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1.0 INTRODUCTION 

This  s ec t ion  of t h e  r epor t  w i l l  descr ibe  t h e  background aud ra t ion-  

ale f o r  t h e  study, and w i l l  d i scuss  t h e  i s p l i c a t i o n s  of t h e  study r e s u l t s  

f o r  space s h u t t l e  man-machine i n t e r f a c e  evaluat ion.  

t i o n s  of t h e  r epor t  w i l l  then descr ibe  t h e  s tudy procedures and materials, 

test results, and conclusions and recommendotions based on an  in te rpre-  

t a t i o n  of t h e  r e s u l t s .  

The succeeding sec- 

1.1 Background 

I n  June 1974 t h e  Essex Corporation published a document e n t i t l e d  

"Human Engineering Data Guide f o r  Evaluation" (HEDGE), f o r  t h e  U. S. 

Army Test and Evaluation Command. 

t h a t  t h e  most e f f e c t i v e  procedure f o r  evaluat ing the  man-machine in t e r -  

f ace  of a system e n t a i l s  an assessment of t a sks  and task sequences as 

w e l l  as phys ica l  c h a r a c t e r i s t i c s  of t h e  i n t e r f a c e  elements. I n  plan- 

ning t h e  study which produced t h e  HEDGE, it had been recognized t h a t  

t h e  alternate aethods of conducting a man-machine i n t e r f a c e  evaluat ion 

can be c l a s s i f i e d  i n t o  two general categories:  static and dynamic. The 

s ta t ic  approach e n t a i l s  evaluat ion of each elemLnt of t h z  i n t e r f a c e  (e.& 

con t ro l s  o r  d i sp lays)  independently of t he  sequence of tasks associated 

wi th  t h e  opera t ions  t o  be used. 

an assessment of the i n t e r f a c e  i n  terms of t h e  c h a r a c t e r i s t i c s  of each 

element and i . 1  terms of t h e  opera t iona l  sequence. The HEDGE then repre- 

s e n t s  a dynamic evaluat ion t o o l  which provides f o r  a determination of 

t h e  e f f ec t iveness  of t h e  msn-machine i n t e r f a c e  i n  terms of t h e  sequence 

The r a t i o n a l e  behind t h e  HEDGE was 
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of opera t ions  wi th  t h e  i n t e r f a c e  and i n  terms of t h e  phys ica l  character-  

i s t i c s  of t h e  in t e r f ace .  

1.2 Statement of t h e  Problem 

During t h e  development of t h e  space s h u t t l e  and s h u t t l e  payloads 

such as spacelab and f l i g h t  experiments, a number of man-machine in t e r -  

f a c e  eva lua t ions  w i l l  be  required.  

s t a t i o n ) ,  a number of eva lua t ions  w i l l  a l s o  be requi red  corresponding t o  

d i f f e r e n t  development s tages .  

For any one i n t e r f a c e  (e.& crew 

The t w o  bas i c  requirements f o r  conducting a man-machine i n t e r f a c e  

evaluacion are: 

1. Ava i l ab i l i t y  of criteria serv ing  as s p e c i f i c a t i o n s  aga ins t  

which man-machine i n t e r f a c e  c h a r a c t e r i s t i c s  are compared 

Ava i l ab i l i t y  of a methodology f o r  acqui r ing  d a t a  on t h e  

cha&.ac ter i s t ics  of t h e  i n t e r f a c e  

2. 

NASA has been g iv ing  increas ing  a t t e n t i o n  t o  man-machine i n t e r f a c e  

spec i f i ca t ions  over  recent  years ,  wi th  t h e  publ ica t ion  of t h e  JSC Crew 

S t a t i o n  Spec i f ica t ions  i n  October 1972, and t h e  MSFC Standard 512, "Man/ 

Systems Design Criteria f o r  Manned Orbi t ing Payloads." These documents 

present  I n  considerable  de t a i  1 recommended and required design cri teria 

f o r  s p e c i f i c  elements of the man-machine in t e r f ace .  

While NASA has ava i l ab le  the  cri teria f o r  a s ses s ing  the  e f f ec t ive -  

ness  of t h e  man-machine in t e r f ace ,  t he re  is  no accepted s tandard method- 

ology ava i l ab le  f o r  acqui r ing  da ta  on the  man-machine i n t e r f a c e  under 

evaluat ion.  The eva lua t ions  conducted t o  da t e  usua l ly  involve a s t a t i c  
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assessment of t h e  physical  c h a r a c t e r i s t i c s  of elements of t he  in te r face .  

The au thors  have personal ly  pa r t i c ipa t ed  I n  a number of formal and in- 

formal crew s t a t i o n  revieus and man-machine i n t e r f a c e  evaluat ions con- 

ducted by NASA and NASA cont rac tors  f o r  s eve ra l  space systems a t  d i f f e r -  

en t  s t ages  of system development (Apol-lo luna r  module, Apollo lunar  sur-  

face  experiment package, manned o r b i t i n g  laboratory mission cont ro l  

cen ter ,  Skylab Apollo Telescope Mount, Skylab f i lm  r e t r i e v a l  system, 

and L i f e  Sciences e a r t h  o r b i t a l  t e leopera tor  systems). 

i ng  elements of these  evaluat ions were tha t :  

The dis t inguish-  

1. They were static, usual ly  comprising c h e c k l i s t s  of i n t e r f a c e  

c h a r a c t e r i s t i c s  on which rhe  design of elements of t he  in t e r -  

f ace  were judged t o  be acceptable  o r  unacceptable. 

