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Background: To anticipate the dynamics of future long-distance space exploration

mission (LDSEM) teams, research is conducted in analog environments (e.g., Antarctic

expeditions, space chamber simulations), or environments that share key contextual

features of LDSEM such as isolation and confinement. We conducted a systematic

review of research conducted on teams in LDSEM-analog environments to identify which

factors have been examined with quantitative research, and to summarize what the

studies reveal about team dynamics in LDSEM-analog environments.

Methods: We used a comprehensive search strategy to identify research on teams that

lived and worked together. Data on team dynamics were extracted where possible, and

sources were coded for key contextual features. The data did not lend themselves to

traditional meta-analysis. We used two approaches to summarize the data: a weighted

averages approach when the study reported enough data to calculate an effect size, and

descriptive figures when data across studies were directly comparable.

Results: Seventy-two sources met our inclusion criteria, yielding 253 effect sizes

and 1,150 data points. Results from our weighted averages approach suggested

that the team cohesion and performance relationship may be operating differently in

isolated and confined environments than other teams that lived and worked together

(e.g., military teams), and that, given the available data, we can say very little about

the magnitude and direction of the relationship. Our descriptive figures revealed

important trends: (a) team members in longer missions generally spent less social time

together than shorter missions; (b) consistent team efficiency over time was typical,

whereas decreased team efficiency over time was atypical; (c) by 40% of mission

completion or 90 days, all teams reported at least one conflict, (d) commanders’

written communication with mission control decreased in length over time, and (e)

team mood dynamics did not consistently support the third-quarter phenomenon.
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Conclusions: There are inherent limitations to our study, given the nature of the analog

research (e.g., correlational studies, small sample size). Even so, our systematic review

provides key insights into team dynamics in LDSEM-analog environments. We discuss

the implications of our research for managing future space crews. Importantly, we also

provide guidance for future research.

Keywords: team dynamics/processes, space exploration, astronaut, conflict, small sample, analog, over time

changes, teams and groups

INTRODUCTION

Extreme teams help to solve complex problems outside of
traditional performance environments and have significant
consequences associated with failure (Bell et al., 2018). As a
type of extreme team, astronaut crews will be expected to
live and work under psychologically and physically demanding
conditions for future long-distance space exploration missions
(LDSEMs), such as missions to Mars (Salas et al., 2015b). For
example, LDSEM astronaut crews will be required to function
effectively as a team in isolated and confined environments for
up to 30 months (Human Exploration of Mars Design Reference
Architecture [DRM] 5.0; Drake, 2009). LDSEMs will require
crews to operate more autonomously as their communication
with mission control (MC) will be delayed up to 22min (DRM;
Drake, 2009). Crewmembers will switch between periods of high
and lowworkload, as well as between individual and team tasks. It
will be necessary for the LDSEM crew to work together seamlessly
for demanding team performance situations such as landing
on Mars, keep conflicts manageable, and provide one another
with social support as crewmembers deal with the stressors of
prolonged space flight.

Rationale
The National Aeronautics and Space Administration (NASA)
and other space agencies seek to optimize team performance to
minimize the risk of mission failure, and work with researchers
from various scientific disciplines to prepare for future LDSEM
missions. While meta-analytic investigations of important team
relationships exist (e.g., team cognition, cohesion, composition,
and performance), these investigations include traditional work
team samples and findings may not necessarily generalize to the
LDSEM context (Beal et al., 2003; Bell, 2007; DeChurch and
Mesmer-Magnus, 2010; Bell et al., 2011). As such, researchers
collect data in spaceflight and Earth-based analog environments,
which are thought to mimic the challenges crews will encounter
in LDSEM, to best design, prepare, and support future LDSEM
crews and mission teams. Research on natural analogs examines
teams that exist outside of research purposes; examples include
polar stations in the Antarctic, where teams conduct scientific
research while living in an isolated and harsh environment
(e.g., Leon et al., 2011). Research in controlled analogs includes
teams that exist specifically for research purposes; examples
include teams in HI-SEAS, Human Exploration Research Analog
(HERA) at Johnson Space Center, and the NEK facility at the

Russian Academy of Science’s Institute of Biomedical Problems
(e.g., Ushakov et al., 2014; Binsted, 2015; Roma, 2015).

Analog settings share similar characteristics of LDSEMs
expected to challenge crews and possibly impinge on team
dynamics. As examples, analog crews live in a confined space (i.e.,
small living and working spaces with minimal privacy, physical
discomfort), are isolated from others (i.e., limited interaction
with others outside the crew, difficulty in communicating with
family), are surrounded by a harsh physical environment (i.e.,
an environment in which survival is not possible without
special equipment), have variable workload (i.e., a high and
low volume of work at different periods), and have long-
duration missions (i.e., the team works together for an extended
period of time). Each analog may have its strengths and
weaknesses given that not all of the environmental factors
may be present in a particular analog. For example, crews in
Antarctic stations experience physical confinement and isolation,
but are typically isolated as smaller crews for shorter periods
than is expected for LDSEMs. They also have environmental
cues not available in spaceflight (e.g., daylight). Crews in space
simulations (e.g., HUBES, SFINCSS) may experience isolation
and confinement but are typically not surrounded by a harsh
physical environment.

