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T H E  S U C C E S S F U L  launching 
of artificial satellites has sharp- 
ened the focus on several param- 

eters in human psychophysiologic 
stress. Isolated in an entirely new 
physical world, future space crews 
will have little ,control over outer con- 
ditions, much to think .of, and little 
to do. Although man 'has st~rvived 
long term confinement in relatively 
small spaces, he has not been required 
to exhibit high level precision per- 
formance and few parameters  in this 
area have ,been extensively investigat- 
ed. Recent studies 1,3 on the efficiency 
of .performance of persons confined 
to small spaces wherein sensory stim- 
ulation is minimized indi,cate that dec- 
rements in performance and various 
abnormal phenomena, for example, 
hallucinations, may occur. With the 
possibility of space travel and flight 
in nuclear-powered aircraft  which 
miffht require confinement: for weeks 
or months, an imminent event studies 
of physiologic and psychologic func- 
tioning of the human organism for 
extended periods .of time are urgently 
needed. .  Furthermore,  with an in- 
crease in oxygen concentration of the 
air ,beyond that used at sea level, 
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greater possibilities for behaviorial 
decrements are present. This study 
represents a phase of the above pro,b- 
lem and was undertaken to determine 
the effects on performance of s.ix men 
during seven days of  confinement in 
a small area at a simulated altitude of 
10,000 feet with an oxygen concen- 
tration equivalent to 55 per cent at 
sea level. 

P R O C E D U R E  

Confinement Area Environment .-  
The confinement area in whic.h the six 
subjects lived for seven days consist- 
ed of two compartments,  a wo,rk cham- 
ber and a leisure chaznber, with single 
one-way viewing ports located at each 
end (Fig. 1). Personal gear, diet, per- 
formance and monitoring procedures 
as well as the layout of the two com- 
partments and photographs of the 
confinement area have been previously 
reported. 2,5,~ Three work stations 
were included in the work area; two 
were located side-by-side with the 
third across from these two. To the 
right rear of this latter station was a 
food 'heating unit. 

The leisure area contained two 
bunks, 27 by 62 inches, attached to the 
wall, a flush-type toilet, individual 
urinals located in the access ,hatch, a 
collapsible wash basin, a small bench 
attached to the wall, and a table in 
the center o.f the chamber. A curtain 
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was availa,ble to screen off the toilet 
area for privacy. Storage shelves and 
small bins were available for the stor- 
age of personal articles. 
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Fig. I. Drawing showing the various areas 
of the confined space: test station (1, 2 and 
3), food heater (4), drop-type sink (5), 
toilet (6), bench (7), table (8), bunks (9), 
access 'hatch (10), one-way viewing ports 
(i1,  13), door-way (12), and control cable 
entrance ~ort (14-). 

The total floor area of the entire 
confinement chamber, the leisure area, 
and the work area was 73, 38, and 35 
square feet respectively; total free 
area was 33, 18, and 15 square feet, 
vehile the volumes were 448, 211, and 
237 cubic feet, respectively, or about 
75 .cubic feet per man. The floor level 

of the work space was 17 inches low- 
er than that of the leisure area. This 
differential 'height was intended to 
emphasize the differences in function- 
al aspects of the two chambers. Ceil- 
ings and walls were padded with dec- 
o.rative noise-reduction panel blocks o4 
Celo.tex. In the leisure area, the floor 
and walls, up to 40 inches in height, 
were painted dark brown; the ceiling 
and walls above this point, light 
brown. The same arrangemem was 
followed in the work area with dark 
and light green paints .being used. The 
food for each subject fo.r the trip was 
contained in seven ,boxes, each box 
including food for one day. A dis- 
posal unit was located beneath the 
floor of the leisure area to handle the 
elimination of food residue, or trash, 
and was accessible .by means of a trap 
door. 

Psychologic Processes Sampled.- 
For  a study of .this nature, it appears 
desirable to determine the psychologic 
proces.ses or functior~s to 'be sampled, 
select tests or tasks which have been 
indicated by factor analysis to have 
high or  moderate loadings on these 
psychologic functions, or tests validat- 
ed by the construct validity approach, 
and administer these tasks to a sample 
of su~bjects to determine factorial con- 
tent and reliability aspects. Each sub- 
ject wo,uld be matched with another 
subject according to similarity in se- 
lecti.on criteria and in preflight per- 
formance on the test ~battery. A group 
including one of each pair would serve 
as a control while the second member 
of each pair would be placed in the 
experimental group. 

