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Abstract

Spaceflight to Mars will by far exceed the duration of any previous mission. Although behavioral
health risks are routinely highlighted among the most serious threats to crew safety,
understanding of specific emotional responses most likely to occur and interfere with mission
success has lagged in comparison to other risk domains. Even within the domain of behavioral
health, emotional constructs remain to be ‘unpacked’ to the same extent as other factors such as
attention and fatigue. The current paper provides a review of previous studies that have
examined emotional responses in isolated, confined, extreme environments (ICE) toward
informing a needed research agenda. We include research conducted during space flight, long-
duration space simulation analogs, and polar environments and utilize a widely-accepted and
studied model of emotion and emotion regulation by Gross [6] to conceptualize specific findings.
Lastly, we propose four specific directions for future research: (1) use of a guiding theoretical
framework for evaluating emotion responses in ICE environments; (2) leveraging multi-method
approaches to improve the reliability of subjective reports of emotional health; (3) a priori
selection of precise emotional constructs to guide measure selection; and (4) focusing on positive
in addition to negative emotion in order to provide a more complete understanding of individual
risk and resilience.

Keywords: spaceflight; extreme environments; emotion; regulation; coping; behavioral health
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1.0 Introduction

Exploration of Mars has been an explicit goal of the National Aeronautics and Space
Administration (NASA) for decades. A Mars mission will by far exceed the duration of any
previous mission, including the recent 340-day journey of American astronaut Scott Kelly, and
the world record 437-day mission of former Russian cosmonaut, Valeri Polyakov. The
approximate 34 million miles that separate Mars and Earth is not the only challenge for a Mars
mission. Prolonged exposure to high levels of radiation, low levels of gravity, isolation and
confinement, sensory deprivation, altered light/dark cycles, heavy workloads mixed with periods
of monotony, and delayed communications with ground crew are among a long list of extreme
stressors that threaten the safety and success of a Mars crew [1,2].

Along with a host of potential physical and technological risks, maladaptive
psychological reactions greatly threaten the success of a future Mars mission. The range of
extreme stressors that a Mars crew will face provides fertile ground for psychological problems
to emerge. Crew selection methods and effective countermeasures can serve to reduce such risk,
but even the most competent, highly-skilled humans are susceptible to adaptation problems in
unpredictable, extreme environments. In fact, psychological risks are considered among the most
serious threats posed to crew members during space exploration [3] with psychologists and
psychiatrists cautioning against these dangers since the inception of the U.S. space program [4].
Apt example comes from the “Strike in Space” that occurred in December, 1973, when a Skylab
space station crew voluntarily cut off communication with Houston Mission Control. Numerous
events and factors contributed to the crew’s decision, but most prominent among them were

feelings of frustration and anger [5]. It is seemingly paradoxical then, that previous research has
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paid far less attention to potential psychological reactions during a future Mars mission than
other risk factors.

The overarching goal of this paper is to review current knowledge regarding emotional
health during long-duration space exploration (LDSE) utilizing a theoretical framework of
emotion. We focus on ‘emotional health’ for two reasons. First, although emotions represent
only one aspect of psychological health, far greater effort has been directed at evaluating and
understanding the cognitive and behavioral alterations that occur in space [3]. As a result,
emotional constructs remain to be ‘unpacked’ to the same extent as other psychological factors
such as attention, reaction speed, and fatigue. Second, despite a dearth of empirical data, it is
widely believed that maladaptive emotional responses pose as great if not greater risk for LDSE
as other aspects of psychological health [3].

Our review is organized by four main objectives. First, we provide a brief historical
perspective in understanding some of the challenges for assessing emotion during space flight.
We then propose a new direction for future research in this area guided by precise definitions of
emotional constructs, a focus on positive along with negative emotion, and a well-supported
theoretical model of emotion regulation [6,7]. This is followed by an integrative summary of
available research conducted during space flight and in analog isolated, confined, extreme (ICE)
environments including extended-duration space simulation studies and polar environments. In
line with a focus on emotional health, we include studies where emotional constructs have
specifically been examined, including coping behaviors. In a final section, we integrate our
literature review with our theoretical model in providing several specific recommendations for

future research.

1.1 Psychological Risk in Space: A Brief History
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Astronauts’ have inspired awe from the media and public since the first U.S. solo
(Mercury), two-person (Gemini), and three-person (Apollo) sub-orbital and orbital missions.
Wide-spread perception that these individuals simply had “the right stuff” [8] was confirmed by
the absence of any critical psychological incidents or performance deficits during these brief,
early missions. Consequently, extensive psychological testing was replaced with a more
simplistic focus on exclusionary criteria which included any pre-existing psychiatric disorders
[4]. Interest in psychological factors was renewed however in the mid-1990s as a result of
several overlapping developments. In 1994, flight surgeon and psychiatrist, Patricia Santy,
published the controversial book, “Choosing the Right Stuff: The Psychological Selection of
Astronauts and Cosmonauts™ in which she highlighted major gaps in NASA’s evaluation
processes and research program with regard to mental health. Phase one of the Shuttle/Mir
Program, a collaborative effort between the Russians and U.S. also began that year. These longer
duration missions provided new, anecdotal evidence of significant individual and interpersonal
problems in space [9,10].

In 2001, the National Academy of Sciences published a commissioned, comprehensive
report titled, “Safe Passage: Astronaut Care for Exploration Missions™ [11]. Along with
exposure to radiation and bone loss, the report named ‘behavioral health” among the most
significant risks for crew members during a Mars mission. Behavioral health is a broad, all-
encompassing term that recognizes behaviors, cognition, aspects of performance, and emotional
responses to emerge as a result of interactions between personal and environmental

characteristics. Although the terms *behavioral health’ and *‘mental health’ are sometimes uses
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interchangeably,* the former is much broader. It also more successfully avoids the stigma that
continues to accompany the topic of mental health specifically.

Today, NASA and other agencies favor the term behavioral health in place of mental or
emotional health. On the one hand, assessment of a wide range of changes and symptoms aligns
with many of the unique aspects of LDSE including multiple phases and transitions and
atmospheric changes. On the other hand however, broad-based assessment approaches are
unlikely to provide an understanding of precise indicators of risk for more serious problems.
Assessment of nonspecific, emotion-laden constructs such as ‘stress reactions’, ‘emotional
instability’ and “asthenia’ found in prior studies underscores this point. In fact, one previous
review identified 20 different definitions and 58 distinct symptoms associated with asthenia [12].
Clearly, the ability to predict and, ultimately, counter emotional health risk during LDSE

necessitates greater sensitivity and specificity.

