. .
PRNP R OPEEEN—

‘ - -
i N w - L~
e . . A e WS s

¢ e e WTeseeaeLt W LW e < . .

DAR /T3 auison!

R & D PRODUCTIVITY

.h ‘
)
P g LIRS SRR T 0, ale Y e, SRS

vp“* , v

L

arbloas iy WO |

woabptnds L s

NEW

CHALLENGES

for the U.S. Space Program

xco-11L7

iNe o £oocitCiaviin: Wiw

W’mmmﬁ:m X -

PA33-1%-c1:.0) z -4 ey
:i::’u.;.:.kilii F_I SEEF Lz 2Z2aCk gitlisoad (;uz.:-l\)_ ““’dlc
Cie = 2o A.z/?t Al Uatli 23a xot=-{1tev s
e E oA e ) uhCaias
s53/¢ 1 15855
{
" N .‘;,1 {
“’S/-:' LG, .-r.'l*‘-l/
University 7
of Houston ! W WE“, —
s 4
. Q
S * \-‘
IS
b P
A s
L EXCELLENCE _
M~ ;

A oomtereroe spomsorad by the Lyndon B. Johnson
Sgace Conter and the Unive.sity of Houston-Clear
Lake » cxperation with the American Institute of
Asronacts s and Astrorzutics and the American
Product-ty Center.

i
w‘?

PV YN YV

R

A

TARY PN



PERSE )

PROCEEDINGS

R&D PRODUCTIVITY:

NEW CHALLENGES
FOR THE U.S. SPACE PROGRAM

Edited by
Otis W. Baskin
Center for Advanced Management Programs
University of Houston-Clear Lake
and

Leslie J. Sullivan
NASA/Johnson Space Center

A Conference Sponsored by: NASA/Johnson Space Center
and the University of Houston-Clear Lake in cooperation
with AJAA and the American Productivity Center
Houston. Texas
September 10, 11, 1985

Load



Copyright @© 1985 by
University of Houston-Clear Lake

This work relates to NASA Contract No.
JSC 3-85-8273. The U. S. Government has
a royalty-rree license to exercise all rights
under the copyright claimed herein for Government
purposes. All other rights are reserved. However,
copyright is not claimed for any portion of this
book written by a United States Government
employee as part of his or her official duties.

. w4



FORWARD

great technological breakthroughs throu
combined ventures. Now with Space Tran
future of Space Station close at hand
productivity of the natioa's R&D orga

Sportation a reality and the
» attention is focused anew on

: as well as other industries and
disciplines.

The Lyndon B. Johnson Space Center and its nei
of Houston-Clear Lake, roductivity in
their respective roles as research and development organizations,
Certainly, the flow of new ideas, products, and technologies necessary
to secure a bright future for our world demand constant attention to the
strategies and techniques of managing R&D. Through sponsorship of thisg
conference, we hope to build upon the solid base of past and present

experience from the American Space program to encourage future
accomplishments in science and technology.

ghbor, the University

We believe that the contents of this volume and interactions at the
conference itself will Prove to be a positive catalyst for all

organizations represented. We are proud that our organizations are
i cooperating in this joint venture.

A

Thomas M. Stauffer o
-~ Director Chancellor
NASA Lyndon B. Johnson University of Houston-
Space Center Clear Lake
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PREFACE

This volume conta’ns the maruscripts of papers presented as part of
“R&D Productivity: New Challenges for the U.S. Space Program,”
September 10-11, 1925. This conference was planned and operated as a
joint project between tie University of Houston-Clear Lake and the
Lyndon B. Johnson Space Center in cooperation with the American

Institute for Aeronautics and Astronautics and the American Productivity
Center.

The 51 papers published in this volume 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 1s 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 thunks 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 tape 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/PRODUCTIVITY IMPROVEMENT
INITIATIVES IN AN ENGINEERING ENVIRONMENT

Roger R. Ruda, McDonnell Douglas-Houston
ABS: ACT

Quality/Productivity Improvement (QPI) initiatives in the
engineering environment at McDonnel)l Douglas-Houston include several
different, distinct activities, each having its own application, yet
all targeted toward one common goal - making continuous improvement
a way of life. The chief executive and the next cwo levels of manage-
ment demonstrate their commitment to QPI with hands-on involvement in
several activities. Each is a member of a QPI Council which consists
of six panels - Participative Management, Communica .ns, Training,
Performance/Productivity, Human Resources Management and Strategic
Management. In addition, each manager conducts Workplace Visits and
"Bosstalks", to enhance communications with employees and io provide
a forum for the identification of problems - both real and perceived.

Quality Circles and "Project Teams" are well established within
McDonnell Douglas as useful and desirable emploree involvement teams.
The continued growth of voluntary membership in the circles program is
strong evidence of the employee interest and management support that
have developed within the organization.

Every member of upper management and over one-third of the
remainder of the workforce have been trained and are actively involved
in some activity to enharce McDonnell Douglas' continuous improvement
goal,
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INTRODUCTION

In a McDonnell Douglas Corporate Policy Statement,
S. N. McDonnell, Chairman and Chief Executive Officer, gave the follow-
ing direction, "The responsibility for quality and productivity im-
provement rests with every MDC employee. Corporate, component and
subsidiary chief executives have primary responsibility for establish-
ing and maintaining an 2ffective quality/. oductivity improvement
process that involves all employees."

McDonnell Douglas-Houston's Quality/Productivity Improvement
(QPI) process emphasizes six specific initiatives - Participative
Management, Communications, Training, Performance/Productivity, Human
Resources Management and Strategic Management. Continuous improvement
in each of these areas is the common goal of the activities that have
been implemented to date. There is still much to be done. but with
the following mechanisms and activities in place, and with the total
commitment of top management to keep them in place, it will get done.

DISCUSSION

In January, 1984, the Director and Chief Executive of McDonn~l1
Douglas' Houston QOperations established a Quality/Productivity Improve-
ment Council (QPIC) chartered to identify and implement activities to
further the Corporate QPI initiatives. Membership of the council is
composed of the Director and the next two levels of management. Mem-
bership is mandatory and presently consists of 32 managers. Each
manager is also assigned to one of the Council's six panels (Figure 1).

Figure 1
Quality/Productivity Improvement Council
T
W.E. Hayes
Chrm.
B Manager
Quality/Productivity
mprcvement Programs
articipative Parformance/ Human Strategic
5u:=§:n Communications Tisinine Productivity Resaurses Mmt. ;;u "
2
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Each panel meets weckly and reports progress and recommendations twice
monthly at the QPIC meetings. The QPIC is chaired by the Chief Execu-
tive to emphasize top management commitment and involvement and a new
management position was created to assist him. The new manage- of
Quality/Productivity Improvement is assigned full-time responsibility
for coordinating all QPI activities within the Division, other compon-
ents and Corporate, and for identifying methods and technigues to
train and motivate every employee to become involved in the QPI
activities.

Initial training in quality improvement techniques was pro-
vided QPIC members utilizing the "Juran on Quality Improvement" video-
tape series [1] and the Juran “Project Team" approach was applied by
each panel. Follow-up training has included "Action Plans for Imple-
menting Quality and Froductivity" [2] and "Toward Excellence" (3 1.
Agenda items at each regularly scheduled panel and council meeting
emphasize the commitment to continuous improvement and provide addi-
tional opportunities for discussing past, present and future activi-
ties.

This QPI approach has resulted in several improvements in
each initiative area as illustrated by the following examples.

Participative Management

The Participative Management (PM) panel began its activities
identifying what type of PM activities could be applied in the engi-
neering organization and defining available training to help under-
stand and implement PM techniques. Several consultants and much
library research led the panel to conclude that PM was no single tech-
nique that could be, or was, packaged, available and applicable in the
aerospace engineering support services envircament. The panel then
developed a workshop, "Introduction to Participative Management", and
conducted it for ali employees of the division. The workshop included
examples of participative management styles, the organizational and
environmental barriers to using PM techniques, and the advantages and s
effectiveness of employee involvement in management decisions. Pro- i
jects the PM panel is working on now include defining PM training
requirements for supervisors and defining techniques for evaluating
managers and supervisors effective use of PM techniques in their work
environment.

Communications

There have been noticeable improvements in communications with-
in McDonnell Douglas as a result of the initiatives described. Shortly
after its formation, the Communications panel recommended publishing a
Tocal newsletter to increase the workforce's knowledge of ongoing Divi-
sional activities. "The Houstonian", a high quality, eight to twelve
page newsletter is now published monthly. It has greatly improved top-
to-bottom, and, with employee inputs and article>, bottom-to-top com-
munications as well.
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"Workplace Visits", or Management by Wandering Around (MBWA),
is utilized extensively by all QPIC members. Visits are unscheduled,
informal, and provide direct bottom-to-top communications and problem
identification.

"Bosstalks" are held regularly, usually weekly, by the Divi-
sion Director. Thirty to forty personnel from all organizational
levels are invited to attend these meetings. The meetings have no
fixed format, the Director solicits topics and problems for discussion
from attendees. Problems identified at these meetings are later
assigned to managers for resolution. Some typical problems and their
resolutions are shown in Figure 2. Each Department Manager is en-
couraged to conduct similar meetings with his personnel. Lateral
commuriications is greatly ennanced by having the top three organiza-
tional management levels in attendance at the regularly scheduled
QPIC and panel meetings.

Figure 2
CONSTANT IMPROVEMENT THROUGH BOSS TALKS AND WORKPLACE VISITS

s BOSS TALKS 8088 WALKS
(WEEKLY) {~200 PER MONTH)

SAMPLER OF ....AND
PROBLEMS IDENTIFIED RESULTANT ACTIONS
® NEED MORE COMPUTER TERMINALS @ MANY ADDED, 1. DRE PLANNED
® POOR COPIER SITUATION @ DAILY MAINTENANCE
® NEW BUILDING CONCERNS/ISSUES ® APPOINTED PARTICIPATIVE TIGER TEAM
@ EXCESSIVE CONTROL OF SUPPLIES @ ELIMINATED SIGN OUT REQUIREMENT
@ LATE DELIVERY OF HOUSTONIAN @ REVISED DELIVERY SYSTEM
NEWSLETTER

Training

- Training, in all areas - management, administrative and tech-
nical is needed to ensure a top quality, productive workforce and
sustain a continuous improvement process.

Prior to the formulation of the Training panel, various types
of training were arranged for and scheduled by individual managers.
The Training panel's initial task was to determine what skills were
being taught to whom, what other drills were needed and what would be
needed in the future.
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A consultant firm was used to help define what the management
training needs were for supervisors, mid-level and executive level
managers. Surveys of project and department managers identified
technical requirements. After the needs were established, the search
for effective training programs was begun. Some are being developed
internally.

An evening study program existed to provide employees an
opportunity to develop skills that would contribute to their personal
growth. The program was greatly expanded and a full time trafning
coordinator was hired to enhance the programs quality and content.

Training in statistics and quality control is presently being
provided at all levels to aid personnel in recognizing what can and
should be measured or monitored to improve processes, and to detect
and resolve errors. This training is being conducted as part of a
“Continuous Improvement" workshop, where the need for statistics is
examined and examples of their use in monitoring processes are pre-
sented.

Performance/Productivity

The major objective of the Performance/Productivity panel has
been to define a Performance Measurement System (PMS) applicable to
an engineering organization where performance is considered to consist
of both quality and productivity factors. Their initial efforts were
to analyze non-productive engineering time so that measurements of
this factor could be an indicator of improvements. The collection
and tracking of information proved to be too unwieldly however, and
this apprcach was dropped. The PMS presently in use is nuch more
flexible and applicable to the whole organizational environment [4 ).
It is based on the American Productivity Center's "family of measures"
system that was developed by the panel after attending APC's “Know-
ledge Worker Measurement" workshop.

The present task being worked by this panel is to assess the
status and results of the Continuous Improvement process at McDonnell
Douglas-Houston, and to identify areas where further improvements
should be emphasized.

Fuman Resources Maragement

The Human Resources Management panel's initial projects were
to anaiyze and improve the employee career counselling procedures, to
devise a means for making employees more aware of job opportunities
within the company and to increase the effectiveness and quality of
the Recognition and Awards program. The new Job Posting System is in
place, allowing employees to be aware of job openings and apply, con-

fidentially, for a job that may be more in line with their career goals.
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The Career Counselling Supervisor's Handbook was developed
and is in use by each supervisor in the division. Existing Certifi-
cates of Achievement, New Technology Awards, and the Employee Sugges-
tion Program were revised and revitalized. The "Directors Award" was .
created to reward the one most outstanding achievement each month.
The project presently being worked by this panel is to ferret out
restrictive company policies and procedures and revise them to be
more in line with the new organizational culture.

Strategic Management

The Strategic Management panel was just recently added to the
QPIC as an individual improvement initiative. The panel's charter is
to establish strategic management as a "Way of Life", where the
approach to business is the identification of a) the changes the
company faces in the future and b) the alternatives that can be de-
veloped for dealing with those changes. The initial project then,
for this panel, is to define the long range business plans and the
current business strategies for implementing those plans.

Quality Circles

Quality Circles at McDonnell Douglas-Houston were a forerunner
of the formal QPI organization. They were established in 1983 with
the formation of three pilot engineering circles. There was some
doubt initially as to the applicability of traditional quality circle
techniques within a purely engineering 2nvironment. At present, there
are twenty-five circles (23 in engineering) involving over 260 em-
ployees, and the original three circles are still operating effec-
tively. Six circles are presently self-facilitating, i.e., they
totally lead and manage their own activities.

The circles program at McDonnell Douglas is named SPACE -
Solving Problems Among Creative Employees. Each circle leader receives
28 hours of training which includes traditional quality circle problem-
solving techniques, as well as group leadership techniques. Circles o
are formed within existing work groups, each usually having six to
fourteen members. Each circle, with the help of a facilitator, pro-
ceeds with problem-solving techniques training and immediately begins
workin:' on a work-related problem of their choice. Circles have vol-
untary memb2rship and meet for one hour per week on company time.
Whe. a recommendation for a solution to a problem has been formulated,
@ presentation is made to management. Management has responsibility
for making the decisions to implement or not implement suggestions.
Almost every proposed solution has been implemented tc date. Typical
problems chosen include: improving the contract documentation review
cycle, improving intragroup communications, standardizing crew train-
ing scrin’s, reducing memo routing-time and improving Aucent quality
assura:.ce procedures.
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A key ingredient to a successful quality circle program is
management commitment, and as that has been provided in support of
QPI activities, the circles have done well in this engineering en-
vironment.

Project Teams

Project Teams are created at McDonnell Douglas whenever a
specific management-related problem needs to be solved. Membership
- of each team is comprised of management and non-management personnel,
{ at any level, across the organization, who have the knowledge neces-
sary to solve the problem. Each team leader receives group problem-
solving training, either through the Quality Circles program or
"Juran on Quality Improvcment". An individual team exists only as
long as it takes to define, analyze and solve that particular problem.
A1l QPIC members and eighty-five middle managers in Houston have taken
: the Jurar series, and over 260 supervisors and engineers have received
. Circles training. More are being trained continuously to meet our
goal of 100% employee involvement in QPI initiatives.

T U!u"\lr.‘ L.
.

SUMMARY

= The Quality/Productivity Improvement Council is the heart, and
the brains, of the McDonnell Douglas-Houston QPI initiatives. The six
QPI Council panels - Participative Management, Communications, Train-
ing, Performance/Productivity, Human Resources Management and Strate-
gic Management are continually id--~tifying, developing and implement-
ing plans and activities to capit-::ze on every improvement opportunity.
This top management team, led by Bi:l Hayes, Director and Chief Execu-
tive of Houston Operations, is committed to continuous improvement.

Y

The remainder of the workforce is also becoming very involved
in the continuous improvement process. There are twenty-five Quality
Circles and the number is continuing to grow. Employee involvement
- and training in QPI techniques presently includes over one-third of
the workforce, one hundred percent is our goal. Employee recognition
for achievements provides additional motivation for everyone to get
involved. Implementation of continuous quality/productivity improve-
ment activities is well underway at McDonnell Douglas-Houston.
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THE USAF SYSTEMS COMMAND AND R&D PRODUCTIVITY

Vince Luchsinger, Maj.Gen. USAFR
Mob. asst. to Commander, USAF Systems Command
& University of Baltimore

ABSTRACT

The United States Air Force Systems Command (AFSC) is charged
with the development and acquisition of aerospace technology systems.
Much of that activity is concerned with space systems development,
acquisition, and operations. Heavy emphasis is being placed on produc-
tivity in organizational and process functions which will keep aerospace
systems on the leading edge of techmology, with plans extending capa-~
bility into the future. The productivity emphasis ranges from people-
oriented activities to resource and technological functions which support
national aerospace objectives. The AFSC space-related missions will be
discussed as a special area of productivity efforts.

INTRODUCTION TO THE COMMAND

The primary mission of the Air Force Systems Command (AFSC) is
to advance aerospace technology, apply it to operational aerospace
systems development and improvement, and acquire qualitatively superior,
cost-effective, and logistically supportable aerospace systems. The
Command has been involved in space missions from the earliest United
States ventures, going back to the early 1950's in exploratory work by
General Bernard Schriever a past Systems Commaud commander.

The Air Force Systems Command also supports the major space
responsibilities of the Department of Defense, including basic and
applied research, development, test and engineering of satellites, space
launches and missions, boosters, space probes, and related space systems.
The Command is presently heavily involved in the research activities of
the Space Defense Initiatives program, under the command of a space
vetern of AFSC experience, General Abrahamson. In addition, AFSC
supports many NASA programs and projects that operate under agreements
between the Department of Defense and NASA.

10

N86-15159



P

"
N

=y "‘

e o — =

Yoy

@

3

W SN pe A ’
VAT, WY &Q’ﬁ\" e T .o -

AFSC Resources

The Command is one of the larger Air Force Commands. In scope
of financial activity, it would rank sixth among the Foriune 500 of
United States corporations, The personnel ranks of AFSC list 27,500
military and 29,500 civilian personnel. The nature of its research,
development, test, and acquisition means that AFSC is the primary
Alr Porce employe: of scientists, engineers, and technically oriented
personnel.

In the current 1985 fiscal year, Systems Command is managing
approximately $38 billion. Within that amount, $23.1 billion goes for
procurement of aircraft ($16 billion), missiles ($5.3 billion), and other
equipment ($1.8 billion). Beyond that, $10 billion is applied to
research, development, test, and evaluation (RDT&E), $1.5 billion for
operation and maintenance, and $540 million for military construction.
The remaining $3 billion comprises foreign military sales ($1 billion)},
reimbursables ($1.2 billion), and military pay ($900 million).

The magnitude of the resources entrusted to AFSC dictates a heavy
responsibility for productivity in discharging its missions to ensure
the best output for the resources involved. As a vital segment of the
Air Force structure, AFSC adninisters thirty-eight percent of the total
Air Force budget, while utilizing only 6.5 percent of the personnel of
the Air Force. As a final indicator of the key role of the Systems
Command, AFSC currently administers 29,000 aciLive contracts valued at
approximately $108 billion.

Organization

The heart of AFSC contains four -oduct divisions:

1. The Space Division (Los Angeles AFS) which develops,
tests, and supervises launch and operation of space craft.
Facilities include V:ndenburg AFB (which will provide for
future shuttle launches and recoveries), the eastern space
facilities at Patrick AFB, and the Space Technology Center
at Kirtland AFB.

2. The Electronics Systems Division, which develops, tests,
and procures zlectronic systems for aerospace and ground
missions.

3. The Armameant Division which develops and tests con-
ventional weapons.

4. The Aeronautical Systems Division which develops and
tests aircraft systems.

The Balistic Missile Office at Norton AFB is invclved in the

development and testing of missiles and their component systems. The
Foreign Technology Division monitors a wide variety of foreign
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technological activity, with special emphasis on space. The Centract
Management Division oversees the contracts for acquisition of aerospace
systems, including space systems. The Aerospace Medical Division
studies the effects of manned flight, with space flight conetituting

a focal area of research and training. A variety of laboratory and
test locations are very involved in space-~related research and test
activity to examine the conditions, hazardas, and potentials for
pursuing missions in the space environment.

The Space Technology Center at Kirtland AFB is a relatively new
organization established to support the space mission of the Command.
Subordinate to the Space Division, the Space Technology Center supervises
the Geophysics, Rocket Propulsion, and Weapons Laboratories. Planning,
development and test activities support a wide range of space ventures,
with the Strategic Defense Initiative research project : prime client.

Transforming the resource and organizational capability of AFSC
into satisfaction of aerospace missions and objectives means the blending
of Command activities into orchestrated efforts to meet challenges.
Actiong to pursue Command challenges in a productive and cost-effective
manner will be discussed in the context of people, resource, and program
initiatives.

PEOPLE PRODUCTIVITY INITIATIVES

One vital segment of the productivity program of AFSC rests in
people programs., 1n August, 1984, General Lawrence Skantze assumed
command of AFSC and indicated a concern for productivity initiatives
within the Command. While entrusted with thousands of talented people
and a large fiscal and acquisition responsibility by the Air Force,
General Skantze saw that executing the mission of the Command would
soon involve "doing more with less." The vast array of program
responsibilities with increasing costs would test the ability of the
Command to respond.

Changing the Culture

Contemporary management research and writing attests to the need
for assessing the culture of organizations to verify goals and values
in pursuing goals of excellence, change, or renewal. The culture change
process is at work in AFSC. As is often the case in a change of command,
the new commander will estabiish his style and working expectations in
carrying the organization to the accomplishment of missions. Since AFSC
is a linking pin between the using operational commands of the Air Force
and the community of research and development (R&D), acquisitinz, and
civilian contracting firms, the Command {inds its=elf a military organi-
zation with multipia ties to segments of the civilian world,

12
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General Skantze (3) has placed emphasis on managing the Air
Force acquisition role in a "business-like" manner. This means that
AFSC military and civilian personnel not only must meet military
standards, but must be able to perform creditably in dealings and
negotiations with civilian contracting organizations and R&D enterprises.
AFSC personnel performing well wi:l best support their colleagues in
the operational and combat comrancs. "Buying smartly" would become more
than a catchy slogan,

Managing intelligen.ly includes a deep concern for quality.
Quality assurance 1s a major element of AFSC acquisition and contract
management programs. Quality in staff work and business management
programs of the command are endorsed as a corollary of the desired
quality sought in procurement activities.

People Programs

An array of ventures to involve Command personnel in improving
productivity and quality operations includes:

1. Suggestion Programs which have been emphasized to
generate ideas submitted to propose improvements. The
quantity and quality of suggestions has been gratifying

in response to Command emphasis. While a common management
tool, suggestion systems have reflected commitment of
organization member<.

2, Sensing sessions with senior officers from field
commands have assessed problems and opportunities in
those organizations, as well as examined inter-organiza-
tion relationships. Input from those key personnel has
been instrumental in working out kinks in operations, and
in reducing we-they confrontations. This was one of many
innovations with behavioral science flavor.

3. Off-site sessions by general officers and key staff v
reviewed objectives, values, weaknesses, strengths,

threats, and opportunities which face the Command. These

work meetings (in civilian clothes) promoted creative and

cohesive options for future Command operations.

4. An organizational survey of the AFSC headquarters was
conducted by the Air Force Leadership and Management
Development Center to provide data to managers of
organizational components. These data cover job satisfac-
tior, attitudes toward work group and supervisors, organi-
zational communications and other topics. These findings
should provide opportunities for improving management and
productivity in the headquarters.

13
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5. A civilian personnel work force effectiveness study
group has been convened with representation from all field
units. This group 1is generating initiatives for optimizing
the contributions of the civilian work force, an important
segment of the AFSC family.

6. Enhanced career development programs are bein{ put in
place to provide career pathing for personnel. Career
satisfaction and progress is important for the support of
individual and work group productivity, as well as to
provide work force stability.

7. Decentralizaticn is encouraged, whenever possible, as
a means of establishing the importance of the "work place"
and the "work unit." Senior officers, such as General
Larry Welch, vice chief of staff {5), h:..: endorsed
decentralization as a move to promote part-‘-ipation of
personnel at all levels in pursuing quality and prodric-
tivity objectives.

The foregoing are some examples of an emphasis on people programs
in AFSC which are designed to promote an awareune . of quality and pro-
ductivity in the culture of the Command. The entir: Command has beer
sensitized to the need .or greater attention to the use of people and
other resources to meet goals of each organization in AFSC. Working
“smarter" and "tetter'" is encouraged as a means of dealing with the
continually increasing workload of the Command.

RESOURCE PRODUCTIVITY

Since AFSC is entrusted with a major segment of the Air Force
buying role, the use of sophisticated and contemporary tools and
techniques are required to manage the development, test, and acquisition
activities of the Command. Some of the major productivity impacts
follow,

Management Information Systems

To administer the functions iuherent in the AFSC nission, the
management of information is essential. Vast amounts of data must be
selectively acquired, stored, analyzed, and presented to decision makers
to manage the Command. Executive Information System (EIS) ccpability
is available within and between elements of the command to maintain
real-time communications. While electroaic mail and iiling (among other
electronic capal’lities) are common place in industry. the military
necessities of security, readiness, and global coverage ac:centuate the
EIS contribation.

14
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A new staff directorate (KR) was formed in 1984 to deal with
computer resources and management information systems. The system
architecture is being developed, with growth and versatility of function
a key element. This capability includes use and networks of micro-
computers, as well as networking with main-frame and support computing
facilities. It is worth noting that AFSC facilities include equipment
ranging from rini-computers to super-computers. Needless to say,
extensive design and training activity is involved to achieve and main-
tain the productivity that can be attained from electronic capabilities.

Industrial Modernization Incentives Program

Typical of many productivity ventures in AFSC is the Industrial
Modernization Incentives Program (IMIP). IMIP, simply stated, is
contracting for productivity. IMIP uses traditional and innovative
contracting techniques to solicit, "incentivize" and sustain contractors
ir increasing productivity.

As used, IMIP is a partnership between a contractor and the
Air Force directed at systematically bringing the latest manufacturing
technologies, and the capital investments needed to prodv.e them, onto
the production floor of a contractor's facility. Resulting efficiencies
in production yield savings to DOD weapon system contracts which are then
shared with the contractor. This allows the contractor to realize a
satisfactory return on the investment.

subtier contractors within the aerospace industrial base., The Air
Force's commitment of over $400 million for factory analysis and
manufacturing technology development has been matched by a $1.4 billion
contrzactor .ommitment for development of new manufacturing technology
and acquisition of capital equipment. The projected savings as a result
of these commitments excced $4.5 billiou on DOD production programs
through 1990.

The use of IMIP combines the best of technology and good
manufacturing management to enhance production capability. In high
cost, short production run, and long lead time situations as found with
space system projects, the IMIP venture is showing great pioductivity
potential,

Productivity is a challenging objective in advanced technology
programs, with costiug a particular nemesis. The "Should Cost" programs
attempt to determine ~hac. costs reasonably ought to be rather than costs
are or have been. Thore is evidence that the cost curve can be bent,
rather than continuing tn escalate {1). IMIP is then seen as a tool to
help combat the serious t.ureat to productivity by program instability
and cost overruns.
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Planning

Better management for productivity involves improved planning
with accompanying crutrol systems. In the quest for more preductivity
in its mission areas, AFSC uses planning extensively. A prime example
is the Space Technolegy Plan {4), a product of the Spz.:e Technology
Center. This type planning has a strong impact on the Command and
relationships with DOD, NASA, other government agencies and industry.

Space technology planning focuses all Air Force space technology
investment and execution in support of future space mission requirements.
Selected space technology development projects will pursue objectives
in: on-board processing and hardened electronics, spacecraft autonomy,
space power, and advanced military spacecraft capability.

Artificial intelligence, power cell research, and advanced
space computer technology are hoped to provide increased spacecraft
lifetime, memory, survivability and autonomy. The productivity of
this research is tied to unique features of space reeds. Some of those
factors irciude:

l. Space systems have 16ng lead times and long life times.

2, Technology development must start very early before
systems are well defined.

3. There is a premium on accurate forecasting of
technology needs.

The complexities of technologies of development, test, and
production make the tasks of AFSC challenging. Partnerships are being
forged with other agencies and industry to provide proactive approaches
to managing for quality outcomes in a cost-effective manner.

CONCLUSION

A recent NASA report on improving Quality and Productivity in
Government and Industry {2] captures the essence of the AFSC quest for

productivity in its activities. Quality of work, quzlity of work life,
and quality of management are cornerstcnes for increasing productivity.
Technology and production bases help provide the setting for quality

of work in meeting standards and requirements for products ard outputs.

People programs generate commitment and work environment
conditions which contribute to the success of th2 organizatioa. Quality
of management fosters leadership that has the technical and leadership
skills to provide direction and feedback in guiding the organization
to its objectives. The people of AFSC are working toward those quality
conditions in the pursuit of productivity.
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SELF-RENEWAL:
A STRATEGY FOR QUALITY AND PRODUCTIVITY IMPROVEMENT

D. H. Hutchinson
McCornell Douglas Astronautics Company
Huntington Beach, California

ABSTRACT

Eighty-three management improvement projects initlated »t the
McBunnell Douglas Astronautics Company since April 1983 provide case
s-udies of productivity improvement techniquez »*nd measurements of
iumprovement. These projects were initlated as part of a program of
self-renewal that Sanford N. McDonnell, McDonnell Douglas Corporation
chairman and chlef executive officer, outlined in his Ma; 1984 message
to the corporation. He described the following five initlatives
designed "to foster self-renewal throughout the corporation and thereby
prepare for the future":

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

2. Human Resource Management. The company assures itself of a
continuing cadre of top-flight people by helping erployees plan and meet
career goals and by 1identifying and grooming those with the greatest
potential.

3. Participative Management. 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 ethical
standards is a commitment to excellence and a central part of the
Corporation’'s traditions and world-wide reputation.

