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I n t r o d  ~ i c  t i o n  

T h e  m a g n i t u d e  a n d  c o m p l e x i t y  o f  s u s t a i n i n g  a manned S p a c e  

S t a t i o n  for  l o n g  p e r i o d s  o f  p r o d u c t i v e  w o r k  h a v e  l e a d  t o  a s e a r c h  

f o r  r e l e v a n t  a n a l o g s  w h i c h  c a n  p r o v i d e  d a t a b a s e s  o n  b e h a v i o r a l  

issues e x p e c t e d  i n  s u c h  a n  e n v i r o n m e n t .  I t  is o b v i o u s  t h a t  t h e  

b e s t  a n a l o g  of a s p a c e  s t a t i o n  is a n  o p e r a t i o n a l  s p a c e  s t a t i o n  - 
a n d  b o t h  t h e  U. S. d u r i n g  t h e  S k y l a b  m i s s i o n s  a n d  t h e  R u s s i a n s  

f o r  t h e  l a s t  d e c a d e  h a v e  h a d  such s t a t i o n s .  U n f o r t u n a t e l y ,  

h o w e v e r ,  n e i t h e r  of t h e s e  p r o v i d e s  a u s e f u l  d a t a b a s e .  I n  t h e  case 

o f  t h e  U.S. e n d e a v o r ,  a s  i n  a l l  s p a c e  m i s s i o n s .  n o  s y s t e m a t i c  

b e h a v i o r a l  d a t a  w e r e  c o l l e c t e d  a n d  o n l y  f r a g m e n t e d ,  a n e c d o t a l  

r e p o r t s  on a d j u s t m e n t  are  a v a i l a b l e .  T h e  R u s s i a n s  h a v e  a l s o  

f a i l e d  t o  ma1::e p u b l i c  u s e f u l  p s y c h o l o g i c a l  d a t a ,  a l t h o u g h  

a n e c d o t a l  r e p o r t s  i n d i c a t e  t h a t  s e r i o u s  p r o b l e m s  h a v e  a r i s e n  

( C h a i k e n ,  1985; E l u t h ,  1981). 

/ 

L a c k i n g  d a t a  from t h e  m i c r o - g r a v i t y  e n v i r o n m e n t  o f  s p a c e ,  

i n v e s t i g a t o r s  h a v e  f o c u s e d  o n  e a r t h l y  a n a l o g s  s u c h  a s  u n d e r s e a  

h a b i t a t s ,  s u b m a r i n e s ,  A n t a r c t i c  s t a t i o n s ,  a n d  o c e a n o g r a p h i c  

r e s e a r c h  v e s s e l s  as  r e p r e s e n t i n g  many, b u t  n o t  a l l ,  o f  t h e  

f ac to r s  r e l e v a n t  t o  a s p a c e  s t a t i o n  ( e . g .  Miller, 1983; Stuster, 

1984; C h r i s t e n s e n  8~ T a l b o t ,  1985; S c h o o n h o v e n ,  1985; H o l l o w a y ,  i n  

p r e p a r a t i o n ;  N a t i o n a l  R e s e a r c h  C o u n c i l  , C o m m i t t e e  o n  S p a c e  B i o l o g y  

a n d  M e d i c i n e ,  i n  p r e p a r a t i o n ) .  

T h e  p r e s e n t  r e p o r t  p r o v i d e s  a n  e v a l u a t i o n  of  t h e  u t i l i t y  of  

u n d e r s e a  h a b i t a t s  f o r  b o t h  r e s e a r c h  a n d  t r a i n i n g  o n  b e h a v i o r a l  

i s s u e s  for  t h e  S p a c e  S t a t i o n .  A d d i t i o n a l l y ,  t o  m a k e  t h e  

1 
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d i s c u s s i o n  more concre te ,  t h e  f e a s i b i l i t y  o f  a p a r t i c u l a r  

h a b i t a t ,  L a  C h a l u p a ,  w i l l  b e  e x a m i n e d .  

S p a c e  S t a t i o n / H a b i t a t  C o m m o n a l i t i e s  

E x t e n s i v e  p s y c h o l o g i c a l  r e s e a r c h  p r o g r a m s  h a v e  b e e n  

c o n d u c t e d  d u r i n g  t h r e e  Amer ican  u n d e r s e a  h a b i t a t  p r o j e c t s ,  

P ro jec t  SEALAB I 1  c o n d u c t e d  b y  t h e  U.S.  Navy d u r i n g  1965 a n d  

P r o j e c t s  TEKTITE I a n d  TEKTITE I 1  s p o n s o r e d  j o i n t l y  b y  t h e  Navy, 

N A S A ,  a n d  t h e  D e p a r t m e n t  of t h e  I n t e r i o r  d u r i n g  1969-1970, a n d  

t h e s e  w i l l  s e r v e  a s  t h e  r e f e r e n t s  f o r  c o m p a r i s o n s  w i t h  s p a c e  

s t a t i o n  o p e r a t i o n s .  B o t h  u n d e r s e a  a n d  s p a c e  h a b i t a t i o n  r e p r e s e n t  

l i v i n g  a n d  w o r k i n g  i n  a t o t a l  e n v i r o n m e n t  t h a t  is restr ic ted i n  

area a n d  h a z a r d o u s .  B o t h  are i n e s c a p a b l e :  A s t r o n a u t s  c a n  r e t u r n  

t o  e a r t h  o n l y  b y  m e a n s  o f  a t r a n s p o r t  s p a c e c r a f t  w h i l e  A q u a n a u t s ,  

