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Abstract. This study aims to investigate the effects of sleep deprivation on the 
cognitive abilities of Chinese subjects under a combined scenario of narrow 
space, social isolation, and high cognitive workload. Twelve subjects partici-
pated in the experiment of 72-hour sleep deprivation, and took 15 cognitive 
ability tests for three times at the first day of sleep deprivation (level 1), the 
second day of sleep deprivation (level 2) and the third day of sleep deprivation 
(level 3) respectively. The result data analyses show that: most of the cognitive 
abilities do not change significantly, but the value of special graphics search is 
increased significantly with the increasing of sleep deprivation time (p=0.01). 
In addition, when four cognitive ability tests were combined into one complex 
measure, the effect of sleep deprivation becomes more significant. The results 
mainly support the Hockey’s compensatory control model. And they may be 
due to two other reasons: one is that the combined stressors will counteract each 
other; the other is that learning effect can improve operators’ performance. The 
results also imply that sensitive and complex measures need to be developed 
and used to reflect the compound effects of sleep deprivation under such com-
bined situation. 

Keywords: Sleep deprivation; narrow space; social isolation; high cognitive 
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1   Introduction 

Realized in a large number of anecdotal reports and observations, astronauts’  
cognitive performance in spaceflight may be seriously influenced due to the extreme 
working and living conditions in space, such as microgravity, narrow space, social 
isolation, sleep disturbance, and high cognitive loading [1, 2]. Two factors which may 
impair the cognitive and psychomotor performance of astronauts were distinguished 
by Hockey [1, 3]: the direct effects of microgravity on specific brain mechanism and 
non-specific stressors such as cumulative sleep loss, workload, or the physical and 
emotional burden of adapting to the conditions in space. Among those non-specific 
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stressors, sleep disturbances in spaceflight was recognized as one of the most impor-
tant factors contributing to impaired performance of astronauts [4]. 

The possible effects of sleep restriction or sleep deprivation on cognitive perform-
ance were studied [5-8]. Some studies suggest that restrictions of sleep may result in 
cognitive performance decrements, which include increased response times and num-
ber of lapses in simple reaction time tasks, slowing of performance in mental arithme-
tic tasks, or impaired working memory functions. Russo also indicated that acute 
sleep deprivation degraded visual perceptual and simple motor performance [8]. 
However, some experiment results also supported the compensatory theory [9-11]. It 
was also found that the effects of sleep deprivation might be attenuated as the cogni-
tive demands of a task increased [3, 12]. Sleep deprivation may cause some perform-
ance impairment which does not show apparently [13].  

From the above studies, it can be noticed that sleep deprivation has effects on cog-
nitive ability with complicated phenomena. Through one 48 hours sleep deprivation 
experiment, May et al concluded that the cognitive abilities requiring high response 
speed and high attention were obviously damaged by sleep deprivation, and those 
which included much intellectual element were not depressed but enhancive during 
the sleep deprivation [14]. It was also found that the effects of sleep deprivation might 
be attenuated as the cognitive demands of a task increased [15]. 

Although many studies have been conducted on the non-specific stressors, most of 
them considered sleep deprivation as a single factor, without paying attention to the 
combined effects of the non-specific stresses. Additionally, there is very limited 
knowledge about the cognitive ability of Chinese population under such extreme 
conditions. In this study, an experiment was designed to investigate the effects of 
sleep deprivation on the cognitive abilities of Chinese subjects under a combined 
scenario of narrow space, social isolation and high cognitive workload. 

2   The Experiment 

This experiment was a single-factor experiment, in which the subjects were asked to 
keep awake for 72 hours in an isolated room. 