This paper discusses productivity improvement: Sandy McDonnell s
fourth key for corporate self-renewal. The concept of productivity or
efficiency 13 supplemented with two additional concepts of productivity
improvement : effectiveness and innovation. Dr. W. Edwards Deming,
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early in the 1950s, applied statistical techniques to the improvement of
quality [2), and Dr. Kaoru Ishikawa worked with the Quality Circle
Headquarters of the Unlon of Japanese Sclentists and Engineers in Tokyo
[4]. These activities provide the basis for the well-documented process
of 1improvement of efficiency and preductivity in several American and
Japanese industries, and for the process of continuous improvement 1in
the McDonnell Douglas Corporation. Case studies of Aimprovement of
efficiency, effectiveness, and 1innovation at McDonnell Douglas are
presented in this paper.

INTRCDUCTION

Strategic objectives and business unit planning are the framework
for quaiity and productivity improvement at McDonnell Douglas
Astronautics Company in Huntington Beach, California (MDAC-HB).
Business units, organized ai - und 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 during product life cycies. The methods must afford contlnuous
improvement. Mission &nd focus are adaptive as the program life cycle
moves from concepticn through design .and development to operations and
support.

THE READAPTIVE PROCESS

The dilemma facing American industry has been well documented.
In 1industry after industry, US firms are 1losing thelr competitive
advantage. This loss is the underlying cause for the country's present
economic distress and many relateu social problems. 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
telecommunications 1ndustries have been well described ([7]. The
aerospace industry 1ls not exempt from world-wide competition; it also
must renew itself. The readaptiva process in the amerospace industry has
begun to receive the combined attention of government, industrial, and
educational 1institutions. 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 [7] and those
giving form to the readaptive process at McDonnell Douglas are similar.
The most remarkable are changes 1in core technologies, policies,
competition, and the importance of cholces in organizational strategy.

The readaptive process (Figure 2) involves seeing organlzations
&s soclo-technical-learning systems. The idea that orgarizations must
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FIGURE i. PERFORMANCE IMPROVEMENT LIFE CYCLE — THE READAPTIVE PROCESS
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be learning syctems 18 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 systems technology (9). What 1s involved
18 a change in ways of looking at organizaticns. The old concepts of
mechanical efficiency and bureaucracy are replaced. An integration of
innovation and efficiency must take place through the invoivement 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 What Has Never Been Done Before)

The early stages of a program life cycle focus on purposeful
innovation. ~ novation is the heart of renewal. Case studies from
Renewing American Industry [7] suggest that if organizations are to be
efficient operational systems, they must also be I1nnovative learning
systems. Systematic innovation consists of the purposeful and organizei
search for change, and the systematic analysis of the opportunities such
change might offer [(3]. The term innovation as uszed here 34 an
economlic, s8ocial, and technical term. It is the improved yjeld of
resources.

Effective Interaction (Doing the Right Thing--The Integration of
Innovation and Efficiency)

Organizations are 1interacting sytems in the process of
development. New programs demand renewal of these systems.

As programs reach the development stage, each department must
learn to adapt and effectively interact with other departments.
Effective interaction occurs when producers know what users need and
produce what satisfies them. Successful programs depend upon effective

interaction. Improvement projects must rocus on producing useful
information: budgets, schedules, contracts, tests, software, and so0
forth. The 1interactions of these services provide a source of
organizational effectiveness improvement. Improvement 1in interactive

effectiveness 18 prerequisite to improvement 1in operational efficlency.
One must be doing the right thing, then improve the efficiency of the
operation. Effectiveness improvement is a task of the developing
organization.

Operational Efficiency (Doing It Right the First Time)

As programs move toward operational phases, the focus shifts
again, this time toward process control. The central focus of the
producrtivity movement embraced in Japan after World War II was
operational efficiency. The work objective was to do it right the first
time. Doing the right job correctly is the key to productivity. Through
the development of quality circles 1in Japan, this resulted 1in the
Japanese worker's having almost total authority within his discipline.
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There 18 a convergence of interests that amounts to participative
management .

Many companies in Japan and in the United States are currently
involved in intensive efforts to 1incorporate quality concerns into
problems of product-line trx-sitions, applications to design, relations
with customer3, and research and development. Although operational
efficiency 1s necessary in these functions, it is not sufficient.
Effectiveness and innovation are also critical.

INNOVATION, EFFECTIVENESS, AND EFFICIENCY CASE STUDIES

Operational reliability, quality, =znd produc:ivity depend upon
having all of the parts working right in a process. Wwhen organizatinns
like McDonnell Douglas and NASA take on new projects, they take on tasks
of organlzational transition. Transitional adaptation through the !ife
cycle of a program, from concept development to cperationally successful
missions, includes an adaptation of performance improvement techniques
to the changing nature of the problems encountered. J. M. Juran has
called improvement grojects *"problems scheduled for solution” (5]. The
problem-solving methods plioneered by Dr. W. Edwards Deming (2], Dr.
Kaoru Ishikawa (4], and Dr. Juran 1in Japan have resulted 1in the
continuing development of a management improvement process. This
process 1s an ideal vehicle for continuing to improve quality and
productivity as a program makes the transition from research and
development to operational maturity.

The current Space Station program, committed to putting a
permanent manned station 1in space by the early 1990s, 1is in its
definition and preliminary design phase. 1hus, Space Station program
performance improvement projects must be devoted to purposeful
innovations. The spirit of entrepreneurship, of newness, of finding
opportunities to do economically, socially, and technically what has not
been done before facilitates this stage. Perspective must be shifted
from the operational worker as a follower of practices on some previous
project to a knowledgeable worker guided by a renewed sense of purpose
and a sense of the new whole of which he is a part.

Purposefully Innovative Systems (Doing Well What Has Never Been Done
Before)

Case A focused factory cr "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 Versus electronic (E/E) products required a highly

Production technical manufacturing capabllity and recent
contract demands for concurrency of design and
development required a quick-response capablility.
The systems of the new "plant within a plant"” were
not fulfilling this quick-response requirement. A
reevaluation of the plant's developmental and
production roles and misslons was in order.

22
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A Juran project (see Appendi.) was implemented L0 explore ways
for the "focused factory"” to meet quick-response requirements and
expectations. A team from manageawent and engineering was selected and
thz problem was stated: existin, systems were not fulfilling the need
for the highly technical, .ulck-response manufacturing capability
required by complex prosiucts and concurrent development of
electrical/electronic 1items. The 1improvement project team thus set as
its objectives to (1) ansess existing methods and procedures and
structure new methods and . procedurves aligned more 1in Keeplng with a
developmental approach, (2) establish task definitions for the
implementation of a developmental shop, and (3) recommend organizational
and support function caanges. The 2eam met periodically for nearly a
year.

The problem with development projects had been evidenced 1in
schedule slips, ccst overruns, drawing release delays, and errors in
work instructions. Systems being used stressed control rather than
innovation, and [itted mature producis rather than development
projects. This pattern appeared 1in drawing preparation, production
planning, manufacturing, inspection, and test. Also, the knowledge
galned during development was often lost; Jjob classifications were not
appropriate, drawing systems needed changing, and organizational
reporting relationships needed adaptation.

The statistical (variance reduction) techniques of the Juran
process were not very useful for this kind of performance improvement
project. This project required a form of performance improvement that
Peter Drucker has recently described as "purposeful innovation” (3].
The Kkey recommendation 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
needed at the 1interface of engineering and manufacturing to increase
flexibility and efficliency, 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 |

Problems Causes Remedies
® Unrealistic scheduly ® Requirements geared to mature | ® Impiement developmaent drewings
projects

® High cost » Provide developmant work
® Work instructions difficult to instructions

® Delays in drawing and production change

release & Focus responsibility for

® Departmants geared to stable development tasks

® Key contributions missing operations

8 Encourage capture of good ideas
® Incomplete development holding u Policy and practices emphasize

up production control instead of tlexiblility u Aflow ali invoived to make inputs
= Development knowiedge not ® involve others in goal-setting
captured

a Ta'or to needs of situation
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Interactive Effectiveness (Doing the Right Thing)

Case A pilot "white-collar” productivity improvement
Study project (WCPI) war iaitiated in MDAC's Department
No. 2 147, Financial Controle--Direct Budgets, in 1984.

It has been a unique project. It addresses the
renewal of a department. A project team of ~ine
represented the 33 pmembers of the department.
This team was confronted with the demands of
interactive effectiveness.

A pilot "white collar” productivity improvement project (WCPI)
was initisted at MDAC to erxplore productlivity in a department whose
function ig to provide useful services and information. The American
Productivity Center's six-phase WCPI framework®™ provided a methodology.
This particular WCPI project involved three groups of people:

o The Producers. Meetings were neld in which all 33 members
of Department 147 worked together to dlagnose problems and opportunities
for improvement. Complete feedbuck was given to each member of the
departmeint regarding the rerults of a 200-question survey of attitudes,
leadership, communication, participation, goals, measurement, rewards,
resources, and related concerns. They then set out to make improvements.

] The Users. One-hundred and fifty fiscal, program, and
business maragers as well as engineering and operations users in eight
different program or business units were surveyed and interviewed.
Feedbazk from this material provided a basis for (1) redesign of the
services of the department to meet strategic plans, (2) team building
for new teaming alignments, and (3) technology applications for improved
service to users.

] The Managers. A management group included the Director of
Financial Controls, the Controller, the Vice President-Fiscal, and the
Director of Productivity. Department 147's manager became a member cf

the producer project team in &n example of participative management 1in
action.

The greatest block to interactive effectiveness in organizations
is the attempt to protect intecest groups and preserve old ways of doing
things. These interests must be worked through person by person. This
WCPI pillot project provided a framework to make transition processes &
part of personal and organizational renewal, a concept to be instituted
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 following:

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

“The American Productivity Center's six phases of a white-collar
productivity improvement project are, briefly, dlagnosis, objective
setting, measuring, service redesign, team development, and development
of technology parameters.
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2. People Involvement: Everyone's persona. opinicn, valid or
not, influences interaction.

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

4, User Involvement: Effectiveness means doing the right
things and requires interacticn ocetween proaducers and users.

5. Responsjiveness: Services must be responsive to the needs of
those who are served.

6. Efficiency/Effectiveness: The role of the WCPI 1is to
develop organizational effectiveness.

The WCPI process works. Its improvements accrue to producers,
users, and managers (Figure 4) 1f they believe in it. But credibility
must be won. In the Department 147 project, nct one of the three groups
was easy to convince. Even the pilot coordinator and managers had to go
through the process. The key 1s complete honesty and [Feedback. The
first meeting with the entire department did not result 1in belief
buecause the will to change was not epparent. It took action to show
that manager, user, and producer groups had the will to do something.
Once members of the department received feedback and became involved in
diagnosis and objective-stting, things turned around dramatically.
Commitment came even in the midst of the heavy daily workload.

FIGURE 4. INTERACTIVE EFFECT!VENESS

Managers

Producers
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The WCPI resulted in the improvement of attitudes, participation,
communication, leadership, goal-setting, measurement , rewards,
recognition, and use of resources within the department. It resulted in
the involvement of management not only in getting to know the work of
the department more thoroughly, but in providing a sense of mission and
focus and in selecting the team and then al)‘owing the team to ac‘ually
make improvements. The WCPI also resulted in improvement of the
relationship of the producers to managers and users (Figure 5). This
began with identificaton of the users continued with attempts to see
the department through their eyes, and resulted in further improvements
that will continue to be made in the future.

FIGURE 5. OVERVIEW OF THE PRODUCTION/UTILIZATION SYSTEM '

6 Interfaces and External Forces

) 5 Community Culture 5 Community Culture
. and Organization and Organization
. 3
i Producer Dissemllar:(a)gggéle’as'ovnsuon User
5 ‘-\
1 2

i Production Utilization
4 Prccesses Processes

4

Feedback/Solicitation P

{Adapted from Killman [6])

1. Production Processes 4. Feedback/Solicitation

2. Utilization Processes 5. Community Culture and

Organization

3. Dissemination/Provision

Processes

6. Intarfaces and External
Forces

Operational Efficiency (Doing Things Right the Firsi Time)

Case Hardware acceptance 1is determined after
Study manufacture by part inspecton. However,
No. 3: inspection does not prevent nonconformance

Crush Grind
Process Control

of parts. Since a significant percent of
machine shop rejections is accounted for by
machine operation, more hardware could be
accepted if the manufactiring process could
be controlie®' so as to prevent nonconformance
of parts.
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MDAC had recently been discuss.ng the merits of a quality control
philosophy based upon prevention rather than detection of defects. To
test this concept and solve this specific purts-rejection proolem,
management chartered a team representing manufacturing, planning, o
quality departments.

Through analysis of prior nonconformance costs, a particularly
unsatisfactory machining proress was identified. This process 1is
required to hold very close dimensional tolerances, out it consistently
produced defective parts. Many traditional approaches to corrective
action had been tried hut had met with little success. 1Thus, the team
felt that a new apprcach was in order.

The team used the followirg investigative procsdure: (1)
ldentify likely causes, (2) test these pussibilities to determine theilr
actual effect, (3) evaluate test results and implement corrective
solutions, (4) test these solutions for effectiveress, (5) train
operating personnel in the new approach, (6) reduce or eliminate« in-line
inspection and accept the product on the basis of process control.

To identify potential causes of defaective parts, the team held a
brainstorming session. Over 75 opinlons or possible causes were
gathered through this process. These opinions were c..egorized and
dlagrammed on an Ishikawa “fishbone" chart [4) to show thelr
interralationships (Figure 6). Next, copies of the fishbone chart were
distributed to persons familiar with the machlne process under
investigation. These people were asked tn identify the ten most likely
causes of nrccess nonconformance. These results were then corrilated to
produce a 1list of the most likely causes.

The group then determined what data and experimental approaches
were required to prove or disprove these most likely causes. In this
case, a proc 'ss capabillty analysisz was considered crucisil to evaluate
the possible defect causes.

FIGURE 6. CRUSH GRIND PROCESS CONTROL .
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Once the experiment was performed, the data were analyzed with
simple statlistical techniques (Figure 7). These statistical tools
included histograms (Figure 8) that showed how the data were distributed.

FIGURE 7. RUN CHART
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The analysis revealed several significant conclusicns. of
greatest importance, it revealed that the process was not capable of
consistently producing parts within the design tolerances. In fact, the
experimental results suggested that a 25% failure rate should be
expectod from this process. Differences in inspectlon techniques
between operators and 1inspecturs used as much as 20% of the design
tolerance. Variationc in part center depths (this process grinds parts
on centers) were as high as + 0.02% in., requiring a new setup for each
part.

Clearly, this was new and interesting information. Here was a
machine process destined to make defective parts regarcless of the
efforts of the operator. To correct this obviously unsatisfactory
situation, equirment was ordered that could be attached to the machine
to improve its capability and automatically compensate for variations in
part center depth. This equipment cost less then $20,000 and wi)l pay
for itself in less than 1-1/2 years. In addition, manufacturing and
inspection agreed to use the same inspection tools and technliques.

Once the new equipment 1is recelved and installed, ths study team
will perform a new process capability study to prove that the machine
enhancements are effective. Once this 1is demonstrated, the machine
operators will be trained in simple statistical techniques, especially
control charts. The operator will then implement normalized pirocess
coantrol cnarts and Guality Assurance will inspect by monitoring the
control charts and auditing the manufacturing inspections.

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

MDAC 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 quality and productivity
improvement projects are part of & renewal or readaptatior process that
changes during the life cycle of aerospace programs. The industry is
begirning to become aware of the need for managing 1life-cycle
transitions and developing self-renewing organizations. William
P-‘dges, a consultant to MDAC-HB, has summarized the challenge of
organizational transition [1]: “*Change’ 18 when something stops
happening or when something starts happening. ‘Transiticn,' on the
other hand, is an inner reorientation process that an organization and
all the individuals in it go through when a change requires everyone to
work on a new team, fill a new role, and act in new way."
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(4]

(5]
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(7]
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APPENDIX: PROJE

"SAMS AT MDAC-HB

Juran Prolect Teams

Quality Circles

1. Team composition/ 4 to 10 members on an
leadership

intradivisional or

$ 10 15 members, not
necessarily from the

I
|
interdivisional basis with mu?:v. coordinator, and same work group, with a
management leader APC lialson loader
2. Participation

Not voluntary; nature of |Farticipant management is Voluntary for clircle
projects selected cleveloped in the process members
determines participation

Projects seiected by Project selected by MIP

3. Project selection Projects selected by |

Management Councll team members
improvement Project .
(MIP) Council
4. Probler complexity/ | Complex problems Focus on organizationat Moderately complex .
time required requiring substantial offectiveness oblems requiring time ;
time for analysis or analysis
|
S. Training Entire team trained In Training provided by the Entire toam trained in i

probiem solving and ~merican Product Center |problem-solving;
statistics; isader treining  5PC) and project coordinator |extensive leader training
for team leader

6. Facltitator or internai | Facilitators and Faciiitator/coordinator Facilitators and i
consultant statisticians available required; llaison support and | statisticiana available ;
conferences st APC

Pilot project coordinator from | Coordination by
the company assigned to work | Performance

7. Coordination MIP Coordinating

Committee ar '

Functional Steering with manager and APC improvement
Commitiee Department
8. Decision-making Higher nuthorlh{ Relles on participative Limited authority to
authority | required to decide on g and local decide on action; make
| recommended actions | decision recommendations to
i . N management
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THE KEY TO SUCCESSFUL MANAGEMENT OF STS OPERATIONS:
AN INTEGRATED PRODUCTION PLANNING SYSTEM

William A. Johnson, Rockwell International
Christian T. Thomasen, Rockwell International

ABSTRACT

STS operations managers are being confronted with a unique set of
challenges as a result of increasing flight rates, the demand fer flight
manifest/production schedule flexibility and an emphasis on continued
cost reduction, These challenges have created the need for an integrated
production planning system that provides managers with the capability to
plan, schedule, status and account for an orderly flow of products and
services across a large, multi-discipline organization. With increased
visibility into the end-to-end production flow for individual and
parallel missions in process, managers can assess the integrated impact
of changes, identify and measure the interrelationships of resource,
schedule, and technical performance requirements and prioritize produc-
tivity enhancements.

BACKGROUND

The Operations Challenge

The Space Transportation System (STS) flight-to-flight reconfig-
uration process at Johnson Space Center (JSC) encompasses initial flight
feasibility assessments, flight trajectory design, flight operations
planning, flight production generation, facility reconfiguration, flight
crew and controller training, real-time mission support and post-flight
reconstruction. As the STS transitions to mature operations, this
end-to-end process must be streamlined to minimize cost while
maintaining acceptable quality and risk levels. Reconfiguration
schedules must be reduced while maintaining late manifest and flight
content change flexibility. Increased flight rates must be zccommocdated
within production capacity and manpower limitations. These challenges
have created the need for an integrated project/performance management

33

R TN ]

JEPE P

rm— -



"‘}'i; S

iwir )

.h T?.\&\X' ‘{- . .o

RORIN

system to provide managers with improved visibility and control of the
reconfiguration process flow and the flight production line,

Production Line Environment

Each STS mission flown increases the experience database and the
potential for a higher degree of commonality between a new set of
mission requirements and those of a previous flight . Continued stan-
dardization of flight products and configurations promote maximum
utilization of generic data and minimizes th effort required to generate
flight specific updates. Incorporation of other process enhancements
such as such automation, mcdularization, consolidation, simplification
and elimination contributes to a changing operational environment that
parallels a production line methodology. As management focuses on the
challenge of maintaining an orderly flow of products and services across
the large , multi-discipline organization responsible for the J5C
flight-to-flight reconfiguration process, the supporting
project/performance management system must be oriented to provide the
capabilities of an integrated production planning system,

Reconfiguration Process

The flight-to-flight reconfiguration production process is
composed of three major elements. First, the activities, products,
schedules and associated resources within each technical discipline that
are structured to meet flight specific requirements and milestones.
Second, the interrelationship of the flight preparation, production,
mission operations and support functions that establishes process
constraints between technical disciplines for a specific flight. Third,
the composite set of flights in serial and parallel processing that
compete for utilization of the common manpower, facilities, hardware and
software resources. The end-to-end process covers approximately a one
year period from the Flight Definition and Requirements Directive (FDRD)
baseline through launch of the mission. It is a relatively dynamic
process with the possibility of changes in the flight manifest config-
uration, vehicle assignments, flight schedules or mission requirements
occurring late in the filow. The impact of these changes may te to a
single mission or domino into several flights,
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Integrated Production Planning System

The integrated production planning system must provide managers
with the capability to plan, schedule, status and account for all the
work involved on a single and multimission basis within this dynamic
environment. As a resource management tool, the system must support the
integrated forecasting and performance assessment of the resource
requirements and resource-leveling techniques where necessary to stay
within production capacity limitations. As a work process analysis tool,
the system must facilitate the identification of schedule conflicts and
production process choke-points and support the evaluation of productiv-
ity improvement options and determination of relative priority for
implementation. As a change assessment tool, the system must provide
data which clearly defines the integrated impact of the management
decisions to be made on a single mission basis and the potential domino
effect to parallel in-process missions. As a model of the flight-to-
flight reconfiguration process the integrated production planning system
can provide an invaluable tool in the successful management of STS
operations,

METHODOLOGY

Activity Categorization

The methodology used in developing a model of tne flight-to-flight
reconfiguration process is based on a building block approach from an
individual activity level to an integrated flight-specific work plan,
and ultimately, into a composite multimission work plan. Initial analy-
sis of the NASA and cortractor work requirements identified in three
basic activity categories:

1) Manifest-dependent activities that are dedicated to or directly
associated with specific flight schedules and requi.ements. These
activities (e.g., the Orbiter on-board mass memory unit (MMU) load
production) are generic for each mission.

2) Manifest-related activities that are institutional in nature,
but with periods of dedicated support to a specific flight. These

activities may be derived from the composite multimission resource-
utilization profiles associated with the manifest-dependent activities
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(e.g., Central Computing Facility (CCF) operations) or added to the
eneric manifest-dependent activities for a specific flight requirement
?e.g., Shuttle Flight Operations Manual (SFOM) update).

3) Manifest-independent activities that are regularly scheduled,
on-going or discrete project activities having little interaction with
flight requirements. These activities (e.g., CCF preventative mainte-
nance) would be integrated with the manifest-related or independertly
scheduled (e.g., Integrated Management Center (MIC) development).

Generic Process Flows

The manifest-dependent activities with their associated resource
requirements (manpower/facility/hardware/software) are the basic stan-
dard building blocks for the model. Generic process flows can be con-
structed for each technical discipline linking the activities with their
key input and output products, milestone events, and serial or parallel
time-phasing for a typical high complexity mission. Integration of these
generic process flows for each technical discipline into .an end-to-end
network logic flow establishes the interrelationships and process
constraints between disciplines. The.data can be structured into several
levels of hierarchy for corresponding levels of management visibility.
Hammock activities are established at higher levels to span the compos-
1te duration and summarize the status of a group of lower tier activ-
ities.

Key milestones can be fixed at a given launch-minus date to
conform to top-level templctes previously negotiated. The number of
these fixed milestones should be kept to a minimum, however, this allows
activities to float between the earliest possible start and the latest
possible finish dates imposed by input/output dependencies with other
portions of the network process flow., As discussed later, this factor
becomes critical in the ability to level the utilization of resources.

Flight-Specific Tailoring »

Flight-specific tailoring is required to transform the generic
network logic flow into a series of flight-specific plans consistent
with each set of mission requirements. An analysis of the relative |
mission-unique drivers ard complexity factors war performed to determine i
how one mission differs from another. The first conclusion was that !ive '
levels of complexity are desirable to tailor activities, products,
schedules, and resources to mission specific requirements: high, dedium,
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low, DoD, and launch-on-need (LON). Second, different disciplines are
affected by different mission-unique drivers and complexity factors: a
single overall rating for the total network logic flow is not always
applicable. Third, complexity can vary as a function of the mission
phase. Fourth, an approach that considered relative complexity by
mission phase and discipline provides an opportunity to reduce selected
portions of the network logic flow where a uniform complexity reduction
of the total flow is not possible. Development of a parametric matrix
approach to the mission-unique drivers for each mission phase allows a
Jjudgement weighting factor of relative complexity to be applied to a set
of specific flight requirements.

Flight-Specific Plans '

Application of the mission-unique driver matrix to a projected
flight rate model and generic network logic flow results in a series c¢f
flight-specific plans. Activity duraticns and the associated resource
requirements for lower complexity tasks can be reduced accordingly.
Adjustments can be made for utilization of dedicated DoD secure re-
sources where applicable and manifest-related activities added where
appropriate. While each flight-specific plan conforms to the same
top-level template of key milestone launch-minus dates, flight-specific
tailoring by technical discipline and mission phase result. is essen-
tially a unique critical path for each plan. Each flight-specific plan
is also tailored to achieve the minimum production cost by consideration
of the relative mission complexity factors in developing the activity
duration and associated resource requirements. These schedule and cost
targets can be planned a ~ - asured on a flight-by-flight basis.

Multimission Work Plan

A composite multimission work plan is created from the individual
fiight-specific plans. Each activity and event is coded tc identify the
associated flight number, responsible technical discipline and organ-
ization, authorizing work breakdown structure {(WBS) code and other
selection/sort flags to facilitate a variety of composite output reports
and graphics. Other manifest-related and independent activities can be
overlayed, to complete the scheduled work profile for any given time
span,

Analysis of the multimission work plan data can identify potential

schedule conflicts, production flow choke-points and timeframes where
the resource utilization requirements exceed the composite production
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capacity and manpower limitations. Automated resource-leveling can be
performed by establishing a resource availability curve and allowing the
computer to reschedule the effected activities to a more opportune
timeframe within the network logic constraints for each mission. Groups
or categories of activities can be given relative priorities to influ-
ence the automated rescheduling process. Successful resource-leveling
may not be possitle if the network logic does not provide sufficient
schedule flexibility with activity float between the earliest and latest
possible start dates.

The impact of a change in mission requirements can be assessed by
revising the appropriate flight-specific activities, products, mile-
stones, interrelationchips and associated resource utilization require-
ments. The revised fiight-specific plan(s) can be incorporated into a
composite multimission work plan to evaluate the integrated impact of
the change to the current baseline or combination of baseline and other
pending changes. This same approach can be applied to evaluation of
proposed productivity enhancements. Revision of the generic network
logic date corresponding to the improved process flow or revised re-
source requirements can be projected to a multimission scale to deter-
mire cverall gain in production efficiencies.

APPROACH

System Prototype

A prototype of an integrated production planning system was
developed utilizing the PROJECT/2 project management software to vali-
date the concept and metnodology described above. PROJECT/2 software was
selected for tihe prototype based upon the availability of a mainframe
installation within our corporate resources, which met the system
performance criteria. Other considerations included accessibility of
experienced users, and a demonstrated user-friendliness. The key factors
in the success of any project management system are the structurirng of
the database which must simulate as accurately as possible the
real-world environment and the capability to present the data in formats
which managers can readily assess plans, status, analyze alternatives
and incorporate changes. The focus of the prototype development was to
demonstrate these capabilities.
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A generic network logic flow was created interrelating over 500
activities, products, and milestone events to model the JSC
flight-to-flight reconfiguration production process. The structure of .
the netwvork logic flow was built around the definition of 11 technical
disciplines which provided a petter validation of their functional
interrelationships. The responsible organization, WBS coding, se-
lection/sort flags, and associated resource utilization profiles were
added to the database for each activity and event defined. Samples of
flight-specific work plans at several levels of hierarchy were generated
t- both the graphic and tabular form.

A composite multimicsion work plan was created combining 36
flight-specific plans representing flights from 51-L (01/22/86 launch)
through 81-G (02/15/88 launch). The multimission database contained over
19,000 activities, products, and milestone everts, and over 30,000
logical interrelationships. Samples of composite production schedules
and resource utilization profiles were gernerated. A preliminary eval-
uation of autonated resource-leveling and priority scheduling options
ware also concluded. A data transfer approach was developed and demori-
strated to facilitate interchange of data between the prototype system
and the other existing project management/scheduling systems.The results
to date have proven the feasibility of the concept and validated many of
the conclusions reached in developing this methodology.

Conclusions

A realistic amount of schedule flexibility (critical path float)
must be provided within the network logic for each mission to accommo-
date unplanned chenges and resource-leveling when required. The net
impact to a single mission and potential dcmino impact to parallel
missions in process must minimized to maintain overall production
efficiency. While reduction of the end-to-end production template for a
mission does provide a minimum schedule, it does not necessarily provide “
a correspending reduction in the composite production costs for all
missions if flexibility is lost.

As the STS flight rate continues to increase, the relative time
between missions decreases resulting in a higher degree of overlap for
the same activities in parallel processing for different missions. This
creates an increase in the number of equivalent missions competing for
utilization of the same common manpower, facility, hardware and software
resources. A shorter production template maybe needed to reduce the
overlap and reduce the number of equivalent missions in parallel pro-
cessing. The challenge is achieving a balance between a shorter template
and retaining the necessary schedule flexibility.
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One snlytion is a continued emphasis on productivity enhancements.
Standardization of flight products and configurations through uti-
lization of generic data reduces their sensitivity tc unplanned changes
in requirements and the need for ~chedule flexibility to incorporate the
changes. Automation, modularization, and consolidation of activities
generally reduce the end-to-end processing time and increases flexibil-
ity. Task simplitication reduces the required skill level and associated
production cost. Snecific enhancements must be avaluated in terms of the
integrated production process on both a single and multimission basis to
determine the net benefit and relsa.ive pribrity for implementation.

An integrated production planning system is one of the keys to
maintaining a productive workforce and identifying where improvements
are needed, The availability of a management system tool that proviaes
the capability to develop accurate work planning schedules, project
resource requirements, assess program status/evaluate impacts and
alternatives to changes is essential to the management decision process.
Continued refinement of the prototype mciel of the JSC flight-to-flight
recunfiguration process will provide a more in-depth analytical capabil-
ity to support management in meeting the challenges of the dynamic STS
operations environment. Long term improvements include the development
of an expert system application where the management decision process
based on manual analysis of scheduling alternatives is automated to
produce an optimum schedule.
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THE STAR SYSTEM: A PRODUCTION ENGINEERING APPROACH TO STS

Robert C. Angier, IBM Corp.
Leon D. Swartz, IBM Corp.
Joe H. Wilson, IBM Corp.