o n c e  s a t u r a t e d  w i t h  b r e a t h i n g  g a s  a t  t h e  a m b i e n t  p r e s s u r e  o f  t h e  

h a b i t a t  , m u s t  u n d e r g o  l e n g t h y  d e c o m p r e s s i o n  t o  a v o i d  

d e c o m p r e s s i o n  s i c1 : :nes s .  T h e  c o m b i n e d  l i v i n g  a n d  w o r k s p a c e  i n  b o t h  

is r e s t r i c t e d ,  r a i s i n g  p r o b l e m s  of p r i v a c y ,  t e r r i t o r i a l i t y  a n d  

c o n f l i c t  o v e r  use o f  r e s o ~ i r c e s .  E x t r a - v e h i c u l a r  a c t i v i t y  ( E V A )  

f r o m  a s p a c e c r a f t  is c l o s e l y  p a r a l l e l e d  c o n c e p t u a l l y  b y  e x c u r s i o n  

d i v i n g  f r o m  t h e  h a b i t a t .  T h e  m o s t  s t r i k i n g  d i s s i m i l a r i t y ,  of 

course, is i n  t h e  f a c t  t h a t  s p a c e c r a f t  o p e r a t e  i n  a m i c r o - g r a v i t y  

e n v i r o n m e n t  l e a d i n g  b o t h  t o  d i f f e r e n t  p h y s i o l o g i c a l  r e s p o n s e s  a n d  

t o  d i f f e r e n t  u t i l i z a t i o n  o f  t h e  p h y s i c a l  s p a c e  i n  t h e  v e h i c l e .  

T h e  most i m p o r t a n t  c o m m o n a l i t i e s  a p p e a r  t o  b e  i n  t h e  area of 

social  a n d  o r g a n i z a t i o n a l  p s y c h o l o g i c a l  f a c t o r s .  T h e s e  a r e  t h e  

issues t h a t  a r e  m o s t  l i k e l y  t o  h a v e  a major i n f l u e n c e  o n  the  
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p r o d u c t i v i t y  and adjustment o f  crewmembers on long-durat ion space 

m i  s s i  oris. I 
I 

I jeaninqful  Work. Of paramount importance i s  t h e  f a c t  t h a t  

p a r t i c i p a n t s  a r e  performing r e a l  work which i s  persona l ly ,  

p r o f e s s i o n a l l y  r e l e v a n t  and, as such, perce ive  themselves as t r u e  

p a r t i c i p a n t s  i n  t h e  endeavor r a t h e r  than as research subjects .  

Th is  i s  i n  sharp con t ras t  t o  s imu la t i on  s tud ies  where 

p a r t i c i p a n t s ’  a c t i v i t i e s  serve t h e  purpose o f  generat ing research 

data. I n  such s tud ies  t h e  l ack  o f  personal  involvement o f  

I 

I 

sub jec ts  o f ten  leads t o  r e s u l t s  h i g h l y  d i f f e r e n t  from those 

obtained from pe rsona l l y  invo lved crews. For example, research 

conducted du r ing  t h e  1960’s on small  groups i n  i s o l a t i o n  

( m i l i t a r y  sub jec ts  conf ined i n  windowless s u i t e s  o f  rooms w i t h  

o n l y  research tasks  t o  perform) suggested, from t h e  h i g h  

inc idence o f  sub jec ts  f a i l i n g  t o  complete severa l  weeks o f  

confinement due t o  h igh  perceived  stress'^ and from ou tbu rs ts  o f  

ove r t  h o s t i l i t y ,  t h a t  psychologica l  adjustment would be a 

cont inu ing  and major problem i n  conf ined groups (Haythorn 

Altman, 1966). These r e s u l t s  d i f f e r  p ro found ly  from t h e  g e n e r a l l y  

excel l e n t  adjustment shown by Aquanauts and Astronauts. 

These c o n t r a s t i n g  r e s u l t s  have been i n t e r p r e t e d  i n  terms of 

t h e  cos ts  and rewards found i n  t h e  two s e t t i n g s  (Rad lo f f  

Helmreich, 1968). While t h e  o b j e c t i v e  costs ,  i n  terms o f  danger 

and discomfort ,  a r e  u s u a l l y  low i n  s imulat ions,  t h e  o b j e c t i v e  and 

s u b j e c t i v e  rewards f o r  p a r t i c i p a t i o n  a re  a l s o  t y p i c a l l y  low and 

t h e  absolute values of these f a c t o r s  may s t r o n g l y  i n f l u e n c e  

mot iva t ion ,  performance, and adjustment. The cost-reward model i s  

shown i n  F igure 1. 



Figure 1. The Cost-Reward Model (from Radlof f & Helmreich, 1968). 

4 
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The preceeding d iscuss ion i s  no t  meant t o  negate t h e  

importance of s imu la t i ons  as means o f  eva lua t i ng  person-machine 

i n t e r f a c e s  and i n  t r a i n i n g  and eva lua t i ng  miss ion candidates as 

these a re  obv ious ly  c r i t i c a l  tasks  bes t  accomplished i n  such a 

s e t t i n g .  Rather i t  i s  arguing t h a t  s o c i a l  and o rgan iza t i ona l  

issues are  best explored i n  s e t t i n g s  where i n d i v i d u a l s  a re  h i g h l y  

invo lved and where performance outcomes a re  pe rsona l l y  r e l e v a n t  

t o  p a r t i c i p a n t s .  