1.2 Shifting Focus to Emotional Health

To date, identification of emotional health in space and other ICE environments has
primarily relied on broad measures of mood and/or affect — terms that are commonly, though
incorrectly, used interchangeably [13]. Affect is a superordinate construct, typically examined
across two general dimensions (negative and positive affect) that tend to be negatively

correlated. Affect can also be high or low in terms of arousal level (e.g., one’s positive affect can

INotably, as of the writing of this article, entering the term ‘behavioral health’ in Wikipedia’s search field
automatically directs the user to a the definition for ‘mental health’.
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be of high or low-level arousal). Individuals experience affect constantly, although its nature and
intensity varies over time.

By comparison, moods are more global, longer-lasting, and linked to innate differences in
personality [14,15]. Moods are generally considered either positive or negative and subsume all
subjective feelings states, which means non-emotional feelings can contribute to one’s mood
(e.g., feeling tired can contribute to a negative mood). A negative mood that persists for a
prolonged period of time is the basis of several clinical disorders, including depression and
dysthymia.

Concordant with the need to both forecast and counter risk for LDSE, we argue for a
more specific focus still, on emotion. Emotions differ from affect and mood in critical ways.
First, emotions are rapid, multi-faceted responses to specific (internal or external) stimuli/events
that allow the individual to meet the demands of their environment [16]. Emotions can be felt
briefly or linger over time, and serve specific functions in various types of situations and
contexts (e.g., feelings of disgust when smelling spoiled food). Emotional reactions also involve
subjective, behavioral, and physiologic components, and can therefore be measured using
multiple forms of assessment.

Evaluation of emotion is also better suited to understanding aspects of resilience in
addition to risk. Although space travel has been found to exert salutogenic effects (i.e., positive
experiences that support well-being) including feelings of accomplishment, wonderment, and
awe [17-21], evidence is primarily limited to unstructured individual descriptions. Furthermore,
many of the stressors present during space flight, such as sleep loss and altered light/dark cycles,
have been found to adversely affect positive emotions to the same or even greater extent as

negative emotions. For example, both partial and total sleep deprivation has been shown to be
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most detrimental for positive emotions [e.g., 22—-24]. Concurrent assessment of positive and
negative emotional responses would therefore provide a more comprehensive understanding of
both risk and resilience.

From a risk assessment standpoint, it is also true that the experience of affect, mood, and
emotions might ultimately be less indicative of risk than the degree to which they can be
effectively regulated. Example of this comes from research in trauma-exposed individuals who
subsequently develop post-traumatic stress disorder (PTSD). While elevations in negative
emotions such as fear, sadness, and guilt are typical in the days and weeks following a traumatic
event, attempting to regulate these emotions through the use of ineffective strategies increases
the probability of developing PTSD. In particular, avoidance of trauma-related cues
paradoxically serves to increase emotional reactivity and maintain distress over time [e.g., 25—
27]. Even in non-clinical populations, those who cannot effectively regulate their emotional
responses to meet the demands of their environment experience longer and more severe
emotional distress [28]. Regulatory strategies are therefore viewed as both risk factors for, and
protective against, psychopathology.

Broadly, emotion regulation refers to the heterogeneous set of actions that influence what
emotions we have, when we have them, and how often [6]. Emotion regulation is sometimes
conflated with coping, but these constructs, while overlapping, are not interchangeable. Both are
associated with active attempts to modify emotional responses, but two key differences
distinguish coping from emotion regulation. Coping is predominantly focused on managing
negative emotions while emotion regulation includes attempts to change the intensity and/or
duration of both positive and negative emotions. Secondly, coping emphasizes management of

one’s emotional responses over prolonged periods (e.g., winter-over season) whereas emotion
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regulation focuses on modifying specific emotions elicited by a proximal stimulus or event [29].
Similar to distinctions between mood, affect and emotion, we believe an explicit focus on

emotion regulation to be a critical direction for future research.

1.3 A Framework for Conceptualizing Emotional Health

Gross’s [6,7] Modal Model of Emotion represents one of the most widely-accepted and
well-studied models of emotion. According to the model, emotions involve person-situation
transactions that give rise to a set of coordinated, yet flexible multi-system of responses. Figure 1
depicts a situation — attention — appraisal — response sequence at the core of this model [30].
The sequence is initiated by a situation, either internal or external, that is personally relevant to
the individual. External situations relate to aspects of one’s physical or social environment
whereas internal situations represent private, personal experiences (e.g., feeling physically ill,
thinking one has failed at a task). The individual attends to these situations in various ways (e.g.,
visually, cognitively) which results in a subjective appraisal (e.g., positive or negative) that is
reflective of one’s personal goals. Appraisals give rise to subjective feelings, behavioral actions,
and physiological reactions (i.e., a coordinated set of responses). Emotional responses can in turn

influence and modify aspects of the original situation (depicted by an arrow in Figure 1).

Figure 1. Modal Model of Emotion. From Gross & Thompson, 2007.

Situation Attention Appraisal Response
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Principally, emotional responses are adaptive in that they allow the individual to manage
situational demands (e.qg., the emotion of fear increases blood flow to the extremities to facilitate
escape from threat). Emotional responses can also be maladaptive however, either in terms of
their intensity (the response is too large or small given the situation), duration (the emotion lasts
too long or not long enough), frequency (experiencing an emotion too often or too seldom),

and/or type (the emotion experienced is inappropriate for the specific situation) [29].

Once generated, there are a multitude of ways one might attempt to regulate (i.e., modify)
his/her emotions. Gross [6,7] describes five stages along an unfolding timeline of emotional
response at which emotion regulation strategies might occur (see Figure 2). The first four stages
of the model (i.e., situation selection, situation modification, attentional deployment, and
cognitive change) are described as antecedent-focused strategies. They are employed prior to the
full generation of an emotional response and therefore before any changes in behavior or
physiologic arousal are typically observable.