2.1   Subjects 

Twelve male subjects were selected from twenty students of China Agricultural Uni-
versity. Their ages ranged from 20 to 26 years (M =22.3, SD =1.82). All subjects 
passed a general physical examination and a mental health evaluation by the Eysenck 
Personality Questionnaire (EPQ) and the Symptom Checklist 90 (SCL-90). The 
twelve subjects were divided into four groups randomly and equally. One group with 
three subjects attended the experiment at a time. This is the standard size for a Chi-
nese spaceship crew. However, unlike the normal space flight, the subjects in a group 
had very limited social contact with each other, but focused on their experiment tasks. 

2.2   Independent Variables 

Sleep deprivation was considered as an independent variable in this experiment, 
which lasted for approximately 72 hours (over a four-day span). Three levels of sleep 
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deprivation were examined: level 1 (the first day), level 2 (the second day), and level 
3 (the third day). During the experiments, subjects were monitored by video cameras 
and waken up by a ring if they tried to sleep. 

2.3   Fixed Variables 

The three fixed variables, narrow space, social isolation and high cognitive workload, 
were tested in this experiment. 

The experiment room was small and isolated, the wall of which was sound and 
magnetic signal proofing. During the experiment, all the direct channels for informa-
tion exchange were cut off. Necessaries were delivered through a double-layer win-
dow. All subjects performed experiment tasks according to the experiment schedule. 
In order to monitor the experiment process and keep the subjects awake, video cam-
eras and loudspeakers were equipped in the room. 

For giving high cognitive workload, various cognitive tasks were assigned to the 
subjects throughout the experiment. Beside those cognition tasks, spaceflight task 
operations, physiological measurements, emotion evaluations, and personality meas-
urements were also performed to check the status of the subjects. There were multiple 
research objectives in this experiment. In this paper, we focused on the 15 cognitive 
ability tests and the analyses on the other data were not reported. 

2.4   Dependent Variables 

During the experiment, 15 cognitive ability tests were measured three times at the 
first day of sleep deprivation (level 1), the second day of sleep deprivation (level 2) 
and the third day of sleep deprivation (level 3), respectively. The 15 tested cognitive 
ability items were memory search, rule finding, direction discrimination, symbol 
substitution, spatial rotation, speed estimation, combined graph, comparative scale, 
digit search, mental rotation, symbol discrimination, attention span, special graph 
search, analogic test, and hiding graph. The value of each cognitive ability test ranges 
from 1 to 10. 

The 15 cognitive ability items were tested with a computer software toolkit for 
psychology measurement, which has well designed and tested in astronaut selection 
and training. 

2.5   Experiment Procedure 

The experiment was conducted in China Astronaut Training Centre and had three 
phases. The first phase was subject screening. Through both medical examination and 
mental health screening, 12 subjects were selected from 20 volunteers and were ad-
mitted to participate in the formal experiment after they signed informed consent 
forms. 

The second phase was experiment preparation which began for one to three days 
before the experiment was started. First, the subjects provided their personal informa-
tion such as gender, age, and education background. Then they listened to instructions 
of the experiment, and then practised all the 15 cognition tests and other required 
operations. 
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The third phase was the formal sleep deprivation experiment which was started at 
9:00 am of the first day and ended at the same time of the forth day. The subjects took 
the 15 cognitive ability tests once on each day. 

3   Results 

SPSS 15.0 was used for the data processing in this study. The effects of sleep depriva-
tion at the 15 cognitive ability tests were analyzed. Four of the 15 items passed both 
the normality and homogeneity of variances tests and thus One-way ANOVA method 
was applied, including memory search, rule finding, direction discrimination, and 
symbol substitution. The other items failed to pass the normality and homogeneity of 
variances tests. Hence, nonparametric tests (Friedman test) were applied for those 
data. Table 1 shows the results. 

From Table 1 it can be seen that most of the cognitive ability do not significantly 
change during the four days. However, the value of special graphics search is signifi-
cantly increased as the sleep deprivation time passed (p=0.01). Among these cognitive 
tests, some show a decreasing trend while others show an increasing trend. 

