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A B S T R A C T   

PALINKAS, L.A., and P. SUEDFELD. Psychosocial Issues in Isolated and Confined Extreme Environments. NEU
ROSCI BIOBEHAV REV (1) XXX-XXX, 2020. Psychosocial elements of behavior and performance will signifi
cantly impact the outcomes of long duration missions in space, ranging from individual and team decrements to 
positive benefits associated with successful adaptation. This paper reviews our current understanding of the 
individual, interpersonal and organizational issues related to living and working in isolated and confined 
extreme (ICE) environments. Individual issues include changes in emotions and cognitive performance; seasonal 
syndromes linked to changes in the physical environment; and positive effects of adapting to ICE environments. 
Interpersonal issues include processes of crew cohesion, tension and conflict; interpersonal relations and social 
support; the impact of group diversity and leadership styles on small group dynamics; and crew-mission control 
interactions. Organizational issues include the influence of organizational culture and mission duration on in
dividual and group performance, crew autonomy, and managerial requirements for long duration missions. 
Improved screening and selection, leadership, coping and interpersonal skills training, and organizational change 
are key elements to optimizing adjustment to the environment and preventing decrements during and after long 
duration missions.   

1. Introduction 

Although adaptation to changing environments has been as a 
fundamental part of the human experience, systematic research on the 
psychosocial issues relating to prolonged isolation and confinement in 
such environments is more recent, beginning with investigations con
ducted more than 50 years ago during polar expeditions in the Arctic 
and Antarctic, observations of astronauts during crewed missions in 
space, and studies of teams in environments that were considered or 
designed to mimic long-term missions in space. Findings from such 
studies challenged long-held views that dismissed the importance of 
psychosocial issues in space within organizations that considered psy
chology and psychiatry to be “soft” (Harrison, 1986), believed in “the 
right stuff” of astronauts (Wolfe, 1979; Santy, 1994), and whose actual 
space experience was with relatively short duration space flights where 
the occurrence and severity of psychosocial problems was viewed as 
minimal at worst (Committee on Space Biology and Medicine, 1998; 
Helmreich, 1983). 

However, awareness of such issues began in the 1960s and early 
1970s (Kubis and McLaughlin, 1967; Sells, 1966; Space Sciences Board, 

1972) and increased with the accumulating anecdotal evidence of the 
individual and interpersonal problems that occurred during 
long-duration Russian/Soviet missions (Lebedev, 1988; Oberg, 1981) 
beginning in the 1970s, the Shuttle-Mir Space Program (SMSP) (Bur
rough, 1998; Linenger, 2000) in the 1990s, and with the need to plan for 
longer duration missions in the U.S. space program in the 1980s 
featuring larger and more diverse crews (Conners et al., 1985; Space 
Science Board, 1987). Studies of individuals and crews in space fol
lowed, as well as of people in environments considered to be analogous 
to spaceflight, such as submarines, polar stations, and purpose-built 
simulated space capsules, and in other isolated and confined extreme 
(ICE) environments (Gunderson, 1974; Harrison et al., 1991; Kanas 
et al., 2009; Palinkas and Suedfeld, 2008; Sandal et al., 1995). The 
emphasis was on factors that could impar mood or cognition: prolonged 
depression, episodes of anxiety, social withdrawal, interpersonal tension 
and hostility, poor leadership, miscommunication and human error. 
Such reports precipitated a re-examination of the ability of astronauts 
possessing the “Right Stuff” to live and work, alone or in groups, in an 
ICE environment for prolonged periods of time. 

A latecomer among the concerns of researchers working on ICE 
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issues is positive psychology (Snyder and Lopez, 2001; Suedfeld, 2002). 
The problems faced by people who have spent time in analogue envi
ronments, and by astronauts themselves, have been widely publicized. 
Because the difficulty of living in such places is intuitively daunting, and 
because some problems may be lethal to the crew and disastrous to the 
mission, engineers and scientists concentrated on identifying those and 
devising ways to prevent, ameliorate, or solve them. 

What was – and is – often overlooked is the puzzle that so many 
people want to experience ICEs, perform their tasks well, and enjoy 
being there. They report a range of desired changes in motivation, 
values, optimism, interpersonal relations, and personal strengths. Just as 
most polar explorers were eager to participate in repeated expeditions, 
so most astronauts are eager to fly into space more than once (Suedfeld, 
2002, 2012). The study of bonding with the ICE environment, and the 
positive changes that accompany and follow the experience, are the 
topics of a growing body of research literature (e.g., Steel, 2000). 

There exist numerous reviews that illustrate the breadth of psycho
social issues relating to long-term exposure to ICE environments (Bell 
et al., 2015, 2019; Christensen and Talbot, 1986; Connors and Harrison, 
1985; Golden et al., 2018; Gunderson, 1974; Harrison et al., 1991; Kanas 
et al., 2009; Nicholas, 1987; Palinkas, 1990, 1991, 2001; Palinkas et al., 
2011; Palinkas and Suedfeld, 2008; Sandal et al., 2006; Suedfeld and 
Steel, 2000). In contrast, the objective of this article is to examine in 
depth three hierarchical domains of behavior: the individual, the 
interpersonal, and the organizational. 

Although they are often grouped together as ICE environments, there 
are important distinctions between polar expeditions, submarines and 
underwater habitats, space simulations, and actual spaceflight, making 
it somewhat challenging to draw inferences about psychosocial issues 
from one setting to another. These environments differ with respect to 
the characteristics of the physical environment (the cold temperatures 
and altered light/dark cycles of high latitudes versus radiation and 
microgravity of space or regulated temperature in a 1 g environment in a 
space simulation chamber), the duration of exposure to isolation, 
confinement and an extreme physical environment (ranging from a few 
weeks to one or more years), and the degree of isolation (ranging from 
limited to daily contact with family, friends and outsiders) and from 3 to 
6 member space crews or polar expeditions to 150 submarine 
crewmembers). 

Moreover, all of these characteristics are under constant examination 
and change. Advances in transportation and communications technol
ogy, expansion of habitable volumes, and protection against physical 
hazards have made many of these environments safer and less isolated 
and confining over time. Thus, what may have been an issue in the past 
for a particular environment may not necessarily be an issue today. For 
these reasons, there has been ongoing research evaluating the psycho
logical fidelity of the Antarctic-space analogue (Suedfeld, 2018). 

2. Individual issues 

2.1. Stress and coping 

There is little doubt that for many individuals, the prospects of living 
and working in an environment that is both isolated and confining for 
prolonged periods can be quite stressful. Crews of long-term space 
missions must endure separation from family and friends, limitations on 
communication with Earth caused by distortion of audio and visual 
signals, and the inability to detect nonverbal cues important to 
communication and interaction. As missions extend further from earth, 
crews may encounter delays in communication; a mission to Mars, for 
example, could result in delays lasting up to 20 min to and from Earth. 
Space vehicles and many other ICEs offer little in the way of privacy and 
personal space. Territoriality is likely to become more important in such 
a setting. Social monotony is likely to occur in response to the constant 
interaction with the same group of fellow crewmembers. Advances in 
technology may do little to alter the perceived risk of living in an 

environment characterized by microgravity, exposure to high doses of 
radiation, collisions with micrometeorites and supply vehicles, fires, and 
other environmental hazards. For those living in other ICE environ
ments, stress may occur due to physical fatigue and exhaustion, physical 
hazards, hot or cold conditions, altered cycles of light and dark, low 
humidity and high altitudes, resulting physiological responses such as 
light-related disruption of circadian rhythms, altitude-related cardio
pulmonary symptoms, and cold-related changes in peripheral circula
tion, hypothermia and frostbite, immune suppression, and hormone 
dysregulation (Palinkas and Suedfeld, 2008). 

However, the extent to which those who volunteer for missions in 
such environments experience stress, remains controversial. On the one 
hand, anecdotal reports of previous space flights and studies conducted 
in space simulations and polar research stations have sometimes re
ported symptoms of depression, insomnia, irritability or anger, anxiety, 
fatigue, and decrements in cognitive performance (Arendt, 2012; Bar
abasz et al., 1983; Bishop et al., 2010; Chouker et al., 2001; Christensen 
and Talbot, 1986; De La Torre et al., 2012; Eddy et al., 1998; Gemignani 
et al., 2014; Grigoriev and Federov, 1996; Gunderson, 1974; Ishizaki 
et al., 2002; Kanas, 1985; Kass and Kass, 1999; Mallis and DeRoshia, 
2005; Manzey and Lorenz, 1998; Nicolas and Weiss, 2009; Palinkas, 
1991; Palinkas and Houseal, 2000; Reed et al., 2001; Stampi, 1994; 
Suedfeld and Steel, 2000). Although there have been anecdotal reports 
of astronauts experiencing cognitive changes described as “space fog” or 
“space stupids” (Kanas et al., 2001a,b), operationally significant de
clines in cognitive performance have not been reported from the more 
controlled empirical studies available, thus far (Strangman et al., 2014). 
However, studies in space analogues have found such decrements to be 
linked to sleep deprivation (Nasrini et al., 2020). The NASA twins study 
reported some post-mission cognitive decline in the astronaut who spent 
one year aboard the International Space Station (Garrett-Bakelman 
et al., 2019). A study by Palinkas et al. (2004a) reported that 5.2 % of a 
cohort of men and women with no prior history of mental health 
problems who spent an austral winter in the Antarctic over a four-year 
period met the criteria for a DSM-IV disorder. Even larger percentages 
of Antarctic winter-over personnel experience symptoms of sleep dis
orders, depression, irritability and impaired concentration and memory 
(Palinkas, 1992). While some symptoms may be viewed as minor in most 
other environments, their significance to the health and well-being of 
these individuals can become magnified by the conditions of isolation 
and confinement (Palinkas, 1992). 

2.2. Seasonal syndromes 

Changes in the physical environment have been shown to produce 
changes in the psychosocial issues confronting crews in high latitude 
settings. Polar explorers in both the Antarctic and Arctic have long noted 
the occurrence of seasonal variations in these symptoms among expe
dition members (Mocellin and Suedfeld, 1991). For instance, American 
winter-over expeditioners between 1963 and 1974 experienced a sig
nificant increase in symptoms from early to late winter (Palinkas et al., 
2000b). A study of Indian Antarctic expeditioners reported significant 
increases in sleep disturbances in June (the austral mid-winter), and 
significant declines in rapport with fellow crewmembers in September 
and satisfaction with work and life situations in December and January 
(Bhargava et al., 2000). Similar patterns of seasonal variation in mood 
and somatic complaints was reported in Japanese Antarctic expedi
tioners (Ikegawa et al., 1998). When seasonal changes exist, they also 
characterize three distinct “syndromes” or clusters of behaviors experi
enced by polar expeditioners. 

2.2.1. Winter-over syndrome 
The Winter-Over Syndrome is a cluster of symptoms of sleep 

disturbance, impaired cognition, negative affect, and interpersonal 
tension and conflict experienced by polar expeditioners in the Antarctic 
(Strange and Youngman, 1971) The symptoms may also represent a 
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form of hibernation that occurs over a long period of isolation and 
confinement in which coping strategies, sleep quality, and positive 
mood are influenced by environmental conditions to a smaller or larger 
degree during midwinter (Sandal et al., 2018). A study of two 
winter-over expeditions at Concordia Station in Antarctica found that 
when the conditions are harshest, resources were more depleted and 
participants reported less coping and positive affect (Sandal et al., 
2018). However, many of the behavioral symptoms associated with the 
Winter-Over Syndrome also appear in other ICE settings that lack 
changes in seasons. In the Mars 500 study, for instance, investigators 
reported a progressive sedentariness or psychological “torpor” with time 
in mission, reflected in increased sleep time and decreased performance 
(Basner et al., 2013). Another Mars 500 study reported reduced need for 
stimulation around the third quarter (Sandal and Bye, 2015). However, 
other analogue studies have reported longer and more frequent wake 
periods at the mission midpoint, along with a decrease in positive affect 
and an increase in neurobehavioral disorders (e.g., increased memory 
lapses and errors, anger and depression) during total sleep deprivation 
(Landon et al., 2018). 

2.2.2. Polar T3 syndrome 
A second, circannual pattern observed in polar research station crews 

is an alteration of mood and cognition related to thyroid function. 
Known as the Polar T3 Syndrome, this condition was observed in a 
cohort of 12 American men and women at McMurdo Station in 
Antarctica (Do et al., 2004; Reed et al., 2001; Palinkas et al., 2001), 9 
members of an Indian Antarctic expedition (Sawhney et al., 1995), a 
cohort of 10 crewmembers of China’s Great Wall Station in Antarctica 
(Xu et al., 2003), and a cohort of 16 crewmembers of China’s Zhongshan 
Station in Antarctica (Chen et al., 2016a), but not in a cohort of at South 
Pole Station (Palinkas et al., 2007a). In each instance, the alteration of 
thyroid function in polar expeditioners was significantly correlated with 
performance on cognitive tests and mood. These alterations share many 
of the same characteristics of subclinical hypothyroidism (SCH), 
including elevated thyrotropin-stimulating hormone (TSH) levels 
and/or enhanced TSH response to thyrotropin-releasing hormone (TRH) 
stimulation (Do et al., 2004; Reed et al., 1986, 1990; Xu et al., 2003). 
Furthermore, reductions in cognitive performance and increases in 
negative affect have been shown to be effectively treated through the 
administration of low dosages of thyroid supplements (Reed et al., 2001; 
Palinkas et al., 2007b). The cognitive and affective symptoms charac
teristic of the Polar T3 Syndrome are believed to represent a state of 
relative CNS hypothyroidism accompanied by systemic euthyroidism 
(Palinkas et al., 2001; Reed et al., 2001), which is a physiological 
adaptation to prolonged exposure to cold and darkness (Do et al., 2004). 

2.2.3. Subsyndromal seasonal affective disorder 
Extreme variations in patterns of daylight and darkness in high 

latitude environments have also been linked to a third pattern of sea
sonal changes in polar analogue studies. A study of 70 male and female 
expeditioners at three American stations in Antarctica in 1991 revealed 
a significant increase in the prevalence of Subsyndromal Seasonal Af
fective Disorder (S-SAD) from late austral summer to mid-winter (Pal
inkas et al., 1996). A study of 17 Chinese male expeditioners who spent 
the winter at Zhongshan Station in Antarctica found a similar increase in 
the prevalence of S-SAD to be associated with significant delays in the 
acrophase of 6-sulphatoxymelatonin rhythm, sleep onset and offset, and 
mid-sleep time were relative to departure values (Chen et al., 2016b). 
The behavioral symptoms associated with this seasonal syndrome has 
been attributed to a disruption of circulating melatonin concentrations, 
a major transducer of photoperiod information for the timing of multiple 
circadian and circannual physiologic rhythms (Lewy et al., 1985), 
including rhythms of energetic arousal, mood and cognitive perfor
mance (Magnusson and Partonen, 2005; Melrose, 2015). 

2.3. Positive effects of adapting to ICE environments 

While several studies have documented stress and mental health 
problems in ICE environments, many studies have found no such adverse 
psychosocial impacts. For instance, studies of polar expeditions have 
reported no increases anxiety, (Mocellin et al., 1991; Corneliussen et al., 
2017; Weiss et al., 2000) or decrements in cognitive performance during 
a year in isolation (Barkaszi et al., 2016; Corneliussen et al., 2017). 
Studies of crews at the Mars Desert Research Station (MDRS) (Rai et al., 
2012) and the MARS 105-day simulation (Gemignani et al., 2014) found 
no declines in cognitive performance despite increased fatigue and 
sleepiness. Several studies conducted in space analogue settings have 
reported declines in stress symptoms and levels over time (Nicolas and 
Gushin, 2015; Leon et al., 2002). Even when such symptoms have been 
observed to increase, they do not always pose a threat to the health and 
well-being of crew or to the success of the mission (Leon et al., 1989). 

While the extent of negative impacts of ICE environments on 
behavior and performance continues to be debated, there is substantial 
evidence that long-term exposure to such environments may lead to 
significant increases in positive outcomes such as self-direction, self- 
confidence, courage and caring for others (Gushin et al., 1998; Kanas 
et al., 2006; Suedfeld et al., 2012a,b). For instance, a study of winter 
personnel at four Australian stations reported significantly more positive 
experiences than negative ones (Wood et al., 2000). The responses of 
astronauts on measures of post-flight personality changes show general 
increases in various aspects of positive psychological development (Ihle 
et al., 2006; Suedfeld et al., 2012a,b). Studies documenting such in
creases suggest one of four possibilities: 1) isolated and confined 
extreme environments are not significantly more stressful than other 
environments (Suedfeld and Steel, 2000); 2) highly motivated, 
self-selected individuals who volunteer for such long-term missions are 
capable of maintaining high levels of performance in such environments 
over long periods of time (Palinkas et al., 1995); 3) some highly moti
vated individuals do better than others (Palinkas et al., 2000a); and 4) 
such environments generate positive forms of response and adaptation 
that are beneficial and health-promoting (Antonovsky, 1987). 

Studies of polar expeditioners uncovered three particular sources of 
evidence suggesting that many individuals exhibit improvements in 
performance and well-being during extended periods of isolation and 
confinement in extreme environments. The first source of evidence was 
obtained from an examination of mood disturbances during early and 
late winter among the 657 men who overwintered between 1963 and 
1974. Symptoms of the winter-over syndrome (depression, irritability, 
insomnia, cognitive impairment) were inversely associated with the 
altitude, latitude, and mean annual temperature of the stations where 
individuals spent the austral winter. However, complaints of disturbed 
sleep were positively associated with the severity of the station physical 
environment in early winter, but not in late winter, suggesting adapta
tion to the characteristics of the physical environment, thereby mini
mizing the impact of this environment on their sleep patterns. On the 
other hand, other negative experiences (feeling blue, lonely, annoyed or 
irritated, critical of others, uneasy or worried, nervous or tense, and 
unable to concentrate) were inversely associated with severity of the 
station physical environment at both early and late winter. In other 
words, the more severe the physical environment, the fewer mood dis
turbances that were not sleep-related (Palinkas, 1991; Palinkas et al., 
2000a). 

A second piece of evidence suggesting positive adaptation to the 
characteristics of the physical environment is derived from a comparison 
of the seasonally-related depressive symptoms experienced among 
personnel who over-wintered at McMurdo and South Pole Stations in 
1991. Although we noted earlier that S-SAD is positively associated with 
station latitude, mean Hamilton Depression Rating Scale (HDRS) scores 
and seasonally-related depressive symptom (SAD-SIGH) scores of 
personnel at McMurdo in 1991 were significantly higher than the 
respective scores of personnel at South Pole the same year (Palinkas 
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et al., 1996). 
Third, despite the potential degradation to health and performance 

associated with more severe forms of the winter-over syndrome, the 
Antarctic winter-over experience does not appear to have any adverse 
long-term effects. In fact, exposure to such stress may actually confer 
some long-term health benefits. Using medical and service history re
cords as well as screening data obtained from volunteers to the Opera
tion Deep Freeze Program between 1963 and 1974, the subsequent first 
hospital admissions of 328 enlisted Navy men who actually wintered- 
over at six small Antarctic research stations were compared with those 
of a control group of 2,396 Navy winter-over volunteers who were 
assigned elsewhere because of the limited number of available winter- 
over assignments (Palinkas, 1986). All of these individuals were evalu
ated by screening teams, each consisting of a clinical psychologist and 
psychiatrist, and found to be medically and psychologically qualified for 
winter-over duty. The study found that the winter-over personnel 
experienced 20 % fewer total first hospital admissions subsequent to 
their return from Antarctica than the control group during the same 
period. The winterover group also displayed significantly fewer first 
admissions for neoplasms (73 % fewer admissions); endocrine, nutri
tional, and metabolic diseases (60 % fewer admissions); diseases of the 
musculoskeletal system (44 % fewer admissions); and nonsignificant de- 
clines in admissions for mental disorders (36 % fewer admissions) and 
accidental injuries (27 % fewer admissions) (Palinkas, 1986). 

While not all individuals obtain such an experience, these results 
demonstrate that prolonged exposure to an ICE environment does not 
necessarily produce pathogenic consequences. On the contrary, there 
may be significant psychological benefits or flow experiences from such 
environments. Perhaps the most valid conclusions that can be drawn are 
(a) that positive and negative psychological effects of living in an ICE 
can coexist, (b) that many of the effects are time-limited, and (c) that the 
prevalence of one or the other kind is the result of a complex and dy
namic interplay between environmental, social, and personal charac
teristics (Suedfeld, 2005). 