ABSTRACT

This paper dozuments 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 minim:ze 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
pioducticn-like process. This approach has been implemented using tools
and methodology developed by IBM under' NASA contract, to produce payload
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 extensive 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 énd
respond to this challenge. In 1979, they chartered an IBM task to define
an approach to flight preparation of OrLiter Avionics Software in the
Shuttle Operations era. Tre 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 greatly 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 preparaticn and verification of the
flight-tailored Primarcy Avionics Software System (PASS) load, and inte-
gration of the orbiter's Mass Memory Unit (MMU) contents. The former
includes flight-critical Guidarce, Navigation, and Control (GN&C) sys-
tems, as well as Systems Management and Payload Management systems es-
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sertial to mission success. These applications necessitate rigorous
control of product quality.

The Space Transportation Automated Recenfiguration (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 preparation [1]. Existing methods made extensive use of R&D
processes and tools, treating every flighc as a special case. Flignt
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 to the preparation
of flight-tailored software, in a manner analogous to early automobile
manufacture. Starting with a hand-crafted prototype (eg. STS-5),

re-design it for manufacturing

design and build an assembly line to preduce it on
establish a supply system for basic parts
establish a quality control system for production

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

The production-line approach depends on ability to isolate inde-
pendent ccmponents, 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 governing selection and integration of parts had
to be defined. Grouping of data into components provides leverage for
flight selection: identification of a higher level name is equivalent to
many detailed parameter substitutions. Integration and validation func-
tions can also be automated to simplify flight-related tasks. When all
components have been selected and integrated, a flight-specific require-
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FIGURE 1 - CATALOG-BASED RECUNFIGURATION APPROACH
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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.c
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 is 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 broader 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 implementation 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 flight .,
It combines quality-enhancing functions of validation, inspection. .ad
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configuration 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 the highast level units azeded to define its
content. This provides the flexibility necessary to respond to the
changes in flight definitior which are inherent to a transportation sys-
tem.

THE STAR SYSTEM

The Space Transportaticn Automated Reconfiguration (STAR) system
is a software configuration and data management system developed by the
IBM Corp. under contract to NASA. The initial delivery in June, 1985,
provided the basic capabilities needed to collec%, 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 commands, onboard displays,
and the onboard processing required to command and contro! the peyloads
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 additional 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. 1IBM was responsible
for all aspects of the software engineering task: requirements analysis
end 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-
loacs. 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 reconfiguration 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 end lead time
required. Additionally, there was no convenient means of reusing 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
intended to eliminate ihose 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 and 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.
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FIGURE 2 - A MISSION UNIT HIERARCHY IN THE STAR SYSTEM
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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 wuierarchy,
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 Display.
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
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). Date integration is enforced at data entry for audits
that detectable cn a sirgle screen of data (called a list or data cate-
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gory). Audits that cross screens of data are verified by manually injit:-
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 struzture of rhe STAR system is hierarchical and is con-
trolled via a template called a prototype. Collzction within the proto-
type is further controlled by data categories, list categories and units.
These categories define the content, consi:aints and structure.

DA1A CATEGORIES convain actual data values which define or share
some common purpose or function. For example, the calibration coeffi-
cients for a parameter would be collected in 3 single data category. Each
data category has a corresjponding specifically designed input data
screan. Each data category a'so has a set of intra-data category audits
which are enforced at data entry. Thesc audits must be passed before the
data can be baselined.Examples of audits include value, format, range and
inter-value constraints.

LIST CATEGORIZS contain REFERENCES to other list and data catego-
ries, List categories are used to group multiple parameters with a common
source or function together. 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 protctype 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 protctype defines the
maximum number of Cargo Elements that may be defined in the Cargo Bay.
Any number of specified data caitegories may be referenced within the

prototype. For example, many parameters may require calibration in a
payload. The filled in structure of a protctype is called a UNIT. The
Space Shuttle payload units are: Display (an <nboard display de-

scription), Payload (an upper stage, pallet or spacecraft on an upper
stage or a subset of a large payload like Spacelab), Cargo Element (a
collection of Payload and Display units which are manifested as a group),
Cargo Bay (the Cargo Elements and Displays (which contain multiple 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
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or unit to be maintained concurrently in the data base. For example, an
upp:r stage may have a new model which has unique parameters from the old
model. The new model may reference all of the unqualified common parame-
ters and the new unique qualified parameters. The old unit would continue
to reference the unqualified parameters.

Data Integration

Some audits cannot be performed online because they exceed allow-
able online computer resources, validate inter-category audits, or pre-
vent units that contain invalid inter-category data from being submitted
for review. 7These audits are grouped into batch processes called
integrators. Each unit has a dedicated integrator. Special data catego-
ries exist to allow batch job submittal, the review of resulting
error/warning messages, and to view other relevant data collected by the
integrators.

Data Control

All changes to data are inventoried under an authorizing control
inztrument called a Data Change Request (DCR). An authorized user must
create (OPEN) a DCR before any data gan be changed. The unit or units to
be changed must be selected or a new 'unit may be defined using the pro-
totype. Within each unit the author must authorize the set of categories
to be changed. Other authorized suppliers of a category may change or
define occurrences of the authorized categories. All changes #re con-
tained in change records called WORKING COPIES. All working copies must
pass all defined audits before the occurrence can be submitted for review
(FROZEN). Befcre a DCR can be submitted for review all occurrences must
be frozen and the authorized and supplied categories must match. The
control board must then approve the DCR and the batch process which
baselines the date must be executed to change the working copies from the
frozen to baseline state.

Access Coutrol

Access control ic enforced by user identification, user function
and other restrictions. Orly authorized users may log on. Each user has
a unique ID which is used to tag each change made by that user. Users are
organized into functional groups. These groups are: configuration control
(maintains access control data), data suppliers (change data values), DCR
coordinators (control DCR submission), board chairperson (dispositions
DCRs), reviewers (browse data), product generators (perform production
product generation), and mission managers (only authorized supplier in
mission dependent data bases). A separate access control data base further
restricts users within the above general groupings. This data base defines
users, alternate users for each user, categories, data suppliers for each
category, DCR coordinators, qualifiers and mission managers.

Data Partitioning

Data collected in STAR is partitioned into mission dependent vazl-
ues and mission independent values. Mission dependent values are col-
lected at a high level. This allows mission independent data to be reused
on multiple missions. In STAR, the Display, Poyload and Cargo Element
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Units are collected in a mission independent manner. This allows standard
upper stages to be used on multiple wissions without reaentering 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 units differentiated by whether or not tle 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 data 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 & 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 ddata for a specific mission. The mission dependent values
are "buried" in the low level occurrences so that users view:ng the data
can see mission dependent and independent values simultaneously. Changes
are restricted to mission managers in the mission data base. Only make
work mission unique changes are intended to be entered directly into the
mission data bases.

The payload data is provided to the various facilities that use
payload data via a standard transfer data set called 4 Payload Data
Transfer Format. These facilities include the flight software, mission
simulators and the launch facility. In sowe cases the additional
channelization data is added to the data produced by STAR *: another el-
ement of the reconfiguration system prior to delive.y to the user.

SUMMARY

The STAR system implements a production engineering approach which
minimizes the effort and errors encountered in building mission manifests
for the Space Sauttle 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 manifest/remanifest process

STAR also controls reconfigurable Space Shuttle vehicle parameters that
are required to be monitored by the onbtoard general purpose computers.
STAR is currently being upgraded to also process all reconfigurable data
values for the Orhiter 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-
tion.
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MANAGEENT BEHAVIOR, GROUP CLIMATE AND PERFORMANCE 7<'PRAISAL AT NASA
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Teachers College, Columbia University
ABSTRACT

This study examined the relationships among manager behavior,
group climate and managerial ceffectiveness. Survey data were collected
from 435 @M14-~15 managers and their subordinates at NASA concerning
management practices and perceptions of the group environment. Per-
formance ratings of manigers were obtained fram their superiors. The
results strongly supported a causal model in which subordinates'
climate perceptions mediate the effects of manager behavior on perfor-
mance. That is, the development of group climate provides the process
through which the effects of manager practices may be understooc .
Analyses also revealed that the function performed by a manager and
his group (e.q.; research) influenced the specific nature of the
causal dynamics. Same implications of the results for management
training and develomment are discusser.

INTRODI'CTION

Social science research has shown that the behavior of leaders
and managers is a potent determinant of group motivation and behavior
[4;5) . Moreover, recent research has shown that both a manager's own
sense of his behavior, and the extent to which his subordinates share
his perceptions of his behavior must Le oonsidered in order to explain
a manager's effect on his group [1].

A manager's view of himself, and the congruence between his
view and his subordinates' view of him, operate to effect group behav-
ior by influencing various perceptions and expectations held by subor-
dinates about the group enviromment, Quite sensibly the variables that
have been found to be useful for prediciting the achievement and social
behavior of groups include:

(1.) the extent to which subordinates perceive their goals,
tasks, and roles clearly
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(2.) the extent to which subordinates believe that nigh,
challenging standards are being used to evaluate their performance

(3.) the extent to which subordinates expect to receive
evaluative feedback about their performance and to have input into
group decision making (i.e., the extent to w.ich subordinates expect
to participate in group evaluation and decision making)

(4.) the extent to which subordinates expect to be rewarded
monetarily and with praise for achieving performance standards

(5.) the extent to which subordiiiates expect that affiliating
with other group members will result in their being rewarded with
positive social feelings of friendliness, supp rt, and trust

(6.) the extent to which subordinates believe their group
has open, cooperative relations with other organizational units

Taken together, these perceptions of the group enviromment which re
important predictors of task and social behavior have been calle.
group climate.

In sum, social science research and theory indicate that a
group's performance may be explained and predicted tluwough the use
of a general causal model (see Figure 1). This model assigns group
climate perceptions a central, mediating role. Self- and subordi-
nate perceptions of manager behavior influence climate which: then
determines the quality of the group's task and social outcames. The
formation of group climate perceptions thus provides the proiess
through which the motivaticnal and performance effects of management
practices can be understood.

Figure 1
Schematic Model of the Climate Mediation Process

THE MANAGER'S PERCEPTIONS
OF HIS OWN BEHAVIOR

SUBORDINATFG

GROUP GROUP'S TASK

CLIMATE AND SUCIAL
BEHAVIOR

PERCEPTIONS
\ SUPERIORS *
Y
THE AGREEMENT BETWEEN PERFORMANCE

. n
MAMAGER'S & SUBORDINATE'S EVALUATIONS
PERCEPTIONS OF THE

MANAGER'S BEHAVIOR

The present study represents an application of the
practice---- climate idea to the realm of manacer development at
NASA. In particular, the fidings to be discussed indicate the way
in which manager hehavior and subordinate climate perceptions effect
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the perceptions a manager's superior has about the manager's cam-
petence. In same sense, of course, a superior's perceptions of a
group's manager may be related to group performance. But the models
tested here do not include group performance measures. The prime
usefulness of these models resides in their ability to map the
dynamics controlling the comunication of performance relevant expec-
tations and perceptions between managers, their subordinates, and
their supervisors.

A further aim ¢f the present study was to determine whether
group climates most advantageous for manager performance ratings
differ by function within NASA. That is, different aspects of the
group environment may facilitate better performance outcames and
social relations depending upon the nature of the group members'’
functional responsibilities. In temms of the proposed model, this
dependency would be manifested in different climate perceptions
mediating the effects of manuger behavior on performance appraisals
in different functions.

Overview

The first step in assessing the causal dynamics prevailing
within functions among management practices, group climate percep~
tions, and superiors” performance evaluations was to measure each
of these variables. Tis task was bequn by collecting data about
perceptions of manager behavior and group climate fram 435 middle-
level (GM14-15) managers and their subordinates at NASA. More
spec.“ica’ly, managers and subordinates were asked to rate the
extem. to which 80 different management practices and 42 different
climate expectations prevailed in their groups.

Factor Analysis of Practices and Climate Perceptions

Given the large number of management practices and climate
perceptions assessed, factor analyses were performed to reduce the
camplexity of data within these damains. Accordingly, two factor
analyses were conducted, one for manager perceptions of their own
behavior, and another for group perceptions of climate. The goal
of these analyses was to represeri the rather large variable sets
in terms of smaller groups of hypotaetical variables [3]. These
underlying factors can be interpreted as organizationally shared
schemes for organizing thoughts and perceptions about the NASA
environment.,

A principal camponents factor analysis with oblique rotation
was applied to ranagers' ratings of the extent to which they perform-
ed each of 8C different behaviors. A set of 10 factors was found to
reflect the dimensions along which NASA manager: perceive their own
behavior. These were: Pramoting Achievement, Monitorinag Projects,
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Identifying with the Organization, Taking Others Perspective, Deal-

ing with Performance, Creating Trust, Involving Others, Recognizing

Others, Managing Resources, and Dealing with Problems. A self-
rating scale was then derived fram each of the factors. High scores

on these scales (range: 1-5) mean that a manager sees himself as

performing more of the definitional behaviors.

In order to assess agreement between a manager and his
subordinates concerning the manager's behaviors, subordinates'
ratings were averaged over each of the items camwprising a factor,
and then subtracted fram the manager's self-rating. Positive
difference scores then indicate that the manager has rated his
behavior more favorably than his subordinates have rated it.
Negative difference scores indicate that the subordinates have a
more favorable view of the manager's behavior than the manager
has of his own behavior.

A principal camponents factor analysis with oblique
rotation was also applied to subordinates' perceptions of their
group climate. The results revealed that’ group climate perceptions
were found to vary along six basic dimensions: Clarity (of goals
and tasks), Getting the job done, Participation (in decisian-
making and performance evaluation processes), Standards (level of),
Social Rewards, Interunit Relations. Six group climcte scales
ware created based on this solution.

Performance Evaluations

Performance ratings of managers were then obtained from
their superiors. The system used to derive these performance
ratings is outlined in the NASA Supervisory and Managerial Perfor-
mance Rating System (1980). This system uses a behaviorally
anchored rating technique; detailed guidelines specify how perfor-
mance objectives should be developed, evaluated, and reviewed. In
order to use performance appraisal ratings as an outcame variable T,
in the planned analyses, managers were assigned points based on
their ratings each year over a three year period (FY 1980-1982).

The following method of scoring was used: Managers were given 10
points for each outstanding rating received during the FY 1980-1982.
They received five points for every highly successful rating re-
ceived, and one point for every successful rating. Managers were
not given any points for satisfactory ratings. No managers in this
sample received unsatisfactcry ratings.

Both the set of 10 manager self-perception variables and
10 manager-subordinate perceptual difference variables were includ-
ed as predictors of climate and performance appraisal outcames in
the subsequent evaluation of the basic causal model. Scores on
the group climate scales were tested as mediating variables. These
analyses we e conducted seperately for work groups having different
functional responsibilities. Each group was classified according to
the manager's reported function. This resulted in a four-way
classification of groups: engineering, research, project management
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and administrative/resource.
Path Analysis

In order to demonstrate that group climate perceptions
mediate between perceptions of manager behavior and evaluations
of his perrormance three requirements must be satisfied [2]:

(1.) a manager's perceptions of his own behavior and the
extent to which his subordinates agree with those perceptions affect
his performance rating. If these effects do not exist, thele is
nothing for group climate perceptions to mediate.

(2.) manager and subordinate perceptions of managexr
practices influence group Climate. Climatc perceptions can only
mediate the effects of manager behavior variables if they are
themselves affected. Individual climate variables which pass this
test can be considered "potential” mediators of manager practice
effects.

(3.) group climate perceptions must influence superior's
ratings of manager performance when the effects of manager and
subordinate perceptions of manager behavior are controlled. Satis-
faction of this requirement represents the actual mediating effect
of group climate.

If these three requirements are met, mediation can be
claimed. That is, the effacts of manager behavior variables on
performance evaluations can ne understood in terms of their in-
fluence on subordinates' perceptions of group climate.

To test these requirements for mediation, path analytic
techniques were used. Path analysis is a type of multivariate
statistical method for testing causal inferences with correlational
(or survey type) data [6]. 7irst, superiors' ratings of manager
performance were regressed on the 10 manager self-perception
variables, and the correspomiing 10 manager-svbordinate perceptual
difference variables. Next, each of the six climate variables was
regressed on these 20 manager behavior variables. Finally,
superiors' ratings of manager performance were regressed on the six
limate variables and the 20 nanager behavior variables (i.e., the
full path model). Entering all six climate variables into this
equation makes it possible t3 evaluate their relative mediating
effects. These three equatins were estimated for each of the four
functions in order to examin: whether the causal dynamics among
practices, climate, and perfirmance-related outcomes differ in
relation to the primary task performed by the manager's group.

A step-wise regressisn procedure was used to test the
effects of the multiple predictors on each of the climate var-
iables and superiors' performance ratings. Variables were entered
into the regression equation if the p-value associated with the
variable's path coefficient (beta weight) was less than .10. It
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is these analyses which establish the causal chain in which per-
ceptions of managerial practices affect group climate perceptions,

which in turn affect superiors' ratings of a manager's performance.

RESULTS

An examination of the path models for each of the four
functions indicated that group perceptions of climate did mediate
the effects of manager behavior perceptions on superiors' ratings
of manager performance. In addition, a manager's perception of
his own behavior and the extent to which his subordinates agreed
with those perceptions affected performance evaluations directly.
That 1s, the effects of same manager behavior variables were not
mediated by group climate perceptions. The results also suggest-—
ed that not all group climate perceptions are relevant in deter-
mining a superior's evaluation of the group manager's performance.
Precisely which group climate perceptions play a mediaiting role
depends on the function performed by the manager's group.

The path models for the research and engineering groups
are presented in Appendix A to illustrate same of the major as-
pects of the present analysis. Only statistically significant
relations between predictors and the mediating and outcome
variables are represented in the path diagrams. Both the research
and engineering path models predicted meaningful variation in
performance ratings that cannot be attributed to chance (Research,
18%; Engineering, 11%), indicating that the models have predictive
validity.

Research Groups
The full path model for research groups is displayed in

Appendix A, Figure 1. These results demonstrate that superiors'
=valuations of manager performance are directly afi -ed by two

factors, the perceived climate for participation a. subordinates

and a manager's self-perception of the extent to whic . he involves
his subordinates in group planning and decision-making (Involving
Cthers). Specifically, a manager's performance rating is higher:

(1.) the more his subordinates expect to participate in the

areas o1 decision-making and performance evaluation (path coef-
ficient=.32).

(2.) the more he perceives himself as creating opportunities
for his subordinates to become invcolved in the planning of work, and

to have influence during the decision-making process (path coef-
ficient=.27).

Taken together, these results suggest that recognition of

effective management ur research groups at NASA is based on a man-
ager's ability to cammunicate a participative approach to his sub-
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ordinates and supervisors. Manager's who are able to develop a climate
high in participation are recognized by their superiors as more out-
standing performers. At least two hypotheses can be suggested to

explain this relation: 1.) research groups charactecized by higher »
levels of participation actually achieve more and have better social :
relations, and 2.) those who evaluate the performance of managers of

such groups hold the "implicit theory" that participation by subordi-
nates is important in attaining these positive outcomes. Of course,

these hypotheses are not mutually 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 performance evalua-
tions provides further evidence that participative behavior on the
part of the manager is particularly valued by his superiors. More- ‘
over, by allowing group members to contribute to planning and deci-
sion-making processes, a manager may actually be cammunicating to ’ :
thosc outside his group that his subordinates are extremely campetent.

As noted, the path model indicates that the evaluation a
manager receives fram his superiors can be increased by raising his
subordinates' expectations about participation. In fact, 53% of the
variation in subordinate participation expectations can be attributed
to manager hehavior perceptions. Hence the four paths to the climate
variable suggest how a manager may proceed to raise these expectations.
Participation is expected to be higher the more a manager sees himself i
as creating trust (i.e., building supportive relationships with sub- ;
ordinates, emphasizing cooperation; .30), and the more willing he is '
to involve subordinates in planning/decision-making (.33). With Lot
respect to the Involving Others variable, the perceptual agreement L
between a manager and his subordinate is a stronger determinant
(-.66) of Participation than the manager's self-perception. It
appears that subordinates' participation expectations are higher the
less the manager's estimate of his willingness to involve others in
planning exceeds his subordinates' ratings of his behavior in this
regard. In other words, a climate of participation is undermined "
when group members perceive their manager making inauthentic claims
about his attempts to solicit their opinions and include them in the
unit's planning process.

= e P

Manager-subordinate perception differences on the Recognizing
Others Jimension also determine group perceptions of participation.
Spucifically, participation expectations will be higher the less a
manages 's claims for his recognition behaviors (i.e., providing in-
formal feedback to stbordinates, taking a personal interest in sub- '
ordinates) exceed those of his subordinates (-.26).

Engineering Groups
The analysis for engineering groups indicates that subordi-

nates' climate perceptions concerning both participation and inter-
unit relations mediated management practice effects on the outcame
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varizble (see Appendix A, Figure 2). Self- and subordinate percep-
tions on two management practice variables also directly affected
superiors' evaluations. Specificaily, Fiqure 2 shows that a manager's
performance rating is higher:

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

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

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

(4.) the larger the difference between the manager's evalua-
tion of his participative approach and his subordinates' evaluation
of him. (.32)

(5.) the more he perceives himself as identifying with
organizational gcals and objectives. (.28)

(6.) the less his perception of the extent to which he
identifies with the organization exceeds his subordinates' percep-
tions of him on this dimension. (-.35)

As was true of those supervising research groups, engineer-
ing managers who are able to effect a climate high in participation
are evaluated more favcrably by their superiors. These evaluations
may be based on relatively objective performance criteria with groups

characterized by an atmosphere of participation actually performing
better.

The extent to which subordinates expect to have input in
decision-imaking depends heavily upon several aspects of their man-
ager's behavior. Managers who see themselves as understanding of
others' point of view (Taking Others Perspective) will increase sub~-
ordinates' expectatic.s for participation (.18). However, the
manager's effectiveness in this regard is constrained by the extent
to which his subordinates share his perceptions about the meaning of
his behavior. If the manager-subordinate difference is large,
particpation is lowered, as evidenced by the negative path coef-
ficient (-.31). Several other aspects of the manager's behavior
also influenced performance expectations. These variables were also
found to affect the climate for participation in research groups and
do not require further discussion here.

Although group climate perceptions of high participation are
likely tc enhance a manager's performance rating, the manager's own
participation behaviors seem unappreciated by his superiors. That is,
the more a manager perceives himself as involving others in decision-
making, lower is his performance evaluation (~.18). Apparently, the
superiors of engineering group nanagers feel that a directive approach
is more appropriate than a more participative style., These results
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suggest that a manager's performance evaluation is likely to be better
to the extent that he is seen by his superiors as using a nonpartici-

pative approach vith his unit. Just the opposite impression, however,
should be manzged with ones' subordinates in order to enhance perfor-

mance ratiangs.

Interunit functioning, the second mediator of management prac-
tice effects, has a negative impact on superiors' evaluations of man-
ager perfornance (-.23). Interestingly, this is the only instance in
which the "more is better" rule does not apply with respect to a cli-
mate mediator, i.e., more positive perceptions of a unit's relations
with other groups are related tc lower performance ratings. It appears
that "good interunit" relations or "cooperative relations" are not
valued by the superiors of engineering group managers. The prevailing
notion may be that campetition among groups and accampanying feelings
of territoriality and distrust are more potent motivating forces than
cooperative tendencies. Managers who are perceived to be able to
maintain a basic level of insecurity are benefited given this value
orientation (i.e., campetition over cooperation).

The model indicates that a mamager's ability to create trust
and respect among his subordinates, and his recognition behaviors are
important determinants of interunit functioning. To illustrate, if
a manager perceives himself as interested in his subordinates and as
providing recognition, and if this interest is seen as genuine by the
subordinates themselves, better inter-group relations result. These
results suggest that good "inter-group" relations are facilitated by
good "intra-group" relations.

The final set of effects to be discussed concern an engineer-
ing manager s perceived identification with the organization. The
meaning of these results seem apparent. To the extent that managers
identify with the organization, emphasize accamplishing the work of the
organization and have good relations with upper level executives, they
will be awarded high performance ratings. In short, "team players"
are valued among those in engineering.

MANAGEMENT DEVELOPMENT

The causal models produced by the present study (and other
similar models) have been used as part of the NASA Management
Education Program (MEP) conducted at the Wallops Island Training Cen-
ter. An important part of the two week MEP training program involves
feedback to participant managers about their subordinates' perceptions
of the managers' behavior, group climate, and the differences between
manager and subordinate perceptions.

In March 1985, feedback to managers was accampanied by presen-
tations of the models generated by the present study. Since the usual
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feedback prncess provides managers with information about a large set
of different behavior ratings and climate perceptions, the models can
work to focus participants'attention on the practice and climate di-
mensiors that may be most critical for explaining the managers'
effects on others.

The 30 March MEP participants were divided into four groups
according 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 managers were asked to ocamment upon the face validity of the
results, i.e., "Did the model seem to be a sensible representation of
influence processes within their own group?". By and large, managers
reported that the mcdels were not inconsistent with the way they per-
ceived practice to climate effects. And, the models tended to make
same effects of their behavior more salient or explicit.

Managers were then asked to try to relate their own personal
feedback results (given in terms of NASA GM14-15 norms) to the models.
For example, the administrator model 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 others, and involving others). Adminis-
ttrators interested in increasing subordinates' social reward expec-
tancies were advised to check their ratinas on these practice dimen-
sions to locate weak areas, or areas that might be improved. By
focusing the attention of certain managers on specific practice areas
that likely affect the perceptions of others, training becomes more
focused and, hence, practical.

The notion that "ore's behavior effects others" can be trans-
formed through this type of work. The change is fram a general,
rather banal, "law of social behavior", to many more precise, instru-
mental percepts to guide and energize change.

Work with both model generation and training application tech-
niques is now proceeding. We feel we have only bequn the process of
increasing the impact of rigorous empirical social research on manage-
ment and organization development.

George Manderlink (PhD, Columbia) is an adjunct professor and post-
doctoral fellow in organizational psychology at Teachers College,
Columbia University.

Larry Clark (PhD, Syracuse) and William Bernstein (PhD, University
of Texas, Austin) are both organizacion consultants.

W. Warner Burke (PhD, University of Texas, Austin) is Professor of
Psycholcgy and Education at Teachers College, Columbia University.

He has consulted with a variety of organizations, including NASA, and
is the author of the book Organization Development: Principles and
Practices.
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APPENDIX A
Manager behavior perceptions: Group clir :te perceptions: Superiors’ perceptions:
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MENTORING AS A COMMUNICATION CHANNEL
IMPLICATIONS FOR INNOVATION AND PRODUCTIVITY

Lee Avant, Federal Express Corporation
Robert W. Boozer, Memphis State University

ABSTRACT

This paper investigates the impact of a formalized mentoring
program as a comrunication channe! for enhancing information
distribution, innovation, and productivity. Formal and informal
approaches to mentoring are discussed. Interviews with 11 members of
formal mentor-protege teams indicate communications in the mentoring
relationship can affect individual and organizational innovation ana
productivity.

INTROOUCTION

A major premise of this paper is that the U.S. aerospace program
interacts with an environment that has been described as post-industrial
society - an environment characterized by increasing knowledge,
complexity, and turbulence. Such an environment places special demands
ofi organizations: more rapid, frequent, and complex decision making, more
rapid and frequent innovation, and more continuous, wide-ranging, and
directed Infcrmation acquisition and distribution. To be effective in
such an environment requires that organization structure and process be
designed to reflect these demands. (3]

The purpose of this paper is to investigate the utility of one
z2icernative for meeting some of these demands. In partir lar, this paper
investigates the utility of a formalized mentoring program as a
communication channel for enhancing information distribution, innovation,
and productivity within an or nization.

Mentoring - The Informal Approach

As traditionally conceptualized, mentoring is an informal
relationship between two people - one a senior and more experienced
individua) (mentor) and the other a more junior and ic:s experienced
individual (protege). The term for the relationskip - mentoring -~
derives from Greek mythology. As the story goes, Odysseus entrusted the
education of his son Telemachus to a2 trusted friend. This friend Mentor,
became responsible for tutoring , sponsoring, and coaching his protege,
Telemachus, while Odysseus was away from home. Similar relationships
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have continued through history as seen in doctor - intern, master -
apprentice, and teacher - student relationships.

Recent research indicates some consensus about the characteristics
of mentoring relationships. First, they involve a number of roles
similar to those performed by Mentor. KX:am [6], for exampl~, identifies
five career roles and four psychosocial roles. The five career roles are
those that enhance career development. These include: (1) nominating
and supperting the protege for promotion and advancement (sponsorship);
(2) assigning responsibilities whick tring the protege into contact with
key organization figures (exposure and visibility); (3) assigning work
that helps develiop the protege's technical and managerial skills
(challenging assignments); (4) providing guidelines and feedback about
work belhavior (coaching); and, (5) shielding the protege from criticism,
adverse publicity, ctc. (protection). The four psychosocial roles are
those that enhance the individual's sense of self-esteem, identify, etc.
These roles include: (1) providing a set of values, beliefs, and
behaviors for the prctege to follow (role-model); (2) providing mutual
1iking, mutual respect, and positive feecback about performance
(acceptance and confirmation); (3) creating a supportive climate where
the protege can discuss anxieties, fears, and conflicts that interfere
with productive work behavior (counseling); and (4) establishing a mutual
relationship of 1iking, understanding, and informal social exchange
(friendship).

A second characteristic is the dynamic nature of mentoring
relationships; they evolve through a number of phases similar to other
human relationships. For example, Kram [6] identifies four phases:
initiation, cultivation, separation, and redefinition.

A third characteristic is the informal nature o¢f mentoring
relationships. That is, the relationships develop without specification
and guidance from the formal organization. Rather, the relationships are
influenced by fartors found to influence other types of informal group
and social network formation [13]. For example, the initial phase is
influenced by proximics and attraction factors. Individuals in close
proximity (face-to-face job interview, task force meeting, etc.) are
afforded the opportunity to interact and discover similar interests and
activities. These similarities form the basis for attraction and future
interaction (cultivation) in the development of a mentoring relationship.