They were not standardized but  r a t h e r  were developed spec i f i -  

c a l l y  f o r  t h e  ind iv idua l  evaluation. 

2. 

A program w a s  proposed t o  develop a standard methodology f o r  con- 

duct ing dynamic man-machine i n t e r f a c e  evaluations.  

t h i s  program is t o  determine the  degree t o  which a dynamic evaluat ion 

approach is more e f f e c t i v e  than a s t a t i c  procedure. 

of a l t e r n a t e  evaluat ion methods has never been formally conducted. The 

present  study represents  t he  r s u l t s  of a control.led com7arison of a 

dynamic evaluat ion approach with a s t a t i c  procedure. I f  the  dynamic 

approach is judged t o  be s i g n i f i c a n t l y  super ior  to  t h e  s t a t i c  method, 

a recommendation w i l l  be formulated that the  program continue through 

development of dynamic evaluat ion materials and methods. 

The i n i t i a l  s t e p  i n  

Such a comparison 
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1.3 Study Output 

The output  of t he  program t o  develop man-machine i n t e r f a c e  evalua- 

t i o n  methods w i l l  be  t h e  materials, procedures and d a t a  required for a 

dynamic evaluat ion provided t h a t  i t  can be demonstrated t h a t  t he  dynamic 

approach is s i g n i f i c a n t l y  super ior  t o  s t a t i c  assessment techniques. The 

output of t h i s  f i r s t  phase of t h e  program w i l l  comprise the  r e s u l t s  of 

a comparison of dynamic and s ta t ic  methodologies. 

methods w a s  conducted using t h e  s h u t t l e  payload s p e c i a l i s t  s t a t i o n  as 

t h e  base l ine  s t a t i o n  t o  be evaluated. 

is therefore  an evaluat ion of t h e  cur ren t  PSS design concept from a 

man-machine i n t e r f a c e  o r i en ta t ion .  

The comparison of 

An a n c i l l a r y  output  of t he  study 
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2.0 PROCEDURES AND MATERIALS 

2.1 Checkl is ts  

Prior t o  preparing t h e  static and dynamic evaluat ion methods t o  be 

compared In t h i s  study, i t  was necessary t o  c l e a r l y  def ine  t h e  two tech- 

niques and how they d i f f e r  each from t h e  other .  For purposes of t h i s  

study, t he  static evaluat ion technique represents  a check l i s t  of t h e  

f a c t o r s  t o  be evaluated f o r  each con t ro l  and display wi th in  t h e  payload 

specialist s t a t i o n  (PSS) panel concept. Factors  evaluated f o r  cont ro ls  

include : 

Display 

handle type 

handle l eng th  and width 

separa t ion  from other  con t ro l s  

provision of b a r r i e r s  

separat ion of b a r r i e r s  

force  required t o  a c t i v a t e  

d i r e c t i o n  of a c t i v a t i o n  

cont ro l  displacement 

nomenclature and loca t ion  

legend s i z e  (height and width) 

l i g h t i n g  

br ight  ness cont ras t  

reach d is tance  (funct ional)  

viewing angle  

viewing d is tance  

arrangement of cont ro l  pos i t i ons  

f a c t o r s  included i n  the  evaluat ion techniques include: 

type of d i sp lay  

- s i z e  
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t a r g e t  s i z e  

d isp lay  update ac t ion  

update rate - d a t a  rate 

slew rate 
viewing angle  

viewing d i s t ance  

durat ion of view 

d isp lay  o r i e n t a t i o n  

adjustments 

range of adjustments 

br ightness  con t r a s t  

l i g h t i n g  - g l a r e  

l a b e l l i n g  s i ze  (height-width) 

d i sp lay  co lor  

d i sp lay  sca l ing  

nomenclature 

l o  c a t  ion  

The s ta t ic  technique en ta i l ed  acquiPi t ion of ava i l ab le  da t a  on each 

of these  f a c t o r s  f o r  each con t ro l  and d i sp lay  of t he  PSS. After t he  

d a t a  acqu i s i t i on ,  t h e  da t a  on each f a c t o r  were compared t o  appl icable  

c r i t e r i a  from t h e  JSC crew s t a t i o n  spec i f i ca t ion  and from Mil-Standard 

1472. A t  t h i s  po ic t  problems were i d e n t i f i e d  a s  s i t u a t i o n s  where mea- 

sured design f a c t o r s  were ou t s ide  to le rances  prescr ibed by the  spec i f i -  

c a t  ions. 