3. Interpersonal issues 

3.1. Interpersonal tension, conflict and cohesion 

As with individual issues, interpersonal issues may become increas
ingly important in the training and performance evaluation of astronaut 
personnel (Bell et al., 2015, 2019; Christensen and Talbot, 1986; Con
ners et al., 1985; Golden et al., 2018; Kanas, 1987; Kanas et al., 2009; 
Landon et al., 2018; Nicholas, 1987). Anecdotal evidence collected from 
astronaut personnel in the U.S. and Soviet/Russian space programs as 
well as studies of small groups in other isolated environments suggest 
that prolonged isolation and confinement often leads to increased social 
tension. Of course, such tension is not rare among work groups in other 
environments, but ICE conditions are likely to exacerbate it. This tension 
is reflected occasionally in open antagonism directed either towards 
fellow crew members or Mission Control, or more commonly through 
social withdrawal and isolation and, ultimately, to decreased cohesive
ness. Occasional periods of solitude, privacy, and absence from dis
tracting stimulation are desired by and important to many people. ICE 
participants should be taught not to regard this need, in themselves or 
crewmates, as signs of rejection, hostility, or maladaptation and to 
respect them as much as possible. 

Reports and records from extended space missions conducted during 
the early years of the Soviet space program described decreased crew 
cohesiveness over time (Christensen and Talbot, 1986; Conners et al., 
1985; Kanas, 1985). Russian cosmonaut Valentine Lebedev, who spent 
211 days aboard the Mir Space Station in 1982, estimated that 30 
percent of the time spent in space involved crew conflict (Lebedev, 
1988). One study showed that cosmonauts’ motive to have warm, 
friendly relations was high prior to spaceflight, but dropped steadily 
from then on and continuing after their return to Earth (Suedfeld et al., 

2018). The problem was salient in studies of small (sometimes, just 
two-person) groups in small capsules such as Mir. The difficulty of 
avoiding interaction with crewmates who are temporarily or perma
nently disliked is most likely a factor, tension increasing the more one 
has to work cooperatively or to socialize with such a person. Social 
withdrawal may be a useful coping device in such cases (Suedfeld and 
Steel, 2000). 

Increased social conflict and decreased crew cohesiveness have also 
been reported in studies of prolonged isolation of small groups in 
analogue environments (Gunderson, 1974; Gushin et al., 2001; Kanas 
et al., 2001a,b; Natani and Shurley, 1974; Nicolas, 2009; Nicolas and 
Weiss, 2009; Nicolas et al., 2016; Palinkas, 1992; Palinkas and Suedfeld, 
2008; Sandal et al., 2011; Stuster et al., 2000, 2000; Taylor, 1987; Wood 
et al., 1999). For instance, significant declines in group cohesiveness at 
and social support were observed in a multinational crew spending a 
year in the Antarctic (Nicolas et al., 2016). The occupational dimensions 
of implementation/preparedness decreased significantly, and counter
productive activity increased significantly for the group as a whole, 
while cultural differences were observed in psychological demands and 
decisional latitude. 

Increased conflict and decreased cohesion among teams in ICE en
vironments are often represented in two distinct phenomena. The first is 
the formation of distinct subgroups or cliques. The emergence of “bitter 
factionalism” among crewmembers, was the most difficult challenge of a 
two-year simulation conducted in Biosphere 2 (Alling et al., 2002; 
Nelson et al., 2015). Space analogue studies have reported that sub
groups can form around nationality (Rivolier et al., 1991; Sandal, 2004), 
gender (Walford et al., 1996) and values (Sandal et al., 2011; Vino
khodova et al., 2012). Although subgrouping is not always problematic 
(Kraft et al., 2002), there is consistent evidence from analogue envi
ronments that subgrouping can occur and that subgroup formation may 
result in conflicts that threaten mission success and crewmember 
well-being (Bell et al., 2015). 

The second phenomenon observed in all of these settings has been 
the ostracism or social isolation of individuals perceived to be deviant by 
other crew members (Miller et al., 1971; Palinkas, 1992). Scapegoating 
has been reported during Antarctic expeditions (Rivolier et al., 1991) as 
well as in chamber-isolation space simulations (Gushin et al., 1998). 
Deviant behaviors of individual crewmembers can also contribute to 
interpersonal tensions and overt conflict as illustrated by the instance of 
inappropriate advances made by a male crewmember towards a female 
crewmember during a space simulation that led to growing hatred for 
the man among other crewmembers. The altercation prompted some 
group members to close and seal a hatch separating them from the man, 
along with other group members (Gushin et al., 2001). 

Even in the absence of overt conflict, team performance can decline 
with prolonged stays in ICE environments. A study of 4 crews, each 
containing 4 members, who were confined for 30 days in NASA’s HERA 
habitat found increases in behavioral team performance (cognitive and 
psychomotor tasks) and decreases in conceptual team performance 
(creativity and intellective tasks) over time (Larson et al., 2019). Studies 
by Palinkas et al. (2004b, 2004c) of multinational crews at Antarctic 
research stations found that the percentage and number of fellow crew 
members sought for interaction declined across the duration of the 
mission (i.e., from March to October). Simple disagreements between 
individual members of polar expeditions can adversely impact crew 
relations (Corneliussen et al., 2017). 

However, not all isolated crews have experienced such conflict. 
Stuster’s (2010) analysis of diary entries among crewmembers aboard 
the International Space Station found that the number of entries 
addressing interpersonal conflicts increased slightly across the four 
quarters of a mission; however, entries concerning how well the crew get 
along show a similar pattern and, in terms of absolute number, clearly 
outperform the "conflict entries". Group cohesiveness was found to be 
high among participants in three Sealab missions in 1964 and 1965 
(Radloff and Helmreich, 1968) and the Tektite missions in 1969–1970 
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(Miller et al., 1971). Two of three studies of 4-person crews in McDon
nell Douglas space cabin simulators, lasting 30-d and 60-d in duration, 
found no significant level of interpersonal conflict among crew mem
bers, although a tendency to displace irritation and anger to outside 
observers was reported in each study (Dunlap, 1965; McDonnell Doug
las, 1968). In the third and longest duration (90-day) study, crew morale 
began to suffer two-thirds of the way through the mission, resulting in 
decreased cohesiveness and increased hostility (Jackson et al., 1972). 
Studies of Antarctic winter-over crews have found that group cohesion 
varies from one year to the next (Palinkas, 1992). A systematic review of 
analogue research conducted by Bell et al. (2019) found that team 
members of longer missions generally spend less social time together 
than shorter missions and that consistent team efficiency over time was 
more typical than decreased team efficiency over time. 

The social dynamics of small groups in isolated and confined envi
ronments is characterized by three stages (Palinkas, 1992). The first 
stage is characterized by open interaction and identification of common 
interests between and among crewmembers. The process of social 
comparison establishes the basis for social interaction. However, this 
same process leads to the identification of areas of differences and dis
likes. In the second stage, subgroups begin to form as individuals 
organize on the basis of common sociodemographic characteristics, 
occupational demands, leisure interests, political and ideological alle
giances, and so on. In some instances, these subgroups become exclusive 
in membership, leading to the formation of cliques that may result in less 
efficient completion of interdependent tasks (Vinokhodova et al., 2012). 
As noted above, conflict between subgroups can generate stress within 
the entire group (Gushin et al., 2001). In the third stage, the entire group 
begins to coalesce around a social core with an attendant social identity. 
However, this core may emerge at the expense of certain individuals 
who cannot or refuse to adhere to group norms and standards of 
behavior. These individuals become ostracized and isolated from the 
group itself. Thus, at each stage, the group may lean toward tension and 
conflict or toward cooperation and cohesion. 

In turn, the extent to which the social dynamics of a crew are char
acterized by tension, conflict or cohesion can influence both the struc
ture of a crew and the behavior and performance of its individual 
members. Use of multidimensional scaling of data collected from pile 
sorts of crewmember categorization of the structure of the winter-over 
crews at the South Pole during a three-year period revealed three 
distinct patterns: 1) a clique structure in which crew members identified 
three distinct subgroups, based on areas of the station each subgroup 
usually spent most of their leisure time; 2) a core-periphery structure in 
which most crewmembers strongly identified themselves as members of 
the same group (the core), and two small groups of individuals who 
maintained close ties with the core but were somewhat more indepen
dent (semiperiphery) or more independent in their social interactions 
(periphery); and 3) a clique-core/periphery hybrid in which a relatively 
unified group contained identifiable subgroups. The crew characterized 
by a clique structure exhibited significantly higher levels of tension- 
anxiety, depression and anger than the crew characterized by the 
core-periphery structure throughout the entire winter. The mood scores 
of the crew characterized by the hybrid structure fell between those of 
the other two crews. The three crews also differed significantly with 
respect to the amount of support given to fellow crewmembers over the 
course of the winter (Palinkas et al., 2000b). 

3.2. Interpersonal relations and social support 

Although these results point to a clear association between crew 
dynamics and patterns of interaction and individual behavior and per
formance, they also reveal a paradox. On the one hand, social support is 
important to members of groups in ICE settings. Support from crew
members has repeatedly been the most frequently mentioned coping 
strategy among both Western and Russian space crew members (Sued
feld et al., 2009). This was reflected in the significant inverse 

associations between satisfaction with support and concurrent and 
prospective measures of depressive symptoms (Palinkas and Browner, 
1995). However, personnel who spent the austral winter at the South 
Pole between 1992 and 1994 revealed a significant decline in the extent 
to which individuals asked other crewmembers for advice or provided 
advice to others (Palinkas et al., 2000a). Another study of 217 partici
pants across five stations during an 8-month winter-over mission in 
Antarctica reported that the percentage of fellow crewmembers sought 
out for interaction was significantly associated with an individual’s level 
of tension–anxiety, depression, and confusion, while frequency of advice 
seeking from fellow crewmembers was also positively associated with 
levels of tension–anxiety (Palinkas et al., 2004b). A similar study of 77 
men and women during an 8-month winter-over at the South Pole found 
that frequency of advice seeking at baseline was positively associated 
with tension–anxiety, depression, and anger during early winter, and 
tension– anxiety and depression during late winter (Palinkas et al., 
2004a). Leon (1991) found that the use of social support as a coping 
mechanism was negatively associated with well-being and positively 
associated with stress reactions and negative emotions among crew
members in the North Pole and Bering Bridge expeditions. Sandal et al. 
(2003) found a positive association between social support seeking and 
stress from social factors such as lack of privacy, interpersonal tension, 
and crowding. 

The question, therefore, is whether seeking support leads to negative 
emotions because such support is not forthcoming from fellow crew
members, or whether negative emotions precipitate seeking of support 
from these same crewmembers. A previous study of the 1989 winter- 
over crew of McMurdo (Palinkas and Johnson, 1990) revealed that 
station members who scored low on measures of emotional stability and 
supervisor/clinician evaluations of individual performance were not 
socially isolated. This finding was in contrast to the numerous studies 
that have documented an association between depression and a decrease 
in size of social networks and amount of received social support (Cohen 
and Wills, 1985; Lin et al., 1990). The lack of an association may be 
interpreted as evidence of the tolerance of depressive symptoms on the 
one hand (Cravalho, 1996), and the limited use of other crewmembers to 
cope with stress on the other hand, largely because these crewmembers 
are facing the same stressors (Palinkas, 1992). On the other hand, a 
content analysis of the records of 72 astronauts and cosmonauts found 
that by far the most frequently invoked coping mechanism was seeking 
social support – to the surprise of the researchers, who expected active, 
planful problem-solving to dominate in such a highly trained, techno
logically sophisticated group (Suedfeld et al., 2009). Thus, individuals 
may request support but not receive it, leading to negative emotions and 
stress from social relationships (Golden et al., 2018). Hence, an impor
tant distinction must be made between social dynamics as a stressor and 
social support as a mediator of the stress-performance relationship. 
Behavior and performance in ICE environments is social from the 
standpoint that impaired social interaction may be responsible for dec
rements, but that individuals adapt to such environments by refraining 
from a reliance upon their fellow crewmembers for support. 

3.3. Predictors of conflict and cohesion 

Inevitably, evidence of both conflict and cohesion appears in small 
groups in isolated and confined extreme environments. However, the 
extent to which a group experiences one or the other depends on a 
number of factors, including the style of leadership exercised by the 
commander (Johnson et al., 2003), social, cultural and personality 
characteristics of crew members (Kraft et al., 2002; Sandal et al., 2011), 
the extent of individual adaptation to ICE environments (Palinkas, 
1992), and size and structure of occupational subgroups (Doll and 
Gunderson, 1971; Gunderson, 1968). In some instances, heterogeneity 
in personality characteristics is preferred to homogeneity. In space 
simulation and polar environments, for example, crewmates who are 
both high on psychological dominance do not work well together 
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(Altman and Haythorn, 1965; Haythorn et al., 1966; Kanas, 1985; 
Nelson, 1964b), whereas people who are compatible and sensitive to 
each other in a complementary manner do much better. In the ISEMSI 90 
spaceflight simulation, antagonism between three dominant crew
members resulted in the eventual isolation of one of these three (Sandal 
et al., 1995). 

On the other hand, there are instances where homogeneity is to be 
preferred to heterogeneity. Differences in attitudes were associated with 
poor group cohesion in the HUBES and ECOPSY simulation studies 
(Gushin et al., 1998). Polar expedition teams with similar personalities 
and approach to dealing with expedition stressors exhibited better 
coping and less conflict (Leon and Sandal, 2003). Research conducted in 
the Antarctic and in space analogues provides evidence of the adverse 
impact of a lack of social compatibility on morale and performance 
(Connors and Harrison, 1985). Studies conducted by Gunderson and 
colleagues of American polar expeditioners found social compatibility to 
be significantly associated with supervisory ratings and peer nomina
tions and whether or not the Antarctic adventurers had a "good year" or a 
"bad year" (Gunderson, 1963, 1968; Gunderson and Mahan, 1966; 
Gunderson and Nelson, 1963, 1965, 1966; Nelson, 1965). Differences in 
hobbies and recreational activities, and rural versus urban backgrounds 
were found to be predictive of less social compatibility in Antarctic 
winter-over crews (Gunderson and Ryman, 1967). In the Mars 500 
simulation study, two crewmembers who had the highest ratings of 
stress and physical exhaustion accounted for 85 % of the perceived 
conflicts (Basner et al., 2014). Drawing from need compatibility theory, 
Altman and Haythorn and their colleagues found that members of iso
lated and confined groups in space simulation studies who were 
incompatible showed increased stress, withdrawal, and territorial be
haviors (Altman and Haythorn, 1965, 1967a, 1967b; Altman and Taylor, 
1973; Haythorn, 1968, 1970, 1973; Haythorn and Altman, 1967; Hay
thorn et al., 1966, 1972). Social compatibility has also been found to be 
associated with crew morale and performance in studies of Russian 
cosmonauts (Leonov and Lebedev, 1975). However, there are several 
different predictors of social compatibility in ICE settings that may not 
necessarily correspond with predictors of social compatibility in the 
general population. Socially adept introverts with little need for affec
tion from others are viewed as more socially compatible than socially 
inept extraverts with high needs for affection or interaction in polar 
expeditions (Palinkas et al., 2000a). 

Differences in age among crewmembers have been found to increase 
as well as decrease group cohesion. Age heterogeneity has been asso
ciated with social compatibility in some studies of polar expeditioners, 
especially during the winter months when crews are isolated and 
confined, (e.g., Cusak, 2010; Nelson, 1964a), but not in other studies (e. 
g., Gunderson and Ryman, 1967). Average age has also been inversely 
associated with depression and anxiety in the short term and with hos
tility in the long term (Palinkas et al., 1989). Overall, these results 
suggest that a mature, less age-diverse crew may have fewer problems 
(Bell et al., 2015). 

The presence of both men and women on long-term space missions 
may also contribute to tension and conflict. There have been instances of 
overt and implicit sexual stereotyping, both in space and in Earth ana
logues (Goel et al., 2014; Lebedev, 1988; Leon, 2005; Leon et al., 1994; 
Rosnet et al., 2004), particularly in the early years of mixed gender 
crews in space. While it is not unusual for such behavior to take place in 
the general population, it often takes on added significance in isolated 
and confined environments, resulting in misunderstandings and 
increased tension between men and women who must live and work 
together for a long time with little opportunity to establish and maintain 
a personal space or social distance that is necessary for social harmony 
and individual identity. As noted earlier, lack of clear boundaries in 
social and sexual relations can adversely impact the entire crew (Sandal, 
2000; Gushin et al., 2001). This problem is exacerbated when not merely 
different, but clashing, cultural norms result in situations where, e.g., 
one person or group perceives sexual harassment or violence while 

others see acceptable, customary interactions (Lapierre et al., 2009). 
Other studies have found that the inclusion of women in ICE environ
ments helped to reduce crew tension (Sandal et al., 1995) and improve 
group dynamics (Leon et al., 1994; Rosnet et al., 2004). Hence, the ev
idence supporting the risks or benefits of gender diversity in space or 
space analogues remains inconclusive. 

Differences in occupation and career orientation among crew mem
bers may also lead to increased interpersonal tension and conflict. 
Shared interests between scientists and engineers were associated with 
social compatibility and performance in Tektite II simulation (Helm
reich, 1973; Watters and Miller, 1971). Studies conducted in polar en
vironments have identified tensions between individuals or groups of 
individuals representing different occupations or possessing different 
career objectives (Gunderson and Ryman, 1967; Leon et al., 2011b; 
Nicolas et al., 2016; Palinkas, 1992; Sandal et al., 1996; Suedfeld, 2010; 
Weiss et al., 2007). In some cases, conflicts develop between such in
dividuals or groups that have compromised mission goals (Harrison 
et al., 1991). In space, pilots and engineers and scientific payload spe
cialists or “guests” with no operational responsibilities may likewise 
differ in their perception of mission objectives and the importance of 
specific tasks. Tensions also can occur when some crew members value 
their roles as being more important than those of other crew members 
(Committee on Space Biology and Medicine, 1998). 

Finally, national, cultural and language differences may lead to 
miscommunication, misunderstanding, embarrassment, irritation, ten
sion, and ineffective responses to danger, all of which can negatively 
impact on the success of the mission (Leon et al., 2011b; Nicolas et al., 
2016; Sandal, 2004). Reports from early long-duration Russian space 
missions involving people from other nations have highlighted conflicts 
among crew members based on differences in language competency and 
culturally-determined expectations, values, attitudes, and patterns of 
behavior (Bluth, 1981, 1984; Chaikin, 1985; Oberg, 1981; Lebedev, 
1988). Both Antarctic and space participants have reported that an 
outsider among a crew of otherwise monocultural participants often 
feels ignored, devalued, or mistrusted (McCormick et al., 1985; Suedfeld 
et al., 2012a,b). An individual who had a different primary language 
than the rest of the crew reported feeling isolated and pressure to 
confirm to the majority during a Mars simulation study in the high Arctic 
(Bishop et al., 2010). Language problems and different attitudes toward 
gender relations were believed to be associated with increased tension 
among crewmembers participating in the SFINCSS’99 space simulation 
(Sandal, 2004) and members of a Soviet-American polar expedition 
(Leon et al., 1994). 

On the other hand, the tensions experienced by crewmembers of the 
MARS-105 simulation were more strongly associated with differences in 
value orientations and on assessments of the surrounding social envi
ronment than with differences in cultural background. (Vinokhodova 
et al., 2012). A recent study with veteran cosmonauts found that they 
recognized cultural differences between Russian and foreign (mostly 
American) crewmates, but this recognition was accompanied by a ste
reotyped positive evaluation of the latter group (Vinokhodova et al., 
2017). Cultural differences may be buffered by the fact that, as members 
of a common profession, and in the ISS era undergoing language and 
technical training together, astronauts of different nations share a body 
of knowledge, set of expectations, and common skills which contribute 
to the “microculture” of the space crew (Connors and Harrison, 1985). 
Such microcultures emerge as crews make explicit the values and norms 
of behavior, often at the expense of deviant members who are ostracized 
for failing to adhere to such norms (Palinkas, 1992). Inherent in such 
microcultures is the shared experience and excitement of space flight 
that significantly contributes to enhancing communication between and 
among crewmembers (Kelly and Kanas, 1992). However, as crews 
become larger and include individuals with a diverse set of backgrounds, 
skills, and responsibilities, the development of such a microculture may 
become more problematic (Committee on Space Biology and Medicine, 
1998) and may also contribute to conflicts with Mission Control (Landon 
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et al., 2018). 