A fourth characteristic seems to be the pervasive import-nce of
the informal mentori.g relationship in fostering career development and
success for the protege. For example, in Roche's [12] study of 1,250
executives, 63% indicated they had a mentor. Furthermore, those
executives with a mentor reported higher salaries, bonuses, total
compensation and career satisfaction than non-mentored executives. Other
research indicates most corporate presidents have had mentors at some
stage of their career [4]. As the title of cne article puts it -
"Everyone who makes it has a Mentor® [2].

Beyond its impact of personal and career development, mentoring

can also impact broader organizational functions and activities. Robert:
[10], for example, inciudes sponsoring (mentoring) as one of the five key
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roles personnel must perform which are necessary for effective
performance of the R&D function. Roberts notes that, beyond providing
protection, coaching, and encouragement, the mentor can help estadlish
the appronriate organizational culture for effective R&D. Zey [14]
discusses at least seven benefits to the organization including
enhancement of the processes of management development, management )
succession, and socialization to power. Another benefit, of particular
interest here, is that of improved organizational communication.

Zey views the mentoring relationship, in part, as a means cf
promoting communication between various levels of the crganization in
that the mentor and protege act as "linking pins” in the sense that
Likert used the term [7]). These 1inking pins thus act as a communication
channel by which information can flow between two management groups at
different levels in the hierarchy. While Like~t conceived the linking
pin relationship to be a formalized one (between members of the chain of
command), Zey, ir his research, found that proteges he interviewed tended
to perform many of the linking pin functions in their informal mentoring
relationships. |

The informal mentoring relationship also has {1ts risks. )., a
study of 3000 mentor-protege pairs, 8lotnick [1] f-und only 34 pairs were
able to maintain the relationship for three or more years. Moreover,
1200 of the 3000 proteges were eventually fired by tne mentors! While
not all studies indi-ate such drastic outcomes, research on the phases of
informal mentoring relationships does indicate that change,
organizational and/or individual, can place strain on the relationship
which leads to confiict and separation, often with negative
consequences. For example, as the protege gains confidence :nd
experience, he cr she may desire more autonomy, thus pressuring the
mentor to “loosen the reins®. Should tie mentor perceive the need for
autonomy as premature, or if the mentor has become too desnendent upon the
protege, conflicy develops due to individual change. Orgentizational
changes such as promotions and transfers also can leave the participants

in a mentoring relatifonship feeling as if they were left "holdius the
bag".

A question that arises at this point is: “can some program be
created and managed which maintains the advantages of the mentoring
relationship while reducing or eliminating the disadvantages?® Tue
general response seems to be "It may or may not be worth a try" with some
organizations implementing formal mentoring programs and other
individuals pointinc to tue risks of such formal programs {6,9].

Hentoring - The Formal Approach

One comgany that has launched a formalized mentoring program is
Federal Express Corporation. Because of rapid growth and a promotiun
from within policy, the corporation has a very specialized management
workforce without the broad ha;e of experience needed to be the future

leaders of the company. A formalized mentoring program was identifisd as
a means of “cross-fertilizing" these managers.
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Four years aqo, one division implemented such a program, and it
has proven successful. In 1984, a Leadership Institute was founded in
which outstanding managers were selected as instructors, or "preceptors"”,
for a twelve to fifteen month tenure. These peop’e were targeted for
participation in a revised ard revamped mentoring program.

In the prooram designed for the preceptors, there are four roles
or functions: (1) the preceptor/protege, (2) the mentor, (3) tne natural
boss, and (4) the HRD coordinator, who is responsible for working with
the people involved to facilitate and track the relationships. Some of
the critical elements of the program design are:

1. the program is a voluntary developmental opportunity;

2. the preceptors must select a mentor who is from a different division
and is twu levels above the preceptor;

3. both parties must agree to a no-fault conclusion.

The inclusion of these elements has been found to best facilitate the
needs of both the organizatiorn and the people involved.

Thro' 3h a series of self-analysis activities, the preceptor
{dentifies varee executives for consideration as mentor. After a menter
candidate is interviewed by the HRD coordinator, the preceptor is told
who s {uterested, makes a selection, and participates in an introductory
meeting, which is facilitated by the HRD coordinator.

The true success of these relationships is then a reflection of
the time, energy and interest dedi-ated o them by the mentors and
proteges. The HRD coordinator periodically checks on the status of the
pairs, and the natural boss 1s encouraged to review and reinforce the
activities and discussions in which they are invelved.

At rresent, the Leade,ship Institute has seven preceptors: six men
:nd cor.e woman. There are two other women, outside of the Instiiute, who
sonught developmental support from HRD and are also involved in the
program. Onlv one member of this group, a woman, 15 black; none of the
mentors are black. All of the proteges are between 30 and 40 years old;
the mentors range from 40 to 55.

Mentoring and Communication

As mentioned earlier, the mentoring relationship can have an
i{mpact on the organization beyond enhancing personal and career
development. 1In particular, if the formal mentoring relarionship
discussed above 1s viewed as an organizational communication channel,
there intuitively would seem to be implicatious for information
dissemination, innovation, and productivity - factors which have been
proposed as essential in post-industrial society.

A conceptual framework fo- exploring the relationships between
nentoring, organizational communication ard innovation and productivity
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is indicated in Figure 1.

First, mentoring involves performing certain

roles described earlier (sponsor, protector, etc.). [6] Second,
performing these roles entails and evokes, at the same time, specific
communication dimensions characterizing organizational communication.
(1] Third, the combination of roles and communication dimencions

implies the existence of an organizational network which -an help create
organizationai conditions which have been found to facilitate tnnovation

and productivity [5,8].

FIGURE 1

Relationship of Mentoring as a Communication Channel to
Innovation and Productivity

Communication Factors

Trust
Gatekeeping

Accuracy
Directionality
Modality
Satisfaction

Information Load

A O

Mentoring Roles

Career:
Sponsor
Coach
Protector
Exposure & Visibility

Challienging Assignments

Psycho-Social:
Rele Medel
Counselor
Friend
Acceptor & Confirmant

|L_Communication Network [

Environment for Innovation & Productivity

Technical & Political Information

Wholistic Thinking

Long-range Thinking

Autonomy

Support Network

Attitudes of Optimism, Confidence &
Risk Taking

Reward (eritouragement) of Imnovation
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An example might help. One factor commonly associated with
innovatic.i is the existence of a long-range perspective. Conceptually,
this perspective could be conveyed to a protege by the mentor performing
a number of roles. B8y providing assignments which require long-range
thinking, the protege is challenged to incorporate this perspective.
Furthermore, the assignment might be one with exposure and visibility

: where the protege could come into contact with key organizaticnal
- personnel who are known by the mentor to value and encourage this
perspective. Whether this mentoring strategy is effective, however, also
- depends upon the nature of communications within the network. For
o example, if the mrator does not trust the protege, she/he is not likely
- to provide chalienging assignments which have exposure and visibility.
If the protege rec ives too much information (overload) from the mentor
and/or key personnel, learning effectiveness is likely to be decreased.
In summary, these examples indicate a delicate balance between mentoring
. roles and communication dynamics in creating and maintaining an
o organizational network for enhancing information dissemination,
innovation, and productivity.
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While the for_going model proposes logical relationst.ips between
mentoring, communication, and innovation and productivity, the concepts
in the model are based largely on research results involving informal
networks. Very little information is available concerning formal
mentoring relationships and even less information is available concerning
the impact of formal mentoring programs on innovation and productivity.
Thus, the applicability of the model to a formal setting was investigated.

GE T e
RS SN

LAY

. THE STUDY

Interviews were conducted with 11 members of mentor-protege teams
involved in the Federal Express program. No specific hypotheses were
established prior to the interviews. Rather, an interview format was
constructed so as to elicit personal insights into three areas of
information: (1) the mentoring roles (sponsor, coach, etc.) that were
. prevalent in the relationship, (2) the communication dimensions (trust,

gatekeeping, etc.) that characterized these roles, and (3) the impact the
, relationship has had on personal and organizational innovation and
) productivity.

An open-ended format was used to allow mentors and proteges to
,v relate their insights into these three aspects of the relationship.
Given the exploratory nature of the research, it was felt that sample
members should have as much freedom as possible to provide insights which
may not be represented in the model. At the same time, however, the
interview format was structured so as to require sample members to
comment, at some time in the interview, on the specific dimensions of the
model.

v Ay O\xru‘

A1l interviews were conducted by one of the researchers who
previously had established a rapport with sample members. This
individual had participated in the development and implementation of the
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formal mentoring program and had interviewed the sample members at
various times during the 1ife of the program. The contents of the
interviews were recorded and transcribed for analysis.

The interviews produced 121 single-spaced pages after
transcription. Both researchers worked separately on the analysis which
involved an inductive approach to generating propositions about the
model. ‘Each researcher generated propositions which could be 11lustrated
by quotes from the transcripts. The researchers then met and combined
propositions.

FINDINGS

In general, the findings support the model. Numerous examples
were found which indicated the mentoring relationships did act as a
communication channel and that information dissemination, innovation and
productivity were impacted by the mentoring relationships The results
also indicated, however, that the relationships were not equally
effective. Rather, certain factors seem to be needed for the formal
relationship to achieve 1ts potential.

A first proposition i1s trat the formal mentoring team must go
through developmental phases similar to those found in informal
relationships. This proposition evolved out of a comparison of the
responses from newly formed teams and those from teams which had
previously some informal re’atifonship. The following quote from one
mentor, who is involved in both kinds of relationships, 11lustrates this
proposition:

It takes a while for each of those two personalities to know
the other one and feel comfortable...In the case of people I
worked with for a longe~ period of time, we had been through
that cycle...you have to go through a whole series of subjects
and discussfons until you find out that you respect each
other's competence. Then you go through another phase where
the, I gquess, the respect level continues, and then it finally
gets to something that is, I guess, trustful.

A second proposition is that the poteniial for the formal
relationships to immediately impact innovation and productivity is
1imited by the extent to which the parties in the relationship see this
potential. When questioned about the benefits of the relationships and
whether i1t had any effects on personal or corporate innovation and
productivity, most of the individuals viewed the major impact in terms of
long-term management development. Whei) asked questions such as, "Can you
describe a situation or conversation you've had with vour mentor/protege
in which they helped you solve a problem or your mental 'l1ight bulb' came
on?", most individuals could not give an example.

A third proposition is one related to the second proposition. The
potential for the relationship to impact innovation and product‘vity also
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seems limited, initially, by the cross divisional structure of the formal
relationship. While one of the human resources objectives of the formal
relationship 1s to provide the protege with a mentor from another
division, and thereby broaden the protege's corporate perspective, the
difference in perspective is, initially, a barrier to be overcome. The
barrier seems manifest in at least two ways. First, both mentors and
proteges expressed a concern about the accountability of what the protege
learned. For example, one mentor was concerned the protege would only be
able to apply the experience in the mentor's division. Second, in those
relationships where the mentor and protege had some prior relationship or
were within a common division, the common background was found to
facilitate innovation and productivity more so than in the
cross-divisional relationships. This factor was particularly clear in
the interview when the protege indicated her mentor (from the same
division) was able to brainstorm {deas with her.

CONCLUSIONS AND RECOMMENDATIONS

As exemplifiecd by the Federal Express case, the formalization of
the mentoring process is possible, and has the potential for both
immediate and long-term benefit to the individuals involved and to the
corporation. However, it seems that the chemistry that occurs in
informal relationships must still be established in order for the
formalized relationship to be fully productive. While informal
relationships typically are founded on friendship and a mutual trust,
formalized pairings must take some time to determine where they “stand"
on ¢critical issues.

Additionally, since they are founded on the premise of personal
development, most formalized pairs seem to have some difficulty in seeing
the utility of the learning that occurs beyond the relationship itself.
This narrow focus is further emphasized by the barrier created by the
matching of cross-disciplines in the pairs. 1In order for these
relationships to enhance the innovation and productivity of the .
corporation, and not just the individuals involved, it would seem
appropriate for these issues to be addressed at the initiation of the
relationship.

when viewed from the perspective of the organization with a large
research and development population, i1t would seem that a formalized
mentoring program would serve as a valuable development tool for the
individuals and an fnvestment in the future for the organization. With
the proper prenaration and facilitaition of the individuais and their
pairings, a meantoring program could not only broaden the people involved
beyond their {ndividual projects and responsibilities, but could also
increase the prcbability of a smooth and progressive integration between
their current activities and their organization's mission for the future.
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MANAGING COOPERATIVE
RESEARCH AND DEVELUPMENT VENTURES

William J. Murphy, Harvard Business School

ABSTRACT

As cooperative ventures to conduct research and development become increasingly attractive,
management of these collective undertakings poses new challenges to executives. In selecting
the most appropriate organizational structure and strategy the author suggests that the collective
enterprise executive must strike the best balance among three distinct but related elements.
Eight types of cooperative R&D ventures are proposed with discussion of the unique
management tasks associated with each type.

Introduction

Companies are not independent entities but exist in a complex web of external
relationships with other companies and governmental institutions that range from minimal
interaction, as exemplified by short-term contracts with buyers and sellers, to the full
integration of mergers and acquisitions. In between these \wo extremes lie joint or

cooperative ventures.
Continuum of Inicraction
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Contract Contract Joint Venture Joint Venture
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Cooperative vertures also exist along a continuum of interaction. On one hand are
the contractual cooperative ventures which, in their simpliest form, are merely agreements
between two or more companies regarding a specified exchange of performances. At the
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other extreme are equity cooperative ventures which provide for joint decision making
within the context of a jointly-owned enterprise. Neither contractual nor equity cooperative
ventures are new..3) 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 collective activity to achieve strategic objectives. In particular, there is
growing interest in cooperative ventures to undertake research and development.

The [mportance 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 the terms can be implied from this frequent usage. For the purpose of
clarity the following definitions will apply. The term technology descnbes the knowledge
required for the production and delivery of goods and services. Likewise, technological
innovation is the process by which this knowledge is developed and ultimately transformed
into specific goods, 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 been or can not be classified as scientific. But,
this only takes care of the "R" part of R&D and all too often this is a common ommission
on the part of those discussing R&D policy and management. Development 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 improvement. (13, p.6)
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 increased understanding and control of
various "technologies" are gained. Economist Joseph Schumpeter's concept of the proc=ss
had three distinct segments. The first segment is invention, that initial insight that identifics
and defines 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 the diffusion of technology as others copy and make

improvements on the orignal innovation.(11: 6, P21l Some authors contend that too often
the invention phase is over emphasized as the critical part, whereas innovation and imitation

(or diffusion) maybe be of cqual or perhaps greater importance to society.[!0. F-67]

invention —————p Innovation e+ _p Imitation
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In that a society's or institution's limited and valuable management time and energy
must be allocated among various competing activities, an examination of the relative
importance of R&D activities, collective or otherwise, is required. 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 lead to incredible economic (and ultimately social
progress) that has been experienced by nearly all countries and peoples. Despite its
recognized importance to prosperity and 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 regarding the state of F.%D in
this country and others.

Rcscarch 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 growth.(% p-14] The
second major contribution claimed for research and development activities to economic
health is in improving international competitiveness. In fact, some analysts of the appai =nt
decline of competitiveness on the part of United States firms point to a lack of inncvation as
a possible cause.[4] R&D activities as an important aspect of national defease efforts is
generally recognized as the third area of contnibution. Since the United States bases much
of its defense strategy on the concept of quality instead on quantity, any threat to the
technological lead the 1J.S. enjoys in advanced weapons systems i se for serious
concern. As a consequence a major portion of federally-supported R&L goes into defenss-

related projects.(2: P-11] 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 new methods of production are the only hope to replace lost jobs and
generate new ones.[l. P98] This employment debate is complicated since some argue that a

portion of R&D actually results in the reduction of employment opportunitics.*

Three forces are at play in the modem ecor.omy that make cooperative R&D
ventures increasingly attractive. First, markctplace pressures exerted by foreign
companies, most notably the Japanese which have a Listory of cooperative R&D activity
orchestrated by MITI and other governmental institutions, have caused domestic
corporations to reeyamnine the prevailing "go it alone" attitude. Second, the amount of
resources (both firanical and human) necessary to carry 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 12duction of employment opportunities. Economists, in
recognition of the fact that techrological innovation can either create or destroy jobs, refer
to efficiency increasing innovation as either "factor biased™ or "factor neutral”. An
innovation is said to be factor neutral if adoption of the innovation does not result in .
change in the relative quantities of inputs consumed per unit of nutput (assuming
constant relative prices). Conversely, an innovation is factor biased if adoption results in
a change in the relative quantities of inputs consumed per unit of output. To give an
example, let us say tha' a machine has been developed that can weld automobiles at a
fraction of the cost of human welders. Industry adopts the new machine (but dosr ot
change output because of the adoption). That innovation is said o be factor biascd in
favor of capital. Such factor bias, at least in the short-term, W'/ ause unemployrient.
It is this type of innovation (and the supportitg poiicies such as certain tax treatments)

that appears to generate a substantial amount of controvers,'.[s- p.19]
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technrology projects has become so vast that fewer individual companies can tackle these

projects as independent entities.[12] And finally, changes in the antitrust prohibitions
against cooperative research and development efforts have lessened the legal uncertainties

surrounding joint activities among competing companies.[5: 7]

o— - ive R&D

Competition from Foreign Companies
With Histcry of Cooperative R&D

Increasing Monetary and Brainpowar
Couts to Engage in R&D Activities
of Necessary Critical Mass

B Relaxation of Antitrust Prohbitions |
Against Cocperative R&D Efforts

One example of this new breed of cooperative R&D effort is the Microelectronics
and Com:puter Technology Corportioit or MCC, a collection of 21 United States computer
and component manufacturers headquartered in Austin. “lexas. 1. ‘he stated objective of
MCC to help bring into being the fifth generation of computers. 1. importance of the
technology being developed by this cooperative venture is well-recognized, not only by the
companies directly involved and associaied industries that stand to benefit vut also by
governmental agencies. But common recognition of the significance of the technology
does not necessarily lead to a common approach regarding its developmenit.

Just as the MCC rec=archers will be requirec to develop new technology, MCC
managers ‘¥ill be required to aevelcp 1.>w manggement systems and techniques to deal with
the unprecedented problems facing a collaborative effort of this nature. One of the
management tasks facing retired Admiral Bobby Ray Inman, President, CEO and Chairman
of l\.t;iCC, will be to forge a consensus among the participants regarding solutions to shared
problems.

Management uf Cooperative R&D

Marnaging a cooperative R&D venture differs in important ways from managing a
single participant R&D organization. The data suggest that the tasks facing the general
manager of a collective undertaking are significandy different from those facing the general
manager of a tingle participant organizatior. In particular, there is evidence that in a
cooperative venture the essential executive functions of (1) establishing and maintaining a
workable communication system among the participants, (2) securing the necessary efforts
and resources {rom them, and most importantly, (3) formulating and defining an acceptable
purpose are complicated by the presence of multiple sponsors.
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At we number of participants -ises therz is a corresponding increase in the need for
negotiatio.. among them. The multiplicity of participants in a cooperative venture places the
general manager under increased pressure, when compared *o the general manager of &
single participant enterprise, to discover and put into operatior. methods of accommodation.
This process of accommodation and negotiation »ndertaken by executives of cooperativs
ventures expresses itself in (1) the strategy-making process, (2) the organizational
structure, (3) the compensation and cont~ol systems, ar.d (4) the resource al'ocativn
process. As more and more companies find cooperative research and development
attractive, the need to understand the managerial tasks assoc:ated with such collab. rative
crganizations increases.

For analytical purposes cooperative R&D activity can be divided into three distinct
but nonetheless interrelated elements: (1) contribution of the participants, (2) creaon of
benefits, and (3) transfer of benefits to contributors. The success of a cooperative R&D
venture depends on how well these three elemsnts are balanced with one another. For
example, in setting up a cooperative R&D venture the participants often focus heavily on
the first element, determining what each party will contribute to the effort. This can lead to
the adoption ~¢ structures and procedures that hinder the creation of the » sught after R&D
knowledge a. * ts transfer to the contributors, the second and third elements. The transfer
of technology within the context of 2 multi-firm cooperative venture is a particularly
important and difficult management task Again using the three-element model, various
methods to ease the difficulties of technology transfer (element three - © the model) can be
obtained by the adoption of specific management practices.

Elemenis of Cooperative R&D Ventures

The reasons that propel individual companies to cooperate in a coilective R&D
effort differ according to the ability or necessity to share costs and benefits. Different
sitvations involve different potential costs and benefits to the participants. Main.aining an
acceptable distribution of costs and benefits among the participants is one o: the
fundumental tasks facing the general manage: of a collective enterprise. In assessing the
attractiveness of a cooperative R&D venture the individuz] participant is basically concerned
about two linkages with the coliective venture. One is the individual participant's required
sontribution to the collective venture and the other is the flow of benefits from the «ollective
ven.ure to the individual participant. The decision to join and continue in a cocperative
R&D venture will be determined by the  :pective participant's assessment of the relative
value of these two linkages.

In the flow chart that follows, the required contribution from the participant in botk
tangible and intangibl~ resources and assets is labeled C. The benefit expected to be
derived from ihe cocperative activity is 1abeled B. As long as the perceived value of B is
greater than th= perceived vaiue of C, the participant has an incentive to maintain
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cooperation. It is the function of the joint venture executive to establish and manage a
cooperative structure that yields benefits in excess of contributions.

Referring to the three-element model of a cooperative R&D venture, the general
manager of the collective activity can adjust the relative perceived values of B and Z, and
thereby the value - the cooperative venture to the participants, by managerial actions that
affect any one or combination of the three elements. In other words, the collective venture
executive can increase the value of the collective activity by: (1) decreasing the ~ontribution
required, (2) improving the efficiency and effectiveness of the collective venture's ability to
transform contributions into benefits, or (3) improving the efficiency and effectiveness of
mechanisms that transfer beriefits back to the contributing participants. Often the nature of
the cooperative R&D effort itself or the contractual agreement among the participants sets
limits « » how much of a change in a participant's contribution can be affected by
mar. < “al action, so the general manager of a cooperative effort generally must concentrate
on aciions that focus on the latter two options.

Individual B
Participants )
Cooperative
R&D Venture
Transformation

of Contributions
Into Banefits 7.
"

\\\
Contributionis From Free-rider Benefits
Non-Participants to Non-contributors

The literature abounds with advice and counsel to the R&D manager, of a collective
venture or otherwise, regarding how to improve the efficiency or effectiveness of the the
process that transforms financial and brainpower inputs into new technology and
in.“>ntions. But, there is an important difference between inventing a new technology and
getting the technology employed in useful products and services. To emphasize this point
concerning the importance: of the developrnent phase of R&D consider the example of
penicillin. Every schoolchild is dutifully taught that Alexander Fleming discovered
penicillin and, by implication, that his "discovery" was the single most important event in
introducing penicillin to society. The fac's tell another siory. In 1928 Fleming discovered
that the mold Penicillium notatum produced a substance that inhibited bacterial growth. It
wasn't until ten years later that the substance was isolated and identified by a large number
of scientists and researchers who had spent many dozens of man-years on the effort.
Millions of dol'ars and hundreds of additional man-years were subsequently invested
before a clinically useful drug was cbtained.

§ Contribution
to the Venture

Benelits
Transferred
Back

7
%y,

... As one can readily appreciate the expensive and time consu.™ing portion of
penicillin's develepment was not Fleming's basic discovery (or invention in Schumpeter's
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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 cost and time are associated with the stages beyond the generation
of the basic technology itself, specifically, with the production and marketing of new
products made possible by new technology."(% PP-12-13) The importance of both aspects of
R&D is recognized by the Organization for Economic Co-operation and Development
(OECD) in its "Frascati Manual” which proposed standard practices for surveys of research
and development. In the Frascati Manual, research 2nd experimental development are
defined to: “"comprise creative work undertaken on a systematic basis in order to increase
the stock of knowledge, including knowledge of man, culture and society, and the tsc of

this stock of knowiedge to devise new applications".[8. p.19]
Types of Cooperative Research and Development

The motivation to seck out partners for a collective R&D undertaking differs
according to individual circumstances, but despite the wide range of possible reasons for
engaging in cooperative R&D venture company, motivation can be broadly grouped into
the following eight categories. It is important that the collective venture participants as well
as the collective venture manager be 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 awareness 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 import=nt that others. Likewise, it is expected that
no two participants in a cooperative R&D effort experience the exact same set of
motivations 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 there is an important
limitaticn to scale economies as a motivating force for corporations. If the projected
benefits from the cooperaiive effort are 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
from 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 compe.itive
position vis-a-vis other participating companies and for some their relative competitive
strength was weakened. For the companies with more limited resources the aliure of
cooperation to attain scale effects was greater than companies more favorably situated.

A cooperative effort is attractive if the collective benefit obtained (and presumably
distributed to the participants) can be obtained at less cost to the individual than "going it
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alone". The greater the disparity between the individual cost and the collective cost relative
to the benefit, the greater 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 enterprise is «esigned to exploit scale economies the
benefits to be derived by the individual participants from cooperation should vary according
to the degree scale economies ace attained. An individual participant should prefer
collective effort to individual effort regarding the achievement of scale economies if the
expected value of the perceived benefits, less required contribution, associated with
collective action, is greater than the value of the 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 efficient 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
Industry Institute of Toxicology (CIIT) regarding trained toxicologists. This is currently
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
collective R&D efforts to exploit scale economies. The 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 1or access
to the resource in short supply and the structure and processes of the collective venture
should reflect this situation.
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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 reluctant to make investments if the results are difficult to
“capture” or "own". For example, investment that yields improvements in personnel skills
rather than an actual material product are 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 dilemna it makes sense for the total class of potential beneficiaries to
cooperate in conductir.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 research. 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 'his area are also attractive. One of the missions of MCC will be to
develop talent and tcctnology that will be difficult for the investors to capture.

A third group of examples in this category.are those investments in which the
ownership or control of the investment output has been curtailed. As an example, the
Toxic Substances Control Act [15 U.S.C. §2601 (1976)] requires that certain discoveries
regarding toxicological effects of workplace chemicals be publicly disclosed so that rapid
dissemination can talke place. A cooperative venture would be useful to counteract the
disincentive to invest Such situations have helped spawn cooperative ventures such as the
Chemical Industrv Intitute 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 referred to as the free-rider
problem. A flow of benefits to outsiders who do not help pay for producing those benefits
can jeopardize the viability of a collective venture. If the realization 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 assure 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
telecommuncations industry various devices must be able to communicate with each other.
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For many years 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 aimed at achieving
some degree of compatibility and stan lardization. In the PBX field, Sperry-Northern
Telecom, 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. One alternative would be vertical integration, but
the resources required and the scarcity of certain critical talent would be restrictive.

With regard to cooperation that seeks uniformity or standardization, the collective
enterprise executive should not be as concerned with the benefit transfer mechanisms in that
the benefits are not normally divided up and distributed tc 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 conpetitive 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 are invcstments 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 venture 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 investment can still serve as a barrier to entry. Only
aiose who have already paid the price of entry will be seen as attractive partners.

One illustrative example is the Health Effects Institute which 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 HEI
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 arrangement. 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 with no competitive impact is likely
to wane.
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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 often be more valuable if both sides to the
controversy make a joint investment in the examination project. For example, R&D
conducted by the automobile makers regarding the health effects of auto emissions is not
likely to have a high level of credibility 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 attractive.
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 though the
participants remain fierce competitors regarding the products using the techrology
developed through cooperation. Independence and credibility can also be useful in
attracting research talent and insulating reseaich projects from the short-term budgetary
focus of the sponsoring companies. In this type of collective venture the benefit from
cooperation is derived not so much from th: actual output of the collective effort as from
the nature of its production. In other words, 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 thiz 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 firm 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 firms 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 GM/Toyota joint venture GM wants to develop
small car manufacturing expertise, a skill of Toyota, and Toyota wants to learn about
automobile 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 first
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 disappears.



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 cooperation 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 tnc establishment of a closer competitor in exchange for something of value, the
cooperation should be relatively unstable, The general management task sutrounding such
cooperation will need to focus on the difficult issues 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 smaller 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 companies often engag~ ‘n cooperative exploration
to diversify the risks involved. In some situations, such cooperation may be seen as
insurance in which a class of "at risk" entities are protected against cataclysmic change in
circumstance. For example, R&D among competitors may insure, with minimal individual
investment, that no one competitor makes an inde pendent breakthrough that would put the
others at competitive disadvantage.

The benefit to the participants in cooperative 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 taat the participant's motivation to cooperate is to
diversify investment risk, the relationship among the participants should not, in general, be
antagonistic. As a conscquence, the management task concerning such cooperation need
not focus as much on establishing elaborate mechanisms to maint-.in participant cooperation
as with other types of cooperative ventures. Instead, developirg valuable technology and
establishing technology transfer mechanisms should pose more of a difficulty to the
collective venture general manager.

Conclusion

Coorperative research and development ventures are becoming increasingly attractive
as a part of the technological innovation rrocess. Yet, despite the advantages collective
action can offer the participants, the difriculties in managing such consortiums can turn
opportunity into chaos. Confusion aid disappointment 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 venture involved.
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GOVERNMENT~-TO-GOVERNMENT
COOPERATION IN SPACE STATION DZVELOPMENT

Samuel H, Nassiff
International & External Affairs Office
3pace Station Program Office
NASA Johnson Space Center

ABSTRACT

Memoranda of understanding have recently been signed between the
United States (NASA) and ‘three international Space Station partners -
Canada, European Space Agency (ESA), and Japan, The international part-
ners are performing parallel Phase B preliminary design studies, concur-
rent with the U.S., on their proposed elements/systems for possible
integration and operation with the U.S., Space Station System complex,
During the 2l-month Space Station Phase B 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 Sta-
tion require a "clean" interface management organizational structure and
operation procedures to accomplish the integration task, The interna-
tional coordination management organizsctional structure, management
tools, and communications networ are discussed including the proposed
international elements/systcus being studied by the international
partners.

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 order to share its benefits., In
April 1985, NASA initiated a 2l-month Space Station Phase B preliminary
design study. Shortly thereafter, government-to-government cooperative
agreements, in the form of memoranda of understanding (MOU's), were
signed between the U.S. and thiree international partners. The MOU with
Canada was signed on April 16, 1985, with Japan on May 9, 1985, and with
the Furopean Space Agency on June 3, 1985. Since the internationsl part-
ners are conducting 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
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partners to ensure proposed interinational requirements/elements are in-e-
grated into the U.S. Space Station rrogram. This is accomplished through
the International & External Affairs Off1ce i{n the Space Station Program
Office.