I-Jeteroqeneous Graups q d _  Goals. One o f  t h e  g iven assumptions 

f o r  t h e  Space S t a t i o n  i s  t h e  f a c t  t h a t  p a r t i c i p a n t s  w i l l  come 

from much more heterogeneous backgrounds than, f o r  example, t h e  

Mercury Astronauts. Th is  cohor t  was composed o f  white, male, 

m i l i t a r y  t e s t  p i l o t s  who underwent long pe r iods  o f  t r a i n i n g  as a 

group before f l i g h t .  Space S t a t i o n  crewmembers w i l l  be bo th  male 

and female, a r e  l i k e l y  t o  r e f l e c t  h i g h l y  d i v e r s e  educat ional  and 

vocat iona l  backgrounds, and w i l l  p robably  be i nvo l ved  i n  ve ry  

d i f f e r e n t  p r o j e c t s  which may compete f o r  resources w i t h i n  t h e  

s t a t i o n .  A d d i t i o n a l l y ,  groups w i l l  undoubtedly n o t  have t h e  long 

pe r iods  of common t r a i n i n g  t ime be fo re  missions. Th is  t ype  of 

crew composit ion and format ion has g rea t  p o t e n t i a l  f o r  

in te rpersona l  c o n f l i c t ,  e s p e c i a l l y  when p a r t i c i p a n t s  a re  conf ined 

i n  a h i g h l y  r e s t r i c t e d  environment f o r  long  pe r iods  o f  t ime. 

Group composi t ion i n  both SEALAB and TEKTITE r e f l e c t e d  such 

heterogenei ty.  Crews i n  SEALAB were composed o f  m i l i t a r y  e n l i s t e d  

and o f f i c e r  d i v e r s  and C i v i l i a n  s c i e n t i s t s  w i t h  a range of 

educat ion from l e s s  than h igh  school t o  d o c t o r a l  degrees. Tasks 

ranged from marine b i o l o g i c a l  and biochemical  research t o  salvage 

5 
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worl::. S i m i l a r l y ,  TEKTITE c r e w s  e a c h  c o n t a i n e d  s e v e r a l  s c t b g r o u p s  . 
o f  s c i e n t i s t s  w o r k i n g  o n  d i f f e r e n t  p r o j e c t s  a n d  a n  e n g i n e e r  

c h a r g e d  w i t h  h a b i t a t  m a i n t e n a n c e .  C r e w s  o n l y  a s s e m b l e d  as  a who@ 

a f e w  d a y s  p r i o r  t o  t h e  b e g i n n i n g  o f  t h e i r  m i s s i o n .  B o t h  males 

a n d  f e m a l e s  p a r t i c i p a t e d  i n  TEKTITE, b u t  f e m a l e s  s e r v e d  o n  a 

s e p a r a t e ,  a l l  f e m a l e  crew. 

/ 

I t  s h o u l d  b e  n o t e d  t h a t  t h e  c o m p o s i t i o n  o f  t h e  c u r r e n t  

STS c r e w s ,  i n c l u d i n g  A s t r o n a u t s ,  M i s s i o n  S p e c i a l i s t s ,  a n d  P a y l o a d  

S p e c i a l i s t s ,  is f a i r l y  h e t e r o g e n e o u s .  H o w e v e r ,  m i s s i o n  d u r a t i o n s  

are s h o r t  a n d  n o  s y s t e m a t i c  b e h a v i o r a l  r e s e a r c h  is b e i n g  

c o n d u c t e d  e i t h e r  d u r i n g  t r a i n i n g  or  o n  o p e r a t i o n a l  m i s s i o n s .  

C r e w  Acttonomy. I n  s p a c e  m i s s i o n s  t o  d a t e  a s  w e l l  a s  b o t h  

u n d e r s e a  p r o j e c t s ,  t h e  i s s u e  o f  c o n t r o l  of m i s s i o n  a c t i v i t i e s  b y  

g r o u n d  b a s e d  a u t h o r i t i e s  v e r s u s  crew s e l f - d e t e r m i n a t i o n  h a s  b e e n  

a major s o u r c e  of c o n f l i c t .  Some r e s e a r c h e r s  h a v e  r e f e r r e d  t o  

t h i s  a s  t h e  " p e r i p h e r a l  p a r a n o i a "  o f  i solated j r o u p s .  I n  t h e  case 

of l o n g e r  m i s s i o n s  i n  t h e  Space S t a t i o n ,  t h i s  is a p o t e n t i a l l y  

s e r i o u s  f a c t o r  t h a t  r e q u i r e s  e x p l i c a t i o n .  

L e a d e r s h i a .  L e a d e r s h i p  o f  a h e t e r o g e n e o u s  g r o u p  w i t h  

m u l t i p l e  g o a l s  i n  a t o t a l  e n v i r o n m e n t  w i l l  b e  a c r i t i c a l  i s s u e  i n  

t h e  S p a c e  S t a t i o n  a s  i t  was f o r  l e a d e r s  i n  b o t h  SEGLAB a n d  

TEGTITE. T h e  common f e a t u r e s  o f  t h e s e  u n d e r s e a  e n v i r o n m e n t s  a n d  

s p a c e  m a k e  t h i s  a k e y  i s s u e  f o r  e v a l u a t i o n .  

F r i v a c y  a n d  _ _ _  P e r s o n a l  -------- Space. T h e  n e c e s s a r i l y  l i m i t e d  v o l u m e  

o f  b o t h  s p a c e  a n d  u n d e r s e a  s t r u c t u r e s  m a k e s  p r i v a c y  a n d  p e r s o n a l  

s p a c e  i m p o r t a n t  i s s u e s ,  e s p e c i a l l y  f o r  l o n g  m i s s i o n s .  I n  b o t h  

u n d e r s e a  s e t t i n g s  p r i v a c y  was a b e h a v i o r a l  i s s u e .  T h e r e  is n o  

q u e s t i o n  a b o u t  its i m p o r t a n c e  f o r  t h e  S p a c e  S t a t i o n .  