3.4. Leadership 

Poor or ineffective leadership can lead to task disruptions and 
decreased morale (Nelson, 1964a; Sandal et al., 1995; Suedfeld, 2010). 
During short-term space flights, the identified leader is the mission 
commander, the lines of authority are clear, and activities are 
task-oriented. On long-term missions, however, periods of unstructured 
time and the stress of isolation and confinement call for supportive 
leadership. The ideal commander of such a mission should possess both 
task-oriented and supportive-oriented leadership traits (Committee on 
Space Biology and Medicine, 1998). In the 135-day Mir simulator study, 
crew cohesion was significantly associated with high crewmember 
evaluations of the leader’s task-oriented, instrumental characteristics, 
and his supportive, expressive qualities (Kanas et al., 1996). Supportive 
but not over-controlling leadership was also found to be correlated with 
crew cohesiveness, expressiveness, and involvement in a lunar space 
station analogue in China (Wang and Wu, 2015). One study of 18 ISS 
expeditions, assessing 18 mission commanders and 35 flight engineers, 
found that commanders in general emphasized group maintenance (i.e., 
morale, cohesiveness) while crew focused on task performance. Another 
interesting difference was that the commanders sought social support 
from their crewmembers and their space agency, while the engineers 
tended to rely on their family and friends on Earth (Brcic and Suedfeld, 
2008). 

However, the mission commander may be unable or unwilling to 
provide social or emotional support to his or her fellow crewmembers, 
either because he or she lacks the capacity for exercising supportive 
leadership, or because such leadership would be inappropriate under the 
circumstances. In the event that such leadership is exercised informally 
by some other member of the crew, lines of authority may alter, and the 
mission commander may experience status leveling (Committee on 
Space Biology and Medicine, 1998). 

The one fixed constant of leadership during long-term missions in 
any ICE environment is that it must be flexible. For example, studies of 
polar expeditions have found task leadership to be more important 
during the initial stages (e.g., establishing camp), while supportive 
leadership becomes more important during the latter phases of an 
expedition (Gunderson and Nelson, 1963; Nelson, 1964a). During 
emergencies, it is essential that the leader be decisive and directive. In 
other instances, shared decision making may be more appropriate, as in 
the case of the Salyut 6 mission, where a younger commander shared 
decision making with an older crewmate who possessed the specific 
skills needed to accomplish the primary mission goals (Committee on 
Space Biology and Medicine, 1998). 

A review of studies of air crews, polar research stations, submarines 
and undersea habitats, and mountaineering expeditions by Nicholas and 
Penwell (1995) identified several different leadership styles and traits 
believed to be relevant to long-term space missions. These traits fall 
within four specific domains: personal traits, task management style, 
interpersonal style, and group maintenance style. Their review found 
that successful leaders of long-term missions are achievement oriented, 
possess a personal and a professional stake in mission outcome, exhibit 
confidence, competence and experience; and maintain a positive, opti
mistic outlook. The leader solicits subordinates’ advice or judgement 
when necessary and appropriate, delegates responsibility but does not 
interfere with work, exercises a flexible leadership style (e.g., takes 
command in crisis, allows subordinates to exercise leadership at other 
times), participates with subordinates in routine work, emphasizes 
discipline, adopts a generally democratic leadership style, and clearly 
communicates with subordinates’ plans, roles and responsibilities. The 
leader is also sensitive to subordinates’ personal problems and 
well-being, initiates frequent personal contact with subordinates, openly 
shows pride in subordinates, and gives frequent recognition and com
pliments to subordinates. Finally, the leader works to reduce clique 

rivalries and maintain group harmony, appears nonaligned and impar
tial in making decisions, and works to resolve subgroup conflicts 
(Nicholas and Penwell, 1995). 

3.5. Ground-crew interactions 

Tension involving a confined group of people may be displaced to 
outsiders who are monitoring or controlling their activities, since it is 
easier to express anger and anxiety toward more remote individuals 
rather than toward people with whom one must frequently interact. 
Such displacement has been reported during both Russian and American 
space missions (Cooper, 1976; Lebedev, 1988), in the Antarctic (Pal
inkas, 1992), and during previous ground-based simulation studies 
(Kanas et al., 1996; Sandal et al., 1995; Nelson et al., 2015; Wang and 
Wu, 2015). Space simulation studies have reported decreases in the 
scope and content of communications from crews to outside personnel 
over time (Bell et al., 2019; Gushin et al., 1997, 2012). Overt hostility on 
the part of astronaut personnel toward excessive, unreasonable, or un
clear demands placed upon them by ground control personnel has led to 
expressions of hostility and conflict in the past (Burrough, 1998; 
Douglas, 1991; Lebedev, 1988). For their part, ground control personnel 
have complained of the failure of astronauts to adhere to schedules or 
follow directions, leading to increased risk of accidents and mission 
failure (Kanas et al., 2011). More often, degradation in ground-crew 
interactions has led to instances of miscommunication. Both astronaut 
and ground crew personnel have experienced difficulties in under
standing messages sent (Committee on Space Biology and Medicine, 
2000). Tensions between space crews in flight and mission control 
personnel may also be exacerbated by delays in communication between 
the two groups, delays that will increase as missions extend further into 
space to Mars and beyond (Caldwell, 2000; Landon et al., 2018; Palinkas 
et al., 2016). 

On the other hand, these apparent degradations in ground-crew in
teractions may actually have an adaptive function (Kanas, 1987; Com
mittee on Space Biology and Medicine, 1998). Several studies of crews 
aboard nuclear submarines, other undersea submersibles, and 
land-based space simulators found decreased group cohesiveness and 
social interaction and increased interpersonal conflict and/displacement 
of anger to outside observers over time (Haythorn, 1970; Nelson et al., 
2015). In a study of psychological confinement and behavioral changes 
during the Mars 500 simulation at the IDMP in Moscow, crewmember 
conflicts with mission control were reported five times more often than 
conflicts among crewmembers (Basner et al., 2014). Because they are 
remote from the crew in a physical sense, ground control personnel may 
serve as an outlet for crew aggression and irritability that may be the 
result of factors external to ground-crew relations. The direction of 
anger and hostility towards external authorities and individuals may 
also serve to unite astronaut crews, thereby facilitating cooperation and 
enhancing performance. 

4. Organizational issues 

4.1. Organizational cultures and spaceflight operations 

The third major component of the psychosocial system likely to in
fluence the behavior and performance of multinational space crews is 
the organizations represented by their individual members. As noted 
above, individual and group differences in values, motives for partici
pating in long duration missions, expectations, and the meanings 
attached to one’s own behavior and the behavior of others may have a 
significant impact on interpersonal relations and group dynamics. 
However, these individuals are also members of larger organizations 
represented in multinational space programs. Each of the major space 
agencies likely to participate in such ventures (NASA, RSA, ESA, CSA, 
JAXA) represent differences in experience with crewed space flight, 
which may account for differences in expectations and operational 
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procedures during long-duration missions (Ritsher, 2005). NASA and 
RSA, for instance, have been involved in human space flight for a longer 
period of time than the other space agencies. Russian cosmonauts were 
reported to evidence higher autonomy, initiative, and industriousness 
than Western astronauts (Suedfeld and Brcic, 2011). Furthermore, NASA 
and RSA are characterized by a number of operational features that 
reflect differences in their respective organizational cultures. These 
include differences in ground-crew interactions (e.g., Russian personnel 
have been reported to be more confrontational than the Americans in 
their ground-crew interactions); duration of ground-crew communica
tions (e.g., American ground control personnel remain in contact with 
space crews for longer periods of time); the NASA emphasis on over
training for missions versus the RSA emphasis on “on-the-job” training; 
and structure of rewards and restraints (e.g., Russian practice of 
rewarding cosmonauts for doing extra work with extra pay while also 
docking the pay of cosmonauts who fail to perform prescribed tasks). 
These differences have been reported by astronaut and cosmonaut 
personnel as exerting a significant influence on crew dynamics (Bur
rough, 1998; Linenger, 2000). A study of aircrews and surgical teams 
from 26 nations on five continents showed highly significant national, 
organizational and professional differences regarding appropriate re
lationships between leaders and followers, in group versus individual 
orientation, and in values regarding adherence to rules and procedures. 
A negative component of professional cultures was characterized by a 
sense of personal invulnerability regarding the effects of stress and fa
tigue on performance. This misperception of personal invulnerability 
has operational implications for spaceflight such as failures in teamwork 
and increased probability of error (Helmreich and Merritt, 1998; 
Helmreich, 2000). The commercialization of space and exploration is 
likely to introduce even greater diversity in spaceflight operations, crew 
composition, and organizational structure (Golden et al., 2018). 

4.2. Duration of exposure to ICE 

The organizational challenge of mission planning must also take into 
consideration the variation in performance requirements imposed on the 
crew by the duration of the mission itself. Prior to deployments on the 
ISS for periods of 3 months to 1 year in duration, evidence from the U.S. 
space program was of limited use in determining optimal periods of 
mission duration because the majority of crewed missions had been of 
two weeks or shorter in length (Committee on Space Biology and Med
icine, 1998). Consequently, the experience of long-duration Sovie
t/Russian crewed missions in general and the Mir missions lasting 3–14 
months in particular was relied upon extensively for planning mission 
duration and crew psychosocial support aboard the ISS. Despite the 
general consensus that long-duration missions represent a qualitatively 
different experience in terms of behavior and performance from mis
sions of short duration, it is unclear whether mission duration is a sig
nificant predictor of performance and behavior. For instance, several 
studies of small groups in isolated undersea research labs and space 
simulation studies have reported significant increases in symptoms of 
depression, anxiety, and group hostility over time (Haythorn, 1970). A 
study by Stuster et al. (2000) reported less negativity in the diary entries 
of French polar expeditioners on short duration missions than those on 
long duration missions. These results have supported the hypothesis that 
ICE environments influence human behavior in a linear dose-response 
manner, such that the longer the exposure, the more significant the 
decrements. 

Other studies have been used to support the hypothesis that decre
ments in performance under these environmental conditions occur in 
stages (Sandal et al., 1996). Bechtel and Berning (1990) described the 
“Third Quarter Phenomenon” in which performance is likely to decline 
during the third quarter of a mission in an isolated and confined envi
ronment regardless of the total duration of the mission itself. Evidence of 
such a phenomenon has been observed in the Antarctic (Palinkas et al., 
2000b; Sandal, 2000; Stuster et al., 2000), space simulation analogues 

(Sandal and Bye, 2015; Wang et al., 2014), and in space (Liu et al., 
2016). However, other studies have found no evidence of the 
Third-Quarter Phenomenon (Basner et al., 2014; Kanas, 2004; Khan
delwal et al., 2017; Miller et al., 1971; Nicolas and Gushin, 2015; Pal
inkas et al., 1995; Wang and Wu, 2015). A determination of whether and 
when a decline in performance occurs is important for task scheduling, 
implementation of countermeasures, and rotation of crews. 

4.3. Crew autonomy 

Another important feature of the organization of spaceflights and 
operations in other ICE environments is the extent to which crews living 
and working in such environments can exercise autonomy from mission 
administration and control. Future space exploration missions will 
require a change in the current model of interaction, procedural func
tioning, and communication between crewmembers and ground control. 
As spaceflights begin to extend beyond Earth to asteroids and Mars, 
delays in communication to and from Earth may impact the quality of 
communications and team coordination in such a way as to require the 
crew to work semi-autonomously in order to maximize health and per
formance during deep space exploration missions (Caldwell, 2000, 
2005). 

Communication delays have been found to adversely impact task 
efficiency, communication quality, crew-mission control interactions, 
and situational awareness in simulated space tasks and in analogue 
space environments on Earth (Fischer and Mosier, 2014; Love and 
Reagan, 2013). A study of 3 astronauts on the ISS and 18 mission support 
personnel examined the performance of tasks of varying degrees of 
novelty and complexity with and without communication delays 
(50-second one-way) during a mission lasting 166 days found crew 
well-being and communication quality were significantly reduced in 
communication delay tasks compared to control (Kintz et al., 2016). 
Communication delays were also significantly associated with increased 
stress/frustration. Qualitative data suggest communication delays 
impacted operational outcomes (i.e. task efficiency), teamwork pro
cesses (i.e. team/task coordination) and mood (i.e. stress/frustration), 
particularly when tasks involved high task-related communication de
mands, either because of poor communication strategies or low crew 
autonomy. These studies suggest space crews will need to be more 
autonomous from mission control during long-duration space missions 
(Kanas et al., 2010; Palinkas et al., 2016; Wu and Hera, 2019). 

One way to reduce the tensions of both communication delay and 
flight-ground conflict is to endow the crew aloft with more autonomy. 
Decentralized authority for decision-making would reduce the feelings 
of intrusion from the outside, the resentment that the people making the 
decisions are far away and perhaps not fully appreciative of all relevant 
factors (or of the crew’s attempts to solve the problem), as well as 
making the time lag less critical. It would also lead to crew members 
feeling more respected, perhaps particularly important when the crew 
consists of highly competent and intelligent individuals, such as astro
nauts. Embarrassing and mission-impacting events such as the widely 
mischaracterized “mutiny” of the overworked and over-programmed 
crew of Skylab 4 (Douglas, 1991) could be avoided. At this point, 
research on the possible effects of such a change is in its infancy (e.g., 
Kanas et al., 2012), So far, two caveats are obvious: (a) the deeper into 
space humanity goes, the more the crews’ decisions will have to become 
autonomous (Wu and Hera, 2019); and (b) making this development 
operational will require attention to subtle issues such as crew 
compatibility (Sandal et al., 2011). Crews that can exercise high levels of 
autonomy in ICE environments exhibit higher levels of positive mood 
and self-direction (Bell et al., 2015; Kanas et al., 2010, 2011; Roma et al., 
2011). Kanas et al. (2011) manipulated crew autonomy levels in a 
simulated Mars mission over the course of 105 days in a crew of six men 
in a Mars mission simulator in Moscow. They found that crewmember 
mood and self-direction was greater under conditions of high autonomy, 
but mission control reported greater levels of anxiety and confusion. 
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4.4. Task scheduling and monitoring 

One of the important management functions of the organizations 
involved in long-duration missions is the scheduling and monitoring of 
tasks performed in flight. Identifying the optimum amount of work that 
can and should be performed during long-duration missions is important 
for a number of reasons. Studies conducted by Stuster (2010, 2016) of 
diaries collected for astronauts aboard the ISS found that work was the 
most frequent diary entry topic of 24 topics identified. Frequent topic 
subgroups related to work included complaints about insufficient time 
allocated for tasks and frustration concerning work and reactions to 
tedious and repetitive tasks. Evidence from previous spaceflights has 
pointed to the potentially adverse impacts of scheduling too many tasks 
within the time available (Cooper, 1976). These impacts have included 
conflicts between astronauts and ground control personnel, refusal to 
perform assigned tasks, fatigue, sleep deprivation, a decline in cognitive 
performance, and increase in negative affect (Committee on Space 
Biology and Medicine, 1998), and is one of the flashpoints of the 
movement to increase crew autonomy (e.g., Douglas, 1991). Evidence 
from long-duration space missions and analogue environments suggests 
that a lack of sufficient amounts of meaningful and productive tasks can 
result in boredom, producing many of the same symptoms associated 
with overwork as described above, a problem that will likely become 
more salient as missions expand from multi-month expeditions to the ISS 
to multi-year explorations of Mars Committee on Space Biology and 
Medicine, 1998). Alert organizations and leaders, and crew members 
themselves, can devise ways to deal with the problem (Johnson and 
Suedfeld, 1996; Stuster, 1996). Individual and group performance may 
also be affected when disparities in workload occur among crew mem
bers such that some are given too much to do and others are not given 
enough to do during a long-duration mission (Burrough, 1998). 

5. Improving human adaptation to ICE environments 

5.1. Screening and selection 

To minimize the risk of poor psychosocial adaptation, decrements in 
task performance and the need to treat and possibly evacuate in
dividuals with psychiatric disorders resulting from long term-exposure 
to these stressors, all national space agencies and most national Ant
arctic research programs have adopted some form of psychological 
screening and selection. These procedures vary from one country to the 
next. Some Antarctic programs screen both summer and winter-over 
personnel, while other programs limit their screening to winter-over 
candidates. Some programs rely upon formal clinical evaluations and 
use of standardized psychometric tests, while others place their reliance 
on time-tested methods of personal interviews with program adminis
trators, former expeditioners and station managers. In each of these 
instances, however, screening procedures are intended to accomplish 
two objectives. The first objective is to “select-out” or disqualify any 
candidate with a history of psychiatric disorder, current psychiatric 
symptoms, or other characteristics that place him or her at risk for a 
psychiatric disorder during his or her stay on the ice. The second 
objective is to “select-in” or identify and select candidates with char
acteristics that predict for optimum performance in ICE environments 
(Committee on Space Biology and Medicine, 1998; Santy, 1994). 

Psychological screening and selection of astronaut personnel began 
with the psychological testing of cosmonaut candidates in the Russian 
(Soviet space programs, a practice that increased with the advent of 
multicrew and long duration missions (Garshnek, 1989). Psychological 
assessment methods included interviews, evaluations of biographical 
data, performance tests, and projective techniques (Manzey et al., 
1995). Particular emphasis was given to analyses of psychophysiological 
reactions and individual stress-resistance, assessed by reactions to spe
cific stressors such as parachute jumps and short-term weightlessness 
during parabolic flights (Garshnek, 1989; Gazenko, 1980). Research 

conducted with American astronauts identified a number of character
istics that predict for astronaut effectiveness. Based on the work of 
Spence and Helmreich (1978), (Chidester et al., 1991) grouped per
sonality traits of astronauts into three clusters, labeled the “Right Stuff,” 
the “Wrong Stuff,” and “No Stuff.” Individuals characterized as having 
the “Right Stuff” exhibit high levels of positive instrumentality (a cluster 
of attributes reflecting goal-orientation and independence), positive 
expressivity (a cluster of attributes reflecting interpersonal warmth and 
sensitivity), mastery (a preference for challenging tasks and striving for 
excellence), and work (a desire to work hard and do a good job), and by 
low levels of negative instrumentality (negative characteristics reflect
ing arrogance, hostility, and interpersonal invulnerability) and verbal 
aggressiveness (complaining, nagging, fussy). Individuals characterized 
as having the “Wrong Stuff” exhibit high levels of competitiveness 
(preference for tasks with clear winners and losers and a desire to 
outperform others), negative instrumentality, and impatience/irrit
ability, and low levels of positive expressivity Individuals characterized 
as having “No Stuff” exhibit low levels of positive instrumentality, 
positive expressivity, mastery, work, and competitiveness, and high 
levels of negative communion (self-subordinating, subservient, or un
assertive) and verbal aggressiveness. These traits have been found to be 
significant predictors of performance among astronauts (McFadden 
et al., 1994; Rose et al., 1994), aircrews (Chidester et al., 1991), simu
lation study participants (Sandal, 1998), polar expeditioners (Gunder
son, 1974b; Rivolier et al., 1983; Sandal et al., 2000; Taylor, 1987; Xue 
and Zhang, 1980; Corneliussen et al., 2017), and submariners (Sandal 
et al., 1999). 

In analogue settings, emphasis has been placed on the importance of 
high emotional stability, social compatibility, and task ability as pre
dictors of successful adaptation to ICE environments (Gunderson, 1974). 
Palinkas et al. (1995) found that high emotional stability (reflected in 
low levels of neuroticism) predicted adaptability for scientists on an 
Arctic expedition. Wright et al. (1967) found that poorly adapted Arctic 
workers had lower emotional stability (reflected in higher MMPI psy
chopathology scores). Weybrew and Noddin (1979) reported that sub
mariners who failed to adapt and were disqualified from duty were 
higher in depression and interpersonal problems compared to those who 
adapted well. 