The dynamic approach consis ted of a check l i s t  based on t he  opera- 

t i o n a l  sequence t o  be followed i n  t h e  use  of the  PSS f o r  a spec i f ied  

mission. For t h i s  study the  se lec ted  mission was payload serv ic ing  

using t h e  f r e e  f l y i n g  te leopera tor  system (FFTS). The dynamic check- 

list consis ted of one column f o r  t a sks  associated with t h i s  mission, a 
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second column iden t i fy ing  con t ro l s  and d i sp lays  t o  be used i n  t h e  per- 

formance of each t a sk ,  and four  o t h e r  columns wherein each con t ro l  and 

d isp lay  w a s  evaluated f o r  each t a sk ,  and wi th in  the  t a s k  sequence, along 

four  dimensions : 

0 l oca t ion  (including arrangement and layout) 

0 opera t ion  (including method of con t ro l  a c t i v a t i o n )  

0 coding ( l a b e l l i n g  and nomenclature, shape coding, place coding, 

co lor  coding) 

design ( s i z e s  and shapes of con t ro l s  and d i sp lays )  

The dynamic check l i s t  was d i f f e r e n t i a t e d  from t h e  s t a t i c  i n  t h a t ,  

f o r  t h e  dynamic, t h e  iva lua t ion  of a p a r t i c u l a r  con t ro l  o r  d i sp l ay  

considered t h e  t a sks  requi r ing  use of t h e  con t ro l  o r  d i sp l ay  as wel l  as 

t h e  sequence of tasks .  

i n g  each con t ro l  and d i sp lay  separa te ly .  

The static check l i s t  w a s  concerned with evaluat-  

2.2 T e s t  Subjec ts  and Procedures 

Subsequent t o  t h e  development of t h e  check l i s t s ,  each w a s  used t o  

eva lua te  a PSS panel arrangement developed f o r  t h e  FFTS mission. 

The panel concept w a s  t h e  conf igura t ion  developed f o r  mission 8 

by MSFC. A f u l l  s c a l e  paper representa t ion  of t h e  panel concept w a s  

mounted i n  a cardboard mockup of t he  s h u t t l e  a f t  cabin and t h e  eva lua t ions  

were conducted using t h i s  mockup. 

list. A l l  were employees of Essex. Two were Ph.D's i n  Experimental 

Psychology, and the  o the r  two had masters degrees, one i n  I n d u s t r i a l  

Psychology and the o the r  i n  Administrative Sciences. The human f a c t o r s  

Four s u b j e c t s  used t h e  dynamic check- 
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experience of t h i s  group of sub jec t s  had not seen the  check l i s t  p r i o r  t o  

t h e  eva lua t  Lon exerc ise .  

The s ta t ic  check l i s t  was used by only one subjec t .  Additioual sub- 

jects  were no t  used s i n c e  completion of t h e  check l i s t  was a s t r a i g h t -  

forward measurement and recording process. For t h i s  reason i t  was assured 

t h a t  l i t t l e  v a r i a t i o n  would be expected among d i f f e r e n t  eva lua t ions  con- 

ducted by d i f f e r e n t  sub jec t s .  

The eva lua t ion  procedures used wi th  t h e  static c h e c k l i s t  were as 

follows: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

i d e n t i f y  panel containing cont ro l  o r  d i sp l ay  t o  be evaluated 

i d e n t i f y  con t ro l  o r  d i sp lay  

consul t  ind iv idua l  check l i s t  items concerning required d a t a  f o r  

t h e  con t ro l  o r  tlisplay 

measure s i z e s ,  d i s tances ,  separa t ions ,  etc. 

record measurements on appropr ia te  space 

continue obta in ing  d a t a  as required f o r  each con t ro l  and d isp lay  

com?lete t h e  c h e c k l i s t  f o r  a l l  con t ro l s  and d i sp lays  

consul t  crew s t a t i o n  s p e c i f i c a t i o n s  f o r  standard measuremsnts 

of s i z e s ,  separa t ions ,  d i s tances ,  e t c .  

compare obtained measurements with standards 

i d e n t i f y  s i t u a t i o n s  where obtained measurements exceed standard 

values 

list these  s i t u a t i o n s  as human f a c t o r s  problems 

The eva lua t ion  procedures followed f o r  t h e  dynamic check l i s t  were: 

0 review required procedures and sequences 
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0 simulate the required operation at each step J f  the sequence 

(e.g. perform switch activation motions, read displays, etc.) 

0 Identify problems in conducting simulated operations, in terms 

of: 

- control or display location (including spatial arrangement) 

- control or display operation (direction of motion, type 

of operation) 

- control or display coding (labelling, shape code, cclor 

code) 

- control or display design (size, shape, type) 

0 

0 complete the checklist 

record problem areas in space provided 

- 9- 



3.0 RESULTS 

P r i o r  t o  t h e  conduct o f  t h e  panel evaluat ions a number of assumptions 

were made concerning the. expected performance of t h e  two types of check- 

lists. These assumptions were a3 follows: 

1. The s t a t i c  check l i s t  would r e q u i r e  s i g n i f i c a n t l y  more time t o  

develop, adrninictzr and perform d a t a  ana lys i s ,  as compared t o  

t h e  dynamic check l i s t .  

