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S H O R T  CO M M U N I C AT I O N

     A 
number of psychological and interpersonal issues have 

been reported by astronauts and studies conducted in 

analogue environments. Th e emotions and interper-

sonal interactions of crewmembers have thus gained signifi cant 

attention.  2 , 6   Any increase in a mission ’ s duration can prompt 

psychosocial issues, as discussed in previous studies,  5 , 10 , 11   

including the eff ects of time on human emotions and interac-

tions, displacement, and leadership roles. 

 Astronauts can experience negative influences on their 

moods and group interactions over time.  11   In a space capsule, 

the isolated environment, limited communication, and monot-

onous work schedule can aggravate loneliness and homesick-

ness, triggering negative mental states such as depression and 

anxiety. Th e results from the International and Mir space sta-

tions have shown that astronauts ’  emotional experiences during 

the transition phases of a mission (the fi rst few weeks in space 

and those back on Earth) become irregular.  7   Similar nega-

tive moods have been documented in both polar explorations 

and space analogue experiments.  9 , 10   In addition, some studies 

have attempted to identify the possible changing patterns of 

emotions. Bechtel and Berning  1   introduced the  “ third quarter 

phenomenon, ”  which refers to the observations that occur aft er 

the halfway point of a mission ’ s duration, during which the 

crewmembers experience some negative emotions. 

 Group dynamic is also an important factor, as it focuses 

on the interpersonal interactions among the crewmembers 

and the outside support personnel. It has been determined 

that within a mission crew there will always be a leader to 

support and arrange the work, and a supervisor among the 

outside personnel to monitor and control the overall mis-

sion. Th ese two roles can infl uence the group dynamics in 

some situations. 
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             Time Eff ects, Displacement, and Leadership Roles on a 

Lunar Space Station Analogue  
    Ya     Wang    ;     Ruilin     Wu           

    INTRODUCTION:   A space mission ’ s crewmembers are the most important group of people involved and, thus, their emotions and 

interpersonal interactions have gained signifi cant attention. Because crewmembers are confi ned in an isolated 

environment, the aim of this study was to identify possible changes in the emotional states, group dynamics, displace-

ment, and leadership of crewmembers during an 80-d isolation period. 

   METHODS:   The experiment was conducted in an analogue space station referred to as Lunar Palace 1 at Beihang University. In our 

experiment, all of the crewmembers completed a Profi le of Mood States (POMS) questionnaire every week and two 

group climate scales questionnaires every 2 wk; specifi cally, a group environment scale and a work environment scale. 

   RESULTS:   There was no third-quarter phenomenon observed in Lunar Palace 1. However, fl uctuations in the fatigue and auton-

omy subscales were observed. Signifi cant displacement eff ects were observed when Group 3 was in the analogue. 

Leader support was positively correlated with the cohesion, expressiveness, and involvement of Group 3. However, 

leader control was not. 

   DISCUSSION:   The results suggest that time eff ects, displacement, and leadership roles can infl uence mood states and cohesion in 

isolated crew. These fi ndings from Lunar Palace 1 are in agreement with those obtained from Mir and the International 

Space Station (ISS).   
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 Effi  cient leadership among crewmembers can facilitate a 

mission ’ s success. During diff erent mission durations, the lead-

ership roles required by crewmembers may vary.  11   In a short-

duration mission, a clear leadership role controlling and 

executing the mission is required. However, the crewmembers 

may also need the support of an internal leader during a long-

duration mission. Leadership control may be counted on more 

when the workload is high or when an emergent situation 

occurs. However, during monotonous periods, leadership in 

the form of support is preferred by the crewmembers.  2   

 Displacement occurs when crewmembers experience high 

levels of interpersonal confl ict that cannot be settled directly, 

and they may transfer the resultant feelings to people outside 

their cabin. Th is can negatively aff ect their communications 

with these outside monitoring individuals.  2  –  4   

 Much of the aforementioned content has been examined in 

previous Mir and International Space Station (ISS) research 

conducted by Kanas and his collaborators, which involved two 

or three crewmembers during 4- to 7-mo missions. Th e results 

showed that there were no signifi cant second-half decrements 

in emotions observed regarding cohesion and other group 

dynamics.  3 , 5 , 6   Th e crewmembers perceived the crew leader ’ s 

support activities as being positively associated with the level of 

the group ’ s cohesion, but leadership control did not show the 

same pattern. In addition, the tension and negative moods 

revealed a predictable negative correlation with the outside 

supervisors ’  support, which confirmed the displacement 

hypothesis. Following these fi ndings, we conducted tests related 

to the time eff ects, displacement, and leadership roles in our 

simulated experiments in the Lunar Palace 1 under Chinese 

culture and herein report our results.  