Palinkas et al. (2011) conducted a systematic review of predictors of 
optimal behavior and performance in ICE environments. Psychosocial 
characteristics identified in the studies reviewed included 
social-demographic characteristics, personality characteristics, clinical 
evaluations, coping skills, and other characteristics of individuals, as 
well as characteristics of groups and their leaders. Measures of perfor
mance were grouped into five categories, task ability, emotional sta
bility, social compatibility, leadership, and overall performance. 
Further, a coding system was developed to prioritize variables based on 
the fidelity of the study design to long-duration missions in space. A 
fidelity score was calculated for each study based on similarity to 
spaceflight, study participants to long-duration expedition astronauts, 
mission duration and crew size. Characteristics were then placed into 
three groups for each type of performance predicted: 1) the three most 
important predictors; 2) other important predictors that were based on 
three or more studies reporting statistically significant associations; and 
3) less important predictors that were based on one or two studies 
reporting statistically significant associations. A comparison of pre
dictors of by performance outcomes is provided in Table 1. 

Personality characteristics and coping skills were found to be among 
the most predictive of adaptation in general and the five specific forms 
of adaptation identified in the systematic review. Specific personality 
characteristics that have been shown to predict for high adaptability 
include openness to experience (Grant et al., 2007), optimism (Grant 
et al., 2007), positive appraisal or reappraisal (Kjaergaard et al., 2015; 
Wagstaff and Weston, 2014), introversion (Bolmont et al., 2001; Rosnet 
et al., 2000), internality (Wood et al., 1999), and low conscientiousness 
(Bolmont et al., 2001). 
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With respect to coping styles and strategies, the Mars 105-day 
simulation study found task-oriented coping to be associated with pos
itive adaptation, while withdrawal or disengagement coping was asso
ciated with depression and poor adaptation (Nicolas and Gushin, 2015; 
Nicolas et al., 2013). Trapp et al. (2014) also found social withdrawal as 
a coping strategy to be associated with poor adaptation in a mountain 
climbing simulation. However, studies of Antarctic winter-over crews 
(Palinkas et al., 2004a, 1995) and submariners (Sandal et al., 2003) have 
reported successful adaptation to be associated with less use of or need 
for social support. Sandal et al. (2018) concluded that the “hibernation” 
observed during the third quarter of Antarctic isolation and confinement 
is itself a form of adaptive coping with extreme environmental condi
tions. Studies of participants in polar crossing teams indicate consider
able flexibility in use of coping strategies (Leon et al., 1991, 2011a; 
Suedfeld et al., 2017). 

Demographic characteristics have also been associated with adapt
ability in analogue ICE settings including age, maturity, skills and 
experience (Biersner and La Rocco, 1987; Gunderson and Arthur, 1966; 
Gunderson and Nelson, 1965; Ikegawa et al., 1998; McGuire and Tol
chin, 1961; Palinkas et al., 2000b; Sarris, 2006; Taylor and McCormick, 
1985; Weybrew and Noddin, 1979). Some studies have also reported 
that women adapt better to such environments than men (Bishop et al., 
2005; Grant et al., 2007), despite reporting concerns for the welfare of a 
teammate as a significant stressor (Leon, 2005), while other studies have 
found men experience fewer mental health problems (Palinkas et al., 
2004c) and greater social compatibility (Schmidt et al., 2005) in ICE 
settings. Crewmembers from countries with a more individualistic cul
tural orientation seek fewer interactions and less advice and display 
lower levels of perceived support from leadership than did those from 
more collectivist-oriented countries (Kanas et al., 2001a,b; Palinkas 

et al., 2004b). 
A person-environment fit model of behavior suggests that the ability 

of personality traits such as instrumentality and expressivity or coping 
styles and strategies to predict performance is mediated by the charac
teristics of the environment itself. In this instance, personality traits that 
predict behavior and performance pre-flight may be of little value in 
predicting behavior and performance in-flight because the characteris
tics of the environment in which the behavior occurs is so dramatically 
different. For instance, a study of 119 men and women who spent the 
1989 austral winter in Antarctica found that while several features of 
personality characteristics, coping methods and resources, and social 
resources were associated with concurrent measures of depressive 
symptoms, pre-deployment levels of depressive symptoms was the only 
significant independent predictor of late winter depressive symptoms 
(Palinkas and Browner, 1995). A prospective study of the 657 men who 
overwintered at 8 different stations in Antarctica between 1963 and 
1974 found the need for order was inversely associated with emotional 
stability and leadership, while the need for achievement was inversely 
associated with social compatibility (Palinkas et al., 2000b). A desire for 
efficiency in friends was inversely associated with emotional stability. 
High levels of motivation were inversely associated with evaluations of 
leadership, and a desire for affection from others was inversely associ
ated with task ability, emotional stability, social compatibility, and 
overall performance. Several studies have noted an increased use of 
avoidance as a coping strategy (Bishop et al., 2006; Palinkas and 
Browner, 1995). For instance, a year-long study of Italian Antarctic 
expeditioners found an increase in multiple forms of avoidance re
sponses, including behavioral disengagement (e.g., reducing efforts for 
dealing with problem or giving up), restraint coping (i.e., waiting until 
the appropriate situation to handle a problem), and denial (e.g., not 

Table 1 
Prioritization of predictors by performance category.  

Prioritization Performance Measure 

Level Task ability Emotional stability Social compatibility Leadership Overall 

I. Top 3 Global personality 
traits 
Crew homogeneity/ 
heterogeneity 
Interpersonal needs 
and skills 

Age, maturity, experience and 
skills 
Interpersonal needs and skills 
Global personality traits 

Crew homogeneity/ 
heterogeneity 
Global personality traits 
Interpersonal needs and skills 

Leadership style 
Global personality 
traits 
High motivation 

High motivation 
Global personality traits 
Interpersonal needs and 
skills 

II. Other 
Important 

Age, maturity, 
experience and skills 
Group cohesion 

Civilian status 
Clinical characteristics 
Mood 
High motivation 
Group cohesion 
High self-efficacy 
Cultural background 

Age, maturity, experience and skills 
Group cohesion 
High motivation 
Cultural background 

Leadership skills 
Interpersonal needs 
and skills 
High self-efficacy 
Age, maturity, 
experience and skills 

Age, maturity, experience 
and skills 
High self-efficacy 
Clinical characteristics 
Mood 
Leadership skills 
Coping characteristics 

III. Less 
Important 

High self-efficacy 
High motivation 
High alertness 
Low hostility against 
the self 
Large groups 
High positive 
affectivity 
Number of previous 
expeditions 
High religiosity 
Unmarried 
Male gender 
Military/civilian 
status 
Urban residence. 

Crew homogeneity/ 
heterogeneity 
Male gender 
Military service 
Urban residence 
High alertness 
High need for orderliness 
High conscientiousness 
High satisfaction with social 
support 
Low use of acceptance as a coping 
strategy 
Number of previous expeditions 
Enjoyment and sense of awe of the 
environment 
High/low interest in hobbies and 
leisure activities 
Low religiosity 
Large/small crew sizes 
Participative/supportive 
leadership style 

Clinical characteristics Coping 
characteristics Enjoyment and awe of 
the environment 
Low interest in hobbies and leisure 
activities 
High religiosity 
Low work-related stress 
Low hostility against the self 
High alertness 
Large crews 
High positive affectivity 
Rural residence 
Military service 
Male gender 
Unmarried 
Participative/supportive leadership 
style 
Leader’s ability to adapt style to context 

High alertness 
High expressed 
control 
Married. 

Cognition 
High/low interest in 
hobbies and leisure 
activities 
Military/civilian status 
Female gender 
Low family socioeconomic 
status 
Married/ unmarried 
Rural residence 
High openness to 
experience 
High religiosity 
Leaders’ use of recognition 
and reward 

Source: Palinkas et al., 2011. 
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acknowledging the existence of an important situation or problem) 
(Barbarito et al., 2001). 

These results suggest that baseline measures of personality, stress 
and coping are weak prospective predictors of behavior and perfor
mance during the winter because such performance is influenced more 
by the conditions of isolation and confinement than by stable traits of 
individuals (Carver and Scheier, 1994; Holahan and Moos, 1987). These 
conditions include the stressors (e.g., isolation, confinement), and the 
limited availability of resources necessary to cope with these stressors 
(Palinkas, 1992; Palinkas et al., 2000a). 

Although NASA has traditionally accorded more attention to 
selecting astronauts on the basis of their ability to perform as in
dividuals, selection of astronauts on the basis of their ability to work as 
part of a team is another important consideration (Landon et al., 2018; 
Vanhove et al., 2015). One review of studies focused on team dynamics 
identified five variables that are important to consider when composing 
teams for long-duration exploration missions: cultural and gender dif
ferences; personality; abilities, expertise and background; team size; and 
network factors such as compatibility, communication, and trust (Bell 
et al., 2015). A job analysis performed by a group of NASA astronauts 
who had participated in ISS missions and subject matter experts iden
tified competencies enhancing team functioning, such as the ability to 
live in small groups, judgment, motivation, and adaptability, as highly 
important to the success of Mars-like missions (Barrett et al., 2015). 
High levels of dominance as a personality trait exhibited by individual 
team members were found to be associated with group tensions in 
Antarctic field expeditions (Wood et al., 1999). Kanas (1990) noted that 
groups containing dominant and/or aggressive individuals tend to 
experience higher conflict because such domineering personalities are 
intrusive and demanding of crew members who are already taxed from 
the ICE conditions (Golden et al., 2018). 

The systematic review of predictors of optimal behavior and per
formance by Palinkas et al. (2011) found that crews whose members 
express a strong group identity and affiliation and whose members share 
similarities with respect to social and personality characteristics and 
cultural background perform better than crews that do not share these 
traits. 

5.2. Psychological support and countermeasures 

Procedures for psychiatric and psychological screening and selection 
represent some of the existing and proposed countermeasures designed 
to reduce the likelihood of psychiatric morbidity and impaired perfor
mance during long-term missions. At the pre-flight stage, training in 
strategies for coping with isolation and confinement at both the indi
vidual and interpersonal levels is also considered important. In-flight 
countermeasures include monitoring of individual behavior, inter
vening directly or through the flight surgeon when necessary and 
appropriate, and facilitating crewmember contact with clinical and so
cial support systems. Post-flight countermeasures include debriefing 
assessments of health and well-being and intervention when necessary 
and appropriate (Committee on Space Biology and Medicine, 1998). 

The Russian space program pioneered in-flight psychological support 
for long-duration missions, introducing practices such as the arrange
ment of entertainment, leisure activities and space-ground contacts 
(Grigoriev et al., 1987; Kanas, 1991); regular ground-based monitoring 
of the emotional state of each crew member through voice analysis of 
videotapes, psychophysiological measurement, and regular contacts 
with psychologists (Manzey et al., 1995); and implementation of pro
tocols for scheduling wake-sleep cycles and workload based on cosmo
naut psychophysiological and biorhythmological characteristics (Litsov 
and Shevrenko, 1985; Manzey et al., 1995). In the American space 
program, the Human Factors and Behavioral Health Element at Johnson 
Space Center is responsible for several psychological countermeasures in 
three specific domains: Behavioral Medicine, Team Risk and Sleep Risk. 
The Behavioral Medicine Risk area aims to develop self-assessment tools 

for early detection and treatment that use unobtrusive and objective 
measures of mood, cognitive function, and other behavioral reactions to 
living and working in space. The Team Risk area examines team per
formance and other team-related outcomes, including crew cohesion 
and communication, to develop tools and technologies that monitor and 
support teams throughout autonomous operations. The Sleep Risk area 
focuses on countermeasure development, including lighting protocols, 
medication recommendations, education, and tools that optimize 
work-rest schedules (National Aeronautics and Space Administration 
(NASA, 2019). 

Several authors have recommended investigations of whether team 
interventions might be used to build resilience against performance 
decrements (Larson et al., 2019). Although some authors have suggested 
that the team effectiveness literature currently does not provide strong, 
evidence-based recommendations to identify the impediments and fa
cilitators of ICE team functioning over long-duration missions involving 
persistent dangers and stressors (Golden et al., 2018), team training can 
foster a sense of familiarity and cohesion among team members, 
reducing the potential for subgroup formation and scapegoating 
(Landon et al., 2018). 

Countermeasures that can be deployed during a mission include 
monitoring behavior and performance in real time, exercise regimens, 
digital mental health, and team debriefs. Monitoring tools with feedback 
mechanisms and intelligent support approaches (e.g., adaptive training) 
need to be developed and scientifically validated to provide data-driven 
technological support for spaceflight teams. NASA is currently devel
oping several technologies to assist unobtrusive measurement of team 
factors and other factors that may influence teamwork (e.g., fatigue and 
physical health). These include sociometric badges that measure the 
proximity of individuals and whether they are facing each other, as well 
as vocal intensity (i.e., a marker of emotions and stress); video and facial 
analysis that can provide information related to team behavioral in
teractions and psychosocial states; and lexical analysis of speech and 
text collected from crew journals and communication logs that can 
indicate stress and psychosocial states both at the individual and team 
levels (Landon et al., 2018). In addition to evaluating the behavior and 
performance of individual ICE crewmembers, data-driven methods of 
monitoring crews can be used to predict potential points of friction 
between team members and indicate when team processes may be 
affected (Landon et al., 2018). 

Exercise is another potential countermeasure for deterioration of 
mood and performance during a mission in an ICE setting. In the Mars 
500 Study, Schneider et al. (2013) found endurance exercising but not 
strength exercising to be positively associated with cognitive perfor
mance. Abeln et al. (2015) reported a long-term effect of exercise for 
brain activity and mood in a study conducted at Concordia Station in 
Antarctica. Regularly active people showed a decrease in brain activity 
(alpha and beta) in the course of isolation, and steady mood. In contrast, 
brain activity in inactive people instead increased and then remained at 
high levels, although this was accompanied by a deterioration of mood. 
Neither exercise nor isolation was found to have any effect on cognitive 
performance. 

Technological advances in use of virtual reality (VR) and digital 
mental health have also been proposed as potential countermeasures in 
ICE environments (Anderson et al., 2016, 2017; Rose et al., 2013). 
Preliminary research on natural scene VR suggests that it has great po
tential in improving mood in spaceflight and other ICE settings 
(Anderson et al., 2017). Self-guided interactive multimedia programs 
have been developed to train and assist long-duration flyers in the 
prevention, assessment, and management of psychosocial problems that 
can arise on extended missions. One such program is the Virtual Space 
Station (VSS), a suite of interactive computer-delivered psychological 
training and treatment programs, that was evaluated by Anderson et al. 
(2016) during the Hawaii Space Exploration Analog and Simulation 
(HI-SEAS) III expedition. Rose et al. (2013) conducted a randomized 
controlled trial of a self-guided, multimedia stress management and 
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resilience training program (SMART-OP) with a stressed but healthy 
sample. The SMART-OP group reported significantly less stress, more 
perceived control over stress, and rated SMART-OP as significantly more 
useful than an attention control group that received marketed videos 
and published material on stress management. A tool for conducting 
team debriefs has been found to be effective in improving team per
formance, resilience, and a sense of psychological safety in space 
mission simulations (Tannenbaum et al., 2016). 

Digital mental health, including internet-based programs and smart 
phone apps., has also demonstrated effectiveness for self-guided treat
ment of mental health problems, especially in low-resource settings 
where mental health specialists are unavailable (Anthes, 2016; Ander
son and Cuijpers, 2009; Firth et al., 2017; Haidt and Allen, 2020; Nas
lund et al., 2017; Sandoval et al., 2017; Wilhelm et al., 2020). These 
platforms can enable astronauts and others in ICE environments to 
self-monitor and self-manage in a way that face-to-face/paper-based 
methods of assessment have up until now not allowed (Carter et al., 
2005). 

6. Conclusions and future directions 

More than fifty years of research conducted during spaceflight and in 
analogue ICE environments has taught us much about the individual, 
interpersonal, and organizational challenges confronting individuals 
exposed to such environments for prolonged periods of time. Many of 
the challenges, such as mental health problems, sleep disorders, cogni
tive impairment, seasonal syndromes, and small group tension and 
conflict, are similar to those experienced in non-ICE settings. Other 
psychosocial issues considered trivial or minor in such settings are 
amplified and exacerbated in ICE environments with potentially adverse 
consequences to individual health and well-being, team performance 
and cohesion, and mission success. However, successful adaptation to 
ICE environments may also result in positive psychosocial outcomes 
such as enhanced self-efficacy, courage, compassion and the experience 
of flow. Advances in methods of screening and selection and the 
development and implementation of effective countermeasures can help 
to prevent or mitigate negative psychosocial outcomes and promote or 
enhance positive outcomes. 

Nevertheless, additional research will be needed before crews of 
astronauts depart for missions to Mars and beyond. Due to lack of data 
from spaceflight and spaceflight analogue environments, meta-analysis 
is not a viable option for examining many of the different factors that 
will be critical to teams on a Mars mission (Landon et al., 2018). This 
will require not just additional studies in space and analogue ICE envi
ronments, but the development of a common set of tools and measures 
for assessing behavioral outcomes that will enable more rigorous forms 
of data aggregation and comparison across settings (Committee on 
Space Biology and Medicine, 1998, 2000). 

While much has been learned about characteristics of individuals 
that predict for their behavior and performance in ICE environments, 
future research should identify individual-level value compositions that 
relate to team performance, as well as how these values interact with 
strategies for managing diverse crews (Bell et al., 2015). Monitoring 
tools with feedback mechanisms and intelligent support approaches (e. 
g., adaptive training) will need to be developed and scientifically vali
dated to provide data-driven technological support for spaceflight teams 
(Landon et al., 2018). Existing digital mental health interventions will 
need to be adapted and evaluated for use in ICE environments. 

Additional research is needed on optimal protocols for coordinating 
communication and distributing leadership responsibilities between 
space crews and mission control under conditions of communication 
delay (Landon et al., 2018). Training-focused countermeasures must be 
developed to increase task knowledge and facilitate team communica
tion may improve team and task coordination under situations of 
communication delays, which, in turn, may improve the quality of 
communications, task efficiency and situational awareness, and 

decrease stress and frustration (Palinkas et al., 2016). Research to date 
has supported the use of training measures focused on improving 
communication skills and adapting communications strategies to miti
gate adverse impacts (Fischer et al., 2013). Furthermore, text-based 
communications and autonomous mission operation tools have also 
been shown to improve outcomes under situations of communication 
delays (Frank et al., 2013). 

Although the lessons learned from more than 50 years of research on 
psychosocial issues in ICE environments has prepared us to successfully 
travel beyond the confines of this planet, they also hold great potential 
for preparing us to successfully address the challenges we currently face 
and are likely to face in the future here on earth. One does not have to 
travel to space or the South Pole or live in a hypobaric chamber to 
experience isolation, confinement, and extreme environmental condi
tions. There is growing interest in collaboration between space agencies 
and organizations caring for people in terrestrial ICEs such as care 
homes for aged and/or disabled people (Hughson, 2014), and data from 
each specialty were shown to be relevant and used to generate recom
mendations for the other (Suedfeld et al., 2016). The COVID-19 
pandemic that began in 2019, has already led to a number of articles 
in the mass media citing ICE research as relevant to the world-wide 
imposition of quarantine and self-isolation (MacDonald, 2020; Owens, 
2020). Because several of the issues raised by spaceflight, polar 
wintering, and other extreme ICEs, forms of technology and tools 
designed for use in space have been found to have useful applications 
here on Earth, it is highly likely that the identification, prevention, 
mitigation of psychosocial risks, and promotion of benefits will continue 
to find useful applications for those of us in less extreme environments. 
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Barkaszi, I., Takács, E., Czigler, I., Balázs, L., 2016. Extreme environment effects on 
cognitive functions: a longitudinal study in high altitude in Antarctica. Front. Hum. 
Neurosci. 10, 331. https://doi.org/10.3389/fnhum.2016.00331. 

Barrett, J.D., Holland, A.W., Vessey, W.B., 2015. Identifying the “Right Stuff”: an 
exploration focused astronaut job analysis. In: Presented at the 30th Annual 
Conference of the Society for Industrial and Organizational Psychology. 
Philadelphia, PA. 

Basner, M., Dinges, D.F., Mollicone, D., Ecker, A., Jones, C.W., Hyder, E.C., Di 
Antonio, A., Savelev, I., Kan, K., Goel, N., Morukov, B.V., Sutton, J.P., 2013. Mars 
520-d mission simulation reveals protracted crew hypokinesis and alterations of 
sleep duration and timing. Proc. Natl. Acad. Sci. U. S. A. 110, 2635–2640. https:// 
doi.org/10.1073/pnas.1212646110. 