Situation selection occurs when an individual creates, seeks out, or avoids a situation that
results in a desired or undesired emotional state. For example, one might engage in exercise or
read an old letter from a family member in order to create a positive emotional experience, or
purposefully avoid a crew member who routinely elicits frustration.

Situation modification refers to attempts to modify or change aspects of an external
situation already encountered in order alter its emotional impact (e.g., using humor in a tense
situation; displaying certain facial expressions to communicate annoyance and a desire to be left
alone). Both situation selection and modification alter the emotion generation process at its

earliest point.
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Attentional deployment refers to the way an individual directs their attention in relation to
an emotion-eliciting situation/event. A commonly studied attentional strategy in emotion
regulation research is distraction. Attention can be altered either externally (e.g., looking away
from a sad image) or internally (e.g., thinking about a positive memory) and disrupt the emotion
generation process by altering which aspects of a situation are most salient.

Cognitive change involves regulatory strategies that alter the meaning of an emotion
eliciting-situation/event. Reappraisal is one commonly used strategy and includes the
modification of one’s thought-processes about a situation/event (e.g., “He is just irritable because
he did not sleep well”) or internal feelings (e.g., “I am acting defensively because | feel
embarrassed”). Adaptive use of cognitive change strategies typically includes appraisals that are

less negative or more positive.

Figure 2. Process Model of Emotion Regulation. From Gross & Thompson, 2007.

Situation Situation Attentional Cognitive Response
Selection Modification Deployment Change Modulation
Situation Attention Appraisal Response

N~

The final stage is response modulation and includes strategies that are employed after an

emotional response has already been fully generated (i.e., they are response-focused). Examples
of response modulation are vast but can be thought of broadly as either adaptive (e.g., exercise,
deep breathing) or maladaptive (e.g., verbal aggression, alcohol use). One such strategy is

suppression, which includes attempts to hide any visible signs of emotion (e.g., giggling, crying).

10
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Attempts to alter an emotional response once it has already been elicited generally necessitate

greater effort than those occurring earlier in the process.

2.0 Methods of the Current Review

The electronic databases MEDLINE, PubMed, Academic Search Complete, Inter-
university Consortium for Political and Social Research, Journal Storage, PSycARTICLES,
Psychology & Behavioral Sciences Collection, PsychINFO, Google Scholar, and the Johnson
Technical Reports Server were searched for relevant empirical papers, official reports, and book
chapters. The following search terms were used: psychology, psychiatry, mental health,
neurobehavior, mood, affect, emotion, stress, reactivity, coping, adaptation, depression, anxiety,
and psychopathology, which were cross-referenced with the terms, space, isolated environment,
confined environment, extreme environment, long duration mission, long duration isolation,
Mars, Mars105, Mars520, Mars500, space simulation, space analog, polar expedition, winter-
over, Artic, Antarctic, International Space Station, Shuttle mission, and Mir Space Station. Given
the current paper’s focus on emotional health during LDSE, we included only those papers,
chapters, and reports that specifically examined at least one emotion-based outcome (e.g., mood,
anxiety) during space flight, polar expeditions/winter-over studies, or extended duration (i.e., >
100 days) space simulation environments. Reference lists of appropriate papers were also
examined for other relevant empirical studies and/or official reports not identified using the
search terms above.

Based on these criteria, a total of 76 publications were identified for inclusion in the
current review. Notably however, the methodologies, populations included, and overall scientific

rigor of these publications varied considerably, from well-controlled analog studies, to

11
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multinational crews on board the International Space Station (ISS), to small polar exploration
teams, to retrospective designs utilizing non-validated assessment instruments. Since meaningful
quantitative analysis of these data was not possible, our review is broken down by qualitative
description of findings within specific ICE settings. A summary of findings addressing changes
in emotional states during exposure to isolated, confined and extreme environments can be found
in Table 1.

<Insert Table 1 here>

3.0 Emotional Responses in Isolated, Confined, Extreme (ICE) Environments
3.1 Human Space Flight Studies

Evidence of emotional responses during space flight primarily comes from a few studies
using identical or overlapping samples [19,31-34]. Participants included flight crews from four
to seven month Shuttle/Mir and International Space Station (ISS) missions. Shuttle/Mir crews
were comprised of two Russians and one American (three-person crews) and included a total of
five American astronauts and eight Russian cosmonauts [31]. ISS participants came from two- to
three-person crews that included eight American and nine Russian crew members [19,33]. More
recently, using data collected between 2003 and 2016, American astronauts and Russian
cosmonauts who were members of two, three and six-person crews onboard the ISS were studied
[21].

Shuttle/Mir and 1SS crews were assessed via weekly administration of the Profile of
Mood States [POMS; 35] beginning four weeks prior to missions and weekly throughout
missions. In addition to a total mood disturbance score, the POMS yields six mood dimensions

including tension-anxiety, depression-dejection, anger-hostility, vigor-activity, fatigue-inertia

12
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and confusion-bewilderment. Additionally, among two to six-person crews onboard the ISS,
content of 20 astronauts’ personal journals was examined for emotional responses [21]. Entries
were analyzed for content and assigned to one of 24 primary topical categories, such as
adjustment, work, outside communications, and group interactions. Entries were also coded as
positive, negative, or neutral in tone.

3.1.1 Negative Emotional Responses. Studies conducted by Kanas and colleagues [31-

33] found no significant changes in negative mood among crew members during Shuttle/Mir or
ISS missions compared to pre-mission ratings, including no evidence of a third quarter effect
(i.e., when extreme emotional reactions may be most likely to occur). In contrast, Stuster’s [21]
analysis of journal entries among ISS crewmembers identified the greatest proportion of negative
content and tone during the 3™ quarter of spaceflight. Specifically, entries in 17 out of 20
journals analyzed provided evidence of a third quarter effect. Meanwhile, other studies have
reported greater negative emotion during the initial stage (i.e., the first month) of space flight as
compared to during the mission [36]. Thus, across available studies, there is evidence for no
change in negative emotional responses during space flight, evidence of increased negative
emotional responses during the initial phase of space flight, and evidence for increased negative
emotional responses during the third quarter of missions (i.e., a third quarter effect).

