u c t i v i t y  were: (1 ) the r ecogn i t i on  o f  system 
hardware/software design ma tu r i t y  through actuir l  f l i g h t  usage; ( 2 )  the 
r ecogn i t i on  t h a t  p rev ious ly  checked ou t  hardware t h a t  has f lown w i t hou t  
anomaly requi res much l e s s  extens ive t e s t i n g  than new u n i t s ;  and ( 3 )  the 
r ecogn i t i on  t h a t  min imiz ing t h e  exposure o f  f l  i g h t  hardware t o  
unnecessary d ismant l ing and reassembly t o  s u p p o r t t e s t i n g  reduces the 
p o t e n t i a l  f o r  i n t roduc ing  problems o r  m i  s lead i  ny t e s t  r e s u l t s .  



This philosophy i s  more consistent w i t h  the ea r l y  PAM Program 
planning f o r  a r e f l i g h t  r e c e r t i f i c a t i o n  c r f '  a and re l iance on 
s t r i c t l y  system leve l  checkout before r e f l i g h t .  i t  l e d  t 6  essen t i a l l y  
e l im ina t ing  disconnection o f  wi re harness connectors i n  the PAM ASE 
system and i n  the spacecraft ASE system. The t e s t  requirements were 
rest ructured t o  specify three a1 te rna t ive  l e v e l s  o f  r e c e r t i f i c a t i o n ,  
dependent upon hardware h i  story: (1 ) new ASE and new spacecraft type; 
(2) reflown ASE and new spacecraft type; and ( 3 )  ref lown ASE and repeat 
back-to-back spacecraft type. 

Among the checkout reductions which were implemented fo r  
r e c e r t i f y i n g  reflown systems are the fo l lowing:  

1. Delete s ingle power s l~pply operat ion of  the heater system, 
spin brake, and index solenoid. Ver i fy  l u r i n g  dual powtr supply tr-;ting. 

2. Delete s ingle motor operation o f  r e s t r a i n t s  and sunshield. 
Ver i fy  v ia  data avai lab le during fu l l - up  system, dual-motor operation. 

3. Delete res!stance and i s o l a t i o n  tes ts  o f  in terconnect ing w i re  
harness. Verf fy functfonal ly.  

4. Verif.v only the data bus . aiidresses and comnands which are 
used i n  f l i g h t  on the spec i f i c  mission. 

5. Delete s l i p  r i n g  noisr. tes t ing .  Ver i fy  c i r c u i t s  by func- 
t iona l  t e s t  only. 

6. Veri fy SSP c i r c u i t s  func t iona l ly  only, ra the r  than by voltage 
measurement. 

7. Eliminate slow spin ra te  tes t i ng  for  m i s s i c x  where t h i s  i s  
not used i n  f l i g h t .  

I n  the s t ruc tura l  /thermal areas, s ign i f i can t  t e s t  reduct ions r e r e  
p ~ s s i b l  e w i th  the thermal p ro tec t ion  system op t i ca l  proper t ies ve r i f i ca -  
t ion.  The performance o f  the thermal blankets i s  dependent upon the 
pmservat ion o f  the op t i ca l  proper t ies -- so la r  absorptance of the 
external beta c l o t h  and I R  ernittance o f  the i;lternal f o i l  l aye r  -- of the 
mu1 t i l aye red  blankets. A t  the s t a r t  o f  the program there was uncer ta inty  
as t o  the e f fec ts  o f  handling, so lar  exposure, the ox id i z ing  environment 
i n  space, and contamination c o l l e c t i o n  on these blankets. Fol lowing the 
STS-5 f l i g h t ,  100 absorptance and 125 emittance measurements were made on 
,he blankets and on special coupons on each cargo element. 

The number o f  measurements has been systemat ica l ly  reduced t o  the 
po in t  where measuremerts co l lec ted  from the sunshiel d flowrr on STS-51 D 
(Un i t  11 ) were reduced t o  75 I R  emittance and 15 absorptance measure- 
ments, a l l  cu l lec ted  from the coupons. A f te r  the r e t u r n  o f  the ASE from 
the STS-51G mission, the coupons w i l l  be v i s u a l l y  inspected only, w i t h  
emi t tance and absorptance measuremerits now requi red a f t e r  every t h i r d  
f l i g h t  unless the visual examinations detect an unexpected surface 
condi t ion o r  the f l  i g h t  temperature datc ind ica tes  unexpected thermal 
envi rmments. 



Requirements f o r  c o l l e c t i n g  data on the weight o f  the cargo 
element t h a t  i s  placed i n t o  the Orb i te r  have been relaxed. During the 
assembly c f  the cargo element, the PAM EV and the Spacecraft are weighed 
indiviCua1 iy .  Pr io r  t o  STS-51 G, a1 1 cargo element weights were co l lec ted  
empir ica l ly .  I n  the future, the ASE weight w i l l  be a n a l y t i c a l l y  
ca lcu lated based on previous empir ical  data when the data from the two 
previous weighing operations indicates the ASE i s  wf t h i n  f i v e  pounds o f  
the predicted. The ASE w i l l  be reweighed should changes be made t h a t  
could cause any s i g n i f i c a n t  weight error .  

TEST PROGRAM REDEFINITION RESULTS 

The resu l t s  o f  our e f f o r t s  t o  str2ainline the t e s t  program are 
measurable. Figure 6 shows the reductions n l abor  hcurs expended i n  the 
preparation n f  the 16 u n i t s  we have processed throuah the Hazardous 
Processing F a c i l i t y .  Uni ts  15 and 16 have not  completed the t o t a l  f low 
yet.  They have been del ivered t o  the VPF and are scheduled t o  be 
iaunched on August 24, 1985. The ASE set t ha t  f lew w f th  ARABSAT-A on 
STS-51G has not  completed i t s  p o s t - f l i g h t  refurbishment work yet ,  bu t  the 
trend i s  c l e a r l y  shown. Some o f  the reductions are c l e a r l y  a t t r i b u t a b l e  
t o  the expected e f f i c i ency  improvements t h a t  r e s u l t  f rc n learning, some 
are a t t r i bu tab le  t o  the consol idat ion of our operations i n  the Astrotech 
f a c i l i t y ,  but  the remaining are the d i r e c t  r e s u l t  of chan~les i n  the t e s t  
requirements. It i s  our b e l i e f  t ha t  these reductions haw 'ncreased our 
a b i l i t y  t o  provide PAM systems by two t o  three u n i t s  per year. Standard 
schedules a t  the incept ion of the ground processing i n  F lo r i da  impl ied we 
could expect t o  process seven u n i t s  per year on a s i n g l e - s h i f t  basis. We 
now feel  nine o r  ten u n i t s  could be provided. We also bel ieve these 
changes w i l l  have no detrimental a f fec t s  on the i n - f l i g h t  perfornance o f  
the hardware and w i l l  minimize damaqe t o  the hardware on the ground. We 
might a lso pred ic t  fu tu re  i t e r a t i o n s  o r  rev is ions t? our test in :  once 
2 'd i t iona! performance data i s av2 i lab le  from the basel ine t e s t i n g  
imp1 emented on STS-51 G. 

FIGURE 6. LABOR HOUR EXPENDITURE HISTORY 
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ABSTRACT 

We have supported the Space Shuttle Program at NASA/JSC for the past 
eleven years, transitioning Prom development to operations. As part- 
ners with NASA we have been responsible for verifying the Descent 
(deorbit through landing) guidance system, designing the Descent tra- 
jectories, and generating the associzted flight products. 

Thls paper addresses the emphases which have allowed us to successfully 
make this transition to STS operations, resulting in reduced manpower 
requirements and compressed schedules for flight design cycles. These 
topics include; (1)  Continually upgraded tools for the job; i.e., con- 
solidating tools via electronic data transfers, tailoring general pur- 
pose software to our needs, easy access to tools through an interactive 
approach, and appropriate flexibility to allow design c >nges and pro- 
vide growth capability; (2) Stabilizing the flight prof- 2 designs 
(I-loads) in an uncertain environment; and (3) Standardizing external 
interfaces (such as target lines) within performance and  subsystem^ 
constraints of the Orbiter. 

INTRODUCTION 

The descent design job has changed considerably over the past eleven 
Years. Initially, deacent trajectories were custom designed to maximize 
margins from different subsystem constraints or guidelines. At the 
same time, the energy potential of the trajectory needed to be balanced 
to accommodate possible environmental uncertainties. 

For the orbiter, the performance of the aerodynamic, thermal protec- 
tion, flight control & avionics, and structural subsystems all are 
key drivers in the trajectory designs. Initially, performance margins 
had to be provided for the uncertainties associated with pre-flight 
models. Much of this uncertainty has been eliminated from analysis of 
flight data. Thermal protection and landing gear assembly subsystem 
performance remain uncertain, but for the most part subsystem perform- 



ance is known to the tolerance level, i.e., as well as anything can be 
known. It is important to note that with the exceptions noted above, 
subsystem performance has been as good or better than expected. This 
has been a very significant contributor to the progress made on trans- 
itioning the descent design job close to an operational state, 

This relatively stable design environment allowed developing a very 
limited number of descent trajectories capable of safely accommodating 
broad ranges of operational orbiter configurations. Configuration 
parameters that influence descent performance include weight, center- 
oP-gravity, orbital inclination and apogee, time-of-year, and landing 
site location. Figure 1 summarizes the progress on developing standard 
descent trajectories for flights from the Eastern Test Range at Kennedy 
Space Center. The figure illustrates how only five of about 650 on- 
board software constants (or I-loads) are routinely reconfigured. In- 
creases in the number of reconfigured I-loads are identified at points 
A, 8, and C. These increases were neccsuitated by a significant change 
to the onboard guidance algorithm ( A )  and significantly different 
weights that were addressed for the first time (B & C). 

Equally important to I-load djsign ir terms of the magnitude of the 
engineering job is the desi~n of "target line:" or required initial 
conditions for the descent portions 2f the intact abort modes: abort- 
once-around (AOA), transweanic-abort-landing (TAL?, and glide-return- 
to-launch-site (GRTLS). Standard target lines were introducea as indi- 
cated on Figure 1. F.long with standard target lines and I-loads, ef- 
forts were directed toward standardizing or eliminating other 
reconfiguration products as was technically and politically feasible. 
Taken together, tt,ese three efforts significantly reduced the manpower 
required for flignt-to-flight reconfiguration and also (but to a much 
lesser degree) the Univac computer usage (see bar charts on Figure 1). 

The two jobs discussed above, i.e., the "custom" designs for the early 
flights and the certification of desigw, were fundamentally different. 
Ths custor designs required repeated cycles of design and test (via 
digital 5imulations) to provide a trajectory with the best balance of 
subsystem performance and energy management. Certifying a design as 
stand?:.", on the other hand, required the analysis of literally thou- 
sane2 of simulated trajectories. Multiple sets of 100 dispersed atmos- 
phores and varying wind magnitudes from every direction needed to be 
considered for different weights, centers-of-gravity, months, landing 
sites, and runway approach directions. Of course, different types of 
computer tools were needed for these jobs. 

The rem~inder of this paper discusses the evolution of the tools for 
the job from the perspective of tile MDTSCO descent design engineering 
commmity. All things considered, the initiatives with respect to tool 
evolution represent MDTSCO1s most significant contribution to affecting 
the tran:lition to an operational environment, Included will be obser- 
vations and ulessons learned" on approaches to tool development and 
configuration control. 
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TOOL EVOLUTION: FIRST AND SECOND GENERATIONS 

Four separate generations of tools have evolved for the descent design 
job, as depicted in Figure 2. Tools available initially were three and 
six degree of freedom digital simulations. Considerable effort was 
dedicated in the 1974, 1975, and 1976 period to developing fools to 
provide improved means for I-load and target line design. For the 
entrv phase (400000 feet to 2500 fps) batch Fortran programs were de- 
veloped to map subsystem constraints into the trajectory design plane 
of interest (drag deceleration versus velocity) and to automate a tar- 
get line definition process. Desk top calculator programs were also 
developed to supplement the Fortran programs on the Univac. Design of 
the lower speed trajectories was done with special purpose Sim~lati~ns 
and manual processing of the data. In general, this ,?neration of 
tools evolved as separate entities requiring manual data interfaces 
(via cards) and manual post-processing (hand plots). Design operations 
with these tools began to break down as the rate of re-design requests 
increased; this increase was due to aerodynamic and aero-heating/ther- 
ma1 protection model updates, and mass property changes. Problems 
encountered with these tools included long design cycles (due to one 
day turnaround on batch programs) and program setup errors (due to the 
large amount of data needing to beemanually transferred). At the same 
time, there was resistance to building better tools because all availa- 
ble resources were required for processing the redesign requests. 

Not withstanding the workload, prototype modules of an interactive 
design system for the entry phase were developed on an extra hours 
basis. The concept of interactive design and testing on demand, with 
electronic data transfers was demonstrated and "sold"; funding was 
obtained for development of a complete Descent Design Systeq (DDS). 
Key features of the system ar? that it (1) is interactive in that the 
engineer can iterate design steps to his liking on dema-nd, ( 2 )  provides 
the design and test capabilititbs to refine a trajectory design from one 
workstation, (3) provides key data summaries and electronic data trans- 
fers to minimize routine manipulations by the engineer, and (4) allows 
intermediate solutions to be stored so the design can easily be resumed 
at a later date. It is important to note that the fundamental design 
process was not changed. Rather, the design steps were modeled as 
required and then tied together to eliminate trivial operations by the 
engineeAm. Subsequent projects in other areas seemingly sought to auto- 
mate the complete design process and struggled for a long time before 
being able to claim success. -The less ambitious approach used on DDS, 
where engineering judgement was left with the engineer, resulted in 
relatively early gains and acceptance. Estimates of the savings pro- 
vided by the second generation tool (DDS) over the first are presented 
in Table 1 : 



T A B L E  1 
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ENTRY 
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DDS Development Process 

Development of the DDS was done by two separate groups under separate 
management. One group provided for requirements development and the . 
other group provided for development of the software. Figure 3 pre- 
sents the organizational interfaces. Frequent interactions between the 
designers and requirements developers were crucial. Functional level 
requirements for each major processor were first reviewed with the 
design community and the system developers. Concepts were openly dis- 
cussed and a consensus was reached. Basic architecture of the soft- 
ware, including development of the executive and data storage software, 
was able to proceed at this point; highly experienced software system 
developers, i.e., not flight design engineers, produced a system design 
that proved to be feasible, expandable, and easy to use. It is doubt- 
ful the DDS would be as useful as it is today without the sophisticated 
engineering performed upfront by the software system developers. 

Development of this second generation design tool spanned roughly five 
years and required a total effort on the order of 30 to 35 man-year- 
equivalents (60% of that being software developer effort and 40% being 
requirements developer effort). Operational software was first re- 
leased about a year after development was begun; additional capabili- 
ties were then periodically released. A large number of change re- 
quests (about 150) were processed in this period of initial use. Re- 
sponsive processing of these change requests from the user community 
was maintained throughout this period. This responsiveness was crucial 
to gaining early acceptance of the system. The requirements and soft- 
wa-e developers maintained close contact and communicated frequently. 

TOOL EVOLUTION : THIRD AND FOURTH GENERATIONS 

Movement into the third and fourth generations of tools can be marked 
by two events: first of all, by the evolution of the descent design job 
from one of custom trajectory design to one of trajectory standardiza- 
tion and certification, and second, by the fact that DDS maintenance 
began to be done solely t j  members of the descent design community 
itself . 
The transition of the descent design job to trajectory standardization 
and certification was accompanied by use of the DDS in the batch mode. 
Although originally engineered for interactive design applications, the 
DDS command structure proved to be well suited for construct,ing se- 
quences of commands for generation of parametric-type data in the batch 
environment. Large quantities of data were generated to analyze tra- 
jectory energy management for many combinations of wind magnitude and 
direction, and for many different dispersed atmospheres. Initiatives 
were undertaken to streamline the handling of this data by establishing 
special data dumps to disk file for further processing by special pur- 
pose software. In many instances, special purpost iterators were de- 
veloped within DDS to seek out solutions for different analyses. Most 
analyses for defining target lines and standardizing or certifying 
I-loads are now handled with this approach, i.e. with electronic data 
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transfers from D D S  to disk file for further processing by another pro- 
gram. It is hard to conceive at this time how the standardization job 
and initial analysis of the Yectsrn Test Range environment could have 
been done any other way. A considerable number of routirie products for 
flight-to-flight reconfiguratlon are also done using this approach. 

Recently, initiatives were undertaken to introduce functions in the D D S  
capable of building a true performance data base. Kev performance Da- 

rameters can now be stored along with the data describing the orbiter 
configuration, e.g., weight and center-of-gravity, and environment, 
e.g., atmosphere. The intent is to use the functions routinely on 
certain flight-to-flight reconfiguration products to build a historical 
data base. This data base will then be able to be processed to iden- 
tify flights with a precedent and provide a means for more reliable 
quality assurance. Ultimately, automatic quality assurance checks are 
envisioned using this data bas,? and othar encoded reasonability checks. 
Currently, these reasonsbility checks are only able to be performed by 
a few highly skilled individuals. This data base activity, however, is 
still in the proof-of-conce~t stage (see Figure 2), similar to the 
stage that preceded development of the or1g:nal DDS itself. 

The fact that the descent design cokunity developed and maintains the 
third and fourth generation tools has presented very few problems. 
Needless to say, the tineliness of new capabilities coming on-line, and 
the associated gains in productivity, have outweighed any problems. 
Mild controls were implemented for multi-user software. Included are a 
change request/dtscrepancy report system, publication of release no- 
tices and user information when versions are to be updated, and regres- 
sion test procedures (althoagh improvement is needed here in some 
areas). Engineers are f r w  to develop experimental versions of DDS for 
their own applications, but are encouraged to document the software 
requirements via change requests or memo when their algorithms have 
matured; this allows their features to be available and current when 
subsystem models or other changes are brought OF-1 ?e. 

C O N C L U S I O N S  

The experiences of the MDTSCO descent design support team point to a 
couple of major conclusions. First is that the tools must evolve with 
the job. Descent required integrated, interactive trajectory design 
tools during the flight test era. However, as the operational era 
approached, descent required the capability t o  process lots of data 
very quickly. The descent experience indicated these two capabilities 
were able to be performed by one system (DDS). Two factors seem to have 
contributed to this: ( 1 )  that sophisticated software systems expertise 
uas brought to bear on the early system design; a flexible, 
easy-to-use, and growth-oriented structure resulted; and ( 2 )  that the 
engineering evaluation process was left with the engineer; no attempt 
was made to automate the start-to-finish design process. Trajectory 
design criteria were too soft and dynamic to allow "automatic" design; 
eliminating trivial operations via electronic interfaces and summary 
displays proved most useful to descent. Tool evolution, however, often 



meets resistance; there often is a tendency to succumb to the pressure 
of ge&tlng the job at hand done with available tools. But this must be 
overcome. 

The second mador conclusion is that tool improvements are best devel- 
oped in an nopen-ahopn environment; engineers need to be free to ax- 
periment with new algorithms and develop them during initial appli- 
cation to real problems. Huch overhead can be spared if algorithms ars 
allowed to mature from infancy through adolescence before formally 
documenting their software requirements. Many of today's engineers are 
trained and quite adept at using the computer to eliminate their menial 
tasks. Encouraging them to do this can provide dramatic results and 
productivity gains. As well, many engineers gain considerable satis- 
faction from formulating algorithms for their applications. Software 
tools that come into use by more than one person, though, need to be 
subjected to some form of control. The descent experlencl: indicates a 
very mlld form of configuration control is adequate; excessive controls 
stifle creativity and productivity Improvement. 
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P r o d u c t i v i t y  Increase 
Through Implementation o f  CADICAE Workstat ion 

Linda K. Bromley 
NASA/Johnson Space Center 

ABSTRACT 

On January 15, 1985, t h e  Tracking and C o m n i c a t i o n  D i v i s i o n  
Conputer Aided DesignICornputer Aided Engineering System became 
operat iona l .  This system, located i n  the  E lec t r on i c  Systems Test 
Laboratory i n  Bu i l d i ng  44 a t  t he  Johnson Space Center, i s  p resen t l y  
being L i l i z e d  i n  an e f f o r t  t o  automate c e r t a i n  tasks t h a t  were 
p rev ious ly  performed manually. These tasks inc lude  d e t a i l e d  t e s t  
con f igu ra t ion  diagrams o f  systems under c e r t i f i c a t i o n  t e s t  i n  t he  
ESTL, f loorp lar ,  layouts o f  f u t u r c  planned labora to ry  recon f igu ra t ions ,  
and ather  graphica l  documentation o f  d i v i s i o n  a c t i v i t i e s .  

This paper w i l l  examine the  s i g n i f i c a n t  t ime savings achieved 
w i t h  t h i s  CAD/CAE system i n  the  f o l l o w i n g  areas; 1) i npu t  o f  drawings 
and diagrams, 2 )  e d i t i n g  o f  i n i t i a l  drawings, 3 )  a c c e s s i b i l i t y  o f  t he  
data, and 4)  added versat  i 1 i t y .  

It w i l l  be shown t h a t  the  Tracking and Communications D i v i s i o n ' s  
Applicon CADICAE system, w i t h  i t s  ease o f  i npu t  and e d i t i n g ,  t h e  
a c c e s s i b i l i t y  o f  data, and i t s  added v e r s a t i l i t y ,  has made more 
e f f i c i e n t  many o i  the n cessary bu t  o f t e n  time-consuming tasks 
3ssociated w i t h  engineer ing design and t es t i ng .  

INTRODUCTION 

The Research and Engineering D i rec to ra te  o f  t he  Johnson Space 
Center i s  en te r ing  a cha l leng ing  time. The d i r e c t o r a t e  has the  
requirement t o  prov ide reduced., y e t  con t inu ing  q u a l i t y  support of t h e  
Space Shu t t le  as it moves i n t o  an opera t iona l  stay2, and a t  t he  same 
time, t o  begin tqe design and t e s t  o f  the even more complex Space 
Stat!on, a l l  ?n  the l i g h t  o f  ever t i g h t e n i n g  budgets. This chal lenge 
w i l l  r equ i re  increased p rcJuc : i v i t y  i n  a l l  areas o f  our work. One 
method o f  ob ta in ing  add i t  iona! p r o d u c t i v i t y  i s  through t he  greater  use 
,f Computer Aided Design alld Computer Aided Engineer ing (CAD/CAE) 

systems. 



These systems w i l l  no t  on l y  expedi te  many o f  the  tasks t h a t  
we p resen t l y  perform manually, b u t  w i  11 a lso  enable us t o  perform 
add i t i ona l  engineer ing and managerial tasks t h a t  w i  11 ensure a 
b e t t e r  qua1 i t y  product, reduc ing the  need f o r  c o s t l y  redesign. 

The t h r u s t  o f  t h i s  paper i s  general  i n  nature, d iscuss ing 
areas t h a t  can be made more e f f i c i e n t  w i t h  most CAD systems. 
Yowver, i n  order t o  present  s p e c i f i c  examples o f  uses and 
ca l cu l a t i ons  o f  documented t ime savings, a  s p e c i f i c  CAD system and 
usage w i l l  be de t$ i l ed .  The system used i s  t he  Appl icon CAD System 
located i n  the ESTL i n  b u i l d i n g  44. 

Current System Capabi 1  i t  i e s  

The TCD Appl icon CAD/CAE system was i n i t i a l l y  bought as a  
"bare-bonesu system. As shown i n  F igure 1, t h e  system cons is ts  o f  a  
s i ng l e  worksta t ion r an  f rom a stand-alone VAX 111750 (packaged by  
Appl icon).  The worksta t ion cons is ts  o f  a  19" c o l o r  raster -scan CRT 
w i t h  spec ia l i zed  keyboard and f u n c t i o n  keys, a  11 x 17- in.  d i g i t i z i n g  
t a b l e t  w i t h  e l ec t r on i c  s t y l as ,  a  thermal hard c c l y  u n i t  f o r  qu ick  
screen copies, and an actompying VT100 * t e rm i  na l  f o r  system operat  ion, 
ed i t i ng ,  and other  non-graphical func t ions .  

Cur ren t l y  on ly  t h e  basic g raph ica l  software, t h e  Appl i con  
Edi tor ,  i s  runn ing cq t he  system. This sof tware a l lows bo th  two and 
three-dimensional drawings, e i g h t  co lors ,  user-def inab le  l i n e  weights 
and patterns,  assoc ia t i ve  data ~ a s e  management system, user-def inab le  
symbol l i b r a r i e s  and t a b l e t  menus, access t o  over 32,000 " layers "  
( l o g i c a l  p a r t i t i o n i n g  o f  the graphic drawing), dimensioning fea tu res  
(extens ion l i nes ,  arrowheads, t e x t ,  u n i t s ,  e t c  .) , p ius  an assortment 
o f  o ther  features t h a t  f a c i l i t a t e  a  users a b i l i t y  t o  crea ic ,  e d i t  and 
p l o t  graphica l  in format ion.  

The i npu t  o f  the  drawings i s  dor.? i n  geometric form us ing  
any one o r  combination o f  methods ava i l ab l e  i n  most CAD systems. 
Powerful, convenient screen menus are usua l l y  used t o  present t he  
operator w i t h  l i s t s  o f  executable commans, e l i m i n a t i n g  the  need f o r  
mnemonic memorization. By successive menu pick; users spec i f y  
des i red operat ions 3nd comnar:d execution. I n  the  Appl icon CAD 
system, add i t i ona l  too ls ,  such as on - l i ne  HELP documentation, enable 
users t o  minimize the  number o f  menu p i cks  and e a s i l y  advance through 
t he  menu s t ruc tu re ,  making i t  espec ia l l y  easy t o  lea rn  and use. 
Experienced Appl icon users can ad jus t  the l e v e l  o f  prompting o r  
frequency o f  menu d i sp l ay  t o  s u i t  t h e i r  own degree o f  f a m i l i a r i t y .  
These are two very  important f a c t o r s  i n  t h e  s e l e c t i o n  o f  a  CAD 
system: 1) Ease o f  use so t h a t  non-programmers can operate t he  
system i n  a  product ive manner w i t h  a  minimal amount o f  t r a i n i ng ,  
and 2 )  v e r s a t i l i t y  o f  the  system t o  present  inc reas ing  c a p a b i l i t i e s  
as the  experience o f  the operators increase. 





By supporting a va r ie t y  o f  input  devices a t  a workstation, 
CAD systems provide a considerable degree o f  f l e x i b i l i t y  i n  meeting 
the needs o f  ind iv idua l  operators. The Applicon CAD system, fo r  
example, has f i v e  d i f f e r e n t  ways t o  input  data and cornaxis: 

1) Special func t ion  key 
2) Alphanumeric keyboard comnands 
3) On-screen menu se lec t ion  using s t y las  
4) Tablet symbol 
5) D i g i t i z e r  t a b l e t  menu but ton 

The 16 special  functicln keys are used t o  - se lec t  the corresponding 
on-screen menu item. The alphanumeric keyboard, inc lud ing  i t s  cursor 
cont ro l  keys and numeric keypad, i s  used p r i n c i p a l l y  f o r  enter ing 
tex tua l  data and as an a l te rna te  method o f  comnand entry.  The most 
powerful method o f  data en t ry  i s  through the pen and t a b l e t  combination. 
I n  addi t ion t o  prov id ing the a b i l i t y  t o  make screen menu picks, the  
t a b l e t  may be overlayed w i th  a matr ix  o f  user-defined funct ions t h a t  
can be eas i l y  invoked by touching the pen t o  a t a b l e t  region. 
Operators have f u l l  con t ro l  over the locat ion, physical  size, and 
l og i ca l  dimensions o f  the t a b l e t  menu as we l l  as the  func t ion  o f  each 
matr ix  element. Tablet menus may be saved and restored by name, and 
several nonoverlapping menus may be siniultaneously accessed. 

Applicon's t ab le t  symbol recogni t ion capabi l i t y  provides a 
powerful, convenient, and e f fec t ive  means f o r  construct ion and 
manipulation o f  geometric data and general i n te rac t i on  between system 
and user. With t h i s  feature, operators may use hand-drawn symbols, 
which are in terpreted as comnands o r  a ser ies o f  comnands from which 
geomeric information may be extracted. For example, a sketched 
l e t t e r  C might stand f o r  the comand t o  center the cur ren t  view about a 
po in t  corresponding t o  the center o f  the C symbol, a comnand normally 
requ i r i ng  several menu picks. 

Future Expans ion 

It i s  planned t o  augment t h i s  basic system wi th  add i t iona l  
software app l ica t ion  modules which f i t  neat ly  i n t o  the basic system 
software leaving the user in te r face  1/0 unchanged. A f u t u r e  module 
t o  be added w i l l  a l low a user t o  r a p i d l y  input  an e l e c t r i c a l  schematic, 
w i th  any combination o f  analog or d i g i t p i  devices, i n  t h e i r  conponent 
or  gate form. Once the schematic has been created and ed i ted  as 
necessary, t h i s  software w i l l  take the schematic, create a ~ r i n t e d  
c i r c u i t  (PC) board layout, convert the gates i n t o  t h e i r  I C  form, 
automatical ly place the components opt imumly on the board (al though 
t h i s  can be t o t a l l y  or p a r t i a l l y  done manually), and perform automatic 
rou t i ng  f o r  up t o  an e ight  layer PC board. 



Other modules e x i s t  f o r  appl icat ions requ i r i ng  so l i ds  modeling, 
f i n i t e  element analysis, and f a c i  l i t  :es management should the need 
a r i sz  f o r  these features i n  the future. 

DRAWING INPUT 

One o f  the f i r s t  areas tha t  can be made more e f f i c i e n t  i s  
when drawings are f i r s t  converted from a rough sketch i n t o  a more 
formal form. When pertormed manually t h i s  may be performed by 
engineers, f a c i  li t y  personnel, o r  t ra ined draftsmen, depending on 
the q u a l i t y  o f  output desired. The c rea t ion  o f  a drawing i n  CAD 
systems can also be gerformed by the same type o f  people. But, j u s t  
as draftsme? arid engineers are! real l i red t o  take the d r a f t i n g  courses 
as pa r t  o f  t h e i r  studies, CAD personnel w i l l  also requ i re  new s k i l l s .  

T ra in ing  -- 

These personnel w i l l  requ i re  t r a i n i n g  i n  order t o  use the CAD 
system e f f i c i e n t l y .  The amount of t r a i n i n g  requi red var ies g rea t l y  
w i th  the CAD system selected and the  depth o f  knowledge required. 
Even smaller PC-based CAD systems may requ i re  a s i g n i f i c a n t  amount of 
t r a i n i n g  before becoming t r u l y  productive. But, w i th  proper a t ten t i on  
paid to  t h i s  aspect during the se lec t ion  process, CAD systems can be 
found tha t  requi re only minimal t ra in ing .  Larger CAD systems o f ten  
have enough v e r s a t i l i t y  t ha t  w i l l  a l low new personnel t o  qu i ck l y  
become productive by learn ing t o  basic comnands, y e t  s t i i  1 be able t o  
grow i n  capab i l i t y  as the operator learns new, more "elegant" ccmands. 
I n  such large systems it i s  o f ten  best t o  have a t  leas t  one person 
thoroughly trained. This may involve sending them t o  a formal 1 or  2 
week class tha t  i s  usual ly  taught bJ the vendors from which the CAD 
system i s  purchased, fol lowed by add i t iona l  t ime w i th  the system f o r  
fur ther  study. With most CAD systems, a m n t h  o f  in tens ive  study 
should produce a wel l  t ra ined CAD s p e c i a l i s t .  This s p e c i a l i s t  can then 
t r a i n  other CAD operators t o  whatever degree necessary. 

The larger,  more ve rsa t i l e  CAD systems can then be ucustomized'l 
t o  f i t  the spec i f i c  needs o f  the users. This can be done by se t t i ng  
up procedures, special  menus, and l i b r a r i e s  t h a t  can g rea t l y  s imp l i f y  
data input. Once t h i s  customizing i s  conpleted, new operators usual ly  
need only a few days t r a i n i n g  t o  begin t o  produce high q u a l i t y  drawings. 
As t h e i r  f a m i l i a r i t y  w i th  the system increases, so w i l l  t h e i r  product i -  
v i t y  as i t  begins t o  take less time t o  produce t h e i r  drawings. 



Input  Example 

As a major c o m n i c a t i o n s  system t e s t  f a c i l i t y ,  the  Elect ronic  
Systems Test Laboratory (ESTL) performs numerous h igh l y  de ta i led  and 
conplex tes t i ng  invo lv ing  numerous pieces o f  t e s t  evaluation, space 
environment simulation, and data recording equipment i n  add i t ion  t o  
the systems under tes t .  I n  order t o  document and cont ro l  the  e n t i r e  
conf igurat ion o f  the equipment involved i n  the t e s t i n g  o f  a system, 
deta i led drawings are produced. These drawings are f i r s t  created 
months p r i o r  t o  the s t a r t  of a t e s t  as p a r t  o f  the pre- tes t  documenta- 
t i o n  which includes Test Req~irements and Status (TRAS) reports,  
In ter face Control Document (ICD), Test Plan, and Test Procedures. I n  
add i t ion  t o  supplying information t o  the Test Team as t o  how and what 
tes ts  are t o  be performed, they are also used f o r  scheduling and 
ca l ib ra ted  equipmnt cycle planning, ensuring no problems w i l l  occur 
from e i the r  c o n f l i c t s  from concurrent running tests, o r  due t o  a 
needed piece o f  t e s t  equipment having been sent t o  the  c a l i b r a t i o n  
lab  and thus unavailable. 

These t e s t  conf igurat ion diagrams come i n  several forms. The 
f i r s t  and more generic are simply s ignal  f low diagrams using general 
blocks t o  depict  systems involved. A t y p i c a l  diagram o f  t h i s  type i s  
shown i n  Figure 2. These d iagram are used i n  the ea r l y  stages t o  
convey general concepts and systems tha t  w i  11 be involved i n  a tes t .  
The next type of diagram i s  s l i g h t l y  more deta i led.  The generalized 
blocks o f  the generic diagram i s  replac3d w i th  a more de ta i led  
representat ion o f  each o f  the systtins, as shown i n  F i  ure 3. A s e t  
o f  these drawings are produced f o r  each type o f  t e s t  9 e.g. B i t  Error  
Rate, Percent Data Loss, Signal-to-Noise Ratio, etc.) as i t  i s  per- 
formed, depict ing the exact conf igurat ion. I n  add i t ion  t o  the more 
de ta i led  system information, the  t e s t  equipment (such as oscil loscopes, 
data generators, spectrum analyzers, etc.) t h a t  was used t o  perform 
the tes ts  i s  also shown. These drawings g ive a be t te r  i n s i g h t  t o  the 
scope and magnitude o f  the tests,  a r4  what spec i f i c  equipment was used. 
Both the generic and de ta i l ed  diagrams tha t  are produced a t  t h i s  
stage are drawn on 8.5 x 11 inch paper f o r  inc lus ion  i n  the pre- test  
documentation, management and t e s t  team b r i e f i n g s  , and other 
presentations as necessary. 

The f i n a l  type o f  drawing tha t  i s  used i s  an even more 
de ta i led  version which includes spec i f i c  information t o  the t e s t  
team such as patching information f o r  each s i g ~ a l  (equipment rack 
number, patch panel jack number, p i n  number, etc.), type o f  signal 
t o  expect (NRZ-L, Bi-phase), data rates, frequencies and any other 
information t o  proper ly  setup the conf igurat ion.  Figure 4 shows an 
example o f  t h i s  type o f  drawing. These drawings are re fer red  t o  
as "b luel ines"  since the amount o f  d e t a i l  requ i re  t h a t  these 
drawings be presented on s ize  0 paper and copies subsequently pro- 
duced on b luepr in t ing  machines. 

Q.: 
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Time Saving Example 

I n  the past, a1 1 th ree  types of drawings (gener ic,  de ta i led ,  
and b l ue l i nes )  were manually drawn by l abo ra to r y  personnel. This 
process invo lved f i r s t  having the t e s t  p r o j e c t  engineer draw up a 
p re l im ina ry  sketch o f  the system t o  be tested, i n  both the  gener ic 
and de ta i l ed  forms. These sketches were g iven t o  t h e  graphics 
personnel t o  be redrawn mor, r i g o r o u s l y  and t c  be placed i n  a 
presentable Torm. A1 1 work was done us ing  templates and curves w i t h  
hand l e t t e r i n g .  As in fo rmat ion  became ava i lab le ,  t h e  larger,  more 
d e t a i l e d  "b lue l ine"  con f igu ra t ions  were sketched and given t o  the 
graphics personnel f o r  drawing. On t he  average, t h i s  i n i t i a l  drawlng 
stage requ i red  approximately 2 hours f o r  the  generic, 3 hours f o r  each 
o f  the deta i led,  and 7.5 hours f o r  the b l ue l i nes .  For a t y p i c a l  t e s t  
phase, there i s  usua l l y  5 gener ic drawings made, 1 2  de ta i led ,  and 3 
b lue l ines .  Therefore, t he  i n i t i a l  drawings f o r  a given t e s t  rep re -  
sented 68.5 hours o f  manual d r a f t i n g .  Table I summarizes these r e s u l t s .  

Using the CAD system, t h e  bas ic  process o f  acqu i r ing  the  
i n i t i a l  drawings from the  t e s t  p r o j e c t  engineer i s  s t i l l  t he  same. 
However, now th'c sketches are i npu t  i n t o  t h e  CAD system, w i t h  the  
r e s u l t s  d isp layable  onto the h i gh  r e s o l u t i o n  screen o r  p l o t t e d  on 
a CALCOMP p l o t t e r  t h a t  i s  t ime shared w i t h  the o ther  D i v i s i o n  
conputers. Using the same example as f o r  the manual i npu t  method 
s ta ted  above, the  t ime t o  i npu t  these drawings can be reduced t o  
.5 hour f o r  each o f  the 5 gener ic drawings, 1 hour f o r  each o f  the  
12 de ta i l ed  drawings, and 3.5 hours f o r  each o f  t he  3 b l ue l i nes .  
Thus, t he  t o t a l  t ime f o r  each t e s t  phase can be reduced from 68.5 
hours t o  25.0 hours. I n  terms o f  hour savings, t h i s  represents  a 
174 percent increase i n  p r o d u c t i v i t y .  