Basner, M., Dinges, D.F., Mollicone, D.J., Savelev, I., Ecker, A.J., Di Antonio, A., Jones, C. 
W., Hyder, E.C., Kan, K., Morukov, B.V., Sutton, J.P., 2014. Psychological and 
behavioral changes during confinement in a 520-day simulated interplanetary 
mission to Mars. PLoS One 9 (3), e93298. https://doi.org/10.1371/journal. 
pone.0093298. 

Bechtel, R.B., Berning, A., 1990. The third-quarter phenomenon: do people experience 
discomfort after stress has passed? In: Harrison, A.A., Clearwater, Y.A., McKay, C.P. 
(Eds.), From Antarctica to Outer Space: Life in Isolation and Confinement. Springer 
Verlag, New York, pp. 261–266. https://doi.org/10.1007/978-1-4612-3012-0_24. 

Bell, S.T., Brown, S.G., Abben, D.R., Outland, N.B., 2015. Team composition issues for 
future space exploration: a review and directions for future research. Aerospace Med. 
Hum. Perform 86, 548–556. https://doi.org/10.3357/AMHP.4195.2015. 

Bell, S.T., Brown, S.G., Mitchell, T., 2019. What we know about team dynamics for long- 
distance space missions: a systematic review of analog research. Front. Psychol. 10, 
811. https://doi.org/10.3389/fpsyh.2019.00811. 

Bhargava, R., Mukerji, S., Sachdeva, U., 2000. Psychological impact of the Antarctic 
winter on Indian expeditioners. Environ. Behav. 32, 111–127. https://doi.org/ 
10.1177/00139160021972450. 

Biersner, R.J., La Rocco, J.M., 1987. Personality and demographic variables related to 
individual responsiveness to diving stress. Undersea Biomed. Res. 14, 67–73. 

Bishop, S.L., Dawson, S., Reynolds, K., Eggins, R., Rawat, N., Bunzelek, K., 2005. 
Integrating psychosocial results from small group analogue studies: three studies 
from the Mars desert research station simulation habitat. In: Presented at the 
Meeting of Humans in Space. May 22-26, 2005; Graz, Austria. International 
Academy of Astronautics, Stockholm. 

Bishop, S.L., Dawson, S.G., Rawat, N., Reynolds, K., Eggins, R., Bunzelek, K., 2006. 
Assessing teams in Mars simulation habitats. In: Clarke, J.D. (Ed.), American 
Astronautical Society Science and Technology Series. Univelt, San Diego, CA, 
pp. 177–196. Accessed Feb. 25, 2020. https://www.researchgate.net/publication 
/287418799_Assessing_teams_in_mars_simulation_habitats_Lessons_learned_from_ 
2002-2004. 

Bishop, S.L., Kobrick, R., Battler, M., Binsted, K., 2010. FMARS 2007: stress and coping in 
an arctic Mars simulation. Acta Astronaut. 66, 1353–1367. 

Bluth, B.J., 1981. Soviet space stress. Science 81, 30–55. 
Bluth, B.J., 1984. The benefits and dilemmas of an international space station. Acta 

Astronaut. 11, 149–153. 
Bolmont, B., Bouquet, C., Thullier, F., 2001. Relationship of personality traits with 

performance in reaction time, psychomotor ability, and mental efficiency during a 
31-day simulated climb of Mount Everest in a hypobaric chamber. Percept. Mot. 
Skills 92, 1022–1030. https://doi.org/10.2466/pms.2001.92.3c.1022. 

Brcic, J., Suedfeld, P., 2008. Preliminary data for leaders in Space: mission commanders 
and crew on the International Space Station. In: Presented at the37thCommittee on 
Space Research Scientific Assembly. Montreal, Canada. 

Burrough, B., 1998. Dragonfly: NASA and the Crisis Aboard Mir. Harper Collins., New 
York.  

Caldwell, B.S., 2000. Information and communication technology needs for distributed 
communication and coordination during expedition-class spaceflight. Aviat. Space 
Environ. Med. 71 (9 Suppl), A6–10. 

Caldwell, B.S., 2005. Multi-team dynamics and distributed expertise in mission 
operations. Aviat. Space Environ. Med. 76 (1Suppl), B145–153. 

Carter, J.A., Buckey, J.C., Greenhalgh, L., Holland, A.W., Hegel, M.T., 2005. An 
interactive media program for managing psychosocial problems on long-duration 
spaceflights. Aviat. Space Environ. Med. 76 (6 Suppl), B213–223. 

Carver, C.S., Scheier, M.F., 1994. Situational coping and coping dispositions in a stressful 
transaction. J. Person. Soc. Psychol. 66, 184–195. https://doi.org/10.1037//0022- 
3514.66.1.184. 

Chaikin, A., 1985. The loneliness of the long-distance astronaut. Discover. Feb, 20-31.  
Chen, N., Wu, Q., Li, H., Zhang, T., Xu, C., 2016a. Different adaptations of Chinese- 

winter-over expeditioners during prolonged Antarctic and sub-Antarctic residence. 
Int. J. Biometeorol. 60, 737–747. https://doi.org/10.1007/s00484-015-1069-8. 

Chen, N., Wu, Q., Xiong, Y., Chen, G., Song, D., Xu, C., 2016b. Circadian rhythm and 
sleep during prolonged Antarctic residence at Chinese Zhongshan station. 
Wilderness Environ. Med. 27, 458–467. https://doi.org/10.1016/j. 
wem.2016.07.004. 

Chidester, T.R., Helmreich, R.L., Gregorich, E., Geis, C.E., 1991. Pilot personality and 
crew coordination: implications for training and selection. Int. J. Aviat. Psychol. 1, 
25–44. https://doi.org/10.1207/s15327108ijap0101_3. 

Chouker, A., Thiel, M., Baranov, V., Meshkov, D., Kotov, A., Peter, K., Messmer, K., 
Christ, F., 2001. Simulated microgravity, psychic stress, and immune cells in men: 
observations during 120-day 6 degrees HDT. J. Appl. Physiol. 90, 1736–1743. 
https://doi.org/10.1152/jappl.2001.90.5.1736. 

Christensen, J.M., Talbot, J.M., 1986. A review of the psychosocial aspects of space 
flight. Aviat. Space Environ. Med. 57, 203–212. 

Cohen, S., Wills, T.A., 1985. Stress, social support, and the buffering hypothesis. Psychol. 
Bull. 98, 310–357. https://doi.org/10.1037/0033-2909.98.2.310. 

Committee on Space Biology and Medicine, 2000. Review of NASA’s Biomedical 
Research Program. National Academy Press, Washington, DC. https://doi.org/ 
10.17226/9950.  

Committee on Space Biology and Medicine, 1998. A Strategy for Research in Space 
Biology and Medicine in the Next Century. National Academy Press, Washington, 
DC. https://doi.org/10.17226/6282.  

Connors, M.M., Harrison, A.A., 1985. Akins, F.R. Living Aloft: Human Requirements for 
Extended Spaceflight. NASA, Washington, DC. Accessed Feb 12, 2020. https://ntrs. 
nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19850024459.pdf.  

Cooper Jr., H.S.F., 1976. A House in Space. . Holt, Rinehart and Winston, New York.  
Corneliussen, J.G., Leon, G.R., Kjaergaard, A., Fink, B.A., Venables, N.C., 2017. 

Individual traits, personal values, and conflict resolution in an isolated, confined, 
extreme environment. Aerosp. Med. Hum. Perform. 88, 535–543. https://doi.org/ 
10.3357/AMHP.4785.2017. 

Cusak, S.L., 2010. Observations of crew dynamics during Mars analogue simulations: 
lessons learned. In: Presented at NASA Project Management Challenge, Galveston, 
TX. Houston (TX): NASA Johnson Space Center. Accessed Feb. 25, 2020. https://nt 
rs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20100003040.pdf. 

De La Torre, G.G., van Baarsen, B., Ferlazzo, F., Kanas, N., Weiss, K., Schneider, S., 
Whiteley, I., 2012. Future perspectives on space psychology: recommendations on 
psychosocial and neurobehavioural aspects of human spaceflight. Acta Astronaut. 
81, 587–599. https://doi.org/10.1016/j.actaastro.2012.08.013. 

Do, N.V., Mino, L., Merriam, G.R., LeMar, H., Case, H.S., Palinkas, L.A., Reedy, K., 
Reed, H.L., 2004. Elevation in serum thyroglobulin during prolonged Antarctic 
residence: effect of thyroxine supplement in the polar 3,5,3’-triiodothyronine 
syndrome. J. Clin. Endocrinol. Metab. 89, 1529–1533. https://doi.org/10.1210/ 
jc.2003-031747. 

Doll, R.E., Gunderson, E.K.E., 1971. Group size, occupational status and psychological 
symptomatology in an extreme environment. J. Clin. Psychol. 27, 196–198. https:// 
doi.org/10.1002/1097-4679(197104)27:2<196::aid-jclp2270270211>3.0.co;2-6. 

Douglas, W.K., 1991. Paychological and sociological aspects of crewed spaceflight. In: 
Harrison, A.A., Clearwater, Y.A., McKay, C.E. (Eds.), From Antarctica to Outer Space: 
Life in Isolation and Confinement. Springer-Verlag, New York, pp. 81–88. 

Dunlap, R.D. (Ed.), 1965. The Selection and Training of Crewmen for an Isolation and 
Confinement Study in the Douglas Space Cabin simulator. Douglas Aircraft 
Company, Santa Monica, CA. Report No. 3446.  

Eddy, D.R., Schiflett, S.G., Schlegel, R.E., Shehab, R.L., 1998. Cognitive performance 
aboard the life and microgravity spacelab. Acta Astronaut. 43, 193–210. https://doi. 
org/10.1016/s0094-5765(98)00154-4. 

Firth, J., Torous, J., Nicholas, J., Carney, R., Pratap, A., Rosenbaum, S., Sarris, J., 2017. 
The efficacy of smartphone-based mental health interventions for depressive 
symptoms: a meta-analysis of randomized controlled trials. World Psychiatry 16, 
287–28798. https://doi.org/10.1002/wps.2047210. 

Fischer, U., Mosier, K., 2014. The impact of communication delay and medium on team 
performance and communication in distributed teams. Proceedings of the Human 
Factors and Ergonomics Society Annual Meeting 115–119. https://doi.org/10.1177/ 
1541931214581025, 58.  

Fischer, U., Mosier, K., Orasanu, J., 2013. The impact of transmission delays on mission 
control-space crew communication. Proceedings of the Human Factors and 
Ergonomics Society Annual Meeting 1372–1376. https://doi.org/10.1177/ 
1541931213571303, 57.  

Frank, J., Spirkovska, L., McCann, R., Wang, L., Pohlkamp, K., Morin, L., 2013. 
Autonomous mission operations. Proceedings of the IEEE Aerospace Conference., Big 
Sky, MT. Washington DC, IEEE. https://doi.org/10.1109/AERO.2013.6496927. 

Garrett-Bakelman, F.E., Darshi, M., Green, S.J., Gur, R.C., Lin, L., Macias, B.R., et al., 
2019. The NASA twins study: a multi-dimensional analysis of a year-long human 
spaceflight. Science 364. https://doi.org/10.1126/science.aau8650 pii: eaau8650.  

Garshnek, V., 1989. Soviet space flight: the human element. Aviat. Space Environ. Med. 
60, 695–705. 

Gazenko, O.G., 1980. Psychological compatibility on Earth and in outer space. Aviat. 
Space Environ. Med. 51, 622–623. 

Gemignani, A., Piarulli, A., Menicucci, D., Laurino, M., Rota, G., Mastorci, F., Gushin, V., 
Shevchenko, O., Garbella, E., Pingitore, A., Sebastiani, L., Bergamasco, M., 
L’Abbate, A., Allegrini, P., Bedini, R., 2014. How stressful are 105 days of isolation? 
Sleep EEG patterns and tonic cortisol in healthy volunteers simulating manned flight 
to Mars. Int. J. Psychophysiol. 93, 211–219. https://doi.org/10.1016/j. 
ijpsycho.2014.04.008. 

Goel, N., Bale, T., Epperson, C.N., Kornstein, S., Leon, G., Palinkas, L.A., Stuster, J., 
Dinges, D.F., 2014. Effects of sex and gender on adaptation to spaceflight: behavioral 
health considerations. J. Womens Health 23, 975–986. https://doi.org/10.1089/ 
jwh.2014.4911. 

L.A. Palinkas and P. Suedfeld                                                                                                                                                                                                                

https://doi.org/10.1038/532020a9
https://doi.org/10.1038/532020a9
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0055
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0055
https://doi.org/10.3109/07420528.2012.668997
https://doi.org/10.1080/00207148308406617
https://doi.org/10.1080/00207148308406617
https://doi.org/10.1017/S0032247400026930
https://doi.org/10.1017/S0032247400026930
https://doi.org/10.3389/fnhum.2016.00331
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0080
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0080
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0080
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0080
https://doi.org/10.1073/pnas.1212646110
https://doi.org/10.1073/pnas.1212646110
https://doi.org/10.1371/journal.pone.0093298
https://doi.org/10.1371/journal.pone.0093298
https://doi.org/10.1007/978-1-4612-3012-0_24
https://doi.org/10.3357/AMHP.4195.2015
https://doi.org/10.3389/fpsyh.2019.00811
https://doi.org/10.1177/00139160021972450
https://doi.org/10.1177/00139160021972450
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0115
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0115
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0120
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0120
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0120
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0120
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0120
https://www.researchgate.net/publication/287418799_Assessing_teams_in_mars_simulation_habitats_Lessons_learned_from_2002-2004
https://www.researchgate.net/publication/287418799_Assessing_teams_in_mars_simulation_habitats_Lessons_learned_from_2002-2004
https://www.researchgate.net/publication/287418799_Assessing_teams_in_mars_simulation_habitats_Lessons_learned_from_2002-2004
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0130
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0130
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0135
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0140
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0140
https://doi.org/10.2466/pms.2001.92.3c.1022
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0150
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0150
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0150
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0155
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0155
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0160
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0160
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0160
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0165
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0165
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0170
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0170
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0170
https://doi.org/10.1037//0022-3514.66.1.184
https://doi.org/10.1037//0022-3514.66.1.184
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0180
https://doi.org/10.1007/s00484-015-1069-8
https://doi.org/10.1016/j.wem.2016.07.004
https://doi.org/10.1016/j.wem.2016.07.004
https://doi.org/10.1207/s15327108ijap0101_3
https://doi.org/10.1152/jappl.2001.90.5.1736
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0205
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0205
https://doi.org/10.1037/0033-2909.98.2.310
https://doi.org/10.17226/9950
https://doi.org/10.17226/9950
https://doi.org/10.17226/6282
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19850024459.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19850024459.pdf
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0230
https://doi.org/10.3357/AMHP.4785.2017
https://doi.org/10.3357/AMHP.4785.2017
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20100003040.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20100003040.pdf
https://doi.org/10.1016/j.actaastro.2012.08.013
https://doi.org/10.1210/jc.2003-031747
https://doi.org/10.1210/jc.2003-031747
https://doi.org/10.1002/1097-4679(197104)27:2<196::aid-jclp2270270211>3.0.co;2-6
https://doi.org/10.1002/1097-4679(197104)27:2<196::aid-jclp2270270211>3.0.co;2-6
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0260
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0260
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0260
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0265
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0265
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0265
https://doi.org/10.1016/s0094-5765(98)00154-4
https://doi.org/10.1016/s0094-5765(98)00154-4
https://doi.org/10.1002/wps.2047210
https://doi.org/10.1177/1541931214581025
https://doi.org/10.1177/1541931214581025
https://doi.org/10.1177/1541931213571303
https://doi.org/10.1177/1541931213571303
https://doi.org/10.1109/AERO.2013.6496927
https://doi.org/10.1126/science.aau8650
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0300
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0300
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0305
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0305
https://doi.org/10.1016/j.ijpsycho.2014.04.008
https://doi.org/10.1016/j.ijpsycho.2014.04.008
https://doi.org/10.1089/jwh.2014.4911
https://doi.org/10.1089/jwh.2014.4911


Neuroscience and Biobehavioral Reviews 126 (2021) 413–429

426

Golden, S.J., Chang, C.H., Kozlowski, S.W.J., 2018. Teams in isolated, confined, and 
extreme (ICE) environments: review and integration. J. Organ. Behav. 39, 701–715. 
https://doi.org/10.1002/job.2288. 

Grant, I., Eriksen, H.R., Marquis, P., Orre, I.J., Palinkas, L., Suedfeld, P., Svensen, E., 
Ursin, H., 2007. Psychological selection of Antarctic personnel: the "SOAP” 
instrument. Aviat. Space Environ. Med. 78, 793–800. 

Grigoriev, A.I., Federov, B.M., 1996. Stress under normal conditions, hypokinesia 
simulating weightlessness, and during flights in space. Hum. Physiol. 22 (2), 
139–147. 

Grigoriev, A.I., Kozerenko, O.P., Myasnikov, V.I., 1987. Selected problems of 
psychological support of prolonged space flights. In: Proceedings of the 38th 

Congress of the International Astronautical Federation. Paris. AIAA, Washington, D. 
C. 

Gunderson, E.K.E., 1963. Emotional symptoms in extremely isolated groups. Arch. Gen. 
Psychiat. 9 (4), 362–368. 

Gunderson, E.K.E., 1968. Mental health problems in Antarctica. Arch. Environ. Health 
17, 558–564. https://doi.org/10.1080/00039896.1968.10665281. 

Gunderson, E.K.E., 1974. Psychological studies in Antarctica. In: Gunderson, E.K.E. (Ed.), 
Human Adaptability to Antarctic Conditions. American Geophysical Union, 
Washington, DC, pp. 115–131. https://doi.org/10.1029/AR022p0001. 

Gunderson, E.K.E., Arthur, R.J., 1966. Emotional health in extreme and normal 
environments. In: Proceedings of the International Congress on Occupational Health. 
International Congress on Occupational Health. Vienna, pp. 631–634. 

Gunderson, E.K.E., Mahan, J.L., 1966. Cultural and psychological differences among 
occupational groups. J. Psychol. 62 (2), 287–304. 

Gunderson, E.K.E., Nelson, P.D., 1963. Adaptation of small groups to extreme 
environments. Aerosp. Med. 34 (12), 1111–1115. 

Gunderson, E.K.E., Nelson, P.D., 1965. Biographical predictors of performance in an 
extreme environment. J. Personality 61, 59–67. https://doi.org/10.1080/ 
00223980.1965.10544795. 

Gunderson, E.K.E., Nelson, P.D., 1966. Criterion measures of extremely isolated groups. 
Personnel Psychol. 19 (1), 67–80. 

Gunderson, E.K.E., Ryman, D., 1967. Group Homogeneity, Compatibility and 
Accomplishment. Report No.: NMNRU-67-16. Navy Medical Neuropsychiatric 
Research Unit, San Diego (CA). Accessed Feb 18, 2020. https://apps.dtic.mil/dtic/t 
r/fulltext/u2/738011.pdf.  

Gushin, V.L., Zaprisa, J.M., Kolinitchenko, T.B., Efimov, V.A., Smirnova, T.M., 
Vinokhodova, A.G., Kanas, N., 1997. Content analysis of the crew communication 
with external communicants under prolonged isolation. Aviat. Space Environ. Med. 
68, 1093–1098. 

Gushin, V.L., Efimov, V.A., Smirnova, T.M., Vinokhodova, A.G., Kanas, N., 1998. 
Subject’s perception of the crew interaction under prolonged isolation. Aviat. Space 
Environ. Med. 69, 556–561. 

Gushin, V.I., Pustynnikova, J.M., Smirnova, T.M., 2001. Interrelations between the small 
isolated groups with homogeneous and heterogeneous composition. Hum. Perf. 
Extrem. Environ. 6, 26–33. https://doi.org/10.7771/2327-2937.1017. 

Gushin, V.L., Shved, D., Vinokhodova, A., Vasylieva, G., Nitchiporuk, I., Ehmann, B., 
Balasz, L., 2012. Some psychophysiological and behavioral aspects of adaptation to 
simulated autonomous mission to Mars. Acta Astronaut. 70, 52–57. https://doi.org/ 
10.1016/j.actaastro.2011.07.020. 