The s t a t i c  check l i s t  should be more comprehensive i n  terms of 

t h e  number of problems i d e n t i f i e d  , 

2. 

3. The dynamic check l i s t  w i l l  i d e n t i f y  more c r i t i ca l  problems. 

4. The dynamic check l i s t  w i l l  i d e n t i f y  more d i f f e r e n t  types of 

problems. 

The r e s u l t s  of t h e  comparisons of c h e c k l i s t s  can be s t ruc tu red  i n  

terms of these assumptions. 

- 3.1 T i m e  t o  Develop and Use 

The s ta t ic  check l i s t  included an  average of nine f a c t o r s  t o  be eval- 

uated f o r  each of 168 con t ro l s  and d i sp lays .  

pages with an  average of 

The check l i s t  comprised 50 

t h r e e  con t ro l s  o r  d i sp lays  t o  a page. 

The dynamic check l i s t  included t h e  same 168 con t ro l s  and d isp lays  

within 139 t a s k s  i n  a base l ine  mission (Free Flying Teleoperator Servicing 

Mission). The check l i s t  was seven pages long. 

- Development Time 

The t i m e  t o  prepare t h e  s t a t i c  check l i s t  was 18 hours. This included 

time for i d e n t i f y i n g  con t ro l s  and d isp lays  and s e l e c t i n g  f a c t c r s  t o  be 
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considered f o r  each. The t i m e  t o  prepare t h e  dynamic c h e c k l i s t  w a s  1 2  

hours which included t i m e  t o  develop a t a s k  sequence f o r  a r ep resen ta t ive  

mission which required use of each c o n t r o l  and d i sp lay  on a t  least one t a s k  

each. 

Data Recording T ime  

The s ta t ic  check l i s t  required t h r e e  hours t o  administer.  The dynamic 

check l i s t  required 2.65 hours f o r  t h e  group of fou r  s i i5 jec ts  (approximately 

40 minutes each). 

Data Reduction T i m e  

The reduction of d a t a  f o r  t h e  s ta t ic  check l i s t  requi red  20 hours. 

This a c t i v i t y  en ta i l ed  comparing each va lue  recorded f o r  each f a c t o r  on 

each con t ro l  and d i sp lay  wi th  standard l i m i t s  contained i n  the  JSC C r e w  

S ta t ion  Spec i f ica t ion ,  the MSFC Standard 512,  o r  t h e  MiJ i ta ry  Standard 

1472B. 

The reduction of dynamic check l i s t  d a t a  was completed i n  fou r  hours. 

Tota l  Time 

The t o t a l  t i m e s  required f o r  each check l i s t  are presented i n  

Table 1. 

TABLE 1. TOTAL TIMES FOR EACH CHECKLIST (IN MAN HOURS) 

Development T ime  I S t a t i c  Dynamic 

18 12 

Data Recordlng Time  3 2.65 I 
20 4 - Data Reduction T ime  

TOTAL TIME 4 1  18.65 - I 
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As ind ica ted  i n  t h i s  table the t o t a l  t i m e  requi red  f o r  t he  static 

check l i s t  w a s  more than twice t h a t  f o r  t h e  dynamic c h e c k l i s t  even though 

t h e  two were c lose ly  comparable i n  terms of da t a  recording t i m e .  

3.2 Number of Problems 

It had been assumed t h a t  more problems vould be i d e n t i f i e d  wi th  t h e  

static check l i s t  due t o  its l e v e l  of d e t a i l  in t r e a t i n g  cont ro l ld i sp lay  

c h a r a c t e r i s t i c s  t o  be evaluated. 

r e s u l t s  of t h e  check l i s t  comparisons were l i d t e d  to  any one and only one 

use r  of t h e  dynamic check l i s t .  

problems i d e n t i f i e d  with t h e  static checkl i s t .  

jects using t h e  dynami? check l i s t  t h e  t o t a l  number of problems was :  40, 

49, 64 and 95. The check l i s t  evaluat ion had been s t ruc tu red  t o  compare 

t h e  r e s u l t s  f o r  one subjec t  on the  s ta t ic  check l i s t  w i th  the  r e s u l t s  of 

however many o the r  sub jec t s  who could complete t h e  dynamic check l i s t  i n  

about t h e  same t i m e  as required f o r  t h e  static check l i s t .  Thus, t h e  

number of problems i d e n t i f i e d  per  check l i s t  should inc lude  the  

of t h e  four  dynamic check l i s t  subjec ts .  

using t h i s  approach, t h e  dynamic list re su l t ed  i n  184 d i f f e r e n t  problems, 

o r  1.25 times more problems than were i d e n t i f i e d  with t h e  s t a t i c  list. 

A t o t a l  of 65% of a l l  problems i d e n t i f i e d  by e i t h e r  list were i d e n t i f i e d  

with t h e  dynamic check l i s t ,  while 52% were iden t i f i ed  w i t h  t h e  s t a t i c  

list. 

This  assumption w a s  borne out when t h e  

These w e r e  a t o t a l  of 146 man-machine 

For each of the  four  sub- 

r e s u l t s  

When t h e  c h e c k l i s t s  w e r e  compared 

Only 1 7 %  of a l l  problems were i d e n t i f i e d  by both lists. 