The reason for such divergent findings among ISS and Shuttle/Mir crews is unclear, but
several potential explanations exist. Most obviously, structured questionnaires and open-format
journal entries yield very different information whereby the latter is likely to better capture an
individual’s unique emotional state at any given point in time. Second, Mir but not ISS crew
members reported greater workloads during mission compared to baseline which may have

influenced responses on a mood questionnaire. Third, Mir crews experienced staggered arrivals

13
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at the space station (compared to ISS crews that arrived and disembarked together) which could
produce less team cohesion and greater team conflict.

It may also be noteworthy that Mir crews were comprised of two Russian cosmonauts
and one American astronaut, whereas 1SS crews were more culturally variable. Boyd and
colleagues [37] indeed found cultural differences in emotional responses where fatigue predicted
symptoms of depression among Russian cosmonauts and anxiety was a stronger predictor of
depressive symptoms in American astronauts.

3.1.2 Positive Emotional Responses. Space flight has been shown to exert salutogenic

effects including feelings of accomplishment, confidence, wonderment, and awe [17-21]. ISS
crew members have reported joy and amazement at viewing the Earth from space and
experiencing weightlessness [19,21]. Still, systematic data examining salutogenic effects (which
likely include positive emotions) are rare. In one study where positive moods were assessed via
the vigor-activity subscale of the POMS, no significant changes were found during either
Shuttle/Mir or ISS missions [32].

Ihle, Ritsher and Kanas [38] created the Positive Effects of Being in Space (PEBS)
questionnaire to assess salutogenic effects, though this measure assesses cognitive and
behavioral responses rather than emotions per se. In a sample of 39 astronauts and cosmonauts,
all reported salutogenic effects using the PEBS measure. Notably, of the eight PEBS subscales
(Perceptions of Earth, Perceptions of Space, New Possibilities, Appreciation of Life, Personal
Strength, Changes in Daily Life, Relating to Others, and Spiritual Change) endorsements on the
Perceptions of Earth scale primarily accounted for these results. This finding may be noteworthy
for LDSE crews since Earth will not always be visible during a Mars mission (i.e., earth-out-of-

view phenomenon).

14
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3.1.3 Coping. A few studies have retrospectively examined coping responses during and
after spaceflight via thematic content analysis [39,40]. A modified version of the Brief COPE
Inventory [41] has also been used, which assesses various forms of coping, including problem-
focused coping (e.g., active coping, planning), emotion-focused coping (e.g., seeking social
support, acceptance), and other, less useful coping responses (e.g., behavioral disengagement and
denial). Both investigations found problem-focused coping strategies to be used more often than
emotion-focused strategies during space flight.

Differences in pre, during, and post-mission coping were also examined. Confrontation
and escape/avoidance coping were reported less commonly during mission compared to pre and
post-mission, whereas use of denial peaked during missions and was less frequent pre and post-
mission [39]. Utilizing Gross’s Process Model of Emotion Regulation, denial coping might be
conceptualized in one of two ways: as a function of internal attentional deployment away from
an emotion-eliciting situation, or as a cognitive change strategy whereby the gravity of an
emotion eliciting-situation is deemed less important/serious than it actually is. Either way, denial
would represent an antecedent-focused emotion regulatory strategy requiring less effort than
response modulation.

Anecdotal reports indicate that crew members sometimes attempt to manage their
negative emotions by displacing them on ground crew or supervisors [e.g. ,42]. Emotional
displacement refers to efforts to cope with negative emotions by directing them toward members
of an “out-group’. Kanas and colleagues [31-33] provide potential empirical support for the use
of displacement via inverse relationships between crew member mood disturbance scores on the
POMS and perceived support from supervisors. Within an emotion regulation framework,

displacement might be viewed to reflect a form of attentional deployment or response
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modulation; the former being an antecedent-focused strategy that would require less effort than

the latter (i.e., a response-focused strategy).

3.2 Extended-Duration Space Simulation Studies

Since space simulation studies include replication of the physical environment, mission
duration, and/or contextual conditions of space flight (e.g., delayed communications with
mission control), they afford a high degree of control and flexibility. Most research has come
from the Mars500 Project, the longest and most comprehensive space simulation study to date.
Two extended-duration Mars 500 missions have been conducted; a 105-day mission with four
Russian and two European crewmembers, and a 520-day mission with three Russian, two
European, and one Chinese crewmember.

3.2.1 Negative Emotional Responses. The POMS was used to assess mood states before

and after the 105-day mission, with no significant changes found [43]. Another study found
decreases in depression, anger, and aggression during the last five weeks of the same mission
using the POMS [44]. Potential changes in affect have also been examined using the Positive and
Negative Affect Schedule [PANAS; 45], a 20-item self-report scale assessing positive and
negative affective dimensions. No significant changes in negative affect were found [46].
Examination of depressive symptoms using the Beck Depression Inventory [BDI; 47] similarly
failed to reveal changes across the 105-day mission [46].

Similar findings have been reported among the 520-day Mar 500 mission crew
[46,48,49]. Negative mood (based on the POMS) remained low and stable across the mission

[48,49]. Other investigators have similarly found low levels of depression using the Patient
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Health Questionnaire [50] and anxiety using the Overall Anxiety Severity and Impairment Scale
[51].

Remarkably, while BDI scores were lower in comparison to population norms, Basner
and colleagues [48] reported a significant increase in BDI scores during the second half of the
520-day mission among one crew member. It is also notable that this crew member evidenced
the lowest social desirability score (i.e., a form of bias wherein a participant answers questions in
a manner more likely to be viewed favorably by others) among crew members on a pre-mission
self-report measure.

In a novel investigation of emotional responses conducted during the 520-day mission,
Wang and colleagues [49] utilized 295 images from the International Affective Pictures System
[IAPS; 52], a normative set of color images used world-wide for the assessment of emotion.
Images include a range of pleasant, unpleasant, and neutral stimuli rated on two dimensions;
valence (i.e., the image’s intrinsic attractiveness or aversiveness) and arousal/intensity (i.e., the
extent to which the image elicits an emotional reaction). Whereas ratings for pleasant and neutral
pictures remained stable, negative images were rated less negatively over time such that ratings
for positive and negative images did not differ meaningfully at the end of the mission. The
authors interpreted this result to reflect a withdrawal from negative stimuli due to increasing
psychological stress over the course of the mission. This explanation is plausible yet inconsistent
with stable POMS scores found across the mission [48,49].