Haidt, J., Allen, N., 2020. Scrutinizing the effects of digital technology on mental health. 
Nature 578, 226–227. https://doi.org/10.1038/d41586-020-00296-x. 

Harrison, A.A., 1986. On resistance to the involvement of personality, social and 
organizational psychologists in the U.S. Space Program. J. Soc. Behav. Personality 1, 
315–324. 

Harrison, A., Clearwater, Y., McKay, C. (Eds.), 1991. From Antarctica to Outer Space: Life 
in Isolation and Confinement. Springer-Verlag, New York. https://doi.org/10.1007/ 
978-1-4612-3012-0.  

Haythorn, W.W., 1968. The composition of groups: a review of the literature. Acta 
Psychol. 28 (2), 97–128. 

Haythorn, W.W., 1970. Interpersonal stress in isolated groups. In: McGrath, J.E. (Ed.), 
Social and Psychological Factors in Stress. Holt, Rinehart and Winston, New York, 
pp. 159–176. 

Haythorn, W.W., 1973. The miniworld if isolation: laboratory studies. In: Rasmussen, J. 
E. (Ed.), Man in Isolation and Confinement. Aldine, New York, pp. 219–240. 

Haythorn, W.W., Altman, I., 1967. Together in isolation. Transaction 4 (3), 18–23. 
Haythorn, W.W., Altman, I., Myers, T.I., 1966. Emotional symptomatology and 

subjective stress in isolated pairs of men. J. Exp. Res. Personality 1, 290–305. 
Haythorn, W.W., McGrath, J.E., Hollander, E.P., Latrine, B., Helmreich, R., Radloff, R., 

1972. Group processes and interpersonal interaction. Space Science Board, National 
Research Council, Human Factors in Long-Duration Spaceflight. National Academy 
Press, Washington, DC, pp. 160–178. 

Helmreich, R.L., 1983. Applying psychology to outer space: unfulfilled promises 
revisited. Am. Psychologist 38, 445–450. https://doi.org/10.1037/0003- 
066X.38.4.445. 

Helmreich, R.L., 2000. Culture and error in space: implications from analog 
environments. Aviat. Space Environ. Med. 71 (9-11), 133–139. 

Helmreich, R.L., Merritt, A.C., 1998. Culture at Work in Aviation and Medicine: National, 
Organizational and Professional Influences. Routledge, Ashgate.  

Holahan, C.J., Moos, R.H., 1987. Personal and contextual determinants of coping 
strategies. J. Personality Soc. Psychol. 52, 946–955. https://doi.org/10.1037//0022- 
3514.52.5.946. 

Hughson, R.L., 2014. Chair, Conference “Life in Space for Life on Earth.”. Waterloo, 
Ontario, Canada.  

Ihle, E.C., Ritsher, J.B., Kanas, N., 2006. Positive psychological outcomes of spaceflight: 
an empirical study. Aviat. Space Environ. Med. 77, 93–101. 

Ikegawa, M., Kimura, M., Makita, K., Itokawa, Y., 1998. Psychological studies of a 
Japanese winter-over group at Asuka Station, Antarctica. Aviat. Space Environ. Med. 
69, 452–460. 

Ishizaki, Y., Ishizaki, T., Fukuoda, H., Kim, C.S., Fujita, M., Maegawa, Y., Fujioka, H., 
Katsura, T., Suzuki, Y., Gunji, A., 2002. Changes in mood status and neurotic levels 
during a 20-day bed rest. Acta Astronaut. 50 (7), 453–459. https://doi.org/10.1016/ 
s0094-5765(01)00189-8. 

Jackson, J.K., Wamsley, J.R., Bonura, M.S., Seeman, J.S. (Eds.), 1972. Program 
Operational Summary: Operational 90-day Manned Test of a Regenerative Life 
Support System. NASA CR-1835. NASA, Washington, DC. Accessed Jan. 28, 2020. htt 
ps://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19720006465.pdf.  

Johnson, P.J., Suedfeld, P., 1996. Coping with stress through the microcosms of home 
and family among Arctic whalers and explorers. Hist. Family 1, 41–62. https://doi. 
org/10.1016/S1081-602X(96)90019-6. 

Johnson, J.C., Boster, J.S., Palinkas, L.A., 2003. The evolution of networks in isolated 
and extreme environments. J. Math. Sociol. 27, 89–121. https://doi.org/10.1080/ 
00222500305890. 

Kanas, N., 1985. Psychological factors affecting simulated and actual space missions. 
Aviat. Space Environ. Med. 56, 806–811. 

Kanas, N., 1987. Psychological and interpersonal issues in space. Am. J. Psychiat. 144, 
703–709. https://doi.org/10.1176/ajp.144.6.703. 

Kanas, N., 1990. Psychological, psychiatric, and interpersonal aspects of long-duration 
space missions. J. Spacecraft Rockets 27, 457–463. https://doi.org/10.2514/ 
3.26165. 

Kanas, N., 1991. Psychological support for cosmonauts. Aviat. Space Environ. Med. 62, 
353–355. 

Kanas, N., 2004. Group interactions during space missions. Aviat. Space Environ. Med. 
75 (1 Suppl), C3–5. 

Kanas, N., Weiss, D.S., Marmar, C.R., 1996. Crew member interactions during a Mir 
space station simulation. Aviat. Space Environ. Med. 67, 969–975. 

Kanas, N., Salnitskiy, V., Grund, E.M., Weiss, D.S., Gushin, V., Bostrom, A., Kozerenko, O. 
P., Sled, A., Marmar, C.R., 2001a. Psychosocial issues in space: results from Shuttle/ 
Mir. Gravitational Space Biol. 14, 35–45. Accessed Feb. 22, 2020. http://gravitation 
alandspacebiology.org/index.php/journal/article/view/265. 

Kanas, N., Salnitskiy, V., Gushin, V., Weiss, D.S., Grund, E.M., Flynn, C., Kozerenko, O., 
Sled, A., Marmar, C., 2001b. Asthenia–does it exist in space? Psychosom. Med. 63 
(6), 874–880. 

Kanas, N., Salnitskiy, V.P., Ritshera, J.B., Gushin, V.I., Weiss, D., Saylor, S.A., 
Kozerenko, O.P., Marmor, C.R., 2006. Human interactions in space. ISS vs Shuttle/ 
Mir. Acta Astronaut. 68, 576–581. https://doi.org/10.1016/j. 
actaastro.2006.02.007. 

Kanas, N., Sandal, G., Boyd, J.E., Gushin, V.I., Manzey, D., North, R., Leong, G.R., 
Suedfeld, P., Bishop, S., Fiedler, E.R., Inoue, N., Johannes, B., Kealeym, D.J., 
Kraft, N., Matsuzakio, I., Musson, D., Palinkas, L.A., Salnitskiy, V.P., Sipes, W., 
Stuster, J., Wang, J., 2009. Psychology and culture during long-duration space 
missions. Acta Astronaut. 64, 659–677. https://doi.org/10.1016/j. 
actaastro.2008.12.005. 

Kanas, N., Saylor, S., Harris, M., Neylan, T., Boyd, J., Weiss, D.S., Baskin, P., Cook, C., 
Marmar, C., 2010. High versus low crewmember autonomy in space simulation 
environments. Acta Astronaut. 67, 731–738. https://doi.org/10.1016/j. 
actaastro.2010.05.009. 

Kanas, N., Harris, M., Neylan, T., Boyd, J., Weiss, D.S., Cook, C., Saylor, S., 2011. High 
versus low crewmember autonomy during a 105-day Mars simulation mission. Acta 
Astronaut. 69, 240–244. https://doi.org/10.1016/j.actaastro.2011.04.014. 

Kass, R., Kass, J., 1999. Psycho-social training for man in space. Acta Astronaut. 45, 
115–118. https://doi.org/10.1016/s0094-5765(99)00108-3. 

Kelly, A.D., Kanas, N., 1992. Crewmember communication in space: a survey of 
astronauts and cosmonauts. Aviat. Space Environ. Med. 63, 721–726. 

Khandelwal, S.K., Bhatia, A., Mishra, A.K., 2017. Psychological adaptation of Indian 
expeditioners during prolonged residence in Antarctica. Indian J. Psychiatry 59, 
313–319. https://doi.org/10.4103/psychiatry.IndianJPsychiatry_296_16. 

Kintz, N.M., Chou, C.P., Vessey, W.B., Leveton, L.B., Palinkas, L.A., 2016. Impact of 
simulated ISS communication delays on individual and team behavior and 
performance: a mixed-methods approach. Acta Astronaut. 129, 193–200. https:// 
doi.org/10.1016/j.actaastro.2016.09.018. 

Kjaergaard, A., Leon, G.R., Fink, B.A., 2015. Personal challenges, communication 
processes, and team effectiveness in military special patrol teams operating in a 
polar environment. Environ. Behav. 47, 644–666. https://doi.org/10.1037/ 
h0094753. 

Kraft, N.O., Inoue, N., Mizuno, K., Ohshima, H., Murai, T., Sekiguchi, C., 2002. 
Psychological changes and group dynamics during confinement in an isolated 
environment. Aviat. Space Environ. Med. 73, 85–90. 

Kubis, J.F., McLaughlin, E.J., 1967. Psychological aspects of space flight. Trans. N. Y. 
Acad. Sci. 30 (2), 320–330. 

Landon, L.B., Slack, K.B., Barrett, J.D., 2018. Teamwork and collaboration in long- 
duration space missions: going to extremes. Am. Psychologist 73, 563–575. https:// 
doi.org/10.1037/amp0000260. 

Lapierre, J., Bouchard, S., Martin, T., Perreault, M., 2009. Transcultural group 
performance in extreme environment: issues, concepts and emerging theory. Acta 
Astronaut. 64, 1304–1313. 

Larson, L., Wojcik, H., Gokhman, I., DeChurch, L., Bell, S., Contractor, N., 2019. Team 
performance is space crews: houston, we have a teamwork problem. Acta Astronaut. 
161, 108–114. https://doi.org/10.1016/j.actaastro.2019.04.052. 

Lebedev, V., 1988. Diary of a Cosmonaut: 211 Days in Space. Phytoresource Research 
Information Service, College Station, TX.  

L.A. Palinkas and P. Suedfeld                                                                                                                                                                                                                

https://doi.org/10.1002/job.2288
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0325
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0325
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0325
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0330
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0330
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0330
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0335
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0335
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0335
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0335
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0340
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0340
https://doi.org/10.1080/00039896.1968.10665281
https://doi.org/10.1029/AR022p0001
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0355
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0355
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0355
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0360
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0360
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0365
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0365
https://doi.org/10.1080/00223980.1965.10544795
https://doi.org/10.1080/00223980.1965.10544795
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0375
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0375
https://apps.dtic.mil/dtic/tr/fulltext/u2/738011.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/738011.pdf
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0385
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0385
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0385
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0385
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0390
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0390
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0390
https://doi.org/10.7771/2327-2937.1017
https://doi.org/10.1016/j.actaastro.2011.07.020
https://doi.org/10.1016/j.actaastro.2011.07.020
https://doi.org/10.1038/d41586-020-00296-x
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0410
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0410
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0410
https://doi.org/10.1007/978-1-4612-3012-0
https://doi.org/10.1007/978-1-4612-3012-0
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0420
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0420
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0425
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0425
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0425
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0430
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0430
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0435
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0440
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0440
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0445
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0445
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0445
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0445
https://doi.org/10.1037/0003-066X.38.4.445
https://doi.org/10.1037/0003-066X.38.4.445
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0455
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0455
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0460
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0460
https://doi.org/10.1037//0022-3514.52.5.946
https://doi.org/10.1037//0022-3514.52.5.946
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0470
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0470
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0475
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0475
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0480
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0480
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0480
https://doi.org/10.1016/s0094-5765(01)00189-8
https://doi.org/10.1016/s0094-5765(01)00189-8
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19720006465.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19720006465.pdf
https://doi.org/10.1016/S1081-602X(96)90019-6
https://doi.org/10.1016/S1081-602X(96)90019-6
https://doi.org/10.1080/00222500305890
https://doi.org/10.1080/00222500305890
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0505
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0505
https://doi.org/10.1176/ajp.144.6.703
https://doi.org/10.2514/3.26165
https://doi.org/10.2514/3.26165
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0520
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0520
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0525
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0525
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0530
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0530
http://gravitationalandspacebiology.org/index.php/journal/article/view/265
http://gravitationalandspacebiology.org/index.php/journal/article/view/265
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0540
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0540
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0540
https://doi.org/10.1016/j.actaastro.2006.02.007
https://doi.org/10.1016/j.actaastro.2006.02.007
https://doi.org/10.1016/j.actaastro.2008.12.005
https://doi.org/10.1016/j.actaastro.2008.12.005
https://doi.org/10.1016/j.actaastro.2010.05.009
https://doi.org/10.1016/j.actaastro.2010.05.009
https://doi.org/10.1016/j.actaastro.2011.04.014
https://doi.org/10.1016/s0094-5765(99)00108-3
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0570
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0570
https://doi.org/10.4103/psychiatry.IndianJPsychiatry_296_16
https://doi.org/10.1016/j.actaastro.2016.09.018
https://doi.org/10.1016/j.actaastro.2016.09.018
https://doi.org/10.1037/h0094753
https://doi.org/10.1037/h0094753
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0590
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0590
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0590
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0595
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0595
https://doi.org/10.1037/amp0000260
https://doi.org/10.1037/amp0000260
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0605
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0605
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0605
https://doi.org/10.1016/j.actaastro.2019.04.052
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0615
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0615


Neuroscience and Biobehavioral Reviews 126 (2021) 413–429

427

Leon, G.R., 1991. Individual and group process characteristics of polar expedition teams. 
Environ. Behav. 23, 723–748. https://doi.org/10.1177/0013916591236005. 

Leon, G.R., 2005. Men and women in space. Aviat. Space Environ. Med. 76 (6 Suppl), 
B84–88. 

Leon, G.R., Sandal, G.M., 2003. Women and couples in isolated extreme environments: 
applications for long-duration missions. Acta Astronaut. 53 (4-10), 259–267. 
https://doi.org/10.1016/S0094-5765(03)80003-6. 

Leon, G.R., McNally, C., Ben-Porath, Y.S., 1989. Personality characteristics, mood, and 
coping patterns in a stressful north pole expedition. J. Res. Personality 23, 162–179. 
https://doi.org/10.1016/0092-6566(89)90021-4. 

Leon, G.R., Kanfer, R., Hoffman, R.G., Dupre, L., 1991. Interrelationships of personality 
and coping in a challenging extreme situation. J. Res. Pers. 25, 357–371. https://doi. 
org/10.1016/0092-6566(91)90027-N. 

Leon, G.R., Kanfer, R., Hoffman, R.G., Dupre, L., 1994. Group processes and task 
effectiveness in a Soviet-American expedition team. Environ. Behav. 26 (2), 
149–165. https://doi.org/10.1177/001391659402600201. 

Leon, G.R., Atlis, M.M., Ones, D.S., Magor, G., 2002. A 1-year, three-couple expedition as 
a crew analog for a Mars mission. Environ. Behav. 34, 672–700. https://doi.org/ 
10.1177/0013916502034005006. 

Leon, G.R., Sandal, G.M., Fink, B.A., Ciofani, P., 2011a. Positive experiences and 
personal growth in a two-man North Pole expedition team. Environ. Behav. 43 (5), 
710–731. https://doi.org/10.1177/0013916510375039. 

Leon, G.R., Sandal, G.M., Larsen, E., 2011b. Human performance in polar environments. 
J. Environ. Psychol. 31 (4), 353–360. https://doi.org/10.1016/j.jenvp.2011.08.001. 

Leonov, A.A., Lebedev, V.I., 1975. Psychological Problems of Interplanetary Flight. 
NASA Technical Translation, NASA-TT-F-16536. NASA, Washington, DC.  

Lewy, A.J., Sack, R.L., Singer, C.M., 1985. Melatonin, light and chronobiological 
disorders. Ciba Foundtn. Symp. 117, 231–252. https://doi.org/10.1002/ 
9780470720981.ch14. 

Lin, N., Dean, A., Ensel, W.M., 1990. Social Support, Life Events and Depression. 
Academic Press, Orlando, FL.  

Linenger, J.M., 2000. Off the Planet: Surviving Five Perilous Months Aboard the Space 
Station Mir. McGraw Hill, New York.  

Litsov, A.N., Shevrenko, V.F., 1985. Psychophysiological distinctions of organization and 
regulation of daily cyclograms of crew activities during long-term spaceflight. Space 
Biol. Aerospace Med. 19, 12–18. 

Liu, Q., Zhou, R.L., Zhao, X., Chen, X.P., Chen, S.G., 2016. Acclimation during space 
flights: effects on human emotion. Mil. Med. Res. 3, 15. https://doi.org/10.1186/ 
s40779-016-0084-3. 

Love, S.G., Reagan, M.L., 2013. Delayed voice communication. Acta Astronaut. 91, 
89–95. https://doi.org/10.1016/j.actaastro.2013.05.003. 

MacDonald, A., 2020. Coronavirus lockdown lessons – from Antarctica. Wall Street J. 
2020. Accessed Dec. 11, 2020. https://www.wsj.com/articles/tired-of-coronavirus- 
lockdown-heres-how-they-cope-in-antarctica-11587052979. 

Magnusson, A., Partonen, T., 2005. The diagnosis, symptomatology, and epidemiology of 
seasonal affective disorder. CNS Spectr. 10, 625–634. https://doi.org/10.1017/ 
s1092852900019593. 

Mallis, M.M., DeRoshia, C.W., 2005. Circadian rhythms, sleep, and performance in space. 
Aviat. Space Environ. Med. 76 (6 Suppl), B94–107. 

Manzey, D., Lorenz, B., 1998. Mental performance during short-term and long-term 
spaceflight. Brain Res. Rev. 28, 215–221. https://doi.org/10.1016/S0165-0173(98) 
00041-1. 

Manzey, D., Schiewe, A., Fassbender, C., 1995. Psychological countermeasures for 
extended manned spaceflights. Acta Astronaut. 35 (4/5), 339–361. 

McCormick, I.A., Taylor, A.J.W., Rivolier, J., Cazes, G., 1985. A psychometric study of 
stress and coping during the International Biomedical Expedition to the Antarctic 
(IBEA). J. Hum. Stress 11, 150–156. 

McDonnell Douglas Astronautics Company, 1968. Sixty-day Manned Test of a 
Regenerative Life Support System With Oxygen and Water Recovery. II: Aerospace 
Medicine and Man-machine Results. NASA CR-98501. McDonnell Douglas 
Astronautics Company, St Louis, MO. Accessed Feb. 27, 2020. https://ntrs.nasa.gov/ 
archive/nasa/casi.ntrs.nasa.gov/19690016271.pdf.  

McFadden, T.J., Helmreich, R.L., Rose, R.M., Fogg, L.F., 1994. Predicting astronauts’ 
effectiveness: a multivariate approach. Aviat. Space Environ. Med. 65, 904–909. 

McGuire, F., Tolchin, S., 1961. Group adjustment at the South Pole. J. Ment. Sci. 107, 
954–960. https://doi.org/10.1192/bjp.107.450.954. 

Melrose, S., 2015. Seasonal Affective Disorder: an overview of assessment and treatment 
approaches. Depress. Res. Treat. 2015, 178564 https://doi.org/10.1155/2015/ 
178564. 

Miller, J.W., Vanderwalker, J.G., Waller, R.A. (Eds.), 1971. Tektite-2: Scientists-in-the- 
Sea. U.S. Dept of the Interior, Washington, DC. https://doi.org/10.5962/bhl. 
title.38755.  

Mocellin, J.S.P., Suedfeld, P., 1991. Voices from the ice: diaries of polar explorers. 
Environ. Behav. 23, 704–722. https://doi.org/10.1177/0013916591236004. 

Mocellin, J.S.P., Suedfeld, P., Bernaldez, J.P., Barbarito, M.E., 1991. Levels of anxiety in 
polar environments. J. Envir. Psych. 11, 519–528. 

Naslund, J., Aschbrenner, K., Araya, R., Marsch, L., Unützer, J., Patel, V., Bartels, S., 
2017. Digital technology for treating and preventing mental disorders in low-income 
and middle-income countries: a narrative review of the literature. Lancet Psychiatry 
4, 486–500. https://doi.org/10.1016/S2215-0366(17)30096-2. 