Because of time and cost limitations, 
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it was necessary to modify this pro- 
cedure. Tasks which were readily 
available were included to sample vari- 
ous functions. The performance tasks 

during the .confinement period. In ad- 
dition, an intellectual aptitt~de test with 
two equivalent forms was adminis- 
tered before and after the run. Fol- 

T A B L E  I .  P E R F O R M A N C E  T A S K S  

Location 

Station 1 

Station 2 

Station 3 

Leisure a r e a  

Tasks 

Maintaining pointers of three 
dials at null point. 

Reacting to onset of visual 
warning indicators. 

Maintaining pointer of dial 
a t  null point. 

Reacting to onset of visual 
warning indicators. 

Attention to details of prose 
passage imposed aurally. 

Arithmetical reasoning test. 

n Alternatives test (paper and 
pencil test). 

Multiple solutions test (paper 
and pencil test). 

Weight discrimination. 

Time estimation. 

Description 

Two simultaneous visual tracking tasks. 

Two simultaneous visual tracking tasks. Periodically, auditory 
task imposed to increase the number of simultaneous tasks 
to three. The auditory task involved comprehension of prose 
passages on various topics and required the subjects to make 
inferencee beyond the material presented. 

Required subjects to manipulate numbers using algebraic ad- 
dition multiplication, and squaring operations by means of 
configuration and color of lights on panel. Subject also re- 
quired to shift quickly among three methods with the above 
operations. Concerned with arithmetical flexibility. 

Concerned with ability of subjects to learn associations with 
single or multiple alternatives. 

Concerned with intellectual flexibility, i.e., the ability to extract 
information from a stimulus situation in which multiple 
information abounds. 

Concerned with ability to discriminate seven small cubes dif- 
fering slightly in weight. 

Concerned with ability to estimate 90 second time intervals. 

may be grossly divided imo three 
groups according to the psychologic 
processes involved : (1) performance 
at stations 1 and 2 (except for the 
auditory task) consisted of relatively 
simple, routine psychomotor tasks; 
(2) those tasks performed in the lei- 
sure area involved simple judgment 
functions; and (3) station 3 and the 
auditory task which tapped the more 
complex psychologic processes., that is, 
learning, thinking, and reasoning 
(Table I ) .  

The tasks performed at the three 
work stations involved psychologic 
processes similar to those which would 
occur to a greater or less degree in 
most aircraft work stations. T,he t~sks 
performed in the leisure area were 
utilized to obtain supplementary in- 
formation concerning s.~mple judg- 
ment or discrimination functions. In 
all, there were ten performance tasks 

lowing the run a questionnaire con- 
cerned with habitability aspects during 
the confinement ,period was completed 
by each subject and a diary was main- 
rained by each during the confine- 
ment period. 

Subjects and Schedules.--The sub- 
jects were six navel enlisted men of 
the Air Crew Equipment Laboratory. 
No formal screening procedure was 
utilized in selecting the st~bjects. The 
major criteria were their observed 
ability to get along well with Qthers 
and the willingness to ~bstain from 
smoking for seven .days. The subjects 
were assigned to work shifts in pairs. 
Each pair was on stations 1 and 2 for 
four 'hours (two hours at each sta- 
tion), off eight :hours, and then re- 
turned to stations 1 and 2 for another 
four-'hour tour of duty. During one 
eight-hour rest period, the pair was 
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al lowed to res t  or  sleep in the two 
bunks.  D u r i n g  the o ther  e ight -hour  
period,  each m a n  spent  app rox ima te ly  
two hours  at  s tat ion 3. Wash ing ,  eat- 

T A B L E  I I .  S C H E D U L E  OF VCATCHES 

A T  S T A T I O N S  1, 2~ AND 3. 