I n  many app l i ca t ions  most o f  the t ime i s  no t  spent on the - 
i n i t i a l  cons t ruc t i on  o f  the drawings, b u t  i n  the e d i t i n g  o f  the  
drawing due t o  changes, e r ro r s ,  updates, etc. ,  as i t  passes through 
var ious techn ica l  and managerial rev iew cyc les.  When these drawings 

-- were being manually produced, these changes would r e q u i r e  e i t h e r  t h e  
use o f  l i b e r a l  q u a n t i t i e s  o f  L i q u i d  -aper o r  a complete redrawing. 

The drawings entered us ing the CAD system are more r e a d i l y  
ed i ted.  The drawing t o  be changed i s  f i r s t  r e c a l l e d  f rom d isk  s torage 
and displayed on the screen. Mo$t CAD systems p rov i de  a host  o f  
e d i t i n g  commands t o  c o n v w i e n t  l y  change drawings. For example, one 
might  be a MOVE command which w i l l  a l l ow  c e r t a i n  p o r t i o n s  o f  t he  
drawing t o  be selected and moved t o  another area t o  make way f o r  new 
geometry t o  be added, Using a manual drawing system, t h i s  would r e q u i r e  
the  draftsman t o  use L i qu id  Paper, t he  "cut-and-paste" method, o r  a 
complete redraw. With a CAD system l i k e  t h e  Applicon, t h i s  move would 
take on ly  one command s t r i n g  and be accomplished i n  seconds. Other 
types o f  ed i t i n ) ,  such as the d e l e t i o n  o f  geometry and t e s t  ed i t i ng ,  
have s i m i l a r  t ime-savings when performed on CAD systems. 
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Time Saving Example 

!n the ESTL t e s t  diagram app l i ca t ion ,  these rev i s i ons  occur on 
the average o f  once f o r  each generic drawing, tw i ce  f o r  each d e t a i l e d  
drawing, and four times f o r  each b lue l ine .  Unfortunately,  t h e  mcre 
conplex b l ue l i ne  drawings rece ive more e d i t i n g  than t he  o ther  s impler 
diagrams. The b lue l ines  are produced before the  t e s t s  are performed 
and a t  t h a t  stage represent more o f  a recomnended patch ing c o n f i g w a -  
t i on .  Due t o  i t s  complexity, t he  b lue l ines  are usua l l y  e d i t e d  tw i ce  
p r i o r  t o  t e s t  s t a r t .  As the t es t s  are being setup, these b lue l i nes  
are ed i ted twice t o  r e f l e c t  the patching t h a t  was a c t u a l l y  used. 
Sometimes a l t e r n a t i v e  r o u t i n g  has t o  be used, r a t h e r  than the  
recomnended route, due t o  t e s t  equipment f a i l u r e  o r  t o  a l low f o r  o ther  
t e s t s  being run  s i tw l t cneous ly .  

Using the manual method these rev is ions  represent a t o t a l  o f  
83.0 hours f o r  a t y p i c a l  t e s t .  (Table 2 shows a d e t a i l e d  breakdown 
o f  t h i s  t o t a l ) .  Using a CAD system, e d i t i n g  t ime can be reduced t o  
23.8 hours (see Table 2), represent ing an increase i n  p r o d u c t i v i t y  o f  
248 percent f o r  the  e d i t i n g  process. 

Tota l  Data Input  and E d i t i n q  Savings 

Using the t o t a l s  generated i n  Tables 1 and 2, t h e  combined 
t o t a l  t ime requi red i n  both the e d i t i n g  and data inpu t  process 
represents 151.5 hours f o r  the manual method versus 48.8 hours f o r  
the  CAD system. This represents a t o t a l  p r o d u c t i v i t y  increase o f  
210 percent f o r  these combined stages. 

A t r u e  p r o d u c t i v i t y  c a l c u l a t i o n  f o r  the o v e r a l l  conparison o f  
the  manual versus CAD system would also have t o  inc lude o ther  areas 
such as t r a i n i n g  t ime f o r  both methods, t ime involved i n  sending 
drawings from engineer through o rgan iza t iona l  chain t o  draftsmen or 
operator, etc.  However, s ince documented t ime measurements of these 
items were not ava i lab le ,  these add i t iona l  f ac to r s  w i l l  no t  be 
included. 

DATA ACCESSIBILITY 

An added feature o f  CAD-based graphics i s  the- increased 
a b i l i t y  t o  r e a d i l y  r e t r i e v e  and arch ive data. Graphical drawings o r  
models t h a t  are most o f t e n  referenced o r  used can be s to red  on the  
d isk  systems t h a t  are usua l l y  a part  o f  a CAD system. Smaller PC- 
based CAD systems o f t e n  have storage on removable f l oppy  d isks  t h a t  
can b? stored f o r  l a t e r  use. Larger CAD systems w i l l  p rov ide  some 
conbinat ion o f  magnetic tape afid h i  J T  capaci ty  d isk  storage. The 
d isk storage o f  these la rger  systems w i l l  con ta in  the  apera t ing  system 
and most o f t en  referenced drahings, as we l l  as the cur ren t  drawings 
being created o r  ed i ted.  Drawings t ha t  are no longer requ i red  can be 
copied onto magnetic tapes and archived. 



When properly setup, a CAD-based graphics sys.1. em can e l  iminate 
or g rea t ly  reduce the overhead o f  manually maintaining a drawing 
l f b ra ry .  Most f a c i l i t i e s  w i l l  want t o  keep a hardcopy f i l e  of a l l  
major drawings even i n  a CAD-based environment i n  the event +hat the 
system I s  down when a drawing needs t o  be referenced. However, by 
tak ing advantage o f  the databaslng, cataloging, and secur i ty  features 
provided by most large scale CAD systems, the maintenance o f  such a 
l i b r a r y  can be reduced. One o f  the problems w l th  maintaining a manual 
l i b r a r y  I s  the need t o  e i t he r  s tore several copies o f  a drawing or  
enforce s t r i c t  cont ro ls  over checking out drawings For reference o r  t o  
race copies. Then when a s ing le  change i s  made t o  one o f  these l i b r a r y  
masters, new copies must be madelmaintained and a l l  those tha t  have 
the o ld  copy checked out must be informed o f  the changes and given new 
copies. 

I n  CAD systems, however, the drawings are maintained i n  
e lect ronic  form. A drawing i s  "checked out"  by a user c a l l i n g  i t  up 
f o r  display a t  h i s  workstation. Since a l l  updates are automatical ly 
maintained by the conputer system, a user i s  assured t h a t  he i s  viewing 
the l a tes t  version. As w i th  manual systems, a proper indexing system 
must also be used i n  CAD systems so tha t  the exact f i l e  can be r a p i d l y  
located when a given drawing i s  t o  be displayed or  edited. Many CAD 
systems have system sof twart  t ha t  w i l l  a id  the user i n  t h i s  cat,aloging, 
such as showing a summary o f  a l l  f i l e s  contained i n  a given account. 
But, the e f f i c i e n t  r e t r i e v a l  o f  a given drawing depends upon the 
procedures developed by each f a c i l i t y  as t o  where f i l e s  are stored and 
how to  develop unique names f o r  the f i l e s .  

ADDED VERSATI L I  TY 

One of the best features obtained from la rger  CAD-based systems, 
i s  the added versa t i  l i t y  tha t  can be gained. Not only  do CAD systems 
create and e d i t  manual drawings faster ,  bu t  they can also perform 
addi t ional  funct ions. For example, once an i tem i s  constructed using 
so l ids  modeling, oQe or two simple commands can produce the mass, 
volume, center o f  g rav l ty ,  etc., o f  th?  model. The same type of 
commands that are used t o  create simple block diagrams can also be used 
t o  develop f loorplans, e l e c t r i c a l  schematics, presentat ion s l ides,  etc .  
Using features such as the a b i l i t y  t o  attach t e x t  t o  a geometic form 
can be used f o r  inventory contro l .  For exmple, s t a r t i n g  w i th  a 2 o r  
3 dimensional f l oo rp lan  o f  the equipment contained w i th in  a laboratory, 
s e r i a l  or  model numbers can be "a~tached" t o  each piece of equipment. 
While the attached s e r i a l  numbers can be i n v i s i b l e  (nc t  displayed t o  
not t o  c l u t t e r  thc view), I s ing le  command could be sent so tha t  the 
piece o f  equipment w i th  s e r i a l  number X X X  would begin f lash ing  f o r  
immediate location. Likewise, an accurate account of the number and 
locat  ion of desks, terminals o r  spectrum analyzers can be maintained. 
However, as w i th  most computer databases, the accuracy of the data 
obtained i s  d i r e c t l y  propor t ional  t o  the accuracy o f  the data entered 
and the dedication o f  personne: t o  keep i t  updated. 



An addi t ional  a b i l i t y  obtained from CAD-based modeling i s  the 
a b i l i t y  t o  make more accurate measurements fo r  planning purposes. Once 
a f loorp lan  o f  the f a c i l i t y  has been made, some larger  CAD systems l i k e  
the Applicon can calculate the distance from any given set  o f  po in t s  on 
the graph. This adds the a b i l i t y  t o  more accurately plan f o r  the 
length o f  power or signal cables f o r  equipment t ha t  i s  t o  be added t o  
the laboratory i n  the future. The CAD system also enables the operator 
t o  f i n d  the optimum locat ion  f o r  incoming equipment o r  f w n i t u r e  by 
e d i t  ing the present f l oo rp lan  t o  t r you t  d f f f e r e n t  arrangements. T h ~ s  
enables a f a c i l i t y  t o  have a concise move 3lan and preventing the loss 
of production time by suddenly discovering a f t e r  the equipment i s  i n  
place tha t  the power cable i s  too short. 

CONCLUSION 

This paper has discussed some of the advantages o f  employing 
CAD systems t o  accomplish s i g n i f i c a n t  savings i n  the time t o  produce 
drawings prevdous l y  performed manual l y  . I n  a documented example, it 
was shown tha t  p roduc t i v i t y  increase o f  210 percent can be accomplished 
i n  the drawing creat ion and e d i t i n g  process. It was also mentioned 
tha t  addi t ional  p roduc t i v i t y  can be rea l ized by taking advantage o f  
other CAD features such as be t te r  a c c e s s i b i l i t y  o f  the data and added 
v e r s a t i l i t y .  

The capab i l i t i es  and appl icat ions o f  CAD systems described w i th in  
t h i s  paper i s  but  a small po r t i on  of t ha t  which i s  possible. It i s  
often the case tha t  once a CAD system i s  put i n  place, a myriad of 
unforseen appl icat ions w i  11 s w i f t l y  ar ise.  Indeed, as CAD systems 
mature t h e i r  capab i l i t i es  w i l l  on ly  be l i m i t e d  by our own imaginations. 
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R&D PRODUCTIVITY IMPROVEMENT AT HONEYWELL 
A CASE SiUDY 

William E. Lyons - Honeywell Inc, Clearwater, Florlda 

ABSTRACT 

This paper describes the problems encountered when computer-aided-de- 
sign/documentation was applied to a large design program a t  Honeywell; how a study 
team was established to solve the problem; the techniques ueed by the team and the 
resulting solutions. The techniques used in this instance may be applied to other 
problem areas in the R&D process to improve productivity. 

INTRODUCTION 

Initial Computervision Computer Aided Design-Documentation (CAD-D) 
systems were installed a t  the Honeywell Clearwater facility as early as 1973, but not 
until the availability of the CADDS I11 software package in 1983 did the full potential 
for R&D productivity improvement become a possibility. 

The program chosen for the initial implementation of the full scale CADDS 
I11 capability involved redesign of a large rocket engine digital control system. Al- 
though the system was typical of Honeywe!l's established display and control product 
technology, this particular controller design was more complicated than previous 
designs. The complexity and extensive documentation requirements made this pro- 
gram a logical candidate for testing productivity improvement potentiai of the CAD- 
D system. 

The electronics design consisted of 

Twenty digital boards averaging 10 layers in both printed wiring board 
(PWB) and wire wrap versions 

Eleven power supply boards averaging 3 layers in both PWB and wire 
wrap versions 

* Forty multisheet schematic and assembly drawingb 

Associated wire lists, drill tapes and artwork. 



In the Spring of 1984 with the preliminary design complete, the electrical 
design group began releasing schematic data to the engineering graphic3 p u p  re- 
sponsible for CAD-D. Initially the documentation effort proceeded smoothly, and ap- 
peared to deliver the anticipated productivity improvement. Very quickly, however, 
routine echeduie reviews revealed that the documentation, while moving within the 
system, was not being completed on schedule. Further, the status of a given document . 
within the system could be determined only with great difficulty. 

A technical study team was quickly established to determine what was 
happening and to recommend solutions for the problems uncovered. This paper de- 
scribes the study team, its approach to the problem and the resulting solutions. 

STUDY TEAM DESCRIPTION 

Since an initial team goal was to solve the immediate problem impacting 
the ongoing program, a short intensive study schedule waa establiehed. A "full time" ' 
team was considered, but that approach was precluded by the simple fact that the 
best team members (those directly in-~olved in the problem) were also those assigned 
to the ongoing program. Accordingly, a team .was established with the following fea- 
tures: 

Smdl Membership. By using a small team with other participants on 
a consulting basis, key people were made available without adversely 
affecting the ongoing project. 

Team Ownership of Problem. By choosing those people closest to the 
problem, all involved functional areas were represented in an inte- 
grated approach. 

8 No Restrictions on Management Level. No arbitrary rules governed 
supervisory participation, so there were no artificial constraints to 
involving those close& to the problem. 

Working MeeGng Format. The working meeting format provided 
"built-in" coordination and ongoing consensus since the team discussed 
and resolved all issues as they occurred. 

Fkxible Meeting Frequency. By varying the frequency of the meet- 
ings, effective utilization of manpower was attained, again with min- 
imum impact to program activity. 

Frequent Progress Reporting. Frequent progress reporting to man- 
agement and reassurance that the team was "moving forward" resulted 
in minimal management intervention. Management did attend some 
meetings primarily to observe. 



THE STUDY APPROACH 

The team initially established ti-; following approach: conduct interviews, 
review existing process descriptions, define basic problem and develop a "specification" 
for the solution. Reviewe and interviews revealed three basic issues: 

Incomplete or inadequate CAD-D processes such as the software that 
transferred design data from the Computervision data base to a Honey- 
well mainframe computer 

Insufficient number of trained CAD-D personnel in the Engineering 
Graphics group 

@ Inadequate communication and poor coordination across functional 
interfaces, especially design engineeringlengineering graphics. 

Appropriate functional groups were already addressing some of the train- 
ing and technical (process) problems such as the software interface mentioned above, 
and implementing some solutions. There were residual technical problems principally 
in software systems, but the study %am decided that such problems should be resolved 
by those groups with primary functional responsibility without interference by the 
study team. The team's function regarding tkchnical problems was to be one of iden- 
tification only. 

Those problems not technical- or process-related were found to be man- 
agement type problems brought on by the new CAD-D technology. They were inad- 
equate communication and coordination between functional groups, and lack of man- 
agement control of the automated processes. 

THE PROBLEM SOLUTION 

The team decided to develop a "model" CAD-D process as a management 
tool in resolving communication/coordination problems and a "traveler" as a tool for 
implementing management control (a traveler is a routing form commonly used in 
production to move assemblies from one operation to another). 

The Model ?recess -- Flow Chart - 

The first step in developing a model process flcw chart was to create a 
requirement for the flow chart to define its purpose. 

The key flow chart requirements for the model process were then estab- 
lished: 

Identify clearly the transition from computer-aided-design to com- 
puter-aided-documentation 



Identify and define key functional group inf~rfaces 

Provide a process description (in summary form) for improved com- 
munication and training purposes 

Provide means for defining unique requirements of individual projects 

Serve as a framework for more detailed process descriptions when 
needed. 

Using the available process descriptions from various sources as an infor- 
mation base, an integrated CAD-D summary flow chart was developed as shown in 
Figure 1. This chart is a condensation and integration of hundreds of individual steps 
within the total process. The key steps which are the numbered entries in each box 
are organized into stages (the boxes themselves). Ncte that the stages tend to identify 
the interfaces between design engineering and engineering graphics group. Other 
requirements for the flow chart were successfully met by this particular version. 

The Traveler 

The study team then prepared requirements for the travelor with the 
following key features: 

Identify the location and status of a task being performed on a docu- 
ment or group of documents 

Provide for management of tasks through the process by approval 
requirements a t  key stages 

Provide c npability for cost/schedule tracking and visibility of iterations 
within the work flow. 

With these requirements in mind, the study team evolved the CAD-D trav- 
eler in Figure 2. Note that continuity and compatibility between the model process 
flow chart and traveler are achieved by using the Stage number and Title from the 
model flow chart on the traveler. Additionally, the entire summary model flow chart 
is printed on the back of the traveler form for ready reference. 

This single form, satisfying all the requirements established by the study 
team, was presented to management with the following recommendations: 

Revise the existing departmental procedures to provide for implemen- 
tation of the traveler on a project-by-project basis and to specify which 
individual (by name) would have sign-off responsibility 

Implement an interim manual traveler tracking system; after com 
pietion of training, replace it with a simple computer-based system 
using existing terminals and computer programs. 

All recommendations were accepted and the traveler has subsequently been 
used very successfully on two projects and has been specified for a number of future 
programs. 



FIGURE 1. CAD-D PROCESS FLOW CHART 
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SUMMARY 

In analyzing what has been viewed a t  Honeywell as a small but very 
euccemful R&D productivity improvement, the following steps can be identified. 1 

1. A team was eetablished with emphasie on tailonng the team to the 1 

problem. 

2. Team activity was etructtlred to make maximum use of the limited , 

time and personnel available to "work the study". 

3. Problems were first defined and then-a requirement "spcification" 
for the solutions was developed. I 

I 
I 

4. Tools were then developed to meet the requirement specificatioi~. I 

5. Finally, the team followed up to assure implementation of the tools i 

in the ongoing design process. 

These steps are applicable to npw studies of other portions sf the design 
process and indeed have besn successfully .applied in part to the mechanical design 
process and also software developmed. 

This study demon.rtrated that state-of-the-art technology oRen requires 
better or certainly aifferent control systems than the old methods. New tools require 
new controls. 

One final thought: Much progress has been made in developing techniques 
for productivity improvement of routine work and these techniques have been amply 
demonstrated both here and abroad. However, little progress has been made in pro- 
ductivity improvement of non-routine work and much of R&D is non-routine effort. 
R&D consists of a very long sequence of routine tasks connected not with a simple 
transfer between steps but with choices, decisions, assumptions and judgments; a study 
that focuses on the differences between routinetnon-routine work and applies the above 
steps to the differences will shed new light on R&D productivity. 

In conclusion, Honeywell appreciates the opportunity to participate in the 
NASA Conference R&D Productivity: New Challenges for the U.S. Space Program 
and is looking forward to sharing additional ideas and hopefully new successes with 
you in the future. 
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INCREASING PRODUCTIVITY OF THE MCAUTO CADICAE SYSTEM 
BY USER-SPECIFIC APPLICATIONS PROGRAMMING 

Susan M. Piotrowski 
Tom H. Vu 

Lockheed-EMSCO 

ABSTRACT 

Significant improvements in the productivity of the McAuto Computer- 
Aided DesignlComputer-Aided Engineering CCADICAE) system have been 
achieved by applications programming using the system's own Graphics Interactive 
Programming ianguage (GRIP) and the interface capabilities with the irrain 
computer on which the system rzsides. GRIP programs for creating springs, bar 
charts, finite element model representations and aiding management planning are 
presented as examples. 

INTRODUCTION 

The extensive growth within the last twenty years of Computer-Aided 
Design (CAD), as well as the typically concomitant areas of Computer-Aided 
Engineering (CAE) and Computer-Aided Manufacturing (CAM), has largely been a 
result of the productivity gains realized through their use In mechanical, 
electronic, and architectural engineering. Most CAD systems feature interactive 
graphics software as well as sophisticated hardware to implement and automate 
design and drafting functions previously performed by pencils, erasers, and 
drawing boards. The addition of CAE capabilities sitnplifies the generation of 
engineering analyses being performed on geometry designed using CAD. CAM 
functions allow machining and manufacturing to proceed automa?ically from the 
design. 

Although still early in the utilization history of CAD systems, glowing 
productivity improvement reports .abound. Productivity factors are usually calcu- 
lated as a ratio of estimated manual design labor hours over actual CAD labor 
hours, although other measures such as the output (e.g., the ndmber of drawings) 
generated or total cost (labor and material) have also been used. In a 1983 survey 
entitled "CADICAM and Productivity" by Arthur D. Little, Inc., average producti- 
vity improvement factors were classified by application: design studies, 4.8; 
engineering analyses, 6.0. [2, p. 101 Engineering changes and revision typically 
receive a 20:l improvement ratio. [I, p. 2 101 

In addition to these productivity gains realized from imk,ementation of 
nearly any CAD system, further increases are attained and reported by CAD users 
who are able to write CAD applications software for their own use and to inter- 
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face the CAD bpiratidns with exlsting third-party software. Many vendors pro- 
vide one or both of these capabilities. For example, Applicon advertises a built-in 
graphics programming language which provides access to the BRAVO! system's 
tools, Auto-trol permits FORTRAN interface with its Series 5000. Graftek 
provides AGILE, a language to allow user customizing and interface with outside 
software. McAuto has GRIP, Graphics Interactive Programming language, and 
interface capabilities with the operating system through the User Function and 
File Managemeat Executive modules. 

The productivity gains from user-specific software using such capabili- 
ties should not be underestimated. In & Analysis of -- CAD/CAM Applications, 
Richard N. Stover presents several case studies of CAD users. McAuto users 
heralded their ability to tailor their CAD systems via GRIP as a key component of 
the productivity ; rnprovement. One of the studies profiled the Harris Corporation, 
Business Forms System Division, Dayton, Ohio, where nine worker-years have been 
invested in GRIP program development, with the following remarks: 

Compared with the conventional interactive operation of a Uni- 
graphics system, the GRIP approach can provide very signifi- 
cant benefits. For example, using the Unigraphics keyboard 
and system command, an offset printing tower design program 
produces the necessary drawings in about 40 hours. Using GRIP 
programs tailored specifically for those design requirements, 
the same drawing can be generated in about 45 minutes. Such 
GRIP programs involve as many as 100 subroutines in about 30 
source files. [2, p. 2411 

The following section dxwments current GRIP software development at  
KASA/Johnson Space Center (JSC) Structures and Thermal Division. 

CASE STUDY 

At NASA/JSC, a McAuto CADKAE system was installed for use by the 
Structures and Thermal Division in 1983. It currently resides on a Digital 
Equipment Corporation VAX 11/780 minicomputer and consists of the Unigraphics 
(UG) software, a number of graphics workstations, hardcopy units, and plotters. 
The UG software on the system has recently been upgraded from version I to 
version I1 and includes desigddrafting, finite element modeling (GFEM), GRIP, 
File Management Executive (FMEXEC), and User Function modules. 

GRIP, McAutols Graphic Interactive Programming Language, allows 
operation of nearly all of the UG system capabilities through its FORTRAN-like 
commands. This includes graphics creation and editing, file management opera- 
tions, and interactive input selection. FMEXEC is a system-independent, 
command-oriented file management program. Its most important capability 
(relative to the applications to be discussed) is the transfer of files between the 
operating system on which UC resides and UG itself. The User Function module, 
which has been significantly upgraded in UGII, permits interface with the 
operating system, including the ability to run FORTRAN programs and to use 
FORTRAN calls to perform UG system functions. To date, work with this parti- 
cular capability for the Structures and Thermal Division has been somewhat lim- 
ited, although it appears to be extremely powerful for many future applications. 
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The following are examples of user application programs written via 
GRIP to increase productivity in design, engineering, and management planning, 

SPRINGS is a GRIP program that produces a three-dimensional graphic 
representation of either a compression, extension, or torsion springs at a user- 
specified location on an existing drawing. The wer is prompted for input of the 
parameters defining that spring type as Sound in the Spring Handbook or e similar 
catalog. F G ~  example, an extension spring requires input of the outer diameter, 
wire diameter, and free length. The spring is produced by repeated transforma- 
tions (i.e., rotation and translation) of a circle with a diameter equal to the wire 
diameter. This is an example of the automated creation of geometry possible 
through GRIP. Such a representation is prohibitively time-consuming for the user 
to create by existing system means, since seventy-two transformations are 
required to produce only one coil (revolution) of the spring. It is estimated that 
approximately thirty-five worker-hours were spent in developing this program and 
in upgrading it to UGII. A sample compression spring is given in figure 1. 

Figure 1. 



VAXCPU is a GRIP program which graphs VAX utilization data for a 
given month as bar charts on the CAD system and saves them for subsequent 
plott!ng and comparison. An important comporrent is the ability to transfer the 
operating system data into the Unigraphics system using FMEXEC. Approxi- 
m8.tely 170 worker-hours were required to develop this capability. A sample chart 
is given in figure 2. 

Figure 2. 

V A X - Z  S N E :  STDl CPU UTILIIATION GRAPHS 
..US 1984 
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Another capability which requires the transfer of data from the 
operating system into 'JG is the GRIP program NASTY, which automates creation 
of one of several types of representations of finite element model data on the 
CADICAE system. The original model in the form of a NASTRAN bulk data deck 
is processed by an existing FORTRAN program on an accessible VAX system to 
produce a number of files which define the graphic regresmtation more 
efficiently. The relevant data files are transferred into the system using 
FMEXEC commands, and the user then runs the GRIP program NASTY. NASTY 
allows the user to choose one of the three options for representing the model: a 
three-dimensional line drawing (wire frame); a NASTRAN model using the CFEM 



capability of UG, which includes assigning appropriate node and element labels; or 
a two-dimensional hidden line drawing. Approximately 340 worker-hours have 
been devoted to developing NASTY, which includes its current set of seven sub- 
programs. 

The first two options save the user from recreating a part on the CAD 
system for which sufficient information to automaticdly draw it exiats; Le., a . 
NABTRAN model has already been made. As an example, figure 3 shows a line 
drawing of the shuttle wing which was translerred to the McAuto via NASTY. The 
GRIP program to produce this model ran twenty wall-clock tnlnutes. It is esti- 
mated that to have created the same drawing interactively on the system would 
have required in excess of ten hours. Once on the system, the user can take 
advantage of the system plotters, the interactive editing options, and the  various 
viewing options available. 

Figure 3. 

In addition, NASTY has provided two capabilities currently unavailable 
on the CAD system: showing post-processing NASTRAN information (the 
deflected sbape) and a model with hidden lini s removed. Showing the deflected 
shaped (in addition lo  the original) is an option available for both the line drawing 
and GFEM model representations. An example of a model with its displaced ver- 
sion is given in figure 4. 



Figure 4. 

Although the hidden line drawing is only two-dimensional and, thus, can- 
not be viewed at other angles, it has been a much-sought capabiiity. Becsiise of 
the extensive computvtion required for removing hidden lines, performing these 
calculations outside the UG system appears to be an appropriate strategy. k 
hidden line view of the wing is giuen in figure 5. 



Figure 5. 
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The final example, the GRIP program MFR-RETRIEVAL, functions 
primarily as a management planning tool. For each shuttle mission on which the 
Manipulator Foot Restraint (MFR) Is carried, it must be configured to fit on the 
Adaptive Payload Carrier (APC) relative to the other payloads. This means 
choosing locatims among the thirteen bays, as well as specifying one of several 
positions on the APC in the chosen bay. The applications program developed uses 
existing CAD representativns of the MFR, APC, and its accompanying hardware 
and places them in the configuration selected by the user. Thus, management 
personnel involved in planning, who are often unfamiliar with CAD usa, e, have a 
simple, easy-to-use method of checkkg the placement of the MFR under differing 
circumstances and need not be trained on the CAD system. This application is 
possible because GRIP includes all the system interactive selection capabilities 
and the part viewing options. By allowing the personnel involved in the decision 
making direct access to the system and its capabilities, no buffer person for 
creating configuration options on the CAD system is required. Approximately 170 
worker-hours have been devoted to the development of this program. 

In addition to these m h  progress, several general purpose subroutines 
have been created, which are used by a number of the above programs. They 
include subroutines to initialize parts, to allow the user to select a color and font, 
and to select any one o: the canned system views. They are noteworthy as addi- 
tional capabilities to the programs and as demonstration of the modular design 
of software (i.e,, separately compilable subroutines) possible in GRIP. 

CONCLUSIONS 

Development of applications software 1-as been made possible in the 
Mc4uto CAD/CAE system by the existence of software to transfer data into and 



out of the system and by an interactive programmirlg language which performs 
nearly all of the existing system's graphics creatiodediting functions by 
command. Productivity has been increased by allowing transfer of mass quantities 
of data into and out of the system; by aliowing transfer in of pre-proceaed data 
(especially important for CPU-intensive ope.*ations); by automating creation of 
complicated, repeti the, and otherwise time-consuming parts; and by simplifying 
CADEAE operation for users and "non-users". Thus, in addition to the producti- 
vity gains realized by nearly any use of CADICAE systems over previous means, 
applications programs with such systems allow tailoring of existing capabilities to 
make the most efficient use of the system. 

From this, two recommendations are given for those involved in the 
procurement and management of CAD systems. Before purchase, be aware of the 
graphic programming and interface capabilities of any CAD systems under con- 
sideration, with emphasis on their ease of use and training required. Once 
purchased, provide for CAD programming support to undertake such projects. 
Effort devoted to such software development can greatly increase the productive 
and efficient use of a CAD system. 
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Quality Circles Work1 Their effectiw applicatiar in industry 
d pvemmmt has been Qn#lstrated. The results achieved in quality 
ad productivity iaprrnnernents and cost savings are inpressive. The 
circle process shaiLd be institutiaralizedtiithin industry and govern- 
nent. 

t !  

'1 This paper addresses the stages of circle vrogran Ipovth, , 
-i iravrvations that help achieve circle process insti-, d 
51 the result achieved at Nutin Marietta% MiChad Division and within 
C i 
;I 

the National h m m u t i c i  d Space Administration (NASA). 

Quality circle inplementation efforts have three basic s-es: 
the Pilot stage, the Ehpansion stage, and the Institutionalizaticm 
stage. In the pi lo t  stage, the objective is to prove that the quality 
circles process w. The quality circles process sponsor (usually 
are or m ~ e  top Le\Pel managers) is the judge of success. 

If d v a l  occms , the inp1ementati.m effort p r o p s e s  to 
the expansion stage. In this stage, the objectives are: to ackP mre  
circles, to expand t h  process into other areas of the orgaerization, 
and to provide additional proof that the process wmks. The iaplapenta- 
tion challengealthough still survival, mw includes: logical, continued 
growth; increased training and facilitation support; and, increased 
tec€mical and Logistical support fran the organization. Many quality 
circles progrmm get bogged dowri in this stage and sane fail .  

There are mmy reasons for failure a t  this point, a few major 
r e a m  are: lack of amtimed cannitment and sponsorship by manage- 
ment and/or the union; Lidequate or m training for the inplementing 
group and/or circles; too great of a dependency on the d t a n t  or 

- I  b d q u t e  consultant support; and, dnxmmtal instabilities, .. 
I 

p.: 
Reasars for progran stagnation include : limited managepnent q p o z X ,  
isolatim of the process in one part of the organization, limited/ 
inadequate training and facilitation support, a d  satisfactdm with 

F 

-1 
Wting  the prograu to this stage. 



to lityendproductivity. Theconmitteefitiatedanqmcy-wide 
hXtivitY Inpmvanent anti w l i t y  m c - t  (HQE) Mgran, uhi~h 
focuses on seven goals. "Broadening enployee participation in w e -  
merit decision maMng, " was a key goal established. To help accanplish 
this goal, NASA developed an agemy-wide plan to inplement NASA 
w loyee  Teans-NGTs (quality circles). In 1983, Martin Marietta's 
M W  Division was selected to provide assistance b. iapl-ting 
the NFTs process. 

NASA has successfully progressed through the pilot  stage and 
into the expansion stage. To date, nine W e d  f ifty-ane NASA NFT 
Coordinators, facili tators,  tern wmbers , and members of NASA manage- 
ment have been trained in the NFTs process. One hundred fifty-three 
NETS are operating within the agency. 

Martin Marietta Aerospace, Michoud Division 

In 1979, the Michoud Division, prompted by workfor= perf- 
cmcems (e .g . ,  30% overall and 55% hourly ~ m c e  d a t t r i t ion  
rates) des- and sequential1 irrplemmted several Quality of Work 
Life program. These programs Lm been ~"aessful  in assisting the 
wrkforce to  achieve 100% mission success on the External Tank (ET) Pro- 
ject. This was accuuplished with a l l  ETs delivered m or ahead of 
schedule, below estimted costs, and w i t h  high quality. Additionally, 
the present annual a t t r i t ion  ra te  for the workforce is 7% (below 7% for 
the b u r l y  wwkers ,) 

The Systems Refinanent Teams - SRTs (quality circles) process 
(one of the Mission Success Programs) began in June, 1979. Today, the 
division has one W e d  two SRTs in eight major Qpartmnts with an 
overall participation rate  of twenty-three percent. 

Both -anent and gnployees participate on teanrs. mty-  
six percent of a l l  managanent ( s u p e ~ s o r  and above) and twenty-one per- 
cent of a l l  non-managerent are directly involved in the process. Blue 
collar participation ra te  is currently thirty-four percent and white 
aollar participation is fifteen percent. The eleven hundred SRT m r s  
belong to  five basic team : eighty-tm %sic SRTs , five Task Tans ,  
four Think Tank Teams, six Integrated Teams, and five managemezlt Team. 

E)eghming in 1980 we began to track organizational neasures 
that =re readily available and of particular interest t o  division 
m m a g m t  a t  the outset of the SRT process. W e  soapared performance of 
hourly employees on teams with performme of those not on team and 
found better performance rates' on a l l  rrreasures for t a m  rrembers. The 
rates for team members have continued to improve and. the averages for 
four years (1981-19841, are as follows: 292 lawe: rate  of safety 
accidents, 36% lmer  ra t s  of hardware accidents, 29% l w e r  ra te  of 
union griwances, 24% lower rate of hardware nonconforumces, 40% lower 
rate  of lost  time, 51% lower rate  of at t r i t ion.  

Other benefits to the organization are m r e  diff icul t  to measure, 
but no less inportant. These include improved mrale ,  job kmwledge, 
problem solving ski l l s ,  camunication and cooperation, teawork and 
mimaganent developnent . 
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The following are successful adaptations and are referred to 

as t-: 

Managanent Tearus - These are conposed of the top managmt 
levels (staff ) w i t h i n  a departnoent and subdepartmmt . , They 
nonnally work long-term goal setting, iag-ts to depart- 
ment systans , and qloyee developrwt planning. 

Integrated Terns - These are camposed of mdxrs (usually 
middle level managerrent) from various departztmts. These are 
individuals that mxmally wrk as a group, or separately, to 
resolve probians in major systans (e. g. , mnamformance system) 
and mjor processes (e. g. , wlding process. ) Wakxrship 
frequently includes the m t c m r  (e.g. , NASA) and the auditing 
agency (e . g . , DCAS-Uefense Contracts Administration Senrices) . 
They mmitor and work improvements to major systems and proces- 
ses. 

Task Teams - Task Teams are usually cargosed of all manag-t 
(first and ruiddle level manageumt) or u m a g m t  4 employees. 
They form, and sornetin~s reform, to work a specific task (e .g. , 
imprwarmts to a business system). 

Think Tank Tears - Think Tank  earns m d l y  draw membership 
£ram the technical ranks (e. g. , -) of the organiza- 
tion. They form and reform as a team. These teams concentrate 
on research and developumt ard TEW business. 

Improvements to Circle Operation --  
The typical circle operation makes the circle dependent. The 

circle is dependent on the facilitator to provide access to llliinagement, 
access to technical support, access to logistical. support, and other 
factors that limit its independent operation within the organization. 
Each dependency factor has to be identified and resolved to accanplish 
a significant degree of institutionalizatiun. The following are in 
various stages of completion and knplemntation. 

Circle developmnt and operatian - Orientation of organization- 
al business and operating systans , long range goal planning, 
self-use circle project wnAdxmk and guide, qanded  group 
prc;~-ess skills training, and group &veloprrent and self -study 
guide. 

Technical and logistical support - Establisbt of technical 
and logis tical netmrks . 

RESULTS 

In 1982, NASA fomd an executive lwel productivity steering 
camittee to develop an agency-wide approach to continued improvmts 



Managing the implarmtation effor: becanes mre of a challenge. 
fill time versus part-tirrre facilitation and centralized versue decentral- 
ized operation are two decisions that have major inpact an the control 
and expansion of the process. Additional issues require attention as 
the circles g r w  in nudxz : providing mmageolent training, establishing 
a pgram measuremmt systan, and organization support for 
circle project inplenmtation, to 

The final stage, institutionalization, is the transitional 
stage that accarglishes transfer of the quality circles process to the 
organization. This stage is cuqleted when the quality circles process 
persists as a normal, self -sustaining wrk process within the orgdza- 
tion. In this stage, the major objectives necessary to initiate trans- 
fer of the process to the organization are: decentralization of the 
iaplementing activity, adaptations of the circle process, and inprove- 
m t s  to the circle operation. 

Decentralization 

Decentralization of the ~letwhting activity provides a trans- 
fer of respmsibility of several major factors that affect institution- 
alization, from the central implanenting group to each departnmt within 
the organization. These factors are : spunsorship , c u m i t ~ ~ ~ ~ t ,  sensing 
and recalibration, training, second level diffusion and intervention, 
formalizing ~chanisms , goals, rewards, and consultant support. [ 1 I 

Decentralization should be we11 planned; inplemznted on a con- 
trolled, &pammmt by &p-t basis; and, by a consultant/facilita- 
tor trained, and preferable e w e n c e d ,  in the decentralization process. 