Work: Design_ p d  Role Sharinq. Both space and undersea 

environments have i n  common t h e  f a c t  t h a t  i n  a d d i t i o n  t o  p r imary  

s c i e n t i f i c  o r  ope ra t i ona l  tasks, a s u b s t a n t i a l  amount o f  t ime  

m u s t  be devoted t o  maintenance o f  t h e  v e h i c l e  and maintenance of 

t h e  crew's n u t r i t i o n a l  needs as w e l l  as the  mundane d u t i e s  o f  

housekeeping . How these du t ies ,  as we l l  as ope ra t i ona l  

requirements, a re  assigned can be c r i t i c a l  t o  t h e  acheivement of 

h i g h  p r o d u c t i v i t y  and good morale. I n  t h e  SEALAB missions, 

maintenance and housekeeping were shared among crewmembers w i t h  

no formal o rgan iza t ion .  I n  TEKTITE, an engineer w i t h  p r imary  

r e s p o n s i b i l i t y  f o r  h a b i t a t  maintenance was inc luded on each crew. 

Food prepara t ion  r e s p o n s i b i l i t i e s ,  however, evolved as a f u n c t i o n  

o f  i n d i v i d u a l  preferences. 

While no t  exhaustive, t h e  above l i s t  g ives  an i n d i c a t i o n  o f  

t h e  extent  t o  which c e n t r a l  i n te rpe rsona l  i ssues  are  shared i n  

these d iverse  environments. 

Non-U. S. Approaches 

Undersea h a b i t a t  a c t i v i t i e s  have by no means been l i m i t e d  t o  

t h e  U. S. Indeed, as documented by M i l l e r  and Kob l ick  (1984) a a 

t o t a l  of si:.:ty-five h a b i t a t s  have been o r  a re  ope ra t i ona l ,  

represent ing e f f o r t s  by seventeen na t ions .  The l a r g e s t  number of 

h a b i t a t s  belong t o  t h e  Soviet  Union w i t h  almost h a l f  o f  t h e  t o t a l  

( 2 9 )  coming from Eastern Bloc count r ies .  The Un i ted  Sta tes  has 

devel oped the second 1 argest  number , four teen.  

More re1 evant t o  t h e  quest ion o f  space/undersea para1 l e 1  s i s  

in fo rmat ion  r e c e n t l y  obtained by one o f  t h e  au thors  (RLH) f rom 

7 
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personal  communications w i th  a Sov ie t  psycho log is t  and a French 

d i v i n g  a u t h o r i t y .  B o r i s  Lomov i s  head o f  t h e  Soviet  I n s t i t u t e  of 

Psychology and a c e n t r a l  f i g u r e  i n  a v i a t i o n  and space psychology. 

Lomov s ta ted  t h a t  t h e  Soviets have ex tens i ve l y  used undersea 

a c t i v i t i e z  as p a r t  of t h e i r  space program. He d i d  not ,  however, 

i n d i c a t e  whether t h e  undersea work cons is ted  o f  research, 

Cosmonaut t r a i n i n g ,  o r  both. 

, 

Jacques Rougerie, a French naval  a r c h i t e c t  , designer and 

d i v e r  i n d i c a t e d  t h a t  a four-person undersea h a b i t a t  o f  h i s  design 

was c u r r e n t l y  under cons t ruc t ion  i n  France and would be used f o r  

long  du ra t i on  a c c l i m i t i z a t i o n  and t r a i n i n g  work w i t h  French space 

candidates. He d i d  no t  i n d i c a t e  whether o r  no t  t he re  would be  a 

s i g n i f  i c a n t  behaviora l  research component i n  t h i s  a c t i v i t y .  

Psychological  Research I n  SEALAE and TEKTITE 

A s  noted, extemsive psychological  research was conducted i n  

bo th  SEALAB and TEKTITE. I n  SEALAE, s t u d i e s  inc luded an a r r a y  of 

performance eva lua t ions  i n c l u d i n g  v i s u a l  , aud i to ry ,  and 

psychomotor SI::; 1 1 s ( M i  1 1 er 1966) and cont inuous systemat i c 

observat ion o f  i n d i v i d u a l  and group behavior and performance. 

These were conducted dur ing each o f  t h ree  ten-day mir;sioris 

conducted by a crew of ten Aquanauts ( F a u l i  & Clapper, 1967; 

Radlof f  & Helmreich, 1968). Extensive pre- and post-mission 

d e b r i e f i n g  i n te rv iews  were a lso conducted. 

I n  TEKTITE, a major study of h a b i t a b i l i t y  was conducted 

i n c l u d i n g  eva lua t ions  o f  the h a b i t a t ,  measurer; o f  mood, and 

l e i s u r e  a c t i v i t i e s  (Nowlis, 1972). The l a r g e s t  psycho log ica l  

e f f o r t  i nvo l ved  continuous systemat ic observat ion o f  t h e  i n -  
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h a b i t a t  behavior o f  t he  t e n  f ive-person Aquanaut teams 

(Helmreich, 1971). An emphasis o f  t h i s  program was the  ref inement  

of methodologies f o r  systemat ic behav io ra l  observat ion.  