3.3 Problem C r i t i c a l i t y  

The man-machine problems i d e n t i f i e d  i n  the  panel concept evaluat ions 

were c l a s s i f i e d  according t o  the  following c r i t e r i a :  



0 c r i t i c a l  problems - those which w i l l  degrade opera tor  performance 

- and which are important a t  the  panel s t age  of development 

non-cr i t ica l  problems - those which are not expected to degrade 

opera tor  performance 

t h e  panel stage of development 

0 

which are not considered important a t  

The PSS panels under evaluat ion i n  t h i s  study were conceptual designs 

and, as such, were not to  be  considered outputs  of a d e t a i l e d  design 

e f f o r t .  

and d isp lay  loca t ion  and arrangement w a s  t h e  only set of problems desig- 

nated as critical. The problems assoc ia ted  with l a b e l l i n g ,  coding, 

control-display design, or operat ion w e r e  not considered c r i t i c a l  s i n c e  

the  i n t e n t  of t h e  panel concept development had not been t o  f i n a l i z e  a 

panel design. 

For that reason t h e  class of problems concerned with con t ro l  

A total  of 186 of t h e  

f i e d  i n  t h i s  study were c l a s s i f i e d  as  cr i t ical .  This represents  about 

two-thirds of a l l  of t he  problems. Of t h e  186 cri t ical  problems, 159 

o r  86% vere i d e n t i f i e d  using t h e  dynamic checkl i s t .  

i d e n t i f i e d  69 o r  37% of t h e  c r i t i c a l  problems, and both check l i s t s  ident i -  

f i e d  42 o r  23% of t h e  c r i t i c a l  problems. 

281 PSS man-machine i n t e r f a c e  problems ident i -  

The s t a t i c  checkl i s t  

The dynamic check l i s t  not only iden t i f i ed  nore c r i t i c a l  problems 

than d id  the  s t a t i c  check l i s t ,  t he  dynamic checkl i s t  w a s  a l s o  more 

s e n s i t i v e  t o  c r i t i c a l  problems. A good majori ty  (again 86%) of the  

problems i d e n t i f i e d  by t h e  dynamic check l i s t  were c r i t i c a l .  With the  

s ta t ic  check l i s t  almost half  ( 4 7 % )  of t he  iden t i f i ed  problems were c l a s s i -  

f i e d  as  c r i t i c a l .  
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3.4 Typ e of Problems 

Probably t h e  most important measure of t he  e f f ec t iveness  of an 

eva lua t ion  procedure 

As ind ica ted  i n  Table 2 t h e r e  were 21 d i f f e r e n t  L;Des of problems iden t i -  

f i e d  i n  t h i s  study. ,, these,  14 or 679: were c l a s s i f i e d  as c r i t i ca l .  

Of t h e  14 cr i t ical  problem types t h e  dynamic checkl i s t  i d e n t i f i e d  1 3  

while t h e  static check l i s t  i d e n t i f i e d  e ight .  

problems of s i x  types. 

is t h e  range of problems that i t  is  s e n s i t i v e  to. 

Both c h e c k l i s t s  i d e n t i f i e d  

The s i g n i f i c a n t  d i f f e rences  between check l i s t s ,  i n  terms of types 

of problems i d e n t i f i e d ,  include t h e  following: 

0 The dynamic checkl i s t  a lone is s e n s i t i v e  to  adequacy of t h e  

panel  arrangement, i n  terms of the  sequence of opera t ions  and 

t h e  loca t ion  and layout of panels  t o  support  t h e s e  operat ions.  

0 The dynamic check l i s t  a lone is s e n s i t i v e  t o  requirements t o  re- 

locate con t ro l s  and d i sp lays  based on the  frequency c f  use. 

0 The dynamic check l i s t  a lone is s e n s i t i v e  t o  non-standardized 

arrangements of components on d i f f e r e n t  panels. 

0 The dynamic Checklist  a lone  is  s e n s i t i v e  t o  l i m i t a t i o n s  i n  work- 

space and s i t u a t i o n s  where the  con t ro l  o r  d i sp l ay  i n t e r f e r e s  

with its operacion. 

0 The dynamic checkl i s t  is more s e n s i t i v e  than the  s ta t ic  check- 

l ist  t o  problems of i n s u f f i c i e n t  separa t ton  of con t ro l s  and 

d i sp lays ,  l ikel ihood of inadvertent  ac t iva t ion ,  s i t u a t i o n s  of 

obstructed reach, and requirements t o  move c o n t r o l s  o r  d i sp l ays  

t o  more e f f e c t i v e  locat ions.  
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e The s t a t i c  check l i s t  was more s e n s i t i v e  than the  dynamic on only 

one f ac to r ,  excessive reach. On t h i s  f ac to r  t h e  dynamic check- 

list i d e n t i f i e d  29 problems, 26 of which were a l s o  iden t i f i ed  

by t h e  s ta t ic  check l i s t .  The s ta t ic  list on t h e  o ther  hand iden- 

t i f i e d  1 3  reach problem s i t u a t i o n s  not c i t e d  by t he  dynamic check- 

list. 