Time Station 1 Station 2 Station 3 

[200-1400 
[400-1600 
I600-1800 
t800-2000 
.)000-2200 
.)200-2400 
)000-0200 
)200-0400 
)400-0600 
)600-0800 
)800-1000 
t000-1200 

Sl 
82 
S, 
S, 
86 
$6 
S, 
S~ 
Sa 
S, 
$5 
S, 

82 
S, 
$4 
S, 
S, 
S~ 
$2 
S~ 
S4 
S, 
Se 
86 

S3 
S, 

Y, 
S~ 

7, 
S0 

two tests  was spli t  into two, with 
five of each of  the  three  types  of  
items. ,Group 1 took A1B2 p r i o r  to 
confinement and A2B1 at the te rmina-  
t ion of  the seven-day  period.  Group  
2 began with  B1A2 and finished with  
BaA~. This  p rocedure  al lowed a coun-  
te r -ba lanc ing  o f  ,the difficulty variable.  
The re  were  no significant differences 
between the pre-  and  post~confinement 
tests according  to the analysis  o f  var i -  
ance ;  the only  sources of  var ia t ion  
which were  s ignif icant  were forms and 

subjects  effects. 

ing, and  o ther  act ivi t ies  were per -  
fo rmed  between duty  a.t the var ious  
stations.  The  scheduled watches a re  
shown in Table  I I .  

The  leisure a rea  tasks  were per-  
fo rmed  three  t imes  a day,  at 0400, 
1200, and  2000 hours.  The  subjects  
worked  in pa i r s ,  wi th  each man ad-  
minis ter ing ,  scoring,  and  t iming the 
pe r fo rmance  o f  the other .  

RES ULTS  

Pre- and Post-confinement Tc~ks.-- 
The  s ix  subjects  were d iv ided  into two 
groups  of  three  each and received rea-  
soning test  p roblems  p r i o r  to  confine- 
ment,  and  then du r ing  the last  hour  
of  the seventh day.  T w o  tests were  
developed with th i r ty  i tems in each. 
Ten  o f  the i tems were  numerica l  
ser ies ;  .ten were  ar i thmet ica l  reason-  
ing p rob lems ;  and  ten involved dia- 
g rammat ica l  reasoning,  all i tems being 
taken f rom s tandard  psychologic  tests. 
T,he two tests d i f fered in degree of  
difficulty wi th  fo rm A being  less di f -  
ficult than fo rm B. Each  of these 

Station 1 Ta~'ks.--The suhject was given 
two simultaneous visual tracking tasks; he 
attr to maintain the pointers of three 
dials at a null point and reacted to visual 
warning indicators 5y pressing a pus.h but- 
ton. Only the responses to the nulling oper- 
ations were recorded. The amount of time 
in which one or more of the pointers were 
off the null position was recorded continu- 
ously by means of a digital precision timer. 
However, to avoid disruptions due to 10he 
changing of the men at the stations, only 
100 minutes of the two-hour period were 
utilized, that is, from ten minutes ~fter the 
beginning of the watch to ten minutes be- 
fo.re the end. 

In the analysis of this data, one interac- 
tion and all main effects were s~gnificant. 
The days x watch interaction effect con- 
tributed significant variance; however, per- 
form.once on watch 1 was more effective 
than on watch 2 for all days. But the differ- 
ence between the two watches was areater 
on .days 1 to 3 than on days 4 to 6. Per- 
formance was best on days 1 and 6; moder- 
ate for days 2, 3, and 5; poor on day 4; 
and on day 7 a great decrement occurred in 
performance. ~T.his variation in performance 
on this station was probably due to the 
monotony o,f the simple tasks. Observation 
of the behavior of the .subjects at station 1 
and data obtained in the questionnaires and 
diaries tend to substantiate this interpreta- 
tion. 
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Station 2 Tasks . - -At  station 2 the tasks 
were similar to those at  station 1. There 
were two differences. Only one instrument 
dial had to. be maintained at the null point. 
Also a third task, auditory comprehension 
of prose passages, was imposed by means 
of a tape recording for each subject once 
a day. The subject 'heard the passage twice 
and then completed a ten item multiple 
choice test on the subject matter. These 
tests were taken from the Iowa tests of 
readlng comprehension. 