In an earlier 135-day simulation misson where the POMS was administered weekly to
three crewmembers, overall mood disturbance was significantly higher in the first half of the
mission whereas anger and aggression significantly increased during the second half of the

mission [53].
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3.2.2 Positive Emotional Responses. Findings for positive emotional responses in the

105-day Mars mission are more limited and considerably mixed. Positive mood (based on the
POMS vigor-activity subscale) did not change during misson in one study [43] whereas positive
affect (based on the PANAS) declined progressively in another [46]. Still another study found
crewmember mood to improve overall during the final five weeks of the mission [44], a period
that corresponded with both greater autonomy and communication delays with ground control.
However, cultural differnces in outcomes were apparent whereby European crewmembers
reported increases in negative mood and Russians crewmembers’ mood remained the same or
improved slightly during the final weeks of the mission.

Schneider and colleagues [54] used a ‘moodmeter’ to assess psychological well-being
during the 105-day mission, finding improvements across time in terms of variables such as
mood, calmness, and relaxation. Some of these changes appear to have occurred in associated
with periods of increased physical activity.

POMS vigor-activity scores were found to decrease in the second quarter of the Mars-520
mission [48]. However, use of an alternative measure of emotional responses produced different
results [55]. On a list of various emotional items rated monthly, positive emotions were rated as
more common, intense, and stable than negative emotions.? Among the specific items endorsed,
optimism, trust, joy, and love were most common.

3.2.3 Coping. Nicolas and colleagues [46] assessed coping responses in the Mars-105

isolation facility with the Brief COPE Inventory, grouping coping strategies into two

2 Positive affect was stable with the exception of two isolated incidents reportedly associated with sharp but brief
declines in positive affect. Further description of these incidents was not provided.
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dimensions; task-oriented and disengagement-oriented. Overall use of these strategies did not
change during the mission, though use of disengagement coping was linked with greater
depressive symptoms. Together with a general decrease in positive affect (via the PANAS)
across the mission, the authors interpreted these findings to reflect a*“....progressive reduction of
emotional regulation” (pg. 56).

Baseline and follow-up assessment of proactive and resilient coping were collected
among five of the six crew members in the Mars-520 mission [56] with differential patterns
observed. Resilient coping increased in two crewmembers but remained stable others. Increases
in proactive coping were reported by three crewmembers, a slight decrease was reported by
another crewmember, and no change in yet another. Such variation surely reflects normative
individual differences.

Individual differences were also apparent in emotional expression among the six Mars-
520 crewmembers [55]. Three participants reported expressing their emotions as they felt them,
two tried not to show their emotions, and one expressed emotions less than they were felt. An
observed trend in all participants was that positive emotions were more easily and commonly

expressed compared to negative emotions.

3.3 Polar Expeditions and Winter-over Studies

Research conducted among Arctic and Antarctic crews has been conducted at research
stations and among expedition teams. It is important to note from outset that personnel,
environmental conditions, and stressors differ considerably across studies, as do the assessment
methodologies used. At polar research stations, crews typically range in size from 15 to 1000 and

deploy for up to 12 months [57-59]. Periods of isolation (i.e., winter-over) last from six to nine
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months [59-61]. Polar expedition teams are smaller (e.g., as few as two crew members), but face
greater risk than crews at polar research stations, including blizzards, frozen patches, and
channels of water. Accordingly, polar expeditions tend to be much briefer than polar research
station deployments, with durations ranging from 56-185 days [62—-66].

3.3.1 Negative Emotional Responses. As compared to space flight and extended-duration

simulation studies, examination of emotional responses in polar environments is more extensive.
In one study where diagnostic interviews were conducted among 313 winter-over personnel
interviewed at the end of the season, the reported incidence of mood disorders was 5.2% [67].

Research using the PANAS has commonly found negative affect to decrease during
expeditions and lower overall endorsement of negative compared to positive affective items
[62,63]. Expeditioners have been found to report lower negative affective scores than published
normative values [65].

3.3.1.1 Anxiety. Using the State-Trait Anxiety Inventory [STAI; 68], Mocellin and
colleagues [69] examined trait (i.e., a disposition toward feeling anxious) and state (i.e., anxiety
induced temporarily by a situation) anxiety levels in isolated and non-isolated polar stations.
Levels of both types of anxiety were similarly low among personnel at both stations, with no
changes in state anxiety observed across the winter season. Similar to findings for negative
affect, winter-over personnel tend to score lower on general measures of anxiety than control
groups [e.g., 60].

Other anxiety-based findings create a more complicated picture. Isolated cases of
evacuation from Antarctica due to extreme anxiety (and depression) have been reported [e.g., 66]
but few details are provided in most cases. In a more systematic study including crews from

several polar stations, small but significant increases in scores on the tension-anxiety subscale of
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the POMS were found over the course of the winter season [58]. Palinkas and Houseal [58] also
identified curvilinear changes in tension-anxiety characterized by decreases during the winter
months and increases in springtime. Still, overall variation in scores remained within a restricted
and normative range.

3.3.1.2 Depressive Symptoms. A majority of studies provide evidence for increases in
depressive symptoms in polar environments. Using diagnostic interviews, Palinkas and
colleagues [67] found mood disorders to account for more than 30% of all clinical diagnoses.
Among winter-over personnel in another study, 62% reported experiencing feelings of sadness
and depression, and 48% reported feelings of irritability and hostility at some point during the
winter season [67]. Strange and Youngman [70] similarly reported that 85% of winter-over
personnel disclosed periods of feeling depressed during debriefing interviews. Evidence of
increased irritability and anger, which are often symptomatic of clinical levels of depression, was
found in 65% of this sample as well.

In a more comprehensive study, Decamps and Rosnet [71] utilized a 59-item
observational grid completed by a physician to examine changes in various symptoms during
winter-over. Consistent with results from several other studies [72-74], a 3" quarter effect was
identified, whereby thymic symptoms (e.g., pessimistic feelings, sadness, feeling blue, brooding
about unpleasant things, lack of self-confidence, low self-esteem) increased steadily from mid-
season until the end of winter.

Regarding the temporal sequence of depressive symptoms, Palinkas and Browner [57]
also found a significant increase in depressive symptoms toward the end of the winter-over

season compared to baseline using the Health and Daily Living Form [HDLF; 75]. Of the 91
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crew members in this study, approximately 5% exceeded the clinical threshold for depressive
symptoms at the end of the winter-over season.