The s ta t ic  check l i s t  w a s  much more s e n s i t i v e  than the  dynamic 

to  non-cr i t ica l  problems, such as l a b e l  s i z e ,  c o a t r o l  element 

size, and viewing dis tance.  

0 
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TABJX 2. FREQUEXSY OF TYPE OF PROBLEM 
FOR TWO TYPES OF CHECKLISTS 

C r i t i c a l  Problems 

Poor panel arrangement 

Infrequent ly  used C/D i n  prime space 

Related C/D too f a r  apa r t  

C/D too c lose  together  

Controls ou t s ide  of opera tor ' s  reach 

Controls can be inadver ten t ly  ac t iva ted  

Reach t o  con t ro l  obstructed 

C/D loca t ion  in t e r f e re s  with operat ions 

C/D could be moved t o  more e f f e c t i v e  
loca t ion  

Poor viewing angle  

Limited workspace 

Too much con t ro l  r o t a t i o n  required 

High l ike l ihood of con t ro l  confusion 

Layout not  standard f o r  a l l  panels 

TOTAL CRITICAL 

Non-Critical Problems 

Labelling ambiguous 

Label s i z e  too small 

Insu f f i c i en t  d i sp lay  states 

Control element too small 

View dis tance  too l a rge  

Control on wrong s i d e  of display 

No d i r e c t i o n a l  code 

TOTAL NON-CRITICAL 

S t a t i c  
Check1 is t 

0 
0 

0 

17 

39 

3 

1 

0 

5 

1 

0 

1 

2 

0 

69 
- 

7 

52 

2 

9 

6 

1 

0 

77 
- 

Dynamic 
Checklist  

1 5  

1 0  

2 

33 

29 

9 

20 
4 

17 

3 
6 
2 
0 

9 

159 
- 

14 

0 

0 
6 

0 

4 
1 

25 
- 

Both 

0 

0 
0 

11 

26 

0 

1 

0 

2 

1 

0 

1 

0 

0 

42 

- 

- 

7 

0 
0 
0 

0 
0 
0 

7 
- 



4.0 CONCLUSIONS AND RECOMMENDATIONS 

The outputs  of t h i s  study were t o  include th ree  sepa ra t e  items: 

0 a s e l e c t i o n  of a man-machine eva lua t ion  approach with a j u s t i f i -  

c a t i o n  f o r  t h e  s e l e c t i o n  

0 a desc r ip t ion  of t h e  approach a s  i t  is t o  be appl ied  t o  man- 

ma,-hine i n t e r f a c e  eva lua t ions  f o r  s h u t t l e  and s h u t t l e  payloa?s  

an eva lua t ion  of t h e  man-machine i n t e r f a c e  cu r ren t ly  being con- 

s idered  f o r  t h e  s h u t t l e  a f t  cabin Payload S p e c i a l i s t  S t a t i o n  

0 

(PSS). 

The conclusions and recommendations assoc ia ted  wi th  each of t hese  

areas inc lude  t h e  following: 

4.1 Evaluation Technique Se lec t ion  

Based on t h e  r e s u l t s  of t h i s  s tudy  t h e  dynamic check l i s t  approach 

is recommended f o r  s h u t t l e  and s h u t t l e  payload man-machine i n t e r f a c e  

evaluations.  This  recommendation is based on: 

0 Time t o  prepare, administer and reduce data.  These times were 

twice a s  long f o r  t he  s t a t i c  approach as compared with t h e  dynamic. 

0 Number and c r i t i c a l i t y  of problems. The dynamic check l i s t  is 

more s e n s i t i v e  t o  problems which x e  expected t o  s i g n i f i c a n t l y  

impact opera tor  performance and which are important f o r  t he  

s t a g e  of panel development. The s t a t i c  check l i s t  is more sens i -  

t i v e  t o  non-cr i t ica l  problems. 

0 Type of problem iden t i f i ed .  The dynamic check l i s t  is s e n s i t i v e  

t o  s i g n i f i c a n t l y  more (13 of 14) types of c r i t i c a l  problems than 
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is t h e  s t a t i c  approach which i d e n t i f i e d  problems i n  only 8 of 1 4  

c r i t i ca l  ca tegor ies  . 
Both c h e c k l i s t s  performed e f f e c t i v e l y  i n  ident i fy ing  human f a c t o r s  

problems f o r  ind iv idua l  con t ro l s  and d i sp lays .  The dynamic check l i s t  

excelled over  t h e  s t a t i c  pr imari ly  i n  i d e n t i f i c a t i o n  of problems which 

were r e l a t e d  t o  t h e  sequence of operat ions,  where t h e  concern w a s  no t  

only wi th  individual  c o n t r o l s  and d isp lays  but a l s o  with t h e  r e l a t i o n s h i p s  

among d i f f e r e n t  c o n t r o l s  and displays.  The dynamic c h e c k l i s t  a lone w a s  

s e n s i t i v e  t o  problems stemming from t h e  arrangement of 

plays on panels ,  and t h e  arrangement of panels  themselves. 