T'he ,reaction time to the onset of visual 
warning indicators was recorded, whereas 
the nulling operation was not. The analysis 
of variance of the reaction time data indi- 
cated Chat subjects and all interactions in- 
vo,lving subiects were significant, making 
generalizations difficult. The  periods effect 
was significant also, with the ,best perform- 
ance occurring on the first half hour, and 
the worst du,ring the second and third pe- 
riods. The  days x watch x periods effect 
was significant, 'but no double interactions 
containing these effects appeared. The sig- 
nificant interactions containing subjects 
pr6bably were an indication of boredonl 
with these simple tasks since visual observa- 
tions revealed symptoms of boredom, for 
ex~ml)le, talking with others and standing 
while performing a task. Because of these 
aspects, any definite conclusions derived 
from this analysis are tenuous. 

According to comments elicited by the 
questionnaire, the auditory task was wel- 
comed on station 2 because of the monotony 
of the other two tasks. Performance on 
this task was evaluated by means of a single 
Latin square design. The results of the 
analysis indicate that  prose passages were 
the only significant source of variation. 

Station 3 Tasks.--These tasks were of a 
more conaplex nature than those at stations 
1 and 2 and were more absorbing o,f the 
subjects' attention. T'he motivation of the 
subjects toward these tasks appeared to, be 
on a higher  level than to the tasks of the 
other two stations, according to visual ob- 
servations of the subjects working at the 
station and to their  comments in the ques- 
tionnaires and diaries. For  the tasks at this 

station, alternate forms were provided and 
randomly assigned to practice and experi- 
mental sessions. There  were twelve alternate 
forms for  both the n alternatives test and 
the multiple solutions test ( for  five practice 
and seven experimental sessions) ; seventeen 
for the aritkmetical reasoning test (ten 
practice and seven experimental sessions). 
The last two practice sessions were con- 
ducted in the chamber. The first of these 
was conducted under the actual experi- 
mental conditions of 10,000 feet with 55 
per cent oxygen sea level equivalent present. 
Tile second was conducted in the chamber 
but at sea level atmospheric conditions. 

The arithmetical reasoning test made use 
of a light panel consisting of four rows 
of five white lights, followed by a red light 
and .a green light in the sixth and seventh 
columns of these rows. At  the bo,ttona of 
the panel were three red lights. For  each 
problem one white light in each row, one 
red light in column 6, one green light in 
column 7, and one of the red lights at the 
bottom of the panel would be lit. 'The white 
lights indicated addition, subtraction or 
squaring, the red and green lights in col- 
umns 6 and 7 modified the procedure only 
for the row in which it appeared, and the 
red lights below indicated which of three 
mathematical operations should be employed. 
The subject knew in advance which method 
to follow for solving one-,half of the p.rob- 
lems; the other one-half of the problems 
were presented in a random order. A max-  
imum of twenty seconds was allowed, to 
solve each problem. Upon solving the prob- 
lem the subject p,ressed a button to the left 
of the light panel which turned off the lights 
and permitted the experimenter to reco.rd 
the time. There  was an interval of twenty 
seconds between problems during which the 
subject could write his answer on a score 
card. A ,bright warning light flashed two 
seconds .before a problem was to appear. 

The ,results of the arithmetical reasoning 
test using number  of errors as the dependent 
variable revealed that the only sources which 
were significant were subjects and days. 
Even though the subjects had. been practiced 
on this test for  ten days prio.r to the be- 
ginning of the confinement period, a prac- 
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rice effect was indicated from day 1 to day 
2. The variation between the remaining days 
was small. 

The n .alternatives test consisted of a one 
and a five alternatives symbol association 
test. The one alternative test contained four 
symbols, eaoh of which was associated with 
one, and only one, number. The five alter- 
natives test involved the use of the same 
four symbols. However, associated with 
each symbol were five numbers. The num- 
ber to be associated with the symbol de- 
pended on the position of the symbol in a 
series and on which symbols followed or 
preceded the symbol. The sources which 
contributed significant variance were alterna- 
tives and days. As was expected, more cor- 
,feet responses were obtained on the one 
alternative test than on the five .alternatives 
test. The performances on the first four 
days were similar; however, on day 5 an 
increase in the number of correct responses 
occurred which reached its peak on day 6, 
and then on day 7 fell to the same level as 
on day 5. 