Research on teams in analog environments has a rich
history. In fact, a number of factors (e.g., compatibility and
cohesion, mood, communication, conflict, performance) have
been investigated in natural analogs (e.g., Antarctic; Wood et al.,
1999; Steel, 2001), space simulations (e.g., HUBES, Mars 105,
SFINCSS; Gushin et al., 2001; Sandal, 2004; Nicolas et al., 2013),
and isolated and confined laboratory settings (e.g., Emurian
et al., 1984) dating back to at least the 1960s (e.g., Gunderson
and Nelson, 1963; Altman and Haythorn, 1965; Gunderson and
Ryman, 1967). This research suggests several dynamics unique to
the LDSEM-analog settings.

As examples, while a meta-analysis of the traditional team
literature suggests that the team cohesion and team performance
relationship is generally small (Beal et al., 2003), team cohesion
may be of particular significance when crewmembers live and
work together and rely on one another for social support (Landon
et al., 2015). Astronaut journals collected in the International
Space Station (ISS) reveal a decreasing number of positive
comments about team interaction over the course of a mission
(Stuster, 2010). Further, problems associated with poor unit-
level team cohesion such as subgrouping and isolation can occur,
which have implications for conflict, information sharing, and
team performance (Kanas, 1998; Kanas et al., 2009).
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The psychological health of the crew is likely to be important
for LDSEMs as crews will be living and working in an extreme
environment for an extended duration. Communication between
space crews and MC is thought to provide information about
the crew’s psychological health and the crew’s psychological
climate. Analysis of a space crew’s communication withMC is the
standard operating procedure of the psychological support group
in Russian MC and is used to examine crews’ emotional status
and the communicators’ coping strategies (Gushin et al., 2012,
2016). Among other things, research by Gushin et al., 1997, 2012
indicated that crews decreased the scope and content of their
communication to outside personnel over time—a phenomenon
called psychological closing.

Some crews have reported changes in mood over time. The
third quarter phenomenon is the tendency for positive mood
levels to decrease while negativemood levels and conflict increase
after the midpoint of the mission (Bechtel and Berning, 1991;
Steel, 2001; Dion, 2004; Kanas, 2004; Wang et al., 2014). Though
mood is typically measured in LDSEM-analog research as an
individual-level variable, researchers sometimes use the team
mean of individual-level mood scores to represent team mood.
Teammood is important because it contributes to team emotion,
which is defined as a team’s affective state that arises from
bottom-up components such as affective composition, and top-
down components such as affective context (Kelly and Barsade,
2001). Team emotion starts with individual-level moods and
emotions and is then shared with the team either implicitly
through emotional contagion or explicitly through means such
as affect management. Environmental context such as lighting
and physical layout can affect moods (see Kelly and Barsade,
2001). Thus, a better understanding of how team mood changes
over time is necessary, especially given the extreme conditions
expected for LDSEMs, such as living in a small transit vehicle with
no natural light. The aforementioned evidence on team cohesion,
communication, and mood are examples of findings that may be
unique to the LDSEM context; this underscores the importance
of examining team phenomena in LDSEM-analog environments.

While a body of research examines teams in analog
environments, to date, it has not been quantitatively summarized.
A quantitative summary of the analog team research is important
for several reasons. First, it summarizes what we know about
teams in LDSEM analog environments, given the available data.
Specifically, it can provide insights into how team dynamics may
unfold over time for LDSEM teams, and be used to benchmark
typical and atypical team dynamics in the LDSEM environment.
It also can identify potential threats to LDSEM team dynamics
and performance. Second, it can help guide future research in
analog environments by identifying what areas are in need of
more research, new areas for research, and strategies that aid with
knowledge accumulation over time. Guidance for future research
is particularly important given the expense and time required to
collect analog research.

Objectives and Research Questions
The primary purpose of our research was to provide an overall
picture of the available data on team dynamics and performance
in LDSEM-analog environments. To do this, we systematically

reviewed quantitative research conducted on teams in LDSEM-
analog environments.We answer two primary questions with our
systematic review: (1) which factors have been examined with
quantitative research, and (2) what do these studies reveal about
team dynamics in LDSEM-analog environments?

METHODS

Study Design and Inclusion Criteria
Typically, meta-analysis is preferred for integrating estimates
of the same relationship of interest across studies; it allows
us to generate cumulative knowledge about a set of studies.
The benefits of meta-analysis over narrative reviews have been
widely noted (see Glass, 1976; Schmidt and Hunter, 2015).
Early in our review process, however, we suspected that most
studies conducted on teams in analog environments would not
lend themselves to traditional meta-analysis. Frequentist meta-
analytic techniques can be inappropriate when a limited number
of studies have examined a particular relationship or when
sample sizes or data do not permit the calculation of an effect
size, for example, when data are only reported for a single
team. Further, a review of the analog research at the individual-
level determined that traditional meta-analytic techniques were
inappropriate (e.g., Shea et al., 2011). Given this, our general
approach (e.g., search strategies, coding) was consistent with
best practices in meta-analysis in organizational psychology (e.g.,
Schmidt and Hunter, 2015); however, we retained a broader set
of studies and ultimately used alternative analytic approaches
to summarizing the data. Our reporting is consistent with the
PRISMA guidelines (Moher et al., 2009) to the extent that they
apply to non-medical systematic reviews.