approach also was t h e  only technique which i d e n t i f i e d  problems of non- 

s tandard iza t ion  of c o n t r o l  and d isp lay  arrangements across d i f f e r e n t  

panels. 

operator.  

c o n t r o l s  and dis-  

The dynamic 

It alone also i d e n t i f i e d  problems with workspace provided t h e  

The implicat ions o f  t hese  r e s u l t s  are important f o r  spacecraf t  

man-machine i n t e r f a c e  evaluation. I f  t h e  evaluat ion approach continues 

t o  follow t h e  l i n e s  of a s t a t i c  technique, then a s i g n i f i c a n t  number of 

important problems of d i f f e r e n t  types w i l l  - not  be i d e n t i f i e d .  

only through 

i n t e g r a t i o n  of man-mzchine i n t e r f a c e  elements can  be e f f e c t i v e l y  evaluated. 

E a r l y  i n  t h e  design and development process (as a t  the  present t i m e  i n  

t h e  s h u t t l e  a f t  cabin development) an evaluat ion of component i n t e g r a t i c n  

and arrangement is more important than a f u l l  evaluat ion of s t a t i o n  man- 

systems design. 

It is 

t h e  a p p l i c a t i o n  of a dynamic evaluat ion scheme t h a t  t h e  
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- 4.2 Dynamic Checklist  Spec i f ica t ion  

The dynamic evaluat ion approach considered i n  t h i s  inves t iga t ion  

represents  a n  appl ica t ion  of a technique 

U. S. Army Test  and Evaluation Command. The e s s e n t i a l  c h a r a c t e r i s t i c s  

o f  t h e  technique are as follows: 

developed by Essex f o r  t h e  

0 It is not  a c t u a l l y  a check l i s t  as such but rather supports  and 

f a c i l i t a t e s  t h e  i d e n t i f i c a t i o n  of what aspec ts  of an item must be 

evaluated. A s  such i t  can serve as t h e  b a s i s  f o r  a s p e c i f i c  

c h e c k l i s t  developed by t h e  evaluator .  

0 It is  or ien ted  toward evaluat ion of what t h e  u s e r  m u s t  do with 

a n  item and under what conditions.  Therefore, i t  enables t h e  

evaluator  t o  consider user  requirements i n  a dynamic s i t u a t i o n ,  

r a t h e r  than providing checkpoints i n  a s t a t i c  format. 

It is opera t iona l ly  or iented r a t h e r  than simply equipment or iented.  

It emphasizes operat ional  i n t e r f a c e s  r a t h e r  than 

in t e r f aces .  

It provides t h e  evaluator  with a b a s i s  f o r  conceptual iz ing what 

t h e  use r  must do with t h e  i t e m ,  enabling him to  approach t h e  

test and evaluat ion of t h e  i t e m  a s  a t r a ined  human facto;^r engineer 

would. Therefore,  i t  provides him with more than a simple I t s t  of 

what t o  look a t  and look fo r .  

e 

only physical  

0 

0 It enables t h e  evaluator  t o  follow the  opera t iona l  o r i e n t a t i o n  

even t o  t h e  point of adding a d d i t i o n a l  opera t ions  and test  i t e m  

components not s p e c i f i c a l l y  covered i n  t h e  document d a t a  bank. 
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Therefore, i t  has a p p l i c a b i l i t y  t o  a wide range of man-rnachine 

h t e r f a c e  elements, even beyond those iden t i f i ed  i n  t he  da t a  bank. 

0 It makes most e f f e c t i v e  use  of evaluator  time and e f f o r t  by l i m i t -  

i ng  h i s  a t t e n t i o n  t o  man-machine da t a  spec i f ied  fo r  i t e m s  by c l a s s  

of item and purpose of t e s t ing .  

The approach provides t h e  evaluator  with a c l a s s i f i c a t i o n  of 

systems and, f o r  each c l a s s ,  a set of standard operat ions man-machine 

i n t e r f a c e s  associated with operations.  Examples of man-machine in t e r f aces  

would involve t h e  following: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

cont ro ls /d isp lays  

consoles 

workspace 

h a b i t a b i l i t y  

documentation 

comunica t  ion 

da ta  management 

point ing cont ro l  

procedures and operat ions 

stowage 

r e s t r a i n t s  

mobili ty a i d s  

t imel ines  and work/rest  cyc les  

design for o p e r a b i l i t y  

design for main ta inabi l i ty  

design fo r  s a fe ty  

handles,  handholds 

l i g h t i n g  

clearances 

v i s u a l  system 

workload 

s k i l l s  and knowledges 
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The dynamic technique would then include : 

0 a c l a s s i f i c a t i o n  of sys tems (e.g. experiment c o n t r o l  console, 

EVA t r a n s l a t i o n  a i d s ,  work s t a t i o n  r e s t r a i n t s ,  etc.) 

e standard opera t ions  f o r  each system c l a s s ,  a t  t h r e e  l e v e l s  of 

s p e c i f i c i t y  (function, sub-function and t a sk )  

a list of man-machine i n t e r f a c e s  assoc ia ted  wi th  each t a sk  

0 a list of man-machine i n t e r f a c e  eva lua t ion  c r i t e r i a  areas, 

such as: 