Though the 15 tests were designed to test different cognitive abilities, some of 
them could measure the same cognitive function. For example, memory search, sym-
bol substitution, digit search and symbol discrimination all reflect short-term memory. 
To study the effect of sleep deprivation on short-term memory, the sum of the four 
test values were analyzed. The sum did not pass the normality and homogeneity of 
variances tests, and thus Friedman test was applied. It show that the short-term mem-
ory (combined tests) has a marginally significant decrease (p = 0.098). 

4   Discussion 

As a whole, these results support the Hockey’s compensatory control model which 
means operators have the mechanism of maintaining performance [9, 10]. The results 
may be due to another two reasons in this experiment. The first is the interaction of 
various factors. Those factors that include narrow environment, isolation, sleep depriva-
tion and high cognitive workload had shown significant effects on cognitive ability 
impairment separately; however, when they appear together, the results may turn differ-
ent, e.g. the tiredness caused by sleep deprivation might be reduced by the high cogni-
tive workload. The second reason is the learning effect. Although the subjects were well 
trained before the formal experiment, the learning effect can not be totally avoided.  

In addition, it should be noticed that sleep deprivation has different effects on dif-
ferent cognitive abilities. Those cognitive abilities with low cognitive load show a 
decreasing trend, such as digit search; while those requiring high cognitive demand 
show an increasing trend, such as special graph search. In this experiment, each of the 
four tests reflecting short-term memory individually show a decreasing trend, but it is 
not statistically significant. When they were combined into one complex measure, the 
effect of sleep deprivation becomes more significant. It implies that more sensitive 
and complex cognition measurements need to be developed to reflect the compound 
effects of sleep deprivation under such combined situation. 
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Table 1. The analysis result of 15 items of cognitive ability 

1st day 2nd day 3rd day  
Cognition measures 

M SD M SD M SD F(2, 33) p 

Memory search 6.48 1.28 6.45 1.42 6.15 0.903 0.132 0.877 

Rule finding 6.04 1.30 6.13 1.35 6.30 1.48 0.094 0.910 

Direction 
discrimination 

6.06 3.07 6.43 2.74 6.39 2.40 0.067 0.935 

Symbol substitution  6.72 1.41 6.25 1.56 5.86 1.77 0.879 0.425 

Spatial rotation a 0.49 0.056 0.47 0.072 0.52 0.081 0.110 0.897 

Speed estimation a 0.61 0.065 0.62 0.046 0.51 0.067 0.881 0.424 

Combined graph b 7.08 0.446 7.55 0.48 7.81 0.420 3.95 0.139 

Comparative scale b 7.86 0.420 7.93 0.552 7.74 0.594 1.62 0.446 

Digit search b 7.98 0.509 7.68 0.58 6.78 0.971 3.55 0.17 

Mental rotation b 5.48 0.774 6.35 0.71 4.93 0.872 2.84 0.242 

Symbol 
discriminationb 

8.63 0.269 8.34 0.224 8.09 0.432 2.48 0.289 

Attention span b 8.57 0.339 8.59 0.285 8.34 0.286 0.667 0.717 

Special graph 

search b 

5.35 0.811 5.14 0.721 7.13 0.634 9.19 0.01 

Analogic test b 8.49 0.291 8.38 0.309 8.23 0.324 1.08 0.582 

Hiding graph b 8.30 0.294 8.27 0.321 8.24 0.353 1.70 0.428 

Short-term memory 
(combined tests) b 

29.8 4.07 28.7 4.09 26.9 5.70 4.64 0.098 

Note: a - Logarithm conversion was applied on the original data. b - Friedman Test.  

5   Conclusions 

This study tries to explore the effects of sleep deprivation on the cognitive ability of 
the Chinese under a combined situation. Though it is not found that sleep deprivation 
combined with other performance influencing factors would lead to significant cogni-
tive impairments for Chinese operators, the effect of sleep deprivation exist in reality 
and cannot be neglected. 
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