We sought to be as inclusive as possible while also striving
to ensure that the data were relevant to understanding team
dynamics in an LDSEM environment. We applied three general
inclusion criteria. First, we retained sources that reported
quantitative data from teams in LDSEM-analog environments,
however, we excluded descriptive case studies and narrative
reviews. Second, we identified and included only team-level data
(as opposed to individual-level data). We excluded articles that
reported individual-level data that were not tied to a particular
team (e.g., Bartone et al., 2002), or that were tied to a large polar
station (>40 people) but not to a team or a small station (e.g., Doll
and Gunderson, 1971; Palinkas et al., 1989). Third, we included
research in which members of the focal team (e.g., the “crew”
analog) live and work together for a period. We provide more
detail on this decision next.

Defining an LDSEM-analog environment has challenges
because a particular extreme environment (e.g., Antarctic winter-
overs) may only share some of the same characteristics expected
of LDSEM. All analogs are imperfect approximations of LDSEM,
and researchers must weigh the importance of different features
of the context in understanding the phenomena of interest.
Because of this, we broadly defined LDSEM-analog research as
research in which members of the focal team (e.g., the “crew”
analog) live and work together for a period. We included military
teams when they were expressly described as intact teams (e.g.,
combat teams; Ko, 2005; Lim and Klein, 2006) even if the
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research did not explicitly mention that the unit lived together.
We did not include military or firefighter training exercises when
it was unclear whether the team lived together either while at
training or while not at training (e.g., Oser et al., 1989; Hirschfeld
and Bernerth, 2008). We excluded sources that included data
on children (e.g., Tyerman and Spencer, 1983). We coded
features of the analog environment and sample characteristics
as moderators, rather than excluding studies based on specific
features of the analog (e.g., mission length, autonomy). We chose
this approach so that we couldmake comparisons across different
conditions (e.g., in isolated and confined setting, non-isolated
confined settings; how phenomena change over time), as opposed
to designating arbitrary cutoffs related to fidelity. It is important
to note, however, that our decision criteria led to the inclusion
of some missions in which teams lived and worked in an isolated
and confined setting for shorter-durations (e.g., 6 and 10 days).
We retained these in order to be able observe any potential
changes over time, but note that they have lower fidelity in
regards to duration.

Search Strategy
We used a comprehensive search strategy to obtain quantitative
research on teams in LDSEM-analog environments. Our efforts
included: (1) searches of 13 databases that ranged from general
databases such as Google Scholar and EBSCOhost, specialized
databases such as the Military and Government Collection and
space agency databases and technical report repositories (e.g.,
NASA, ESA, JAXA); (2) searches of specific journals such as Acta
Astronautica, Aerospace Medicine and Human Performance,
Human Factors; (3) contacting 29 researchers that we identified
through the NASA taskbook, our project contact at NASA, or
because they frequently publish in the area (e.g., Vinokhodova,
Leon); (4) posts to listservs (e.g., Science of Team Science,
INGRoup, relevant Academy of Management area listservs);
and (5) a review of reference lists of key articles, including
those from which we were able to obtain an effect size (e.g.,
Gunderson and Ryman, 1967; Emurian and Brady, 1984), reviews
of similar domains (e.g., Schmidt, 2015), and recent technical
reports on team research funded by NASA (e.g., Bell et al., 2015b;
Burke and Feitosa, 2015; DeChurch and Mesmer-Magnus, 2015;
Gibson et al., 2015; Smith-Jentsch, 2015). The search process
included research published until November 2016. Researchers
were contacted in May 2015.

Data Sources, Studies Sections, and
Data Extraction
In total, we identified approximately 309 sources (e.g., books,
technical reports, dissertations, journal articles, and conference
papers) for possible inclusion. To better understand the nature of
the available data, we sorted the 309 sources into three categories:
(1) sources that included quantitative data with a team-level
sample size of 5 or greater, for which a team-level effect size
between a predictor and criteria related to team functioning
could be generated; (2) sources that included quantitative data
on fewer than 5 teams or only data for one variable over time;
and (3) sources that did not provide relevant data for our
quantitative review. Sources in the third category were excluded

from further review. The decision to exclude an article was
agreed upon by at least two members of the research team.
Seventy-two sources were retained for inclusion and coded for
fidelity characteristics and other moderators, and the quantitative
data on team dynamics. Of these, 11 different sources (e.g.,
journal articles, technical reports) provided enough information
to calculate effect sizes representing the relationship between a
predictor and a criterion related to team functioning, and 61
different sources reported quantitative data on team dynamics
over time in LDSEM-analog environments but did not include
enough data to calculate an effect size.

To extract data, two coding forms were created: one for coding
effect sizes and one for coding data (e.g., means and standard
deviations) related to team dynamics over time. When a source
reported data on 5 or more teams and a predictor and team
outcome relationships, we coded or calculated an effect size,
either r or Spearman’s r. For sources with a team sample size
<5 we coded quantitative data such as means (or another team-
level representation) and within-team standard deviation, when
available, for team dynamics across time. We included data that
were presented numerically as well as those presented in figures,
except when the approximate value reported in the figure could
not be reasonably estimated (e.g., due to ambiguities in labeling
of the axis).