The initial steps are as follm: The facilitator - cansultant 
is assigned by the central implmting group to a department and re- 
ports on a "htted line" to the department director, while ranaining on 
the payroll of the central implanenting p u p .  He conducts the neces- 
sary study and &velops a tr- and implementation plan. With 
director concurrence, the plan is implemented through a department 
steering carmittee composed of the director's staff and the facilitator- 
consultant. The plan specifies top down training of all department 
managmt and anployees, with resultant formation of circles thrt~ugbut 
the department. 

Adaptations of the -- Circle Process -- 
Organizational adaptations of the typical circle are necessary, 

where application of the typical circle structure and/or process does 
mt satisfy the particular organizational need. Providing the necessary 
adaptations satisfies this need and increases the rnnk!r of organiza- 
tional mahers participating in the circle process - allowing a higher 
degree of institutionalization of the process. [I] 



The SRT process staff i s  amposed of nine dedicated profes- 
siamds with doctors (four) and masters (five) degrees in the behav- 
ioral sciences. They use a amtiming research and developnent ap- 
proach to the process and are credited with several major irararations 
to the quality circles process. The Hchxrd Division was awarded in 
1985, the f i r s t  International Associatian of Quality Circles' Fxcel- 

, lence Award, for their contributions to che quality circles process. 

[I] Goodnlan, Paul S. and Dean, James W., 'Why Productivity 
Efforts Fail. Paper presented a t  the m i c a n  Psydrologi- 
cal Association, August 1981 and she Quality of Work Can- 
ference, Toronto, Canada, Septedm 1981. 
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process. 

M r .  Tortorich i s  the Martin Marietta Aerospace rmnber of Space 
Shuttle btivation Panel and has chaired several productivity panels 
for regiondl and national conferences - including the ! 983 ,dustry - 
NASA - Air Force Space Division Mission Assurance &inference. He has 
18 years experience in aerospace mmagernent. 



PRODUCTIVITY ENHANCEMENT PLANNING USlNG PARTICIPATIVE 
MANAGEMENT CONCEPTS 

Marvin E. White and James C. Kukla, Lockheed Engineering and Management 
Services Company, Inc., 2400 Nasa Road 1, Houston, Texas 77258 

ABSTRACT 

This paper describes a pmductivity enhancement project which used 
participative management for both planning and implementation. 

It reports the process and resdts associated with using participative 
management to plan and implement a computer terminal upgrade project whore 
the computer terminals are used by reseamh and development (RhD) personnel. 
The upgrade improved the productivity of R&D personnel substantially, and their 
commitment to the implementation is high. Successful utilization of participative 
management for this project has laid a foundation for continued style shift toward 
participation within the organization. 

IHTRODUCTION 

This paper describes a productivity enhancement project which used 
participative management for both planning and implementation. It provides 
comments on the concepts of productivity enhancement planning in R&D and 
participative management, as required, to establish the backgrwnd and central 
ideas for the particular project being described. The paper is thus a report of the 
accomplishments, the procedures, and the observed results of this project. It does 
not lay a rigorous foundation justifying the concepts of pa.rticipative management 
in a general sense. The particular situation dealt with in this productivity 
enhancement project was that of providing an efficient Johnson Space Center 
(JSC) computer mainframe interface for system and software engineers who work 
under contract to JSC* and are located off, but near, the JSC site. 

*From the beginning of the project, NASA/JSC contract Technical Mana- 
gers E. P. Odenwalder and R. D. Mercer were highly supportive of the enhance- 
men? objectives and the participative process. They encouraged management and 
the employee teams during the study end ultimately had the confidence to approve 
the funding. Their insights and understanding of the value of the planning and 
approach were essential to the results achieved. 



Productivity in R&D activities is a composite of the productivity of both 
the team members who work in advanced technology and ' he members who 
provide support servicr - and tools to those in advenced tect~nolog-j. A general 
approach to R&D produc ~iv'rty enhancement planning thus deals with (1) the 
effectiveness of the systems and tools supporting R&D, (2) the effectivcnesa of 
R&D personnel in applying the support systems and tools, and (3) the quality and 
quantity of RdtD personnel's innovation. 

All these are cnnC.iflates for enhancement through participative man- 
agement techniques. The fir*st two can be dealt with by using R&D personnel as 
enhancement planners and irnplementers. The third can be dealt with by using the 
R&D personnel to help define and implement an organizational culture which will 
permit the n~tura l  curiosity and inner motivation of people to show up routinely in 
their actions. 

APPLIED PARTICIPATIVE MANAGEMENT CONCEPTS 

Experience and research have defined participative management as a 
strategy, and have shown its value in achieving organizational performance 
gains. Specifically, some of the quality programs which enlist the operative and 
concerned individuals in the organization to develop operation plans have produced 
very significant results. The basic principle in applying participative management 
to productivity enhancement planning is ta let the "insiders," or conceri~ed 
individuals, do the planning, since they have the most knowledge about the actual 
situation. This achie~~es a technically superior plan because of thc special 
knowledge of the insiders and, just as importantly, a commitment to the solution 
by the insiders. Management and staff mu:st provide all the encouragement and 
special technica! expertise required by these insiders. In addition, management 
must provide for integrahn where two or mo,re teams or individuals develop 
separate (and perhaps incompatible) plans. 

Though the potential benefits of applying participative management are 
consideraole, application of the concept has some characteristic difficulties for 
both management and the employee participators. 

First, there is a learning process cissociated with participative mailage- 
ment. Management's solicitation of and dependence on employees to provide an 
element of management planning is often a new concept for both managers and 
employees. Management sees this as lost control of a major element of the 
planning process, while the employee often is so awed by the increased planning 
responsibility that he retreats from it. Surrender to these early concerns drives 
the ~rganization toward continuing the status quo and serio~sly impairs the 
developmerit of a participative ~nanagement process. 

Secondly, participation is not always easy to establish. As it stan-&, 
managers have the ultimate responsibility and are at risk for planning. In a partic- 
ipative management environment employees can also participate in the planning 
and thus become responsible and at risk for the plan. However, they can also 
defer to management and avoid the risk. Consideration for safety will  drive many 



to opt out of pnrticipation. A major responsibility of management in a par- 
tic!pative management environment is to encourage and motivate participation. 

Thirdly, using employee teams in participative management introduces 
an element o:' uncertainty into the planning procesa which can be of considerable 
concern to managers. One characteristic of a team, formed spontaneously to be 
an element of participative management and to address ill-defined situations, is 
the unpredictability of the form, content, or schedule of their output. The team 
may achieve a highly relevant and creative solution, have it in good form, and 
produce it on an acceptable schedule; or it may not do any of these well. To 
achieve all that is possible in getting at  the genius of the organization through 
participative management, managers must accapt this uncertainty and find a way 
to rupplernent the group's output or reshape it to fit the organization's structured 
planning needs. 

TRADITIONAL VERSUS EMERGING STYLES FOR PRODUCTIVITY 
ENHANCEMENT PLANNING 

Traditional approaches to productivity enhancement planning utilize an 
outside planning team (the planners in small organizations are the manager and 
supervir,or, and in large organizations they are industrial engineers), which is 
composled of members who are not a part of the operative team actually engaged 
in the day-to-day work. They are generally highy skilled peopJe who bring ne- 
methods to a local work situation. These approaches tend to be extremely eft i .. - 
tive where observatioil of the process can determine the most productive method 
and where human motivation and commitment are simpler to assess and accom- 
modate. In RdtD, however, the traditional concept of using the outside enhance- 
ment planning team has serious deficiencies in determining the effectiveness of 
various methods from outside observation, and in the corn~itment of the inside 
team to rmplementation of someone else's plan. 

The emerging participative management approach enlists the actual 
tean: of insiders doing the work (and other experts as required) to produce an 
enhancement plan which they ultimstely implement. Situation assessment 
becomes a matter of self-analysis, and ~zmrr~iiment to the plan becomes a matter 
of supportiag something which is self-owned. The most relevant issues arc thus 
addressed in the plan by those who will implement the plan. 

PARTICIPATIVE MANAGEMENT AT LOCKHEED VIA THE 
QUALITY PROGRAM 

For several years Lockheed Corporation has had quality programs in the 
various divisions of the Company. Since these programs generally are designed by 
the employees at  that location, the exact implementation of the program varies 
from division to division. At Lockheed Engineering and Management Services 
Company, the program is composed primarily of two major vehicles for employee 
participation. The two major parts of the prqgram are Performance Development 
Teams (PDTs) and a written suggestion arrd information request system. 



The PDT3 are groups of concerned and operative individuals interested in 
assessing and changing some aspect of the work process. T5ese teams can deal 
with ongoing operations or with a specific issue. They can be formed 
spontaneously by an employee group or as a management support team to answer a 
question of concorn to management. They are assisted by a tralnsd facilitator 
who helps the group get a t  their area of concern and accuire the management 
support/expertise they need to do their planning. They can make changes 
themselves if it involves only the way they inteeact. They can ask for manage- 
ment support if  assets or changes outside their control are involved. 

PDTs wzre used to effect the productivity enhancement ulanning project 
which 13 discussed in this paper. 

PRODUCTIVITY ENHANCEMENT PROJECT R4CKGROUND 

The wcrk situation which is the subject of the enhancement project 
involves several hundred system st73 software engineers locatod remotely from, 
but in the v'cinity of, the JSC computer mainframes which they use to perform a 
wide range of engineering, data management, snd  software developmcr .asks. 
The data bases and specific software used by these engineers are generally 
resident on the JSC mainframes. 'I'ne engineera access the JSC mainframe via 
offsite or, as required, onsite terminals. They change the data bases e.nd/or 
programs, set up the analyses to be accomplished, and establish the form of an< 
view the program output via terminal interfaces. The effectiveness :and aypropri- 
ateness of this terminal interface impact the individual R&D engineer's productiv- 
ity significantly. The interfacing term~rrals which were in place before the 
enhancement project were a number of (relatively) low capability '?e?minals, which 
were over 5 yeers old, and r i  few personal, computers. Terminals opcrated a t  low 
transfer rates and were capable of vepy little in the way cjf graphics. Low line 
speed, no local processing (for most terminals), sild practically nc graphics 
capability were the undesirable features which the engineers saw as llmiting their 
productivity. Of fsi te operating limitations, some of which resulted from the 
a%ve, were poor avai!ability of word processing, local program development, a d  
data base management capability. In adCition, the low transfer ra tes caused 
terminal respcrnse time to be multiple seconds rather thsn the generally accepted 
standard of less than 1 second. Pnor response and lack of graphics capability 
f ~ ~ - d  engineering personnel to go on the JSC : ' te  to access more appropriate 
terminals when work emphasizing these characteristics was periormed. The 
unproductive time (1 to 3 hours) to travel to the JSC site and return was a major 
driver for enhancing offsite capability. 

The goals of the enhancement project can be summarized as follows: 

Reduce onsite travel for terminal access to a m i n i m u m  
Increase line rate to improve terminal response t ine  
Provide adequate and cost-effective graphics 
Provide word processing, data base file space, and local program development 
capability in the engineer's work space 
Size and configure the hardware1:of tware to provide enough capacity and 
access to peyform the actual engineerrng task 
Develop operating processes for the terminals/sys).erns, and optimize 
locrition of terminals, systems, and documentation 



PROJECT PROCESS 

Both personal and organizational concern for productivity motivated 
formation of PDTs to assess the ;erminal interfaces. One Lockheed department 
formed an employee-initiated PDT, while another departrent formed one by 
management initiative. Both assessed situations and developed pinns per the 
concepts of the PDT process. Other offsite departments were candidates for 
similar team activities but were less motivated because of differenees in their 
work. Figure 1, terminal uarade planning process, illustrates the sequence and 
activities associated with the planning and impltmentation project. This sequence 
documents the way the process proceeded. It was not predetermined and was not 
a plan used to guide the prccess. Some of the uncertainties associated with PDT 
operations, along with e deliberate bias at  Lockheed toward minimum 
management guidance for PDTs, often mean that only gross direction and plans 
are defined at  project initiation. The process unfolds as management and 
employees interact to achiek commonly held objectives. The sequence and 
activities are varied and e:e recast as the process is c=ried out t~ address, among 
other things, the following: 

Level of PDT initiative (or lack thereof) 
Need for management or staff assistaace to the PDT 
Need fcr integration of activities between more than one PDT or interest 
Approvals and review required to reach objectives 

Scope expansion or compression, review, and rework are all common as the proc- 
ess evolves. 

FIGUM 1 TERMINAL UPGRADE PLANNING PGNESS 

PDT DEVELOPS 

PDT DE'JELWS INT€GRATED PLAN 

On the terminal upgrade project, the: team which was employee-initiated 
was formed from representatives from each section in the department; all were 
solicited by the initiators. A te8m was thus formed which included the initiators 
and representatives from across the department. The management-initiated team 
was formed in much the same manner, except that management solicited key 
people, who then solicited golunteer; to serve on the team. 
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Both teams' initial meetings were with a trained facilitator. The 
facilitator introduced tools such as brainstorming, issue identification, and 
prioritization techniques to assist the group in the practical aspects of team 
analysis. These first meetings brought out common issues or problems around 
which the individual members could unite and design "teamn action. 

Initially under the direction of the facilitator, and later under elected 
group leaders, the two groups worked individually to identify issues and to evolve 
strategies to deal with the issues. A general sense of competitiveness between 
the two groups emerged and tended to keep the teams working independently. In 
addition, the employee-initiated team perceived themselves to have a lower level 
of management support than the management initiated team. This increased the 
strain on team relationships and motivated isolation. Little sharing of information 
was done, and some activities were duplicated. Management did not encourage 
integration a t  this point, preferring, rather, independent studies by the two 
groups. 

Both groups devised strategies that included the use of survey and 
interview data to provide the base needed for determining current and projected 
usage of terminals. The teams solicited information from vendors and looked a t  
state-of-the-art equipment to determine available approaches. During the course 
of the investigation, a numbe;. of working-level changes in process were made by 
the team to increase their group's productivity and performance quality. These 
changes generally had to do with identification of available software developed by 
the group, rules on document use, software stor&ge, and other such issues. 

After a period of data gathering, surveys, and analysis, each of the two 
active teams produced its findings. T h e  findings were their recommendation (and 
their justification) for acquisition of various kinds of terminals. The two sets of 
findings presented by the two departments were, of course, focused along the line 
of theJr needs. There were differences reflecting the variation in application and 
in the preference of the teams for certain solutions. 

A study of the findings by management concluded that the output of the 
two teams should be integrated, reconciled, and supplemented with data from the 
remaining ofkite departments. A team composed of several members of the 
original two teams was tasked to provide an integrated approach and to expand 
the study. This team, designated the Integration Performance Development Team 
(IPCT), was to produce a plan which addressed the needs of all offsite personnel 
using terrninals /micr~~~mputer~ to connect to JSC mainframes, and which also 
integrated the essentials of the plans produced by the two departmental PDTs. 

Work on the previous PDT planning effort gave the team an experience 
basis. As a result, the team evolved their study plan and timetables in tne first 
meeting. The team worked with management of the various offsite organizations 
to identify and define current and projected conditions, goals and operations 
drivers, need dates, and special oprating situations. Most of this additional 
information was provided by a management-appointed representative from each 
department in response to a survey. All additional data were summarized and 
combined into an overall plan showing current and projected need. 

A rc . iew by senior management was concluded with excellent com- 
ments. Kowever, a cost/benefit analysis was required to make the final decision 
on funding. Neither of the PDTs had technical qua1ificatior.s or experience in 



providing costlbenefit analysis. Senior management provided the expertise in this 
area and initiated a brainstorming session to identify "what ifs" pertaining to 
various plan implementation sceriarios. Compilations of productivity losses and 
productivity gains associated with the status quo and with implementation of the 
plan were made. The kinds of data compiled were: 

0 Time lost in transit to terminals onsite at  JSC because adequate facilities did . 

not exist offsite 
a New capabilities of ihe equipment and immediate as well as farther term 

productivity gains associated with the equipment 
a Productivity improvement associated with a communication transmi-"ion rato 

upgrade and improved terminal response 
a Evolution of tile work toward more graphics, word processing, and local 

program development 

The plan provided quantified costlbenefit data for two areas and addi- 
tional performance justification, which was unquantified, in the general area of 
performance enhancement. 

Quantified Benefits 

0 Eliminated 23,000 individual round trips per year to onsite terminals, for a 
yearly cost avoidance of $ 1 . 3  M. 

0 Improved response time zt the terrnina! to less than 1 second for entry and edit 
functions, thus improving efficiency by 25 percent (based on entry and edit 
evaluation tests run at various line rates) and saving $575,000 per year. 

Unauantified Benefits 

0 Improved graphics, more user-friendly equipment, and improved communica- 
tions to the customer 

0 Improved and more ava;'?ble word processing 
0 More effective offsite data base development and manipulation 
0 More offsite program development on the microcomputers 

More terminal time available to JSC and other contractors on the JSC onsite 
terminals, as Lockheed engineers use offsite terminals. 

By conservatively assigning .real and best-judgment cost/savings values to 
some of the previously mentioned areas, the integrated plan codbenefi t  analysis 
showed a 3-to4 cost savings for the year. A phased plan was developed to priori- 
tize requirements to correspond to various funding levels. The recommended 
implementation level was thus partitioned to recognize the  possibility of inade- 
quate near-term funding. The final review with senior management and with the 
JSC Contract Manager (since this iz a cost reimbursable effort) resulted in 
approval for immediate implementation of 25 percent of the total plan with a 
commitment to cent inue to address the productivity improvement issues raised in 
the plan in phases over the next few years. 

Procurement of the equipment was accomplished by the PDT with assis- 
tance from their management and t.'.e procurement staff. Those team members 
who had worked on the initial assessments and were very committed to the 
solution were still on the project. The team members were also used to install the 
equipment as received, establish new working guidelines as it came online, and 
develop performance measurement data collection methods. This group gradually 
diminished in size as t h e  installation effort was completed. The chairperson of 



the group has remained and formed a new PDT for terminal utilization 
productivity and performance measurement. 

MEASUREMENT OF RESULTS 

In the plan's cost/benefit analysis section, projections were made con- 
cerning productivity increases and cost avoidance or savings. When the equipment 
was installed, a new scheme for measuring results was initiated. Recording 
~rocedures were enhanced and enlarged to include all users of offsite-to-onsite 
computer systems. Representatives from each department met to organize the 
data collection/design effort. Procedures were set up to measure mainframe/ 
local application, wall clock usage, number of trips made onsite to use the 
computer facility, data transmission rate, and device usage. In addition to these 
procedures, a monthly Offsite Terminal Report summarizing the performance 
information was initiatec! to keep both JSC and Lockheed management informed. 

RESULTS OF OFFSITE COMPUTE2 EQUIPMENT ENHANCEMENTS 

The figures referred to in this sect'ion are similar to the graphs included 
in the monthly report presented to JSC and Lockheed management. For the pur- 
poses of demonstration and discussion, the details of the monthly results have 
been reduced and simplified and are shown as "before" and "after." Data describ- 
ing the conditions before the upgrade were assembled in August 1984, a ~ d  the data 
describing conditions after the upgrade were assembled during the first quarter of 
1985. The critical event determining the before and after is the installation of 
new devices into the work environment. 

The data producing these results are supplied by the device users. Each 
time the user initiates and compietes a terminal/microcomputer session, that 
person is responsible to make an entry in a log provided alongside the device. 
Each log entry then becomes a data point to be entered into a data set which is 
processed through a reduction program. 

Figure 2 shows the change in offsite connect tin1 m i t e  mainframes 
across the critical period. Prior to the equipment purchast, imnect time was 
below 900 hours per month. After the purchase and Instailation of equipment, 
connect time increased over 150 percent, with the current montKy mainframe 
connect time running at 2400 hours. 

Figure 3 displays the frequency of round trips per month made by the 
total user set to access onsite facilities. Plotted alongside the number of trips per 
month is the lost transitim time due to the onsite trips (Note: Through interviews 
with frequent onsite travelers and observation, it was determined that lost time 
per onsite round trip averaged more than 2 hours). Reduction of both trips and 
lost hours is in excess of 83 percent. 

The upgrade plan postulated thpt the reduction in onsite trips through the 
purchase of additional offsits equipment would dramatically and directly increase 
the offsite terminal to 1" 3 mainfranle connect time; figures 2 and 3 demonstrcte 
that this has, in fact, occurred. 
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Figure 4 displays local microcomp~.ter wall clock usege. In addition to 
the "before" and "after" data points, a "transitionw data point has been addea. The 
before and after change represents the increase observed in the first two months. 
Through data analysis, it was observed that this change was mainly attributed to 
the increased use of microcomputer word pr~cesshg capabilities by experienced 
clerical personnel. The data taken through the first quarter of 1985 (transition 
step) show the increase in microcomputer usage by the new users (i.e., analysts 
not experienced with word processors and other microcomputer capabilities). 
These data illustrate both the near-term benefit of suppiying ~mproved equipment 
to already expe,ienced users and the longer term benefit accrued as new users 
begin utilizing the new methods afforded by the equipment. 

Figure 5 presents device usage rate. A total offsite usage rste is 
obtained by summing the hours of offsite mainframe and m icrocomputer connect 
lime per period (figures 2 and 4). Dividing this sum by the total number of active 
terminals/microcomputers for the same time period determines a total device 
utilization rste. Prior to the plan implementation, the utilization rate observed 
was 60 hours per month. After the installment of the new equipment the rate 
increased by 10 percent to 66 hours per month. This figure demonstrates that a 
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demand for additiona! terminals exists. Although 24 more devices were added, the 
device utilization race actually increased. 

SUMMARY 

The final results of the project, when summarized, fall into the 
categories of productivity enhancement results and participative management 
observations. The paragraphs which follow sum marize these two aspects of the 
results. 

Productivity Enhancement Results 

Through the investment of $150,000 in the terminal upgrade plan (one 
quarter of the plan) a cost avcldance of over $1.4 M has been established and 
easiiy verified, based on those areas most easily quantifiable. A number of other 
productive areas have been improved, though the cost avoidance associated with 
them is less easily established. Specific areas of cost avoidance and productivity 
increase are listed as follows: 

Cost savings of nearly $1.1 M per year were experienced as a result of 
reducing by 83 percent the number of onsite trips to use computer facilities. 
Connect time to JSC mainframes increased by over 150 percent. 
Local microcomputer use increased 500 percent. 
Individu~l terminal response time has improved by a factor of 2, thus estab- 
lishing a work efficiency gain and resulting cost avoidance of $325 K per year. 

8 Though 24 new devices were brought into the work environment, the individual 
device usage rat? has increased by 10 percent rather than decreasing. 

Participative Management Observations 

The participative management approach and its relationship to the 
project providcd a teaching and learning forum for both participants and observers 
within the organization. The following observations were made for both 
management and empioyee/operative participants. 

Observations about management behaviors -- were: 

6 Senior management was highly enthusiastic about the process. 
e Initially uncommitted but willing, middle management finished the process 

committed and enthusiastic about future use of participative management. 
8 All managers learned a great deal about how a PDT must be supported 

motivationally and technically in order to achieve a useful end product. 
r Prospects for future dependence on PDT effort are excellent. 
8 PDTs will compete if working in ttie same arena; competition is not necessarily 

negative and may actually inspire. 
Managers realize that a straightforward project plan which includes one or 
more PDTs is difficult to generate a priori. 

Observations a b u t  employee/operative behaviors were: 

PDT members began the process feeling substantially a t  risk with colleagues 
and with the participative management concept but were motivated by 
personal interest in terminal upgrade. 



PDT members feel satisfied with the result and with their participation and 
are willing to be part of future planning processes. 
PDT members gained expertise and skill in PDT operations as the project 
unfolded. 
PDT members realize that it is not straightforward to get management 
attention. 
Individual PDT members gained valuable systems, business, and behavioral 
dynamics development through their experience. 
Cognizant employee groups are more receptive to the concept OF participative 
management and are willing to participate. 

CONCLUSION 

The experience and results reported in this paper establish a successful 
case of using participative management for productivity enhancement planning 
and implementation. Both Lockheed managers and employees, cognizant of the 
project, generally agree with the good results and have a greater appreciation for 
employee participation. A major result of the project is the potential for style 
change toward participation within the organization because of having demonstra- 
ted the benefits thereof. 
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RESULTS OF INNOVATIVE CC MMUNICATION PROCESSES 
ON PRODUCTWTY GAINS IN A HIGH TECHNOLOGY ENVIRONMENT 
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ABSTRACT 

The intention of this paper is toxhare the technology which has resulted 
in performance breakthroughs a t  Lockheed Engineering and Management Services 
Company, Inc. (Lockhced-EMSCO). As a result of the innovative approaches of 
communicating productivity conce ts to the employees, specific outcomes can 
now be pinpointed at  all levels of t e e organization in such areas as: 

a Employee-headed programs 
a Performance feedback processes 
a An investigative approach to creating leadership 

The Lockheed Corporation began the innovative trend in 1974 when they 
became the first company to introduce quality circles in America. Although some 
of Lockheed-EMSCO's processes may sound different from traditional improve- 
ment processes, the context out of which those to be presented evolved has 
sustained more than ten years of positive results through employee involvement 
activities. 

THE CHALLENGE 

Lockheed-EMSCO was established in 1980 and set its mission to be the 
recognized service industry performance leader. Alth-ogh the company was 
already performing well, it recognized that its success depended on helping the 
customer be successf~l. What was needed was a way of looking a t  new possibili- 
ties which would produce sustained performance excellence. To fill this need 
Lockheed-EMSCO decided to develop a proactive culture - one which initiates 
rather than waits to be told which actions to perform. 

The challenge became clear that to accomplish the mission, the focus 
must be on innovation and creation rather than simply problem solving. 

QUALITY AND PRODUCTIVITY CONTEXT 

In Lockheed-EMSCO's business, which is providing management and 
technical services, selected management teams go where the work is to be 
performed. Often the work is performed i n  government-provided facilities. 



Therefore, :he company's gieatest resources are the men and women who work for 
Lockheed-ESMCO. Company investments are heavily focused on people-centered 
programs because Lockheed-EMSCO operates from the context that people make 
a difference. 

THE PROCESS AND BREAKTHROUGH RESULTS 
OF THE INNOVATIVE ENHANCEMENT APPROACHES 

Webster's Third New International Dictionary (unabridged) defines 
"breakthrough" as (1) a sudden marked increase in prices, values, etc. above 
previous levels, (2) a sensational advance in knowledge in which some baffling 
msjor problem is solve& Lockheed-EMSCO has observed a marked increase in 
creative ability to solve both major and minor problems. 

This section discusses the processes used and the results of Lockheed- 
EMSCO's improvement efforts. Many lessons have been learned as a result of the 
actions that have been taken. Many breakdowns have been turned into break- 
throughs as a result af these tools. The contention is that the company is now 
better prepared for future involvement of its employees in the decision-making 
process as a result of the lessons that have been learned. 

Getting Started - 

The process began by sending out a questionnaire to all employees at  all 
levels of the organization. The objectives of the questionnaire were to: 

Gather quick and useful data about the work force 
e Pinpoint employee-perceived issues 

Avoid tackling the wrong issues 
Help employees focus their thoughts on what was needed to enhance their 
personal productivity 

0 Highlight points for future discussions 

Feedback sessions were conducted with all employees after all the dats 
had been analyzed. Many of these sessions evolved into ad hoc groups whose pur- 
pos@,was to look more specifically at  which of the survey findings most often 
interfered with their ability to perform more creatively on the job. These group 
interactions, the survey stats, and the comments that employees wrote on the 
survey proved to be the most valuable indiccltors as to what was really stifling 
creativity in the organization. 

Data Analysis 

It was discovered that before task specific issues could be tackled, it was 
imperative that employees' concerns about the quality of their work life be 
addressed. Employees were interested in knowing more about marketing plans, 
company benefits, upward mobility, and reward and recognition practices. 

The topics of interest and preliminary discussions with employees indi- 
cated a need for more coactive interactions between management and nonrnan-. 
agement employees. The things to do next began to unfold once all the people 
were heard and the written data were analyzed. 



The Actions Ta& 

A. t this point was begun what is called a "top-down/bottom-up1' 
productivity enhancement approach. The f imt "top-down1' efforts were aimed a t  
prepming employees for the change that had begun to take place. To start the 
process, The Blanchard Training and Development consultants were invited to 
work with the management team. The Blanchard Situational Leadership training 
was to help managers and supervisors recognize the various developmental levels 
of the employee and to match each level with an appropriate leadership style. 
The management tearn needed to be prepared for whatever came up as employees 
discovered new ways of communicating their ideas. A major fallout of the 
Blanchard work with managers and supervisors was the design and implementation 
of a Performance Improvement Plan (PIP). The PIP is a set  of formal discussions 
between a manager and an employee for the purpose of discovering how the 
employee is presently performing a job. It is an ongoing process consisting of 
three phases: performance planning, performance monitoring, and performance 
evaluation. Through this process, employees receive ongoing feedback -- which 
seems to be the number one motivstor of people. Clarity of goals and accoont- 
ability for perf or mance are two by-products of this process. 

Results of Situational Leadershie ----- 

Blanchard Training and ~evelopment has had a significant impact on 
improving management effectiveness a t  Lockheed-EMSCO. Many managers are 
using Situational Leadership on a day-"0-day coaching and counseling b a ~ i s  and in 
performance planning and review. Out of this work management saw a need to 
replace the Performance Appraisal Review system that was being used. The 
Performance Improvement Process (PIP) was designed to replace the old system 
which did not allow two-way interactions between management and employees. 
Management became more aware that employees need to know what is expected 
of them and must have regular, thorough, and honest feedback on their progress. 
This new process gives managers 8.nd employees the f e e d t x k  both need. 

This training and development process resulted in: 

0 A new performance appraisal system based on the concepts and language of 
Situational Leadership 

0 New performance appraisal forms 
0. Managers who can use the new performance appraisal process and train others 

to use it 
0 A core of in-house trainers who can assist others in learning and implementing 

the new performance appraisal .process 
0 Improved corn munication between various levels of management 

Improved management skills on the part of managers and supervisors .as related 
to performance appraisa! (30% sf the current management team has s ttended 
the Blanchclrd Sit tlational Leadership training.) 

C h a l l e ~ s  to Overcome --- 

Since t h e  implementation of the process, many hours have been spent 
refining the system. The amount of time management would have to spend with 
each employee throughout each of the t h e e  phases of the PIP was not given 
enough consideration. Both ma.iagement and the people being evaluated i~greed 
that the procedures needed to be shortened. Both groups also agreed that 



although the procedures needed to be altered, the process was a marked 
improvement over the old formar. 

Another Action Item: Employee-Headed Programs Begin 

The first "bottom-up" effort was a request that employee8 consider the 
possibility of devising or improving systems that would improve the quality of 
their work life. The first breakthrough was the creation of the Lockheed 
Information For Employees/Performance Enhancement Recommendation System 
(LIFE/PERS). The process was initiated by a nonmanagement employee who wam 
excited about the opportunity to communicate an idea he had held on to for 
years. The LIFE/PERS was to provide a mechanism for commonication among all 
levels of the company. The LIFE portion of the system focuses on questions and 
answers primarily about company policies and procedures. The YEdS portion 
offers a mechanism whereby any employee may make suggestions that will, in his 
opinion, enhance operations and employee productivity. There is an optional 
provision for anonymity. The committee that is responsible for operating the 
LIFWPERS consists of nonmanagement rspresent~tives from each of Lockheed- 
EMECO's four branches. At least one of' the members must be an hourly employ- 
ee. The committee asks a fifth nonmansgement employee to serve as the chair. 

Major by-products of the system are that employees are able to request 
information or make a suggestion in a timely way. Thus with less time needed 
resolving issues related to the quality of work life, employees can involve 
themselves more often with task specific innovations. Finally, althovgh managers 
and supervisors do not serve directly on the committee, coactive participation is 
always needed to resolve issues or implement suggestions. 

Results of the Lockheed 1:lformation For Employees/Performnnce -. 
Ezttancemen: Recommendation System (LIFE/PERS) -- 

The LIFE/PERS Committee was the first major demonstration of the 
work force's desire to share the accountability for improving company 
productivity. The original committee was comprised of highly tecnnical 
individuals, which may account for some of the detail that the system 
exemplifies. For the first time in the history of Lockheed-EMSCO a group of 
nonmanagement employees devised a suggestion system, which included a scale to 
rate the impact of a suggestion on productivity. This totally volunteer committee 
began by writing a letter declaring their self-created functions and responsibili- 
ties. The committee passed the letter through the president's and the program 
manager's offices, for d ~ a l  signatures, to be sent out to all employee9 ?s an 
expression of top management support. The committee was encourwed by senior 
management's obvious trust and committment to their success. 

The committee's actions alont are one example of the enhanced creative 
abilities that can show up once innovative openings are created. Because of these 
employees' initicitives the company has expzrienced a marked increase in valuable 
suggestions over the past four years. Many have been implemented, some are 
being considered for implementation, and others cannot be justified based on cost 
effectiveness or other factors. Some valuable outcomes are: 

LIFE/PEP.S - has served as a valuable tool to help close any gaps of perception 
that may exist betwem empioyees at all levels. Because anonymity is 



maintained upon request (through the committee member of the requestor's 
choice) important, sensitive issues have been handled more effectively. 

8 Monetary rewards for suggestions - Committee members discovered in a 
random survey of employees that monetary re,wards were desired over savings 
bonds or merchandise. Rewards are distributed a t  the end of each calendar 
year for suggestions scoring highest. The weighted factors used by the 
committee to rate the suggestions are quality of work life, cost 
saving/avoid~nco, productivity, employee morale, impact, cost to implement, 
applicabilitylscope, and healthhafety. 

8 LIFEIPEEIS bulletin - Bimonthly distributions to all ernployecs help to: - Clear up misinterpretations of company policies and procedures and 
communicate consistent information to all ~employaes at  the same time - Help other employees emulate the act of suggesting improvements - Point at  what else needs to be addressed a t  d l  levels (benefits, 
mtmagementlemployee development, facilities improvements, e tc.). 

8 Special Purpose Teams - improve management/en?ployee interactions as both 
groups align to investigate issues and suggest rec?mmendations. 
In-house delicatessen - Growth in the Clear Lake area continues to affect the 
amount of time it takes to get to and from the joo in the mornings and 
afternoons, as well as during lunch. Employee awareness of the n e ~ d  to honor 
audit requirements led to the suggestion of an in-house deli. Workers car? [low 
kave home early, avoid the rush, and eat a hot breakfast in the deli without 
the anxiety of being late for work. Whether for the purpose of meeting a tight 
schedule, avoiding inclement weathcr, or simply avoiding the lunchtime 
traffic, employee morale has been improved as a result of this new addition. 

These are just a few of over four hundred questions and suggestions the 
committee has received s'nce it was first announced to all employees in 1982. It 
is important to note that this process is used more ofter~ to address issues outside 
the scope of ones work. The Performance Development Team is used to forward 
actions that are more task related. 

The Difficultlof - Reversing Roies -- 

Initial!~ managers were not accustomed to responding to requests from 
below, and nonmarmgement emp1o;rees were not always familiar with nor had 
access to information which helps them p-oceed efficiently. After four years of 
authentic top managenent support, training, and acceptance of the fact that 
everyone can contribute I:) each other, er~ployees seem to be c l ~ s e r  to realizing 
the value of working togethe? a t  all levels. Some are still experiencing frustration 
adjusting to these nc w roles. Although unpopular responses sometimes evoke cri- 
ticism from employees, participatior: is increasing. The ccmmittee has received 
more suggestions in the first six months of 1985 ,khan it has in any prwious full 
year. 

The LIFEIPKRS design was well thoul"!it out, and senior managen:cnt was 
impressed with the employeesf first attempt at  suggesting methods of improving 
productivity at  Lockheed. Success of this employee initiated/management 
supported process gave rise to other employee-headed efforts. 

The Second Employee-Headed - .- Effort 

The Quality Program Committee (QPC) was established to facilitate the 
overall objectives of the bottom-up productivity enhancement efforts - to enhance 



the quality and productivity of the company's resources. The QPC is composed sf 
five members who serve staggered one year terns. There in a maximum of one 
management representative on the committee, and at  least one of the five 
members must be an hoorly emi~loyee. A major activity of the QPC has been the 
formation of Performance Development Teams and Special Purpose Team. 

Results of the Quality Program Committee (QPC) 

Thin group of vdunteer employees decided that the company needed a 
standing committee responsible :or keeping the organization abreast of ways and 
means of getting involvtd. To achieve their goal this committee <.:"he 
following: 

a Designed and published 61 ''Quality Program Handbook1' which described to all 
employees and new hires all antities of the employee involvement efforts 

e Created "Quarterly inforrnation Exchange Meetingsn to prcvide a way that 
teams could report their success and gain more support, if needed. 

a Began posting weekly productivity themes in selecied arcas to raise awareness 
of the need to improve productivity 

t Assisted in the start-up of cew teams throughout Lwkheed-EMSCO 
a Initiated the first "Skip-Level" meetings to be facilitated between menage- 

ment and nonrnanagernent cmphyees at Lockheed-EMSC Ll (See explanation a* 
"Skip-Level" in a later i;ection of this paper,) 

The biggest challenq:$s this team has hsd to face are managing their own 
time and keeping themselves niotivated. The team has realized that seefnp: what 
needs to happen is often easier than getting it done. They have begm to request 
more training in the area of facilitation 83 a r;lea:ls 3f being more effective In 
coaching other employees in prob!em-solving. 

An Employee-Headed, Task-Specific Apptoach 

A Performance Development Team (PDT) seeks solutions to Issues at  the 
task level. '. nese teams are LEMSCO1s version of the quality circle. The isarues 
addressed by PDT's include improvements to situations which negatively affect 
work performance, actions that improve productivity and reduce costs, and activ- 
ities which increase communications at all levels. 'ihe PDT usually has five to 
eight employees frcm the same department, sention, or project area. Membership 
usually includes a supportive supervisor or project manager who has access to 
information that can be helpful to the team. The team leader is sclacted from 
noneupervisory members. 