Nasrini, J., Hermosillo, E., Dinges, D.F., Moore, T.M., Gur, R.C., Basner, M., 2020. 
Cognitive performance during confinement and sleep restriction in NASA’s Human 
Exploration Research Analog (HERA). Front. Physiol. 11, 394. https://doi.org/ 
10.3389/fphys.2020.00394. 

Natani, K., Shurley, J.T., 1974. Sociopsychological aspects of a winter vigil at south polar 
station. In: Gunderson, E.K.E. (Ed.), Human Adaptability to Antarctic Conditions. 

American Geophysical Union, Washington, DC, pp. 89–114. https://doi.org/ 
10.1029/AR022p0089. 

National Aeronautics and Space Administration (NASA), 2019. Human Research 
Program: Human Factors and Behavioral Health Element. Accessed Feb. 22, 2020. 
https://www.nasa.gov/hrp/elements/hfbp/about. 

Nelson, P.D., 1964a. Similarities and differences among leaders and followers. J. Soc. 
Psychol. 63, 161–167. https://doi.org/10.1080/00224545.1964.9922223. 

Nelson, P.D., 1964b. Compatibility Among Work Associates in Isolated Groups. Report 
No.: NMNRU-64-13. Navy Medical Neuropsychiatric Research Unit, San Diego (CA). 
Accessed Feb. 15, 2020. https://apps.dtic.mil/dtic/tr/fulltext/u2/609544.pdf.  

Nelson, P.D., 1965. Psychological aspects of Antarctic living. Milit. Med. 130 (5), 
485–489. 

Nelson, M., Gray, K., Allen, J.P., 2015. Group dynamic challenges: insights from 
Biosphere 2 experiments. Life Sci. Space Res. 6, 79–86. https://doi.org/10.1016/j. 
lssr.2015.07.003. 

Nicholas, J.M., 1987. Small groups in orbit: group interaction and crew performance on 
space station. Aviat. Space Environ. Med. 58, 1009–1013. 

Nicholas, J.M., Penwell, L.W., 1995. A proposed profile of the effective leader in human 
spaceflight based on findings from analog environments. Aviat. Space Environ. Med. 
66, 63–72. 

Nicolas, M., 2009. Personality, social support, and affective states during simulated 
microgravity in healthy women. Adv. Space Res. 44 (12), 1470–1478. https://doi. 
org/10.1016/j.asr.2009.07.013. 

Nicolas, M., Gushin, V., 2015. Stress and recovery responses during the 05-day ground- 
based space simulation. Stress Health 31, 403–410. https://doi.org/10.1002/ 
smi.2565. 

Nicolas, M., Weiss, K., 2009. Stress and recovery assessment during simulated 
microgravity: effects of exercise during a long-term head down tilt bed rest in 
women. J. Environ. Psychol. 29 (4), 522–528. https://doi.org/10.1016/j. 
jenvp.2009.08.006. 

Nicolas, M., Sandal, G.M., Weiss, K., Yusupova, A., 2013. Mars-105 study: time courses 
and relationships between coping, defense mechanisms, emotions, and depression. 
J. Environ. Psychol. 35, 52–58. https://doi.org/10.1016/j.jenvp.2013.05.001. 

Nicolas, M., Bishop, S.L., Weiss, K., Gaudino, M., 2016. Social, occupational, and cultural 
adaptation during a 12-month wintering in Antarctica. Aerosp. Med. Hum. Perform. 
87 (9), 781–789. https://doi.org/10.3357/AMHP.4395.2016. 

Oberg, J.E., 1981. Red Star in Orbit. Random House, New York.  
Owens, B., 2020. NASA’s isolation experts: lockdown lessons from space. Nature 2020. 

Accessed Dec. 11, 2020. https://www.nature.com/articles/d41586-020-01598-w. 
Palinkas, L.A., 1990. Psychosocial effects of adjustment in Antarctica: lessons for long- 

duration spaceflight. J. Spacecraft Rockets 27, 471–477. https://doi.org/10.2514/ 
3.26167. 

Palinkas, L.A., 1991. Effects of physical and social environment on the health and well- 
being of Antarctic winter-over personnel. Environ. Behav. 23, 782–799. https://doi. 
org/10.1177/0013916591236008. 

Palinkas, L.A., 1992. Going to extremes: the cultural context of stress, illness and coping 
in Antarctica. Soc. Sci. Med. 35, 651–664. https://doi.org/10.1016/0277-9536(92) 
90004-A. 

Palinkas, L.A., 2001. Psychosocial issues in long-term space flight: overview. Gravit. 
Space Biol. Bull. 14 (2), 25–33. 

Palinkas, L.A., Browner, D., 1995. Effects of prolonged isolation in extreme environments 
on stress, coping, and depression. J. Appl. Soc. Psychol. 25, 557–576. https://doi. 
org/10.1111/j.1559-1816.1995.tb01599.x. 

Palinkas, L.A., Houseal, M., 2000. Stages of change in mood and behavior during a 
winter in Antarctica. Environ. Behav. 32, 128–141. https://doi.org/10.1177/ 
00139160021972469. 

Palinkas, L.A., Johnson, J.C., 1990. Social relations and individual performance of 
winter-over personnel at McMurdo Station. Antarct. J. U.S. 25 (5), 238–240. 

Palinkas, L.A., Suedfeld, P., 2008. Psychological effects of polar expeditions. Lancet 371, 
153–163. https://doi.org/10.1016/s0140-6736(07)61056-3. 

Palinkas, L.A., Gunderson, E.K.E., Burr, R.G., 1989. Psychophysiological Correlates of 
Human Adaptation in Antarctica. Report No. NHRC-89-5. Naval Health Research 
Center, San Diego (CA). Accessed Feb 10, 2020. https://apps.dtic.mil/dtic/tr/fullt 
ext/u2/a216679.pdf.  

Palinkas, L.A., Suedfeld, P., Steel, G.D., 1995. Psychological functioning among members 
of a small polar expedition. Aviat. Space Environ. Med. 50, 1591–1596. 

Palinkas, L.A., Houseal, M., Rosenthal, N.E., 1996. Subsyndromal seasonal affective 
disorder in Antarctica. J. Nerv. Ment. Dis. 184, 530–534. https://doi.org/10.1097/ 
00005053-199609000-00003. 

Palinkas, L.A., Gunderson, E.K.E., Holland, A.W., Miller, C., Johnson, J.C., 2000a. 
Predictors of behavior and performance in extreme environments: the Antarctic 
Space Analogue Program. Aviat. Space Environ. Med. 71, 619–625. 

Palinkas, L.A., Gunderson, E.K.E., Johnson, J.C., Holland, A.W., 2000b. Behavior and 
performance on long-duration spaceflights: evidence from analogue environments. 
Aviat. Space Environ. Med. 71 (1), A29–36. 

Palinkas, L.A., Reed, H.L., Reedy, K.R., Do, N.V., Case, H.S., Finney, N.S., 2001. 
Circannual pattern of hypothalamic-pituitary-thyroid (HPT) function and mood 
during extended Antarctic residence. Psychoneuroendocrinology 26, 421–431. 
https://doi.org/10.1016/S0306-4530(00)00064-0. 

Palinkas, L.A., Glogower, F.G., Dembert, M., Hansen, K., Smullen, R., 2004a. Incidence of 
psychiatric disorders after extended residence in Antarctica. Int. J. Circumpolar 
Health 63, 157–168. https://doi.org/10.3402/ijch.v63i2.17702. 

Palinkas, L.A., Johnson, J.C., Boster, J.S., 2004b. Social support and depressed mood in 
isolated and confined environments. Acta Astronaut. 54, 639–647. https://doi.org/ 
10.1016/s0094-5765(03)00236-4. 

L.A. Palinkas and P. Suedfeld                                                                                                                                                                                                                

https://doi.org/10.1177/0013916591236005
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0625
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0625
https://doi.org/10.1016/S0094-5765(03)80003-6
https://doi.org/10.1016/0092-6566(89)90021-4
https://doi.org/10.1016/0092-6566(91)90027-N
https://doi.org/10.1016/0092-6566(91)90027-N
https://doi.org/10.1177/001391659402600201
https://doi.org/10.1177/0013916502034005006
https://doi.org/10.1177/0013916502034005006
https://doi.org/10.1177/0013916510375039
https://doi.org/10.1016/j.jenvp.2011.08.001
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0665
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0665
https://doi.org/10.1002/9780470720981.ch14
https://doi.org/10.1002/9780470720981.ch14
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0675
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0675
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0680
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0680
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0685
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0685
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0685
https://doi.org/10.1186/s40779-016-0084-3
https://doi.org/10.1186/s40779-016-0084-3
https://doi.org/10.1016/j.actaastro.2013.05.003
https://www.wsj.com/articles/tired-of-coronavirus-lockdown-heres-how-they-cope-in-antarctica-11587052979
https://www.wsj.com/articles/tired-of-coronavirus-lockdown-heres-how-they-cope-in-antarctica-11587052979
https://doi.org/10.1017/s1092852900019593
https://doi.org/10.1017/s1092852900019593
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0710
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0710
https://doi.org/10.1016/S0165-0173(98)00041-1
https://doi.org/10.1016/S0165-0173(98)00041-1
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0720
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0720
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0725
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0725
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0725
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19690016271.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19690016271.pdf
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0735
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0735
https://doi.org/10.1192/bjp.107.450.954
https://doi.org/10.1155/2015/178564
https://doi.org/10.1155/2015/178564
https://doi.org/10.5962/bhl.title.38755
https://doi.org/10.5962/bhl.title.38755
https://doi.org/10.1177/0013916591236004
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0760
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0760
https://doi.org/10.1016/S2215-0366(17)30096-2
https://doi.org/10.3389/fphys.2020.00394
https://doi.org/10.3389/fphys.2020.00394
https://doi.org/10.1029/AR022p0089
https://doi.org/10.1029/AR022p0089
https://www.nasa.gov/hrp/elements/hfbp/about
https://doi.org/10.1080/00224545.1964.9922223
https://apps.dtic.mil/dtic/tr/fulltext/u2/609544.pdf
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0795
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0795
https://doi.org/10.1016/j.lssr.2015.07.003
https://doi.org/10.1016/j.lssr.2015.07.003
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0805
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0805
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0810
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0810
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0810
https://doi.org/10.1016/j.asr.2009.07.013
https://doi.org/10.1016/j.asr.2009.07.013
https://doi.org/10.1002/smi.2565
https://doi.org/10.1002/smi.2565
https://doi.org/10.1016/j.jenvp.2009.08.006
https://doi.org/10.1016/j.jenvp.2009.08.006
https://doi.org/10.1016/j.jenvp.2013.05.001
https://doi.org/10.3357/AMHP.4395.2016
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0840
https://www.nature.com/articles/d41586-020-01598-w
https://doi.org/10.2514/3.26167
https://doi.org/10.2514/3.26167
https://doi.org/10.1177/0013916591236008
https://doi.org/10.1177/0013916591236008
https://doi.org/10.1016/0277-9536(92)90004-A
https://doi.org/10.1016/0277-9536(92)90004-A
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0865
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0865
https://doi.org/10.1111/j.1559-1816.1995.tb01599.x
https://doi.org/10.1111/j.1559-1816.1995.tb01599.x
https://doi.org/10.1177/00139160021972469
https://doi.org/10.1177/00139160021972469
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0880
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0880
https://doi.org/10.1016/s0140-6736(07)61056-3
https://apps.dtic.mil/dtic/tr/fulltext/u2/a216679.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/a216679.pdf
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0895
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0895
https://doi.org/10.1097/00005053-199609000-00003
https://doi.org/10.1097/00005053-199609000-00003
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0905
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0905
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0905
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0910
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0910
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0910
https://doi.org/10.1016/S0306-4530(00)00064-0
https://doi.org/10.3402/ijch.v63i2.17702
https://doi.org/10.1016/s0094-5765(03)00236-4
https://doi.org/10.1016/s0094-5765(03)00236-4


Neuroscience and Biobehavioral Reviews 126 (2021) 413–429

428

Palinkas, L.A., Johnson, J.C., Boster, J.S., Rakusa-Suszczewski, S., Klopov, V.I., Zue, Q.F., 
Sachdeva, U., 2004c. Cross-cultural differences in psychosocial adaptation to 
isolated and confined environments. Aviat. Space Environ. Med. 75, 973–980. 

Palinkas, L.A., Reedy, K., Shepanek, M., Smith, M., Anghel, M., Steel, G.D., Reeves, D., 
Case, H.S., Do, N.V., Reed, H.L., 2007a. Environmental influences on hypothalamic- 
thyroid function and behavior in Antarctica. Physiol. Behav. 92, 790–799. https:// 
doi.org/10.1016/j.physbeh.2007.06.008. 

Palinkas, L.A., Reedy, K.R., Smith, M., Anghel, M., Steel, G.D., Reeves, D.R., Shurtleff, D., 
Case, H.S., Do, N.V., Reed, H.L., 2007b. Psychoneuroendocrine effects of combined 
thyroxine and triiodothyronine versus tyrosine during prolonged Antarctic 
residence. Int. J. Circumpolar Health 66 (5), 401–417. https://doi.org/10.3402/ijch. 
v66i5.18312. 

Palinkas, L.A., Keeton, K.E., Shea, C., Leveton, L.B., 2011. Psychosocial Characteristics of 
Optimum Performance in Isolated and Confined Environments (ICE). NASA/TM- 
2011-216149JSC-CN-19808. National Technical Information Service, Springfield, 
VA. Accessed Feb 8, 2020. https://pdfs.semanticscholar.org/1a5f/6a82300aab19 
fd13a13acf3ae985dad67551.pdf?_ga=2.157656890.104042357.1583518266-95 
2517433.1583518266.  

Palinkas, L.A., Kintz, N., Vessey, W.B., Chou, C.P., Leveton, L.B., 2016. Assessing the 
Impact of Communication Delay on Behavioral Health and Performance: an 
Examination of Autonomous Operations Utilizing the International Space Station. 
NASA/TM-2017-219285. National Technical Information Service, Springfield VA. 
Accessed Feb 8, 2020. https://ston.jsc.nasa.gov/collections/TRS/_techrep/TM-2 
017-219285.pdf.  

Radloff, R., Helmreich, R.L., 1968. Groups Under Stress – Psychological Research in 
Sealab II. Appleton-Century-Crofts, New York.  

Rai, B., Foing, B.H., Kaur, J., 2012. Working hours, sleep, salivary cortisol, fatigue, and 
neuro-behavior during Mars analog mission: five crews study. Neurosci. Lett. 516, 
177–181. https://doi.org/10.1016/j.neulet.2012.03.067. 

Reed, H.L., Burman, K.D., Shakir, K.M.M., O’Brian, J.T., 1986. Alterations in the 
hypothalamic-pituitary-thyroid axis after prolonged residence in Antarctica. Clin. 
Endocrinol. 25, 55–65. https://doi.org/10.1111/j.1365-2265.1986.tb03595.x. 

Reed, H.L., Silverman, E.D., Shakir, K.M., Dons, R., Burman, K.D., O’Brian, J.T., 1990. 
Changes in serum triiodothyronine (T3) kinetics after prolonged Antarctic residence: 
the Polar T3 Syndrome. J. Clin. Endocrinol. Metab. 70, 965–974. https://doi.org/ 
10.1210/jcem-70-4-965. 

Reed, H.L., Reedy, K.R., Palinkas, L.A., Van Do, N., Finney, N.S., Case, H.S., LeMar, H.J., 
Wright, J., Thomas, J., 2001. Impairment in cognitive and exercise performance 
during prolonged Antarctic residence: effect of thyroxine supplementation in the 
polar triiodothyronine syndrome. J. Clin. Endocrinol. Metab. 86, 110–116. https:// 
doi.org/10.1210/jcem.86.1.7092. 

Ritsher, J.B., 2005. Cultural factors and the international space station. Aviat. Space 
Environ. Med. 76 (6 Suppl), B135–144. 

Rivolier, J., Cazes, G., McCormick, I., 1991. The International biomedical expedition to 
the Antarctic: psychological evaluations of the field party. In: Harrison, A.A., 
Clearwater, Y.A., McKay, C. (Eds.), From Antarctica to Outer Space. Springer, New 
York, pp. 283–290. https://doi.org/10.1007/978-1-4612-3012-0_26. 

Roma, P.G., Hursh, S.R., Heinz, R.D., Emurian, H.H., Gasior, E.D., Brinson, Z.S., Brady, J. 
V., 2011. Behavioral and biological effects of autonomous versus scheduled mission 
management in simulated space-dwelling groups. Acta Astronaut. 68, 1581–1588. 
https://doi.org/10.1016/j.actaastro.2009.09.034. 

Rose, R.M., Fogg, L.F., Helmreich, R.L., McFadden, T.J., 1994. Psychological predictors 
of astronaut effectiveness. Aviat. Space Environ. Med. 65, 910–915. 

Rose, R.D., Buckey, J.C.Jr., Zbozinek, T.D., Motivala, S.J., Glenn, D.E., Cartreine, J.A., 
Craske, M.G., 2013. A randomized controlled trial of a self-guided, multimedia, 
stress management and resilience training program. Behav. Res. Ther. 51 (2), 
106–112. https://doi.org/10.1016/j.brat.2012.11.003. 

Rosnet, E., Le Scanff, C., Sagal, M.S., 2000. How self-image and personality influence 
performance in an isolated environment. Environ. Behav. 32 (1), 18–31. https://doi. 
org/10.1177/00139160021972414. 

Rosnet, E., Jurion, S., Cazes, G., Bachelard, C., 2004. Mixed-gender groups: coping 
strategies and factors of psychological adaptation in a polar environment. Aviat. 
Space Environ. Med. 75 (7), C10–13. 

Sandal, G.M., 1998. The effects of personality and interpersonal relations on crew 
performance during space simulation studies. Life Support Biosph. Sci. 5 (4), 
461–470. 

Sandal, G.M., 2000. Coping in Antarctica: is it possible to generalize results across 
settings. Aviat. Space Environ. Med. 71 (9 Suppl), A37–43. 

Sandal, G.M., 2004. Culture and tension during an International Space Station 
simulation: results from SFINCSS’99. Aviat. Space Environ. Med. 75 (7), C44–51. 

Sandal, G.M., Bye, H.H., 2015. Value diversity and crew relationships during a simulated 
space flight to Mars. Acta Astronaut. 114, 164–173. https://doi.org/10.1016/j. 
actaastro.2015.05.004. 

Sandal, G.M., Vaernes, R., Ursin, H., 1995. Interpersonal relations during simulated 
space missions. Aviat. Space Environ. Med. 66, 617–624. 

Sandal, G.M., Vaernes, R., Bergan, T., Warncke, M., Ursin, H., 1996. Psychological 
reactions during polar expeditions and isolation in hyperbaric chambers. Aviat. 
Space Environ. Med. 67, 227–234. 

Sandal, G.M., Endresen, I., Vaernes, R., Ursin, H., 1999. Personality and coping stages 
during submarine missions. Mil. Psychol. 11, 381–403. https://doi.org/10.1207/ 
s15327876mp1104_3. 

Sandal, G.M., Endresen, I.M., Vaernes, R., Ursin, H., 2003. Personality and coping 
strategies during submarine missions. J. Hum. Perform. Extreme Environ. 7, 29–42. 
https://doi.org/10.1207/s15327876mp1104_3. 

Sandal, G., Leon, G., Palinkas, L.A., 2006. Human challenges in polar and space 
environments. Rev. Environ. Sci. Biotechnol. 5, 281–296. https://doi.org/10.1007/ 
s11157-006-9000-8. 

Sandal, G.M., Bye, H.H., van de Vijver, F.J., 2011. Personal values and crew 
compatibility: results from a 105 day simulated space mission. Acta Astronaut. 69, 
141–149. https://doi.org/10.1016/j.actaastro.2011.02.007. 

Sandal, G.M., van deVijver, F.J.R., Smith, N., 2018. Psychological hibernation in 
Antarctica. Front. Psychol. 9, 2235. https://doi.org/10.3389/fpsyg.2018.02235. 

Sandoval, L.R., Buckey, J.C., Ainslie, R., Tombari, M., Stone, W., Hegel, M.T., 2017. 
Randomized controlled trial of a computerized interactive media-based problem 
solving treatment for depression. Behav. Ther. 48 (3), 413–425. https://doi.org/ 
10.1016/j.beth.2016.04.001. 