Coding forms were similar in that both captured
characteristics of the source, the sample, fidelity characteristics,
and information about the predictor and/or criteria. In addition,
a codebook with definitions of the variables and descriptions
for the different categories for each variable was developed.
We coded fidelity characteristics when they were described or
could be reasonably assumed by two independent coders, given
the descriptions provided in the sources. We used the Internet
to locate information about specific simulations or Antarctic
stations to complete missing fidelity information, where possible.

We coded study design as: (a) descriptive, (b) correlational, (c)
quasi-experimental, and (d) experimental. We coded the degree
of similarity between the sources’ samples and the anticipated
characteristics of LDSEM crews in terms of demographic
differences (e.g., gender, national background). We coded
the fidelity of the team to the characteristics expected for
LDSEM crews. Studies were coded as occurring in dangerous
environments when the setting had features that required
individuals to use special equipment (e.g., winter-overs in
Antarctic) or posed an imminent threat (e.g., polar bear threat).
Studies were coded as isolated when team members were limited
in physical interaction with outside parties for a substantial
period of time during the study, and confined when they
primarily operated in a highly restricted space. For example,
winter-overs in small Antarctic stations or space simulations were
coded as an isolated and confined environment. Autonomy was
coded as high, moderate, low, or not reported. Many studies did
not describe the level of autonomy in detail and were coded
as “not reported.” Mission length was coded as the total of
number of days in the team’s life span. Ongoing teams such as
firehouses (e.g., Kniffin et al., 2015) were coded to the max of the
distribution (e.g., 730 days). We also coded crew size, workload
amount and variability, how the crew communicated with those
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outside of the focal crew (e.g., mission control) and whether there
was a time delay in the communication.

Coder Training and Agreement
The second and third authors served as coders for this study.
The primary author trained the coders on the coding scheme
described in the previous section. Coders first received a coding
sheet and a codebook that provided descriptive information
about each category of variables. All three authors then used the
codebook and coding sheet to independently code three articles.
The three authors met to discuss the coding, observe areas of
agreement and disagreement, and make modifications to the
coding sheet and codebook. Next, all three authors recoded the
initial set of articles to help establish a frame of reference that
incorporated the modifications made to the coding documents.
Disagreements about the coding were resolved during a follow-
up meeting using a consensus approach. After the second round
of coding, a common set of 5 articles was coded to determine
the efficacy of the coding process and to establish decision
rules. When there was little disagreement (i.e., <3 disagreements
across the variables coded in the studies), two coders coded the
remaining articles. A randomly sampled common set of coded
articles indicated that initial agreement, prior to the consensus

meeting between coders, was relatively high (mean agreement of
87% on the variables that were coded). Discrepancies between
the two coders were discussed and agreement was reached using
a consensus approach. When consensus could not be reached
with certainty between the two coders, the coders met with the
primary author to discuss how the characteristic in question
should be coded. After the coding was completed, we inspected
the data sets to better understand the nature of the data, to
determine the appropriateness of meta-analysis for summarizing
the data, and to determine the best way to summarize the
available evidence.

Analytical Strategy
Although we were able to locate a relatively large amount of
data for our review, the small sample sizes in most studies (e.g.,
<5 teams) and the variety of relationships examined in the
effect size studies, suggested the majority of the data did not
lend themselves to traditional meta-analytic techniques. Thus,
we used the following approaches. First, when the team factor
and team outcome relationship could be represented using an
effect size, we calculated a weighted average of the effect size
from the local (analog) population and the relevant meta-analytic

FIGURE 1 | PRISMA 2009 Flow diagram. Moher et al. (2009).
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estimate from the traditional teams literature as a minimum-
variance estimate.We used this approach as a means of balancing
the precision that meta-analysis can provide in estimating a
relationship across multiple settings with the high uncertainty
(especially due to small sample sizes, etc.) but localness that a
specific effect size generated in an LDSEM-analog environment
can provide. We also calculated the average inaccuracy of the
estimates and used these to create 95% credible intervals to
quantify the uncertainty of the estimates.

We used equations 1, 2, 3, and A12 fromNewman et al. (2007)
in forming our weighted averages. We used estimates frommeta-
analyses in the extant literature (e.g., Beal et al., 2003; LePine
et al., 2008; Bell et al., 2011) to inform the prior probability
distribution. We only generated an estimated distribution of the
true population local validity when there was a relevant meta-
analytic effect reported in the extant literature that could inform
our prior distribution. This limited the number of relationships
we estimated and narrowed the effects to team performance as
the outcome. Further, even with performance as the outcome,
there were a number of relationships for which we could not
locate relevant meta-analyses; the relationships between leader-
member exchange—the idea that leaders have relationships with
their followers that vary in quality (Graen and Uhl-Bien, 1995)—
and team performance, and between personality characteristics
(e.g., conscientiousness) of the leader and team performance
are examples. We also did not locate relevant meta-analyses
for many of the personality and needs variables examined by
Gunderson and Ryman (1967), such as wanted affection and
nurturance personality. Finally, there were two estimates from
military teams [e.g., shared mental models from Lim and Klein
(2006) and collectivism from Ko (2005)] that were already
included in meta-analyses that would have been used in the
calculation of the weighted averages [(DeChurch and Mesmer-
Magnus, 2010); and Bell (2007) respectively]; we did not estimate
local validity of these two estimates. We corrected the observed
correlations in a given analog study for unreliability of the
predictor and criterion in order to match the corrections used
in meta-analyses that were used to inform our prior distribution.
Althoughwewould have preferred not to correct the local validity
estimates for unreliability because of the small sample sizes on
which they were based, the majority of the variances used to
inform the prior distributions were corrected for unreliability.
Newman et al. (2007) indicate the importance of ensuring that
the prior and local effects have the same corrections. When
reliability was not reported, we used the closest estimation
of reliability from the most similar research in our data set.
When the correction resulted in an estimate >1, we did not
compute a weighted average. This is because the weighted
averages approach relied on the z transformation, which for
values over 1 is undefined. Values exceeded 1 for correlations
from Gunderson and Nelson (1963) and Gunderson and Ryman
(1967), which were based on the same source data (e.g., self-
report cooperation and performance) and exceeded 0.90 prior
to correction.