Results of Performance Development Teams 

These team member3 and t::eir managers are convinced that coactive 
participation is a very effective means of improving their tasks. The greatesl 
improvements have occurred in the high technology areas. Con~nutzr utilization 
PDT's have accomplished such tasks as: 

Optimized locations of microc.mputers and termlnala within a work area, 
- Established procedures and priorities for use of microcor:lputers - fmproved mutual communications md sh~ring of computer resources - Actions col~ectively saved the co! -,any an estimated $96,000 in one year 
Compiled a reference lil,rary lor microcomputer hardw~re and software 



r Initiated joint meetings (to save and avoid cost) between the users and systems 
operators, which inclbded NASA personnel 
- Resulted in computer/terininal usage problems being altered and better 

communication channels being established with the customer 
r Gathered and published software from personal libraries for general use - Enhanced personal relationships, thus boosted morale 

- Identified a common interest group 
r Conducted and published "Off-site to On-site Computer Communications Sys- 

tems Upgrade Study'' which addressed problem of lost productivity due to 
antiquated equipment and time spent traveling off -site to on-site by 
Lcckheed-EMSCO persorinel to access NASA equipment 
- Revealed a yearly cost avoidance in excess of $1 million if systems were to 

be upgraded - NASA invested $150,000 toward equipment upgrades :n phase I 
- Phase Ii investments are to be determined based upon continued monitoring 

of effectiveness of phase I investments 

These are just some of the accon.plishments of the computer usage 
team. Teams have also affected positive change in the areas of safety, health, 
and interpersor, 1 rnlstion ,. 
What Helps Teams Suwive 

Team viebility seems to be dependent on team leadership, confidence, 
and willingrlesb to work hard, often with no initial support from middle manage- 
ment. On the othe? hand, lack of management support seems to he a motivator in 
certaiil environments. In some highly tecl.nica1 meas, in which management sup- 
port does not initially exist, members have gained support through hard work arid 
cornitlittment to resolving major technical issues. Early success also seems ?r, 
motivate members to coqtinue. On teams where tasks are not related in some 
way, member!: :ten experience major frustrations in d.?c.ding on 2ommon challan- 
ges. They so- I become disintcreslt3 an:' decide to leave the team. 

The Z & e c i a l t y a  - m 

A dpecial Purpose Team {SPT) seeks solutions to a particular problem, 
usually with company-wide or program-wide scope. An SPT may be formed when- 
ever a problem is outside the scope of a PDT or as a result of a qusstion/ 
suggestion submitted to the LIFE/PERS Committee. Emplayees from any level of 
the organization with relevant informat~on, interest, or influence are recruited to 
form this team to work toward a feasible solution. 

One example of a Special Purpose Team which evolved out of a LIFE/ 
PCRS suggestion is the Wellness Team. What began a? a request for corporate dis- 
counts at  local health facilities has cu lmin~~ed  in the .-lstablishment of a compre- 
hensive q~ellness progra~n. This team was s t a~ t ed  tc help facilitate the notion that 
tatal wellness depends upon thinking power, mental health, and physical condition. 

Results of The Wellness -- Team 

,Getting people involved is the challenge of all successful productivity 
improvement efforts. This program has been most si~ccessful i n  g ~ t t i n g  people 
invc!veC. Corrtmittment to a vision crf healthy, happy, productive people is the 
driver behind their success. 



Their first initiation was company sponsored exercise classes in the main 
conference room after hours. They went on to establish a program whereby 
employees could purchase discount vitamins from a reputable pharmaceutical 
company. 

These were the small beginnings of what has developed in the past six 
months into the Lockheed Wellness Program. The Wellness Program consists of a 
wellness center conveniently located at the work place. Here employees can 
exercise on ten variable resistance machines, three treadmills, four exercise bikes 
or participate in any of nineteen aerobic exercise classes offered weekly. Through 
the center, educational activities are conducted on a continuing basis to create 
positive lifestyle changes regarding personal health. Such topics as nutrition, 
weight control, lower back care, high blood pressure control, and stress manage- 
ment are addressed. Voluntary health screening procedures and smoke cessation 
classes are also available. The American Heart Association's Heart At Work pro- 
gram has been implemented to help employees reduce the risk of developing 
cardiovascular disease. 

Changes that have taken place in the last six months include: 

e Coeducational fitness and edv.cationa1 programs 
0 Thkty-three percent increase in participation 
c, Participation from every level of the organization 

Nearly five hundred percent increase in number of aerobic classes 
Private fitness assessment testing and six-month interval retesting 

Figures 1 and 2 are examples of the types of comparative data that are 
now availpble as a result of the fitness assessment testing and retesting. Figure 1 
shows that the mean age of Lockheed-EMSCO employees committed to regular 
exercise is about thirty-eight; the occasional exerciser has a mean age of about 
twenty-eigt-t; those who reported they never exercise are at a mean age of about 
forty-tx.0. This type of information could (for example) indicate the need to get 
the older employees more involved in exercise if the risk of cardiovascular disease 

Figure 1.- Comparative boxplots of 
age distribution of LEMSCO exercisers. 

NEVER 

a w 
5 REGULAR 
0 e 
X 
YI 
Y 
0 

2 OccASIoNAL 
:: 

PLL TYPES 
CW&OLIOATED 

0 10 20 30 40 50 60 

AGE 
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increases with age and decreases with exercise. Regarding performance, figure 2 
shows that seventy-five percent of the regular exercisers perceive that they 
perform their task better when they exercise regularly; f ifty-three percent of the 
occasionals agree. Only twenty percent of the employees who never exercise 
perceive that reguiar exercise positively affects their task performance. 

The LIFE/PERS, the QPC, PDT's, and Special Purpose teams are all ex- 
amples of "bottom-up" efforts. Blanchard Situational Leadership training has been 
the only 'ltop-downw activity at  this point. The next "top-down" endeavor was a 
communication fe~Jback process called "Skip Level." 

Skipping Levels Can Enhance Communications 

The 93kip Level" process is designed to surface hidden problems and inno- 
vative ideas. I t  addresses two common communication deficiencies inherent in 
any organizational structure. In vertical communications, it corrects for the 
potential distwtions and omissions that can occur at each level of message 
passing. In lateral communications, it corrects f 2r the "limited field of vision" 
that makes it difficult to tell if a problem is minor and isolated or major and 
widespread. 

"Skip Leveln is a process in which'@ manager meets with employees at 
least two levels lower in the organization; this is the "skip." It can be a top 
manager who aeets with all middle managers two levels below, or a middle mana- 
ger who meets with selected employees from the same or different levels, or any 
number of other possible combinations. 

"Skip Cevei" also includes a process for developing solutions and recom- 
mendations that places primary responsibility on those who identify the problem 
or suggest the idea. The purpose here is to counter the usual passive pattern of 
reporting a problem and then waiting for the solution. Of course, it is incumbent 
on higher management to be responsive in considering these recommendations and 
taking action on them. 

Results of Skip-'kvels 

"Skip-Level" meetings were conducted between the Program Manager 
and the supervisory level. Initially supervisors were both skeptical and pleased 
that they had been chosen to participate in these meetings. A survey was 
conducted at the end of the process, and success was evaluated by a pre- 
determined criteria. 

Results of the survey suggested that participants were most satisfied 
with the opportunity to communicate with upper management, exchange informa- 
tion and discuss mutual problems, and meet new supervisors or get reacquainted 
with others. A negative comment was that the sessions were too long. The pre- 
determined evaluation criteria stated that above hverage success was achieved if 
cost reductions and work process reconfiguration result in a savings of at least 
$4.00 saved for $1.00 spent and if the majority of participants felt the process had 
ccntributed. A&re average success was achieved. The meetings cost $5,000, and 
ccst reductions iihat were tailied) amounted to $125,000. 



Diqtinctions of Leadership 

The creation of a total!y new investig~.t:ve approach by Lockheed- 
EMSCOts President and Chief Executive Officer is the most innovative undertak- . 
ing to date. This course is called "Distinctions of Leadenhip." In light of 
increased organizational complexities, such as increased workloads, budget cuts, 
consolidation of efforts, etc., there seemed to be s need for training which ex- 
pands ones ability to create possibilities that forward action. The course is 
comprised of classroom activities and individually selected projects designed to 
utilize classroom "theoryt' in resolving day-to-day issues. Collectively, the 
distinctions that are brought forth, discussed, and applied during the course 
provide the foundation for shifting from a creative work environment to an 
entrepreneurial environment in which action is continually forwarded toward 
desired results. 

Results of Distinctions of Leadership 

Employees at all levels of the organization have declared breakthrough 
improvements in how they accomplish their work. The following major accomp- 
lishments have been noted: 

Projects brought in early and under budget 
Employees working t~gether in new ways to bring in new business 
Managers more willing to give ~ lp  some control and accept creative suggestions 
- Example: new Lockheed-EMSCO twin 'acility 
People asking less often how to do the job and making more creative 
suggestions 

SUMMARY 

A flexible and i~~novative approach far enhancing productivity a t  
Lockheed-EMSCO exists. It is employee centered and has adapted to changes 
required by time. It has taken four years to develop processes which "really make 
a difference." Most experts agree that five to eight years is a conservative 
estimate in which major productivity gains &re noted. LEMSCO's efforts have 
evolved from a "quality of wcrk lifett approach to primarily a task-specific series 
d approaches to enhance quality and productivity. The company is now on the 
threshold of creating majcr perf or mance breakthroughs. 
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WHITE COLLAR PRODUCTIVITY IWROVWENT: A SUCCESS STORY 

E. L. Franzen 
and 

D. H. Hutchinson 
HcDonnell Douglas Astronautics Company 

Huntington Beach, California 

This paper discusses how white collar productivity improvemen*. 
techniques and measures can be applied at the level of an operating 
department responsible for direct ..labor budgets of enginetzing and 
manufacturing organizations by prograin (contract). It focuses on the 
management issues of objective setting and 2roductivity masurenent in 
high-technoiogy organizations. 

The substance or the paper is a case study of a White Collar 
Productivity Improvement pilot action research project initiated on 
October 1, 1984, at the HcDonnell Douglas Astronautics Company in 
Huntington Beach, California. Productivity improvement has long been a 
key part of the operating strategy at HDC under the leadership of 
Chairman and CEO Sandy HcDonnell. 

Three companies within the HcDonnell Douglas Corporation have 
participated in six American Productivity Center mite Collar 
Productivity Improvement pilot action research projects over a 2-year 
period. This project is one of tila six. Twelve other corporations and 
NASA also sponsored pilot projects, all of which togetner formed a 
computer network to share experience and results. 

This case study presents the experiences of an entire department 
as it proceeded through a six-phase process of organizational renewal. 
A team of nine selectcm as a cross section of the department guided the 
project through the process provided by the American Productivity 
Center. The purpose of the project was to improve effectiveness. For 
this goal to be achieved, the perceptions of the department membership, 
of the users of their products and services, and of their line 
managemant had to be obtained because many problems encountered in the 
pilot pro3ect involved theee perceptions. The dynamics of their 
interactions are briefly outlined. Data needed to be gathered to 
properly deal with perceptions. Innovative techniques were developed as 
the process unfolded. The pilot project management teem placed 
extensive emphasis on (1) surveys and interviews, (2) meetings of the 
whole department with its frisnagers, ( 3 )  complete feedback of results of 



surveys and in te rv iews ,  and (4) p a r t i c i p a t i o n  of  vo lcn ta ry  teams i n  
working ou t  p l a r ~ s  f o r  s p e c i f i c  changes. 

The success  of t h i s  p i l o t  has  been p o s i t i v e l y  rece ived  and p lans  
are under way f o r  i n i t i a t i n g  similar p r o j e c t s  i n  o t h e r  departments.  

INTRODUCTION 

The McDonnell Douglas A s t r o c a u t i c s  Company r e c e n t l y  c m d u c t e d  a 
p i l o t  p r o j e c t  designed t o  improve o r g a n i z a t i o n a l  e f f e c t i v e n e s s  i n  t h e  
33-member F inanc ia l  Controls-Dires t  Budgets department o f  the company's 
f a c i l i t y  i n  Huntington Reach, C a l i f o r n i a .  The p r o j e c t  began on 1 
October 1984 and was scheduled to  be completed i n  August 1985. It was 
one o f  s i x  'Vhite C o l l a r  P roduc t iv i ty  Improvement ( VCPI ) p i l o t  p r o j e c t s  
par t l .c ipated i n  by McDonnell Douglas w i t h  t h e  American P r o d u c t i v i t y  
Center.  (See Figure  1.) 

This r e p o r t  r e f l e c t s  t h i s  exper ience  a s  eva lua ted  by t h e  a u t h o r s  
and t h e  p i l o t  p r o j e c t  management team, who were s e l e c t e d  t o  reprefient  
t h e  department. The r e s u l t i n g  view of UCPI p r o j e c t s  ic t h a t  they are 

MDAC-HB American Productivity 
Center 

[- \/Ice President 
White Collar 1 

Productivity Improvement -- I Management I 

Manager 1-1 Productivity I 
MDAC 1-1 Coordinator I 

Controller u 1 1 MDAC-ti8 
Coordinator I 

Director 
Financial I APC 

I 
I Staft I 

Financial Controls - 
Dlrect Budgets - I Pilot Project 

Manager 

I : Pilot Project 
I I I Managers Branch 1 I Management Team I ] 
j I Department I j Pilot Project 

Department 11 
---- 

Figure 1. MDAC-HB Pilot Project Organ~zation 



key to improving organizations1 effectiveness in white collar 
environments. The six phases of the American Productivity Center 
methodology provide a framework for group problem solving in such an 
environment. The specific objectives were (1) to develop criteria for 
improving managerial and professional effectiveness and ( 2 )  to develop 
and refine methods of and approaches to Improving white collar 
pr~ductiv~ty. 

This particulw pilot project sought to go considerably deeper 
than many other w ~ t e  c~llar productivity improvement projects into 
gaining the personal involvement of three groups of people: the 
participants in the project., the users of the dopartmental products and 
services, and representatives of management. Metings were held in 
which all 33 members of the department worked together and participated 
in making decisions about their "comnon purpose*. The members responded 
to a 200-question survey that covered such areas as attitudes, 
leadership, comnunl.cation, participatlon, gouls, rewnrds and 
recognition, resources, e~tc., and each lvleraber received the results of 
the survey. 

A survey was also developed and distributed to 150 users of the 
services of the department, including fiscal, programs, business, 
engineering, and operations users on 'qeven different programs, and these 
people were intervir ded as well. The involvement of this group provided 
a basis for redesigning the services of the department to meet strategic 
plans, building a team for organizntional realignments, and applying 
technology to improve service to users. 

The management group included the vice president of Fiscal 
Management, the directors of Financial Controls and of Productivity, and 
the company's controller. The involvement of this group resulted in 
personal briefings on the progress of the pilot project being given to 
the vice prebident and general manager of HDAC-HB, the president of 
WAC, the vice president of Human Resources of M)C, and several groups 
of people in departments that may be candidates for future projects. 

The schedule shown in Figure 2 provides a guiCe to the key 
activities of the project. 

An initial task was to gain the commitment of those who invested 
the resources necessary to start the project. This task in performance 
improvement projects Is probftbly the most critical and is often 
difficult, which was particularly true in this case. Corporate and 
company meetings were held on the subject as early af! the winter of 1983 
before it was decided to send a csnCidate c~ordinator to e 2-day 
oriehtation and training workshop conducted by the American Productivity 
Center in April 1984. From that time anti1 the project was initiat,ed in 
October, a commitment was being sought at McDonnell Do!lglas in 
;iuntington Beach. One of the difficulties fr:.'ng management in their 
ccnsiderations was that of introducing a research project in an 
environment already ,heavily +tlvolved in such other productivity 
improvement programs as Quality Circles and Juran Projects. Another 
difficulty in getting such a comitme~rt is that because the VCPI process 
is one of learning while doing, it is difficult to share w~idence chat 



Key Activities 

Pllot Introduction 
Management 
Em~lovees 

- - 
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Synthesis 
Feedback 

--A 

I Team Dwelopment 
identify Interfaces 
Ciaritv Roles 
Commit Support 

Review Parameters 
Enlist Vendor Support 

Figure 2. MDAC-HE3 Pilot Project Schedule 

this kind of approach to improvement actually works. American 
Productivity Center methodology does not provide any exact formulas or 
rigid approaches to this first step; innovation is the key to success 
here. 

At the beginning of the project, we began to share ideas with the 
American Prductivity Center staff (and obtained corporate support 
coordinated through liaison between the Center's staff and corporate 
staff). To build the confidence of our local management and secure the 
appropriate level of commitment, pilot project coordinators from other 
corporate components, i.e., HcDonnell Aircraft Company and McDonnell 
Douglas Astronautics in St. Louis, reported to the Huntington Beach 
management team their experience with similar St. Lollis pilot projects 
begun some months earlier. 

The project was pursued in the six phases--liagnosis, obJectives, 
measurement, service redesign, team development, and technology 
parameters--discussed in the foll.owing paragraphs. 

1. Diagnosis 

The diagnostic phase began after management commitment had been 
obtained, methodology training had been completed, and a pilot project 
management team had been formed. Following the appointment of a branch 
manap? from within the department as the pilot project manager, an 



additional seven members were selected by him, with the project 
coordinator filling in the pilot project management teen complement ot' 
nine. The manager of the department was selected as a team member. The 
team represented a cross section of the department in terms of 
experience, age, gender, representation of users and clients (customers) 
of the department, and skills needed fur the pro3ect. The nine wwbers 
met for the first time on September 28, 1984. The coordinator provided 
training for the pro3ect team, and the American Productivity Center 
staff representative helped prepare for the survey and intsrviews. A 
2-hour ktckoff meeting to introduce the pilot Froject to the 33 members 
of the department was met with considerable skepticism. It was not 
until the survey was taken at the second meeting and the preliminary 
results were distributed the following weak that enthusiasm for the 
project began to develop in the department. 

A great deal 04 thought nnd offort went into promoting a 
comfortable atmosphere, ensuring the confidentiality of swvey and 
interview results, and eliminating any possible connotation that the 
abrvey was a threat. The retui'n rate was 100% Informal discussions 
within the department indicated that most people felt comfortable taking 
the survey and pulled no punches in answering the open-ended questions 
and in making supplemental c c m n t s .  

Each member of the department was interviewed (using an interview 
format reconmended by the American Productivity Center 1 , and the reuults 
of the survey and of :he interviews were relayed back to all members of 
the department. Persons interviewed included members of management and 
a sampling of users of the departmental products, as well as the 33 
members of the department. 

All nine of the pilot project alanczgement team members 
independently analyzed the results of the survey and the interviews and 
documented general conclusions, opportunities for improvement, and 
recommendations. These data, together with American Prductivity Center 
conclusions and recomnendations, were combined by the project manager 
into a single 19-page document, which was used by tbe department manager 
to develop a set of action items designed to deal with the problems that 
had been identified. 

These act ion items were reviewed by the other pilot project 
management team members and returned with coments and additions. A 
final set of action items was presented to the department in a 3-hour 
session January 8, 1985. 

Completion of the diagnostic phase resulted in a sense of 
participation being est~blished within the department itself and in the 
pilot project management team. They had developed a feeling of 
"ownershipw in the resulting diagnosi.8 of the sltuatlon. 

In parallel with other project activities, the coordinator, the 
pilot pro'ect manager, the department manager, and two other team 
members attended conferences at the American Productivity Center in 
Houston, which povided tools and shared experiences and helped build a 
network of support at. Huntington Beach, Houston, and St. Louis. This 



foundation proved to be important as the project pr0g~eSSed. A 
camaraderie developed along with a cooperative spirit. A coordinator of 
a St. Louis white-collar productivity improvement pilot project came to 
Huntington Beach to lend his talents when they were critically needed 
during the interview part of the diagnostic phase. The lessons learned 
in St. Louis had invaluable application, as did the di8cussion8 that 
were held, and helped us to avoid potential stumbling block8 at critical 
points in the process. All interviews were conducted by either the 
American Productivity Center staff representative, the M)AC--HB 
coordinator, or the coordinator from St. Louis. This preserved 
anonymity and continued candor. 

2. Objectives 

The diagnostic phase was oriented to the perceptions of work 
improvement and work environment of each person In the departnmnt, cs 
well as those of a cross section of clients. As a result of the 
diagnostic phase, six internal volunteer task teams began to work on the 
improvements identified a8 desirable. Through this proceas, the 29 
gohls derived were synthesized and prioritl.zed by vote and reduced to 12. 

Each member of the department participated in this choice of 
goals oriented to areas including training, comnunications, performance 
measurement and career planning, department image, participative 
management, and reward and recognition systems, among otners. This 
provided a keen sense of ownership within the department for "their" 
goals, which are conspicuously posted throughout the department and 
statused month;y. Annual goals or objectives may not always be 
effective wherees, in this cRse, the feeling of ownership with frequent 
review of progress leads to living with theirs !n their daily work. 

This objective phase shifted the attention to a mancy;eaWnt 
perspective that continued to enlist the participation of the pilot 
project management team and the members of the department. The manager 
of the department took on the leadership of an effort to prepare a 
statement of responsibilities and Integrate worker and user perspectives 
to articulate the work of the department ana develop R roadnbnp for the 
planned changes. The rational-e for the phaee was to develop an 
understmding of services and establish objectives for improving 
xervices and products that could ~ltimately be used for measuring 
departmental performance. 

Services were defined as budget develcyment, budget maintenance. 
internal and external financial reporting, program support, fiscal 
supcart, and I ..nct ional (engineering and operations) support. 
Information developed from Interviews with managers and users. 
brainstorming sessions of the pilot project Jlanagement team, and 
refinements by the mernngers resulted in a statement of objectives for 
each of the services. The question asked was not what does the boss 
demand, but what does the job demand from the perspective of the 
producers, the users, and.line manngement. The result provided a desipn 
for the future thrust of the department. 



The results of management sessions and feedback pr~cesses between 
the three sources of perceptions were beginning to work. The objectives 
for each of the services provided an expanded awareness or sense of 
purpose within the departmnt. Pkianwhile, the progress of the internal 
task teams in the department provided immediate improvements that opened 
up coamnication channels and provided the initial awareness that 
participative management would betcaw a part of the department's way of 
life. These Improvement efforts were a source of providing mare me~ning 
and self-control 121 to the people who work in the department and opened 
discussions with usert about specific improvements in services. 

The development of an approach to measuring improvement began in 
March of 1985 with a series of lreetings of the pilot project management 
team. After consultation with the American Productivity Certer staff 
representative, the team used the Nominal Group Technique [3]  
(structured brainstormingE to elicit potential measures of perfamanse 
Lmprovement in budget development ml maintenance, financial reporting, 
program support, fiscal rupport, and supprt to engineering and 
operatior~s. Indicator8 were listed and weighted for each of the 
previously determined services ar?d objectives. These indicators were 
then evaluated by the project team' ,ant2 many potential measures were 
discussed. Where the emphasis of the project had been on effecti\me?s 
rather than on efficiency, there sevenred to be considerable difficulty i;i 
determining effectivenesu measures. However. those indicators of 
efficiency improvement seemed quite easy to obtain. 

At this time an extensive review of the approaches taken and 
progress made in measurement (or indicator) f!levelopment by cr.her pilots 
within the American Productivity Center pro:~ect wan undertaken by the 
pilot project mmagement team. 

The review disclosed many simllar findlngs among the other pilot.6 
and indicated that the problem could be partially resolved by extending 
the process of development of indicator*j through the period of the 
following phases. The redesign of services. the impact 00 redesign on 
the user ll;terfaces, and the possible introductlan of t c P .  q : r  changes 
in the delivery of a produc'~ or service are so I n t .  xi they car1 
scarcely be distinguished flam each other.  he . ;ss o f  the 
impending changes stemning from t r p  8urvey of use! . A tt' pilot 
proiect management team to select ek fectiveness indica! br ; L I - ) .  'P a 3 
objective as possible for the the. 

They are: 
A. An annual survey of the department. 
. An annual survey of users. 
C. Biannual evaluation of department performance collectively 

based on criteria developed by the department membership as a part of 
one of their goals for personal perfcrmance evaluation. 

D. Monthly status of progress on all department goals. 
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A and B sbove reintroduce the exact surveys that were previously 
administored to provide comparative deta necessary for effectiveness 
lmprovemer~t analys is. Approprf ate additional questions will be appc?ded 
It. each instance Where indicated. 

These are ach€ululed to recur c. . ,  a contit .ing basis mfl are to be 
r~cc~panled by Interviews, when indicated, a8 part of the noratal 
depa~*tment fukure operating routine. 

4. Service Redesign 

The o~3ectiva of redesign is to produce a new form of service in 
responsa to fesdbac~ about how a previoui~ form fail.ed tc totally aatlsfy 
user needs. The pilot pro2ect management team found that the moEt 
importmnt requirements for hll*oet development and mnlntenance were 
timing and fitting the 8pt3crfic +ext of each user group. Changes 
implemented thus far have been met ui. ' considerakle enthusiasm not only 
from the users but frcm ;ae Cepartnent personnel as well. The producsrs 
and the users of the products and services of the department continue to 
be engagad in the learning process of developing mutual objectives, 
collecting and analyzing facts, uncovering and testing concepts, 
determining needs, and stating problemc 

5. Team Development 

The team development phase was impacted by the announcement of an 
imminent reorganization of people, activittes, and relationships at 
HDAC-HB, the planning for which was unknown to the department until 
midwq through the project. The plmned rnorganization, when 
l?!Iplemnsted, will transfer all but a very few of the department 
personnel to n -1y created bus4ress units. This could understandably 
have been looked w i n  as demoral.izing, with the result of a re.pid loss 
of interest in the pilot project in which these pwple now had such a 
l'neling of ownerslrip. However, the effect of the acquired sense 04 
comnon purpose, their goals, and the gains made through the newly 
developed sensitivity to user needs held the common intarest togethar. 
Furthermore, for deputment personnel it kindled a new interest in the 
potential sf using their erperienca in this pilot project to in?roduce 
VCPI projects athir~ the new business units of which they will soon 
becare e, part . 
6. Tecllnology Parameters 

The tachnology redesi~n phase began with the composition of the 
pilot pro3ect management tsam through :he inclusion of an information 
syrrtema spel:ialiat. The i~lterviews vith users of the products and 
service8 of t% department provided crilerla for the next generation of 
syst~m design improvements. The action research approach provided FI? 

0pportltn:ty to systematically cullect research aata about an ongoing 
8yr;tmn relative to objectives and user needs. Systems analysts can t r o w  
tare actions within the infornation system and through this established 
Froc@3cs better evaluate results. I L  1s anticrpated, however, that gains 
ill this area will be limited by other management information system 
rriaritles, particularly with respect to ti ma lines^ 



CONCLUSION 

Improvements accrue to each of the three groups when the members 
of those groups believe in the process. C:ledibllity must be establ%*'.wl 
as the first priority: the best presentation in tha world will not 
achieve this rwcsdibility. Not one of the three groups was easy to 
convince. Even the pilot coordinator and mnager had to go through the 
process. The key is complete honesty i'th totiil feedback. The first 
meting with the entire department dlu not result in belief in the 
process because the wwillw was not apgarent. It took oction to show 
that manager. user, and producr- groups had the will to do sc#let?ing. 
Once the members of the Cepartatent were given complete Tmdback and 
comitted themselv-es to involvement in the diagnosis and objective 
setting processes, things turried around dramatically. Their commitment 
to the process came even in the midst of extremely heavy demands frotn 
the daily wrkload. Result8 of this project pointing to Its uuccess 
include : 

A. Xmprove~vjnt in the quality of work attitudes, leadership, 
coaraui~ication, p 8 ~ :  iclpation , goal-setting , measurement atld analysis, 
rewardr. and recogriA,.ion, and resource ut il.:zation. 

0 .  Improvec! 'JSPP relationships with the clepartment. This beg= 
with identifying the products - and services with appr?priate 
consideration of use? vercsption. effective interaction beglns tu occur 
when the depbrtment Is viawed through the eye., of the user. Of 130 
users surveyed, 115 responded. Seventy-eight of those rb.3ponding 
provided srlpplement:.l colments expreaslq in their own words their 
spttclfic perceptions of m e  effectiveness of the department and its 
personnel. 

C. The creation of a belief in manager snt. ICanagr;ment worked 
through the change wl',h a represenrative team of nine people who knew 
the work intimot - - f  and were selected as a microcosm of the department.. 
They provided er, trong sense of mission and focus. They belped to 
ensure that the project got off to a good start, and then they let the 
pev.ple in the department (Including the supervisor$\ carry it m t .  
Through this demonstration of confidence in the people, Kanabmcnt 
ga9.ced their trust. 

It is appropriate to 3iscu3s certain of the lessons that wore 
critical elements in the success of this pilot project. 

A. The su?port of management, strong at the outset and enduring 
throughout, was at $11 times present, while never interfering with 
process. Vhen called rlpor for visible support, management ;erzonnel 
were available, while not pushing the project processes for 
demonstrationo of "hard" ccst savir.gs. The involvement of the total 
department in the prcr-ds either avoidel or eradicated any fee1ir.x~ of 
distrust of management that might have ot-herwise been preseqt. 

B. The department survey and interviews most certainly 
elrtablished that there existed a general attitude of jkspticiea. The 
approach taken in Involving all on a voluntary basis to pwticipate in 
developing r m i e s  to their perceived problems resulted In a feeling at- 
ownership that will outlive the department aa they know it t.uday. 



C. The user survey elicited many comnents expressing enthusiasm 
for the opportunity to participate in restructuring the products and 
ser~lces upon which the respondents rely. Following up with each of the 
users to discuss, better understand, and form resolution action plans 
has opened coamunication in areas of interface that will endure through 
organizational transitions to the continuing benefit of all concerned. 

D. Throughout the project, everyone*s personal prceptlons, 
valid or ..ot, were considered to influence the way people interact with 
each other and contribute to, or detract from, one another's success. 
The attention paid to the importance of respon8iveness to the 
perceptions of the department personnel and to those of the users has 
ssrved to demonstrate the integrity of manageaent's belief in the 
participative management process. Participative managemmnt must be a 
two-way process that allows all employees to share in shaping the future 
4 their departments by encouraging them to express their opinions and 
JY training managers to listen to those opinions and consider them 
carefully. 

6 .  The concentration on effectiveness Issues versus efficiency, 
with measures adopted to monitor effectlveness gains, a l l  provide 
efficiency 'aprovement opportunities downstream that will appropriately 
relate to the "rightn tasks. 

P. It is clear that there remains much to be learned in and of 
the process. We are therefore, conttnuing our participation with the 
American Pr~ductivity Center as they embark on IWPACT [l], a f0llOW-0n 
VCPI project. 

This pilot project has shown that the key to productivity 
improvement is through the developlnent of a recognition that it is a 
continuous process. That recognition is present in the management, the 
department, and in the user comunities involved In this project and has 
resulted in mechanisms having been put in place to ensure that the 
process introduced in this pilot project and others that will follow 
will never be completed but will become continuous as a way of life in 
an organization having successfully experienced the process of 
self-renewal [43. 

In closing, Figure 3 illustrates a very specific "haran saving 
that, although not a part of an identified effectlveness ineicator, is 
directly attributable to the "soft" gains made through this approach to 
increasing organizational effectiveness. 



Fiscal Management 
Financial Controls - Direct Budgets 

m Doing more with fewer people 
Started with 33 people in 
department 
Program activities reduced 
workload by equivalent of 4 
people 
5 people left department 
(terminations) 
Overtime and new people 
increased department by 
equivalent of 2 people 
EquivaZent sf 11 people 
assigned to new programs 

I Equivalent of 30 people doing job 
of 40 

Population 

Effective Productivity Increase: 
10 
- = 33% 
30 I 

Figure 3. Example: Pr0ductivit.i Increase 
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WHITE COLLAR PRODUCTIVITY IMPROVEMENT I N  A GOVERNMENT RESEARCH 
AND DEVELOPMENT ADMINISTRATIVE SUPPORT ORGANIZATION 

Brad ley  J .  Baker, NASA-Lewis Research Center 

At NASA-Lewis Research Center,  a governmental research and 
development (R&D) o r g & n i z a t i o n ,  a p i l o t  p r o d u c t i v i t y  p r o j e c t  was 
in t roduced i n t o  the Procurement D i v i s i o n ,  a p r o f e s s i o n a l  a d m i n i s t r a t i v e  
support  group. The p i l o t  group, the e n t i r c  d ~ d i s i o n  o f  108 persons,  
p a r t i c i  pated i n  the APC White Col l a r  P r o d u i t i v i  t y  Improvement (WCPI 
P r o j e c t  methodology t o  improve se rv i ce  e f f e c t i v e n e s s .  The success o f  the 
p r o j e c t  i s  a t t r i b u t e d  t o  t h r e e  key f a c t o r s :  ( 1  the  p r o j e c t  emphasis on 
se rv i ce  improvements through p a r t i c i p a t i v e  methods ( 2 )  t he  c m i t m e n t  o f  
the i n t e r n a l  c ross-sect iona l  task  f o r c e  formed to  head t h e  e f f o r t  and ( 3 )  
the  support  o f  the P i l o t  Manager. 

INTRODUCTION 

I n  recent  years much a t t e n t i o n  has been addressed toward 
p r o d u c t i v i t y  i n  the Un i ted  S ta tes .  Th is  a t t e n t i o n  was h i c j h l i g h t e d  by the  
inc reas ing  compet i t i on  among d o m s t i c  o r g a n i z a t i o n s  caused i n  p a r t  by 
recess ion reduced demand and Ihe cha l lenge o f  new, h i g h  q u a l i t y  f o r e i g n  
s u p p l i e r s .  Many i nnovat i  management techniques have been in t roduced  
i n t o  U. S. organ iz5c ions t o  increase p r o d u c t i v i t y  to  meet the 
compet i t ion .  One of  the most commonly i n t roduced  type of  change has to 
do w i t h  means t o  o b t a i n  workers i n p u t  and cooper3 t ion  i n  the work 
process. Although t h i s  type change has o f t e n  been implemented i n  
manufacturing and sales orgar,lzation:, i t  i s  p o s s i b l y  o f  even g r e a t e r  
s i g n i f i c a n c e  i n  o r g a n i z a t i o n s  comprised p r i m a r i l y  o f  p r ~ f e s s i o n a l s  where 
nonsupervisory personnel a re  less  c l o s e l y  c o n t r o l l e d  and o f t e n  have 
g rea te r  techn ica l  comoetence than t h e i r  management. I n  environments such 
as these. i t  become5 c r i t i c a l  f o r  o r g a n i z a t i o n a l  management t o  o b t a i n  the 
i n p u t  from the techn ica l  exper ts  i n  o rde r  t o  a c c u r a t e l y  eva lua te  program 
s ta tus  and new i n i t i a t i v e s .  

I n  governmental research and development (R&D) o r g a n i z a t i o n s ,  
such as the NASA Lewis Research Center,  i n  Cleveland,  Ohio, s i m i l a r  
p r o d u c t i v i t y  i n i t i a t i v e s  a r e  be ing in t roduced i n  both  the  s c i e n t i c i c  and 
eng ineer ing p ro fess iona l  groups and i n  the  p ro fess iona l  a d m i n i s t r a t i v e  
support groups. Al though t h e  cause o f  government management ccrncern f o r  
p r o d u c t i v i t y  i s  n o t  the same as the compet i t i ve  d r i v e r  seen i n  the 
p r i v a t e  sec to r ,  i t  i s  s i m i l a r .  I n  government R&D o r g a n l z a t ~ o n s  t h e r e  i s  
r e c o g n i t i o n  t h a t  i n  t imes o f  c o n s t r i c t e d  budgets, more must be 
accomp!!shed w i t h i n  the e x i s t i n g ,  reasonably s t a t i c  resources.  



With n e a r l y  cons tan t  l i m i t s  on personnel  c e i l i n g s  and l i t t l e  or. no  r e a l  
budget growth i n  t h e  non-defense p o r t i o n s  o f  r e c e n t  f e d e r a l  budgets , and 
w i t h  t he  pub1 i c  c d l l i n g  f o r  increased resea rch  and development by the  
government t o  spur t e c h n o l o g i c a l  advancement, R&D o r g a n i z a t i o n s  have been 
fo rced t c  exp lo re  means o f  i n c r e a s i n g  p r o d u c t i v i  t y  and e f f e c t i v e n e s s  . 
This pressure  has been f e l t  by b o t h  the  s c i e n t i f i c  and e n g i n e e r i n g  
personnel and the  suppor t i ng  professional admi n i  s t r a t  i ve personne l  . 

I n t o  such a  p r o f e s s i o n a l  a d m i n i s t r a t i v e  suppor t  group, a  p i  l o t  
p r o d u c t i v i t y  p r o j e c t  was i n t r o d u c e d  i n  May, 1984. W i t h i n  t h e  Procurement 
D i v i s i o n  o f  t h e  Lewis Research Center ,  an American P r o d u c t i v i t y  Center  
(APC) p i l o t  p r o j e c t  was formed. The p i l o t  group, t he  e n t i r e  d i v i s i o n  o f  
108 persons, was vo lun tee red  by t h e  D i v i s i o n  C h i e f ,  t o  pursue t h e  APC 
White Col l a r  P r o d u c t i v i  t y  Improvement ( W C P I )  P r o j e c t  methodology to 
improve e f f e c t i v i n e s s  o f  t he  o r g a n i z a t i o n .  The WCPI des ign  emphasized 
e f f e c t i v i n e s s  and s e r v i c e  improvemer~ts r a t h e r  than e f f i c i e n c y  and s i n g l e  
;lumeri c  measurement ga ins  o f t e n  seen i n  s  i m i  1 a r  i n i  t i  a t  i ves . The 
;.lethodology f u r t h e r  s t ressed  p i  1 o i  l e a d e r s h i p  and commi tment to  
d i v i s i o n a l  p r o d u c t i v i t y  enhancements. 