 METHODS  

    Subjects 

 Th e four crewmembers involved in this experiment were 

selected from seven candidates and assigned to tasks every day 

to simulate the astronauts ’  schedule. Th e study protocol was 

approved in advance by the team leader and all of the crew-

members, and each subject provided written informed consent 

before participating. Crewmembers A and C were Ph.D. stu-

dents, crewmember B was a graduate student, and crewmem-

ber D was an assistant professor. All had been involved in this 

research for several years and thus had professional knowledge 

regarding the equipment and its operation. As     Fig. 1   shows, 

these four crewmembers entered the station at diff erent times 

and formed three groups.     

 Such arrangements were mainly dependent on three con-

cerns: regulating the system ’ s operation, verifying its maximum 

potential, and conducting psychological research among the 

variable groups. As previously mentioned, the mission control 

personnel were trying to fi nd the optimal crew to balance the 

system supplement by comparing three groups with diff erent 

members. Th e system potential of oxygen and other materials 

was at maximum demand aft er Group 3 entered. Th e members 

were notifi ed that the crew had been formally constituted at 

that time. In addition, one leader was chosen for Group 3 in the 

chamber and a supervisory role was clearly defi ned for the out-

side personnel. Before Group 3, there was no offi  cial leader 

among the crewmembers, so Group 3 was the focus of the cur-

rent study, and we defi ned the last 80 d as one isolation period. 

Group 3 was confi ned from the 26 th  to 105 th  days of the experi-

ment, such that the fi rst day of the fi rst quarter of the study was 

day 26 of the isolation, and the fi rst day of the fourth quarter 

was day 86 of the experiment. Th e crewmembers in Group 3 

comprised two women and one man, ranging in age from 27 

to 32.   

 Analogue Space Station 

 Th e experiment was conducted in Lunar Palace 1, an analogue 

space station at Beihang University that serves as an integra-

tion test-bed for the Bioregenerative Life Support Systems. 

Th e facility comprised one comprehensive cabin (42 m 2 ) and 

one plant cabin (58 m 2 ). Th e comprehensive cabin included 

four private bedrooms, a living room, a restroom, and a room 

for waste disposal and insect culturing. Several of the bio-

logical experiments and psychological research studies were 

performed in the comprehensive cabin. Th ese experimental 

settings generated some empirical data to further identify 

suitable living conditions and countermeasures for the astro-

nauts. Th e crewmembers ’  bedrooms were very narrow, con-

taining a single bed, a small table, and a door. Th e bedrooms 

were the crewmembers ’  only private areas where they could 

connect to the Internet using their personal laptop or smart 

phone. However, they could not make outgoing calls with 

their cell phones and, instead, they had to use the one wired 

phone available. It should be mentioned that this is the fi rst 

study, to the authors ’  best knowledge, published in English 

that addresses the psychosocial issues aff ecting Chinese crew-

members and mission control personnel.   

 Measurements 

 Th ree questionnaires were used in our study: the Profi le of 

Mood States (POMS; short version), the Group Environ-

ment Scale (GES), and the Work Environment Scale (WES). 

Once a week the crewmembers described their own mood 

states using the POMS on the computer. Group 3 completed 

this questionnaire a total of 12 times. Th is version of the 

POMS had been modifi ed by a Chinese research team and 

adapted for the Chinese context. Th e short version of the POMS 

was a self-administered measure comprising 40 adjectives 
  
 Fig. 1.        Crew arrangement of Lunar Palace 1.    
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rated using a 5-point Likert scale ranging from  “ not at all ”  

to  “ extremely. ”  Th e POMS data were then consolidated into 

six factors that were analytically derived from mood vari-

ables such as Tension-Anxiety, Depression-Dejection, Anger-

Hostility, Confusion-Bewilderment, Fatigue-Inertia, and 

Vigor-Activity, along with a global distress variable (Total Mood 

Disturbance). 

 Th e GES and WES were completed by the crewmembers 

once every 2 wk for a total of 8 times and contained 90 items 

each. Like the POMS, the GES and WES were translated 

into Mandarin. Th e 90 items that formed each question-

naire were divided into 10 subscales that measured the 

groups ’  actual, preferred, and expected social environments. 