Second, when the number of teams included in the study was
too few to generate an effect size, and when data across studies
were comparable, we descriptively summarized the data on team

dynamics over time via a series of figures. We plotted team
dynamics over time when data were comparable (e.g., similar
scales, similar response formats), and reported for at least three
different teams across at least two different data sources (e.g.,
articles, conference presentations). We plotted team dynamics
over time in terms of mission days and over relative time. Relative
time was calculated as the mission day divided by the total
mission length. Relative mission time was examined given that
some effects for factors such as team cohesion and conflict, are
thought to different because of the point of the team in the
lifespan (e.g., third quarter phenomenon) rather than themission
day itself.

RESULTS

Flow Diagram of the Studies Retrieved for
the Review
Figure 1 depicts the flow diagram of the studies retrieved
for review.

Study Selection and Characteristics
Eleven sources (e.g., journal articles, technical reports) provided
enough data (team n ≥ 5) to generate 253 team-level effect
sizes that represent a team factor (e.g., team cohesion) and team
outcome (e.g., team performance) relationship. We refer to this
as our effect size data set. Sixty-one sources included data on
team functioning from fewer than 5 teams; from these sources we
were able to glean 1,150 data instances (i.e., data collected on one
or more variable at a particular time point) to benchmark team
dynamics in LDSEM-analog environments over time.We refer to
this as our benchmarking data set. We provide a summary of the
fidelity characteristics of our samples in Supplementary Table 1.

Synthesized Findings
Our first research question asked: what factors related to
team dynamics has quantitative research examined in analog
environments? In the effect size data set, the majority of
effects (i.e., 102 effects across 9 studies) represented the
relationship between a predictor and team performance. Forty-
seven effects across 6 studies represented the relationship
between a predictor and cohesion or compatibility, and the
remaining effects represented a variety of outcomes that differed
across studies. The specific predictor and criterion relationship
examined varied across studies. Predictors included inputs,
emergent states, and team process variables (see Marks et al.,
2001), personality (e.g., Gunderson and Ryman, 1967), values,
leader-member exchange, and team-member exchange (e.g., Ko,
2005), compatibility and cohesion (e.g., Gunderson and Nelson,
1963), mental models (e.g., Lim and Klein, 2006), conflict
(e.g., Seymour, 1970), leadership (e.g., Lim and Ployhart, 2004),
ability, experience, mood, exploratory search, and planning
(e.g., Knight, 2015). Outcome variables included performance
effects (e.g., accomplishment, accuracy, time to completion,
efficiency, and quality), emergent states, team processes, and
other team dynamics such as cohesion, team mood, egalitarian
atmosphere, viability, team-member exchange, leader-member
exchange, exploratory search, and cooperation. The data were
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largely dependent (i.e., the 253 effects came from only 11 different
sources), and a variety of predictor and outcome relationships
were examined. Only the relationship between measures of
cohesion (e.g., compatibility, spending time together) and
team performance was examined in more than 3 independent
samples (k= 6).

In the benchmarking data set, team factors included emergent
states, team processes, outcomes, and additional team dynamics
markers. For example, emergent states included team cohesion
(e.g., Allison et al., 1991; Vinokhodova et al., 2012), and team
processes included conflict and interpersonal relations (e.g., Leon
et al., 2004; Šolcová et al., 2014). Outcomes included performance
(e.g., Emurian and Brady, 1984) and more subjective outcomes
such as satisfaction (e.g., Bhargava et al., 2000; Leon et al.,
2004). Finally, other dynamics markers, such as team mood (e.g.,
Kahn and Leon, 2000; Steel, 2001; Bishop et al., 2010), were
commonly reported in analog studies. A full list of all team
factors examined for the effect size and benchmarking data sets
is available in Supplementary Table 2.

Our second research question asked what quantitative
research reveals about team functioning in LDSEM-analog
environments. We discuss the results of the weighted
averages approach, and descriptive figures benchmarking
team dynamics next.

Weighted Averages Approach
We used our weighted averages approach to provide the
best possible estimate of the magnitude and direction of the
relationships between team factors and team outcomes in
the analog environments, given the available data. Figure 2

summarizes the weighted averages results, the credible intervals
around the estimates, and displays the forest plot. Specific
information about the local validity information obtained from
LDSEM-analog studies, the meta-analytic effects that we used
in the calculation of the weighted averages, and the estimated
posterior distributions are provided in Supplementary Table 3.
Local validity estimates include team performance with cohesion,
age homogeneity, education homogeneity, team learning,
planning, team task-relevant experience, cooperation, and
transformational leadership.