For the first time in NASA's history, a radical departure ir - ‘-
gram management has taken place from that of past spaceflight pro,. - .
that four NASA "Work Package" Level C Centers (MSFC, JSC, GSFC, . .1 LeRC)
are regponsible for developing specific Space Station Program Elenents/
Systems. The Level B Space Station Program Office, located at JSC, will
perform overall program management and the Systems Engineering and Inte-
gration (SE&I) function for the Space Station Program. Because cf the
physical locations and distances involved with the international partners
and that of the NASA Centers it is evident that innovative management
techaiques and a telecommunications capability is 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 Phase
C/D, 1t is anticipated that U.S. liaison representatives will be located
in Canada, Europe, and Japan. The Space Station Program will be interna-
tional in nature, i.e, contain international elements/modules with an
International Crew.

SPACE STATION PROGRAM INTERNATIONAL COOPERATION

NASA has conducted a number of successful spaceflight programs
such as Mercury, Gemini, Apollo, Apollo/SOYUZ, Skylab, and Space Shuctle.
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. Recognizing that the U.S. Space Station is the next large
development program, substantial international interest has been exhib-
ited due to past and present cooperatlive 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 Space 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 memorarda of understanding (MOU's)
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,
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Identifies principles that must be defined for station
access, cost sharing, barter, and crew participation
during subsequent negotiations for Phase C/D/E,

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

Program phasing and schedule,

Respective responsibilities,

Management reviews/liaison rel.tionships,
Advanced Development Program,

Data exchange and rights, and

Financial and legal matters.

Three aspects of potential cooperation exists. The first is as a
"user" of the Space Staticn vho essentially defines 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, therety 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 are viewed as
"builder/operator' in the Space Station Program.

Space sStation partners must be sensitive r- Y.S. conceras abo
technology transfer, exporting jobs, and efficient overall management
resources. The MOU's do not authorize cooperation in the Advanced De
opment Program area. Cooperation in the Advanced Development Program
will be considered on a case-by-case basis and entered into only when it
is mutuallv beneficial to both sides. Matters for future discussion and
agreement Letween the partners are foreseen as follows:

o

Respective responsibilities in design, development,
operation, and utilizatlon,

Principles regarding access to all Space Station
elements,

Pricing policy,
Barter of hardware and services to offset costs,
Length and type of commitment to the program,

Protection of proprietary information and intellectual
property rights,

Crew participation in the Space Station,
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o Definition of appropriate technology interchanges,
o Operational costs, and

o Appropriate legal arrangements.

SPACE STATION PROGRAM MANAGEMENT

The Space Station Prorram management structure is divided into
three levels; Level A - locz .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, MSFC, GSFC, and LeRC field centers provides project marn-
agement for element definition and development. Figure 1 shows the Level
B Program Office organization. Four line offices report to the Program
Manager. The Systems Engineering and Integration Office establishes and
manages the technical content of the Space >cation Program in response to
the system requirements established by Level A, The Data Management S5ys-
tems and Operaticns Office establishes and manages the data management
architecture and cverall flight and ground op tions. The Customer
Integration Office establishes customer requirvwents, coordinate: mission
data base, and integration of users and their requirements. The Frogram
Management Office manages the program rescurces to the budget and sched-
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 Internaticn-
al and External Affairs Staff Office serves as the focal point for inter-
facing with the incernational community and is responsible for technical
and management integration of international partner'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, White House visitors, academic
community, and other federal agencies and departments.

International Coordination and Manarement Process

An integrated technical coordination and management 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 the objec~
tives of the cooperative project as established {n the MOU's. The Space
Station management functions for internation 1 participation for each
level is as follows:

Level A: Provides overall pclicy and program direction

o Decistons on international elements
o Planning for evolutionary growth
v Negotiate MO''s
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Figure 1 - Space station program level B organization
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Figure 2.- International cooperation management framework for phase B
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Level B: Program Implementation

o Technical coordination of system
requireuwents

o Baseline and control technical data base

o Integration of international elements into
baseline configuration

o Establish and control ICD's

Level C: Project Implementation

o SE&I support to Level B on impact f
internaticnal eiements

o Impact of international 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
Internatioral 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
MASA and the international partners. Membership on the ITIP and formal
change control flow is shown in figures 3 and 4, respectively. The Pro-
gram Coordination Committee--co-chaired by the NASA Associate Administra-
tor and international counterpart--is responsible for overall program
{irection and coordination, the main focus is decision on functional and
technical aspects of internatlonal participation. The membership on this
cormittee i1s 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.

_Manageneut 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

Bilateral Program Coordination Committee
Multilateral Program Review

International Working Groups

Working Group on International Cooperation
Liaison Oversight

00 000
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Figure 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 International Working Group
o

Membership on Working Group on International
Cooperation

o Resident International Project Liaison

Level C

0 Membership on International Technical and
Integration Panel

o Membership on International Working Groups

o Membership on Working Group on International
Cooperation

o Liaison, as 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 work packape centers, contrac-

tors, and international partners is a.systems refer:ed to as "Engineering
Master Schedule" (EMS).

In addition, an options list and options matrix is used. The
options list specifies the proposed internationzl 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 wilestones.

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 d-velopment.
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 leetings require presentation material
transfer, action item generation, tracking, and followup.

In view of the above, and coupled with the vast distances between
our international partners and lucation of the various NASA field
centers, it is imperative that a telecommunications system and technical
and management information transfer system are implemented.

The current
capabilities for international communications are:
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o Electronic Mail
- Telemail

o Text/Image Interchange
-~ Facsimile

The Technical and Management Information System (TMIS) for the
Space Station Program is being developed in two phases., The Tnternation-
al System, for Phase I (present to March 1987) is in an implementation
process and availability is targeted for early 1986. The Phase II acqui-

sition process has been initiated and initial implementation is scheduled
for March 1987,

The TMIS is an integrated system of hardware, software, proced-
ures and 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 centers, contractors, and international partners.

Figure 10 illustrates how the TMIS will be connected t> the vari-
ous centers through the NASA Program Support Communication Network.
Typical TMIS architecture at a NaSA center is shown in figure ll. The
functional capabilities of the TMIS are: data base management, CAD/CAE/

CAM, models/analysis tools, documents management, scheduling, planning,
resources, electronic mail, and office automation.

1NTERNATIONAL DEVELOPMENTS UNDER STUDY

A brief overview and description is given of the proposed inter-

national elements/modules being studied by the international partners
during Phase B.

Canadian Integrated Servicing and Test Facility

Figure 12 shows the ISTF attached to the Space Station. The ISTF
truss structure with its accommodations occupies a volume of

approximately 75 ft. x 60 ft. x 20 ft. This volume contains the
following static

.accommodations:

Positioning systems for payload servicing
OMV Hangers

ORU Pallets

Mobile Base

RSS Parking Fixture

Robotic Test Bed Accommodations.

0O 0 QQ 0 0O

The dynamic elements like the RSS, the SSMRMS, the payloads and
large space construction faciiities 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; OMV servicing and accommodations; proximity operations with
tools and EVA work station; vrobotlcs test bed, etc.
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Figure 10.- Technical management and information system.
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Figure 12.- Canadian Integrated Servicing and Test Facility (ISTF) concept
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The growth philosophy for the ISTF allows accommodation ol evolv-
ing technologies and evolving requirements. Some major areas of growth
are forseen in replacement of modified SRMS by advanced SSRMS, incorpora-
tion of arctificial intelligence technologies and gensors into ISTF
robotic systems for supervisor) mode of control, and twc MRMS operation
simultaneously from two different control stations.

A concept for the Robotic Servicer System is show in figure 13,
It is comprised 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.

Lanadian Remote Sensing (RADARSAT)

RADARSAT 18 a free-flying platform which operates in a sun-
synchronous orbit at 1000KM, and 99° inclination. The Earth Observation
Satellite includes a synthetic aperture radar, s micro-wave
scatterometer, and advanced high resolution radiometer and an optical
sensor. RADARSAT stowed dimensjons are 23 ft. long and 14.3 ft. in
diameter, Tip-to-tip deployed solar array is 137 ft, Figure 14 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 and 16. The Columbus Program is based on previous experience
acquired in Europe with Space Lab. The elements include:

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

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

0 Unmanned service vehicle to support platform
operations.

0 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, ard communication services. It can be con-
figured to optimize user requirements and desired mission and payload
operations.

Platform missions will serve different objectives and needs such
as material and fluid physics, life and space sclences payloads requiring
micro-gravity and payloads for Earth observacions, Stellar, and Sun
pointing. Servicing vehicle missions {unmauned) will be utilized to per-
form at different orbits (1000 KM/28.5° or 700 KM/98°), operations such
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as refueling or exchange of standard ORU's, visual inspectlons by camera,
etc.

Japanese Experiment Module (JEM)

The JEM is a pressurized multi-purpose experiment module approxi-
mately 33 ft. long and 14.5 ft. in diameter. Figure 15 shows the I0C
Configuration 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, etructural mast, OMV hanger, movable manipularor, man-tended free-
flyer, teleoperator, and assoclated service facilities. Scme of the
functions to be supplied by the Space Station to the JEM are: (1) pri-
wary power supply and heat rejection, (2) data relay to and from ground,
(5) primary air supply, and (4) accommodations for crew assigned to the
JEM system.

The crew in the presaurized module can operate a wide range of
nissions such as material processing, life sciences, space medicine, etc.
The exposed work deck 1s used for accommodating high energy cosmic ray
experiment, space robotic, liquid propellant handling, material science,
commercial space processing, etc. The experiment logis: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
experiment 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 couponents, experiment
samples, etc. The airlock located between the pressurized module and
expnsed deck is used to transport equipment and samples with the aid of
the fixec manipulator.
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Figure 15 - Space station international reference configurations (Imtal)
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Figure 16.- Space station internationa} reference configurations (Growth}.
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PRODUCTIVITY ISSUES AT ORGANIZATIONAL INTERFACES

Albert W. Holland
Universities Space Research Association

ABSTRACT

The iieed for close interdependence batween large numbers of diverse
and specialized work groups makes the Space Program extremely vulnerable to
less of productivity at organizational interfaces. Trends witi.a the program
also suggest that the number and diversity of interfaces will grow in the near
term. Continued maintenance of R&D excellence wiil require that interface
performance issues be included in any future productivity improvement effort.

The types and characteristics of organizational interfaces are briefly
presented, followed by a review of factors which impact their productivity.
Approaches to assessing and improving interface effectiveness are also
discussed.

INTRODUCTION

In order to accomplish its objectives, the United States Space Program
relies upon the contributions of a wide variety of engineering, scientific,
technical and support personnel i epresenting a large number of diverse
organizations. This is necessary, of course, to create a program structure of
sufficient technical power and flexibility to fulfill its mandate. Yet
achieving the effective integration and coordination of so many specialized
work groups is an enormously challenging task, and there are indications that
this task will become increasingly complex in the near future.

Several trends within the space program suggest that the number and
diversity of work interfaces will be growing rapidly. First, the sheer number
of concurrently operating space transportation systems and facilities is
increasing. An example of this is the development and operation of the space
station, which will be maintained and serviced by the space shuttle. Although
shuttle operations are now being consolidated under 2 single contractor, NASA
nevertheless continues overall supervisory activities in that program in
addition to space station management. Second, the number and diversity of
participants is expanding. The development and use of the space station will
be a multinational, multidisciplinary initiative surpassing any previous
endeavor in terms of interface management. The station will also encourage
private sector users in pursuit of their own proprietary R&D ventures.

Third, the indentification of opportunities for commercial profit will be
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accompanied by concerted pressure from industrial consumers to expand and

diversify space facilities, tra.sportation and services. To accomodate the
broad demand, existing arrangements of critical interfaces will be pressured
to muitiply in number and to reconfigure more frequently. Finally, NASA is

actively encouraging small businesses to enter the contractor ranks.

This

not only increases the number of contractor participants but the range of

specialization, internal resources and experience as well.

Effective integration will become an increasingly complex task for

managument at all levels. Indeed, the emergent skill of leadership might be
the ability to manage work unit boundaries and regulate cross-unit
transactions [10]. In order to do this effectively, something must be known
about the characteristics of interfaces, factors affecting their performance,
and approaches to assessment and improvement.

CHARACTERISTICS OF INTERFACES

Interactions and transactions between work groups flow from the
requirements of task accomplishment wiich necessitate some form of linkage or
interface between groups. For our purposes, three basic types of interfaces
are of particular interest: (1) the horizontal interface between work groups
within an organization, (2) the vertical interface between authority levels,
and, (3) the lateral interface between organizations. The three types can be
considered similar in structure, with representatives from their respective
groups interacting within the interface. Activity occurring within the
interface is also influenced by the larger .rganization or environment in
which it is embedded. It is important to remember that the interface can be
viewed as a work subsystem in its own right, with its own boundary, internal
dynamics and degree of structure [5].

Representatives that populate the interface serve to import and export
information and technology that is required to solve problems and reduce
ambiguities [15]. Sometimes referred to as a boundary spanner, a considerable
amount of research has been conducted on che power [18, 19, 23], role stress
[1, 13], job satisfaction [14, 15], and organizational impact (8, 19] of the
representative occupying the interorganizational interface. Somewhat less
attention has been given to the activities of boundary spanners within
vertical and lateral intraorganizational interfaces, although many of the
activities are the same.

Based upon the work of Miles, Brown and Schwab [7, 20], boundary-
spanning activities may be classified into eight general categories as

follows:

Linking: Establishing and maintaining relationships with

representatives of other key groups;

Importing: Acquiring task-related information, technology and

resources,

Exporting: Distributing task-related information, technology and

resources;

Gatekeeging: Selectively communicating information gathered at the

interface back to home decision makers;

Representing: Selectively communicating information about thz home

group to other representatives for the purpose of shaping opinions,
behaviors, and outcomes;
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Protecting: Thwarting external pressures and influence attempts
which m%ght otherwise disrupt home group operations;

Scanning: Searching for and identifying emerging trends or events
which might represent threats or opportunities for the home group;

Monitoring: Tracking environmental trends or events which have been
iaentif%ed as probable threats or opportunities for the home group.

Brown and Schwab’s study [7] of twenty-four electronics firms showed
that the frequency of the various boundary-spanning activities varies
according to the representatives’ functional areas. For example, engineering
representatives tended to engage in more monitoring than manufacturing
representatives. Furthermore, activity frequencies varted by subgroups within
functional areas; section engineers engaged in significantly more linking
activities and fewer scanning activities than did project engineers. These
findings are congruent with those of other writers [5, 17] who contend that
the division of labor inevitably fosters a variety of fundamental differences
between work groups, including differences in goals, priorities, time
horizons, formality of structure, and interpersonal orientations. These basic
differences in behavior and perspectives are most readily recognized wher they
are juxtaposed as they are at the organizational interfaces.

FACTORS AFFECTING INTERFACE PRODUCTIVITY

Factors which influence productivity at interfaces are those which
facilitate or impair the occurrence of necessary transactions. Often these
factors are not readily detectable. Drawing on the concepts and research of
previous authors [3, 4, 5, 6, 7, 9, 11, 12 ,22, 25], nine general factors can
be identified which affect interface productivity. These are outlined in
Table 1 and discussed below.

Essentiality: Within any given work system, subunits contribute in

various degrees to the accompiishment of over211 system objectives. Some work
groups are more critical to the task at hand than others. This is a
by-product of the subunits’ relative centrality or position in the work flow.
Furthermore, subunits within a given work system vary in degree of
interdependence with one another. The extent to which a work group views
another as essential to its task accomplishment influences activity at the
interface [17]. For example, a representative of one unit may put
considerably more time and energy into interface maintenance and activities
than his counterpart within the same interface. Essentiality inevitably
creates formal and informal subunit power differences which by themselves can
provide a basis for potentially disabling interface dynamics.

Structure: The extent to which an interface is organized affects the

degree of conflict within that interface and the representatives’ -ivity to
effectively conduct transactions [5]. The degree to which representatives
allow information, resources and people to enter and leave the interface is
one element of interface organization. A highly permeable interface, or one
that is readily open to disruptive inputs or losses of critical resources, is
said to be underorganized [5). An impermeable or overorganized interface
boundary is one that is relatively closed to important inputs or outputs of
.1formation/resources and one which rigidly maintains a fixed composition of
people and data sources.
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Other elements of interface structure are clarity of representatives’
roles, clarity of authority, and effective procedures governing formal
interactions. On the whole, a balanced, clearly defined, yet flexible
structure offers the best support for interface activities [5].

Representatives: A person’s effectiveness in the boundary-spanning role

is related to the choice and frequency of activities which he pursues. Brown
and Schwab [7] suggest that representatives should be coached in which
activities to engage. Their work indicates that overall congruence between a
representative’s boundary-spanning activities, his job position, and interface
essentially might be related to effectiveness. Certainly, neglect of critical
boundary-spanning activities, such as scanning or importing, could adversely
impact his home work croup.

Context: ¢gEvents within the interface are influenced by events in the
immediate and larger environment. Management within the representative’s work
unit control formal and informal incentives which affect his interface
activity. Representatives also frequently recruit allies from their home work
groups and from pow~-ful third parties in the larger environment [5].

History: Interactions within the interface are shaped by interface events
which Eave occurred in the past. The relationship between two work groups may
be relatively young or old, however expectations based upon past events are
still carried forward by representatives. Interface behavior may be shaped by
broad stercotypes and folklore circulated within the home groups or by
specific events experienced by the representatives. Souder [22] describes
situations of distrust which began as individual personality conflicts and
later became institutionalized at the departmental level.

TABLE 1
Factors Affecting Interface Productivity

1. Essentiality
. Work group centrality differences
. Perceptions of mutual criticality
. Formal and informal power differences
2. Structure
.-Boundary permeability
. Definition of roles
. Definition of authority
. Effective rules and procedures
3. Representatives .
. Congruence between activities and job position
. Congruence between activities and interface criticality
4. Context
. Control of incentives
. Activities of third parties
5. History
. Specific events
. Stereotypes and folklore
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6. Communication
. Task-related data
. Interface maintenance data
. Quality and flow of information
7. Norms
. Behavior within the interface
. Ability to self-examine
8. Resources
. Delegation of authority to representatives
. Strategic ideas
9. Goals
. Definition of goals
. Differences in priorities
. Coomitment to goals and priorities

Communication: The exchange of important information is a key function of

the interface. Representatives must import and export information of two
types: (1) data related to tasks at hand (e.q., task requirements,
coordination, milestones, problems) and (2) data required for maintenance of
an effective working relationship (e.g., information about the interface
itself or the nature of the transactions within it). Information exchanged
within interfaces can either contribute to or distort the mutual understanding
of functioning, abilities and resources across parties [9]. The usefulness of
such exchanges further depends upon the extent to which the representatives
are connected to internal decision makers, representatives’ selection of what
information to transmit, and information timeliness.

Norms: Norms which regulate behavior between work groups act to support

or inhibit interface productivity to varying degrees. For example,
representatives who are able to openly discuss interface maintenance issues
will more likely be able to adapt the interface to unexpected work
contingencies. However, the ability to engage in self-examination is
extremely difficult in an interface which is constrained by norms supprassing
such discussion. Argyris [3,4]) emphasizes the importance of being able to
question the fundamental norms and assumptions which govern our work behavior,
and he convincingly describes the negative outcomes that result from not
developing that ability.

Resources: The extent to which work groups delegate appropriate authority

to their representatives is important to representatives’ actions. If a
boundary spanner has insufficient power to make decision: of a tactical nature
at the interface, then his ability to buffer internal decision makers will be
compromised, and top management will be swamped with minor details [26].
Excessive representative authority takes manageme:t out of the decision loop
and results in decisions being made without benetit of the larger picture. In
addition, the home group is an excellent source of idzas concerning
negotiating and influence strategies, as well as a sounding board for

planned initiatives.

Goals: In order for work to proceed, specific and attainable subgoals are
negotiated within the interface. The extent to which these subgoals are
clearly defined and are congruent with one another is associated with the
degree of conflict between representatives [5]. Since most interfaces manage
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multiple goals corcurrently, significant differences in priorities assigned to
mutual goals would likewise impact transactions. Finally, the extent to which
goals and priorities are accepted by all parties influences the extent of

commitment to those goals.

Many of the factors underlying interface productivity affect
interfaces in overt, readily identifiable ways. However others, such as
context and structure, act in a subtle manner upon elements and interactions.
Although the actions and interaction of the factors themseives may not be
readily appavent. their effects generally are more discernable. Determining
the configuration and extent of these effects permits us to tdentify
opportunities for improving interface productivity.

EVALUATION AND IMPROVEMENT TECHNIQUES

Although some underlying factors are more readily observable than
others, one approach to evaluating interface productivity relies on estimating
the underlying factors by assessing discernable effects. Some of these
effects, symptomatic of productivity loss, are shown in Table 2.

TABLE 2
SYMPTOMS OF PRODUCTIVITY LOSS*

. Hostility

. Extreme stereotyping

. Severe information distortion

. Distrust

. Mutual avoidance

. Excessive competition or collaboration

. Bilateral self-serving manipulations

. Disruptive turnover of representatives

. Concurrent use of redundant interfa_es

. Little cross-party involvement

. Poor mutual understanding of party functioning, abilities
and resources

. Inflexible roles, rules and procedures

. Inability to discuss issues pertaining to the interface itself

.~Task expectations not voiced

. Unclear roles or points-of-contact

. Reluctance to utilize other party expertise in project planning

. Overt and covert task sabotage

. Excessive agreemeent '

. Avoidance of sensitive but relevant issues

. Appeasement

. Suppression of disagreement

. Decision by default or “"rubber stamping”

. Chronic recurrence of problems once thought solved

* Based in part upon {2, 5, 6, 7, 8, 9, 22].
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Techniques used to evaluate R&D productivity within work groups can
be applied to interface assessment. This author agrees with others [21] who
favor semf-quantitative measurement techniques (e.g., rating scales) over
highly quantitative (e.g., ratio) or highly qualitative (e.g., antecdotal/
intuitive) approaches. Pappas and Remer [2]1] suggest using peer ratings in
which R&D project personnel rate each other in terms of productivity.

Rather than enter the arena of individual performance appraisal
however, ratings of the interface might Incorporate the advantages of
semi- quantitative data without the problems of peer ratings. Interface
incumbents could complete a survey containing Likert-type scales, rating
characteristics of 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 of
each other, providing a superordinate goal instead of a source of
tension;

(3) As a self-evaluation, the technique is mobilizing and motivating.
A1l interface incumbents participate, and the data are “owned
by the participants;

(4) Results provide an issue-oriented focus, around which construc-
.tive dialogue can occur; -

(5) Estimates of inte:face functioning can be made periodically,
providing participants with an opportunity to make comparisons;

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

The basis for individual items might be the underlying factors
influencing productivity, the ability to effectively conduct boundary-spanning
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 also direct improvement efforts along specific lines. 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 promotinrg awareness and discussion of interface issues.

A sample of the types of changes that might be made to improve
interface productivity 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*

Fractionate issues to reduce their size.

Increase believable communications between representatives.
Redefine mix of persornel and resources at the interface.
Clarify incentives for collaboration.

G B e
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Generate credible information and discussion regarding the

interface itself.

Recruit third parties to regulate amount of conflict.

Resolve non-controversial issues first.

Increase or decrease buffering.

Train personnel in interface factors and boundary-spanning

activities.

10. Increase ambassadorship, cross-party visibility and
involvement.

11. Systematize cross-party job rotation, transients or visitation.

12. Establish a decision authority charter.

13. legitimize the interface to work group incumbents and third
parties.

14. Improve communication channels between representatives and
decision makers.

15. Conduct a mutual check of goal priorities.

O 00~~~ o

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

Since organizations and their interfaces are dynamic in nature,
specific interventions must accomodate shifting factors and effects. What
was appropriate Tast year may be inappropriate today. This emphasizes the
importance of making specific changes within.the structure of a flexible and
on-going assessment/improvement process. Constructive changes made
wgthou% the supporting framework of such a process are likely to be
short-lived.

CONCLUSION

As the space program enters a new era of commercialization,
competition, and global involvement, management will be required to commit
increased levels of effort to interface productivity. It is time to
incorporate interface issues into existing and planned productivity
improvement programs and research. Although boundary-spanning activities
have been central to much research [12, 14, 16, 18, 19], little attention has
been given to factors impacting their effectiveness or to the relationship
between interface functioning and productivity of the larger work 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 processes which: (1) minimize disruption of work group
operations, (2) maximize "user-friendly" techniques (e.g., checklists),

(3) maximize participant ownership, (4) maximize organizational self-
evaluation and self-improvement. (5) focus only upon issues relevant to and
under the control of the participating organization, and (6) are capable of
self-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 s essential.
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EFFICIENCY AND INNOVATION:
STEPS TOWARD COLLABURATIVE INTRRACTIONS

Cynthia A. Lengnick-Hall, Purdue University
Donald C. King, Purdue University

ABSTRACT

Research and development units are faced with the challenging
objective of being cost effective wlile developing high quality, innova-
tive products. Advanced technology is only part of the solution. It is
increasingly clear that organization structvres and managerial processes
must also be designed and structured to mzet the dual objectives of
quality and efficiency. This paper presents the resultz of an empirical

case analysis of a large R & D division which is attempting to meet this
challenge.

INTRODUCTION

Many firms in both the public and the 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 simulta-
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 functional 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 R&D 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, aud more often contain sensing and self-pro-

gramming features are needed to effectively automate development and
small batch operations.
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The use of computer-assistend design and manufacturing systems for
research and development activities and for small batch production, has
been offered as a potential solution to the difficult problem of generat-
ing creative designs while maintaining a bottom line. Computer-assisted
design and manufacturing techniques and computer—-assited communication
systems help to reconcile the need for flexibility with a concern for
efficient operations. However the design of state~of-the-art technical
systems is not sufficient, by itself, to lower costs and simultaneously
enhance innovation. Problems in the effective use of advanced technology
more often stem from poor implementation or from managerial uncertainty
regarding how to capitalize on the flexibility provided than from techni-
cal design deficiencies. In fact, a number of research studies (e.g., 5,
3, 8) indicate that non-technical organizational factors were the crucial
barriers to effective and efficient innovation. Thus, the design of a
state-of-the~art research and development effort must include the design
of appropriate organization structures and processes.

While the notion that organization structures and processes are
important factors in achieving organization effectiveness is not new,
this concept has often been overhsadowed by technological features in
the research and development environment. This paper assumes that
advanced technology is available and focuses instead on the work environ-
ment and organizational processes which facilitate or inhibit the attain-

ment of research and developmerc objectives.
TWO IMPORTANT CONTINGENCIES

After many decades of research, it is generally conceded that
there is no one best way to organize. It is also agreed that not all
ways of organizing are equally effective. If an organization is to
marshall its resources effectively and efficiently to achieve some
desizid objective, the way in which the firm is designed should be
compatible witn the goals which are to be acnieved and with the situa-
tional factors which provide the context for organizational activity
(1, 4, 6). Thus, organizational goals and contextual factors are two
important contingencies which influence what types of organization
structures and processes are likely to be most effective in a given

situation.

Organizational Goals

Organizational goals serve a number of different purposes. Goals
establish a direction for activities or describe a future state which
the firm is attempting to realize. Goals help to legitimize the exis-
tence of a firm or unit, and goals provide a standard for evaluation.
Research and development units, like most other parts of an organization
have many types of goals. However, because of the nature of the reseaich
and development unit's contribution to the activities of the organiza-
tion as a whole, two types of objectives are of particular importance:
(1) providing for high quality research applications, and (2) product
design efficiency and effectiveness.
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In this research study high quality application was measured 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-
gulshed 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 orher 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 ot 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 doccument 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 factors permit a firm to adopt a cost leadership
strategy.

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

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 R&D 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,
this 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.
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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 (MOAQ) which had been modified to fit the conditions of the organ-
izaticn. The sample size of 274 represents slightly over 50 percent of
the relevant employees. 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 orgasnization culture. Fifteen
interviews 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 and
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 those 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 responaible for achieving
goals related to both quality applications and efficient, effective 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 twe contextual conditions.

Five categories of organization structure and process variables
were investigated: (1) supervisor characteristics, (2) wer-kgroup char-
acteristics, (3) employee attitudes and feelings, (4) job/task character-
istics, and (5) information processing emphasis. Each of these factors
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FIGURE 4 Correlotes of Employee Attitudes With Quahity and Efficiency Goels
Under Conditions of High and Low Familiarity/Anelyzebihty

FAMILIARITY/ANA) YZABILITY

LOw HIGH
INSPIRE SUPPORT
POSITIVE FACTCR POSITIVE FACTORS
QuALITY Challenge { 36 *) Job satisfaction ( 814 ¢9)
APPLICATIONS Org mvolvement ( 53¢)
NEGATIVE FACTOR Responslity ( 36¢)
Deswe to Change Jobs (- 67¢) Control ( 76¢)
) d NEGATIVE FACTOR
ofF Turnover mntent (- 7508 ¢)
GoAL
HANAGE LASSEZ FAIR
EFFICIENT | POSITIVE FACTOR POSITIVE ¥ ACTORS
- . . Desire to change Jobs ( 58 ¢)
LFFECTIVE Committment (. 7008 4¢) Turnover ntent (.60%)
DESIGN NEGAT VE FACTORS
Org nvolvement (- 61¢)
Responswihty (- 59)
Control (- 67¢8)

Spe 05, $4ps 01, 448 pa 005 N=23

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 familiar/anelyzable
conditions.