S p e c i f i c a l l y ,  t h e  WCPI methodology r e j e c t e d  the  narrow framework 
seen i n  p rev ious  e f f o r t s  i n  t he  D i v i s i o n  which had examined ways tc! 
reduce l ead t ime .  Perhaps because procurement lead- t ime has and 1 i k e l y  
w i l l  a lways remain a  key i ssue  t o  t h e  s e r v i c e  users ,  i t  had r e c e i v e d  
s u b s t a n t i a l  a t t e n t i o n  v i a  severa l  s t u d i e s ,  i n t e r n a l  and e x t e r n a l  t o  t h e  
D i v i s i o n ,  ove r  t h e  l a s t  severa l  yea rs .  I n  c o n t r a s t .  t h e  WCPI e f f o r t  
looked t o  s e r v i c e  e f fec t i veness ,  a much broader t o p i c  than s i m p l y  
lead-t ime r e d u c t i o n .  The WCPI p r o j e c t  focused the  O i  v i  s i o n '  s  e n e r g i e s  
upon the  D i v i s i o n ' s  purpose o f  p r o v i d i n g  " p r o f e s s i o n a l  g o a l s  and s e r v i c e s  
c o n s i s t e n t  w i t h  Center needs and l e g a l  requ i rements"  and i t s  s i x  w r i t t e n  
o b j e c t i v e s  t o  achieve t h i s  p r imary  g o a l .  I n  a d d i t i o n ,  t h e  methodology o f  
t he  WCPI c a l l e d  f o r  s i g n i f i c a n t  i n p u t  f r o m  a l l  l e v e l s  of t h e  
o r g a n i z a t i o n ,  i n  sharp c o n t r a s t  t o  t h e  e a r l i e r  s t u d i e s  done by sources 
e x t e r n a l  t o  t he  o r g a n i z a t i o n  and/or  by m idd le  and s e n i o r  procurement 
management. The WCPI framework encouraged p a r t i c i p a t i o n  by a l l  l e v e l s  o f  
t h e  o r g a n i z a t i o n ,  work ing  on a  a a i l y  b a s i s  th rough a  c r o s s - s e c t i o n a l  t a s k  
fo rce  compr i s ing  of a  supe rv i so r  and s i x  r e p r e s e n t a t i v e  non -superv i so ry  
personne l .  

* The ca re fu l  reader  should know t h a t  t he  assumpt ions and 
conc lus ions  made i n  t h i s  paper a re  those o f  t h e  w r i t e r ,  t h e  f i r s t - l i n e  
supe rv i so r  a p p o i ~ t e d  t o  c h a i r  t he  c r o s s - s e c t i o n a l  t a s k  f o r c e .  The 
problems o f  b i a s  a re  recogn ized by t h e  w r i t e r  from h i s  i n t i m a t e  
involvement i n  t h e  p r o j e c t ,  b u t  so i s  t h e  w r i t e r ' s  unique vantage p o i n t  
t o  observe t h e  act ic lns o f  t h e  D i v i s i o n  Ch ie f ,  t h e  o t h e r  s u p e r v i s o r s  i n  
t he  o i g a n i z a t i o n ,  t h e  task  f o r c e  i t s e l f ,  and t h e  APC Research C o n s u l t a n t .  



The s e r v i c e  e f f e c t i v e n e s s  model, w i  t h  i t s  mu1 t i p l e  o b j e c t i v e s  and 
measures and w i t h  i t s  p a r t i c i p a t i v e  s t r u c t u r e  was i n s t r u m e n t a l  i n  
overcoming the  s i g n i f i c a n t  amount o f  s k e p t i c i s m  which had b u i l t  up from 
t h e  many e a r l i e r  e f f o r t s  t h a t  by na tu re  had a l l  expressed d i s s a t i s f a c t i c n  
w i t h  t h e  p i l o t  o r g a n i z a t i o n ' s  t ime t o  complete procurement a c t i o n s .  I n  
t h e  "D iagnos t i cs "  phase o f  t h e  p r o j e c t ,  when t h e  APC Research C o n s u l t a n t  
surveyed the  e n t i r e  o r g a n i z a t i o n  and i n t e r v i e w e d  about  25% of t he  same, 
comments such as " l i t t l e  o r  n o t h i n g  has come o u t  o f  them ( p r e v i o u s  
l ead t ime  s t u d i e s ) "  were vo iced.  Moreover, t he  i n t e r n a l  o r g a n i z a t i o n  was 
pe rce i ved  as p a r o c h i a l  and a u t o c r a t i c  by many i n  t he  p i l o t  as comments 
l i k z  "dec i s ions  g e t  made i n  t h e  c h i e f s '  o f f i c e s  w i t h o u t  i n p u t  f r o m  lower  
l e v e l s , "  "everyone i n  t he  D i v i s i o n  a t  t i n ~ e s  f e e l s  i s o l a t e d ,  c u t  o f f ,  o r  
by-passed," and "people f o l l o w  t h e  cha in  o f  command". The APC Research 

: Consu l tan t  summarized these comments i n  t h e  D i h g n o s t i c s  feedback sess ion  
by s t a t i n g  t h a t  t h e r e  was l i t t l e  sense o f  teamwork i n  procurement and 
t h a t  t h e  D i v i s i o n  sounded l i k e  severa l  o r g a n i z a t i o n s ,  n o t  one 
o r g a n i z a t i o n .  S t a t i s t i c a l l y ,  l e s s  than 17% of t h e  respondents t o  t h e  
survey  agreed t h a t  a sense of coopera t i on  o r  teamwork e x i s t e d  I n  t h e  
D i v i s i o n .  Yet t h e  i n t e r v i e w s  a l s o  noted some w i l l i n g n e s s  and d e s i r e  for 
a b e t t e r  and more open o r g a n i z a t i o n  which t h e  APC Consu l tan t  and t h e  
D i v i s i o n  Ch ie f  hoped cou ld  be channeled i n t o  p o s i t i v e  changes. 

THESIS 

The progress  of t he  APC p r o j e c t  and t h e  degree o f  success i t  has 
a t t a i n e d  th rough th2  v a r i o u s  p r o j e c t  phases a r e  deemed t o  be p r i m a r i l y  
a t t r i b u t a b l e  t o  t h r e e  key  f a c t o r s :  ( 1 )  t h e  WCPI program emphasis on  
s e r v i c e  improvement and e f f e c t i v e n e s s  a t  a D i v i s i o n a l  1 eve1 th rough  
p a r t i c i p a t i v e  means, ( 2 )  t h e  commitment and "buy- in"  t o  t he  p r o j e c t  by 
t h e  e s t a b l i s h e d  c ross - - sec t i ona l  t a s k  fo rce ,  and ( 3 )  t h e  s t lppor t  o f  t h e  
D i v i s i o n  C h i e f  and h i s  d e s i r e  t h a t  t h i s  p r o j e c t  succeed. U n f o r t u n a t e l y ,  
t h e  f i n a l  q u a n t i t a t i v e  r e s u l t s  of t h i s  p r o j e c t  a r e  s t i l l  b e i n g  gathered.  
b l ~ t  based on some p r e l i m i n a r y  r e s u l t s  and the  s u b j e c t i v e  judgments by  
many, t he  p r o j e c t  has ach ieved s i g n i f i c a n t  r e s u l t s  and w i l l  c o n t i n u e  t o  
do  so  as imp lementa t ion  of recommended changes i s  accompl ished.  

DISCUSSION 

The WCPI emphasis on s e r v i c e  e f fec t i veness  i n  a broad sense 
r a t h e r  than a narrow focus  on a s p e c i f i c  v a r i a b l e  i n  t h e  procurement 
p rocess  has a l r e a d y  been a1 luded t o .  Some o f  t he  pent-up s k e p t i c i s m  and 
r e s i s t a n c e  t o  another new i n i t i a t i v e  was a l l e v i a t e d  by the  p i l o t  
personnel  unders tand ing t h a t  a v a r i e t y  o f  measures were t o  be 
fo rmu la ted .  A l though u n c e r t a i n  what t h e  measures would be, t h e  
o p p o r t u i l i t y  f o r  a more complete p i c t u r e  o f  t he  s e r v i c e  t o  be measured 
o f f e r e d  some encouragement t o  many. Moreover, the  openness and candor a t  
t h e  feedback sess ion  f o l l o w i n g  the D iagnos is  Phase, a l s o  was i n s t r u m e n t a l  
i n  b u i l d i n g  some c r e d i b i l i t y  f o r  t he  p r o j e c t .  A t  t h a t  sess ion  employees 
heard  some o f  



t h e i r  own comments, c r i t i c a l  o f  the e x i s t i n g  organization, vo iced as 
l e - ' t i m a t e  concerns and deemed worthy o f  a t ten t lo r , .  I n  add i t t on ,  the 
emp,.,si s  on O iv i  s iona l  measures r a the r  than ind ' iv idua l  measures o r  even 
u n i t  measures a l l e v i a t e d  the fear  o f  recourse and f a i l u r e ,  e s p e c i a l l y  a t  
the i nd i v i dua l  working l e v e l .  These smal l ,  bu t  p o s i t i v e  signs prov ided 
the oppor tun i t y  t o  se r i ous l y  begin the p r o j e c t  i n  a  p o s i t i v e  manner. 

I n  the Object ives Phase, when the e n t i r e  supervisory s ta f f  worked 
on a f f i r m i n g l r e s t a t i n g  i t s  e x i s t i n g  o v e r a l l  purpGse statement and i n  
s t a t i ng  i t s  p r i o r i t y  ob jec t i ves ,  the p a r t i c i p a t i v e  management t h r u s t  o f  
WCPi was ev iden t .  To es tab l i sh  6 1 , j  p r i o r i t i z e  group ob jec t i ves ,  Nomlnal 
Group Techniques (NGT) were used. Under ly ing $~ i loc ,oph ic  d r f fe rences  
between f i r s t  and second l i n e  supervisors aTd the D i v i s i o n  Ch ie f  were 
exposed as the D i v i s i o n  C h i e f ' s  o f t - s t a t e d  p r i o r i t y  o f  shor t  lead t ime 
and low work-in-process, was chf i l le rqed by o ther  proposed less  
quan t i f i ab l e  ob jec t i ves  such as comp1eti;lg the requirements I n  s u f f i c i e n t  
time t o  support the user ' s  necd and increas ing procurement's 
p a r t i c i p a t i o n  i n  advance planntng an0 con t rac t  adm in i s t r a t i on  
a c t i v l t i e s .  This junc tu re  i n  the process was s i g n i f i c a n t  as the D i v i s i o n  
Chief proved w i l l i n g  t o  share h i s  management a u t h o r i t y  w i t h  h i s  
supervisory s t a f f  i n  t h i s  kev p o l i c y  area which was fundamental t o  
f o l l ow ing  phases of the project,.  These dec is ions,  a t t r l  butab le  i n  p a r t  
t o  the D l v i s i o n  Ch ie f ' s  des i r r  for  the p r o j e c t  t o  succeed, t o  h i s  p l an  t o  
be inc reas ing ly  p a r t i c i p a t i v e  i n  h i s  management s t y l e ,  and t o  the WCPI 
methodology of  s e t t i n g  up a 4 a r t i c i p a t i v e  mode f o r  these dec is ions ,  were 
s i g n i f i c a n t  i n  i l l u s t r a t i n g  t o  the supervisory s t a f f ,  t h a t  they would be 
invo lved i n  the p r o j e c t .  Unfor tunate ly  the i n t e r a c t i o n  o f  the p r o j e c t  
w i t h  the supervisory s ta f f  d iminished a f t e r  t h i s  phase as the 
cross-sect ional  task force was formed and was g iven the prime day-to-day 
r e s p o n s i b i l i t y  o f  working through the p r o j e c t .  

The task f o r ce  of seven was composed o f  e lec ted  members o f  each 
brancii and o f f i c c  i n  the D i v i s i on .  one e lec ted  c l e r i i a l  rep resen ta t i ve ,  
and an appointed supervisor as chairman. This group began working 
c l ose l y  w i t h  the APC Research Consul tant a t  the September 1984 i n i t i a t i o n  
o f  the Measures Phase, g radua l l y  becoming inc reas ing ly  se l f -suf f  i c l e n t  as 
i t  became knowledgeable o f  the methodology and conf ident i n  i t s  own 
a b i l i t i e s .  The progress o f  the p r o j e c t  slowed apprec iab ly  a t  the 
beginning o f  the Measures Phase as the team learned the " jargon"  of the 
WCPI and i t s  NGT mode, became comfortable i n  i t s  own i n t e r n a l  workings, 
took t i m e .  t o  understand the objectives which had been es tab l i shed  by the 
supervisors,  and r e l i e d  on the once-a-month v i s i t  f rom the  APC 
represen ta t i ve  fo r  d i r e c t i o n .  Dur ing the Measures Phase though. the team 
c l e a r l y  began t o  assume ownership of the p r o j e c t  and t o  be commi t t e d  t o  
i t s  complet ion.  Wi th in  a  month a f t e r  f i r s t  being formed, the group 
agreed t o  e s t a b l i s h  a standard weekly meeting t ime t o  conduct WCPI 
business t o  reduce con t inu ing  c o n f l i c t  f rom o ther  meetings and agreed t o  
implement c e r t a i n  i n i t i a t i v e s  t o  t r y  t o  keep the p r o j e c t  v i s i b l e  and 
provide some measure of e a r l y  success. The group's des i re  t o  s e l e c t  
con t r i bu t i ng ,  non-d isrupt ive members t o  suppor t ing subgroups, 



t h e  g roup ' s  own agreement t o  spend seve ra l  meet ings w i t h  bag l unch  t o  
g a i n  rnore t ime t o  c o r ~ d u c t  APC ousiness,  and i t s  own concern of t h e  
balance between schedule s  1  ippage and qua1 i t y  recommendations ev idence 
t h i s  p r o j e c t  commitment. Two implemented i n i t i a t i v e s  d u r i n g  t h i s  phase, 
t he  es tab l i shmen t  o f  a  "Recommendation Box" and a  month ly  "Brown-Bag 
Lunch" d u r i n g  which p r o f e s s i o n a l  t o p i c s  o f  i n t e r e s t  t o  p rocu renen t  
persofinel a r e  d iscussed,  r e q u i r e d  on-going maintenance which t h e  task  
fo rce  assumed when no o t h e r  p a r t y  vo lun tee red  t o  m a i n t a l n  them. F i n a l l y  
i n  January 1985, t he  Measures f o r  each o f  t h e  s i x  s t a t e d  o b j e c t i v e s  were 
p rov ided  t o  t h e  D i v i s i o n  C h i e f .  The D i v i s i o n  C h i e f  and h i s  s u p e r v i s o r y  
s t a f f  d iscussed these measures d u r i n g  February and e a r l y  March. 

U n f o r t u n a t e l y ,  t he  s u p e r v i s o r y  s t a f f  had a lmost  no i n p u t  i n  t h e  
development o f  the  proposed measures and had n o t  been a c t i v e l y  i n v o l v e d  
i n  t h e  K C P I  p r o j e c t  s i nce  t h e  p r i o r  summer. Th is  p e r i o d  o f  lower 
v i s i b i l i t y  o f  t h e  p r o j e c t  t o  t h e  supe rv i so rs  seemed t o  combine w i t h  minor  
i r r i t a t i o n s  some superv i so rs  had exper ienced i n  p r o v i d i n g  t h e i r  employees 
t ime  t o  work on the  p r o j e c t  (some superv i so rs  were r e q u i r i n g  s t r i c t  
s i g n - i n  and s ign-oet  f o r  each p r o j e c t  meet ing) ,  and p o s s i b l y  w i t h  s t a t u s  
concerns. The r e s u l t  was t h a t  t h e  i n i t i a l  d i scuss ions  o f  t he  measures 
became heated w i t h  t h e  Task Force Chairman, a  supe rv i so r ,  becoming v e r y  
f r u s t r a t e d  a t  t he  c w l  r e c e p t i o n  and seemingly p e t t y  comments made about  
t he  measures he was i n t r o d u c i n g .  A f t e r  t he  f i r s t  meet ing  and t h e  pass ing  
o f  seve ra l  days, pass ions  were calmed and i n  subsequent meet ings,  t h e  
D i v i s i o n  C h i e f  p rov ided  more v i s i b l e  suppor t  and some p r o t e c t i o n  to  t h e  
recommendations, whi l e  balancing t h i s  w i t h  an openness t o  r a t i o n a l ,  
c o n s t r u c t i v e  comments. A t  t h i s  p o i n t ,  p rogress  was r a p i d l y  ach ieved as 
c o n s t r u c t i v e  m o d i f i c a t i o n s  t o  some recommendations were made and t h e  
measures approved. The Task Force was assigned the  r e s p o n s i b i l i t y  o f  
imp lementa t ion  and maintenance o f  t h e  measures. 

The measures themselves have c o n t r i b u t e d  toward s e r v i c e  
e f f e c t i v e n e s s  and b e t t e r  communication w i t h i n  and w i t h o u t  t h e  
o r g a n i z a t i o n .  S p c c i f i  c a l  l y ,  t h e  procurement personnel  a re  imp1 i c i  t l y  
b e i n g  encouraged t o  communicate w i t h  t h e i r  customers s ince  we a r e  
measuring the  accompl i shment of  a  p lanned,  mutual l y  agreeab le  schedule t o  
t h e  a c t u a l  schedule. Moreover, t he  D i v i s i o n  i s  su rvey ing  t h e  user  
communl t y  when procurement a c t i o n s  a re  completed t o  determine i t s  
e f f ec t i veness  f rom t h e i r  vantage p o l n t  and a f f o r d i n g  them t h e  o p p o r t u n i t y  
t o  p r o v i d e  suggest ions .  S i m i l a r l y ,  the  D i v i s i o n  i s  su rvey ing  i t s  own 
c o n t r a c t  s p e c i a l i s t s  t o  r e c e i v e  t h e i r  pe rcep t i ons  on  t h e i r  customer 
i n t e r f a c e ,  e s ~ e c i a l l y  i n  t h e  c o n t r a c t  a d m i n i s t r a t i o n  area.  Through these 
surveys,  t h e  D i v i s i o n  has been in formed o f  c e r t a i n  problem areas and has 
l ea rned  t h a t  t h e  a c t u a l  use rs  o f  i t s  se rv i ces  a re  g e n e r a l l y  s a t i s f i e d  
w i t h  them, n o t w i t h s t a n d i n g  the  common blame-the-delay on procurement 
syndrome f r e q u e n t l y  heard.  



As the  p r o j e c t  moved I n t o  the  most s u b s t a n t i v e  phases of t h e  
p r o j e c t ,  Se rv i ce  Redesign, Teamwork, and Technology Parameters - t h e  
phases ask ing  what changes shou ld  be made to t h e  e x i s t i n g  processes and 
procedures,  how can the  i n t e r r e l a t i o n s h i p s  and i n t e r f a c e s  among personne l  
be improved, and what changes a re  needed f rom a techno logy  and f a c i  1 I t y  
s tandpo in t ,  the  Task Force was assuming ownership o f  t he  p r o j e c t .  By 
t h i s  t ime the  Task F o r c e ' s  weekly meet ings were o f t e n  o f  more 
s i g n i f i c a n c e  t h a r ~  t h e  mon th l y  meet ing  w i t h  t h e  APC Research C o n s u l t a n t .  
A t  t h e  beg inn ing  o f  these phases t h e  Task Force agreed t o  meet f o r  a 
longer  p e r i o d  o f  t ime each week and then as t h e  pr ime s f f o r t  moved from 
the  Task Force t o  i t s  appo in ted  subcommittees, t he  weekly Task Force 
meetings were shortened t o  p r o v i d e  the  Task Force members more t ime  i n  
t he  subgroups they  were l e a d i n g .  

The methodology suggested by the  APC Research Consul t a n t  which 
was u t i l i z e d  f o r  these phases was t o  d i v i d e  t h e  procurement process ' n t o  
s p e c i f i c  p a r t s  f rom t h e  i n i t i a t i o n  o f  a requ i rement  by a user  th rough 
f i n a l  c l oseou t  o f  t h e  c o n t r a c t  a f t e r  d e l i v e r y  and payment. ( I n  a d d i t i o n  
t o  these phases a s p e c i a l  i ssue  o f  examining t h e  c l e r i c a l / p a r a -  
p ro fess iona l  r o l e  i n  t h e  D i v l s i o n  was s e p a r a t e l y  i n c l u d e d ) .  A f t e r  
b reak ing  t h e  process i a t o  a p p r o p r i a t e  part;, each p a r t  was examined from 
a s tandpo in t  o f  comparing the  c u r r e n t  system t o  what an I d e a l  system 
might  be. I n  o r d e r  t o  dea l  w i t h  such a l a r g e  amount o f  da ta  an3 t h e  
v a r i e t y  of procedures and processes,  t he  Task Force s e l e c t e d  
knowledgeable, h e l p f u l  nonsuperv i so ry  employees and supe rv i so rs  ta h e l p  
them accompl ish t h i s  e f f o r t .  Two Task Force members headed each subgroup 
and r e p o r t e d  back t o  t h e  whole Task Force as t o  I t s  p rogress  and 
recommendations. From t h e  subgroup's examina t i on  o f  t h ~  s p e c i f i c  p a r t  of 
the  procurement process i t  was assigned,  which i n c l u d e d  c o n s i d e r a t i o n  o f  
teamwork concerns and techno logy  p o t e n t i a l ,  v a r i o u s  recommendations were 
generated.  With t h e  approva l  o f  t h e  D i v i s i o n  C h i e f ,  t h e  Task Force 
scheduled a one day r e t r e a t  t o  r e v i e w  the  f i n a l  subcommittee 
recommendations and t o  i n t e g r a t e  them i n t o  a coherent  package f o r  
D i v i  s i o n  management r e v i e w .  

The i n i t i a l  p l a n  f o r  management r e v i e w  o f  t h e  Se rv i ce  Redesign 
and Teamwork recommendat i o n s  was t h a t  f o l  lowed i n  t h e  Measures Phase, 
w i t h  t h e  Task Force Chairman p r e s e n t i n g  them t o  management. However, 
when the  f i r s t  t h r e e  recommendations were d iscussed,  a s d l n  some comments 
were made which were p e r c e i v e d  as b e i n g  non -cons t ruc t i ve .  When t h e  Task 
Force members heard o f  t h e  somewhat r o c k y  t rea tmen t  t h e  f i r s t  
recommendat i ons  had r e c e i v e d  f rom the  management s t a f f ,  t hey  reques ted  
t h e  D i v i s i o n  C h i e f  t h a t  t hey  be p e r m i t t e d  t o  f o r m a l l y  p resen t  t h e i r  
recommendations t o  t h e  supe rv i so rs  i n  a r e t r e a t  s e t t i n g .  Here one sees 
the  Task Force,  and t h e  subgroup members who worked w i t h  them, t a k i n g  
f u l l  ownership of t h e  p r o j e c t  and t h e i r  recommendations. 



The p a r t i c i p a t i v e  approach o f  the methodology had borne f r u i t  as 
nonsupervisory personnel on the Task Force and i n  i t s  subgroups had 
recognized and def ined problems, had designed and recommended so l  u t  t ons , 
and des i red t o  take an asse r t i ve  r o l e  I n  assur ing the recommendations 
were f u l  l y  understood and app rop r i a t e l y  d i  sposi t i oned .  Here a1 so one 
sees the v i t a l  support o f  the D i v i s i o n  Chief as he supported the Task 
Force approach and approved a two-day r e t r e a t  and a l a t e r  one-day 
follow-up r e t r e a t  t o  address i n  a t ime l y  and respons ib le  manner, the 
mu l t i tude  o f  recommendations made. As a r e s u l t  of these r e t r e a t s ,  some 
35 o f  a t o t a l  o f  40 recommendations were accepted i n  whole o r  i n  major 
p a r t  w i t h  1 defer red f o r  f u r t h e r  study and o n l y  4 no t  accepted. F i n a l l y ,  
the D i v i s i o n  Chief  i n v i t e d  a1 1 the Task Force members and the subgroup 
members t o  a recep t ion  a t  the end of the r e t r e a t  and recognized t h e i r  
valuable and time-consuming i npu t  p u b l i c l y .  

CONCLUSION 

The potent  i a1 improvement from the implementat i o n  o f  the accepted 
recommendations i s g rea t .  The recommendations address means t o  enable 
the users t o  prov ide the Procurement D i v l s i o n  b e t t e r ,  more complete da ta  
for  the processing of t h e i r  requirements, t o  e l i m i n a t e  r e c e i p t  o f  
documents which the D i v i s i o n  cannot process, t o  reduce the number o f  
admin is t ra t i ve  reviews by conso l ida t ing  i n p u t  from var ious  sources i n t o  a 
s ing le  review, t o  s i m p l i f y  the r e s o l u t i o n  o f  rev iew comments, t o  make 
f a c i l i t i e s  and equipment more access ib le ,  t o  increase thresholds f o r  
s ignatory  a u t h o r i t y ,  t o  prov ide spec i f i c  t r a i n i n g  f o r  de f ined  needs, t o  
improve procedures i n  working w i t h  the D i v i s i o n '  s support  con t rac to r ,  and 
to improve space u t i l i z a t i o n  and technology. I n t e r e s t i n g l y ,  many o f  
tb,ese recommendat ions w i  11 p o s i t i v e l y  impact lead-t ime, the focus o f  many 
e a r i i e r  s tud ies,  even though lead-t ime was no t  the s p e c i f i c  focus o f  the 
p r o j e c t .  I n  the words o f  a consul tant  ( no t  APC) who reviewed the r e s u l t s  
o f  the p ro j ec t :  "The work o f  the Task Force(s) and the management 
readiness (no t  wi thout  work) t o  accept them l e d  t o  very many 
recommendation adaptat ions which should g r e a t l y  improve p r o d l ~ ~ t i  v i  t y  and 
morale, and which t o  date have a1 ready done so. " '  ' ' 

The thes is  of t h i s  paper has been t h a t  the r e r son  t h i s  p r o j e c t  
achieved a large measure of success has been due t o  the WCPI emphasis on 
serv ice e f fec t i veness  a t  a D i v i s i o n a l  l e v e l  w i t h  ~nuch  worker 
p a r t i c i p a t i o n .  the commitment o f  a cross-sect iona l  task  team t o  the 
p ro j ec t ,  and the des i re  o f  the D i v i s i o n  Chief ,  the p i l o t  manager, f o r  
p r o j e c t  success. 

Ill Cannon. Wi l l i am H .  "Conru l tant  Eva luat ion o f  NASA APC P i l o t  E fFo r t " ,  
Par t  I, Quest ion 4 ,  Ju ly ,  1985. 



Al though r e c o g n i z i n g  eac' o r g a n i z a t i o n    as d i f f e r i n g  goa ls ,  
values,  s k i  1 1  s, personne l ,  e t c . ,  i t  1; p r e d i c t e d  t h a t  s i m i l a r  p r o j e c t s  
can be success fu l  i n  o t h e r  organiz.- ons i f  these t h r e e  f a c t o r s  a re  
p resen t .  "People w i  1 1  embrace i n n o v i  . I o n  and new techno logy  i f  they  a r e  
p a r t  o f  an open-ended, c r e a t i v e  l e a r n i n g  envi ronment which they  f e e l  t h e y  
had a  hand i n  shap ing" .  ' ' I  The s u b j e c t  p r o j e c t  r e v e r t -  an 
o r g a n i z a t i o n  o f  many workers who d e s i r e d  t o  p a r t i c i p a t e  i n  imnr3:1r!3 .-, 
exce l l ence  o f  t h e  organization. These employees, many o f  t ..:n youn, 
exh i  b i  t e d  the  necessary m a t u r i t y  and r e s p o n s i b i  1 i t y  t o  g e n e r a l l y  makr: 
sound, balanced recommendat i o n s  and t o  accept  t h e  organ!  z a t  i o n ' s  r i  g h t  t o  
accept ,  r e j e c t ,  o r  mod i f y  t h e  recommendations. The l a s k  Force was the  
work ing t o o l  o f  t h e  p r o j e c t  t o  accp- l i s h  i t s  noa i s .  Wi thout  a  cji.oup 
committed t o  t he  poss i  b i  1  i t y  o f  li!irl ovement, t h e r e  would appear 1 i t t l e  
chance o f  success. The method o f  hav ing  t h e  workers s e l e c t  t h e i r  own 
repr  ?sen ta t !  ves f o r  t h e  p r o j e c t  a g a i n  demonstrated t h e  o r g a n i z a t i o n ' s  
b e l i e f  i n  workers as mature and c o n s c i e n t i o u s .  The work ing  l c v e l ,  
perhaps sens ing  t h e  p o t e n t i a l  significance of  such a  p r o j e c t  and 
responding t o  management's t r u s t ,  s e l e c t e d  capable r e p r e s e n t a t i v e s  t h e y  
cou ld  t r u s t .  The r e p r e s e n t a t i v e s ,  i n  t u r n  d e s i r i n g  t o  w e l l  r ep resen t  
t h e i r  co l leagues and t o  demonstrate t h e  va lue  o f  t h e i r  e f f o r t  and 
ex i s tence ,  soon began t o  see t h e  success o f  t he  p r o j e c t  as i m p o r t a n t  t o  
themselves and t h e  D i v i s i o n .  and became committed t o  i t .  F i n a l l y ,  t h e  
P i l o t  Manager's suppor t  o f  t he  p r o j e c t  was c r u c i a l .  "There i s  no 
r e a l i s t i c  p rospect  f o r  changing norms o r  s tandards  if those l eade rs  of 
t he  p r e v a i  1  i n g  norm system absent  t h e m s e l v ? ~  f r o m  the  e f f o r t .  " [  ' '  
C l e a r l y ,  t h e  Procurement D i v i s i o n  C h i e f ,  supported p r o d u c t i v i t y  
i n t i  t l a t i v e s  and 1 i k e l y  w i t h o u t  h i s  s u p p e r t ,  t he  r e s t r i c t i o n s  imposed by 
m id - l eve l  supe rv i so rs  and t h e i r  lukewarm suppor t  may have proved f a t a l  t o  
t h e  p r o j e c t .  The p i l o t  manager's d e m n s t r a t e d  suppor t  a t  open 
d i v i s i o n - w i d e  meet ings and a t  meet ings w i t h  h i s  subo rd ina te  supe rv i so rs  
was necessary.  H i s  suppor t  o f  t he  p r o j e c t  i n  p r o v i d i n g  c o n c e n t r a r t d  t ime  
f o r  t he  Task Force t o  c o o r d i n a t e  the  recommendations and f o r  s u p e r v i s o r s  
to rev iew  t h e  proposa ls  i n  a  r e t r e a t - l i k e  atmosphere was f i r m  evidence o f  
h i s  suppor t .  H i s  f r e c , ~ e n t  p r o j e c t  rev iews  w i t h  t h e  Task Force Chairman 
and APC Rescarch Consul t a n t  p r o v i d e d  t h e  necessary momentum f o r  t h e  
p r o j e c t  t o  c o n t i n u e  d u r i n g  some of t h e  d r y  s p e l l s  when p r o j e c t  comp le t i on  
seemed remote and d l s t a n t .  I n  t he  Kearney Study done i n  1981 ," a1 1 t h e  
l e a d i n g  companies ( w i t h  acknowledged success fu l  p roduct !  v i  t y  programs) 
be1 i eved  they  had f i r m  t o p  management suppor t ,  b u t  o n l y  6 ge rcen t  o f  t he  
matched sample had i t . "  [ ' I  F i rm management suppor t  may be t h e  most 
s i g n i f i c a n t  v a r i a b l e  t o  success o f  s i m i l a r  p r o d u c t i v i t y  i n i t i a t i v e :  I n  
o t h e r  o r g a n i z a t i o n s .  Wi th  i t ,  w i t h  a  commi t t e d  t a s k  f o r c e  r e p r e s e n t i n g  
t h e  e n t i r e  p i l o t ,  and w i t h  a  non - th rea ten ing  methodology such as the  
WCPI, many o r g a n i z a t i o n s  can s i m i l a r l y  succeed. 

[ 2 1  P a s c a r e l l a ,  P e r r y ,  The New Ach ievers ,  The Free Press,  New York, 1984 
Page 132. 

[31  lake, Rober t  and Mouton. Jane. P r o d u c t i v i t y ,  The Human S idp .  AMACO 
New York,  1981, Page 76. 

141 Lehre r ,  Rober t  H .  , Whi te Col l a r  P r o d u c t i v i t y ,  McGraw-Hi 11 , New York, 
1983, Page 3 4 4 .  



I n  r e t r o s p e c t ,  perhaps t h e  most Impor tant  r e s u l t  o f  the  HCPI 
p r o j e c t  l n  t h l s  o r g a n l z a t l o n  has been a s h i f t i n g  i n  a t t i t u d e .  As the 
management exp la lned  i t s  d i s p o s l t l o n  o f  the many recommendatlons t o  the 
Task Force and i t s  s u b c m t  :tee aemberi, a s m s e  o f  e x c l  tement grew. The 
" t roops"  became o p t l m i s t l c  and eager t o  move t o  lmplementat lon and 
change. The b a r r i e r  a t  t h a t  hour between superv i so r  and supervlsed 
b l u r r e d  as the re  was a sense of  u n l t y  I n  d e s l r i n g  t o  achieve exce l l ence  
i n  the o r g a n i z a t i o n .  " J u s t  as people develop f e e l i n g s  about one another ,  
so people develop f e e l i n g s  about the  o r g a n l z a t l o n  for whlch they work." 
"' Al though p o s l t l v e  change o f  f e e l l n y s  and a t t i t u d e s  of employees 
towards an o r g a n i z a t i o n  i s  a t  b e s t  d l f f l c u l t  t o  achieve,  i t  may be the  
most impor tant  e f f e c t  of such a p r o j e c t  t h i s .  C e r t a i n l y  t h l s  
organization has o n l y  moved a ma11  s tep  toward a c o m n n l y  h e l d  
pe rcep t ion  o f  organiza:lon?l edcel  lence,  b u t  even t h e  t a s t e  of  i t  
experienced d u r i n g  the p r o j e c t  p rov lded  a c l e a r e r  v i s i o n  of i t  w i t h  
m t l v a t i o n  t o  cont inue the  pa th  t o  reach i t .  

I S 1  81 ake , Robert and Mouton, Jane, IN. . Page 38. 
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ABSTRACT 

This paper examines the r e s u i t s  of a p i lo t  qual i ty c i r c l e  program 
i n  an RLD engineering organization w i t h  special  a t ten t ion  t o  principle 
lessons learned. Based on work w i t h  NASA's Kennedy bpace Center shu t t l e  
launch team, issues of broader appl icabi l i ty  are systematically surveyed: 
the relevance of' qual i ty  c i r c l e  process t ra in ing ,  group dynamics and rcde 
s k i l l s ,  frequency aa4 duration of c i r c l e  .aeetings, the volunteer is^ 
premise, scope of membership and evaluation and measurement of r e su l t s .  

(The views expressed i n  t h i s  paper are those of the author and 
do not necessarily r e f l e c t  those of the National Aeronautics a d  Space 
Administration .) 

INTRODUCTION 

A t  Ni.SArs Kennedy Space Center, the Shutt le  Management and 
Operations organization has ins t i tu ted  a p i lo t  qual i ty  c i r c l e  program t o  
determine t h e  s t rengths and weaknesses of t h i s  par t icu lar  form of 
par t ic ipa t ive  m~22gement i n  our high technology, site co l l a r  service 
environment. Six c i r c l e s  cons t i tu te  the p i lo t  program: an operations 
engineering c i r c l e ,  a support engineering c i r c l e ,  a program of f i ce  
c i r c l e ,  a l o g i s t i c s  c i r c l e ,  a sec re t a r i e s  c i r c l e  and a middle-rnanagement 
c i r c l e .  These six were supplemented w i t h  two mu1 t iorganizat ional  
"integrated ternsn w i t h  a broader membership base l a t e  i n  the p i l o t  
program. This paper w i l l  summarize principle lllessons learned1' during 
the year and a half tha t  t h i s  p i lo t  program has beeii operating. 

LESSON ONE: PROCESS TRAINING RELEVANCE 

A g rea t  deal of the t raining matc?;.ial now avai lable presumes 
e i ther  a physical product or a production environment for the generation 
of a s e t  of services. This r e su l t s  i n  a preoccupation w i t h  the planning 
and execirtion of repeatable processes h i c h  i s  diff!.cu?t for  R&D oriented 
personnel t o  r e l a t e  w i t h  t he i r  job perceptions. NASA personnel uniform1 y 
found it  d i f f i c u l t  t.o l i i ~ k  the trqining prsvided w i t h  the necessary NASA 
focus on adapting to  change, integrat ion,  coordination and sb.ort ~ ~ a n n i n g  
horizons for  real  time operations. 



A second t r a i n i n g  concern was expressed by the  t e c h n i c a l  
p a r t i c i p a n t s .  Engineers and s c i e n t i s t s  a - e  by p r i o r  t r a i n i n g  very 
comfortable with both mathematics and cause and e f f e c t  l o g i c .  The models 
o f f e r e d  i n  t y p i c a l  q u a l i t y  c i r c l e  t r a i n i n g  were viewed a s  excess ive ly  
s i m p l i s t i c  and t h e  t r a i n i n g  a s  a  t r i v i a l  review o f  fundamental bas ics .  
C lea r ly  t h e  absence o f  a  reasonable  measure o f  t e c h n i c a l l y  o r  
i n t e l l e c t u a l l y  chal lenging mate r i a l  c o n s c i t u t e s  a  s e r i o u s  d e f i c i e n c y  &en 
using most a v a i l a b l e  m a t e r i a l  t o  t r a i n  mathematically s o p h i s t i c a t e d  work 
groups.  

A usefu l  s o l u t i o n  has been t o  ass ign  the  a v a i l a b l e  t r a i n i n g  
m a t e r i a l  a s  a  resource  f o r  o f f - l i n e  review and t o  sumnarize it i n  a  
cu r sory  manner i n  t h e  t r a i n i n g  s e s s i o n s .  I n  cont inuing search f o r  more 
appropr ia te  m a t e r i a l s ,  t h e  diSt2iplineS o f  o p e r a t i o n s  resea rch  appeer t o  
o f f e r  cons ide rab le  promise. 