First, we discuss the team cohesion and team performance
relationships. Studies 1, 3, and 5 (as noted in Figure 2) were
conducted on teams in isolated and confined environments
(ICE); each of these studies measured team cohesion and team
performance with different operationalizations. Estimates 7 and
13 reflect the team cohesion and team performance relationships
for teams that are sometimes used as LDSEM-analogs but which
are not isolated or confined for extended periods (non-ICE).

That data suggest that with 95% certainty, we cannot speak to
the direction or size of the team cohesion and team performance
relationship in ICE. For example, estimate 1 reflects the estimated
results for the team cohesion and team performance relationship
for data collected in Antarctic stations where team cohesion was
operationalized as self-rated compatibility of station members,
and team performance was operationalized as self-rated station
achievement. The mean estimated validity is −0.10, and with
95% certainty, we estimate that the true population validity

falls between −0.46 and 0.28. This is rather imprecise, as
the prediction interval includes large, moderate, and small
negative effects, no effect, and small and moderate positive
effects. Conversely, with 95% certainty, we can describe the team
cohesion and team performance relationship in the firehouses
studied as positive and small to moderate (i.e., estimate 7), and
in the special operations military teams studied, as positive and
moderate to large (estimate 13).

Data for a few additional relationships other than team
cohesion and team performance were also available. The age
homogeneity and team performance (Figure 2, Estimate 2)
and the educational level homogeneity and team performance
relationships (Figure 2, Estimate 4) in an ICE (e.g., Antarctic
station winter-over) were estimated with a large degree of
imprecision; the prediction interval included positive, negative
and no effect. Conversely, with 95% certainty, the true population
effect between cooperation and team performance is estimated to
be positive and large (Figure 2, Estimates 11, 12) for firehouses
and special operations teams. Finally, with 95% certainty, the
true population effect between transformational leadership and
team performance for special operations teams, and the true
population effect between team task-relevant expertise and team
performance for military training teams are positive and exceed
a small effect (Figure 2, Estimates 9, 10).

Taken together, there is a high degree of imprecision
associated with estimates of the true predictor and team
performance relationships from studies with teams in ICEs.
Specifically, unlike most of the estimated relationships from
teams in non-ICE, given the current data, if we retain a 95%
level of certainty, we have limited to no understanding of the
size or direction of the relationship of team cohesion and team
performance observed in multiple ICE, age homogeneity and
team performance in an ICE, and educational homogeneity and
team performance in an ICE.

Benchmarking Team Functioning
Over Time
Next, we benchmarked team dynamics over time in studies with
sample sizes too small to generate a between-team effect size,
but for which data were comparable (e.g., similar measures,
similar response formats) on at least three different teams from
at least two different data sources (e.g., articles, conference
presentations). With this requirement, we were able to generate
figures on cohesion, efficiency, team conflict, communication
with MC, and team mood.

Team Cohesion
While we identified several studies with cohesion data reported
over time from 5 or fewer teams, these data were collected using
a variety of cohesion operationalizations making it difficult to
directly aggregate and make for meaningful comparisons across
settings. We were able to benchmark a subset of this data by
identifying 3 sources with data from 11 teams spending time
together (e.g., social activities, eating meals). We classified these
activities as evidence as social cohesion. Figure 3A illustrates
team cohesion across mission days. Figure 3B plots team
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FIGURE 2 | Estimated distributions for the predictor and team performance relationship in analog environments. ICE = analog team was in an ICE environment (e.g.,

Winter-overs in Antartica) NO = team was living and working together but not in an ICE. Hmgnt = Homogenity. Task-rel Exp = task-relevant experience. Trnsfrm Ldr

= Transformational Leadership. The square represents the weighted average local validity population estimate (ρposterior) and the bar represents the 95% credible

interval. Specific estimates are provided in the right column as per ρposterior [95% credible interval]. The credible interval can be interpreted as follows: there is a 95%

chance that the true population predictor and team performance relationship (ρ) is between the first number and the second number. Number in the left column

indicates the analog data source. 1. Gunderson and Nelson (1963), Outcome = self-report team achievement, Antarctic stations; 2 and 4 from Gunderson and

Ryman (1967), Outcome = team accomplishment, mixed sources, Antarctic stations; 3. Emurian and Brady (1984), outcome = performance on lab task; 10-day

isolated lad experiment; 5. Nelson (1964), outcome = supervisor ratings of individual performance aggregated within station, Antarctic station; 6, 8, and 9 Knight

(2015), outcome = team’s time and number of obstacles completed in a final challenge task, military training; 7 and 11 Kniffin et al. (2015), outcome = supervisor

rating of performance, firehouses; 10, 12, 13. Ko (2005), outcomes = team performance, mixed sources, special operations teams.

cohesion over relative time (i.e., the mission day divided by the
total mission length).