A few studies have failed to find evidence of elevations in depressive symptoms. For
example, Palinkas and Houseal [58] found scores on the depression-dejection subscale of the
POMS to decline over the winter season in one of three polar stations where data were collected.
The sample size at this station was relatively small however, and no changes in depression-
dejection scores were observed at the other stations.

In a more comprehensive study of depressive symptoms, results were largely dependent
upon the specific measure examined [76]. Among a range of measures assessing depressive
symptoms, including a modified Center for Epidemiologic Studies Depression Scale [CES-D;
77] and the Subjective Health Complaints Inventory [SHC; 78], the CES-D indicated no change
in depressive symptoms during winter-over while the SHC showed symptoms to increase.

3.3.2 Positive Emotional Responses. Systematic investigation of positive emotion in polar

environments is far more limited compared to negative emotion, but general moods among polar
crews have been (subjectively) described as positive [e.g., 69]. Studies using the PANAS have
also produced evidence of generally positive affect [63]. In this self-secting group, specific
experiences emerging from exposure to polar environments are indeed likely to engender
positive experiences, including appreciation of the environment, successfully coping with
extreme conditions, and camaraderie [62,79].

By comparison, findings are mixed with regard to the stability and time-course of
positive emotional responses. For example, in a small sample of expeditioners on a 7-week trek,

positive affect (assessed with the PANAS) was stable and declined only during the final week of
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the mission [80]. In a much larger sample however, Grant and colleagues [76] found PANAS
positive affect scores to decrease during winter-over.

Using the POMS, multiple studies have found vigor-activity scores to be most adversely
affected in polar environments [61,64]. In one study, decline in vigor-activity scores was most
evident during the springtime (e.g., toward the end of the season) [58]. Still, considerable
variation was found across the research stations included in this study.

3.3.3 Coping. Measures used to assess coping in polar samples range considerably,
including the COPE Inventory [e.g., 81,82], the Ways of Coping Scale [WOC; 83] [e.g. ,64,84],
and modified versions of these measures [63,65,85]. Likewise, the timing and frequency of
assessments differs from baseline and follow-up assessments only [e.g., 57,81,84,85], to various
regular intervals during missions [e.g., 59,63,81,85].

Many of the coping strategies used by expedition and winter-over crew members have
been considered ‘adaptive’ [64,65,81,82,86,87]. For example, frequent seeking of social support
(pre-expedition), use of problem-focused coping, positive reappraisals, and humor (during
missions) have been identified by Leon and colleagues [64,65,85]. Barbarito and colleagues [81]
found problem-solving to be most commonly-used during winter-over; a pattern that remained
relatively stable throughout the mission. However, in the absence of simultaneous emotional
assessment, it is not possible to determine the effectiveness of these strategies.

Less adaptive methods of coping have also been identified. Barbarito and colleagues [81]
found increased use of denial, behavioral disengagement, and restraint coping (i.e., waiting until
an appropriate time to deal with the problem) among nine wintering-over expeditioners.
Increases in avoidance and emotional discharge (i.e., verbal and behavioral expression of

unpleasant emotions and indirect efforts to reduce tension) have also been found from baseline
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and follow-up approximately 1 year later after winter-over [57]. Decreases in social support
seeking and problem-focused coping have also been reported during winter-over [84].

A few studies have examined relationships between coping and emotional responses.
Venting, behavioral disengagement, and suppression of competing activities — all considered
negative coping styles — have been associated with increased stress [82]. Avoidance and
emotional discharge have been linked with greater depressive symptoms [57], and emotion-
focused coping increased the probability of being rated as ‘poorly adapted’ to the polar
environment by station commanders [76].

Coping may also be governed to some degree by specific stressors encountered. For
example, Kahn and Leon [63] found physical stressors to most commonly elicit goal-focused
coping, interpersonal stressors to elicit sharing of emotions with team members, and

psychological stressors to relate to all types of coping strategies.

4.0 Overall Summary of Research

Across research studies conducted during spaceflight, in simulation settings, and in polar
environments, self-reported negative emotions are generally found to be low. Notably, most
studies have examined total scores from broad-based measures of various emotion-related
constructs such as affect or mood (e.g., the POMS or PANAS). However, when more specific
emotional constructs are examined, the picture becomes more nuanced. As one example, Basner
and colleagues [48] detected a significant increase in depressive symptoms in one simulation
study crew member using a well-validated measure of depression. This same crew member also
had the lowest score on a measure of social desirability, suggesting that reports of negative

emotion need to be considered in conjunction with potential response bias. Further, studies
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utilizing novel measures of emotion (e.g., negative IAPS images), while generally limited, have
found changes in emotional responses not detected via self-report questionnaires [49]. Overall,
these findings suggest that broad-based assessment approaches do not provide adequate detection
or understanding of discrete symptoms that signal risk for more serious emotional health
problems during LDSE.

Methodological limitations also have relevance for the detection of a ‘third quarter
effect’. Reference is made to this phenomenon throughout the literature, which theorizes the
negative psychological effects of prolonged exposure to ICE environments to be most
pronounced during the third quarter of a mission. Empirically however, evidence for a third
quarter effect is primarily limited to anecdotal reports and broad-based assessments of various
domains of psychological functioning. As such, the presence of increased levels of emotional
distress during this specific period, or any other for that matter, remains to be confirmed.

Findings regarding positive emotions in ICE environments are more limited overall and
yield more mixed results. Across studies, positive emotions have been shown to decrease,
increase, and remain stable across time. Much of the variation observed appears to hinge on the
specific measure used and construct assessed. The POMS has frequently been used, even though
this questionnaire contains only one subscale assessing positive mood and includes items that are
not emotion-specific (e.g., energetic, alert). The PANAS has been used as well, with evidence for
both stability and decline of positive affect over time. The PANAS positive subscale does
capture several positive emotions, but items notably include high arousal (e.g., enthusiastic,
determined, strong) rather than low arousal (e.g., relaxed, calm, content) positive affects states,

which is likely to be particularly limiting for assessment in ICE environments.
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A few studies have examined use of coping strategies and adaptation during spaceflight
and in polar environments, finding that problem-focused coping is reportedly used more often
than other strategies including emotion focused coping [e.g., 39,64,65,85]. However, the extent
to which retrospective self-reports match actual in-situation behaviors remains to be established.
Moreover, in order to determine the true effectiveness of any coping strategy, concurrent
assessment of emotional responses must take place. As an example, the coping strategy of denial
can be useful in minimizing acute levels of distress, but can lead to greater distress over time if a
problem becomes more serious. Thus, without corresponding information about emotional
changes, it would not be possible to fully determine whether denial is an effective coping
strategy. Different situations also require different responses in order to produce a positive
outcome. Accordingly, rather than coping or adaptation, we argue for a broader focus on emotion
regulation which includes the ways in which individuals modulate positive in addition to

negative emotions in various types of situations.