Behavioral f i n d i n g s  inc luded s i g n i f  i c a n t  r e l a t i o n s h i p s  , 

between performance and group cohesiveness, h o s t i l i t y  between 

Aquanaut crews and s u r f  ace c o n t r o l  l e r s ,  temporal changes i n  

performance and s h i f t s  i n  sleep/work cyc les.  Other s i g n i f i c a n t  

da ta  inc luded t h e  e f f e c t s  on performance o f  ro le -shar ing  and t h e  

performance impact o f  p a r t i a l  crew r o t a t i o n .  S i q n i f  i c a n t  

i n d i v i d u a l  d i f f e r e n c e s  i n  performance and adjustment were a l s o  

i s o l a t e d  and r e l a t e d  t o  personal c h a r a c t e r i s t i c s .  The f a c t  t h a t  a 

l o n g i t u d i n a l  record o f  behavior was obtained al lowed f o r  much 

more d e t a i l e d  analyses than t h e  usual  s i n g l e  event study i n  these 

areas. 

, 

A c r i t i c a l  p o i n t  i n  t h e  behaviora l  research i n  these 

p r o j e c t s  is t h a t  they were conducted on a non- in te r fe r i ng ,  

unobtrus ive bas is .  Th is  research s t ra tegy ,  which was d i c t a t e d  by 

opera t iona l  concerns, has bo th  advantages and disadvantages. On 

t h e  p o s i t i v e  s ide, t h e  sub jec ts  perce ived t h e i r  pr imary miss ion 

as t h e  conduct o f  p ro fess iona l  work and d i d  n o t  f e e l  cons t ra ined 

by t h e  psycholoy ica l  i n v e s t i g a t i o n .  On t h e  negat ive  s ide,  

however , a number o f  extreme1 y i inportant i ssues i n v o l  v i  ng m i  ss i  on 

organ iza t ion  and s t ruc tu re ,  r o l e  r e l a t i o n s h i p s ,  and crew 

composit ion could no t  be explored. I n  eva lua t i ng  p o t e n t i a l  

benef i izs from f u r t h e r  undersea research, t h e  poss i  b i  1 i t y  of 

imposing c r u c i a l  experimental man ipu la t ions  w h i l e  p reserv ing  an 

unobtrus ive data c o l l e c t i o n  s t r a t e g y  w i  11 be discussed. 

9 
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Research and Training Potential of Future Habitat Projects 

The central question in determining whether additional work 

in undersea habitats would be useful in planning future Space 

Station operations is whether such research would provide new, 

valid data on issues 1il::ely to influence the success of space 

operations. The answer is an unequivocal yes if 5 pool of 

Aquanaut candidates ~ ? r h ~  would find &he envirpnment m i  qcrely 

suitablg f o r  performinq Eeaninsful work kg located. This 

point will be discussed following specific research questions. 

, 

Four factors mal::e the prospect of conducting additional 

research in this setting particularly appealing. One is that 

there have been substantial advances over the last fifteen years 

in hardware (micro-computer and video) required for data 

acquisition and in analytic techniques for large, time-series 

databases. The second is that there have been a number of 

theoretical developments in organizational and personality 

psychology that generate testable research hypotheses applicable 

to the space environment. The third is that it would b e  possible 

to conduct multiple missions within the same environment giving a 

mare solid statistical base to obtained results. The fourth, 

growing out of the third, is that a quasi-experimental 

methodology could be employed across missions allowing the 

manipulation of significant group and organizational factors 

while giving participants basic autonomy in the conduct of their 

undersea worl::. The list of specific areas where profitable 

research may be conducted touches on all of the commonalities 

discitssed above and several additional topics. The following are 
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p a r t  i c u l  a r  1 y i mpor t a n  t . 
Crew CSutonomy and_ Leadershie. Using t h e  quasi-experimental 

approach, i t  would be poss ib le  t o  vary t h e  degree o f  ground 

c o n t r o l  exerted over t h e  crew and t o  examine e f f e c t s  on group 

processes and performance. S i m i l a r l y ,  d i f f e r e n t  degrees of 

a u t h o r i t y  f o r  t h e  leadersh ip  r o l e  can be imposed and s tud ied.  

With heterogeneous crews and m u l t i p l e  tasks,  these issues  a r e  

e s p e c i a l l y  c r i t i c a l .  

Wor-I.:: Desiqn an_l Role Re la t ionsh ips .  I t  would a l s o  be 

poss ib le  t o  vary work: design f o r  subgroups exper imenta l ly .  O f  

p a r t i c u l a r  i n t e r e s t  i s  whether maintenance and housekeeping 

f u n c t i o n s  should be spec ia l i zed  o r  shared by a l l  p a r t i c i p a n t s .  

The e f f e c t s  on group r e l a t i o n s  of c r e a t i n g  interdependence i n  

task:: accomplishment between subgroups cou ld  a l s o  be i nves t i ga ted .  

T h i s  r e s t r i c t e d  worl:: s e t t i n g  appears t o  be we l l - su i ted  f o r  

i n v e s t i g a t i o n s  o f  t h e  psychology of work i n  t o t a l  environments. 

Personal i t y z s i t u a t i o n  I n t e r a c t i o n s .  Recent developments i n  

p e r s o n a l i t y  and achievement mo t i va t i on  t h e o r i e s  could be s tud ied  

i n  t h e  context  o f  conf ined groups t o  p rov ide  u s e f u l  i n f o r m a t i o n  

bo th  f o r  se lec t i on  and f o r  crew composit ion. 