The data reported suggests some fluctuations in cohesion over
time. However, two patterns are present. First, it appears team
members spend more time together during shorter missions.
The Concordia, Tara Drift, and Mars 500 missions lasted for
268, 507, and 520 days, respectively. In comparison to shorter
missions [i.e., Emurian et al., 1978, 1985], which lasted for 6,
10 and 12 days, team members in longer simulations generally
spent less social time together. There was one exception to this:
time together increased sharply at certain points for a team at
Concordia station. These instances could have been the result of
significant events at the station during those periods (Tafforin
et al., 2015). It is important to note that we included shorter-
duration missions to avoid an arbitrary cut off and to observe
changes over time. The stark contrast between shorter-duration
and longer-duration missions on time spent together suggest
limited usefulness of shorter-duration studies in understanding
team cohesion for LDSEM.

Team Performance
Homeostat was used to collect data on team performance
across a number of space simulations (e.g., HUBES, SFINCSS).
Homeostat is a computer task in which, under time pressure, a
team solves tasks that require the coordinated action of the whole

team (Eskov, 2011). A number of metrics can be assessed using
Homeostat, including an efficiency metric (Csh) and leadership
tactics. Figure 4A is a plot of team efficiency across mission days.
Figure 4B is a plot of team efficiency over relative time.

The data suggest that three teams (i.e., a team in EXEMSI
and two of the teams in SFINCSS simulations) were relatively
consistent in terms of efficiency over time. The HUBES team
decreased steadily in efficiency over time. One of the SFINCSS
teams (Group 3) had a sharp decline in efficiency early in the
simulation and then steadily increased during the remainder of
the simulation.

Descriptive information on team dynamics in the HUBES
and SFINCSS simulations implicate ineffective role structure
and conflict as possible triggers of the performance decrements
of HUBES and SFINCSS–Group 3. Specifically, in addition to
measures of efficiency, the Homeostat also collects information
on leadership tactics by individual team members as a
means of understanding the leadership structure used while
completing the task. For SFINCSS group 3, Vinokhodova
et al. (2002) indicated that the data did not suggest that a
role distribution structure had sufficiently developed. Further,
the SFINCSS simulation also included a New Year’s Eve
incident between a member of another group and a woman
in Group 3 of the simulation, which led to tension between
crews (Sandal, 2004). The sharp decrease in effectiveness in
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FIGURE 3 | (A) Team cohesion over time. (B) Team cohesion over relative time. Emurian et al. (1978), Emurian et al. (1985), Tafforin (2015).

the SFINCSS Group 3 depicted in Figure 4A also happened
around this time. For HUBES, Sandal (2001) reports that
there was evidence of an unstable crew structure; specifically,
the commander’s leadership was challenged during the first
8 to 10 weeks of the mission. Further, crew relations in
the simulation were marked by interpersonal tension and
alienation of one crew member during later parts of the
experiment. Taken together, this may suggest ineffective role
structure, conflict, and alienation as possible threats to
team efficiency.

Team Conflict
A few sources (k = 4) reported conflict scores over time
for 8 different teams using 2 types of conflict metrics (e.g.,
total number of conflicts reported, Likert scale). Figures 5A,B

summarize data that were comparable across multiple teams
from different analog environments for the total number of
conflicts reported within crews. Data do not show a consistent
trend across teams. Some teams are more variable than others
in the number of conflict incidents per month, while others
are more stable. Some teams report conflict early on, while
others do not. By 40% of the mission completion (with this
data the equivalent of at least 90 days) all teams had reported
a least one instance of conflict. No team had more than six
instances of conflict per month with a given target (i.e., the
crew or MC).

Communication With Mission Control (MC)
Gushin et al. have examined crew communication with MC
in several studies (e.g., Gushin et al., 1997, 2001; Gushin
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FIGURE 4 | (A) Team efficiency over time. (B) Team efficiency over relative time. Le Scanff et al. (1997), Vinokhodova et al. (2001), Eskov (2011).

and Yusupova, 2003) and have reported comparable data,
which allowed us to plot the total duration of crew–MC
audio-communication sessions (in seconds) over time (see
Figures 6A,B), as well the average report length per week of
the commander’s end-of-day report to MC (see Figures 7A,B).
For the SFINCSS, HUBES, and ECOPSY simulations, audio
communication paralleled the standards of Mir in that 30min
were made available for audio communication every 90min in
the daily schedule but use of the time was not required. At the end
of each day, the commander submitted a written report to MC
on mission status and fulfillment of the daily schedule (Gushin
et al., 1997, 2001). Data in Gushin and Yusupova (2003) was
collected by researchers listening to crew-MC communication
once a week (for ISS mission 1) and twice a week (for ISS
mission 2).

As depicted in Figures 6A,B, patterns of average audio-
communication length between the commander and MC

were inconsistent across teams. It is interesting to note, that
the HUBES crew that had decreasing efficiency over time
(Figure 4A) also had shorter audio communication with MC
over time (Figures 6A,B). As depicted in Figures 7A,B, average
mission report length to MC per week decreased over the course
of the mission in SFINCSS, EXEMSI, and ECOPSY. Gushin
et al. (2012) describe this as the closing of a communication
channel, or psychological closing. Psychological closing can
include a decrease of the communication volume throughout
isolation, decrease in the issues discussed, and preference for
communication partners.