The multiple solutions test consisted of 
ten problems, each of  which contained three 
1 digit and seven 2 digit numbers selected 
from a table of random numbers. T!be task 
for the subject was to ,manipulate one or 
more of these numbers by means of any 
mathematical operation (addition, division, 
multiplication, squaring, et cetera) to obtain 
a 2 digit number which was selected also 
from a table of random numbers. For any 
problem, multiple solutions were possible 
and a three-minute time limit was allowed 
for each problem. Only subjects appeared 
as a significant source of variation. 

Leisure Area Ta~ks.--The ana lys i s  

o f  v a r i a n c e  was  u s e d  in a n a l y z i n g  the  

t ime  j u d g m e n t s  in w h i c h  the  depend -  

en t  va r i ab l e  w a s  the  dev i a t i ons  f r o m  

90 seconds .  H o w e v e r ,  a l i nea r  t r ans -  

f o r m a t i o n  o f  the  da t a  to r e m o v e  neg-  

a t ive  n u m b e r s  w a s  p e r f o r m e d  p r i o r  .to 

the  analys is .  T 'he  o n l y  source  wh ich  

was  s ign i f ican t  was  days .  F r o m  day 

4 to day  7 the re  is an  ind ica t ion  o f  in-  

c r e a s i n g  u n d e r e s t i m a t i o n .  T h i s  resu l t  
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sugges t s  that  w i t h  i n c r e a s i n g  t ime  in 

c o n f i n e m e m  the re  is an  a c c o m p a n y i n g  

d e t e r i o r a t i o n  o f  t ime  o r i en ta t ion .  

I n  the  ana lys i s  o f  w e i g h t  j u d g m e n t s ,  

the  on ly  s ign i f ican t  source  of  v a r i a t i o n  

was  subjec ts .  T h e r e  was  s o m e  sug-  

ges t ion  tha t  the  0400  'hours per f ,o rm-  

ance  was  i n f e r i o r  'to p e r f o r m a n c e  at 

the  o t h e r  ,two p e r i o d s ;  bu t  these  d i f -  

f e r ences  w e r e  no t  s ignif icant .  

Questionnaire and Diary.--T'he ques -  

t i o n n a i r e  and  d i a r y  w e r e  ana lyzed  

qua l i t a t i ve ly  to  d i sce rn  c o m m e n t s  

wh ich  a p p e a r e d  to  ,be o f  .major  im-  

p o r t a n c e .  T.hese ana lyses  i nd i ca t ed  

~hat : 

1. The tasks at stations 1 and 2 were too 
simple and' monotonous to maintain the in- 
terest of  the men. However, the subjects 
stated that the co~nplex tasks at station 3 
were of such nature that their interest in 
doing well was maintained, and that these 
tasks were appreciated. 

2. Stations 1 and 2 were too close and 
created distractions for both operators. 

3. The chair designs ,required modifica- 
tions to insure comfort. 

4. Morale was high for about two days, 
decreased during the middle portion of the 
study, and increased during the last few 
days. The monotony of the schedule, and 
especially of the tasks at stations 1 and 2, 
was probably instrumental in producing 
some of the decrease in morale. 

5. The taste and smell .of some of the 
food was nauseating. 

6. The leisure area was not usable by 
other than sleepers because the light re- 
quired for  leisure activities d~isturbed these 
men. 

7. The bunks were not large enough for 
every man and resulted in loss of sleep by 
all men. 

8. The temperature varied greatly within 
and between the two chambers. For  ex- 
ample, it was warm in the work ~rea while 
it was cold in the leisure area. 
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DISCUSSION 

Un, fortunately, true outer space con- 
ditions could not be duplicated in 
this experiment. The zero G state in 
free space flight will create severe 
psychop,hysiologic disturbances. The 
experience of no up or down, and 
the lack of convection as a mode of 
heat exchange will adversely effect the 
senses of orientation. Regulation of 
the .cardiovascular system, and even 
digestion, are partially gravity-de- 
pender~.t. 