Fr ivacv  sad_ Leisut-e Needs. While t h e  phys i ca l  conf i g u r a t i o n  

o f  a h a b i t a t  cannot p r e c i s e l y  p a r a l l e l  t h a t  o f  a m ic ro -g rav i t y  

space vehic le ,  t h e  types o f  p r i v a c y  needs and l e i s u r e  preferences 

o f  crews can be inves t iga ted .  I n  t h e  same manner, t h e  dynamics 

associated w i t h  mixed-sex crews can be examined. 

Moni tor ing ______-- -  of Psycholoqical  skate. A p a r t i c u l a r  need i n  l ong  

d u r a t i o n  missions i s  a means o f  mon i to r i ng  t h e  psycho log ica l  

1 1  
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state of crewmembers. The undersea setting should be an excellent 

environment in which to develop and evaluate monitoring systems. 

gvaluation o,f Traininq. 3t is likely that intensive, short- 

term training in effective crew coordination will be required for 

missions involving crews without a long common training history. 

This is a form of training which is rapidly being adopted for 

airline and military transport crews (e.g. Lauber & Foushee, 

1982). With replicated missions, it should be possible to assess 

the impact on crew behavior of various training techniques. 

During the course of initial research, it could also be 

determined whether or not such a setting might prove useful for 

training of actual Space Station crews. 

Further Refinement gf Observational Methodologies. The 

relatively stable undersea envorionment should be an outstanding 

setting for further refinement of observational methodologies for 

assessing individual and group performance. This line of 

investigation would be complementary to efforts underway with air 

transport crews and should apply equally to operational shuttle 

missions. 

Qetimal. Research _ _ _ _ _ _ _ _  Strateqz. _ _ _ _ _ _  Rather than sponsoring research 

by a single Principal Investigator, the optimal strategy for 

obtaining as much usable and applicable data as possible should 

be to sponsor multiple investigators with differing research foci 

to collect data during the same missions. By forcing this type 

of collaboration from the inception of a large-scale project, 

NASA can not only insure the collection of meaningful datasets 

but can also stimulate the kind of collaboration that is 

ultimately necessary to generate data truly useful in the 

12 
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p l a n n i n g  and  o p e r a t i o n  of s u c c e s s f u l  o p e r a t i o n s  i n  t h e  S p a c e  

S t a t  i on .  

T h e  R e q u i r e m e n t  f o r  M e a n i n g f u l  Work 

A s  w e  h a v e  s t r e s s e d ,  t h e  v a l i d i t y  o f  s p a c e - r e l a t e d  r e s e a r c h  

c o n d u c t e d  i n  u n d e r s e a  h a b i t a t s  h i n g e s  o n  t h e  a b i l i t y  t o  select 

c r e w s  w i t h  m e a n i n g f u l  work: b e s t  p e r f o r m e d  i n  a s a t u r a t i o n  

e n v i r o n m e n t .  T h e  c h a n c e s  o f  a c c o m p l i s h i n g  t h i s  a p p e a r  t o  b e  

e x c e l l e n t .  A v a r i e t y  o f  m a r i n e  r e s e a r c h  e n d e a v o r s  f i t  w e l l  i n t o  

s h a l l o w  u n d e r w a t e r  s e t t i n g s ,  w i t h  w o r k  b e s t  a c c o m p l i s h e d  b y  

wor1::ers w h o  c a n  s p e n d  u n l i m i t e d  d a i l y  t i m e  a t  t h e  w o r k :  s i te .  

F e d e r a l  f u n d i n g  f o r  u n d e r s e a  h a b i t a t  o p e r a t i o n s ,  l a r g e l y  

a d m i n i s t e r e d  t h r o u g h  t h e  N a t i o n a l  O c e a n o g r a p h i c  a n d  A t m o s p h e r i c  

A d m i n i s t r a t i o n  ( N O A A )  h a s  b e e n  s e v e r e l y  r e s t r i c t e d  i n  r e c e n t  

y e a r s ,  w i t h  t h e  result t h a t  t h e r e  is  f a r  g r e a t e r  demand t h a n  

a v a i  l a b i  1 i t y  f o r  access t o  h a b i t a t  r e s o u r c e s .  

S e v e r a l  p o s s i b l e  r e s e a r c h  areas are r e l e v a n t  t o  p o s s i b l e  

s p a c e  s t a t i o n  o p e r a t i o n s .  T h e s e  i n c l u d e  t h e  d e v e l o p m e n t  a n d  

u t i l i z a t i o n  o f  u n d e r s e a  r o b o t i c s  a n d  e x p e r t  s y s t e m s  a n d  r e s e a r c h  

o n  p h a r m a c o l o g y .  C e r t a i n l y  t h e  c r e w  i n t e r a c t i o n  w i t h  e x p e r t  

s y s t e m s  w i l l  b e  a c r i t i c a l  o p e r a t i o n a l  i s s u e  i n  f u t u r e  s p a c e  

m i s s i o n s .  O t h e r  t o p i c s ,  less d i r e c t l y  a p p l i c a b l e  t o  s p a c e  i n c l u d e  

u n d e r w a t e r  e c o l o g y  a n d  b i o c h e m i s t r y  a n d  t h e  d e v e l o p m e n t  o f  a n  

a r t i f i c i a l  g i l l  f o r  u n d e r w a t e r  b r e a t h i n g .  O v e r a l l ,  i t  s h o u l d  b e  

p o s s i b l e  t o  a t t r a c t  a s u b s t a n t i a l  number  o f  p r o j e c t s  w h i c h  w o u l d  

l e n d  f i d e l i t y  t o  e x t e n d e d  p e r i o d s  o f  c o n f i n e d  w o r k  a n d  l i v i n g  

u n d e r w a t e r .  