In our study, the GES and WES were used to identify the 

groups ’  actual social climate. Th e 10 subscales in the GES 

were cohesion, leader support, expressiveness, indepen-

dence, task orientation, self-discovery, anger and aggres-

sion, order and organization, leader control, and innovation. 

The subscales in the WES were involvement, coworker 

cohesion, supervisor support, autonomy, task orientation, 

work pressure, clarity, managerial control, innovation, and 

physical comfort. 

 Th e POMS has been widely used in isolated, confi ned, and 

extreme environmental studies  4 , 8 , 9   and has been proven to be 

valid under such conditions. Th e GES and WES also have 

high validity, and have been used in related studies.  3  –  5     

 Hypotheses 

 Our aim was to supplement the research topics related to 

the psychosocial interactions in a simulated space environ-

ment. According to the previous studies, some relationships 

between psychosocial factors have been predicted. As dis-

covered by Kanas,  3   there were six relationships from POMS, 

GES, and WES negatively relating with supervisor support. 

Th ey also found positive correlations between cohesion and 

leader support, but not leader control. Th erefore, based on 

these predicted directions of relationships, the following 

three hypotheses were proposed:

   H1:  Th ere will be no signifi cant diff erences in the emotions 

and interpersonal interactions during the third stage of 

the 80-d experiment compared to the other three time 

segments;  

  H2:  Th ere will be a displacement between crewmembers and 

outside personnel evidenced by negative correlations 

between subscales measuring the negative emotions and 

the supervisor support subscale; and  

  H3:  Th e crewmembers will value leadership support more than 

the leadership control during the time of the mission.   

    Data Analysis 

 One-way ANOVA and Friedman tests were conducted to 

identify the differences in the emotions and group climates 

among the four quarters. We also used a Spearman correla-

tion and mixture model to test displacement and leader-

ship roles.     

 RESULTS 

 Th e mission duration was split into four sections and the data 

were analyzed by one-way ANOVA and Friedman Test. Before 

the diff erence test, we fi rst analyzed the homogeneity of vari-

ance among all 17 subscales. One-way ANOVA was conducted 

on those subscales with variance homogeneity, while the Fried-

man test was employed on those without. 

 Th e results of the POMS showed that there was no signifi -

cant diff erence in the values across the four quarters except for 

fatigue, as shown in     Fig. 2  . Generally, there was no evidence of 

a unique third quarter eff ect on crewmembers ’  emotional states. 

However, the fatigue subscale of the POMS showed a signifi cant 

diff erence among the four quarters [ F (3,33)  5  2.980,  P   5  

0.045]. Tests showed that the fatigue subscale scores had homo-

geneity of variance ( P   5  0.577), so the least-signifi cant diff er-

ence test was chosen to compare each pair of four quarters. 

Fatigue in the fi rst quarter was signifi cantly higher than the 

fourth quarter (M  5  3.444, SE  5  1.155,  P   5  0.005). Th e crew-

members ’  fatigue scores decreased at the end of the confi ne-

ment period, which is signifi cantly less than the scores in the 

fi rst quarter. According the postmission interview, crewmem-

bers reported very heavy workloads in the fi rst few weeks, with 

little time for relaxation or entertainment. We assume that this 

was why the fatigue score decreased during the mission.     

 Th e results from the GES and WES exhibited no half-way 

decrements, as refl ected by all of the subscale scores. How-

ever, some changes among the autonomy subscale were found 

[ F (3,14)  5  3.694,  P   5  0.038]. Regarding the autonomy sub-

scale, variance homogeneity ( P   5  0.303) allowed us to use the 

least-signifi cant diff erence test. Results showed that the crew-

members were more autonomous in the fourth quarter than in 

the fi rst and second quarters (Q1 to Q4: M  5   2 1.667, SE  5  

0.617,  P   5  0.017; Q2 to Q4: M  5   2 1.333, SE  5  0.504,  P   5  

0.019). Because the crewmembers ’  work schedules were almost 

always decided by the outside personnel, this suggests that the 

crewmembers grew progressively more sophisticated in their 

  
 Fig. 2.        Changes over time in the POMS. The data represent changes in scores 

from diff erent subscales. T-A represents the Tension-Anxiety subscale; A-H the 

Anger-Hostility subscale; F-I the Fatigue-Inertia subscale; D-D the Depression-

Dejection subscale; V-A the Vigor-Activity subscale; and C-B the Confusion-

Bewilderment subscale.    
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daily work, which in turn was refl ected in the gradually increas-

ing autonomy during confi nement. 