5.0 Recommendations for Future Research

1) The complexities of evaluating emotional health during LDSE necessitate the use of a
guiding theoretical framework. As is evident from the current review, existing evidence for
emotion responses in space and other ICE environments is limited overall, but particularly with
regard to conceptualization. Thus, a critical direction for future research includes a more refined
focus on discrete emotional responses and constructs. Gross’s Modal Model of Emotion provides
a relevant guiding framework for such efforts. A focus on emotion generation, for example,
permits understanding not only of specific emotions that are problematic but of the ways which

individuals perceive and evaluate information/events which in turn gives rise to their emotional
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responses. Multiple modalities are available for assessing individual points in the emotion
generation process including self-report questionnaires, eye tracking technologies, computerized
performance tasks, and measures of interpretation information recall. Emotional responses,
including their intensity, duration, and/or frequency, can in turn be understood more
meaningfully.

Gross’s model also emphasizes the multitude of ways an emotional response can be
regulated. Although the model highlights five specific stages at which regulatory strategies might
be employed, the use of other strategies is certainly possible and should be considered. We
further propose distinctions between emotion regulation strategies and aspects of the emotion
generation process itself to be vital for evaluating and maintaining emotional health during
LDSE. Indeed, negative emotional responses might ultimately pose less threat for a Mars
mission than the degree to which they can be effectively modulated by the individual.

We also acknowledge that assessment of emotion regulation is not without its challenges.
A number of validated self-report instruments are available, such as the Emotion Regulation
Scale [88] and the Difficulties in Emotion Regulation Scale [89], but individuals differ
considerably in terms of their emotional awareness and understanding. The experience of an
emotion is also quite easily confounded with its regulation, and subjective reports may not align
with actual behavior, particularly in extreme environments. For these reasons, our second
recommendation includes integrating observational and/or physiologic assessments with self-

reports.

2) Multi-method approaches can improve the reliability of subjective reports of emotional

health. Self-report questionnaires are easy to use, uncomplicated to analyze, and can be
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administered across multiple participants and time points. Unstructured reports such as daily
diaries provide another option for capturing subjective emotional responses and may be less
subject to social desirability bias. However, missing data, superficial responses, and a lack of
comparability across participants are major challenges of this approach. Self-report
questionnaires also have limitations, including restricted response formats that may in turn limit
a measure’s sensitivity and predictive validity.

Visual analog scales (VAS) represent a useful hybrid of subjective assessment
approaches. Unlike questionnaires that include a narrow range of response option (e.g., from 0 to
3), VAS permit continuous reports of subjective experience by allowing respondents to mark a
line (either on paper or electronically, using a movable slider) that is anchored only by opposing
constructs or statements at each end (e.g., no anxiety > extreme anxiety). Because individual
marks on a VAS have no interpretable meaning, this format provides a more desirable method of
assessment in populations where social desirability is a concern. Moreover, unlike open-format
journals or diaries, specific constructs and variables of interest can be assessed directly.

All subjective measures nonetheless depend on an individual’s ability to accurately
reflect upon and understand his/her own internal states. This point is central to the measurement
of emotional health because selection of an effective self-regulatory strategy is directly
influenced by one’s ability to correctly identify an emotion as something that should be regulated
[7]. By necessity, astronauts are a highly motivated and self-aware group, but they face a wealth
of other factors that promote reticence in disclosing emotional health information, including job
responsibilities, preservation of crew cohesion, and maintaining flight status. In the context of
LDSE, these issues raise essential questions about the ability of self-report measures to

adequately capture signs and symptoms of emotional risk.
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Because emotions are rooted in underlying neurobiological and physiological processes,
various objective tools and approaches can also be used to evaluate emotional health.
Biofeedback, content analysis of speech patterns, computerized facial analysis software, infrared
thermography, and video analysis of behavior have recently been used to study aspects of
behavioral health in ICE environments [e.g., 90-92]. As one example, biofeedback is a process
that enables individuals to learn how to recognize and alter their physiological activity through
real-time monitoring of brainwave activity, heart rate, respiration, muscle activity, skin
conductance, etc. In a novel study by Vinokhodova and colleagues [92], biofeedback was used to
evaluate dynamics among and compatibility of crew members during the 105-day Mars 500
mission.

A word of caution is also warranted here. Although we emphasize the value of multi-
method approaches, objective measures should not be viewed as superior to subjective reports.
The fact remains that individuals vary greatly in their experience, expression, and tolerance of
emotional responses to stressful situations/events. An emotion that is felt as too intense or
distressing for one crew member might be experienced as highly tolerable and manageable for
another; information that objective measures may be unable to provide. Accordingly, it is the
combination of different assessment approaches that is valuable rather than relying on any one

individual measure.

3) Precise emotional constructs need to be delineated to guide valid measure selection. Mood,
affect, and emotion represented overlapping constructs, but they are not interchangeable. These
distinctions are particularly salient as they relate to LDSE given the need to efficiently and

accurately evaluate risk. Previous studies conducted in ICE environments have seldom
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considered precise constructs of interest a priori, resulting in inappropriate measure selection and
interpretation of findings. The POMS and PANAS, for example, are commonly used but in the
absence of a clear basis for their selection. In addition to distinctions between mood states and
dimensions of affect, the POMS and PANAS can be administered using different temporal
instructions [45] but information regarding the administration of these measures is rarely
reported.

The use of shortened and/or modified versions of previously-validated questionnaires is
also common. Such measures may lessen the assessment burden for crew members and reduce
the number of data points to be aggregated, but the drawbacks of modifying a valid instrument in
the absence of establishing it’s psychometric properties might outweigh any benefits. Even
minor modifications to an established measure can undermine its reliability and, in turn, any
inferences drawn.