Three of the four contingent conditions show a positive response
to task characteristics generzlly 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 aru
more loosely coupled job-task characterization. Variety and feedrack
seem to be the most important factors overall. Quality applicatiouns
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 positive 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 wany research and development
efforts.
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analyzable (see Figure 3). Again the direction of influence 1is re-
versed for the two types of goals. Fragmentation and heterogeneity

FIGURE 3 Correletes of Groyp Characteristics with Quality end Efficrency Goals
Under Conditions of High end Low Femitierity/Anel yzebilsty

EAMILIARI FY /ANALYZABILITY

Low HIGH
IN3PIRE UPPORY
POSITIVE FACTORS
QUALITY Fragmentation ( 7644 ¢)
APPLICATIONS None Evident Heterogenenty ( 764 4 4)
NEGATIVE FACTOR
1YPE Open processes (- 7284 4)
of
GOAL
PIANAGE ASSEZ FAl
g:'{‘é"“:{ NEGATIVE FACTOR POSITIVE FACTOR
Fregmentation (- 58+4) Open proc-_ses ( G34 44}
DESIGN *
M UATIVE FACTORS
Fragmentation (- 64 %)
Heterogeneity (- 72884
$pa ()5, ¥4 px (), *.¢p=005 N=23

have scrong positive effects on quality goals and strong negative ef-
fects for design efficiency. Open communication among group members has
a negative effect on quality applications yet a positive effect on design
efficiency. This pattern suggests that work segmentation and sume degree
of specialization may be appropriate for acnieving quality applications,
but that shared values and group cohesiveness are importawc¢ conditionms
for achieving efficient designs.

An interesting pattern is evident when employee attitudes are cor-
related with strong performance under the fcur contingent situations con-
sidered in this study (see Figure 4). If emmloyees feel challenged by
their jobs and if they have no desire to change jobs, quality applications
are achieved under cunditions of low familiarity/analyzsbility. An over-
all feeling of commitment (to the organization and to the job) has *he
strongest influence on design achievemerts under conditions of luw cer-
tainty. This suggests that in both cases internal motivation hac =
strong effect on performance. Furtber, it appears that application goals
require more of a job focus, whiie design goals respond to a more general
organization orientation.

126

PR L % o LR L
IF .



A supervisor's bazhavior 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 contingencies, 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 and 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 designs. It appears that under
this latter contingency set, active, facilitative supervisors tend to in-
hibit performance. If familiarity/aunalv=atility is low, however, some
of the active supervigor characteristics (such 28 facilitating decentral-
ized control) appear to have a positive effect of efficient design per-
formance. Supervisor behsvior did rot appear to have any influence on
the development of quality appiications when familiarity/analyzability
is low.

FIGURE 2 Correletes of Yarious Supervisor Cheracteristics With Quelity snd
Efficiency Goels Under Conditions of High enct Low Femilierity/

Anslyzabrlity
MILIARITY/Z7AKALYZABILITY
Low HIGH
INSPIRE 3UPPORY
POSITIVE FACTORS
QUALITY Particpaton (.38 %)
APPLICATIONS None Evident Control of wark ( B0es )
: Facilitative relations (32¢)
Goal setting (814 84)
%f{ Problem solving (69¢¢)
GOAl Consideration ( 55+)
HANay S LASSEZ FAIRE
EFFICIENT | POSITVE FACTORS MGATVE o
EFFECTIV Faciltzdve roiations (53 ¢)| Partcwpstion (-
DESIGN € Go<” setting (7684 +) Contreilof work (-.TSeee)
Cons.deration { 614) Facihtative relatons (- 60¢)
Goal setting (- 38¢)
Prodlem solving (- 0% #4)
Consider ation (- 36 *)
Q’I.OS.- 0.’- 01'0009-(”3 N=23

These findings support the argument that the most effective
supervisors may be those who are both versatile and somewhat inconsis-
tent, effectively mitching their behavior and direct invoivement in the
workflow to each situation. These finZings suggest *bar ~raining super-
visors to expand their repertoire of skills might bLe particulsrly useful
wher, the task environment is fairly familiar and analyzable, but that
this type of investment would not have a strong effect ca performance
when the job 1is performed under cuaditions of extremely low analyzability.

Similarly, the characteristics of the immediate work group have
the strongest effect when che situation 1s relatively familiar and
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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 of rela-
tionships. Under conditions of high familjarity/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/snalyzability, appears to thrive under a more
lassez faire work environment. Such a lassez faire approach may aid
performance by removing bureaucratic impediments to performance.
f Looking at conditions of low familiarity and analyzability, of-
ficient, effective design appears to be facilitated by an actively-
i managed work environment, while quality applications appear to rely on
“ inspiration and motivation. Figure 1 depicts the general work environ-
s ment characteristics and organization processes which facilitate and
. inhibit quality applications and efficient designs.
’ FIGURF 1 Petterns of Orgamzetion Structure and Processes Which Aid
Gosl Attainment Under Conditions of High end Low Famihanity/
X Analyzebihity
Fe "RITYZANALY: ABILITY
Low HIGH
INSPIRE SUPPORY
ENCOUR AGE
QuALITY "“:,g,’:::‘. creative discontent
APPLICATINNS learning mvolvement
supervisor nteraction
DISCOURAGE UISCOURAGF
- 1YPE desve 10 ave deswre to leave
oF complex ducisen struvtured
GOAL -
ENCOUR AGE = 8
::;'[%‘T!l:; subordwate wleraction ENCOUR AGE
DESIGN commitment open ¢15CusS0On
’ 0b enrrohe. ot deswre for mobihity
CSCOURAGE OISCOURAGE
conthet control/structure
over-andly sis varwty
r
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fIGURE S Correlates of Job-Tesk Cherecteristics With Quality end Efficiency
Gosls Under Conditions of High and Low Famiharity /Anslyzebility

FAMULIARITY/ANALYZABILITY
Low HIGH
INSPIRE SUPPORT
POSITIVE FACTORS
quaLiTy | ST FCTOR Varety ( 52°)
APPLICATIONS : Feedback ( S14)
Tramng (68%¢)
External nterdep ( 594,
IXPE internal nterdep ( 64 ¢)
P
HANAGE LASSEZ FAIRE
€FFICIENT POSIT VE FACTORS. NEGAT IVE F ACTORS
EFFECTIVE Verwty (624) Variety (- 71948)
DESIGN Feedback (38¢) Task wmportance (- 794 44)
4 1t - b
NEGATIVE FACTOR External mterdep (- 59*)
Know results (- 57#)
* p= 0S5, S4px 1, #44%pa 00F N= 23

With respect to intormation processing, achieving efficient de-
signs appears linked with insuring that two undesirable conditions do not
occur. First, the manner in whicn information processing takes place
should not be dictated. This suggests that under conditions of high ana-
lyzability, information processing activities should flow from the speci-
fic tasks at hand rather than from some predetermined approach to informa-
tion analysis. Under conditions of low familiarity, the greatest danger
seems to come from premature analysis. C(orrespondingly, a second condi-
tion to be avoided is having routine information and information processing
use such a large proportion of time or resources that none is left for non-
routine, explorative, inventive approaches. Quality applications appear
facilitated by insuring that adequate information is shared and avaiiable
and that prior decisions and solutions are recorded. These results are
presented in Figure 6. The composite pattern suggests that efficient de-
signs are most likely to be inhibited by information overload, while
quality applicetions are most vulnerable to omissions in information.

'‘CONCLUSION

The correlational patterns which emerged from this study suggest
twvo important considerations for the structure and design of research
and development units. First, it is clear that a decision nseds to be
made whether to separate or to integrate the two primary types of goals
most often present in these units. If the choice is made to separate
these activities, then djverse organization structures must co-exist in
the same unit, and must frequently interact to achieve organizational
roals. Separation will likely increase the need for information sharing
and for conflict management, since developing quality applicaticns and
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FIGUKL 6 Correletes of information Procesyng Emphesis with Qusiity and
{inciency Gosls Under Condrtians of High end Low Famihierity/

Anglyzebility
FAMILIAKITY/ANALYZABILITY
LOw HICH
INSPIRE 3UPPORT
POSITIVE FACTOR POSITIVE FACTORS
QUALITY msiruction ( 33¢) Instruction ( 37¢)
APPLICATIONS Reutwne nfs exch ( 544)
Neiwoutwnie nfe exc (8680 ¢)
Compiling tnfo (59 4¢)
TYPL Documentation ( 634)
of
GOAL
HANAGE LAS !
EFFIZIENT POSITIVE F ACTORS ":3:'7:[ ('_‘f; ?;'s
£ FECTIVE Negotiation ( 33 4) b
DESIGN Interviewng ( 54 %) instructon (- 61 ¢)
Routne nifo exg (- 7104 8)
NEGATIVE FACTOR Nonr outne nfo exc (- 64 ¢)
Anaksis (- 56 %) Combinng wfo (- 65%)
Compilng nfo (- B14¢9)
Sp=03, **p= (01, *24p52 003 N=23

efficient designs cannot and should rot be self-contained activities.

1f 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
devz=lop many different sets of skills and operating styles as well as

che ability to choose an approach to fit a given situation.

A second issue also emerged. Researchers and practitioners ap-
rear te know much more about how to structure and manage circumstances
«“hich 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 importent issue to be resolved, therefore, is whether
pertormance under highly uncertain and unfamiliar circumstances is almost
exclusively a result of individual talents and capabilities 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 resources 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 showcnse productivity program for NASA and TRW. Among the mul-
tiple disciplines of a large-scale program, there is opportunity and
need for 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 erd.

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

Top management of TRW, NASA/Headquarters and GSFC are totally
committed and firmly endorse productivity for the GRO 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 (FSM) 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 design in terms of its svitability
for perferming boti: planned and contingency extravehicular activity
(EVA) operations in the deployment, repair/refueling, and retrieval
missions of the GRO. Typically, spacecraft development programs have
not performed this type of EVA design evaluation tests at such an
early stage of program development. Normally the EVA evaluation ex-
ercises are performed as part of the astronaut crew training opera-
tions 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 wminimal cost and no schedule impact.
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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.

" EaRer

BATSE (8)
sS€ ACS MODULE
(NOT VISIBLE)
CENTRAL
EQUIPMENT
MODULE
X
MAGNETIC
TORQUERS

- HIGH GAIN ANTENNA

4

Figure 1. Gamma Ray Observatory

The GRO will be 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.
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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 manager must wade through
a large computer printout which is not only time consuming but often
does not get done properly due to the magnitude of the task. A simpli-
fied automated method was vrequired to ensure quick and accurate assess-
ment of the pregram 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
taken immediately. Displays are availabie 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 favor of Gantt charts which could be easily drawn and even
automated. PRut 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 milestore in the PMS. It is to be updated monthly.
It features critical path networks, logical related bar charts, sub-
nets with multiple work calendars, interactive graphics and has a
"what if" analysis capabili:y.
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Improved Communications

TRW must intertace with GSFC, NASA Headquarters, four major in-
strument teams, McDonnell Douglas (MI'5}, Fairchild (CADH) and four major
subcontractors all of which are located away from TRW. TRW and GSFC are
located 2500 miles from each other. An improved method of communication
was required to irncrease efficiency, effectiveness and motivation while-
decreasing the cost of doing business.

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

Computerized Network System

TRW and GSFC jointly analyzed and selected the most cos eff~c-
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 packages procured were word processing
(Wordstar), electronic spread sheets (Multiplan and Lotus 1-2-3), data
base management (Dbase II) 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 involving 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 bean conducted using rented facili-
ties in Los Angeles and Washington D.C. The success of these meetings
convinced both TRW and NASA to install video teleconfererncing facili-
ties at both locationms.

Maximize Technology Transfer and Lessons Learned

GRO is maximizing the technology transfer and 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 functional 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.
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The NASA personnel will supply technical guidance learned from
other programs as well as supplying safety, rcliability 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 was 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 communicatious
plan which flows down the program requirements, including lessons
learned, and utilizes TRW's computerized network. Each subcontract
contains the product assurance requirements which in:lude 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 productivity improvements will
reduce the time and cost of manually prepared cost and schedule reports,
personnel travel expense, and cost of message transmission.

TRW did i.0ld a subcontractor productivity seminar on 12 and 13
January 1984, 13 potential subcontractors were invited and 10 accepted
and participated in the meeting. 43 productivity id-as were generated
and are being evaluated for implementation.

Individual Award System

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

Individual rewards are achieved through three ways. The first
is that any individuals contzibuting to a program cost savings of more
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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 Program/GSFC feel contributed the most to the program
will receive a GRO model at an all-hands meeting. The third is dur-
ing the year, 'RW will continue its policy of rewarding a monitary
bonus to individuals whose accomplishments warrent speclial 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 NASA/JSC Weightless Environment Training

Facility (WETF) using the GRO FSM during the period from 13 February
to 5 April 1985. Secondary otjsctives of these GRO FSM WETIF test
operations were to:

o Identify the need, if any, for special hardware
bumper/shock protection on critical GRO 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-
istinz 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 crewv training operations scheduled in
1987, approximately 7 months before launch.

- FSM Design and Fabrication

3 The GRQO FSM was designed to be compatihle with the water immer-
. sion environment of the JSC WETF., All materials and coatings used have
,e proven tolerance to prolonged exposure to the chemically treated water

. ;-’Z‘v’,‘ N

i

137

)

(®)



-

)

N -
N N -y
i JEEINPS S R, ah o s v . .

in the WETF. No wood or wood products vere used in the FSM. Primary
structural el:ments were made of aluminum; with the secondary struc-
tures, experiments, and components made of Lexan. The FSM was fabri-~

cated by 2 vendor outside TRW from engineering drawings and pre-release

flight dvawings availabie at the time of PDR. The FSM was returned tc
the verdor for upgrade to the CDR configuration prior to the JSC WETF
tests. The FSM was shipped partially disassembled from TRW in Los
Apjeies to the JSC WETF by commercial air-ride double-drop trailer op-
erating with a wide 1oad permit.

Crew-Supported Testing

The GRO 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-l. 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 for the deployment/retrieval and the
repair/refueling missions. Because of the large size of the GRO and
the relatively shallow 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.

Deployment /Retrieval Mission EVA Simulation

The solar array and high-gain antenna appendage deployment
mechanisms (Figure 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 bay 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 capability that allows the suited
astronaut in EVA to deploy the appendate using the standard EVA rat-
chet wrench in the orbiter tool inventory. 1In the unlikely event
that the astronaut is unable to complete the EVA 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 cendition 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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recommendations were incorporated into the GRO FSM and were evaluated as
par~ of the subsequent tests on March 18 an¢ 19, 1985. The additions
and modifications were approved by the test crew personnel. These mod-
ifications have been incorporated into the flight design.

Repair/Refueling Mission EVA Simulations

The GRO design incorporates three electronic subsystem modules
that are capable of being removed and replaced on orbit by EVA. These
Multi-mission Spacecraft (MMS) standard modules developed by NASA/GSFC
are flight qualified and currently in use on the Solar Max and Landsat
missions. The two GRO MMS power modules and the MMS communication and
data handling module is identical in physical form and fit 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 recommendations
on handle placement and the ramping of the latch mecharism were made
during the EVA simulation tests.

SUMMARY

The EVA design evaluation tests performed by the GRO project
using the FSM significantly reduced the possibility for costly, time-
consuming modifications that otherwise might not have been identified
unitl the astronaut EVA crew training operation at 3 to 9 months before
launch. Required decign modifications observed during these GRO FSM
WETF activities have been incorporated into the flight design with ami-
nimal cost impact and no schedule impact. The JSC astronaut crew per-
sounel and their support planning organizations have become familiar
with GRO at least 2 years before the final E'A astronaut training op-
erations are scheduled. With the knowledge and hands-on experience
gained by all participsants id this initial operation, the final EVA
training operations should be much easier and minimize significantly
the possibility of costly real~time rework and retest.
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A CASFE STUDY IN R&D PRODUCTIVITY:
HELPING THE PROGRAM MANAGER COPE WITH JOB STRESS
AND IMPROVE COMMUNICATION EFFECTIVEMESS ,

Wayne D. Bodensteiner
Assistant Professor
University of Texas at Arlington
Former Deputy Chief Naval Material for Acquisition

Edwin A. Gerloff

Associate Professor
University of Texas at Arlington

ABSTRACT

This paper describes certain structural changes in the N- -al
Material Command wvhich resulted from a comparison of its operations

to those of svlectec large-scale private sector companies. Central

to the change was a veduction in thz number of formal reports from

systems commands to h:radquartersg., and the provision of Program Manage-
B ment Assistance Teams (at the request of the prigram manager) to help
‘ resolve prolect problemz. It is believed that these changes improved

communication and irforsstion~-processing, reduced program manager

stress, and resulted in 'mproved productivity.
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BACKGROUND AND PROBLEM STATEMENT

The Naval Material Establishment is responsible for the develop-
ment, acquisition, and support of all the complex weapons systems needed
by the Nsvy to meet its world-wide commitments. The procurement of
Naval weapons systems often involves substantial advances in technology
because the equipment 18 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 a technically
sound weapon, delivered on time, and within budget. Practically speak-
ing, however, the PM finds these objectives to be somewhat in cenflict
with one another. When coupled with the inherent uncer*-inty of R&D,
the simuitaneous accomplishment of technical performan: , schedule, and
cost ohjectives are powerful sources of stress for the Ph. Further,
the substantial uncertainties of R&D create an extraordinary demand for
intra- and inter-organizational communication if the prcject s to bhe
effective,

Critical f{ssues for the Naval Material Comrand (NMC) and the PM
in managing such high technology are conccrned with how effectively their
organizations are uble to communicate the informatimn needed to deal with
uncertainty, and also how well individual PM's are cble %o cope with the
stresses of their jobs. This paper reports the resulis of a case study at
NMC. Specific attention is given to certain organizational changes made
by executives at NMC tc help PM's improve communication and cope with the
stress of their projects. It is believed that these changes improved
overall program productivity. The case presented here was part of a
brcader investigation which involved a comparative analysis between WMC '
and selected major private sector corporations. The specific purpose of
the investigation was tc improve the efficlency of NMC and its headquarters
staff (Gerloff, 1985).

COMPARATIVE ANALYSIS

Tne NMC was originally organized in 1966 to centralize Naval
procurement and R&D. 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 comparable 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 lcnger quite as efficient as it
had been initially.
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The headquarters staff was now very large (in excess of 1000
pecple). Executives believed NMC was becuming too centralized, too
concerned with its own issues, and too slow to respond. To some extent,
top management was fir?ing itself brgged down in problems that could
better be handled at the system command level. Further, there were some
indicatiors that this was interfering with the efficliency of the systems
commands. System command personnel were unable to give their full
attention 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
wanted to tighten their system and head off any problems that might be
developing. To accomplish this purpose, a comparative analysis was
undertaken to see how the NMC 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, exacutives 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
saveral private sector companies 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 attentlon to the management of their
technology base, in particular, the early development stages
of new products.

4. All managed thelr operating divisions via the careful alloca-~
tion of resources and maintained oversight and contrcl with
a minimum of upward 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 rperations (Gerloff, 1985, p. 274).
The size of the headquarters staif was reduced (from over 1000 to about
500 people) and the role and scope oi its operatfons 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 corpgorate plan was developed to guide operations
over the long term.
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PROGRAM MANAGEMEXNT ASSISTANCE TEAMS (PMAT)

Against chis background of general change in the structure and
operations of NMC headquarters, certain additional changes were intro-
duced 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 R&D and the consequent need for
problem-solving information and communfcation. Simultaneous pressures
to meet changing operational requirements, project schedule dealines, and
cost limits while solving complex technical problems often mean che PM
must also endure severe levels of stress.

Special Program Management Assistance Teams (PMATs) were estab-
lished at NMC which were instrumental in helping the PM access needed
problem-relevant information while also coping with the inherent stresses
of program management. Each PMAT consists of a group of experienced,
former program managers who are available at the request of a given PM.
The PMAT can provide consultation, added expertise, assistance with
special problems, or program assessment depcnding on the desires of the
individual PM, The PMAT reports only to the individual PM, and no
written reports are used unless requested by the PM.

Benefit to the Program Manager

Executives at NMC believe the PMATs have been 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 communication and behavioral
science research. For example, the communication literature has long
argued the benefits of using the richer face-to-face communication
channels when dealing with complex problems (Bodensteiner, 1977.; Woffsrd,
Gerloff, Cummins, 1977; Gerloff, 1985). Further, the behavioral science
literature suggests that an affiliation with others can help indivi-~
duals to cope with high anxiety or stressful situationg (Schacter, 1959).
Thus, the PMAT presented a2 troubled PM an opportunity to discuss problems
with people who (1) understood becaugse they have experienced similar
problems before, and (2) are technically knowledgeable and able to
introduce additional problem relevant information. It should be emphasized
that such face-to-face Aiscussions are cuperior to more formal and less
rich communication channels, especialiv where complex problems are
involved (Bodensteiner, 1970: Dait aud Wigenton, 1979; Wofford, et al,
1977). A side benefit 15 that the technical experts, who had over the
years moved from the systems commands to the headquarters staff, gained a
new gsense 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,

oenefit to Top Management

Beyond such valuable assigtance 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 indicates
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that an important part of managing high technology involves the need
for top managers to be active in the early phases of a project (concept
forrulation, design, and development). Decisions made in the early
phases will have long term and high dollar impacts (Gluck and Foster,
1975).

Executives at NMC found that they could use the expertise of
PMATs in the ezrly assessment of a new program, about 6 months after
stait-up. This would be before any requestrs for assistance by a PM,
and was not associated in any fashion with the primary function of the
PMAT as described previously. At this early juncture in a program, it
is critical for higher management to assess whether adequate dollars,
persornnel, 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-
clently use the resources allocated by higher management. The point of
the assessment being to deterwine 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 PMAT 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 given program enhances the likelihood that a
poorly conceived program can be scrubbed where circumstances warrant.
Such a use of the PMAT 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) are tso high.
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TECHN1CAL AND MANAGEMENT INFORMATION SYSTEM
THE TOOL FOR PROFESSIONAL PRODUCTIVITY
ON THE SPACE STATION PROGRAM

G. Montoya
P. Boldon

McDonnell Douglas Techrical Services Company
ABSTRACT

The Space Station Program is highly complex not only in its tech-
nological goals and requirements but also in its organizational
structure, Eight Contractor teams supporting four NASA centers plus
Headquarters must depend on effective exchange of information-- the
lifeblood of the program. The Technical and Management Information
System (IMIS) is the means by which this exchange can take place. Value
of the TMIS in increasing productivity comes primarily from its ability
to make the right information available to whomever needs it when it is
needed. This paper addresses productivity of the Aerospace professional
and how it can be enhanced by the use of specifically recommended tech-
niques and procedures for information management using the TMIS,

1. INTRODUCTION

Mercury, Gemini, Apollo, Skylab...The Spuce Shuttle. Next in that
series of technology expanding endeavors is the Space Station. Where
previous spacecraft were intended for relatively short visits to space,
-the Space Station is intended to provide the base for a permanent
presence of humans in space. The key characteristic that makes the
Station different from previous spacecraft is that, rather than a means
for transportation, it 1is a laboratory and a factory in the sky not
intended for a single, short duration mission but expected to remain in

service for an indefinite length of time that spans well “nto the next
century,

The Station includes a variety of systems and depends on know-
ledge from a multiplicity of disciplines. It is composed of a structure
that supports experiments and space production equipment, pressurized
habitation and laboratory facilities, utility equipment such as power
generatiun and communications equipment, and Station operations support
facilities such as satellite servicing provisions and remote manipulator

arms, Figure 1 shows one of the conceptual configuration now being
studied,
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The Space Station Program

The Space Station Program (SSP) is currently in the early stages
of Phase B, Definition and Preliminary Design. The overall program
schedule leads to an initial operational capability (IOC) in 1992. The
program management Structure is shown on Figure 2. The program is-
divided into 4 work packages, each covering a set of end items and func-
tional responsibilities under the management of a separate Center. Each
center has under contract 2 separate contractors (or contractor teams)
perfcrming paraliel Phase B studies.

The technical responsibility and geographical distribution of
prime contractors (and their subcontractcrs), the Level C NASA centers,
the Level B program management, and the Level A Agency Office create a
complex network of information users and generators. This network feeds
and thrives on the data that flows through it and the information dis-
tilled from this data. It is the proper acquisition, distribution, and
processing of irnformation that lead to the analysis, design, implementa-
tion, and successful operation of the Space Station.

The Problem: Making Information Readily Available

A key programmatic goal is the use of innovative concepts to in-
crease productivity in the design, implementation, and operation of the
Station. The complexity of the Station system requires large amounts of
data to be processed and information to be analyzed. The diversity and
geographic distribution of program participants demand that this
information be made available in many places, at all times, and in
several formats at various levels of detail. Streamlining of information
exchange in this complex environment can significantly contribute to
achieve the desired goal of high productivity in the Space Station
Program.

The Solution: The Technical and Management Information System

NASA recognized the need for expedient distribution of and access
to accurate, current information and specified in tlie Phase B Statement
of Work that all contractors should use the Technical and Management
Information System (TMIS). A1l NASA centers, contractors, and major
subcontractors are required to exchange certain types of information and
documents by electronic means viz the TMIS, always striving to do
business in a reduced-paper manner.

The TMIS 1is a distributed network of data processing nodes
located througout all the facilities, government and private, of the
organizations involved in the Space Station Program. The system includes
the communications equipment and all the support software. NASA is in
the process of developing the core and backbone of TMIS while each
contractor is expected to develop its own segment of the overall net-
work. Figure 3 shows a conceptual diagram of TMIS,
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2. INFORMATION EXCHANGE AND R&D PRODUCTIVITY

There has been a significant increase in awareness of the need
for productivity improvements in all aspects of American industry during
the last decade or so. This may be a response to what some ecoromic and
social commentators have referred to as the "Japanese Challenge". This
awareness has led to several studies on productivity in different work
environments. Manufacturing productivity has been of major concern to
industries such as automotive and electronic production. The following
studies deal with white collar or office productivity and they are
reported here because of their relevance to  Aercspace  worker
productivity, specially in 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 to 1977, Findings of the en-
tire five year stndy effort were documented in a reporc entitled R&D
Productivity [Reference 1]. The study concentrated on identifying fac-
tors most likely to impact productivity in an R&D environment and then
determine what techniques help to counteract the effect of each factor.
Table 1 lists the ¢5 most significant factors from this study.

These factors were then analyzed through =surveys, interviews,
study groups, and expert consultations to determine how each factor de-
tracts from productivity. Results of this analysis were used to formu-
late a series of techniques, procedures, and organizational characteris-
tics that can bring about significant increases in productivity when
incorporated in the work environment. For 19 of the 25 counterproductiv-
ity factors, effectiveness of the techniques applied depend piimarily on
improving information dissemination and facilitating information ex-
change. This should not be surprising when considering that the produc-
tivity of an serospace professional depends on that individual's ability
to obtain, assimi-ate, and issue information. Figure 4 illustrates the
pivotal role of che scientist, engineer, or manager in the flow of
information. The obvious ceonclusion is that the single most effective
element in 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 Study

A more recent study on the effect of information flow on produc-
tivity of th- aerospace professional was conducted at th. Johnson Space
Center Mission Operations Directorate. The purpose of this study was to
determine the need and formulate requirements for an information network
to be used by the Directorate as it moved from the R&D phase to the high
flight race, operational period of the Space Shuttle program. T re-
sulting system was the now operational Management Information Database
Automation System (MiDAS).

The study, conducted in 1982 by McDonnell Douglas under “he engi-
neering and operatinons support contract for NASA, was based on the
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Table 1
25 Factors Most Likely To Cause Serious
Counterproductivity Within R&D Organizations

Ineffective planning, direction, and control

Overinflated organiztion structures

Overstaffing

Insufficient managernent attention to productivity, and to
tha identification and eliminatior of counterproductive
factors within the organization

Poor internal communication

Inadequate technology

insufficient or ineffective investment in independent
research and develoomant (IR&D) ufforts

Poor psychological work environment

Lack of people—orient-tions in manage r unt - insufficient
attention to emplovee motivation

Misemployment

ineffective structuring o assignments

Lack of effective performance appraisal and feedback
Insufficient attention to low producers

Technological obsolescen:s

Ineffective reward systems which inadequately correlate
individual productivity and compensation

Lack of equitable paralldl managerial and technical
promotion ladders

Lack of equity in operations

ineffectiva customer interface

Ineffective engineeringf/production interface

inafiective subcontractor/supplier interface and contiol
Operational ovarcompiexity - constrictive procedures and
red tape

Excessive organizational politics and gamesmanship
Excessive provincialism

ineffactive management development

Inadequate irvastment in, and lack of proper maintenance
of, capital facilities

Indicates where improving information exchange will aleviate

the impact of these factors
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techniques of the IBM Business System Planning approach. This approach
emphasizes twn key factcrs in the successful development of an informa-
tion sytem: 1) Commitment and support by top management, and 2) User
orientation and involvemea! in the definition of system requirements and
architecture. To satisfy the second factor, individual interviews were
held witk 35 managers and individuals whose job was data intensive, that
is, people who spend the major part of their work day dealing with facts
and figures, often stored in computers or stacks of record keeping
books, such as personnel staff and training activity schedulers. Table 2
lists the questions that were asked of each individual interviewed.

Table 2
Survey Questions For MIDAS Study

1. What is your area of responsibility?

2. What are the main objectives of your job?

3. What are the three greatest problems you have met in achieving these
objectives within the last year?

4. What has prevented your solving them?

5. What is needed to solve them?

6. What value (in man-hours saved, dollars saved, or programs enhanzed)
would better information have in, these areas?

7. In what other areas of your responsibility could greatest
improvcments be realized, given the needed information support?

8. What would be the value of these improvements in man-hours saved,
dollars saved, or programs enhanced?

9. How would you rate your information support with respect to
adequacy, validity, timeliness, consistency, cost, and volume?

10. What is the most useful information you receive?

11. How are you measured?

12. How do you measure your suhordinates?

"3. What other kinds of measurement are you expectad to make?

14, What kind of decisions are you expected to make?

15. What major changes are anticipated in your area in the next year?
Three years?

16. What do you expect (o result from this study?

17. Do you have any additional thoughts or comments?

The most sigaificant finding relating to productivity and informa-

tion flow from this study was that aerospace professionals spend from 50
t« 90 percent of their w..k day searching for information. This condi~
tivn leaves less than half dnd in some cases as little as one tenth of
available time to operate on that information and be "productive".