 All diff erences we found among the time periods were not 

uniquely between the third quarter and others, which suggested 

that our results did not support the third quarter impact, but 

instead were explainable as the result of crew integration and 

improvements in effi  ciencies that would naturally occur. Our 

fi rst hypothesis (H1) is supported by these results. 

 Displacement occurs when crewmembers experience a high 

level of interpersonal confl icts that cannot be settled directly. To 

operationally test for displacement, Kanas et al. assumed that 

there would be a negative association between negative emotions 

and supervisor support.  5   In our study, the indicators of negative 

emotions were Tension-Anxiety, Depression-Dejection, Anger-

Hostility, Fatigue-Inertia, Confusion-Bewilderment, and Total 

Mood Disturbance from the POMS, plus anger and aggression 

from the GES, and work pressure from the WES. Th e supervisor 

support subscale was used to measure the outside support. 

 We used a Spearman correlation and mixture model to 

identify these relationships. Usually, the Pearson correlation 

coeffi  cient requires approximately unbiased multivariate nor-

mal distribution data. Due to our small sample, we used a non-

parametric approach, the Spearman correlation, instead of the 

conventional Pearson correlation. Moreover, because we used 

repeated measurements on the crew, we also used a mixed model 

to deal with the repeated measurements ’  eff ect on the data. We 

treated supervisor support as the dependent variable and the 

others as independent variables. Th e slope of the model repre-

sented the direction and intensity of the two variables. Because 

the direction of the relationship between emotions and super-

visor support has been supposed, a single-tailed test was used. 

 Evidence was found to support the displacement hypothesis 

because signifi cantly negative correlated pairs were determined for 

seven of the eight indicators (    Table I  ). Confusion-Bewilderment 

did not exhibit a signifi cant relationship with supervisor support 

in either the correlation analysis or the mixed model. Further-

more, the relationship between work pressure and supervisor 

support became less remarkable through the mixed model analy-

sis. All of the predicted indicators were negatively correlated with 

the perceived support from the outside supervisor. Th ese results 

provided further support for the second hypothesis (H2).     

 Th e group leader in Group 3 had been clearly identifi ed, 

along with an outside supervisor. We measured both types of 

leadership roles in the experiment; that is, supporting and con-

trolling leaders. As previously mentioned, effi  cient leadership 

can facilitate the space mission and the cohesion of the crew. 

Th us, we extracted the relationship dimensions (cohesion and 

expressiveness from the GES and involvement and coworker 

cohesion from the WES) from both group climate scales to dis-

cover the eff ects of diff erent leadership roles. We did not use 

supervisor support, which we left  out in the relationship dimen-

sions, because we only focused on within-crew relationships in 

this part. Th e Spearman correlation and mixed model were also 

applied to test the relationships. Leader support and leader con-

trol were dependent variables in the mixed model. What ’ s more, 

as we had predicted certain directions for how the leadership 

role would aff ect group dynamics, according to previous stud-

ies,  9 , 10   single-tailed analysis was also used here. 

 As     Table II   reveals, a positive correlation was found between 

cohesion, expressiveness, and leader support. However, there 

were no such relationships between these factors and leader 

control. Coworker cohesion positively correlated with both 

leader support and leader control. Th e mixed model analysis 

also confi rmed such patterns, suggesting that the crewmem-

bers were more concerned about how much support they 

received from the group leader than about how much task 

direction was placed on them.     

 Furthermore, the subscale for involvement showed diff erent 

results on two analysis approaches, correlating positively with 

leader support (which reached signifi cance using the Spearman 

correlation) and negatively with leader control (which reached 

signifi cance using the mixed model analysis). Nevertheless, in 

both methods, the two leadership roles exhibited diff erent 

eff ects on involvement. Th ey also showed that crewmembers 

preferred leader support to leader control within the group, 

supporting the third hypothesis (H3).   

 DISCUSSION 

 In general, this was the fi rst psychological experiment to be 

conducted in an analogous space station in China and with 

the crew also comprised of all Chinese members. Despite the 

diff erent cultures, we found our results to be similar to those of 

previous research from Mir and the ISS,  3  –  5   on which the crew-

members were from the United States and Russia. 