LESSON WO: GROUP DYNAMICS DEFICIENCIES 

S i g n i f i c a n t  weaknesses i n  i n t e r p e r s o n a l  s k i l l s  were found t o  be 
high1 y c o r r e l a t e d  with high t e c h n i c a l  competence. Technical personnel 
arc-  very c a n f o r t a b l e  working independwt ly  but  a r e  much more unfami l i a r  
with group r o l e s ,  i c t e r p e r s o n a l  dynamics and teamwork than l e s s  narrowly 
t r a ined  personnel.  

This problem is  c~spounded by a  geners i  lack of personal  
awareness o f  these  d e f i c i e n c i e s  a s   we^ knesses.  The suggest ion o f  
p o s s i b l e  t r a i n i n g  i n  behaviora l  ski l l : ,  ( l i s t e n i n g ,  c o n f l i c t  management 
and peacemaking, conf ron ta t ion ,  negot j  a t i o n )  is  not well receivea  by 
i n d i v i d u a l s  accustomed t o  more abso lu te  va lues  of  r i g h t n e s s .  More c l e v e r  
and convincing packaging may be required before  p a r t i c i p a t i o n  i n  t h e s e  
"charm schooln s u b j e c t s  w i l l  be viewec a s  a  s e r i o u s  t r a i n i n g  oppor tun i ty .  

LESSON THREE: MEETING FREQUENCY A N D  DURATION 

The o p e r a t i o n a l  flows o f  four f l i g h t  worthy o r b i t e r s  and t h e  
c m p l e t i o n  o f  launch f a c i i i t i e s  on both c o a s t s  n e c e s s a r i l y  involves  work 
on i r r e g u l a r  s h i f t s  and freqilent  t r a v e l .  The problem of  choreographing a  
one-hour per week meeting with an assured quorum has been s o  d i f f i c u l t  
t h a t  t h r e e  of  our c i r c l e s  have changed t h e i r  meeting frequency t o  once 
every two weeks and doubled t h e i r  planned meeting dura t ion  t o  two hours.  

This approach r e q u i r e s  more comprehensive planning by t h e  c i r c l e  
l e a d e r ,  bu t  t h i s  l i m i t e d  exper ience  sugges t s  t h a t  s u s t a i n i n g  the  i n e r t i a  
c f  t h e  meeting process  f r equen t ly  permits  the  , i r c ? e  t o  accomplish t h e  
same amount of  meeting con ten t  i n  90 minutes of  continuous meeting a s  was 
f o r r e r l y  accomplished i n  two one hour meetings one week a p x t .  More t ime 
w i l l  be required t o  confirm t h i s  percept ion o f  improved meeting 
e f f i c i e n c y .  

LESSON FOUR : VOLUNTEERISM 

Volunteer p a r t i c i p a t i o n  i s  a corners tone of  t h e  c u r r e n t  American 
i n t e r p r e t a t i o n  of  q u a l i t y  c i r c l e s .  Unfor tunate ly  exper ience  suggests  



t h a t  younger employees have a  markedly hiyher  propensi ty  toward q u a l i t y  
c i r c l e  p a r t i c i p a t i o n  (and o t h e r  n o n t r a d i t i o n a l  management t echn iques )  
than do t h e  more experienced personnel .  A r i g i d  adherence t o  t h e  
voluntary  premise is l i m i t i n g  t h e  knowledge base which may be a s  
e s s e n t i a l  during t h e  problem s e l e c t i o n  phase a s  it is during t h e  problem 
a n a l y s i s  and r e s o l u t i o n  sequence. 

The c u r r e n t  approach focuses on t h e  engagement o f  e s s e n t i a l  
knowledge and s k i l l  r e sources  b y  involving nor;-volunteers a s  t e c h n i c a l  
suppor t  members. ?his  b r ings  the  r e q u i s i t e  background, knowledge, s k i l l s  
and a b i l i t i e s  t o  the  c i r c l e  and makes it a v a i l a b l e  a s  a  team resource .  
But, because of  the  arms-leng t h  involvement of t h e s e  t e c h n i c a l  suppor t  
members, important  pe r spec t ives  which might emerge on1 y  a f t e r  long 
incubat ion with the  problem a rea  and a t t endan t  i s s u e s  a r e  probabiy being 
missed. The quest ion and answer s e s s i o n s  with t h e  q u a l i t y  c i r c l e  members 
and s h o r t  exposure t o  perhaps only  a  l imi ted  p a r t  o f  t h e  problem a r e a  
c o n s t r a i n s  t h e  q u a l i t y  o f  a n a l y s i s  and comprehensiveness a f  r e s u l t a n t  
s o i u t i o n  proposals .  

Severa l  r e i n t e r p r e t a t i o n s  of "voluntaryn need t o  be considered 
including : brcad consc r ip t  ion through t h e  problem s e l e c t i o n  phase,  then 
vo lun ta ry ;  r o t a t i o n  of t<ey s k i l l  p o s i t i o n s ;  and t h e  t r a i n i n g  of  non- 
vo lun tee r s  i n  t he  q c z i i t ,  c i r c l e  process  a s  a  r e source  f o r  poss ib le  
f u t u r e  assignment on s p e c i a l  boards,  panels  t a s k  f o r c e s  and teams. 

I f  q u c l i t y  c i r c l e s  a r e  i r r evocab ly  wed t o  an unyie lding r i g i d  
i n t e r p r e t a t i o n  of w v o l u n t e e r u ,  t h e  reward f o r  p a r t i c i p a t i o n  should be 
increased t o  a t t r a c t  f u l l e r  ifivoivement. One r e a d i l y  a v a i l a b l e ,  bu t  
l a r g e l y  unders ta ted ,  reward coljld be shar ing of r e a l  power. For example, 
a  q u a l i t y  c i r c l e  might be a l l o c a t e d  some reasonable  l e v e l  o f  r e sources  
and aelegated the  managerial a u t h o r i t y  t o  develop and implement changes 
~n s o ~ e  sp-c;; ~ 2 :  : -+- i d e n t i f i e d  concern. No management presenta-  
t i o n  o r  s i m i l a r  review woAa ,L - . ' * * d .  The c i  l e  would be f u l l y  
empowered t o  implement such remedies a s  L:I.. , ' - ' i t  ad a p p r o p r i a t e  wi th in  
t h e  author ized resource  1-imit a:bi .;auld be operaLi. _ 'n f a c t ,  a s  smal l  
p r o j e c t  c f f i c e s .  Such an a p p r ~ a c h  rrtight a t t r a c t  seasor]\ j p r o f e s s i o n a l s  
wit'? a  penchant f o r  doing ins tead of j u s t  recommending and management 
might f i c d  it an e f f i c i e n t  way t o  work some of  t h e i r  cont inuing problems 
t h a t  never make t h e  ' t o p  ten l i s t r  and rece ive  necessary  a t t e n t i c n .  

LESSON FIVE:  X C P E  OF MEMBERSHIP 

R f D  personnel r o u t i n e l y  have a v a i l a b l e  t o  them numerous channels  
f o r  i n i t i a t i n g  ac t ion .  Local problems which caa be resolved by the  
reccmtnendation of a  r a t i o n a l  s o l u t i o n  t o  management a r e  u s u a l l y  handled 
through non-quality c i r c l e  channels.  Most of  t h e i r  cont inuing problems 
transcend t h e i r  o rgan iza t iona l  boundary. 

The e a r l y  involvement of  members o f  o t h e r  o r g a n i z a t i o n 3  who have 
a  s t a k e  in  the  outcome o r  a  r e s p o n s i b i l i t y  t o  c o n t r i b u t e  t o  the  bplut ion 
is  r a t i o n a l  and uhol iy  c o n s i s t e n t  with t h e  p a r t i c i p a t i v e  managemer~t 
p r i n c i p l e s  upoc which t h e  q u a l i t y  c - i r c l e  premise is founded. Many 
o r g a n i z a t i o n s  have reccgnized t h i s  need and have incorporated mul t i -  
department teams. 



- h e r e  problems transcend major organizational boundaries ( two or 
more contractors ,  government and one or more cont rac tors) ,  other issues 
a r i se .  Host of the newly presented issues are process issues:  Who is t o  
chair  the c i r c l e?  Who is t c  f a c i l i t a t e  the c i r c l e?  Whose process and 
protocol is  t o  be followed? Who is "management" for purposes of 
management presentation? H o w  are organizational differences i n  how 
members are reccgnized and rewarded t o  be accomodated? 

Limited experience suggests tha t  reasonable answers can evolve 
c l e s r ly  on a  case-by-case basis .  Since most " integrated teams" ( m u l t i -  
contrd3tor and government-contractor qual i ty c i r c l e s )  a re  organized 
around a  recognized need, it is prudent t o  cap i t a l i ze  on the high 
in t e res t  a  mutual goal na tura l ly  engenders. Wi th  cooperation a t  a  
maximum, some scheme of shared leadership through formal co-chai-%en or 
deference to  a  dominant organization has been quickly reached. The same 
treatment has been applied to  f a c i l i t a t o r s  usually w i t h  t h e  r e s u l t  t ha t  
the dominant organization furnishes the primary f a c i l i t a t o r  support. 

The issue of what procedures t o  follow for  c i r c l e  administration 
can be s igni f icant  i f  tile part icipat ing organizations have acquired t h e i r  
qual i ty  c i r c l e  t raining from d i f f e ren t  sources. Various vendors have 
sought to d i f f e r e n t i a t e  the i r  products from the canpeti t ion by 
introducing d i f f e ren t  pract ices , methods, procedures and terminology. 
The potent ial  for confusion and f rus t ra t ion  are obvious. 

Kennedy Space Center's approach t o  t h i s  issue has been from a  
preventative, rather  than remedial, perspective . Two years ago, a  
cooperative e f f o r t  t o  develop a  s ingle integrated qual i ty  c i r c l e  leader 
t raining program was undertaken. The resul t ing commonality of language, 
sequence, procedures, e t  .a1 . has rendered the d i f fer ing  procedures issue 
moot. 

"Management" for purposes of management presentation continues t o  
be defined as the lowest level  of the organizat ion(s)  w i t h  su f f i c i en t  
authori ty to  approve and implement the recommended act ion.  This 
frequently involves the concurrent presentation by the c i r c l e  t o  repre- 
senta t ives  of more than one organization, but has intrcduced no special  
problems. 

In sum, the expansion of the scope of membership t o  accommodate a  
multi-orgariizational base has not introduced any problem which reasonable 
professionals cannot r e s ~ l v e  on a  case-by-case t a s i s .  Our experience 
does not supoort any need for r ig id  uniformity among or between 
integrated teams. 

LESSON SIX: EVALUATION A N D  MEASUREMENT 

Much d i f f i c u l t y  and fr t rs trat ion r e s u l t s  from e f f o r t s  t o  express 
qual i ty  c i r c l e  progress i n  r i g id ly  quantif iable terms. Technologists 
find a  natural  comfort i n  numerical measures. Management is s imi lar ly  
interested a lbe i t  usually for  d i f f e ren t  reasons. Neither a re  sa t i s f i ed  
w i t h  the products which have resulted t o  date.  



Many s e r v i c e  o r g a n i z a t i o n s  have d i f f i c u l t y  i n  de f in ing  t m g i b l e  
o u t p u t s  f o r  a l l  o f  their  compocent elements.  Placing an unambiguous 
economic value on each is all overwhelming t a s k  p a r t i c u l a r l y  when t h e  
d i v i s i o n  o f  l a b o r  is complicated by (1 )  a  matr ix  o rgan iza t ion  s t r u c t u r e  
and (2 )  f requen t  changes i n  o r g a n i z a t i o n a l  r e s p o n s i b i l i t i e s .  

NASA1 s s i t u a t i o n  is f u r t h e r  complicated by two d i s t i n g u i s h i n g  
f e a t u r e s .  F i r s t ,  f r equen t  involvement in  one-of-a-kind s t u d i e s  preempts 
l o n g i t u d i n a l  measurement o p p o r t u ! ~ i t i e s  with a t t e n d a n t  development o f  
u s e f u l  t rend informat ion.  SeconJ, t h e  na tu re  of  NASA's mission r e q v i r e s  
many s ta te-of- the-ar t  s p e c i a l i s t s .  The r e s u l t i n g  o r g a n i z a t i o n s  a r e  not 
t r a d i t i o n a l  groups of  in terchangeable  personnel with common s k i l l s  b u t ,  
r a t h e r ,  confedera t ions  of s p e c i i i l i s t s  grouped i n t o  o r g a n i z a t i o n a l  
subd iv i s ions  f o r  a d m i n i s t r a t i v e  purposes. 

This  a r e a  of  f r u s t r a t i c n  is shared by those  seeking t o  measure 
knowledge worker ou tpu t  f o r  pur poszs o f  m ~ n i t o r i n g  p r o d u c t i v i t y .  h e  
n a t i o n a l  focus on t h e  i s s u e  o f  p r o d u c t i v i t y  is r e s u l t i n g  i r r  a  cont inuing 
wealth of  l i t e r a t u r e  address ing some cand ida te  approaches t o  t h e  problem 
(e.g., t h e  Westinghouse composite index [51, s e v e r a l  American 
Produc t iv i ty  Center a l t e r r , a t i v e s  [ 11 141, W. A. Ruch's p a r t i c i p a t i v e  
approach t o  white c o l l a r  p r o d u c t i v i t y  'measurement [31) .  

It is l i k e l y  t h a t  t h e  Kennedy Space Center w i l l  cont inue t o  
w r e s t l e  with a  v a r i e t y  o f  techniques  i n  what promises t o  be a long term 
p u r s u i t  o f  an e l u s i v e  goa l .  ?he e f f o r t  is l i k e l y  t o  involve  an 
evo lu t ionary  family o f  products  developed a t  t h e  g r a s s  roo t s .  Adapting 
f r e e l y  from Ruch [ 3 ]  and Kinlaw [ ? I ,  t h e  use of care i 'u l ly  f a c i l i t a t e d  
q9al i t .y  c i r c l e s  t~ g e n e r a t e  and exper imenta l ly  v a i i d a t e  a  family o f  ( 1 ) 
outpu t  measures, ( 2 )  input  measures, and then ( 3 )  t h e i r  combination i n t o  
use fu l  r a t i o s  may o f f e r  a  mechanism by which c r e d i b l e  numerical  measures 
m t i y  evolve .  

In t h e  i n t e r i m ,  r e l i a n c e  must cont inue t o  be pla2ed on surveys ,  
q u e s t i o n n a i r e s ,  in te rv iews  and o t h e r  ' s o f t  d a t a '  a s  a  t r a n s i e n t  com- 
promise while t h e  quest  f o r  q u a n t i t a t i v e  r e s u l t s  cont inues .  
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Th i s  paper rhovr how t h e  advanced technology of Very Large S c a l e  
I n t e g r a t e d  (OLSI) c i r c u i t s  c m  be incorporated i n t o  t h e  ground ruppor t  
equipment t o  rupport  Space S t a t i o n  development and opera t ions ,  such t h a t  
p r o d u c t i v i t y  improvements in  hardvare  d e r i g n  and l a r g e  c o s t  s a v i n g s  can 
b e  r e a l i z e d .  A t e c h n o l o g y  t r a d e - o f f  i r  made t o  s u p p o r t  t h e  u r a g e  o f  
VLSI t echno1087  and a  c o m p a r i r o n  is s z d e  b e t v e e n  t h e  e x i c ~ i n g  s w i t c h  
ca rd  and a  f u t u r e  VLSI swi tch  ca rd  t o  i l ? u e t r a t e  t h e  l a r g e  c o s t  r av inga  
assoc ia ted  wi th  VLSI use. I n  a d d i t i o n ,  t h e  methodology used t o  d e v e l o p  
a  VLSL e v i t c h  card  i e  described.  

INTRODUCTION 

The ha rdware  d e s i g n  e n g i n e e r  o f  t o d a y  h a s  a n  u n p r e c e d e n t e d  
r e l e c t i o n  of t echno log ies  from which he may implement h i s  design.  The 
t r a d i t i o n a l  t echno log ies  such a s  Smal l  S c a l e  I n t e g r a t e d  (SSI), Medium 
S c a l e  I n t e g r a t e d  (MSI), and L a r g e  S c a l e  I n t e g r a t e d  (LsI)  c i r c u i t s  a r e  
being augmented by t h e  a d d i t i o n  o f  remi-cuetom, VLSI c i r c u i t s .  The u s e  
of VLSI c i r c u i t s ,  f o r  a p p l i c a t i o n s  r e q u i r i n g  l a r g e  q u a n t i t i e s  of r e p e a t  
d e s i g n  ha rdware  o f f e r  many syotem r e l a t e d  economic a d v a u t a g e e .  They 
reduce t h e  i n t e g r a t e d  c i r c u i t  package count,  which reducee t h e  requ i red  
number of  p r i n t e d  c i r c u i t  b o a r d s ,  c a r d  c a g e s  and c a b i n e t s .  The 
reduc t ion  i n  t h e  requ i red  q u a n t i t i e s  of t h e r e  items, reduce t h e  o v e r a l  l 
a s s e m b l y ,  t r a n s p o r t a t i o n ,  and a s s o c i a t e d  f a c i l i t y  c o s t s ,  s u c h  a s  a i r  
condi t ioning,  hea t ing  and a v a i l a b l e  power. Syetems t h a t  u t i l i z e  VLSI 
t echno log ie r ,  t y p i c a l  l y  p rov ide  h igher  r e 1  f a b i l  i t y  f igures ,  lower power 
d i s s i p a t i o n  and l o v e r  mean t ime t o  r e p a i r  f i g u r e s .  

The M i s s i o n  C o n t r o l  Cec:er a t  J o h n s o n  Space  C e n t e r  i n c l u d e s  a  
l a r g e  swi tching system t h a t  p r o v i d e s  d a t a  channel  twi tch ing  and r o u t i n g  
t o  s u p p o r t  Space  S h u t t l e  O p e r a t i o n e .  The number o f  s w i t c h e d  d a t a  
c h a n n e l s  t o  s u p p o r t  t h e  d e v e l o p m e n t  p h a s e  o f  t h e  Space  S t a t i o n  c o u l d  
more t h a n  t r i p l e  t h e  p r e s e n t  r e q u i r e m e n t .  It  i s  r e a s o n a b l e  t h a t  t h e  
r e q u i r e m e n t s  f o r  t h e  s u p p o r t  o f  m a t u r e  Space S t a t i o n  Operat ions  cou ld  
e a s i l y  approach seven t imes t h e  p resen t  c a p a b i l i t y .  

This magnitude of switched d a t a  channele ,  c l e a r l y  shove the  a c u t e  
need t o  improve p r o d u c t i v i t y  i n  hardware des ign  and t o  make use  of t h e  
c o s t  savings  aesoc ia ted  wi th  t h e  use of VLSI c i r c u i t  technology.  



Today's rystemr and rub-&yetems a r e  o f t e n  d i f f i c u l t  t o  des ign  i n  
a  c o o t  e f f e c t i v e  manner u r i n g  t r a d i t i o n a l  t e c h n o l o g i e r .  F u n c t i o n r  
p r e v i o u r l y  d e s i g n e d  on e n t i r e  p r i n t e d  c i r c u i t  b o a r d 8  a r e  now b e i n g  
reduced t o  r i n g l e  s i l i c o n  chips.  However, acr wi th  any neu technology,  
inc rea red  r i * k r  a r e  aoroc ia ted  wi th  a  semi-curtom VLSP d e r i g n  p ro jec t .  
There r i r k r  include:  

Poor schedule performance by vendorr of  ro f tware  
rupport  packager , 

Poor schedule  performance by t h e  r i l i c o n  foundry 
choecn t o  manufacture t h e  dev ice ,  

The i n a b i l i t y  of t h e  d e r i g n  eng ineer  t o  m d i f y  
t h e  'VLSI c i r c u i t  dur ing  checkout, o r  

Poss ib le  r edes ign  t o  suppor t  changing r y r t a  r e -  
qu irement 8. 

To o f f r e t  t h e e e  r i s k s ,  a  v e r y  m e t h o d i c a l  d e r i g n  r e q u e n c e  i r  
mandated which incluEes  a  h i e r a r c h i c a l .  des ign  s t r u c t u r e  a l o n g  w i t h  in -  
d e p t h  s o f t w a r e  s i m u l a t i o n  b e f o r e  ; . c b i t e c t u r a l  l a y o u t .  T o t a l  c h i p  
cha i -ac te r i za t ion  dur ing  t h e  checkout process  eneures  p r o j e c t  ouccers.  

The sequence of even t s  f o r  t r a d i t i o n a l  d e s i g n  a r e  as fol lowr:  

System d e f i n i t i o n  

Requiremente d e f i n i t i o n  

a Sub-eystem d e f i n i t i o n  

Requirements apportionment 

e D e t a i l  l o g i c  des ign  

Pr in ted  c i r c u i t  board f a b r i c a t i o n  

Checkout 

Sub-System i n t e g r a t i o n  

System i n t e g r a t i o n  

The s y s t e m s  ha rdware  d e s i g n e r  d e f i n e e  t h e  r y s t e m  and i t s  
t e q u i r e m e n t e .  From t h e e e  r e q u i r e m e n t s  a  s y s t e m  d e r i g n  emerges  w i t h  a  
number .t-E i n d i c a t e d  oub-sys teme.  The i n d i v i d u a l  r u b - r y r t e m s  a r e  t h e n  
d e f i n e d  and t h e  s y s t e m  r e q u i r e m e n t s  a r e  a p p o r t i o n e d .  Prom t h e  sub-  
syr,em d e s i g n  and t h e  a p p o r t i o n e d  r e q u i r e m e n t s  t h e  number and t y p e  o f  
i n d i v i d u a l  p r i n t e d  c i r c u i t  boards a r e  indicated.  



The p r i n t e d  c i r c u i t  board des igner  then deve lops  a number of f u n c t i o n a l  
b lock  d i a g r a m  and with t h e  h e l p  of a s tandard p a r t s  ca ta rog .  implements 
t h e  required des  ign. A f t e r  completion of design,  board f a b r i c a t  ion, and 
p u r c h a s e  of  t h e  r e q u i r e d  r t a n d a r d  p a r t r ,  t h e  c o m p l e t e d  board  e n t e r 8  
checkout. I f  a  p a r t  p roves  d e f e c t i v e  i t  i r  removed and rep laced  v i t b  a 
.new r t a n d a r d  p a r t .  I f  t h e  c i r c t i i t  w i r i n g  i r  f a u l t y  o r  i n c o r r e c t ,  
r ewi r ing  o r  c i r c u i t  modi f i c r t ion  i r  acc~omplirhed and checkout con t inuer .  
Thir  procedure can be repcaged u n t i l  t h e  d e r i r e d  p r i n t e d  c i r c u i t  board, 
des ign  requirements a r e  met. FOP lowing ind iv idua  1 board checkout, i t  is 
i n t e g r a t e d  i n t o  e h t  r u b - r y r t e m  and c b e c k o u t  c o n t i n u e r .  I f  t h e  sub-  
oyrtem cbeckout uncovers a f a u l t ,  redes ign and r e t e s t  fo l lows .  As can 
b e  $een ,  t b e  t r a d i t i o n a l  d e s i g n  method a l l o w e  many o p p o r t u n i t i e r  f o r  
r e d e r i g n  t o  f u l f i l l  t h e  o v e r a l l  eystem requirements. 

I n  c o n t r a r t ,  t h e  semi-custom. VLSI deeign proceas  a l l o w s  o n l y  a 
few t e d e r i g n  o p p o r t u n i t i e r .  To r e d u c e  t h e  r i s k s  a s s o c i a t e d  w i t h  VLSI 
d e s i g n ,  t h e  d e s i g n  p r o c e s s  must  be  h i g h l y  s t r u c t u r e d  s n d  r o f t w a r e  
r i m u l a t i o n  o f  t h e  r e q u i r e d  VLSI d e v i c e  must be f u l  l y  u t i l i z e d .  The 
eystem and sub-system f u n c t i o n a l  des ign mus: be accompli ,~hed wi th  t h e  
g o a l  of r&duciag equipment q u a n t i t i e s  through t h e  u s e  of VLSI designs.  
I n  most in r t ances ,  not  a 1 1  rystem. mb-eyetem a r  even i n d i v i d u a l  p r i n t e d  
c i r c u i t  board func t ions  can be implemented wi th in  a s i n g l e  VLSI c i r c u i t  
d e s i g n .  Some f u n c t i o n e ,  s r c h  a s  n t a l o g  c i r c u i t e m  d i f  f e r e n t i a  1 1 i n e  
d r i v e r s ,  and l i n e  r e c e i v e r r ,  o r  u l t r a  s t a b l e  c l o c k  o s c i l l a t o r s  a r c  not  
r e a d i l y  a v a i l a b l e  i n  s tandard VLSI c i r c u i t  technologiee .  In  a d d i t  ion. 
a s  most VLSI t echno log ies  u t i l i z e  che HCMOS (High Speed, Complementary 
M e t a l  o x i d e )  p r o c e s s ,  t h e  d e s i g n e r  nay  be  u n e h l e  t o  meet a l l  r e q u i r e d  
s p e t i f i c a t i o n s .  The r e q u i r e d  d e e i g n  m i g h t  b e  l e s s  r i s k y  when 
implemented wi th  a combination of s tandard and VLSI devices .  The VLSI 
des igu  procesr  Pol love  t h e  name aequence of even t  e through sub-system, 
r e q u i r e m e n t s  appor t ionmer .? .  The d l t t a i  1 L s i g n  s e q u e n c e  i s  q u c h  more 
e x a c t ,  a s  e n  i n d i v i d u a l  i n t e g r a t e d  c i r c u i t  i s  b e i n g  d e s i g n e d  and i e  
p resen ted  i n  a fo l lowing  sect ion.  As t h e  des igner  bas a l i m i t e d  a b i l i t y  
t o  modi fy  t h e  VLSL d e s i g n  a f t e r  a r c h i t e c t u r a l  l a y o u t ,  t h e  s y s t e m  
d e f i n i t i o n  r b i u e  must be more lengthy ae  we1 1 a s  t h e  so f tware  s i m u l a t i o n  
p o r t l a n  of t h e  cycle .  

I n  g e n e r a l ,  t h o s e  f u n c t i o n a l  d e e i g n s  which c o n t a i n  e number o f  
i d e n t i c a l  c i r c u i t s ,  o r  l a r g e  combinat iona 1 l o g i c  networks which might be 
implemented  i n  s t a n d a r d  SSI/NSX/LSI t e c h n o l o g y r  v o u l d  b e  n l i k e l y  
cand ida te  f o r  a semi-custom VLSI c i r c u i t  deeign. The t r a d e o f f  between 
t echno log ies  must i n v o l v e  the  es t imated c o s t  and ucbeduled d e l i v e r y  of 
t h e  r y s t e m  implemented i n  e i t h e r  s t a n d a r d  p a r t s  o r  i n  VLSX c i r c u i t  
technology. 

T r a d i t  i o u a  1 d e s i g n  p r o j e c t s  u s i n g  s t andard  o f f - t h e - s h e l f  p a r t s  
have o n l y  t h e  non-recurring engineer ing (NRE) c o s t s  a s s o c i a t e d  with t h e  
p r i n t e d  c i r c u i t  board ,  c a r d  c a g e  and c a b i n e t  d e s i g n .  The i n t e g r a t e d  
c i r c u i t s  t h e m s e l v e r  a r e  we1 1 c h a r e c t e r i z e d  and t h e i r  c o e t s  a r e  
minimized. The semi-custom, VLSI c i r c u i t  des ign,  i n c l u d e s  a 1  1 of t h e  
p r e v i o u s l y  ment ioned N R E  c o s t s  p l u s  t h e  d e v e l o p m e n t  c o s t  of t h e  VLSI 



d e v i c e  i t s e l f .  Typ ica l  deve lopment  c o e t e  f o r  a  g a t e  a r r a y  range  from 
$5,000 t o  $75.000 whi!  e  s t a n d a r d  c e l l  d e e i g n e  r a n g e  f r o m  $25,000 t o  
$200,000. From t h e  p r e v i b u e  e ta tement ,  it  becomes o b v i o u e  t h a t  t h e  NRE 
c o s t  a s s o c i a t e d  w i t h  a VLSI c i r c u i t  c a n  o n l y  be j u r t i f i e d  by t h e  
r e d u c t i o n  i n  q u a n t i t y  of equ ipnsn t  r equ i r ed .  ,An a  VLSI c i r c u i t  d e r i g n  
i n  a  p r o p r i e t a r y  d e v i c e .  t h e  d e e i g t  t r z b ~ v f f  mumt r l r o  compare  t h e  
d i f  f c r e n c e  i n  p r o c u r e m e n t  mcbedu lee .  T r a d i t i o n a l  i n t t z r r t e d  c i r c u i t 8  
may o f t e n  b e  p u r c h a e e d  f rom l o c a l  e t o c k .  VLSI d e v i c e 8  w r t  f i r r t  b e  
d e s i g n e d .  c h e c k e d  o u t  and  t h e n  r e l e a s e d  t o  p r o d u c t i o n .  I n  eomc 
in s t ancee .  t h e  p r o j e c t  s c h e d u l e  m y  n o t  a l l o w  t h i n  luxury .  

The dee ign  t r a d e o f i  muet be made i n j - t i a l l y  a t  t h e  s y r t m  o r  sub- 
e y e t e m  d e s i g n  p h a s e  and  r e e v a l u a t e d  t h r o u g h o u t  t h e  d e s i g n  r e q u e n c e .  
Semi-cue tom VLSI c i r c u i t  d e e i g n ,  v h e n m i x e d  w i t h  t r a d i t i o n a l  d e u i g n .  
of f e r s  t h e  advan tages  of reduced c o e t e  snd o f t en .  i n c r e a s e d  per fonnance ,  
w h i l e  main:aining a  rranageab l e  r i s k .  

VLSI ?HPLEHENTATION W L E  

The H i s e i o n  Cont r o  1 C e n t e r ' s  g r o u n d  s u p p o r t  e q u i p m e n t  f o r  
euppor t i ng  Space S h u t t l e  Opera t ions ,  i n c l u d e s  a  l a r g e  e v i t c h i n g  eystem 
t h a t  p r o v - d e s  daL; channel  ewi t ch iug  and r o u t i n g  f o r  294 i n p u t  c h a r n e l 8  
and 294 ou tpu t  channele .  The mmber of @wit-hed d a t a  c h a n n e l s  r e q u i r e d  
t o  s u p p o r t  t h e  Space  S t a t  i o n  e n v i r o n m e n t  c o u l d  e a e i l y  a p p r o e - h  2.000 
inpu t  and 2.000 ou tpu t  channe l s .  This  magnitude i n c z e a e e  r e q u i r e s  t h e  
u s e  of  VLSI technology t o  improve ;+oduct i v i t y  i u  hardware des ign .  

The p r e s e n t  d a t a  c h a n n e l  e w i t c h i n g  e q u i p m e n t  i e  b a e e d  o n  a  two 
l e v e l ,  7 X 'I. d i g i t a l  s w i t c h  c a r d  i m p l e m e n t e d  i r  t r a d i t i o n a l .  
SSI/MSI/LSI- t e c h n o l o g y .  The 7 X 7 s w i t c h  c a r d  i e  t h e  b a e i c  b u i l d i n g  
b l o c k  f o r  a  294 X 294 d i g i t a l  switch.  To p r o v i d e  t h e  a b i l i t y  t o  s v i t c h  
t h e  86, 436 c r o s s p o i n t s  r e q u i r e d  by a 294  X 294  s w i t c h r  a t h r e e  s t a g e ,  
eegmented s o i t c h  approach was c 1 ~ 3 e n .  I n  choos ing  t h e  eegmented s w i t c h  
approach,  a  s i g n i f  i c a n t  r e d u c t  ion  i n  q u a n t i t y  of equipment vae  ach ieved .  
T h i s  a p p r o a c h  was f i r s t  o b s e r v e d  i n  1952 by C h a r l e s  C l o e  o f  B e l l  
L a b o r a t o r i e ~ .  It  was obse rved  t h a t  a  g e n e r a l  purpose  s w i t c h i n g  a r r a y  
w i t h  'H' i n p u t s  and  'N' o u t p u t 6  may be  c o n f i g u r e d  w i t h  l e s s  t h a n  'N X N' 
c r o e s p o i n t s .  A c r o e e p o i n t  i e  de f ined  a s  a  phye l c a l  conriect ion between 
an  inpu t  and an ou tpu t .  I n  a  t h r e e  s t a g e  n r r ay .  t h r e e  c r o e e p o i n t s ,  one  
i n  e a c h  s t a g e  mus t  b e  c l o s e d  t o  c o m p l e t e  a  p a t h  f r o m  a n  i n p u t  t o  t h e  
o u t p u t  s i d e  of  t h e  swi t ch  a r r ay .  The e q u a t i o n  f o r  f i n d l n g  t h e  number of 
c r o s s p o i n t a  needed t o  implement a t h r e e - s t a g c  a r r a y  is: 

? of c r o s s p o i n t s  = S(N exp ( 3 1 2 ) )  - 3 B  



By u r i n g  t h e  t h r e e  r t r g e  r v i t c h  a r r a y ,  i t  c a n  b e  r c e o  t h a t  f e u e r  t h a n  
o n e - h a  1  f t h e  86,436 c r o r r p o i n t r  w e r e  n e e d e d .  The  p r e r s n t  t b r e e  r t a g e  
r v i t c b  r e q u i r e s  35 c a r d  c a g e r  h o u s e d  i n  e i g h t  r v i t c b  c a b i n e t r .  Each  
c a r d  c a g e  c o n t a i n r  a n  a v e r a g e  o f  18 r w i t c h  c a r d r  a n d  t v o  i n t e r f a c e  
c a r d r .  The advantage8  of  t h i s  d c r i g n  app roacb  sre d e p i c t e d  i n  Tab l e  1. 

COST 

MAINTAINABILITY 

R E L I A B I L I T Y  

SCHEDULE 

GROWTH POTENTIAL 

TESTABlLITY 

RISK 

FAIL-S.4FE 

CURRENT TECENOLOGY 

CONFIGUEL4TION TI% 

DESIGN APPROACH 

SINGLE STAGE 

1 -BEST.  2-NEXT BEST, 3-FAST, *-MEETS REQUIREMENTS 

TABLE 1 

I n  a d d i t i o n  t o  t h e  l a r g e  r e d u c t i o n  i n  t h e  number  o f  r v i t c h  
c r o o r p o i n t  8, t h e  t h r e e  e t a g e  w i t c h  app roach  vae  ee l e c t e d  becauae  i t  e 
a r c h i t e c t u r e  ~ r o v i d e d  a l t e r n a t e  plrths. T h i s  p a t h  redundancy i r  p r o v i d e d  
by a l t e r a t e  w i r i n g  i n e i d c  t h e  e v i i c h  a r c b i t e c t s r e .  The concept  behind  
p a t h  redundancy i e  shovn i n  F igu re  1. 
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FIGURE 1 

To s u p p o r t  t h e  S p a c e  S t a t i o n  d e v e l o p m e n t  p h a s e .  t h e  n u d e r  o f  
r v i t c h e d  d a t a  c h a n n e l s  i s  p r o j e c t e d  t o  be approach i -g  1.000 inpuco aild 
1.000 o u t p u t s .  A s  t b e  ry r t em ma tu re r  and requi rement8  become f l n r l i s e d  
a r v i t c h i n g  m a t r i x  t h a t  r u p p o r t c  2,000 i n p ~ t ; r  and 2,000 o u t p u t r  i s  n o t  
c n r e a s o  :hie. T h i r  m a g n i t u d e  o f  o v i t c h e d  d a t a  c h a n n e l 8  may r e q u i r e .  
b a ~ d v a r e  t h a t  c a n  p r o v i d e  u ~  t o  4.GCO.000 c o m b i u r t i o n r  o f  i n p u t  t o  
o u t p u t  connect  ions ,  With t h e  a d d i t  ion. 1 r e q u i r m e n t  c?f nor. ; . e m i t t i n g  
a n  i n p u t  t o  ou tpu t  b l o c k i n g  c o n d i t i o n  acd  ~ i n t a i n i n g  h igh  r e 1  i s t ~ i l : t y  
f i g u r e s .  a t h r e e  a tage .  'JLSI bared d i g i t a l  w i t c h  i s  c l e a r l y  i n d i c a t e d .  



A s t u d y  was conduc ted  b a r e d  on t h e  e x i s t i n g  7 X 7 two l e v e l ,  
r w i t c h  c a r d ,  t o  d e t e r m i n e  i f  c o s t  savin4ra c o u l d  be  r e e l i z e d  by  
i o c r e a r i n g  t h e  c r o s e p o i n t d  c o n t a i n e d  on a  r i n g l e  s w i t c h  c a r d .  By 
expanding t h e  r t ize of t h e  s w i t c h  c a r d  t h r ~ u g h  t h e  u s e  of  VLSI 
t e c h ~ o l s y y ~  a  very l a r g e  aavinga i n  required mwitch c a r d s  and a r s o c i a t e d  
c o r t c  can be r e a l i z e d .  Table  2 ind ica te8  t h e  rnv ingr  r r r o c i a t e d  wi th  s 
20 X 20 r v l t c h  card  vereue t h e  e x i r t i a n  7 X 7 card ,  f o r  a l r O O O  X 1.000 - 
two l e v e l s  t h r e e  a tage  d i g i t a l  evi tch .  

Figure 2 and Figure desc r ibe  t h e  a r c a i t e c t u r e  for a  t h r e e  s t a g e  
owi tch  u s i n g  t h e  7 X 7 e v i r c h  c a r d  and t h e  20 X 20, VL' s w i t c h  c a r d .  



U = 20 X 23 Swi tch  Card 

FIGURE 3 

ne c l e a r l y  ind ica ted  by t h e  q u a n t i t y  d i f f e r e ~ c e  betwees t h e  two 
emxmplee. t h e  moet coe t  e f f e c t i v e  a l t e r n a t i v e  would be the  20 X 20 VLSI 
s v i t c h  card  implementation. 