- v i s i b i l i t y  

- locationlarrangement 

- size ,  shape 

- forces ,  r e s i s t a n c e  

- condition of use 

- s a f e t y  

- cod ing l iden t i f i ca t ion  

0 man-machine i n t e r f a c e  evaluation c r i t e r i a  o r  s p e c i f i c a t i o n  da ta  

c l a s s i f i e d  by c r i t e r i o n  areas and i n t e r f a c e s ,  f o r  t a s k s  by 

system classes 

The technique w i l l  be used by a man-machine i n t x r f a c e  e\-;-luation 

t o  cons t ruc t  a dynamic check l i s t  s p e c i f i c a l l y  t a i l o r e d  f o r  the  syst2m 

t o  be evaluated. The technique w i l l  then i n d i c a t e  what should be eval- 

uated and would ~ l s o  cowprise t h e  criteria derived from t h e  JSC Work- 

s t a t i o n  Spec i f ica t ions  and/or MSFC Man-Machine I n t e r f a c e  Standard 512. 

Evaluators would develop a dynamic check l i s t  based on the  technique, and 

would apply t h e  check l i s t  by simulating t h e  operations t o  be performed 
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with a mockup of t h e  in t e r f ace .  

mockup can range from an engineering drawing t o  a high f i d e l i t y  f u l l  

s c a l e  mockup. 

Based on t h e  s t a g e  of development, t h e  

4.3 Evaluation of t h e  PSS f o r  t h e  L i f e  Science FFTS Servicing Mission 

The PSS conf igura t ion  evaluated i n  t h i s  study is presented i n  Figure 

1. The r e s u l t s  of t h e  evaluation, a s  they r e l a t e  t o  t h e  PSS man-machine 

i n t e r f a c e ,  inc lude  t h e  following conclusions and recommendations: 

1. The s i g n i f i c a n t  problem inherent i n  t h e  PSS concept e v a h t e d  

was t h e  same problem which plagued the  Skylab Apollo Telescope 

Mount Console - t h a t  of e s t ab l i sh ing  a design approach which 

states t h a t  a s t a t i o n  might be a one o r  two man s t a t i o n .  It is  

important t o  understand t h a t  t h e  d i f f e rences  between one and two 

man s t a t i o n s  extend beyond t h e  s i z e  d i f fe rence .  Controls and 

d i sp lays  must be in t eg ra t ed  

i n  a manner d i f f e r e n t  than f o r  a two man s t a t i o n .  Reliance on 

an approach which a t t e m p t s  t o  

must r e s u l t  i n  a concept which has se r ious  problems f o r  e i t h e r  

approach. 

by a s i n g l e  operator.  One sequence of a c t i v i t i e s  required 18 

sequen t i a l  s h i f t s  between the a f t  panel a r e a  (A -4 )  and t h e  for- 

ward most s i d e  console (L-12). An opera tor  s t a t ioned  a t  L-12 

simply cannot reach A-4, and s i m i l a r l y ,  a crew member s t a t ioned  

a t  A-4 cannot reach L-12. The a c t u a l  con t ro l  of f r e e  f l y i n g  

t e l eope ra to r  sys tems r equ i r e s  opera t iona l  sequences u t i l i z i n g  

and arranged f o r  a one man console 

accomnodate e i t h e r  manning l e v e l  

The PSS evaluated i n  t h i s  study could not be  operated 

-22- 



h - 

w 
T; 



components located on both panels which is impossible. The 

approach of using the  s t a t i o n  as  a two-man ccnsole is a l s o  

unacceptable due t o  the  s m a l l  space provided and the  required 

coordination of functions located on d i f f e r e n t  consoles. 

2. The console arrangement is  poor i n  terms of reach envelope, 

even i f  t h e  poblems i d e n t i f i e d  i n  item 1 above a r e  resolved. 

A crewmember s tanding  a t s t h e  c e n t r a l  s i d e  console (L-11) can 

reach con t ro l s  located on t h e  a f t  most s i d e  console (L-10) 

only wi th  d i f f i c u l t y ,  due t o  the  d i s t ance  irivolved and t h e  

loca t ion  of obs t ruc t ions .  

3. The mission s p e c i f i c  panel (L-12) was not designed using the  

same gujde l ines  and c r i t e r i a  as t h e  standard panels (L-10, 

L-11). 

4. Hand c o n t r o l l e r s  are too low f o r  a standing operation. The 

c e n t e r l i n e  of t h e  c o n t r o l l e r  panel is 30 inches from t h e  

f l o o r  and con t ro l s  are 16 inches apar t .  

Controls which a r e  located on t h e  panel should b e  on t h e  hand 

c o n t r o l l e r s  (c lu tch ,  g r i p  open/close). 

There is not enough head room f o r  a s ix  foot  operator t o  reach 

a l l  con t ro l s  from a standing pos i t ion .  

5.  

6. 
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APPENDIX A 

DYNAMIC CHECKLIST 
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