1.3 
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La  C h a l u p a  a s  a P o s s i b l e  * T e s t  S i t e  

La C h a l u p a  w a s  c h o s e n  f o r  p r e l i m i n a r y  e v a l u a t i o n  f o r  s e v e r a l  

r e a s o n s .  T h e s e  i n c l u d e :  a h i s t o r y  o f  s u c c e s s f u l  o p e r a t i o n s ;  t h e  

p o s s i b i l i t y  o f  r a p i d ,  economical a c t i v a t i o n ;  a p r a c t i c a l  c r e w  

s i z e  15 or 6) r e l e v a n t  t o  S p a c e  S t a t i o n  c o n f i g u r a t i o n ;  s i m p l i c i t y  

o f  o p e r a t i o n  a n d  l o g i s t i c  s u p p o r t ;  a n d  a p o s s i b l e  d i v e  s i t e  

r e l a t i v e l y  f r e e  o f  w e a t h e r  r e s t r i c t i o n s  o n  o p e r a t i o n s .  

La C h a l u p a  w a s  c o m p l e t e d  i n  1372 as p a r t  o f  a p r o g r a m  

s p o n s o r e d  b y  t h e  M a r i n e  R e s o u r c e s  D e v e l o p m e n t  F o u n d a t i o n  a n d  t h e  

g o v e r n m e n t  o f  P c t e r t o  R i c o .  I t  is d e s i j n e d  t o  o p e r a t e  w i t h  a c r e w  

o f  f i v e  a t  d e p t h s  up  t o  30.5 meters a n d  d i s t a n c e s  u p  t o  16 km 

f r o m  s h o r e .  T h e  s u p p o r t  s t r u c t u r e  f o r  t h e  h a b i t a t  c o n s i s t s  o f  a 

s u b m e r s i b l e  b a r g e  c o n t a i n i n g  t h e  h a b i t a t  c h a m b e r s .  B e c a u s e  o f  t h e  

d e s i g n ,  A q u a n a u t s  c a n  d e c o m p r e s s  o n  t h e  s u r - F a c e  i n  t h e  l i v i n g  

q u a r t e r s  or  o n  t h e  o c e a n  f l o o r  i n  t h e  wor1::ing c o m p a r t m e n t .  T h e  

p r i m a r y  w o r k i n g  a n d  l i v i n g  q u a r t e r s  c o n s i s t  o f  t w o  2.4 X 6 m  

c y l i n d r i c a l  c h a m b e r s  s e p a r a t e d  b y  a n o n - p r e s s u i - i z e d  3 >: 6 m w e t  

room f o r  w o r k  a n d  access t o  t h e  sea. T h e  l a y o u t  o f  t h e  h a b i t a t  

p o r t i o n  o f  L a  C h a l u p a  is shown i n  F i g u r e  2. A s  t h e  d i a g r a m  s h o w n ,  

t h e  q u a r t e r s  are s p a r t a n  and  c r a m p e d ,  b u t  n o t  c o n c e p t u a l l y  

d i s s i m i l a r  t o  many p o s s i b l e  S p a c e  S t a t i o n  c o n f i g u r a t i o n s .  T h e  

l a y o u t  a l l ows  c o n s i d e r a b l e  f l e x i b i l i t y  i n  e q u i p m e n t  i n s t a l l e d  a n d  

t h e  a b i l i t y  t o  m a k e  m o d i f i c a t i o n s ,  s u c h  a s  a d d i n g  a d d i t i o n a l  

m o d u l e s ,  t o  m e e t  s p e c i f i c  m i s s i o n  r e q u i r e m e n t s  a n d / o r  t o  test t h e  

i m p a c t  o f  p a r t i c u l a r  s p a t i a l  a r r a n g e m e n t s  a n d  s p a t i a l  

c o n f i g u r a t i o n s .  
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Figure 2. Schematic drawings of La Chalupa habitat (from Miller & 
Koblick, 1984). 
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The h a b i t a t  has a subs tan t ia l  op i i ra t iona l  h i s t o r y .  I t  has 

been employed i n  n i n e  sa tu ra t i an  missions du r ing  which a t o t a l  of 

f o r t y - two  s c i e n t i s t s  spent over 1600 hours i n  t h e  water and made 

over 1700 d ives  ranging i n  length  from f i v e  minutes t o  s i x  hours. 

The h a b i t a t  has no t  been opera t iona l  s ince  t h e  mid-nineteen 

sevent ies.  However, i t  has been re fu rb i shed  and i s  c u r r e n t l y  i n  

s torage i n  F o r t  Lauderdale, F l o r i d a .  Given t h e  t ime pressure t o  

o b t a i n  v a l i d  behaviora l  data p r i o r  t o  Space S t a t i o n  IOC, t h e  f a c t  

t h a t  t h i s  h a b i t a t ,  u n l i k e  other- U. S. vehicles;, could be r a p i d l y  

ope ra t i ona l  , mal::es i t  a des i rab le  candidate f o r  p r e l i m i n a r y  

research. Given t h e  m o b i l i t y  0-6 t h e  h a b i t a t ,  a number of d i v e  

s i t e s  could be employed. For l o g i s t i c  and s a f e t y  reasons, one 

v i a b l e  s i t e  would be a sal t -water lagoon on t h e  A t l a n t i c  s i d e  o f  

Key Largo w i t h  a bottom depth o f  approximately 1 0  meters. Such 

emplacement would a1 low shore-based support and easy access t o  

a i r  and land t r a n s p o r t a t i o n  w h i l e  a t  t h e  same t ime p r o v i d i n g  a 

researchable underwater environment r e l a t i v e l y  p ro tec ted  from 

adverse weather. 