Whts c o u p l e d  w i t h  E h i g h e r  c a r d  cage.  p a c k a g i n g  d e n e i t y r  t h e  
d i f f e r e n c e  i n  c a b i n e t  c o u n t  (49  c a b i n e t 6  v e r e u e  10 c a b i n e t s )  l e a v e e  
l i t t l e  d o u b t  t h a t  a VLSI d e s i g n  would  b e  mare t h a n  j u s t  i f  i a b l e .  The 
r e d u c t i o n  i n  aseembl  y c o s t s .  power eupp 1 y  r e q u i r e m e n t s  and f a c i l  i t y  
r e l a t e d  coe te  more than o f f e e t  t h e  coe t  of VLSI development. 



VLSI DESIGN METHODOLOGY 

The deoigo  sequence f o r  r aemi-customr VLSI c i r s u i e  beg ins  i n  
u c b  tho mame way am t h a t  of a t r a d i t i o n a l  deaign project.  The ana lye i s  
of e yrtem requitementar func t iona l  pa r t i t i on ing  and the  development c.f a 
rub-uyateu design m a t  a l r o  be accompliabed. The VLSI derigner m e t  be 
even MTC meticulous with there  Laaka a s  bin deaign e f f o r t r  extend dow 
t~ :he g a t s  l e v e l  within the  device i t s e l f .  During the  checkout phase, 
the  VLSI deoigner does not h o e  the  a b i l i t y  t o  orodify the derign i t s e l f  
without resor t ing  t o  an additions 1 a rch i t ec tu ra l  layout and subsequent 
prototype fabricat ion.  The taaks, pecu l i a r  t o  the  VLSI design process 
a r e  depicted i n  Figure 4. 
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The d e v e l o p m e n t  of f u n c t i o n a l  b l o c k  d i a g r a m  i s  e s p e c i a l l y  
critical t o  a VLSI designer.  The h i e r a r c h i c a l  des ign  yroceer  assoc ih ted  
v i t h  VLSI d e s i g n  e n f o r c e s  t h e  r t r u c t u r e d ,  t o p  do: a d e s i g n  method. 
Funct ional  b lock diagrams a r e  developed f o r  t h e  p r i n t e d  c i r c u i t  bobrd. 
and h e l p  t o  a r r o c i a t e  requirement8 wi th  t h e i r  r e r p e c t i v e  l o g i c  Llocku. 
Ae t h e  d e r  i g n  p r a g r e s r c r ,  a d d i t  i o n a  1 sub-b l o c k r  a r e  d e v e  2 oped which 
enab le  t h e  de r igner  t o  f u r t h e r  d e f i n e  t h e  requirement8 a r r o c i a t d  r i r b  
t h e  VLSI device.  When complete. t h e  r e s u l t i n g  b lock  l e v e l  diagrams at,. 
u r e f u l  i n  r p e c i f i c a t i o n e ,  d e e i g n  r e v i e w e ,  a o f t w a r e  s i r n u l a t i o n e .  and 
prototype checkout.  

The LC. Target S p e c i f i c a t i o n  resembles t h e  d e t a i l e d  d a t a  s h e e t s  
p u b l i s h e d  by t r a d i t i o n a l  I.C. v e n d o r & .  The T a r g e t  S p e c i f  i c s t i o n  
includes  t h e  followiog: 

e k n c t  i o n a l  deecr  i p t  ion 

e Block diagram 

e Packasiug informat ion 

Pin aesigmnents 

Maximum r a t i n g s  

Beccnmnended opera t  l ng cond i t  ions 

D . C .  c h a r a c t e r i s t i c s  

e A.C.  c h a r a c t e r i s t i c s  

Appl icat ion iriformatiori 

The T a r g e t  S p e c i f i c a t i o r .  i s  i n i t i : ~ t e d  a t  t h e  b e g i n n i n g  o f  t h e  
p r o j e c t  and i s  updated periodice.: l y  t o  enr u r e  a l l  deeign epecif  i s a t  ions  
a r e  u l t i m a t e l y  s a t i s f i e d .  The deeigner  uses  t h e  Target  S p e c i f i c a t i o n  t o  
chooae t h e  t e c h ~ o l o g y  fami ly  trom which t h e  des ign  v i l l  be implemetxted, 
t h e  t y p e  package  ueedc  and most m i p o r t a n t .  a s  a  v e r i f i c a t i o n  document 
dur ing prototype checkout. 

The d e t a i l  l o g i c  des ign c l o s e l y  £01 lows t h a t  of t r a d i t i o n a l  l o g i c  
dee ign .  As t h e  VLSI d e s i g n  c & n a o t  be e a s i l y  m o d i f i e d  d u r i n g  t h e  
p r o t o t y p e  s t a g e .  i t  i s  o f  g r e a t  i m p o r t a n c e  t h a t  t h e  d e e i g n e r  a d o p t  a  
dee iga  method t h a t  increaees  t h e  chance f o r  a  c o r r e c t  f i r s t  time deeign. 
The h i e r a r c h i c a l  des ign methodolagy a l l o w s  t h e  des igner  t o  proceed i n  a  
t o p  down approach ,  and c o u p l e d  v i t h  d e s i g n  z u l e  c h e c k i n g *  o f f e r s  an  
e x c e l l e n t  chance f o r  a c o r r e c t  f i r s t  time design.  



The d e s i g n  i s  i n i t i s l . 1 ~  e n t e r e d  i n t o  t h e  d a t a  b a s e  i n  b l o c k  
d i a g r a m  form. A s  t h e  d e r i g .  p r o g r e s r e a ,  e a c h  b l o c k  o r  s u b - b l o c k  i s  
r e d u c e d  t o  a  d e t a i l e d  l o g i c  d e s i g n .  The d a t a  b a s e  c a n n e c t i v i t y  a n d  
e l e c t r i c a l  d e s c r i p t i o n s  a r e  c h e c k e d  o n  a c i r c u i t  by  c i r c u i t  b a s i s  t o  
e n s u r e  a  c o r r e c t  d e s i g n .  When a 1  1 f u n c t i o n s  h a v e  b e e n  i m p l e m e n t e d ,  
f u n c t  i o n a  1, u o f t w a r e  e i m u l a t  i o n s  a r e  e x e c u t e d  e n s u r e  a 1  1 f : a c t  i o n a  1 
requ i r emen t s  a r e  met. 

The f u n c ~ i o n a l  r h u l r t i o n  pba re  of VLSI development  s e r v e s  T - a -  

purposes.  The obv ious  purp3ee  of f u n c t  iona  1 s e r i f  i c a t  i on  t a k e s  p 1 a c e  
a l o n g  wi th  t h e  development  o i  t e s t  v e c t o r  r t i n u l u e  f i l e e .  Theee f i l e s  
n o t  o n l y  e u a b l e  t h e  f u n c t i o n a l  s i n r ~ l ~ * i o n  o f  t h e  VLSJ c i r c u i t ,  v a t  r L S O  

s e r v ?  as t h e  b a s i s  f , .  t e v t  program, e t i m u l u e  f i l e s  used  by Automati,: 
l e s t  Equipment. F u n c t i o n a l  s iomrla t ion  i s  : l t i m a t e l y  doce  a t  t h e  h i g h e s t  
b l o c k  l e v e l .  u s e d  t o  d e s c r i b e  r h e  PLSl d c v i ~ e .  I f  a i . d s a l i e s  a r e  
d e t e c t e d ,  r e s i m u l a t i o n  a t  t h e  lower g a t e  Ipv.11 i e  performed, r e d e s i g n  
occu r s  and s i m u l a t i o n s  r e p e a t e d  u n t i l  a 1  l t u n c t  i o n a i  r equ i r emen t s  a r e  
met .  A 1  1 semi -cus tom,  V L S I  c i r c u i t  v e n d o r s  r e q u i r e  c o m p l e t e  a n d  
a c c u r a t e ,  f u n c t i o n a l  s imu!  m t  i o n  t e a t  v e c t o r  f i l e ? .  T h e e e  a r e  u s e d ,  
a l o n g  wi th  t h e  t i a i n g  v e r i f i c a t i o n  t e s t  v e c t o r @ ,  t o  a n a l y z e  t h e  f a u l t  
cove rage  mer lc  of  t h e  combined s t i rnulug  f i l e s .  I f  a  h igh  p e r c e c t a g e  of 
f a u l t  cove rage  i s  no t  gua ran t eed  ( u s a i l  l y  90% t o  98X) .  t h e n  a d d i t i o n a l  
t e s t  v e c t o r s  a r e  reques ted .  Th i s  a t t e n t i o n  :o d e t a i l  e n s u r e s  t h e  h ighs  
f i r s t  pa s s  s u c c e s s  r a t e  ( u s u a l l y  90%) a s s o c i a t e d  wi th  s e m i - c u s t m  VLSI 
des  i gn .  

A s  p r e v i ~ u s l y  s t a t ~ d .  s i m u l a t i c o  i s  e x t r e m e l y  impor t an t  t o  t h e  
s u c c e s s  o f  a  VLSI p r o j e c t .  I f  a 1  1  f u n c t i o n a l  r e q u i r e m e a t s  h a v e  b e e n  
met. t h e  VLSI d e s i g n e r  PrngreSS t o  t iming  v e r i f i c a t i o n .  

T iming  v e r i f i c a t i o n  r e q u t r e  t e s t  v e c t o r  t i l e s  t h a t  n o t  o n l y  
encompafls  f u n c t i o n a l  d e s c r i p t i o n e ,  b u t  t i m i n g  l im i t s .  t e m p e r a t u r e ,  
v o l t a g e  and p r o c e s s  s p e c i f i c a t i o n s ,  The i n t e n t  of  t h e s e  s i m u l a t i o n v  i e  
t o  e n s u r e  no r a c e  c o e d i t  i o n s  o r  t i i n g  s p e c i f i c a t i o n  v i o l a t i o n s  occur .  
I n  a d d i t i o n ,  t h e  a b i l i t y  of t h e  p a r t  t o  c o r r e c t l y  f u n c t i o n  under  a d v e r s e  
c o n d i t i o n s  is s t r e s e e s .  The VLSI Ta rge t  S p e c i f i c a t i o n  must d e t a i l  a 1  1  
a 1  l o v a b l e  l i m i t s  under  which t h e  d e v i c e  must func t ion .  Combined w i t h  
t h e  f u ~ c t i o n a l  s i m u l a t i o n  t e a t  v e c t o r s ,  t h e s e  s t i m u l u a  f i l e s  s e r v e  a s  a 
b a s i s  f o r  Automatic T e s t  Equipment program g e n e r a t i o n ,  and p r o v i d e s  a n  
i n c r e a s e d  p r o b a b i l i t y  o f  f i r s t  p a s s  succes s .  When t iming  v e r i f i c a t i o n  
is comple te .  a 1  1  pertiuerrt f i l e s  a r e  t r a n s f e r r e d  t o  t h e  s e l e c t e d  VLSI 
vendor f o r  a n a l y s i s  and a r c h i t e c t u r a l  l ayou t .  

A f t e r  a 1  1  s i m u l a t i o n s  a r e  s u c c e s s f u l  l y  c o m p l e t e d .  t h e  i n p u t  
s t i m u l u s  f  i l e s .  a c d  o u t p u t  v e r i f i c a t i o n  f i l a s  a r e  t r a n s f e r r e d  t o  t h e  
V L S I  v e n d o r .  To e n s u r e  a  h i g h  p r o b a h i  l i t y  o f  f i r s t  r u n  s u c c e s s ,  a n  
a n a l y s i s  i s  performed co de termine  i f  a h igh  t e s t  v e c t o r ,  f a u l t  c o v e r a g e  
has been ach ieved .  This  u s u a l l y  tekes t h e  form of  t e s t i n g  f o r  s t u c k  a t  



one o r  s tuck a t  zero i n t e r n a l .  ma l func t ions  and determining t h e  p o s s i b l e  
p e r c e n t a g e  of  d e t e c t i o n .  I f  t h e  f a u l t  c o v e r a g e  p e r c e n t a g e  does  u o t  
approach 95%. a d d i t  i o n a l  t e s t  v e c t o r s  o r  a  modified der ign i r  requested 
from the  l o g i c  des igner .  

A f t e r  completion o f  t h e  t e s t a b i l i t y  a n r l y r i r ,  a r c h i t e c t u r a l  
layout  is accomplished. I f  a s m a l l  number of c r i t i c a l  t iming p a t h r  have 
been d e s i g n a t e d  by t h e  l o g i c  d e s i g n e r .  t h e  VLSI v e n d o r  may c h o o r e  t o  
a u t o  p l a c e  t h e  requ i red  s i l i c o n  g a t e s  and a u t o  r o u t e  t h e  in terccnnecte .  
T h i s  method of  l a y o u t  i r  l e r r  c o s t l y  t h a n  hand l a y o u t  and i r  u s e d  
s u c c e s s f u l l y  on many p r o j e c t s .  I f  a n  e x c e p t i o r r a l l y  h i g h  number cf 
c r i t i c a l  p a t h 8  a r e  r e q u i r e d  o r  c l o b e  t i m i n g  s p e c i f i c r t i o n r  must  be  
a d h e r e d  t c ,  hand l a y o u t  i s  j u s t i f i e d .  I n  a l  1 c a s e r .  t h e  Vr.81  l o g i c  
d e s i g n e r  i r  i n v o l v e d  f rom a  c o n s u l t a t i n g  s t a n d p o i n t  t o  e n r u t e  a 1  1 
required r rpeci f ica t ions  a r e  met. The complet ion of a r c h i t e c t a r s l  l ayou t  
makes p o s s i b l e  t h e  next  des ign step.  of performance a n r l y r i r .  

Performance Ac,lysis  inc ludes  res i rnu la t ion  of t h e  d e v i c e  on t h e  
VLSI v e n d o r s  mainframe coy1 outer. The p r i m a r y  enhancement  t o  t h e s e  
s i rnula t ione i e  t h e  a d d i t i o n  5 t h e  a c t u a l  in te rconnec t ion  l e n g t h  between 
s i l i c o n  ga tes ,  As t h e  a r c h i , e c t u r a l  model nov s p e c i f i e s  a l l  parameters. 
p a r a s i t i c  c a p a c i t a n c e  c a n  nov be c a l c u l a t e d  f o r  e a c h  i n t e r n a l  node. 
These v a l u e s  a r e  i n t e g t t t e d  Lzto \ e  s i m u l a t i o n  model and ve ry  p r e c i s e  
s imula t  ions  a r e  accomp lishec' i- most i n s t a n c e s c  c h i s  s i m u l a t i o n  o n l y  
s e r v e s  t o  substantiate t h e  v a l i d i t y  of  t h e  d e s i g n .  I f  r e d e r i g n  i s  
r e q u i r e d  t o  e n s u r e  c o m p l e t e  s p e c i f i c a t i o n  a d h e r e n c e .  a v e r y  s t a b l e  
s t a r t i n g  p o i n t  i s  now p r o v i d e d  and t h e  r e d e s i g n  t i m e  p e r i o d  i s  
c o n s i d e r a b l y  s h o r t e n e d .  I f  t h e  d e s i g n  i s  v a  1 i d a t c d .  p r o t o t y p e  
f a b r i c a t i o n  t a k e s  p lace .  

Prototype F a b r i c ~ t i o n  takes  p l a c e  a t  a  s i l i c o n  foundry chosen by 
t h e  VLSZ vendor. The VLSI vendor t r a n s f e r s  a mank t a p e  t h a t  d e f i n e s  t h e  
r e q u i r e d  VLSI c i r c u i t  b o t h  a r c h i t e c t u r a l  l y  and e l e c t r i c a l  17. The 
s i l i c o n  foundry processes  a  ncnber of v a f e r s *  which c o n t a i n  a  number of 
i n d i v i d u a l  d i e .  Upon c o m p l e t i o n ,  t h e  w a f e r s  rrc! r h i p p e d  back  t o  t h e  
n S 1  vendor f o r  f u r t h e r  t e s t i n g  and packaging. 

The t e s t  vector .  s t imulue  f i l e s  a r e  &eused by t h e  VLSI vendor t o  
enlsure e e c h  d i e  m e e t s  a p c c l f  i c a t l o n s .  A f t e r  tcs: ing,  r h e  i i i d i v i d u t i  1 
d i e s  e r e  placed i n t o  the  p resc r ibed  package. 

A f t e r  p a c k a g i n g *  a  f i n a l  t e s t  i s  r u n  t o  e n s u r e  package  bond ing  
wae succees fu l .  F i n a l  P y  t h e  completed VLSZ c i r c u i t  p a r t e  a r e  shipped t o  
t h e  VLSI l o g i c  des igner  f o r  checkout. 



A f t e r  i n t e g r a t i o n  of t h e  new VLSX devCce i n t o  i t e  t a r g e t  p r i n t e d  
c i r c u i t  b o a r d ,  a  t o t a l  s y s t e m  c h e c k o u t  t a l e t r  p l a c e .  A f t e r  a l l  T a r g e t  
I.C. S p e c i f i c a t i o n s  a r e  t e s t e d ,  p r o d u c t i o n  rsane a r e  i n i t i a t e d  a t  t h e  
s i l i c o n  foundry. At t h i s  p o i n t  t h e  VLSI d e v i c e  can  be u t i l i z e d  i n  Lke 
same mauner a s  r t r a d i t i o n 8 1  des ign ,  s t a n d a r d  p a r t e .  

Ae c a n  be s u m i r e d  from t h e  p r e v i o u e  d i s c u s s i o n .  t h e  methodology 
conce rn ing  a VLSI d e s i g n  i s  n o t  a  p a r t i c u l a r l y  f a s t  no r  i n e x p e n s i v e  one. 
However, t h e  r i s k  i n  u t i l i z i n g  VLSI t echno iogy  i s  q u i t e  managcable* a s  
t h e  p reced ing  eequence demonst ra tes .  When t h e  c o s t  a r  VLSI development  
i s  v e i g h e d  a g a i n s t  t h e  c o e t  s a v i n g s  a s a o c i ~ t e d  w i t h  e q u i p m e t t  
r e d u c t i o n s ,  a d e s i g n  u r i n g  VLSI t e c h n o l o g i e s  i s  c l e a r l y  t h e  v i c t o r .  

CONCLUSION 

As t h e  Miss ion  C o n t r o l  Cen te r  b e g i ~ l s  t o  phase  up f o r  suppor t  o f  
t h e  Space S t a t i o n .  t b e  ground suppor t  equ ipnen t  must ~ ! ; o  b e  upgraded t o  
i n c r e a s e  t h e  d a t a  c h a n n e l  e w i t c h i n g  c s p a c  i t  y. The p r e s e n t  294 X 294 
r w i t c b i n g  and r o u t i n g  equipment does  n o t  have  t h e  r e q u i r e d  c a p a c i t y  and 
cannot  be  c o e t  e f f e c t i v e l y  upgraded t o  accmmodate  e v e n  t h e  development  
phase  of  Space S t a t i o n .  When mature. t h e  s w l t c h i c g  and r o u t i n g  f u n c t i o n  
c o u l d  r e q u i r e  a  c a p a c i t y  of 2000 X 2000. Thb! c r i t i c a l  need t o  improve 
p r o d u c t i v i t y  i n  ha rdva re  development  and t o  reduce  sys tem c o s t s  c l e a r l y  
i n d i c a t e  t h e  need f o r  a VLSI based,  e v i t c h  card .  T h i s  s w i t c h  c a r d  w i l l  
u t i l i z e  a  1 0  X 10, two l e v e l ,  VLSI EL- i tch  c l ~ l m e n t .  connec ted  i n  a quad 
c o n f i g u r a t i o n  t o  p r o v i d e  a  20 X 20. two l e v e l  s v i t c h  card .  T h i s  b a s i c  
b u i l d i n g  b l o c k ,  a l o n g  w i t h  8s-422 d i f f e r e n r i a l  i n p u t s  and  o u t p u t s  
e n a b l e s  t h e  d e s i g n  o f  l a r g e  d i g i t a l  s w i t c h e s .  When c o u p i e d  w i t h  t h e  
t h r e e  s t a g e ,  sw i t ch ing  a r c h i t e c t u r e  and an i n c r e a s e d  c a r d  cage  packaging  
d e n s i t y ,  l a r g e  t r c a l e ,  c o s t  c o m p e t i t i v e  d i g i t a l  s w i t c h e 3  a p p r o a c h i n g  
2000 X 2000 can he  implemented 

VLSI t echno logy  c o u l d  be need t o  improve p r o d u c t i v i t y  i n  hardware 
dee ign  and t o  c o n t r o l  r i s i n g  c o s t s  t o  a d e q u a t e l y  meet t h e  f u t u r e  needs  
of t h e  Space S t a t i o n .  
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ABSTRACT 

NASA and DoD spend enormous r u e  ~f money on t h e  developwent and 
maintenance of s p e c i r  1 ized  (custom) d a t a  hand 1 ing and p rocess ing  equip- 
ment. The d e v e l o p m e n t  c o s t  o f  t h e r e  cumtom s y r t c m s  o f r e n  o u t w e i g h s  
m a n u f a c t u r  ; c o s t  when a  s a a l l  number o f  r p r t e m r  a r e  r e q u i r e d .  To 
p rov ide  a coat  e f f e c t i v e  and e f f i c i e n t  implementation of s p e c i a l  d a t a  
handl ing and process ing requirements f o r  programs ouch a s  Space S t a t i o n *  
a  h i g b l y  s t r u c t u r e d .  m o d u l a r  a p p r o a c h  t o  b u i l d i n g  cus tom s y s t e m s  i s  
needed. Design 5hou l d  reduce r e c u r r i n g  d e v e  1 opment . m a i n t e n a n c e r  and  
o p e r a t i o n  c o s t  o v e r  t h e  l i f e  o f  t h e  equipment .  A s t a n a a r d  s e t  o f  in- 
t e l l i g e a t  . b u i l d i n g  blocks-'  t h a t  suppor t  a  wide range of h igh perform- 
ance  r e a l - t i m e  D r o c e s s i n g  a r c h i t e c i u r e s  i s  nee3ed.  It must  i n c l u d e  
b ~ ~ - i t - b ~ - t h e - ~ t . r d -  c a p a b i l i t y  t o  accoamoaa:? Sny e i z e  a p p l i c a t i o n *  and 
p r c v i d e  e a s y  e x p a n s i o n ,  m o d i f i c a t i o n .  o r  e v e n  r e d e s i g n  o f  e x i s t i n g  
s y s t e m s  t o  accommodate new and c h a n g i n g  r e q u i r e m e n t s  w h i l e  r e t a i n i n g  
v i r t u a l l y  a l l  of  t h e  h a r d w a r e  and s o f t w a r e  t h a t  h a s  a l r e a d y  b e e n  
developed. 

T h i s  p a p e r  d e s c r i b e s  a n  a d a p t a b l e  m u l t i p r o c e s s i a g  a r c h i t e c t u r e  
u t i l i z i n g  a  modular system approach t o  development of h igh performance 
d a t a  hand 1 ing and process  ing equipment. A working mode 1 deve  loped under 
an IRD program i s  p r e s e n t l y  being demonstrated. 

Current  t r ende  i n  t e l e m e t r y  proceeeing i n d i c a t e  t h a t  d a t a  r a t e s  
will inc rease  a t  a  r ap id  pace. This  d a t a  must br- processed and s t o r e d  
i n  rea l - t ime.  Investigations i n t o  t h e  &round Space S t a t i o n  Data System 
(SSDS) ehov t h e c  peak d a ~ a  r a t e s  a a ?  be  a s  h i g h  a s  600 Hbps and c o u l d  
average  o v e r  one-fourth t h a t  r a t e .  Onc poss ib  l e  c l r ch i t ec tu re  of t h e  SSDS 
i s  sktwn i n  f i g u r e  1. In  t' i s  example a r c h i t e c t u r e .  t h e  d a t a  is  system- 
a t i c a l  l y  broken down i n t o  emal l e r  snd m a 1  l e r  p i e c e s  w h i l e  t h e  process-  
i n g  o c  s a c h  p i e c e  becomes more and m o r e  complex.  X a s e i v e l y  p a r a 1  l e l  
proceeeing i e  used a t  t h e  f r o n t  end. and e p e c i a l  ized e r c h i t e c t i l r e s  f o r  
t h e  in te rmedia te  p r ~ , c e s s i n g .  More convent iona 1  a rch i t ec : tu res  hand le  t h e  
process ing a t  t h e  end user 's  s i t e .  A l l  t heee  s r c b i t e c t u r e e  shou ld  meet 
s e v e r a l  b a s i c  requiremente: 

F L E X I B I L I T Y  - a l l o w s  t h e  s y s t e m  t o  meet c h a n g i n g  neede  i n  a  



t ime ly  and c o s t  e f f e c t i v e  manner. 
TECHNOLOGY INSERTION - A s  technology changee, upgrades rhou ld  be 
p a s u i b l e  without r e q u i r i a g  a pa j o r  redesign.  
GROUIX - Qa func t ione  become mature they urrual l y  i n c r e a s e  t h e i r  
resource  requirementr .  A good des ign can a 1  low f o r  growth v i t b -  
ou t  e x c e r r i v e  expense o r  i n i t i a l  o v e r  s p e c i f i c a t i o n .  
LIFE CYCLB COST - The c o o t  of a syrtem r e a c h e r  f a r  beyond t h e  
purchar t  pr ice .  The o p e r a t i n g  c o s t e  must be conr ide red  i n  o r d e r  
t o  p rov ide  r c o s t  e f f e c t i v e  r o l u t i o n .  
AUTOMATION - The system rhou ld  u t i l i z e  t e c h n o l o g i e r  t h a t  a l l o w  
equipment  t o  p e r f o r m  an i n c r e a s i n g  number of  t a r k r  i n  o r d e r  t o  
improve p r o d u c t i v i t y  and reduce e t a f f  ing., 
REUSABILITY - The d e s i g n  s h o u l d  u t  i 1 i z e  h a r d w a r e  and n o f t v a r e  
developed through o t h e r  p r o j e c t s  when p o e r i b l e .  

S I M P L I F I E D  T E L E M E T R V  G G T R  F L O k  FOR S S D S  T I M E F R U R E  

ADVANTAGES OF COTS AND CUSTOM SYSTEMS 

T h e r e  h a v e  been two b a s i c  c h o i c e s  i n  d e s i g n i n g  eyereme f o r  a 
cuetomer. They car be composed of couraercial -of f - - the -ehc l f  (COTS) com- 
p o n e n t s  o r  b u i l t  f ram t h e  ground ? ~ p  u s i n g  cr~ritom d e s i g n s .  The a d v a n -  
tagee and disadvantages  of each approfich a r e  krouped i n t o  t h e  s e v e r a l  
categor i e s  be low: 

Manufactore/Purcha$e cos t  - Thie i s  t h e  coc~t  t o  make o r  buy t h e  
equipment. It  does not i n c l u d e  any one time c o s t a  (engineer iuk,  docu- 
mentation, etc.) or maintenance coetn. There a r e  two f a c t o r s  i n v o l v e d  .. 
h e r e  - volume e f f i c i e n c i e e  (COTS) trnd t \ e  cuetom f i t w  e f f  i c i e n c i e s .  
When implementing a funct  io?: ueing COTS equipment, r ~ s u a l  l y  t h e r e  v i  1 l be 



" 
e x t r a "  a r e a s  of  iurmct i o n a l i t y  t h a t  a r e  n o t  needed.  b u t  t h e y  muet be 

paid for.  The importance of t h e s e  two f a c t o r r  depends on t h e  p n r t i c u l a r  
a p p l i c a t i o n .  

B n g i n e e r i n g  and Documenta t ion  c o e t / u n i t  - T h i s  i r  t h e  o n e  t i m e  
d e v e l o p m e n t  c o s t  a r r o c i a t e d  w i t h  any  p r o d u c t .  I t  i n  a l r o  where  COTS 
equipment r e m r  t o  have t h e  g r e a t e s t  advantage o v e r  c u r t o e  de r ignr .  I n  
moot c a r e r *  t h e r e  o n e - t i r e  c o r t a  a r e  a  v e r y  l a r g e  p e r c e n t a g e  o f  t h e  
t o t a l  c o s t  t o  implement  a  c u r t o m  ry r tem.  COTS equipment .  h o ~ t v e t r  c a n  
amortize t h e r e  c o o t r  o v e r  l a r g e  numberr of  rgstemr, making t h e i r  impact 
m c b  s m a l l e r  on t h e  t o t a l  r t l l i n g  pr ice .  

Uaintenance and support  c o a t s  - Again. bticauee COTS vendorr  have 
a  l a r g e  volllme* it  becomes a c o n m i c a l  t o  have t r a i n e d  pereonnel  ded i -  
ca ted  t o  mainta ining a  p a r t i c u l a r  ryrt tm. Custom ryr t tms.  on t h e  o t h e r  
hand* a r e  r o  few t h a t  p t r r o n n e l  muet be  t r a i n e d  on r e v e r a l  d i f f e r e n t  
rysteme t o  be coot  e f f e c t i v e .  The t echn ic ian  r e s p o n e i b l e  f o r  t h e  cuetom 
system doer no t  have t h e  b e n e f i t  of exper ience  wi th  ~ e v e r a l  i n r t a l  l a -  
t ione ,  nor  t h e  resources  e b t  can be j o r t i f i e d  by l a r g e  volume mainten- 
ance. This means curtom ryrtem maintenance w i  11 be more c o r r  l y  and t ime 
consuming, 

A v a i l a b i l i t y  r i s k  f a c t o r  - The a v a i l a b i l i t y  of a  product s e v e r a l  
y e a r s  i n  t h e  f u t a r e  i e  a  m a j o r  c o n c e r n  t o  m a i n t e n a n c e  o p e r a t i o n s .  A 
COTS v e n d o r  may go  o u t  of buraineee o r  a t o p  s u p p o r t i c g  h i e  o l d e r  p r o -  
d u c t s .  T h i e  io eepec ia l !?  v a l i d  i n  a  r a p i d l y  a d v a n c i n g  t e c h n o l o g y .  
such  a e  compute re  end e l e c t r o n i c s .  A custom v e n d o r  may b e  headed  f o r  
t h e  same f a t e .  However. a  custom design comes wi th  more complete docu- 
mentation and t r a i n i n g .  Thin makes i t  much e a s i e r  f o r  another  vendor t o  
t ake  o v e r  maintenance and upgrades t o  t h a t  system. 

Time t o  d e l i v e r  syotem - Once a need i s  e s t a b l i s h e d .  t h e  time i t  
t akes  t o  f i l l  t h a t  need r e f l e c t s  l o s t  performance. As t h e  name impl ies .  
COrS equipment can be broughs i n  t o  f i l l  t h a t  need a lmost  immediately. 
Custom equipment . though* m e t  go throuah a  long design/manufacture/t  cst 
c y c l e  t h a t  many t imes t a k e r  o v e r  a  year. This r e q u i r e s  advanced p l a n -  
ning t h a t  may not  be a v a i l a b l e  ox may be inaccurate .  leading t o  unneces- 
s a r y  expendi tures .  

Deeign r i r k  f a c t o r  - Both COTS and custom eyeteme h a v e  a  r i s k  
fact.or. The r i s k  f a c t o r  a s s o c i a t e d  wi th  custom systems i n v o l v e s  whether 
or  n o t  what i s  on paper w i l l  a c t u a l l y  work. The ansk-er t o  t h i e  q u e s t i o n  
a r r i v e s  l a t e  i n  t h e  deeign cyc le .  I f  i t  does not  meet sp ,oc i f i ca t ions ,  i t  
w i l l  have t o  be redesigned. which means iucreesed coa t  and rime. How- 
ever .  t h e  caee  f o r  COTS i e  not  mlch b e t t e r .  I f  t h e  COTS system does no t  
meet a p e c i f i c a t i o n e .  a  new s y s t e m  must be found.  T h e r e  i s  no way t o  
e2kance o r  r edes ign  a  COTS system, without i n c u r r i n g  heavy a d d i t  i o n o l  
c o a t s .  A t  l e a e t  w i t h  a  cus tom eyatem. t h e  e x p e r t i s e  i n  houee rcakes i t  
easy t o  modify. 

Custom i n t e r f a c e  support  - Here. t h e  i n  house knowledge gained by 
b u i l d i n g  a  custom system maker i t  eaey t o  i n t e r f a c e  custom equipment tcj 

i t .  Custom i n t e r f a c e s  w i l l  a l w a y s  be  n e c e s s a r y  i n  equ ipment .  due  t o  
unique customer nceda. COTS equipment w i l l  be more d i f f i c u l t  t o  i n t e r -  
f a c e  t o  ruetom equipment becauee t h e r e  i s  no i n  house e x p e r t i s e .  



Performance e f f i c i e n c y  - Custom l o g ~ c  has  eke a d v a n t a g e  he re ,  be-  
crruse i t  i s  s p e c i f  i c e  1 l y  d e s i g n e d  f o r  t h e  t a s k .  S p e c i a  1 h a r d w a r e  a n d  
stoftware c a n  be opt imized  f o r  t h e  t a sk .  COTS equipment muet be g e n e r a l  
t o  a p p e a l  t o  w l a r g e  market.  T h i s  meana t h a t  f o r  a g i v e n  a p p l  i e a t i o n ,  
COTS w i l l  be l a r g e r  and more d i f f i c u l t  t o  app 1  y. 

U o d i f i c a t i o n / u p g r a d e  p o t e n t i a l  - H e r e n  a g a i n .  cu r to rn  d e r i g n e d  
e q c i p n t  hac t h e  advantage .  In-houre e x p e r t i r e  w k e s  i t  m c h  earier t o  
m o d i f y  ar r;pgr.de r c u r t o r  oys tem.  Vendor r u p p o r t  f o r  a COTS a y r t e m  
d e t e r m i n e r  how e a s i l y  a s y e t t m  o f  t h i s  t g 2 e  c a n  be u p g r a d e d .  T h i s  
s u p p o r t  r a y  be n o n - e x i s t e n t  i f  t h e  c u o t o m e r  r e p r e r e n t s  o n l y  a  m a 1  1 
f r a c t i o n  of  h i s  buainese.  