 We failed to fi nd signifi cant changes in the groups ’  moods or 

social climate over time in Lunar Palace 1, consistent with 

Kanas et al., who found that time in a space station did not seem 

to be a factor in predicting changes in a group ’ s moods or social 

climate.  4   According to Kanas, the outside mission control sup-

port was very important. Th us, in Lunar Palace 1, the counter-

measures used by the outside personnel and the crewmembers 

themselves, such as an open network in the chamber, daily 

physical exercise, and full support from outside, helped the 

crew to deal with monotony, boredom, and confl ict, and may 

have been useful in the late mission stage. However, when 

 Table I.        Displacement in Group 3.  

  SUBSCALES

SUPERVISOR SUPPORT 

 CORR. SIG. SLOPE SIG.  

  Tension-Anxiety   2 0.620 0.003   2 0.427  , 0.001 

 Anger-Hostility   2 0.615 0.003   2 0.252 0.008 

 Fatigue-Inertia   2 0.617 0.003   2 0.375 0.007 

 Depression-Dejection   2 0.800  , 0.001   2 0.819  , 0.001 

 Confusion-Bewilderment   2  0.181 0.236   2  0.380 0.081 

 Total Mood Disturbance   2 0.436 0.035   2 0.074 0.002 

 Anger-Aggression   2 0.551 0.009   2 0.595 0.032 

 Work Pressure   2 0.419 0.042   2  0.064 0.423  

   Corr. is the Spearman correlation with a single-tail test. Sig. is signifi cance. Slope 

represents the slope parameter of a mixed model with a single-tail test. Bold indicates a 

signifi cant correlation coeffi  cient or slope with  P   ,  0.05.   
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compared with previous simulated experiments conducted on 

the ground, such as the Mars 500 and the Antarctic expedition, 

where signifi cant emotional fl uctuations were observed during 

stage-changing periods, our fi ndings did not indicate such pat-

terns.  12   Hence, it remains unclear how the time eff ect will infl u-

ence future expeditions to Mars. Due to the mission ’ s longer 

duration and the more complicated crew structure, more 

research is needed on this topic. 

 Our fi ndings support the presence of displacement in the 

crew. Th is phenomenon was also found in the studies conducted 

on the Mir and ISS, which reported evidence that the crewmem-

bers were exhibiting negative feelings toward the ground per-

sonnel.  3 , 5   According to Kanas, the displacement of negative 

emotions to outside personnel can occur if the crewmembers 

cannot resolve intragroup confl icts.  2  –  4   It is recommended that 

crewmembers be instructed on how to directly cope with 

their conflicts before a mission begins, ideally during the 

training sessions that involve both crewmembers and outside 

representatives. 

 In observing the results related to the leadership roles, the 

fi ndings suggest that compared with leader control, the crew-

members ’  cohesion relied more on leader support, as in the Mir 

and ISS results.  4   Th e leadership role eff ects are summarized as 

follows. First, because Group 3 was only comprised of three 

members, each possessed diff erent skills that were all crucial for 

executing the mission. Th is may have weakened the infl uence of 

the leader dominance. Second, the crewmembers in Group 3 

were a young assistant professor and two Ph.D. students, who 

were all very competent and thus less easily controlled by others. 

Th ird, the crewmembers in the confi ned environment may have 

relied more on the leaders who could support them or help with 

their problems, because they needed to face potentially dangerous 

situations, such as increasing CO 2  levels in the station or improv-

ing the system ’ s unstable factors. Finally, due to the collectivist 

nature of China ’ s cultural background, leader support may have 

a more positive eff ect on group interactions than leader control. 

 Th is study still has some limitations. We took a detailed look 

into Group 3, regarding it as a whole confi ned mission. Consid-

ering that crewmember A had already been in the module for 

26 d when crewmember C and D joined in, crewmember A was 

already established in the habitat and more familiar with it than 

the other two. Th is situation, as well as status and gender, may 

have potentially impacted group dynamics, but we did not take 

this into consideration. 

 Th ere are still some methodological problems to settle as 

well. Th e small sample size limited the statistical methods that 

could be used to analyze the research data, which is always a 

disadvantage in this fi eld. A few more similar experiments are 

needed and comparisons of each result are required to obtain 

stronger conclusions. In addition, due to the experimental 

arrangement, data from outside personnel were not available.     
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