Summary Finding

In attacking a management problem, it is important to identify
the vital few factors that cause the greatest effect on the problem and

then focus on those in reaching a solution. When the problem is the need
to improve productivity, the above studies point to a single factor
whicn can produce the greatest success: facilitating information flow
vhrougheout the organization. Therefore, any system which can make infor-
mation available to whomever needs it, when needed, and in the form
needed will have a sicaificant effect in increasing productivity. The
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Space Station Program took a significant step toward: meeting its
productivity goals when it committed to the development of the TMIS.

3. THE TMIS ROLE IN SPACE STATION PRODUCTIVITY

NASA Direction on Use of TMIS

NASA has made an agency-wide commitment to use TMIS on all possi-
ble aspects of Space Station design and program management and, in fact,
has gone as far as placing a contractual requirement on all contracccrs
to use the -.stem in specific applications. General applications
specified inciude: electronic mail, transmittal of engineering drawings,
and transfer ¢ all contractually deliverable data requirement 1list
items, such as: monthly progress reports, design and trade study
results, data packages, and cost and performance data. Specific applica-
tions will be developed by individual organizations, and as their utili-
ty become apparent, will be made available to all others. Under NASA
direction, some applications will be mandatory for specific functions in
support of the program. For example, NALA may dictate that all Review
Item Dispositions (RIDs) be processed through a specific RID Tracking
Application activated to support a specific programm design review.

Generic Applications Potential for TMIS

Generally, any need for information exchange across organiza-
tional lines can benefii from the facilities of the TMIC network. During
the Definition and Preliminary Design activities, there is a continuving
need for disseminatior and access to information from ongoing trade
studies that affect more than one function or erd item. The TMIS can
fulfill this nreed by serving as the storage for evolving requirements
and interim analysis results. In addition to providing the data and
storing results, the TMIS also provides the analytical tools to process
that data und generate information. Technical data may be in the form of
text, giaphics, or tables.

Management functions supported by TMIS include the already men-
tioned contractual reporting; task planning. scheduling and status
tracking; cost and schedule performance monitoring; and di:semination of
personnel locator and assignment information.

Specific Applications Now On Line

At this time, NASA is using the Telemail system for electrenic
mail among centers and contractors. Level B program management is using
a Cyber 830 computer for budget planning and tracking functiors. Con-
tractors, on the other hand, are implementing their own network for
information exchange with all members of their respective teams., Table 3
is a partial list of the applications in use by the McDonnell Douglas
Team. A large majerity of these applications are built using the facili-
ties of a reiuslional database management system (RDBMS),

In determining which applications to implement, emphasis has been
placed on the potential productivity gains achievable by the use of each
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application. Concern for productivity is carried through in the actual

development of the applications and it is this concern that led to the

selection of an RDBMS for that purpose. Significant productivity gains
can be achieved by using an RDBMS for developing applications when
compared to using a language such as PASCAL or COBOL. Gains of five to
tenfold have been reported in programming nroductivity along with claims
that certain applications would just never have been developed at all
without availability of the RDBMS [Reference 2].

Other Potential Specific Applications

As with any other powerful tool, the value of TMIS to the program
will grow with the number of applications the system supports. The crea-
tivity of users and system developers will determine how many appli-
cations and to what extent TMIS will support them, For example, Engi-
neering and scientific reference data can be made available or the
system to ensure consistency and accuracy of the data vsed by all play-
ers in the d=sign eftort. Using TMIS for storage of this type of refer-
ence data requires large storage capability and fast searching software
tools. Technology is evolving to the point that today we have special
purpose database processors, like the Briton-Lee Tntciligent Database
Machine (IDM), and very powerful database ma~.gement software that bring
the desired capability within reach.

One of the potentially mest useful applications that TMIS may
support in the future is document management. This application would
support preparation, review, approval, maintenance, and configuration
control of multi-disciplinary documents such as interface control docu-
ments (ICDs) and end item specifications, These documents require active
involvement by many organizations, responsible for the contents of
different sections or types of information. It is possible for all the
cognizant organizations to maintain control of their specific areas
through proper allocation of security authorities dealing with changes
and approval for changes. Changes can be coorainated using Change Re-
quest files that can be electronically mailed to those pctentially
affected by the change. Re. iews and coordination of changes caa1 be
conducced using scratch files end electronic mail. Approval of changes
can be executed by configuration control managers by the use or special-
ly assigned "signature" passwords. The key advantages of such a process
is that all reviewers are assured of working on the same generation of
the subject document and their comments are available for general review
by the electronically redlined version of the document.

TMIS allows the aerospace professional to use computers and
information networks in a manner not unlike science fiction works like
"Star Trek" and "200i: A Space Odyssey" indicate. The technology
available to the Space Station Program will provide the nardware and
software needea to derive great productivity gains from TMIS. Only
imagination and the willingness to store and format information will
Jimit the extent and the ways in which the system can benefit the
Program,
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Characteristics Of TMIS That Enhance Productivity

No tool can increase productivity by itself. Results come only
from the use of the tool. Information industry literature and experience
in implementing information management systems indicate that the three
key factors that stimulate the use of a tool such as TMIS are, in order
of imporcance:

1) Commitment and support from top management,
2) Ease of use and availability of training, and
3) Benefit to the user,

The Space Station Program has done a commendable job of taking care of
the most important factor by making a clear commitment to TMIS early in
the program. It will be up to those implementing the system to make sure
that factors 2 and 3 above are of paramount importance in defining
syster components and applications to be developed.

Item 2 is a measure of what has become known as "user friendli-
ness". A dilemma arises here in deciding whether to give the user many
powerful tools such as application generation languages, or to provide
menu-driven, preprogrammed applicatipns. The first approach requires a
significant "capital” investment in developing the skills of many users
who then can derive great benefits from the system. The latter approach
reaches more uscvs, thereby making the system unquestionably more user
friendly, but at the cost of a more visible "capital" investment in a
cadre of application developers. These develcpers, however, become quite
adept at taking advantage of the suble capabilities of the system and
are 1invariably more efficient in the development and maintenace of
applications than the user who only programs as a sideline to his or her
job responsibilities.

The degree to which TMIS is used will depend ultimately on the
degree to which people accept the work stations and the rcle that elec-
tronic information exchange can play in their day to day work. This
acceptance is growing and can already be measured by indicators such as:
use of word processing equipment; presence of terminals and personal
computers, not only in specially designated terminal rooms but on the
work desk of the engineer, scientist, or manager; use of database man-
agement systems for data entry, query, and report generation; prolifera-
tion of data communication facilities; and the installation of 1local
area networks to support individual facilities or agencies.

Electronic information exchange should not be the means to do the
same work with less people. It should be a tool to help utilize the
cognitive capabilities of humans to a greater extent so that we can do
more work, and work of greater value, with the same number of people.
Greater productivity can be achieved in quality as well as in quantity
by working smarter rather than by simply doing mcre work.
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4. CONCLUSIONS

As technology evolves and the size and complexity of systems grow
in the aerospace industry, the need for accurate, timely dissemination
of voluminous amounts of data has expanded to an almost ummanageable
magnitude. The Space Station Program, commited to the use of innovative’
concepts for the attainment of high productivity, has recognized the
importance of information availability in improving productivity by
specifying the role of TMIS in the Program. TMIS, however, is a tool
that must be used if it is to help bring about the desired productivity
benefits and, to quote one of the managers interviewed during the MIDAS
study, "it should be used to do better work, not to come up with better
excuses as to why the work cannot be done".
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NEW TECHNOLOGY IMPLEMENTATION:
TECHNICAL, ECONOMIC, AND POLITICAL FACTORS

James W. Dean, Jr., Gerald I. Susman, and Pamela S. Porter

Center for the Management of Technological and Organizational Change
College of Business Administration
The Pennsylvania State University

ABSTRACT

This paper presents an analysis of the process of implementing
advanced manufacturing technology, based on study in numerous organiza-
tions. This process is seen as consisting of a series of decisions with
technicai, economic, and political -objectives. Frequent decisions
involve specifications, equipment, resources/organization, and location.
Problems in implementation are viewed as resulting from tradeoffs among
the objectives, the tendency of decision makers to emphasize some objec-
tives at the expense of others, and the propensity of problems to spread
from one area to another. Three sets of recommendations, based on this
analysis, are presented.

INTRODUCT ION

In the past few years, a variety of new technologies have become
avaiiable for use by manufacturing firms. These technologies include
CADCAM, robotics, MRP, CNC, aznd CIM. Responding tc the potential gains
in productivity, quality, and flaxibility offered by these technologies,
many firms have included them in their plans for modernizing and auto-
mating their facilities.

While some of the gains promised by advances manufacturing tech-
nology (AMT) have indeed been realized, firms have often experienced
substantia) problems in their impiementation attempts. These problems
are often nc  technical per se, but stem from difficulties in managing
the relationsnip between the technic2i aspects of automation and other
organizational considerations. The objective of this paper is to ana-
iyze the problems that firms typicaliy encounter in implementing AMT,
and offer sume suggestions for resolving them, in hopes of increasing
the success rate of such attenmpts.

165

¢

vimamr

o o~ e



‘we

.

The paper is divided into three sections:

1. What does the process of technology implementation
consist of?

2. What kinds of problems do companies encounter in
attempting to implement AMT?

3. How can these problems be avoided or overcome?

THE PROCESS OF TECHNOLOGY IMPLEMENTATION

The process of implementing new technology fundamentally con-
sists of a series of decisions, which take place over a pe.iod of months
or years. These decisions typically include the selection of t%e tech-
nology to be used, the identification of the vendor, the product or pro-
cess where the new technology will be pilcted, how quickly che
technology wiil be spread to other units, and so on. Each decision is
constrained to some extent by the decisions that precede it, and
constrains in turn the decisions that come after it. In this way, the
universe of technological possibilities is gradually narrowed to one
system, with a specific set of capapilities, and a particular implemen-
tation apprcach. Thus, the resulting technology is the expression and
sum total of all of the choices made along the way.

In order to be successful, decision-makers need to simulta-
neously consider three objectives: technical, economic, and political.
The technical objective consists of developing a system that will per-
form the required task according to specifications. The technology must
move material, cut metal, or process information, in an effective
manner. Much of the effort is devoted to design and implementation
demonsti ating that the new technology can indeed perform as advertised.

Tech:.ical success is, however, not the sole criterion of effec-
tiveness for new technology implementation. Since terhniral sysiems are

imbedded in business organizations, the new technols» '~ ! 3is0o achieve
economic objectives. This involves demonstratinc . . :he new tech-
nology puts the organizat’ion in a better financ, -« = itio~ than it
before. Depending on thr organi-ze*icr, this may b. . ..ress .. 'n terms
of payback period, or internal ruce of return. Whiie 0 ° -3s that
are pushing automation have related the economic c:'i - .hey are

almost always present to some extent.

The third objective to be mzt in implementing new techrology is
political. This consists of generating support from all the people in
the organization, often spread over several departments, whose commit-
ment 1is necessary tc make the new technology work. The political
problem exists because the technology is being inserted into an ongoing
social system, and it will have an impact on that system. Few tech-
nologies will function effectively whan people are indifferent or
hostile. Thus, in crder for implemecntation to be a success, the rele-
vant individuais need to be committed, "o. board,” and excited.

It appears that part of the difficuity in technology implemen-
tation stems from the fact that there are almost always tradeoffs
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invoived among these three ohjectives. For example, m2king a decision
so as to maximize economic return may incur technical costs, and
choosing so as to increase the political acceptability of the technology
may limit its technical success. T' . presence of these tradeoffs alone,
however, should not cause major problems for implementation. Making
tradeoffs such as these are the stock in trade of managers. However,
the technologies currently being implemented are very new, and most
managers do not yet have a base of experience on whicn to rely. Thus,
it often appears that, in making implementation decisions, there is an
imbalance in the attention devoted to the three cbjectives identified
above. Many decisions suffer from overattention to one or two of these
criteria in decision making, and insufficient attention to the other(s).

By basir™ _he decisions on only one or two of the criteria,
managers often create p. “lems on the one(s) ignored. Because of the
connections amona the technical, economic, and social systems, problems
in cne area often create problems in the others. In this way, the
objective that was emphasized in making the decision may not even be
achieved. A familiar example of this process would be if a maiager were
to attend sole.y to techni. al and economic concerns in making a deci-
sion. By ignoring the po.it.cal objectives, the manager might create
problems of u.er acceplance. Eventually, the problems could become so
severe that the users would not want to make the technclogy wurk, and it
would fail. Technical success would thus not be achieved, even though
it was emphasized in the decision.

Research that has been conducted in a number of firms leads to
the conclusion that this is a cummon scenario in the implementation of
AMT, There are recurrent patterns involvirng systematic over- and
unde attention to specific criteria in specific types of decisions.
Thus, attempts to implement AMT often run into trouble. The problems
are not techrical per se, but stem from the interdependence among tect -
nical, economic, and political factors. In the next section, we will
describe how these dynamics have led to problems in the firms studied.

WHAT PROBLEMS DO FIRMS ENCOUNTER IN IMPLEMENTATION?

There are at least four uifferent ypes of decisions common to
new technology implementation: 5pecificacions, Equipment, Resources/
Organization, and Location. Our research has identified some patterns
in how these decisions are made that create problems for the imple-
merting firms. Each of these decision types will now be examined, along
with examples from research of how excessive or insufficient attentirr
to the three criteria has created problems in the firms studied,

Specification Decisions

The first tyne »f decision commoniy mace in new technology
implementation involves specificatiors. Simply put, these decisions
determine what the new system will do, and what it will not do. 1In this
way, what wusually begins as a vag. idea in someone's head is

167



e VAR

N

A
e A

V.
PR S

1L N

cry-tallized, put down on paper, and becomes the initial vehicle for
generating support and commitment frr the project. The prototypical
situation for specification decisions is when political crite:-a are
underemphasized, and constituencies that shou'd be consulted are
neglected. Failure to consider the political ramifications of specifi-
cation decisions often leads %o disillusionment among users and support
perscinel, and ultimately limits e technical effectiveness of tne
system,

Regretting this sort of decision process, one automatio: project
manajer mused, "I'd like to tell you that we didn't just design it and
throw it at them, but there was some of that." The case in point was ar
information system, designed for use by manufacturing managers. Vthile
expressions of outright resentment of the system by this group were
constrained by its support in upper management, there was quite a bit
less than total <. .ausiasm, especially among first-line supervisors.
In addition, a major component of the information provided by the system
was considere~ innecessary by the intended users.

Ironically, soretimes problems in sgecification decisicns stem
from overattent on to the political dimension. It has nften been noted
that the initial list of system functions grows thrcughout the project,
sometimes to the point where the original gcal is but one of many. This
is usually a result of new peonle hecrming imvolved in a roject, and
saying, “"Couldn't we also make it do...?". While agreeing to these
requests is often an investment in the support of the individuals
invoived, it may lead to an overwheliming list of system functions, none
of which are accomplished effectively. Th!s is a result of political
objectives heing uveremphasized, to the detriment of technical objec-
tives. To - lete the cycle, the lack of technical success in the nro-
ject often u..enchants the user community, so the politicz] advantages
of agreeing to the numerous requests are not realized.

Equipment Decisions

The second type of technology implementation decisions concerns
equipnent. One decision concerns whether technology will be purchased
or developed in-house. If it is to be purchased, there is the question
of which vendor or vendors to select. Often connected with these dec -
sions is the ei..ict type of technology to be used. Equipment dec’sious
can usually be broken down into hardware- and software- -elated. A
repeated finding is that some firms automate using the absolute lowest-
cost cquipment they can obtain. Often, this equipment does not perform
as expected, and iads up costing mo-e in the long run. For e:ample, a
building supply company decided tc put their shop floor coitrol system
on a minicomputer, so as to avonid the high costs of using the corporatc
mainframe. Unfortunately, the minicomputer coul¢ only handle half of
the company's product lines, and it would have cost a fortune to rew: ite
the software for the mainframe. To date the company nas only half of
their business on the system.

At first blush, this sounds as if it represents an overemphasis

on eccnom'c criteria, and a resulting sacrifice of tecknical criteria.
But often these scenarins arise because managers are reluctant to try to
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convince tneir superiors of the real cost of what they are trying to
do. Thus, managers try to avoid a political battle by keeping expen-
ditures at a point where they do not need approval from higher levels,
or at least will not raise eyebrows at those levels. Sometimes this is
achieved by dividing a major purchase into several smaller purchases.
Given this background, which has been observed in a number of different
firms, it appears that the technological objectives of equipment deci-
sions are often undermined by a combination of economic and political
factors.

Resource/Qrganization Decisions

The third type of decisions necessary for the implementation of
new tec'mology concerns resources and organization. The issue here is
the 2. :nt of manpower to be devoted to the implementation attempt, and
how i.. individuals who join forces in this effort will be organized.
It is our observation that the level of manpower devoted to new tech-
nology implementation is often inadequate. Firms try to conserve funds
by doing a project with half of one person's time, a quarter of another
person's, and so .un. Since people generally feel more loyalty to the
tasks they have been doing and are familiar with, they often do not even
devote the amount of time allotted to the implementation project. This
problem is compounded by the fact that performance appraisal and reward
system seidom adequately recognizes work of this sort.

In one instance, an accountant was slotted to spend over 50
percent of his time on a new MRP system. Unfortunately, the company
had made no provision for the fact that the fiscal year was ending, and
no one had been assigned to cover for him. Needless to say, not much of
the accountant's time was devoted tc the MRP. [In another instance, an
electronics firm was simultaneously implementing an automated material-
handling system, a shop-floor con*‘rol system, and moving into a new fac-
tory. This was attempted with only one full-time person devoted to the
projects. Numerous technical problems were not able to be solved,
simply because no one had the time to do it. The whole situation was
demoralizing to both the implementers and the users of the new tech-
nology. As one of the foremen said, "In the long run, they'll wish
they had spent a few more salary doilars." Characteristically, the
attempt to save money by undermanning the project backfired. Because
there was no funding for technicians, highly paid systems analysis ended
up doing menial work such as running cables. Thus, the economic objec-
tives sought by underman~ing the project were not really achieved.

Related to decisions. involving the level of human resources
applied to an implementation project are decisions regarding how these
individuals wiil be organized. It has been our observation that, in
order to successfully implement AMT, individuals from several different
parts of the organization need to coordinate their efforts. Depending
on the specific technology, individuals from any of the engineering
disciplines, production, information systems, cccounting, and marketing
may be involved. When, political problems between two or more depart-
ments serve to hinder coordination, theg technical integritv of the pro-
ject may be compromised.
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One example of this is a project which was to develop an auto-
mated quality data collection system. The project was being championed
by a plant-level quality group. While it appeared that their efforts
could have been enhanced by help from the corporate quality and systems
organizations, political problems among these groups led to the original
group "going it alone." In another case, the installation of a CAD
system wac delayed for over two years by coordination difficulties bet-
ween the product design and manufacturing departments.

The irony of this situation is that often the political problems
can't be solved until the new technology exhibits some level of success.
In order to protect their careers, people in organizations try not to be
associated with anything that fails. So it often appears that potential
participants and supporters are "waiting in the wings," to see if this
uncertain technology will deliver as promised. If the technology
falters, people will lose faith in both the system and its proponents,
any initial enthusiam will be lost, and the chances of political success
with the undecided will become more remote. As those who might poten-
tially be able to help withdraw from the project, the likelihood of
technical success decreases in turn.

Decisions about organization that are technically motivated may
have outcomes that are quite unpredictable. In one firm, a woman who
wrote procedures for assembly 1line workers got involved with the
installation of a shop-floor control system. Her duties expanded to
include trouble-shooting with the bar-code scanners used to collect
data, and training for the system users. While neither her job grade
nor her pay were increased, her elevated status was resented by the
other procedure writers, many of whom had greater seniority. This pre-
sented difficulties for the project, as they would not make time to meet
With her when the system was being introduced in their areas, making it
difficult to expand the system beyond the initial test bed.

A final example of organizational decisions comes from a multi-
division firm in a metals industry that was attempting to implement CIM.
When the computer professionals within the firm first suggested that CIM
was an important strategic direction for the firm, they were virtually
sent packing, because the senior managers felt that the idea of computer
integration ran counter to the prevailing corporate spirit of decentra-
lization. The only way that CIM was eventually approved at the senior
executive level was that the CIM advocates packaged it as something that
could be under complete control of the business units. When it came
time to develop the system, however, this organizational arrangement
made it extremely difficult to dev1se a system that could be used
throughout the corporation. Satisfying political objectives thus under-
mined the technical goals of the project.

Location Decisions

The final of the four types of decisions involves location.
This includes the selection of an area (plant, product line) in which to
pilot the new technology, as well as other areas in which it will be
implementec. Pclitics often dictate which areas are selected, and which
are avoided. .n one case, the new technology was piloted on Product X.
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As we observea the implementation process, we gradually realized that
many of the start-up problems were being caused by the complexity of the
product. When we asked the project manager about this choice, it turned
out that he and others at his level would have preferred to pilot it
“anyplace other than [Product X]." This decisicn had been made at a
higher level, and was based on the politics of selling the new tech-
nology to the management of the various products. In a variatior on
this same theme, a company was selecting the product line for a robotics
application. The line which was selected was primarily for economic
reasons, because it was experiencing a large order backlog. It turned
out, however, that *he assembly process chosen was extremely compli-
cated, and led to technical problems in developing the system. In addi-
tion, the pressure to ship products in this area kept the operators from
spending time on training, which created further delays.

Our goal in describing problems that firms have in implementing
AMT is not to discourage firms from attempting it. On the contrary, we
hope that awareness of these problems helps firms to avoid them in
future attempts. In the concluding section of the paper, we offer some
suggestions for avoiding the kinds of problems that have been
discussed.

HOW CAN THESE PROBLEMS BE AVOIDED OR OVERCOME?

Our overall recommendation is clearly that, in making the deci-
sions of which technology implementation consists, one must be aware of
the impact on all three of the areas. Many problems are caused by one
area taking undue precedence over the others, or potential negative
effects of a decision being overlooked. While awareness of the impor-
tance of each factor does nothing to ameliorate the problem of trade-
cffs, it at ieast alerts managers to the potential problems caused by
cverattention to one or two of the obiectives. In order to materially
improve the implemontation process, however, managers need 1o find ways
to go beyond the tradeoffs, and attempt to jointly achieve technical,
economic, and poiiticai objectives. This is, of course, more easily
said than done. In many cases, the nrescice of tradeoffs among the
three factors is simply a dilemma which must be faced. This should give
one pause in evaluating the pciential of “easy," off-the-shelf methods
of new technology implementation. Recommendations for better practice
should be grounded in an awareness of the complexity and dilemmas
involved. .

An overview of the problems discussed above would revecl the
following process. In trying to limit expenditures on technology, mana-
gers buy or develop systems that are not as good as they need to be.
The effectiveness of the technology is further limited by organizational
considerations, such as barriers between departments. Over time, the
technical shortcomings of the system give rise to political dif-
ficulties, as users and others whose support is needed become progressi-
vely more disenchanted. This eventually becemes a “vicious circle" of
declining technical performance and political support. The ultimate
outcome of this scenario 1is economiz, as the benefits originally pro-
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mised by the new technology are not realized. Usually, however, before
the situation reaches this point, management intervenes. These inter-
ventions usually take two forms: more money and peopie are thrown at
the problems, and the project manager is impressed with the implications
for his or her career if the system is not soon cperating as advertised.
This threat then cascades down through the project organization.
Simultaneously, the project manager and others are working both up and
down the hierarchy to lower expectations for system performance.

As indicated above, there are limits to the extent to which
these problems can be avoided, given the tradeoffs among objectives, and
the fact that prohlems tena to spread from one area to another,
Discussed below, however, are three sets of recommendations for mana-
gers, which are derived from the cases studied, and the conceptual
framework absiracted from them. These recommendations emphasize the
anticipation of problems before they occur, and the breaking up of the
feedback loops, in which problems lead to more problems.

Technology and Resources

The first recommendation, and the one which will probably take
the most courage to implement, is that managers should make every effort
to convirce their superiors to spend the money necessary to purchase or
deve op an effective system. This includes both the technical system
and the personnel to properly implement it. The importance of making
this attempt s underlined by the fact that, in a great number of cases
studied, problems were initially created by managers trying to save
money aon technology, and these problems escalated into major threats to
the techno1ogy's effectiveness. It is extremely rare for managers to
feel that tihey should have spent Jless money on a system. This
suggest1on is made particularly difficult to practice by the fact that,
in many firms, the ultimate decision makers on capital investment do not
have technica] backgrounds. Thus, the temptation is to make recommen-
dations based on cost and return, with less consideration given to the
long-run technicel and political effects of this approach.

On the other hand, deciding not to even ask for what is really
needed, on the assumption that one wil! be turned down, is a self-
fulfilling prophesy. Sometimes, managers who take the time and the
risk to sell their superiors on the need to spend money on technology
are rewarded. One manager who "decided to make the guy earn his money,
and tell us why we couldn't have what we wanted," actually got what he
wanted. It is important to reemphasize that often this approach will
save money in the long run. Even if the request is not approved, there
are advantages to making the attempt. If the “"champion" has to settle
for less in terms of technology, if it doesn't work, this individual is
at least on record as saying that more was needed. Also, making these
arguments repeatedly may eventually sensitize upper management to the
general problem, and lead to a more receptive climate for future
requests.

Technical Effectiveness through Organization

' The first recomnendation reduces to achieving technical effec-
tiveness by spending money. Technical success can also, however, be
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enhanced by organizational arrangements which do not have an economic or
political cost. For example: in picking an area or product in which to
introduce advanced technology, it is important to take advantage of
existing organizational strengths, and avoid organizationally weak
areas. Implementing new techilogy will tend to amplify both strengths

and weaknesses. The ideal area for introducing new technology would

have, for example, good leadership and cohesiveness.

Since several different subunits will probably be involved, both
in the project organization and on the user side, individuals from these
groups work together well should be selected for the project team.
Recent work by the authors [1] has suggested that individuals who have
complementary reward :tructures, broad backgrounds and knowledge, and
are adept at sharing information and taking another's perspective can
have a positive impact on the success of implementation. It is also
helpful to have people involved who are willing to experiment, and who
are not overly tied to the old ways of doing things. Some flexibility
iv terms of going beyond job descriptions will probably be necessary, so
individuals who are willing to go in this direction (and those who
aren't) should be identified. If such individuals are not available,
some team-building activities may be helpful.

By carefully arranging the organization of a project, managers
can improve the technical success of the new technology without
absorbing economic or political costs. Thus, organization provides a
way to avoid the vicious circle of technical and political failure.

Tolerance for Failure

Developing tclerance for failure is another way to disconnect
technical problems from political problems. The goal of this effort is
for wusers and support personnel to redouble their efforts when
confronted with technical problems, rather than getting disgusted and
distancing themsives from the project. To achieve this goal, it is
important for firms to be somewhat conservative in their initial automa-
tion attempts. It is better to pick an application that has a high
probability of success than one that has a high expected return,
Developing momentum for automation within a firm is easier to do so with
a few small successes than with a big failure. In one firm, the failure
of an ambitious robotics project led to negative feelings about robots
thot lasted several years. It is crucial that the first attempts a firm
makes at AMT do not leave people with a bad taste in their mouths.
Otherwise, the first sign of .technical problems in subsequent efforts
will generate an instant political reaction.

The most time-honored solution to political problems is to
involve users in the decisions that create the system. User involvement
should also help to break the cycle of technical and political problems.
While most managers are probably aware of the need to do this, time
constraints and reluctance to negotiate with fattory floor personnel
over tecnnical matters keep them from actually doing it. It is impor-
tant to keep in mind that there is an inverse relationship between the
amount of time it takes to make a decision and the amount of time it
takes to implement it: the time that is not put into user involvement
on the front end will be spent on the back end.
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As the new system develops, the establishment of regular com-
munication links to keep people up to speed is essential. Early in the
project, it should be impressed on all participants that few tech-
nologies work right immediately, and that some problems should be
expected. Eventually, this may include reminding people of start-up
problems in systems that were ultimately a success. As the project
progresses, communication needs to be maintained.

While progress reports via memos are the absolute minimum,
periodic meetings among involved participants are better. Meetings have
several advantages: First, they limit the extent to which technical
difficulties become political problems, by supplanting the organiza-
tional runor mill in providing information about the technology's level
of success. The absence of hard information seems to leave the door
open for "doomstay" rumors to proliferate. Periodic meetings devoted to
sharing information should diminish the likelihood of this occurring.

Additional advantages of frequent project meetings include the
fact that they allow the "accidental" solution of numerous little
problems that arise in the course of implementation. We have often
observed the time immediately before and after meetings being used by
pairs of individuals to solve problems of this type. Also, working
together in meetings helps to mold the-individuals involved into a team,
so that their future potential to work together is enhanced.

To minimize the time devoted to these meetings, we would suggest
that all those involved in or affected by the project be identified.
These pecple should be kept informed by memos of progress on the imple-
mentation. Periodic meetings should include only those individuals who
are involved in the issues to be discussed. The project manager should
have the power to ensure that the right people will be present at the
right time. (Of course, if he or she has to work very hard to do this,
there are probably fundamental political problems that need to be dealt
with.)

Our final recommendation, and perhaps the most important, is to
attempt tc inspire the people who need to make the system work. This
more than anything else, should prevent the political problems that
usually follow technical difficulty. This can be accomplished by giving
people a vision to work toward: a picture in their mind of where the
project is going, and a burning desire to get there. Often, the
"champions" of a new technology have such a vision, but they fail to
communicate it to the troops. Many possibilities exist for com-
municating the vision, including site visits to other firms where it
works, and videotapes demonstrating the concept. A key component is
confidence in the face of adversity. As an engineering manager who had
successfully implemented a CADCAM system said, "It's not sold in the
meetings...you get a lot of this stuff accomplished by being one hundred
percent positive in the informal contacts." If the vision of the cham-
pions can be sharea with all of those whose dedication is necessary, the
chances are much improved of creating systems that will be successful
technically, economically, and politically.
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COMPUTER_SYSTEMS MEASURES
F. T. Crucian, The MITRE Corporation, Houston, Texas

ABSTRACT

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 user’'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 describes a survey designed
to identify the user’'s lost time and the computer resource
rejuireiant to reduce lost time. The results of the survey
are preserted showing the trade off between user’s lost time
and cott -f increasing system capacity.