TABLE 1 

C u s ~  (;PTS 
Manufacture/purchase coa t - - - - - - - - - - - -  I ?  i ?  I 
Engineer ing  and documentat ioo c o z t - - -  poor  I good I 
h i c t e n a n c e  and euppor t  cost---------  I f a i r  1 good I 
A v a i l a b i l i t y  r i s k  fac tor - - - - - - - - - - - - -  1 goad 1 'air I 
~h~ to  de r ive r  system------.--------- I poor  I good I 
~~~i~~ factor---------  - - - - - . - - -  I poor I f a i r  I 
Cuetom i n t e r f  - c e  suppor t - - - - - - - - - -  --- I good 1 poor  I  
Performance e f f i c i e n c y - - - - - - - - - -  - - - - -  I good I f a i r  ! 
Hodif j c a t  ion lupgrade  po ten t  i a l  ------- I f a i r  poor 

COTS epstems. i n  g e n e r a l ,  have  a  c o e t  advan tage  over custom eye-  
t e ~ s .  C:retcnr. syEtemsr hovever ,  h a v r  a  performance a d v a n t a g e  a e  w e l l  a s  
b e t t e r  l o n g - t e r m  s u p p o r t .  A s y s t e m  s p e c i f  i c h l  l y  d e s i g n e d  t o  u t i l i z e  
b o t h  t h e  a d v a n t a g e s  o f  COTS and  c u s t o m  w o u l d  b e  a  b e t t e r  a l t e r n a t i v e  
t h a n  e i t h e r  o f  them. The f e a t u r e a  n e c e s s a r y  i n  s u c h  a  e y e t e m  a r e  d i s -  
cus sed  b e  low: 

F l e x i b l e  a r c h i t e c t a r e  - T n i s  icr t h e  k e v  t o  a d a p t a b i l i t y .  Tbie  
a l l o w s  t h e  s y s t e m  t o  b e  o p t i m i z e d  t o  t h e  r e q u i r e m e n t s .  I t  muet  b e  
des igned  i n t o  both hardvare  and s o f t v a r e  i n  a  t r a n s p a r e n t  way. i.e.. t h e  
same ha rdva re  and s3Z tva re  must vork  w i t h  any a r c h i t e c t u r e .  

Minimum number of moduleu - To accompl isk  t h e  h i g h  volume necee-  
r a r y  t o  lower c o a t s ,  a s m a l l  number of d i f f e r e n t  hardware n o d u l e -  muet 
be  des igned  t o  h a n d l e  a l l  t a s k s  w e l l .  This g i v e 6  t h e  D v e r a l l  sys tem e 
COT8 a p p e a r a n c e .  

E a s i l y  upgradab l e / r n o d i ~ i a b  l e  - Changes t o  t o t  a r c h i t e c t u r e  shou l d  
be  p a i n l e s s ,  Ba rdware  c u u ~ t  b e  d r e i g n r d  w i t h  common i n t e r f a c e s  u s i n g  
uncompl ica ted  m t e r c o n n c c t  tvchniquee.  S o t t v a r e  muet be  a t o  conf i g u r -  
a b l e  and independent  of r h e  a r c h i t e c t u r e  of t h e  ayetan.  

Fixed u s e r  i n t e r f a c e / i n d u e t r y  u tandard  - To m a i n t a i n  c o m p a i l b r l i -  
t y  between systems and u t i  l i z c  e x i s t l n g  a p p l  i c a t i o a s .  t h e  u s e r  i u t e r f a c e  



rhou:d be f ixed and an i n d u ~ t r y  standard.  This  a p p l i e s  t o  both hardware 
dad sof tware .  

B i a r e d  toward c u s t o m e r  r e q u i r e m e n t s  - The syrtem des ign  shou ld  
r e f l e c t  t h e  r e q u i r e m e n t r  o f  t h e  main c u s t o m e r .  T h i r  i n c r c a r e s  t h e  
perforaunce/cost  r a t i o  f o r  t h a t  customer. 

B ta t t -o f - the -a r t  technology - By u r i n g  advanced rechnology. t h e  
o v e r a l  i d e r i g n  w i l  t be lower c o a t *  more e f f i c i e n t *  and l o n g e r - l a r t i n g ,  
New d u l e s  t h a t  a t e  upward c m p s t i b  l e  rhou l d  be Ger igned when r i g n i f  i- 
can t  technology improvements a r t  m d e .  Thest shou ld  be i n t e g r a t e d  i n t o  
e x i s t i n g  equipment wi th  no l o s s  of p rev ious  investment.  

DEE I G A  EXAUPLE 

h e  deeign of a  rystem t h a t  meetr t h e s e  requiremcntr  c o n r i s t s  of 
f o u r  b a r  i c  r o d u l e r  , The f  i r o t  i r  a  p r o c e s s o r s  o r  P modu Per which  h z -  
d l e s  a l l  b igh l e v e l  p r o g r m r  and t h e  b u l k  of  d a t a  proceeoing. A m o r y r  
o r  If module, is needed f o r  program and d a t a  s torage.  This module a l s o  
con ta ins  a  proceesor optimized f n r  low complexi ty  h igh epee3 d a t a  mat-  
i p u l a t i o n e ,  The t h i r d  module i s  a  d i s k  c a n t r o l l e r *  o r  D module. I t  is  
used f o r  a high performmce i n t e r f a c e  t a  secondary r t o r a g t ~  aga in  wi th  
i t e  own p r o c e s s o r  t o  h a n d l e  a l l  low l e v e l  d i s k  o p e r a t i o n o .  The l a b t  
module  i s  an  i n d u s t r y  s t a n d a r d  bue i n t e r f a c e ,  o r  I module .  A T 1  o t h e r  
p e r i p h e r a l s  w i l l  be connected t o  t h e  ryetem through t h i e  i n t e r f a c e .  It 
i s  designed t o  ge t  maximum performance out  of t h e  i u d u s t r p  s t andard  bus. 

A key f e a t u r e  o f  a l l  t h e  modules i s  t h e  bun s t r u c t u r e .  Most ex- 
i s t i n g  s y s t e m @  a r e  l i m i t e d  t o  a  f i x e d  number o f  modulea  and 4 f i x e d  
upper limit t o  bandwidth. Thir  i e  due t o  t h e i r  bus a r c h i t e c z u r e .  which 
t l l o w e  f o r  o n l y  a  l i m i t e d  inc rease  i n  t h e  number of boards and busees. 
Howevzr, t h e  PI ii. D. ond 1 = c ? ~ l e t  h z v t  a t - i o - d i m e n s i o n a l  buo s t r u c -  
t u r e .  T h i s  a 1  l o v e  t h e  eys tem a r c h i t e c t u r e  t o  expand i n d e f i n i t e l y  i n  
number of modulee and t o t a l  bandvidth. Tkis two-dimensional s t r u c t u r e  
i o  v e r y  s i m p l y  a c c o m p l i e h e d  i u  h a r d w a r e  by  u s i n g  two i d e n t i c ~ l  b u s  
i n t e r f a c e s  p e r  boazd. Figure  2 har rome e r - s p l s e .  Theee examples a r e  
t o t a l l y  a r b i t r a r y  a r c h i t e c t u r e r ,  but  thzy show t h e  u n l i m i t e d  expaneion 
c a p a b i l i t y  of t h e  a r c h i t e c t u r e .  Determining t h e  beet  a r c h i t e c t u r e  de- 
pende on t h e  a p p l i c a t i o n ,  which l e a d s  t o  more e f f i c i e n t  u s e  of  t h e  
modules. 

I3e processor  module i s  ba>ed on tile X o t o r o l a  68000 s e r i e s  pro- 
c e e s o r e ,  C u r r e n t  t e c h n o l o g y  u s e s  t h e  68010, a e i x t e c n  b i t  e x t e r n a l .  
th i r ty - two  b i t  internr.1 proceseor.  I n  t h e  near  f u t t  y e ,  t h e  68010 can be 
rep laced  by t h e  68CZO f o r  a 3x process ing improveaent and e x i r t i n g  code 
compatibi 1 i t  y. Support c i r c u i t s  on the  P module i n c l u d e  cache memoryr 
h i g h  s p e e d  l v c a l  memory, t i m e r s ,  i n t e r r u p t  v e c t o r  l o g i c ,  and  memclrp 
m a p / v i r t u i ~ !  memory l o g i c .  The s u F p o r t  f o r  tbt: p r o c e s s o r  makes t h e  
module a  very  high performance e e l f - c o n t a i n e d  u n i t .  Thie module w i l l  
rub the  o p e r a t i o n  bystem eof tva re  and a 1  1  a p p l  j c a t i o n e  aoftware.  
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The memory module  i e  a c t u a l l y  two f u n c t i o n 8  i n  o n e  package.  
Included i r  one t o  e i g h t  megabytes of e r r o r - c o r r e c t e d  memory a l o n g  with 
a  29116 m i c r o c o n t r o l l e r  opera t ing  a t  8 MIPS. The memory is  a v a i l a b l e  t o  
both bur i n t e r f a c e r  and t h e  29116 through a th ree -por t  a r b i t r a t o r  c i r -  
c u i t .  The 29116 can do v e r y  f a e t  d a t a  mover and b i t  manipula t ions .  and 
i r  a v a i l a b l e  a e  a resource  t o  t h e  P module f o r  D M ,  d a t a  rearcbee ,  and 
r e m r p b o r t  management. The 29116 can  a 180 manage v i r t u a  1 c o n n e c t  ions 
between b u r r e s .  which a l l o w s  d a t a  t o  be moved from one l o c r t r o n  t o  
another  independent of the  s y e t m  s r c h i t e c t l ~ r e .  This i r  a ve ry  impor- 
t a n t  f e a t u r e  t o  make t h e  a r c h i t e c t u r e  t r a n s p a r e n t  t o  t h e  o p e r a t i n g  
rye tan  and t o  make the u r e r  i n t e ~ i a c e  independent of t b e  a r c h i t e c t u r e .  



The D module i e  a  high rpeed SUD i n t e r f a c e  d i r k  c o n t r o l l e r .  The 
SHD i n t e r f a c e  i r  an inductry  s t andard  and maker a v a i l , a b l e  d i r k  d r i v e r  i n  
t h e  range from 80 t o  500 megabyttr. wi th  t h e  c r p d i i l i t y  t o  i n t e r f a c e  t o  
o p t i c a l  d r i v e r  a r  they become more p r a c t i c a l .  Thir  s t o r a g e  i r  ured t o  
s u p p o r t  t h e  o p e r a t i n g  r y  r t em f i l e  r t r u c t ; l r e  and d a t a  capture / logging.  
I n t e r n a l l y ,  t h e  D module urea  a  29116 r a i ~ r o c o n t r o l l e t  and 522 I r i loby te r  
of e r r o r - c c r r r c t s d  memory. The t ank  of  t h e  19116 i r  t o  . u n s 8 e  t h e  ; i l e  
~ ~ T u C ~ U ~ C  a t  a  low l e v t i .  1 s r v i . a  c-a1.i k i t h  l e v e l  r a q u e r t r  f o r  r , r v i c e  
tc. t h e  o p e r a t i n g  rysccm. Tlrir i m p r o v e r  t h e  throughput o f  t h e  d i r k  a r  
w e l l  a8  t h e  rpeed of t h e  opera t ing  ryrrc(;. The D ~ o d u l e ' r  19116 i r  a180 
a v a i l a b l e  f o r  d a t a  rearches  and v e r i f i c a t i o n  of t h e  d i r k  con ten t r .  

The i n t e r f a c e  module connects  t h e  rystcle t o  &n i n d u r t r y  r t andard  
bur. Thir  a l l o w s  f o r  COT6 p e r i p h e r a l 8  t o  be d i r s c t l y  plugged i n t o  t h e  
ryr tem.  L o c a l  a r e a  ne twork  (LAA) b o a r d r ,  rermina!  and p r i n t e r  i n t e r -  
f ace r ,  f loppy  d i r k  d r i v e r .  and o t h e r  p e r j p h e r a l r  w u l d  be some e x u p l e r .  " 
The I module i s  derigned t o  be t r a r r p a r e n t -  t o  both  t h e  r y r t m  bur and 
t h e  r tandard bur. which i q r o v c s  throughput and t e ~ ~ p o n r e  t ime between 
bur re r  . 

One a d d i t i o n  t o  these  baaic  bourdr. becalLae U 8 A  is t h e  curtomer. 
could  be a  frame r y n c h r o n i t e r / c o r r e l a t o r  modole. Thir  i u  p a r t i c u l a r l y  
u r e f u l  i n  t e l r lne t ry  d a t a  proceseing. I t  would be an i u t e l l i g e n t  board 
t h a t  i r  urcd a s  a  oystem rQeource.  not'  dedicated t o  any p a r t i c u l a r  d a t a  
rtream. This means f e w r  moduler a r e  needed than i f  eccb war ded ica ted  
t o  one i n p u t  ritream- T h e  f u n c t i o n  of t h e  board  it ' 3 r y n c h r o n i z e  anti 
a p l i t  up t e l c a e t - y  data.  Theee funct ion8 w o ~ l d  be more than t e n  t imes 
f a r t e r  t h e 2  i f  done on t h e  P o r  H modules .  The h e a r t  o f  t h i r  module  
would bo r r9116 and s e v e r a l  c o r r e l a t o r  circuits. 

The o p e r a t i n g  &yetem ( t h e  s p p  1  i c o t  ion 's  i n t e r f a c e  t o  t h e  h a r d -  
waze) m e t  be an induatry  r tandard.  Dcix v s r  cQoren bec rure  of i t@ v i d e  
acceptance and previoue use f o r  a  number of a p p l i c a t i o n s  a l r e a d y  done. 
The u s e r  i n t e r f a c e  t o  Unix i a ,  e t a n d a r d .  v i t h  t h e  p e c u l i a r i t i e r  o f  t h e  
b r d v a r e  hidden from the  a p p l i c a t i o n .  In  a d d i t i o n ,  Unix on t h i r  ryr tem 
i r  r o d L i e d  t o  run i n  a  m u l t i p r o c e r r o r  a s  w e l l  a r  n v l r i t a r k i n g  env i ron-  
ment. What t h i s  means t o  t h e  a p p l i c a t i o n  i r  t h e t  a n  a l m o s t  l i n e a r  
inc rease  i n  performance i r  achieved v i t h  t h e  a d d i t  ion  of P moduler. The 
opera t ing  syrtem manager t h e s e  reeourcer  t r a n r p a r e n t  t o  t h e  a p p l i c a t i o n .  
'=be a r c i i t e c r u r e  i r  a l r o  mnsged  t r a n r p a r e n t l y .  t o  make t b e  a p p l i c a t i o n  
and o p e n b t i n g  rye tem por :eb le  b e t v e e n  d i f f e r e n t  a r c h i t e c t u r e # .  The 
f e r t u r e e  of t h e  modular des ign can be summarized a8 f o l l o v s :  

- S t a n d a ~ a  hardware  m o d u l e r  s u p p o r t  v e r i o u r  h i g h  performance 
r e a l - t i m e  proceseing a r c h i t e c t u r e s  
- Lxpanr ion of e x i e t  ing syetemr a c c m . o d r t ~ ~ e r  new requiremenLs " - ~ u ~ - i t - b ~ - t h e - ~ a r d "  accarmodatee any s i z e  app1ica:ion 
- O p e ~ a t i n g  eyetem p r o v i d e s  a  r t a n d a r d  s o f t v a r e  i n t e r f a c e  
t r ansparen t  t o  the  eyetem a r c h i t e c t u r e  
- User e x i s t i n g  app i i c a t i o n e  u i t h o u t  source  code moJiLicat ione 
- I n d u o t r y  s t e ~ d a r d  bus  f o r  i n t e r f a c i n g  t o  o t h e r  c o m m e r c i ~ l  l y  
a v a i l a b l e  equrpment 
- Eas ie r  t o  implement u n i q ~ e  i n t e r f ~ c e ~  than COTS 
- Very compact form f a c t o r  
- Lover r i s k  than commercie 1 o r  custom implementai ions  



APPLICATIONS 

1PASA'rs most demanding app l i ca t i on  - te lemetry da ta  proceasing - 
i r  botb compute and I/o in t en r i r e .  This io  one or' t he  bes t  app l i ca t i ons  
f o r  t h e  modular  ryn t e r .  Vat iou* component8 of a coilrplete t e l e m e t r y  
procerring ryrtcr. include high-rpecd f rou t  end i o t a  g a t h r r i q ,  logging, 
and rou t ing8  oa tvo rk  communicat i o n r ,  g a t e u a g r r  and b r i d g e r i  s a d  d a t a  
dec-tation, ca l i h r a t i oa ,  and d i rp lay .  Belov a r e  acme exampler of t h e  
v a r i o u r  p i ece8  of ruch  a rjrrtern implemtnted  v i t h  t h i s  modular  
a rch i tec ture .  

Using the  four  basic  modules, r e v e r a l  r p e c i f i c  app l i ca t i ono  con 
be shown. T\lt f i r r t  app l i ca t i on  i r  fron: end te lemet ry  procemor  f o r  
l o v  d a t a  ratem ( t h o r e  t h a t  e x i r t  now). S e r i a l  d a t a  comer i n o  i r  b u f f -  
ered, va l ida ted ,  and packetLzed. There packets a r e  then routed t o  vork- 
r t a t i ono  t b t  c a l i b r a t e  and d i sp l ay  the  data. It) f u n c t i o n a l i t y  can be 
increrred l a t e r  by adding a l a r g e  nurr-s torage pool and/or iacreaeing 
data  throughput  by adding  more r o d u l e 8 .  T h i s  ir done v i t h  no l o s s  of  
o r i g i n a l  inver teen t  and no rof tvare  re-dezign (see f i gu re r  3 and 4). 
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Another app l i ca t i on  f o r  t h i s  modular system would be a network 
bridge o r  ga twry .  I t s  funct ion would be t o  rou te  t%ta  from one network 
t o  a to thero  depending on the  dce t ina t ion  epecified. I m p l a a + i n g  rout-  
i ng  a l g o r i t h m s  v o u l d  a l l o v  t h e  d a t a  t o  t a k e  t b e  noor  e f f i c i e n t  p a t h  
through the  network. Transact ion mmitor ing  and ;egging would provide 
va luab le  debugging and f au 1 t ieo  l a t  i o d r e c o v e r y  in forea t  ion. This could  
be  implemented i n  the Irjstem shown i n  f i g u r e  5. The ry r t em c o u l d  be  
expanded i n t o  a network hub-, connecting mote than two networbr and/or 
becoming a proceseing and data  s torage  resource ( f i gu re  6). 
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A more r o p h i r t i c a t e d  a r c h i t e c t u r e  combines a 1  1 t h e  requirement8 
of f l e x i b i l i t y .  growth. low coe t ,  r e u ~ a b i l i t y .  and technology upgradee, 
i n t o  a  h i g h l y  p a r a l l e l ,  reducJant ,  and f a u l t  t o l e r a n t  p roces r ing  system. 
I n p u t  d a t a  r a t e s  a r e  r u f f i c i e n t l y  h i g h  t o  s e r v e  a e  t h e  Da ta  H a n d l i n g  
Center o r  t h e  l o v  l e v e l  roce ro ing  f u n c t i o n  i n  t h e  SSDS c o n f i g u r a t i o n  
( s e e  f i g u r e  1). I n  f a c t ,  t h i s  r y r t e n  c a n  be  b u i l t  up i n  s t a g e s  a e  t h e  
d a t a  rater increaee.  This shove t h e  f l e x i b i l i t y  of t h e  modular rpotem. 
The h i g h l y  mymet r i c  a r c h i t e c t u r e  i n  t h i s  example g i v e s  it f a u l t  t o l e r -  
a n c e  and g r a d u a l  r e r f o r m a n c e  d e g r a d a t i o n  a 8  modules  o r  b u s e e e  f a i l .  
which i e  h i g h l y  d e s i r a b l e .  The c o m p l e t e  s y s t e m  a s  s h o r n  i n  f i g u r e  7 
cou ld  e a e i l y  f i t  i n  t h r e e  e tandard racks  of equipment! 

By u ~ i n g  a  h i g h l y  f l e x i b l e  m o d u l a r  a p p r o a c h  t o  eye tem d e s i g n ,  
most of t h e  b e n e f i t s  of custom and COTS implementation8 can be combined. 
T h i s  r e d u c e e  t h e  c o s t  and i n c r e a s e 6  t b e  p e r f o r m a n c e  of  t h e  eys tem.  
Theee modules  c a n  be ueed f o r  many d i f f e r e n t  app  1 i c a t  iona .  r e d u c i n g  
l o g i s t i c s  problems and i~ltproving maintenance of t h e  o v e r a l l  system. New 
modules r e f l e c t i n g  advanc t s  i n  t e c h n o  l o g y  c a n  b e  e a e i  1 y i n c o r p o r a t e d  
i n t o  e x i e t i a g  syoteme. i n c r e a a i q  t h e  l i f e  of t h a t  q e t e m  and f i g h t i n g  
o b r o  l e e c e n c e .  Systems c a n  grow and c h a n g e  w i t h o u t  l o s t  i n v e s t m e n t .  
r rLking t b e  coe t  of  r e e p e c i f i c a t i c n  low. O v e r a l l .  t h i s  modular system 
a p p r o a c h  i s  v e l l  e u i t e d  t o  a p p l i c a t i o n s  s u c h  a s  Space  S t a t i o n ,  where  
requiremente arc! not  comple te ly  dcf incd be fore  h p l e m e n t a t i o n  beg ins  and 
where growth and change a r e  a p e c t e d .  

M i t c h e l l  S t o v e  i s  a  r e s e a r c h  atid d e v e l o p m e n t  e n g i n e e r  a t  Ford 
Atroepace, Space Informetion Syetemn Divis ion.  He has a BSEE from t h e  
U n i v e r s i t y  o f  Boueton i n  1982. His e x p e r i e n c e  a t  F o r d  A e r o s p a c e  i n -  
c ludcb:  r t a t e - o f - t h e - a r t  r n i c r o p r o c e s e o r  b a s e d  d i g i t a l  des ign  and high 
 peed F iber  Optic l i n k  design. He is p r e s e n t l y  working on a n  implemen- 
t a t i o n  of t h e  modular eystem desc r ibed  i n  t h i a  paper. 
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Execut ive  Summary and F ind ings  - 

o  Research s c i e n t i s t s  c u t  "avei-age s tudy "  t i m e  by more than t h r e e  months,, 

o  Engineers made t ime  and c o s t  es t ima tes  one of  t h e i r  f i r s t  responses t o  
a  request  f o r  se rv i ces .  l lnnecessary paperwork and o v e r a l l  t ime  t o  process t h e  
requests dropped s i g n i f i c a n t l y .  

o  A personnel  u n i t  gave o t h e r  departments d i r e c t  computer access t o  
employee f i l e s .  The departments now update t h e i r  own workers ' f i l e s .  
Personnel employees ma in ta in  t h e  i n t e g r i t y  o f  t h e  system and t h e  
c o n f i d e n t i a l  i t y  o f  p r i v i l e g e d  data ,  b u t  former f i  le -keepers  have been 
reassigned t o  more f r u i t f u l  ?ndeavors. 

o  An opera t i ona l  a u d i t i n g  group reexamined i t s  m iss ion  and took a  r a d i c d l  
change i n  d i r e c t i o n .  The group s h i f t e d  i t s  focus front except ions  t o  business 
procedures t o  o p p o r t u r ~ i  t i e s  t o  guide and adv i se  those making t b e  except ions .  
Members turned t o  r o l e s  ~s counse lors  r a t n e r  than p o i i c m e n .  

Across the  nd t i on ,  i n  s i m i l a r  departments o r  f u n c t i o n a l  areas o f  13 
co rpo ra t i ons ,  w h i t e  c o l l  a r  employees a r e  prov,;ng t h a t  t h e i  r p r o d u c t i v i t y  can 
n o t  o n l y  be measured, b u t  a l s o  improved. These accountants, engineers,  
s c i e n t i s t s ,  human resource s p e c i a l i s t s ,  i n f o r m a t i o n  management exye r t s ,  and 
o t h e r  p r o f e s s i o n a l s  and t h e i r  s t a f f s  -- n e a r l y  4,000 a l t o g e t h e r  -- a r e  
p icneers  o f  an approach developed by t h e  American P r o d u c t i v i t y  Center  t o  boos t  
w h i t e  c o l l a r  worker e f fec t i veness .  They a re  t h e  h e a r t  o f  t h e  t h e  Cen te r ' s  
two-year sponsored a c t i o n  research p r o j e c t ,  White C o l l a r  P r o d u c t i v i t y  
Improvement, completed i n  August, 1985. 

D ispe l  1  i n g  susp ic ions  

The Center developed a  s ix-phase methodology f a r  w h i t e  c o l l a r  
p r o d u c t i v i t y  improvement i n  response t o  a  growing need among i t s  more than  250 
corpora te ,  l abo r ,  government and academic suppor ters  t o  address p r o d u c t i v i t y  
i n  t h e i r  f as t -g row ing  manager ia l ,  p r o f e s s i o n a l  , and c l e r i c a l  ranks. A t  t h e  
same t ime, t h e  p r o j e c t  was designed t o  d i s p e l  suqp ic ions  t h a t  w h i t e  c o l l a r  

jr work was t o o  var ied ,  t o o  dependent on s u b j e c t i v e  judgement o r  " c r e a t i v i t y "  t o  
h o l d  o p p o r t u n i t i e s  f o r  t h e  types of  p r o d u c t i  v i  ty ga ins  g e n e r a l l y  assoc ia ted  
w i t h  manufactur ing opera t ions .  The p r o j e c t  fo l lowed a  1983 survey by  t h e  
Center and Steelcase, Inc . ,  t h a t  found bo th  knowledge and p r a c t i c e  o f  w h i t e  
c o l l a r  p r o d u c t i v i t y  improvement seve re l y  l a c k i n g .  

T r a d i t i o n a l  a t tempts  aimed a t  c u t t i n g  c o s t s  o r  s t a f f i n g  l e v e l s ,  o f t e n  
a1 i e n a t i n g  workers a t  t h e  o u t s e t .  They t y p i c a l l y  focused on increased 
e f f i c i e n c i e s  i n  i n d i v i d u a l  a c t i v i t i e s  o r  s p e c i f i c  procedures, such as 
paperwork processing.  Tn t h e  wors t  ins tances,  a  s p e c i f i c  techn ique -- u s u a l l y  
a v a i l a b l e  on l y  by h i r i n g  an o u t s i d e  e x p e r t  -- became viewed as an a l l  -purpose 

P -  s o l u t i o n  i n  search o f  a p p l i c a t i o n s .  Impruvements were i s o l a t e d  and s h o r t  
., 

L - .  

l i v e d .  Employees a f fec ted  were l e f t  w i t h  no g r e a t e r  c a p a b i l i t y  t o  do t h e i r  
r ' 



j o b s  w e l l ,  and w i t h  much g r e a t e r  s u s p i c i o n  o f  t h e  n e x t  " p r o d u c t i v i t y  p r o g r m .  " 

I n  c o n t r a s t ,  t h e  C e n t e r ' s  new approach t o  w h i t e  i 0 1  l a r  p r o d u c t i v i  t) 
focuses on t h e  e f f e c t i v e n e s s  o f  a c t u a l  o u t p u t s ,  t y p i c a l l y  p r o f e s s i o n a l  
se rv i ces ,  These t y p i c a l l y  c o n s i s t  o f  b o t h  t a n g i b l e  ?roducts ,  such as a  
f i n a n c i a l  r e p o r t  o r  resea rch  study,  and i n t a n q f b l e s ,  such as the e x p e r t i s e ,  
adv i ce  o r  guidance t h a t  accompany t h e  p roduc t .  E f f e c t i v e n e s s  i s  assessed 
p r i m a r i l y  as t h e  degree t o  which these s e r v i c e s  meet b o t h  i n t e r n a l  o b j e c t i v e s ,  
those of t h e  work u n i t ,  and e x t e r n a l ,  o r  "customer," needs and expec ta t i ons .  

Th i s  s e r v i c e  o r i e n t a t i o n  and f ccus  on e f f e c t i v e n e s s  avo ids  many o f  t h e  
p i  t f ~ l l  s  o f  t he  t r a d i t i o n a l  approzches. 

It aim: a t  i n n o v a t i o n s  i n  t h e  d e l i v e r y  o f  p roduc ts  o r  s e r v i c e s  t o  adapt  
t o  changing bus jness  c o n d i t i z n s .  It s t resses  imprcvement i n  t h e  q u a l i t y  and 
t i m e l i n e s s  o f  w h i t e  c o l l a r  a c t i v i t i e s  and ensures they s tay  i n  l i n e  w i t h  
o v e r a l l  o r g a n i z a t i o n a l  s t r a t e g i e s .  The C e n t e r ' s  approach a1 so focuses on  
i n d i v i d u a l  capab i l  i t i e s  aod t h e i r  c o n t r i b u t i o n  t o  the  f u n c t i o n a l  u n i t .  I t  
g i v e s  employees t o o l s  , such as p r o d u c t i v i t y  measures and team-bgi 1  d i n g  
I L - r L . ^ : r . , ^ -  &I.,.., A- LLG:- -..- . . - - - . . -  ...-.--.....- 
LCLIIII I ~ W C S ,  LIKY La11 a u a p l  LU LIIL I r V W ~ I  U I I ; ~ U C  L ;  I L U I I I S ~ ~ ~ I C ~ S .  i h 5 i  i i i ipovtdni ,  
t h e  employees and t h e i r  managers take  respons ib i  l f t y  f o r  every  s tep  c j f  t h e  
p r o d r ~ c t i v i t y  improvement process so they can take i t  over  and c a r r y  i t  on. 

The White C o l l  a r  P r o d u c t i v i t y  Improvement pr-oj ec t was c a r e f u l l y  c r a f t e d  
f rom t h e  o u t s e t  t o  znsure a h i g h  degree o f  manager ia l  and employee 
i nvo l  vement. 

Each o f  t h e  p r o j e c t ' s  13  sponscr ing  cornpani es ass; gned 1  i a i  sons t o  zerve 
on a s t e e r i n g  cornni t tee t h a t  s e t  t h e  course f o r  t h e  ensu ing  research.  
Corporate c o o r d i n a t o r s  were assigned t o  ass1 s t  each f i  r rn 's  severa l  p i l o t s ,  
groups o f  25 t o  200 workers r e s p o n s i b l e  f o r  r e ~ o g n i z a ~ ~ l e  s e r v i c e s  o f  8 
f u n c t i o n a l  u n i t  o r  department. A t  each o f  t h e  56 p i l o t s ,  a  p i l o t  manager was 
ass lgned t o  work d i r e c t l y  w i t h  one o f  seven Center  r e s e a r r h  assoc ia tes .  

The p i  l o t s  rep resen t  n ine  f u n c t i o n a l  a reas :  accoun t i ng  and f i nance ,  
customer s e r v i c e ,  eng inee r ing ,  f a c i  1  i t i e s  cianageinent, m a r k e t i n g  and sa les ,  
ope ra t i ons ,  in:ormation systems management, human resources,  and resea rch  and 
d e v ~ l  opment. 

Frequent  s t e e r i n g  commi t t e e  meet ings,  t r a i n i n g  sess ions  f o r  c c o r d i n a t o r s  
and p i l o t  managers, and p r o j e c t  conferences a t  t h e  American P r o d u c t i v i t y  
Center  i n  Houston b rough t  sponsor ing  f i r m  p ~ r t i c i p a n t s  t o g e t h e r  t.o share i deas  
and exper iences w i t h  t h e  method01 ogy. In a d d i t i o n ,  t h e  p r o j e c t  empl oyea 
computer conferenc ing  f o r  on-1 i n e  surveys and r e p o r t  p repa ra t i on ,  t u t o r i a l s ,  
ongoing d i scuss ions ,  and messaging. These computer networks proved i n v a l u a b l e  
;o b o t h  p i l o t  p rogress  and o v e r a l l  p r o j e c t  menagen;ent. 
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Progress 

Progress 
t o  f i r m  and p 
comni tment t o  
methodol ogy . 

and success w i t h  the methodol ogy va r i ed  cons iderab ly  
i l o t  t o  p i l o t  w i t h  p i l o t  members' l e v e l  o f  p d r t i c i p a t  
the p ro j ec t ,  management's dedicat ion,  and the use o f  

from f i r m  
i o n  i n  and 
t he  

The 56 p i l o t s  were i n i t i a t e d  i n t o  t he  p r o j e c t  a t  var i~ous p o i n t s  dur ing  
the past  24 months, and proceeded a t  t h e i r  own paces. A t  t he  formal c lose  o f  
the research i n  August, 1985, a l l  bu t  two had completed o r  were con t inu ing  t o  
work through the methodology. (One dropped o u t  due t o  d r a s t i c  management 
change; the  o ther ,  due t o  i t s  d i v e s t i t u r e  from the  sponsoring corporat ion.  ) 

More than three four ths  o f  t he  56 p i l o t s  had progressed through t h e  
measurement phase -- perhaps the  most d i f f i c u l t  o f  the s i x  steps -- i n  which 
employees themselves se l  ect3d i n d i c a t o r s  o f  t h e i  r present  and f u t u r e  
e f fec t iveness.  Most of these a1 so had completed redesigns o r  new designs o f  
t h e i r  serv ices aimed a t  b ~ o s t i n g  t h e i  r p r o d u c t i v i t y  and o rgan iza t iona l  
e f  fec ti veness. 

Phase-by-phase r e s u l t s  can be general i z e d  as f o l l ows  : 

1 . Diagnosis phase - 

o C l a r i f i c a t i o n  o f  and agreement on the work un i  
services.  

o  D e f i n i t i o n  o f  users ' needs and expectat ions.  

o  I d e n t i f i c a t i o n  o f  1  everage po in t s  f o r  p roeuc t i  

2. Object ives phase 

s  out 

v i  t y  gains. 

o  C l a r i f i c a t i o n  of the u n i t ' s  miss ion and pdppose. 

o Creat ion of a  v i s i o n  f o r  ach iev ing t he  m iss ion  and purpose. 

o  Object ives t i e d  t o  the development and de l i ve r y  o f  serv ices.  

3. Measurement - phase 

o Measures emphasizing se rv ice  e f fec t iveness and c r i t i c a l  po in ts .  

o  Means t o  t r ack  and feed back data f o r  p rob lev  so lv ing .  

o  Data useful f o r  ongoing improvements. 



o  Clear,  agreed upon approaches t o  s e r v i c e  dev~1opn;ent and d e l i v e r y .  

o  Serv ices  t h a t  a r e  c o n s i s t e n t  w i t h  o b j e c t i v e s  and measures. 

o  Improved capabi 1  i ty  t o  i d e n t i f y  o p p o r t u n i t i e s  f o r  improvements and 
t o  execute changes. 

o  A framework f o r  e f f e c t i v e  imp 

5.  Team Development 

o  Smoothed work ing  r e l a t i o n s h i p  
o r  f u n c t i o n a l  groups. 

l e m e n t a t i o n  o f  new o f f i c e  technology.  

among coworkers and w i t h  o t h e r  u n i t s  

o  Agreement on back -up personnel  and procedures. 

6. Technology Parameters ---- 

o  Parameters f o r  techno logy  d i  r e c t l y  i n  suppor t  o f  se rv i ces .  

o  More e f f i c i e n t  performance o f  r o u t i n e  tr::ks. 

o  Enhanced communication a b i  1  i ty.  

Overa l l  , t h e  progress  o f  t h e  research p i l o t  groups fa1 1 s  i n  these 
c a t e g o r i e s  : 

G Business d i s c i p l i n e  r e s u l t i n g  from a  s e r v i c e  0 r i e n t a t " o n .  

o Improved o p e r a t i o n a l  c a p a b i l  i ty and b e t t e r  c o n t r o l  o f  resources .  

o Improved morale and m a t i v a t i o n .  

o  I n t e r n a l  a b i l  i t y  f o r  con t i nued  p r o d u c t i v i t y  improv.: nents. 

F ind ings  

I n  a d d i t i o n  t o  s p u r r i n g  p r o d u c t i v i t y  a t  t h e  p i l o t  g r ~ u p  l e v e l ,  t h e  
p r o j e c t  a1 so c o n t r i b u t e d  s i g n i f i c a n t l y  t o  general  knowledge o f  w h i t e  c o l l a r  
p r o d u c t i v i t y  and improvement p r a c t i c e r .  

Center research assoc ia tes  documented p r o j e c t  develop 
case s t u d i e s  o f  va r i ous  p i l o t  groups. They wro te  b r i  f i r t gs  
o p p o r t u n i t i e s  f c r  improvement, measurement i n  w h i t e  ~ . . o l l a r  
r o l e  o f  management i n  t h e  i m p r o v ~ m e n t  e f f o r t ,  env i  ronmenta 

ments i n  w r i t t e n  
on assess ing  
env i  ronments, t h e  

1  des ign  as r e l a t e d  



t o  wh i te  c c l  l a r  p r o d u c t i v i t y ,  and a consu l t i ng  perspec t i ve  on t he  improvement 
process. The Center 's  s i x  -phase methodology a1 so was r e f i n e d  thoughout t he  
p r o j e c t  t o  r e f l e c t  lessons learned a t  the var ious steps o f  each phase. These 

I add i t i ona l  research products a re  a v a i l a b l e  from the  American P r o d u c t i v i t y  
Center. 

The two-year t e s t  o f  i t s  method01 ogy supported nany i n i t i a l  assumptions 
by the Center about wh i te  c o l l a r  p r o d u c t i v i t y  and improvement e f f o r t s .  These 
f i nd i ngs  f a l l  under e i g h t  general observat ions:  

1. White c o l l  a r  p r o d u c t i v i t y  improvement i s  founded on bas ic  issues o f  
v i s ion ,  o r i en ta t i on ,  and management p rac t i ces .  

2. A t t en t i on  t o  "operat iona l  " issues w i  11 enable p r o d u c t i v i t y  
improvement t o  take p l x e .  

3.  White c o l l  a r  p ro fess iona ls  r equ i r e  add i t i ona l  t r a i n i n g  i n  o rder  t o  
del i 9 . e r  t h e i r  serv ices e f f e c t i v e l y .  

4. Admin is t ra t i ve  systems w i t h i n  an o rgan iza t ion  o f f e r  a  major 
oppor tun i t y  f o r  p r o d u c t i v i t y  improvement. 

5. Measurement o f  whi te  c o l l a r  work i s  both poss ib le  and des i rab le .  

6. Technology, such as computer mediated systems o r  new o f f i c e  
environmental d e s i g ~ s ,  i s  bes t  j u s t i f i e d  when l i n k e d  t o  c r i t i c a l  
junctures o r  features o f  wh i te  c o l l a r  services.  

7. Sel f - r e1  iance i s  a key t o  ongoing p r o d u c t i v i t y  improvements. 

8. White co l  l a r  p r o d u c t i v i t y  improvement i s  dependent on seven c r i t i c a l  
success factor :  These are:  

o  A c l ima te  suppor t ive o f  c'iange, innovat ion,  and r i s k - t ak i ng .  

o  A v i s i o n  f o r  the f u t u r e  o f  the  f unc t i on  t h a t  i s  shared among a l l  
employees 

o  Emphasis on serv ice  issues and oppor tun i t i es .  

o  A f l e x i b l e  methoddlogy, one the func t ion  can adapt t o  i t s  own 
circumstances and business. 

o  Leadership by the  f u n c t i o n ' s  managers, n c t  by a  consu l tan t  o r  
1  ower-1 eve1 e r q l  oyee. 

o  Technolog, d i r e c t l y  1  inked  t o  p r o d u c t i v i t y  leverage po in ts .  

o  1nvol.qement and "buy- in" by most employees a t  a1 1  l e v e l s  o f  t he  
funct ion.  



Work cont inues 

P i l o t  groups, managers, and coord inators  invo lved i n  the  White c o l l a r  
P roduc t i v i t y  Improvement p r o j e c t  cont inue t h e i r  e f f o r t s  t o  become more 
e f f e c t i v e ,  product ive professional  s even as t he  f i  rbs t phase o f  the research 
e f f o r t  draws t o  a c lose. I n  the  more aggressive o f  the  sponsor ing companies, 
the methodology and new management sk i ' l l s  a re  spreading t o  o the r  locations and 
func t iona l  areas. 

From i t s  headquarters i n  Houston, the  American P r o d u c t i v i t y  Center a1 so 
cont inues i t s  work t o  seed cont inued wh i te  c o l  1 a r  p r o d u c t i v i t y  improvement and 
t o  expand understanding o f  t h i s  v i t a l  issue. 

The Center has undertaken a second phase of sponsored a c t i o n  research, 
White Co l l  a r  P roduc t i v i t y  Improvement: Innovat ive Methods and Plans i n  Ac t ion  
(IMPACT), based on f i nd i ngs  from i t s  i i r s t  research study. IMPACT w i l l  pursue 
con t inu ing  improvements i n  operat ions w i t h i n  p i l o t  group:, i n  t he  working 
i n t e r f aces  between p i  l o t  groups, and i t !  f i  rm-l eve1 adm in l s t r a t i ve  syste  its. 
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Steve Leth i s  Senior Vice President a t  the Anerican 
P roduc t i v i t y  Center where the major share o f  h i s  e f f o r t s  a re  
d i rec ted  toward whi te co1;ar and knowledge worker Issues. He i s  
responsible f o r  the development o f  White Co l l a r  Product iv l  ty 
Improvement, a Research and Advisory Services s t ra tegy  of the 
Center, and manages the present mult isponsor ac t i on  research 
pro jec t .  

M r .  Letn i s  experienced i n  pr-oduc t i v I  t y  consu l t ing  and 
behavioral science research. lie i s  r: f requent speaker before 
profess ional  groups concerned w i th  whi te c o l l a r  p roduc t i v i t y .  
With the Center, he has canducted several d iagnost ic  and change 
e f f o r t s  w i t h i n  p lan t  and corporate s t a f f s .  Recently he managed a 
nat ional  l eve l  survey o f  whi te c o l l a r  p r c d u c t i v i t y  p ro jec ts  and 
the devel upment o f  cs se h i  s to r ies .  

P r i o r  t o  j o l n i n g  the American P roduc t i v i t y  Cer!er, he worked 
as af l  i n te rna l  consultant a t  the P h i l l i p s  Petrclcum Company. 
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