Outer space is black, empty, and 
silent. The much discussed "break- 
off" l~henomen.on occuring after  80,- 
000 feet and described as a sudden 
mixture of elation and sorrow, a feel- 
ing of remoteness, and a detachment 
from all that is worldly, .cannot ,be 
adequately simulated in the laboratory. 
This stimuli-free sitltation, in which 
prolonged periods of stimuli depriva- 
tion and isolation, reduced activity 
arid emotional restraint a.re required, 
is far different from l~boratory con- 
ditions where man knows that some- 
one is standing .'by outside ready to 
release him vchen conditions become 
too stressful. 

Within this frame of reference, the 
results of this experiment would ap- 
pear to indicate that the intellectual 
functions of subjects should not de- 
teriorate over a seven-day period even 
though the environmental c.ondi~ions 
are not optimum. This is in spite of 
the great variation in the simple psy- 
chomotor performance at stations 1 
and 2. Performance on the seventh 
day of confinement was as effective 
as on the first day in .'the complex 
tasks, which seemed to have intrinsic 
motivation qualities. In some of the 

complex tasks, performance appeared 
to be more effective .on the last two 
or three days than during the early 
days. This probably represents a prac- 
flee effeGt or the development o.f 
"learning sets." 

As stated above, the va.riability in 
performance 'on the psychomotor tasks 
of stations 1 and 2 probably repre- 
sents symptoms of  boredom. T~le `be- 
havior of the subjects observed 
through the one-way port and com- 
ments on the questionnaires and 
diaries makes this hypothesis more 
tenable. This variation would suggest 
the desirability .of c'hallenging the su,b- 
ject's ability by making the simple 
routine tasks less simple' and routine, 
and supplementing these with more 
complex tasks which require higher 
level behavior. This aspect would ap- 
pear to 'be more important if studies 
or actual flights requiring weeks or 
months are undertaken. 

The significance of the watch effect 
in the analysis of the station 1 data 
is .of interest. For  all subjects, per- 
formance .on the second watch was 
less efficient than on t.he first watch. 
The first watches fell between 12 noon 
and 12 midnight; the second watches, 
between 12 midnig'ht and 12 noon. 
This result probably represents a con- 
flict .between the 'habitual diurnal cycle 
of .the individual and the cycle required 
by the schedule during the confine- 
ment period, and suggests that a l~er- 
son cannot ,change his .diurnal cycle 
quickly. Similar resttlts 'have `been re- 
ported by Kleitman 4 who emphasizes 
the desirability ,of matching the diur- 
nal cycle with the requirements of the 
task. 

The fact .that these six subjects per- 
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formed efficiently under extremely 
rugged conditions indicates the adapt- 
ability of the .human organism. How- 
ever, it would appear that any devia- 
tion 'from optimum conditions would 
tend to be magnified with increasing 
time in the confinement area. Fur-  
therm.ore, seven days represents a 
small time period. Can the human 
organism perform as well if ,confined 
for thirty days, sixty .days, or fo.r 
one year? These time periods may 
be required for space flights of the 
future, or fo.r duty within small spa,ce 
stations. The answer to these ques-- 
tions is a task 'for further ,research. 

SUMMARY 

In a simulated space flight, six naval 
enlisted men lived and worked in two 
small chambers maintained at 10,000 
feet with an oxygen concentration of 
55 per cent sea level equivalent for 
seven days. During this time each 
man worked at three stations for  a 
total of ten hours, slept eight hours, 
and spent t0he remaining time for eat- 
ing, working, recreation, and other 
miscellaneous tasks. 

From the results of various tests 
and tasks, it appears safe to conclude 
that the intellectual and psychomotor 
functions .of subjects, as. sampled in 
this study, should not deteriorate dras- 
tically over a seven-day period even 
though the physical conditions are not 

optimum. However,  i,t would appear 
that any .deviation from optimum con- 
ditions would tend to be magnified 
with increasing time in flight. Fur-  
thermore, it was suggested that simple 
routine tasks .should ,be made less 
simple and routine and should be st~p- 
plemented with more complex tasks 
which require higher level behavior. 
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