, 

Conc 1 u s i  on 

The a n a l y s i s  presented above suggests t h a t  many unresolved 

quest ions r e l a t i n g  t o  human behavior i n  the  planned Space S t a t i o n  

cou ld  be i nves t i ga ted  i n  t h i s  type  o f  environment and t h a t  such 

research could be mounted i n  a r e l a t i v e l y  sho r t  t ime frame a t  

f a i r l y  low cost.  Given the  need f o r  ea r l y ,  r e l i a b l e ,  and v a l i d  

da ta  on behaviora l  and organ iza t iona l  quest ions t h a t  may be 

c r i t i c a l  t o  t h e  success of extended space operat ions,  i t  i s  

recommended t h a t  f u r t h e r  i n v e s t i g a t i o n  o f  t he  f e a s i b i l i t y  of 
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such a p r o j e c t  be undertaken. For such research t o  have maximum 

u t i l i t y ,  considerable urgency should be at tached t o  beginning 

i n v e s t i g a t i o n s  a t  t h e  e a r l i e s  poss ib le  t ime. I t is a l s o  poss ib le  

t h a t  such a p r o j e c t  could be conducted i n  c o l l a b o r a t i o n  w i t h  , 

other  government agencies, such as t h e  Nat iona l  Oceanographic and 

Atmospheric Admin is t ra t ion  and t h e  O f f i c e  o f  Naval Research, t h a t  

have a d i r e c t  i n t e r e s t  i n  work: under t h e  sea. 

It should a l s o  be noted t h a t  research undertaken i n  such a 

s e t t i n g  would a l s o  maC::e a c o n t r i b u t i n n  extending beyond 
.. 

a p p l i c a t i o n  t o  Space S t a t i o n  operat ions.  The psychologica l  data 

would address more g loba l  quest ions o f  se lec t i on ,  t r a i n i n g ,  and 

organ iza t iona l  design wh i l e  t h e  ac tua l  work performed by research 

sub jec ts  would c o n t r i b u t e  t o  f u r t h e r  e x p l o i t a t i o n  o f  t he  ocean 

f l o o r .  

17 



. 

References 

Eluth, B. J. 1981. Soviet space stress. Science Si, 33-35. 

Chaiken, A.  1985. Discover, 6 ,  2(:) - 3 1 I 

Christensen, J. M. % Talbot, J. M. 1985. Research opportunities 

-- in human ----- -------- behavior --- and performance. ---------- Bethesda, MD: Federation of 

American Societies for Experimental Biology. 

Haythorn, W .  t z  Altman, I. 1966. Personality factors in isolated 

.-environments. In M. Appley R. Trumbull (Eds.) rsychological 

_------ stress: ------ Issues j,, yesearch. New Yorl::: Appleton-Century-Crof ts. 

Helmreich, R. L. 1971. The TEKTITE I1 human behavior program. In 

J. W .  Miller, J. G. VanDerwalker, $4 R. A. Waller (Eds.) TEKTITE 

--- 11: ---------- Scientists -- in --_ the Sea. --- Washington: Government F'rinting 

Office, VII-15-62. 

Hollaway, H. In preparation. Analocts of Space Stationz; habiats, 

submarines, Antarctic Stat i ans (ti t 1 e tentati ve) . Wash i ngton : 

American Institute of Biological Science. 

Lauber, J. K. & Foushee, H. 12. 1981. Guidelines fgr Line Wiented 

Fliqht Traininq (Vol 1). NASA Report No CP-2184. Moffett Field, 

CA: NASA Ames Research Center. 

Miller, J. W .  1966. Human factors in a confined operational 

environment - SEALAE, In Proceedinqs of the NASA Symposiuin o_n 

&h_g effects of confinement on_ lonq duration !!SEE& ZPacefLLsht. 

Washington: NASA - Office of Manned Spaceflight. 

Miller, J. W .  1984. Cor-relations between man-in-the-sea and man- 

in-space. Japan Journal gf Aerospa~e Environmental Medicine, 

20. 1.28 - 137. -- 

, 



. 
'1 

*, 
He1 nirei ch & Wi I lie1 f n  * \  

Miller, J. W. t z  Koblicl::, I. G. 1984. Livinq 2nd workjnq t h e  

--- sea. New Yorl::: Van Nostrand, Reinhold. , 

National Research Council, Committee on Space Biology and 

Medicine, In preparation, Report of the Panel on Human 

Behavi or. 
, 

Nowlis, D. 1972. Comprehensive habitability testing - program. 

NASA: Marshal 1 Space F1 ight Center Report. 

Fauli, D. $4 Clapper, G. 1967. fin_ aeerimental 45-dav cindersea 

..saturation dive a_& 2C)Z feet: F'cojgc& SEALAE; ceport. ONH Report 

ACH-124. Washington: Off ice of Naval Research, Department of 

the Navy. 

Radloff, R. $4 Helmreich, R. 1968. Groups cinder stress1 

fzycholosical research SEfiLAE( ii. New Yorl::: Appleton- 

Century-Crof t s. 

Schoonhaven, C. In press. The Space Station and human 

productivity: An agenda for research. Proceedinqs of &be & 

Productivity Cgnference, !!!E&. I~nder! E, J_ohnon %_ace Center. 
Stys;ter, 2- w, ----- 1985. Design guidelines for a NASA Space Station: 

Habitability recommendations based on a systematic comparative 

analysis of analogous conditions, Santa Barbara, E& A rd fi c A P A 

ScLences, l n c l  