1.0 INTRODUCTION

For the past several years the MITRE Corporation has
provided support to the Central Computing 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 costs incurred by the users due to
insufficient computer resources. This paper describes the
method used to accomplish that comparison.

177

e saa



. «
R T L e o N

l‘l“‘

.
e rart T W W

s

‘Vl'gk:%\ AL, R
e N e W\' - . Vo

2.0 Ba_cxs.:le_\ama_c_h.

2.1 General Discussion

The government procurement process requires
justification for new or replacement computer systexs. The
justification is prepared by the originating organization and
submitted to higher 1level management for approval. It
includes a description of the system configuration, a
statement of requirements, 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 costs-benefits
analysis. Frequently the wuser’'s requirements are prepared
from data collected on a vyearly basis from first and second

level management. Data from this source can lack
"granularity" because the resource requirements are usually
raw requirements - 1i.e., requests for computer hours, mass

storage, etc. The end user 1is not asked to describe how the
task will be accomplished. Consequently, a method is required
to:

1) determin: cthe adequacy of the current computer resources;

2) d={1ine the requirements needed to satisfy the user; and

EN 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 benefits accrued to the facility.

2.2 IIser Cost vs. System Cost

MITRE has proposed a method for determining the total
cost of computer services to an organization. This method is
based on tl.» relationship of user response 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
lost time due to insufficient computer capacity will be
reduced as additional capacity is provided and computer
services improve. However, as systems capacity increases, the
systems 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 both user and the
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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 cost/job high in user lost time. The
right side of the curve reflects an under-utilized system and
a cost/job high in systems cost.

The equation of the user cost curve is not known Lut
is assumed to be a curve and not a straight line. Thi« can be
assumed because, as additional capacity is provided, 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 almo-t zero
computer capacity being 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 1is reached, only
minimal gains are realized.

Fiqure 2.2-1

——COMPUTER CAPACITY

OVERLUADED UNDERUTTUTZED

The system cost curve shows how system costs change 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 microproceasors would produce
almost a straight line. It should be pointed out that an
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almost straight line cost has more of an effect on the total
cost cuvrve than a cost curve similar to the cost curve in Fig.
2.2-1. The resultant cost curve reflects the sum of the
changes in hoth user and system cousts. The left part of the
curve shows that the cost to the facility is high in user
costs 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 resources are
underutilized. This curve will reach a 1low point which
represents the minimum cost to che facility of ooth the users

and systems costs.

2.3 Approach

The system cost curve 1in Figure 2.2-1 can be easily
derived by costing the ranges of capacity. Howaver, the user
cost curve can only be determined and evaluated from
information provided by the user. The user mu.st provide the
amount of lost time experienced for the current computer
resources and project the amount of computer resopurces needed
to essentially eliminate the lost time. Frcem this data it is
then possible to attempt to draw the two curves in the figure.
The User Cost Curve can have three poi-~. s

1)a point on the Y axis corrcsponding to "zero" comput
er capacity and the total cost of t'.e users

2)a point when the X valur 1s the size of the current
configuration and the Y value .8 the cost of the lost time
using the current configuratiza; and

3)a point where th. X value is the size of the prcject
ed configquration and the Y value 1is 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 summing the ¥
coordinate values for each X coordinate 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 time lost because of
insufficient computer resources and to state the computer
resources needed to eliminate lest  time. Statistical
processing of the data allowed the results of the
questionnaires to be viewed in a variety of ways. PFor the
purpose of the survey, lost time was defined t< be all idle
time caused by insufficient computer resourcer and include-
time spent inefficiently as well. This is discussed in mrre
detail later.
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2.3.1 Description of Questionnaire

A two part questionnaire was designed to identify the
information. The firstc part of the queationnaire 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, engine2ring packages required, etc.
The individual identification data included specific run data,
account numbers, physical 1location o1t the user, experience

level, etc. Actual ]resource usage included estimates for
total resource (SUP) usage, Batch and Demand (interactive)
us2, and terminal usage. The lost time data included time

lost waiting for output, using demand terminals (slow
response, facility waits, etc.), because of hardware failures,
etc.

The second part of the questionnaire allowed the user
to record the estimates of resources required to eliminate
lost time and how the resources would be wused. In this
survey, the wuser was asked to specify computer rescurce
requirements, expected turn-around time, and the time of aay
the batch runs were submitted or for the demand terminal
session. DNata provided in this form were used to form a
profile of computer usage by time of day. The profile was
then us-d to identify peak requirements, prime time averages,
overnight requirements, e’.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 confiquration needed to
satisfy that reguirement.

In preparing the questionnaire, the specific wording
of the guestions was considered to be very important. A draft
was prepared and vreviewed by a small group whose primary
tunction was capacity and configuration planning. 1Tne 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 ambiquous. It was
alsdo necessary to prefix a short memo to the guestionnaire

defining the meaning of "lost ¢t me", It was critical that
lost time be defined wuniformly -- not as a large number of
different users groups might define it. (To illustrate, ask

1 SUP - Standard Unit of Processing. The SPERRY 1100 measure
of computer resource (CPU, ID, etc) utilization
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several different people to define lost time. The definition
will be forthcoming only after a few minutes of discussion
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.qg. insufficient
core Aand SUP allocations, etc.); hardware failures; lost
output; extra travel to retrieve output from other areas;
travel to other areas to wuse 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.qg. attending meecings, realing documents, etc.

3.0 CASE STUDY

3.1 General Discussion

The survey was performed for an entire division of the
engineering users of the Central Computing Facility. This
division consisted of five separate organizations: a civil
service group involved in the monitoring of contractor
activities and development of engineering programs (Group A),
and four contractor organizaticnz. The four contractor groups
each had separate but supporting functions. Group B is the
largest of the four contractors and is involved in engineering
tasks using computer cvstem and software packares, with the
primary responsibility of mission planning. Group C is
responsible for providing sof tware maintenance and
enhancements for all the engineering processes developed for
Groups A and B. Group D cconsists 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 100 concurrently active demand terminals which
inciuded 30 oraphics terminals. The wuser couid direct the
computer output to a variety of devices - Sperry 770 line
printers, Datagraphix Mini-Auto COM Fiche printer, III FRB0
an CALCOMP plotters, and remote printers. Group D was the
only group that did not have a remote printer or graphics
terminals at theiir work area. During the prime shift (0730 -
17G0), demand runs were given a high priority. Runs with
large memory requirements were carefully monitored. A few
batch runs were allowed to be submitted during the day but
most batch runs were process2d after prime shift. A backlog

182

s A

——



oo *
[ L WeN

’

s % Trie.
PR Y PR L L S

2

T ORS

o Y

b

-

§

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

3.2 Survey Results

Approximately 700 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 - wail 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 1lost is also repeated as a
sum for each group for the survey week and as a total hours
lost. '

FIGURE 3.2-1

ORG. | wen I WAIT | WALT | WAIT |INSUFP.] W/W COWNIWEEKLY| TOTAL
| sHPL. For | For | ror fALLCE. | RERUNS ! AVG. | HOURS
] lourtsr | TERM. | niiEs | | Pouns, |

ALL 130 | o i 1.4 | 06 | 2.8 | 0.3 | 4.7 | 1504
i | | 1 I | l I

GROU? A f 43 | 0.7 | 3.3 | 0.3 1 .3 { @3 3.7 | 186
§ I | | ! | | 1

GROUP B j19s | 0.9 | 1.4 | 0.5 | 1.9 1 0.4 | s.0 | 990
| 1 | | | t | '

GROUP C | 4 | 0.7 | t.i | 0.8 | 1.0 | 0.7 4.3 | m
| | | | | I 1

GROUP D 1 19 | 1.4 t 2.3 1 0.3 | 0.9 | 0.4 i 5.5 | 4
1 | 1 1 | 1 1 I

GROUP € l 15 | 0.8 | 1.8 I 0.3 : 0.9 ‘ 0.1 : 1.5 % (3]
} | |

@ ESTIMATZD LOST TIME COST SUMMARY
TOTAL LCST TING == 1504 {IOURS
RATE == $30./nR.

@ WEEKLY COSTS OF LOST TInE ~ § 43,120

@ YEARLY COSTS OF LOST TIME - §2,)46,240

As can be seen, all wusers 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 1lost time mainly because of the
time lost waiting for output and terminal facilities. This is
to be expected bhecause this group did not have access to a
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remote printer and traveled to different 1locations 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 Dbecause of insufficient resources as
any other group. All other categories of lost cime for Group
B were fairly close to the other groups. Group C reported
more lost time due to hardware failures/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 1lost 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 tc the government and inciudes such things as
vacation, sick time, Dbenefits, contractor overhead, profit,

etc.)

The second questionnaire asked the wuser to identify
the batch run and demand terminal session resources required
to eliminate all lost time. Each of the 320 users was asked
to cellect the required runs into groups and specify five
separate variables fcor each groups or runs - the number of
runs, time of day the group of runs would be submitted, memory
size of the group of runs, average SUP minutes required for
the group, 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 and 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 rejuirements
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 08v0-1000 hours
for the total week. The Y axis gives the SUP hours/hour
needed to satisfy the requirement. According to the second
questionnaire, the total requirement for the week was 1738 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
hocurs/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 1lost time 1is 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 3.2-2

ESTIMATED COMPUTER RESOURCE REQUIREMENT

WEEKLY RESOURCE PROJECTICNS - 320 MPAD USERS

2

PROJ. BASE SUP HRS./HR ToT SUPS‘ CAA # TERMS # 181's
PEAK 23.5 2820 204 320 8.8
8 HR. 20.7 2484 204 320 7.8
10 HR. 18.5 2220 204 320 6.9
AVG. 15.0 1800 167 320 5.6

1 - 15 SHIFTS OF OPERATIONS
2 - CALCULATED ©2.7 SUP HR3./HR REQUIRED FOR PEAK PROJECTION

Figure 3.2-3 shows the demand terminal requirement
profile. This figure was drawn from data provided as
described in the previous paragraph. This figure shows the
number of Concurrently Active (CA) terminals over 12 two hour
periods of the typical day as described by the users. The
figure shows a peak requirement of 204 concurrently active
terminals for the time period from 0800-1000 hours. The
average of concurrently active (CAA) terminals for the prime
time period of 0800-1600 hours is 167 terminals.

Figure 3.2-4 is a summary of the Computer Resource and
Denand Terminal Requirements. The projection base provides
four periods for the week used %o determine the following
reguirements: 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/kour, the total capacity in 120 hours of
operation resulting from the rate, the Concurrently Active
Lverage (CAan) (f terminals, the number of terminals required,
and an e -imate of the number of 1100/8l‘s required to provide
the tc..l capacity. (It has been determined that an 1100/81
wil'! deliver 2.7 SUP hours/hour when processing the case
wo- ¢<load described earlier.) As can be seen, the total SUP’'s
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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 confiquration 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 1100/8l1‘s and the Y coordinate
reflects a cost of $2.3M/year in lost time.

Since, it is necessary to provide 8.8 1100/81’'s to
eliminate lost time, the user cost curve must include the
point where the X coordinate 1is 8.8 and the Y coordinate
reflects a reduction of $§2.3M/year 1in user lost time. Figure
3.3-1 depicts the wuser cost curve using these points and
assuming the general shape of the wuser 1lost time curve
discussed in Section 2.0. Using the same approach a syvstems
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. Thiz curve (or line) must
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include the following two points. The first point has an X
coordinate of 2.2 equivalent 1100/81‘s and the Y coordinate of
zero increased systems costs for the current system. The
second point has an X coordinate of 8.8 equivalent 1100/81°‘s
and a Y coordinate $5.4M/year for the increased costs to
support the systems capacity to eliminate wuser lost time.
(The "syscem cost curve" is drawn as a straight line. This
reflects the cost of the 1100/90 family and is affected by the
vendor’'s pricing policy. This policy tends to have more of a
straight line then a curved 1line relationship.) Using these
two curves, a total cost curve was then drawn showing the sum
of the "delta" «ccsts for both the wuser 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 1in Fig. 3.3-1 has two X
coordinates at the Y 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 coordinate of 2.2 eg.ivalent
1100/81’s. On the right side of the curve, the systea is not
as overloaded and the <cost to the facility is the sum of
approximately $1IM 1in wuser lost time costs and §1.3M in
increased systems costs. This occurs at a X coordinate of
about 4.5 equivalent 1100/8l1°’s. 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 wuser 1lost 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 hours/week of user 1lost 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 $l1M/year. The minimum cos*
to the facility appears to occur at about 3.5 equivalent
1100/81's. At this point on the curves, the delta systems
cost is about $0.8M/year and the wuser’‘s lost time cost is
about $l1.2M/year and the total cost is about §2.0M/year.
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FIGURE 3.3-1

TOTAL SYSTEM, COSTS

| $ 3 4 $ ' —
T— t + 1= T — 1
.0 4.0 5.0 6.0 1.0 [

EQUIVALENT 1100/80's

]

Based on the systems costs curve, the facility can
easily justify a configuration of 4.5 equivalent 1100/81°‘s for
the same cost as the current 2.2 equivalent 1100/81°s.
However, further justi{ication not noted lrere 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) 1is high 1in wusers 1lost 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 1lost time with the current computer
configuration; the computer resources needed to eliminate lost
time; and the cost of these computer resources.
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A survey was performed on a selected division of
NASA/JSC. 1Two questionnaires were sent to all members of this
division. Three hundred twenty 1individuals indicated that
they were users of the DPSD Central Computing Facility of 4

SPERRY 1100 computer systems.
average loss of 4.7 hours/week.

These users estimated an
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

resources primarily during the prime time.

that the users needed these

The profile

indicated a peak use from 1000-1200 hours requiring a capacity

of 2820 SUP hours (8.8 1100/8l1's).

downward to 1800 SUP hours of
profile also demonstrated

conicurrently active terminals.
a total cost curve was formed.

This capacity ranged
capacity (5.6 1100/81's). The

peak requirement of 204
Using the survey information,

The total cost curve showed that at a cost of

$2.3M/year, the facility could:

continue the cu:rent system

configuration of 2.2 1100/81°’s and lose the 4.7

hours/week/user; or increase
1100/81's (an increased cost
decrease in user’s lost time

cost curve also showed that
eliminate all users lost time
since the cost to provide
prohibitive (about $5.4M/yr.).
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the systems capacity to 4.5
of 81.3M 1in system cost and

cost to $l.M/year). The total

it 1is not cost effective to
(a savings of about $2.3M/yr.)
8.8 equivalent 1100/8l1‘'s is
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OFFICE AUTOMATION
THE ADMINISTRATIVE WINDOW INTO THE INTECRATED DBMS

Georgia H. Broch
Computer Services Division
Center Support Operations Directorate
National Aeronautics and Space Administration
John F. Kennedy Space Center, FL 32899

ABSTRACT

In parallel to the evolution of Management Information Svstems
from simple data files to complex data bases, the stand-alcne computer
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. Most large DBMS development
organizations possess three to five year backlogs. Perhaps Office
Automation is the vehicle that brings to pass the Management Information
System that really serves management. A gcod 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-
zation, alternative approaches to solving sowme of the major problems, ¢
debate about problems that may have no solution, and i1inally how office
automation fits into the development of the Manager's Management Infor-
mation System,

OFFICE AUTOMATION/SCOPE

Office automation has many facets, but the rise in administra-
tive costs has forced industry to seek more aggressive ways of increas-
ing administrative productivity just as has been done for decades 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 1f each office
task can be completed faster and with more accurate information, then
the composite of all the tasks will result 1in greater overall
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productivity. Even haraer to rneasure are th. real benefits such as
increased profitability or reduced or avoided expenses. At NASA,
productivity 1is measured in terms of more work done by fewer people, but
the amount of wori is hkard 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 olfice environment will produce efficiencies s‘milar
to the integrated assembly line. The task of automating the office in
{tself has potential for increasing efficiency, but every facet must be
carefully considered to obtain maximum benefit without disruption and tu
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 the
benefit of the organization through increased productivity in the total
management information system.

;
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OFFICE AUTOMATION
and the
LARGL 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 szme Identical method 18 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 organization
performing a job. The computerized mathematical algorithm is rather
easy to iImagine, 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 description, and the identification of the hardware
component or part. Adding dates provides a history of work performed
for the maintenance technician, performance information fur the
maintenance technician's supervisor, and {dentifies resolved problems
and design changes for operations and design personnel. If the
organization 1s 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 locarion of the hardware established. The operations
personnel want timely data, so the simple computerized procedure becomes
the on~line "Autor ted Line Replaceable Unit Tracking System." 1I. »ow
keeps track o. the location of all spare parts, parts sent to the vendor
for repair and 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
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"Configuration Management Data System" when design changes are complete.
It automatically flags the "Shuttle Inventory Management System" when
the stock of spare computer parts 1is low. It 1interfaces with the
"Automated Ground Operations Scheduling System" to schedu'e the work and
the needed resources. Two of the systems that are notified of signifi-
cant events are not on the same computer. The simple procedure has
quickly grown into a sophisticated integrated networked system of DBMS's
that kecep track of hundreds of pieces of information that are entered
by people in different NASA and contractor organizations and are
protected by elaborate securicy procedures that ensure autonomy for the
authorized organization. Since these computer programs essentially fol-
low the flow of procedures defined to perform work, they are directly
affected by each change to the procedure. Even adding volume with no
logical change can affect the computer programs, The complicated
mathematical medel is beginning to look simple and the simple procedure
is beginning to look complicated.

The Problems T'at Resist Solutions

What 1is the simple solution tec large DBMS that cannot keep up
with the dynamic nature of wo.k flow procedures? Can the work flow
procedurts be made less dynamic? Can the comprter resources be
increased to accomplish more timely modifications? Both approaches are
valid but are not simple or easy in a large organization.

First, examine the approach that controls the dyncmic nature of
work flow procedures. KS( has accomplished a major milestone along this
path by combining a large number of small contrazts into two large
contracts for the base operations and the STS processing. A third large
contract will handle cargo processing. The model of computer mainte-
nance in the firing rooms 1involves the first two major contractors. By
reducing the number of contractors, the work flow procedures are
significantly diminished. When responsibilities are concentrated from
five or six contractors to one contractor, the computer program becomes
simpler. However, it must be changed. Aleng with the scramble to
consolidate, KSC must seize the opportunity to streamline the operation.
It seems that there are 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 sead shock waves through the computer systems for some time.
However, as with ground faults seeking equilibrium, a more stable fiture
computer base is the eventual derivative,

The second approach that attempts to pour more resources into
the computer department so that mrodifications can be made quicker and
easier, can certainly reduce +he backlogs. However, a number of
practi:al issues 1imit 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 the starf
is scmetimes even harder due to the shertage of comnuter personnel.
These two constraints prevent sizing the resources to equal the task.
As Figure 1 shows, the 1limited resources applied to the requested
modifications tends to flatten the need date curve into an
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implementation curve that closely resembles 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 wcork
procedures. Information from these data bases feed computerized systems
at Level III (e.g., Artermis schedules) and Level II (e.g., "Inter-
Center Problem Reporting and Corrective Action'"). The Level II data
bases are used for program management, the Level III for planning and
integration, and the Level IV for !mplementation. When the computer
systems are down, the ability to get the job done is impacted at all
levels. When the requested modifications are backlo.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 workforce productivity tends to place a priority on
nmodifications that benefit the work force rather than the modifications
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 us~¥'1 in making management decisions are
not prevalent. Normally, professional and technical people provide
management 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 infermation is badly dated by the
time it hits the mail drop.

The Office Automation Alternative

Office automation may pe the answer to the modification bottle-
neck and the awkward managem~.nt reporting system. If managers or their
executive staffs had access to personal computers equipped with software
tools to manipulate data, and these tools were netwarked to the large
DBMS, then reports could be tailored to the individual wmanager 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 designed by the stafi can generate timely responses to
immediate requirements for information. By expanding the hardware and
software tools, both managers and workers can tap the information to
suit their needes 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
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host the large DBMS are either currently overloaded or operating
marginally during periods of peak utilization. If office automation
demands are to be met, then long range mainframe utilization patterns
need to be stivdied and adjusted to accommodate the traffi-. The office
automation system could provide central hardware that world relieve a
portion of the loads on the mainframes. The second major problem that
needs a solution is the 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 communications requirements
until growth pushes the Center toward a fiber optics replacement. Local
area networks as part of the office automation system would solve some
of the rigidity of the KSDN's twisted pair solution. The current 45 day
lead time required to attach eud user equipment to a twisted pair cable
plant <~ould be eliminated by providing lo: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 devoting their
time toward achleving increased productivity through improved management
information systems. Figures 2 and 3 identify the NASA Goals and the
NASA-wide information system steering groups. Office autcamation 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, Shuttle/Centaur modifica-
tions, and various new support requirements. An integrated office
automation system provides for increased productivity through the
following gercial objectives:

o Provides morc cimely and integrated information access.

o Improvzs communications between workers.

o Implements a wide range of cost effective office automation
technologies and applications.

o Facilitater decision making.

KSC's Approach to Office Automation

KSC's approach toward achievirg an integrated office automation
system has been to focus the activity through the Office Automation Task
Team (OATT) and the ensuing Offfce Automation System (0AS) Source
Evaluation Board. Since inceprion 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 Evaluacion 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 O0AS that is networked as well
as connected to a system of data phones in 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,or portion of their decision support system.

Without 1isting every office automation technology that KSC
expects to get, there have been a number of features that have been
identified as critical to system acceptance by the KSC community. The
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
cepability. A major goal is to provide the networking functionality to
the KSC contractors' office automation systems. Adequate training is
viewed as a major key to usecr 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 are expected to
shift from "anticipatory" to "on demand." Planning will snhift from
analysis to simulation. Reporting will shift from historical trend
projections to real time control, Information will become more
accurate, more detailed, and more available. 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
to promote the acceptance of lags between the creation of technology and
its implementation and between commercial availability of technology and
meaningful user absorption. The KSC implementation plan seeks to avoid
disruption, procect investments, secure acceptance, justify costs,
provide functionality, and prevent obsolescence, Office automation is 2
process rather than a project. The office automation user for the first
time will 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 autcnation, they, the end user, will
invent the office of the future thror'gh the natural selection of the
useful features.
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IMPROVING MANAGEMENT DECISION PROCESSES
THROUGH CENTRALIZED COMMUNICATION 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 is being automated through
the use of a centralized backbone network. The theoretical basis of this network, its
implications to the horizonal and vertical flow of information, and the technical
challenges involved in its implementation are the focus of this paper. The importance
of the use of common tools among programs and some future concerns related to file
transfer, graphics transfer, and merging of voice and data are also discussed.

BACKGROUND

One of the cornerstones of quality and productivity is good informed decisions. The
National Aeronautics and Space Administration is 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, as one of
NASA’s nine field centers, has become the leading center in project and program
management and space flight operations. Data systems have supported the decision-
making processes at the Center since its inception and have continued as an integral
part of the Center’s activities for over 20 years. The last 10 years have brought rapid
growth 1n computer technologies which in turn has enabled ever-increasing
sophistication 1n the use of computers in the operational and management decision-
making process. Capitalizing on these technologies is n¢t only achallenge forJSCin
striving for increasing quality and productivity in its produ~ts and activities,butisa
major necessity due to the increased scope of JSC responsib.lities. JSC is the lead
NASA center for both the new Space Station Program and the on-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 planning committee for automatic data processing
(ADP) was established in 1964. Many of the concepts included in this paperare a result
of the work of that committee which was presented in a formal report in the Spring of
1985.

INTRODUCTION

Information flow requires 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. as in speaking the same language and having a similar
knowledge about the topic being discussed.

‘rransferring information in a data processing envircnment utilizes a similar
process that also involves all 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 application of that theory at JSC
together with the theory of the management of a network and the way management
has been accomplished at JSC. The tasks left to be accomplished and the subject of
understandability will be touched on at the end of this paper.
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using an adaptation of Robert Anthony’s analytic model ¢f an

THE NEED FOR INFORMATION FLOW

In an ideal organization, information flows unimpeded both horizontally (laterally)
and vertically through the management structure. This flow can be best expressed by
using an adaptation of Robert Anthony’s analytic mode!l of an organization 1) 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 levels differs considerably. For 2xampie. the operational level is concerned
with detailed information, the tactical level with summary information, and the
strategic level with trends and projections.

Y
DECISION SUPPORT

{Information)

USER FRIENDLY
SOFTWARE

TACTICAL

,,,,,, PERSONNEL WOGEH _sHuTTe

AUTOMATION —— SOPHISTICATED
{Data) ﬁ l] USER

OPERATIOMAL

WDk, A

Figure 1.- Organization information model.

Traditionally the data processing industry has concerned itself with the
information needs of the operationai,orlowest, level. Thisisthe level of “avtomatinn”
where machines are used to enhance, or in some cases to take cver, 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 quicker responses than are possible in a totally manned
snvironment. People using data processed at this level are familiar with the
processes and the data processing required for their specialized functions and are
normally characterized as sophisticated users of data processing.

Atthe tactical level the data processing industry is not as well established. Typical
products today are standard summary charts produced by overnight "batch”
(noninteractive processing) jobs. This type of reporting 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 viable commercial products. These languages
permit information queries on a relational basis thereby allowing questions to be
unstructured and interactive as opposed to the rigidity imposed by the “hard coded”
batch report approach. It is this unstructured aspect of the languages that has given
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them the name "“decision suppcrt” 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 specified criteria. These
languages 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
which produce trend data and allow “what if” questions are the beginnings of what
promises to be a set of powerful touls for the strategic level.

The model created above gives two driving forces for providing communication
linkages w'thin 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 providing common
tools for common uses.

The Johnson Space Center can be viewed 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 orgamzation consisting of projeci offices, an administrative
directorate, an engineering directorate, and an operations directorate. A third visw
might be to consider it as a collection of engirieering systems, operations systers,
and information systems. Figure 2 shows how these systems relate in an integrated
fashion.

A tendency in any organization is to organize vertically. such that all functions
needed by ar organization are integral to that organization. For cxample, all
organizational elements have need for a budget system. Thus, vertical organization
at JSC provides that for each organizational element the budget system be contained
within that element. This leads to separate and distinct budget systems for the project
offices, the administrative directorate, the engineeering directorate, and the
operations dirarctorate. To make matters worse, these separate budget systems might
also be duplicated by the program (Shuttle and/or Space Station). Hence, this
structure 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 systems.

In the center of figure 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 systems to allow the use of a shared supporting
system across organizations and projects. This is the “common tools for conm.mon
purposes” concept, which is the third driving force for centralized communications
linkages. Conceptually it is the inverse of the more traditional federated or
“departmental” systems approach. Instead of bringing complete sets of unique
applications and information to each user group. 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 1t 1.e.. move 1t up
the triangle). the interfaces and bridges required for both lateral access and vertical
integration are significantly reduced.
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Figure 2.- "Four by three” structure.

CREATING THE PHYSICAL CONNECTION

Over the last year the ‘orces described above have created at JSC a great emnhasis
to build a multinetworked series of interconnections enabling any element of the
Center’'s data processing equipment. particularly users’ workstations, to
communicate with any other element of data processing equipment. particularly that
which hosts common applicatinrns. Because of the universal nature of the three
drivers listed above. it is anticipated that this networking will te extended to all of
NASA'’s centers within tt e ne -t two years.

The Theoretical Basis of Interconnectability

JSC uses six principal ways to network and manage data processing equipment [3].
Thes2 are:

e Connecting equipment of iike architecture via front end communications
processor backbone linkages when a single organization has con.plete control
(centralized management) of all parts of the network. including attached systems
software.

* Connecting equipment of like architecture via front end communica‘ions
processor backbone linkuges with centralized management of the enviror ment
limited to control of the network only.

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

o Connecting equipment of like architecture via separate front end backbone
communications processors such that there is severability between networks.

¢ Connecting a terminal to more than one neiwork via multiple interfaces at the
terminal.

o Connecting networks by using a limited bridge.
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Each of these methods 1s 1llustrated in figures 3 through 7 (the latter two methods
are both shown 1n figure 7). In these diagrams the network area of responsibility is
depicted by the rectangular outline in the center. The user comm Aanity 1s shown on the
left. and the host processors (applications and information) are shown on the right
The fixed components of the network are the contrcllers (to which the terminals
attach). the backbone wiring. and the front end processors. The variable coinponents
of responsibility are the bridges and the operating svstem softwarc

In figure 3. called "Class A.” the provider of network services 1s also the "owner' of
the operating system within the host processor. This arrangement consol!idates
complete control (and service)overthe managementof the network, and the user need
only be concerned with the terminal and the application running on the host.

The “Class B” sttuation 1n figure 4 differs from that of Class A in that the
“ownership” of the host operating system 1s severed from the consolidated
management control of the network This situation accordingly requires a degree of
coordination and interface as the network managers no longer have complete control
of 21l of the components recesssary to make the network operate. The network-
related systems software within the operating system must be considered the
property of the network manager. who must retain approval authoritv for chanys:es to
that software.

Both Class A and Class B have dealt with two like (architecturally compatible)
processors "Class C” in figure 5 presents two computers of dissiniliar architecture.
In this case a protocol converter ts needed to "bridge’ e two architectu.es. This
bridge may be “one-way” whereby one network accesses the processor of "he other
network but not vice versa. or 1t may be "two-way” whereby terminals on either
neiwork may access either network s processors.

The network shown as “Class D" 1n figure 6 shows a different method of
interconnecting two networks. In this diagram a giver. host has two iront end
processors, one of which 1sconnected to two separate neiworks. The networks shuwn
are of like (compatible) architectures but could easily involve bridges to dissimilar
architectures. The advantage of this arrangement 1s that the secondary network
connection may be severed by “downing” the front end processor. An example of this
arrangement 1s 1ts use at JSC to ensure that there 1s no outside access to Shuttle
miss:on supporung , ‘>cessorsduring a mission. During nonmission periods access
1s enabled in order to bring in development and maintenance terminals.

“Class E” in figure 7. for one example, 1s characterized by two networks connected
in such a way that each network 1s not fully aware of ithe other. In thisexample inthe
first method & terminal has connectivity to both networks by the use of two sets of
interface cards. The second method shown portrays a limited "file transfer only”
bridge between the networks. The