Building on the previous point, many of the self-report questionnaires used in ICE
environments were not designed to be administered in the ways they are commonly used. For
example, daily or even weekly administration of the same set of questions inflates systematic
error. Practice effects, resulting from awareness of specific items and/or boredom, decrease
reliability by artificially inflating the relationship between measurement points. Even in the
absence of practice effects, the auto-regressive nature of repeated measurements is seldom
considered. Thus, attention should be directed to how assessment schedules directly impact the

constructs being assessed.

4) A focus on positive in addition to negative emotion can provide a more complete

understanding of individual risk and resilience. Understanding of emotional health in space and
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other ICE environments has primarily been concerned with detecting negative emotional
responses. Positive responses (sometimes referred to as salutogenic effects) including feelings of
accomplishment, vitality, and awe are nonetheless common [18,20]. We propose the significance
of studying positive emotions for LDSE to be three-fold. First, better understanding of the
presence and absence of positive emotions would provide a more complete understanding of risk.
Many of the stressors present during a Mars mission, including sleep loss [e.g., 23,24] and
altered light/dark cycles [e.g., 93,94] have been shown to exert more dramatic influence on
positive rather than negative emotions. Furthermore, reductions in positive emotion have been
shown to be a unique risk factor for psychological distress, even after controlling for the
presence of negative emotions [95].

Second, prospective assessment of positive emotion is better suited to reveal insights into
processes of resilience and effective emotion regulation than purely negatively-focused
approaches. It is clear from the broader research literature that positive emotions generally help
buffer against stress [96]. Certain coping strategies, such as problem-focused coping and positive
appraisals of stressful events are associated with greater positive affect and serve to predict
longer-term psychological health [97]. The experience of positive emotion has also been shown
to facilitate successful implementation of emotion regulation strategies [e.qg., 98].

Third, a joint focus on positive as well as negative emotions might serve to both increase
intra-individual variability of responses and improve the validity of self-reports. We have
highlighted some specific challenges and factors that motivate denial and/or minimization of
negative emotions during LDSE. Assessment approaches that balance negative with positive-
valanced items conceivably provide greater protection against socially-desirable response

patterns and thus increase the likelihood of capturing signs and symptoms of risk.
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6.0 Limitations and Conclusion

Despite the comprehensive nature of the current report, some limitations should be
acknowledged. The scientific rigor of the studies included in our review varied dramatically,
some with more serious methodological flaws than others. Further, a host of cognitive symptoms
and behavioral deficits not considered in the current report can reflect potent markers of
emotional distress. However, because far less is known about the emotional responses that pose
risk for LDSE, we focused on emotional constructs specifically. Ultimately, we hope that the
theoretical model referenced, conceptual distinctions, and recommendations presented here will
serve to stimulate a new direction of emotion-focused research in the years leading up to a

successful Mars mission.
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TABLE 1: Evidence for Changes in Emotional States in Isolated, Confined and Extreme Environments

Avrticle Emotion Measures Changes in Changes in Comment
Negative Emotion Positive Emotion

Spaceflight

Kanas et al., 2001a Profile of Mood States NC NC

Kanas et al., 2001b  Profile of Mood States NC NC

Kanas et al., 2006  Profile of Mood States NC NC

Kanas et al., 2007  Profile of Mood States NC NC

Ritsher, Kanas, Profile of Mood States NC/- NC Reanalysis of previously reported data;

Ihle, Saylor, 2007 comparison of within mission to pre-
mission scores

Stuster, 2016 Diary entry analysis +/- +/-

Space Simulation: 105-day

Gemignani etal.,  Profile of Mood States NC NC

2014

Kanas etal., 2011  Profile of Mood States +/- + Cultural differences in NA were observed
between American and European crew
members.

Nicolas, Sandal, Beck Depression + -

Weiss, & Inventory-II,

Yusupova, 2013 Positive and Negative

Affect Schedule

Kanas et al., 2010  Profile of Mood States +/- +

Schneider et al., Mood Meter +/- +/- Authors note that mood both decreased

2010 and increased, but mood decreased during
first half of mission.

Space Simulation: MARS 500

Solcova & Mood Adjective Checklist - +

Solcova, 2014 (UWIST)

Antarctic Winterover

Palinkas et al., Profile of Mood States +/-/INC X

2004a
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Palinkas & Profile of Mood States +/-INC -INC
Houseal, 2000
Palinkas et al., Structured Clinical + X Based on post-winterover diagnoses,
2004b Interview Guide for however different measures were used at
Hamilton Depression pre- and post- winterover
Rating Scale, Seasonal
Affective Disorders
version
Decamps & 59-item observational grid ~ +/- X
Rosnet, 2005
Palinkas & Depression items from + X Unclear whether depressive symptom
Browner, 1995 Health and Daily Living changes based on the HDLF or another
Form (HDLF) index of 18 symptoms described in
methods.
Grantetal., 2007  Center for Epidemiologic NC X
Studies Depression Scale;
Subjective Health + X
Complaints;
Positive and Negative - -
Affect Schedule
Chengli et al., Profile of Mood States NC -
2003
Polar Expeditions
Atlis et al., 1994 Positive and Negative +/- +/- Both positive and negative affect
Affect Schedule fluctuated across the expedition, though
positive affect was generally higher than
negative affect.
Kahn & Leon, Hopkins Symptom NC/+ X One person was evacuated for severe
2000 Checklist; anxiety but other participants showed no
Stress Arousal Checklist change from pre-deployment to Antarctic
McCormick et al.,  Hopkins Symptom NC NC Antarctic measures compared to pre-

1985

Checklist;
Stress Arousal Checklist
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Leon et al., 2004 Positive and Negative
Affect Schedule

Leon et al., 1989 Profile of Mood States

NC/+

+/-

NC/-

+/-

EMOTIONAL HEALTH IN SPACE

Positive affect was stable for 6 weeks
before declining in the final week of the
expedition (week 7) Negative affect was
more variable but increased for all
participants during the final week.

Note: Only studies assessing changes in emotional states during ICE periods are included in table.

+ increase; - decrease; NC No change; X not measured
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