Santy, P.A., 1994. Choosing the Right Stuff: The Psychological Selection of Astronauts 
and Cosmonauts. Praeger Scientific, Westport, CT.  

Sarris, A., 2006. Personality, culture fit, and job outcomes of Australian Antarctic 
stations. Environ. Behav. 38, 356–372. https://doi.org/10.1177/ 
0013916505279044. 

Sawhney, R.C., Malhotra, A.S., Nair, C.S., Bajaj, A.C., Rajan, K.C., Pal, K., Prasad, R., 
Basu, M., 1995. Thyroid function during a prolonged stay in Antarctica. Eur. J. Appl. 
Physiol. Occup. Physiol. 72, 127–133. https://doi.org/10.1007/BF00964127. 

Schmidt, L.L., Wood, J., Lugg, D.J., 2005. Gender differences in leader and follower 
perceptions of social support in Antarctica. Acta Astronaut. 56, 923–931. https:// 
doi.org/10.1016/j.actaastro.2005.01.019. 

Schneider, S., Abeln, V., Popova, J., Fomina, E., Jacubowski, A., Meeusen, R., Strüder, H. 
K., 2013. The influence of exercise on prefrontal cortex activity and cognitive 
performance during a simulated space flight to Mars (MARS500). Behav. Brain Res. 
236 (1), 1–7. https://doi.org/10.1016/j.bbr.2012.08.022. 

Sells, S.B., 1966. A model for the social system for the multiman extended duration space 
ship. Aerosp. Med. 37, 1130–1135. https://doi.org/10.2514/6.1966-2046. 

Snyder, C.R., Lopez, S.J. (Eds.), 2001. Handbook of Positive Psychology. Oxford 
University Press, New York.  

Space Science Board, National Research Council, 1987. A Strategy for Space Biology and 
Medical Science for the 1980s and 1990s. National Academy Press, Washington, DC.  

Space Sciences Board, National Research Council, 1972. Human Factors in Long Duration 
Space Flight. National Academies Press, Washington DC. https://doi.org/10.17226/ 
12387.  

Spence, J.T., Helmreich, R.L., 1978. Masculinity and Femininity: Their Psychological 
Dimensions, Correlates and Antecedents. University of Texas Press, Auston, TX.  

Stampi, C., 1994. Sleep and circadian rhythms in space. J. Clin. Pharmacol. 34 (5), 
518–534. https://doi.org/10.1002/j.1552-4604.1994.tb04996.x. 

Steel, G.D., 2000. Polar bonds: environmental relationships in the polar regions. Environ. 
Behav. 32 (6), 796–816. https://doi.org/10.1177/00139160021972801. 

Strange, R.E., Youngman, S.A., 1971. Emotional aspects of wintering over. Antarct. J. U. 
S. 6, 255–257. https://doi.org/10.1016/B978-0-433-08155-5.50043-1. 

Strangman, G.E., Sipes, W., Beven, G., 2014. Human cognitive performance in 
spaceflight and analogue environments. Aviat. Space Environ. Med. 85 (10), 
1033–1048. https://doi.org/10.3357/asem.3961.2014. 

Stuster, J., 1996. Bold Endeavors: Lessons From Polar and Space Exploration. Naval 
Institute Press, Annapolis, MD.  

Stuster, J., 2010. Behavioral Issues Associated With Long Duration Space Expeditions: 
Review and Analysis of Astronaut Journals Experiment 01-E104 (Journals): Final 
Report (NASA/TM-2010-216130)https://lsda.jsc.nasa.gov/lsda_data/dataset 
_inv_data/ILSRA_2001_104__1740256372_.pdf_Expedition_8_ILSRA-2001-104_20 
11_31_010100.pdfAccessed Feb. 28, 2020. 

Stuster, J., 2016. Behavioral Issues Associated With Long Duration Space Expeditions: 
Review and Analysis of Astronaut Journals Experiment 01-E104 (Journals) Phase 2 
Final Report (NASA/TM-2016-218603). 

Stuster, J., Bachelard, C., Suedfeld, P., 2000. The relative importance of behavioral issues 
during long-duration ICE missions. Aviat. Space Environ. Med. 91 (9 Suppl), 
A17–25. 

Suedfeld, P., 2002. Applying positive psychology in the study of extreme environments. 
Hum. Perf. Extrem. Environ. 6, 21–25. https://doi.org/10.7771/2327-2937.1020. 

Suedfeld, P., 2005. Invulnerability, coping, salutogenesis, integration: four phases of 
space psychology. Aviat. Space Environ. Med. 76 (6 Suppl), B61–66. 

Suedfeld, P., 2010. Historical space psychology: early terrestrial explorations as Mars 
analogues. Planet. Space Sci. 58, 639–645. https://doi.org/10.1016/j. 
pss.2009.05.010. 

Suedfeld, P., 2018. Antarctica and space as psychological analogues. REACH: Rev. Hum. 
Space Explor. 9-12, 1–4. https://doi.org/10.1016/j.reach.2018.11.001. 

Suedfeld, P., Brcic, J., 2011. Resolution of psychosocial crises associated with flying in 
space. Acta Astronaut. 69 (1-2), 24–29. https://doi.org/10.1016/j. 
actaastro.2011.02.011. 

Suedfeld, P., Steel, G.D., 2000. The environmental psychology of capsule habitats. Ann 
Rev Psychol 51, 227–253. https://doi.org/10.1146/annurev.psych.51.1.227. 

Suedfeld, P., Brcic, J., Legkaia, K., 2009. Coping with the problems of space flight: 
reports from astronauts and cosmonauts. Acta Astronaut. 65, 312–324. https://doi. 
org/10.1016/j.actaastro.2009.02.009. 

Suedfeld, P., Brcic, J., Johnson, P.J., Gushin, V.I., 2012a. Personal growth following 
long-duration spaceflight. Acta Astronaut. 79, 118–123. https://doi.org/10.1016/j. 
actaastro.2012.04.039. 

Suedfeld, P., Wilk, K.E., Cassel, L., 2012b. Flying with strangers: postmission reflections 
of multinational space crews. In: Vakoch, D. (Ed.), On Orbit and Beyond: 
Psychological Perspectives on Human Spaceflight. Springer, Berlin, Heidelberg, 
pp. 185–209. https://doi.org/10.1007/978-3-642-30583-2_10. 

L.A. Palinkas and P. Suedfeld                                                                                                                                                                                                                

http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0930
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0930
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0930
https://doi.org/10.1016/j.physbeh.2007.06.008
https://doi.org/10.1016/j.physbeh.2007.06.008
https://doi.org/10.3402/ijch.v66i5.18312
https://doi.org/10.3402/ijch.v66i5.18312
https://pdfs.semanticscholar.org/1a5f/6a82300aab19fd13a13acf3ae985dad67551.pdf?_ga=2.157656890.104042357.1583518266-952517433.1583518266
https://pdfs.semanticscholar.org/1a5f/6a82300aab19fd13a13acf3ae985dad67551.pdf?_ga=2.157656890.104042357.1583518266-952517433.1583518266
https://pdfs.semanticscholar.org/1a5f/6a82300aab19fd13a13acf3ae985dad67551.pdf?_ga=2.157656890.104042357.1583518266-952517433.1583518266
https://ston.jsc.nasa.gov/collections/TRS/_techrep/TM-2017-219285.pdf
https://ston.jsc.nasa.gov/collections/TRS/_techrep/TM-2017-219285.pdf
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0955
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0955
https://doi.org/10.1016/j.neulet.2012.03.067
https://doi.org/10.1111/j.1365-2265.1986.tb03595.x
https://doi.org/10.1210/jcem-70-4-965
https://doi.org/10.1210/jcem-70-4-965
https://doi.org/10.1210/jcem.86.1.7092
https://doi.org/10.1210/jcem.86.1.7092
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0980
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0980
https://doi.org/10.1007/978-1-4612-3012-0_26
https://doi.org/10.1016/j.actaastro.2009.09.034
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0995
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref0995
https://doi.org/10.1016/j.brat.2012.11.003
https://doi.org/10.1177/00139160021972414
https://doi.org/10.1177/00139160021972414
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1010
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1010
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1010
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1015
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1015
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1015
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1020
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1020
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1025
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1025
https://doi.org/10.1016/j.actaastro.2015.05.004
https://doi.org/10.1016/j.actaastro.2015.05.004
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1035
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1035
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1040
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1040
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1040
https://doi.org/10.1207/s15327876mp1104_3
https://doi.org/10.1207/s15327876mp1104_3
https://doi.org/10.1207/s15327876mp1104_3
https://doi.org/10.1007/s11157-006-9000-8
https://doi.org/10.1007/s11157-006-9000-8
https://doi.org/10.1016/j.actaastro.2011.02.007
https://doi.org/10.3389/fpsyg.2018.02235
https://doi.org/10.1016/j.beth.2016.04.001
https://doi.org/10.1016/j.beth.2016.04.001
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1075
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1075
https://doi.org/10.1177/0013916505279044
https://doi.org/10.1177/0013916505279044
https://doi.org/10.1007/BF00964127
https://doi.org/10.1016/j.actaastro.2005.01.019
https://doi.org/10.1016/j.actaastro.2005.01.019
https://doi.org/10.1016/j.bbr.2012.08.022
https://doi.org/10.2514/6.1966-2046
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1105
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1105
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1110
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1110
https://doi.org/10.17226/12387
https://doi.org/10.17226/12387
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1120
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1120
https://doi.org/10.1002/j.1552-4604.1994.tb04996.x
https://doi.org/10.1177/00139160021972801
https://doi.org/10.1016/B978-0-433-08155-5.50043-1
https://doi.org/10.3357/asem.3961.2014
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1145
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1145
https://lsda.jsc.nasa.gov/lsda_data/dataset_inv_data/ILSRA_2001_104__1740256372_.pdf_Expedition_8_ILSRA-2001-104_2011_31_010100.pdf
https://lsda.jsc.nasa.gov/lsda_data/dataset_inv_data/ILSRA_2001_104__1740256372_.pdf_Expedition_8_ILSRA-2001-104_2011_31_010100.pdf
https://lsda.jsc.nasa.gov/lsda_data/dataset_inv_data/ILSRA_2001_104__1740256372_.pdf_Expedition_8_ILSRA-2001-104_2011_31_010100.pdf
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1155
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1155
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1155
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1160
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1160
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1160
https://doi.org/10.7771/2327-2937.1020
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1170
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1170
https://doi.org/10.1016/j.pss.2009.05.010
https://doi.org/10.1016/j.pss.2009.05.010
https://doi.org/10.1016/j.reach.2018.11.001
https://doi.org/10.1016/j.actaastro.2011.02.011
https://doi.org/10.1016/j.actaastro.2011.02.011
https://doi.org/10.1146/annurev.psych.51.1.227
https://doi.org/10.1016/j.actaastro.2009.02.009
https://doi.org/10.1016/j.actaastro.2009.02.009
https://doi.org/10.1016/j.actaastro.2012.04.039
https://doi.org/10.1016/j.actaastro.2012.04.039
https://doi.org/10.1007/978-3-642-30583-2_10


Neuroscience and Biobehavioral Reviews 126 (2021) 413–429

429

Suedfeld, P., Halliwell, J.E., Rank, A.D., Buckley, N.D., 2016. Psychosocial aspects of 
spaceflight and aging. REACH – Rev. Hum. Space Explor. 2, 24–29. https://doi.org/ 
10.1016/j.reach.2016.11.001. 

Suedfeld, P., Shiozaki, L., Archdekin, B., Sandhu, H., Wood, M., 2017. The polar 
exploration diary of Mark Wood: a thematic content analysis. Polar J. 7, 227–241. 
https://doi.org/10.1080/2154896X.2017.1333327. 

Suedfeld, P., Johnson, P.J., Gushin, V.I., Brcic, J., 2018. Motivational profiles of retired 
astronauts. Acta Astronaut. 146, 202–205. https://doi.org/10.1016/j. 
actaastro.2018.02.038. 

Tannenbaum, S.I., Mattieu, J.E., Alliger, G.M., Donsbach, J.S., Cerasoli, C.P., 2016. Team 
led-debriefs: a countermeasure for LSDE crews. In: Presented at the NASA Human 
Research Program Investigators, Workshop. Galveston, TX. 

Taylor, A.J.W., 1987. Antarctic Psychology. Department of Scientific and Industrial 
Research, Wellington, NZ.  

Taylor, A.J.W., McCormick, I.A., 1985. The prediction of performance in the 
International Biomedical Expedition to the Antarctic (IBEA). Polar Rec. 22, 643–652. 
https://doi.org/10.1017/S0032247400006331. 

Trapp, M., Trapp, E.M., Egger, J.W., Domej, W., Schillaci, G., Avian, A., Rohrer, P.M., 
Hörlesberger, N., Magometschnigg, D., Cervar-Zivkovic, M., Komericki, P., Velik, R., 
Baulmann, J., 2014. Impact of mental and physical stress on blood pressure and 
pulse pressure under normobaric versus hypoxic conditions. PLoS One 9, e89005. 
https://doi.org/10.1371/journal.pone.0089005. 

Vanhove, A. J., Herian, M.N., Harms, P.D., Luthans, F., 2015. Resilience and growth in 
long-duration isolated, confined and extreme (ice) missions. (NASA/TM-2015- 
218566). https://ston.jsc.nasa.gov/collections/TRS/_techrepr/TM-2015-218566. 
pdf. Accessed Feb. 18, 2020. 

Vinokhodova, A.G., Gushin, V.I., Eskov, K.N., Khananashvili, M.M., 2012. Psychological 
selection and optimization of interpersonal relationships in an experiment with 105- 
days isolation. Hum. Physiol. 38, 677–682. https://doi.org/10.1134/ 
S0362119712070262. 

Vinokhodova, A.G., Gushin, V.I., Yusupova, A.K., Suedfeld, P., Johnson, P.J., 2017. 
A retrospective analysis: the interpersonal perception and values of experienced 
cosmonauts. Members of international space missions to Mir and ISS space stations. 
J. Aero Spatial Environ. Med. (Russia) 51 (5), 22–30. 

Wagstaff, C.R.D., Weston, N.J.V., 2014. Examining emotion regulation in an isolated 
performance team in Antarctica. Sport Exerc. Perform. Psychol. 3 (4), 273–287. 
https://doi.org/10.1037/spy0000022. 

Walford, R.L., Bechtel, R., MacCallum, T., Paglia, D.E., Weber, L.J., 1996. Biospheric 
medicine" as viewed from the two-year first closure of Biosphere 2. Aviat. Space 
Environ. Med. 67, 609–617. 

Wang, Y., Wu, R., 2015. Time effects, displacement, and leadership roles on a lunar space 
station analogue. Aerosp. Med. Hum. Perform. 86, 819–823. https://doi.org/ 
10.3357/AMHP.4305.2015. 

Wang, Y., Jung, X., Lv, K., Wu, B., Bai, Y., Luo, Y., Chen, S., Li, Y., 2014. During the long 
way to Mars: effects of 520 days of confinement (Mars500) on the assessment of 
affective stimuli and stage alteration in mood and plasma hormone levels. PLoS One 
9, e87087. https://doi.org/10.1371/journal.pone.0087087. 

Watters, H.H., Miller, J.W., 1971. Tektite: Experience With an Underwater Analog of 
Future Space Operations. Report No.: 71-828. AIAA, New York.  

Weiss, K., Suedfeld, P., Steel, G.D., Tanaka, M., 2000. Psychological adjustment during 
three Japanese Antarctic research expeditions. Environ. Behav. 32, 142–156. 
https://doi.org/10.1177/00139160021972478. 

Weiss, K., Feliot-Rippeault, M., Gaud, R., 2007. Uses of places and setting preferences in 
a French Antarctic station. Environ. Behav. 39, 147–164. https://doi.org/10.1177/ 
0013916505285934. 

Weybrew, B.B., Noddin, E.M., 1979. Psychiatric aspects of adaptation to long submarine 
missions. Aviat. Space Environ. Med. 50, 575–580. 

Wilhelm, S., Weingarden, H., Ladis, I., Braddick, V., Shin, J., Jacobson, N.C., 2020. 
Cognitive-behavioral therapy in the digital age: presidential address. Behav Ther. 51 
(1), 1–14. https://doi.org/10.1016/j.beth.2019.08.001. 

Wolfe, T., 1979. The Right Stuff. Farrar, Straus, and Giroux, New York.  
Wood, J., Lugg, D.J., Hysong, S.J., Harm, D.L., 1999. Psychological changes in hundred- 

day remote Antarctic field groups. Environ. Behav. 31, 299–337. https://doi.org/ 
10.1177/00139169921972128. 

Wood, J., Hysong, S.J., Lugg, D.J., Harm, D.L., 2000. Is it really so bad? A comparison of 
positive and negative experience in Antarctic winter stations. Environ. Behav. 32, 
84–110. https://doi.org/10.1177/00139160021972441. 

Wu, S.C., Hera, A.H., 2019. Supporting crew autonomy in deep space exploration: 
preliminary onboard capability requirements and proposed research questions. 
NASA Technical Report. Accessed Feb. 20, 2020. https://ntrs.nasa.gov/search.jsp? 
R=20190032086. 

Xu, C., Zhu, G., Xue, Q.F., Zhang, S., Du, G., Xi, Y., Palinkas, L.A., 2003. Effect of the 
Antarctic environment on hormone levels and mood of the 16th Chinese 
expeditioners. Int. J. Circumpolar Health 62, 255–267. https://doi.org/10.3402/ 
ijch.v62i3.17562. 

L.A. Palinkas and P. Suedfeld                                                                                                                                                                                                                

https://doi.org/10.1016/j.reach.2016.11.001
https://doi.org/10.1016/j.reach.2016.11.001
https://doi.org/10.1080/2154896X.2017.1333327
https://doi.org/10.1016/j.actaastro.2018.02.038
https://doi.org/10.1016/j.actaastro.2018.02.038
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1225
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1225
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1225
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1230
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1230
https://doi.org/10.1017/S0032247400006331
https://doi.org/10.1371/journal.pone.0089005
https://ston.jsc.nasa.gov/collections/TRS/_techrepr/TM-2015-218566.pdf
https://ston.jsc.nasa.gov/collections/TRS/_techrepr/TM-2015-218566.pdf
https://doi.org/10.1134/S0362119712070262
https://doi.org/10.1134/S0362119712070262
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1255
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1255
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1255
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1255
https://doi.org/10.1037/spy0000022
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1265
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1265
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1265
https://doi.org/10.3357/AMHP.4305.2015
https://doi.org/10.3357/AMHP.4305.2015
https://doi.org/10.1371/journal.pone.0087087
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1280
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1280
https://doi.org/10.1177/00139160021972478
https://doi.org/10.1177/0013916505285934
https://doi.org/10.1177/0013916505285934
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1295
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1295
https://doi.org/10.1016/j.beth.2019.08.001
http://refhub.elsevier.com/S0149-7634(21)00149-4/sbref1305
https://doi.org/10.1177/00139169921972128
https://doi.org/10.1177/00139169921972128
https://doi.org/10.1177/00139160021972441
https://ntrs.nasa.gov/search.jsp?R=20190032086
https://ntrs.nasa.gov/search.jsp?R=20190032086
https://doi.org/10.3402/ijch.v62i3.17562
https://doi.org/10.3402/ijch.v62i3.17562

	Psychosocial issues in isolated and confined extreme environments
	1 Introduction
	2 Individual issues
	2.1 Stress and coping
	2.2 Seasonal syndromes
	2.2.1 Winter-over syndrome
	2.2.2 Polar T3 syndrome
	2.2.3 Subsyndromal seasonal affective disorder

	2.3 Positive effects of adapting to ICE environments

	3 Interpersonal issues
	3.1 Interpersonal tension, conflict and cohesion
	3.2 Interpersonal relations and social support
	3.3 Predictors of conflict and cohesion
	3.4 Leadership
	3.5 Ground-crew interactions

	4 Organizational issues
	4.1 Organizational cultures and spaceflight operations
	4.2 Duration of exposure to ICE
	4.3 Crew autonomy
	4.4 Task scheduling and monitoring

	5 Improving human adaptation to ICE environments
	5.1 Screening and selection
	5.2 Psychological support and countermeasures

	6 Conclusions and future directions
	Funding
	Appendix A Supplementary data
	References