It should be noted that there is a wealth of specific details (e.g.,
negative statements, jokes) that can be gleaned and assessed via
content analysis of within- and between-group communications.
Our figures here only reflect report length and total time for
audio communication, which were reported in the same format
across multiple teams. We refer the interested reader to Gushin
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FIGURE 5 | (A) Team conflict over time. (B) Team conflict over relative time. Steel (2001), Basner et al. (2014).

et al. (2012) and Tafforin (2015) for more detail on the range of
communication parameters that have been examined.

Team Mood
Multiple studies reported the affect of team members using
Profile of Mood States (POMS; Shacham, 1983; Curran
et al., 1995). POMS captures individuals’ mood via self-report
ratings on six dimensions using a 5-point Likert scale. The
dimensions are tension-anxiety, depression-dejection, anger-
hostility, fatigue-inertia, confusion-bewilderment, and vigor-
activity. To arrive at an overall total mood disturbance score,
the first five subscales listed are summed and then the vigor-
activity subscale is subtracted. Team mood is captured with the
average total mood disturbance across the team. Figures 8A,B
show team mood over time and team mood over relative time,
respectively. Figure 8A shows that the MARS 500 crew reported
elevated total mood disturbance compared with teams in other

LDSEM-analog environments, although it should be noted that
the scaling reported for Scott Base was 0 to 4 instead of 1 to
5 as in the other simulations. Thus, the winter-over at Scott
Base may have ratings more similar to Mars 500. Both studies
that included teams in ICE for a year or more (e.g., Mars 500,
an Antarctic winter-over) showed a spike in team total mood
disturbance around the 1-year mark, and this was confirmed in
the text of the studies reporting the data (e.g., Steel, 2001; Wang
et al., 2014). Figure 8B, which shows total mood disturbance over
time relative to the proportion of the mission complete, does not
support a clear third-quarter phenomenon at the team level.

Team mood also has been operationalized in LDSEM-analog
environments as the team mean of self-report ratings on the
positive and negative mood components of the Positive and
Negative Affect Schedule (PANAS; Watson et al., 1988, see
Leon et al., 2004, 2011, for examples). Figures 9A,B,10A,B,
show the relationship between affect operationalized as the team
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FIGURE 6 | (A) Team communication with mission control over time. (B) Team communication with mission control over relative time. Gushin et al. (1997), Gushin

et al. (2001), Gushin and Yusupova (2003).

mean PANAS scores over time. Figures 9A, 10A show team
positive affect over time and relative time. Figures 9B, 10B

show team negative affect over time and relative time. For
team negative affect over relative time, three of seven LDSEM-
analog teams show an increased negative affect during the
third quarter.

Risk of Bias
There are two key risks of bias in our systematic review. First,
publication bias may be a problem, especially given the small
sample sizes associated with analog research. More extreme
findings are more likely to be published. Small sample sizes
compound the issue because the extreme findings are less
likely to replicate. Given this, we made a focused effort to
obtain unpublished research. Second, there were two potential
biases associated with our weighted analyses approach. Some

of the effect sizes used in our weighted averages approaches
were based on very small sample sizes, which may influence
the normality of the local validity distribution. We based
our weighted averages approach on Newman et al. (2007)
local validity Bayesian estimation approach. However, the local
validity Bayesian approach is only regarded as Bayesian when
the distribution of the local estimate is normally distributed.
Because it is not possible for us to test this assumption without
access to raw data, we referred to our approach as taking a
weighted average.

Further, due to the limited amount of data in different
analog conditions, we were unable to estimate potential bias
due to certain moderators such as whether the analog study
was conducted in an ICE or non-ICE environment. However,
Newman et al. (2007) indicates that the accuracy of their local
validity Bayesian estimation approach holds true even in the
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FIGURE 7 | (A) Commander report length over time. (B) Commander report length over relative time. Gushin et al. (1996b); Gushin et al. (1997), Gushin et al. (2001).

presence of true moderators (e.g., teams that perform in ICE
environments, for example, where the ICE/non-ICE context
moderates the observed predictor and outcome relationship).
Even so, we acknowledge that because we cannot assess or model
the bias that may be present due to combining a local effect
size from an ICE environment with a meta-analytic effect from
non-ICE environments, we are trading an unknown amount
of bias to generate a minimum variance estimate. If raw data
were available, it would be better to do a full Bayesian analysis
that takes into account sampling variability at the local level,
as well as any bias in using a meta-analytic estimate based on
the broader team literature as the prior distribution. Given the
limitations of available data, however, we believe our weighted
averages approach provides the best estimate of the team
predictor and outcome relationships in the specific LDSEM-
analog environment. Further, given the limitations of the data
from sources, which had fewer than 5 teams, we believe our
descriptive figures best represent the data.

DISCUSSION

LDSEMs such as human missions to Mars are of increasing
interest to NASA, space agencies, and private sector
organizations. Conducting research in analog environments
provides a means for understanding team dynamics for a
potential LDSEM mission as well as other teams operating
in similar ICE environments (e.g., oil drilling teams). Analog
research on team dynamics has a long history dating back to at
least the 1960’s, thus it is important for researchers and agencies
to learn from the past analog research to inform future analog
research and prepare for future space exploration. The primary
goal of this research was to summarize the existing quantitative
evidence on team dynamics in LDSEM-analog environments.

Summary of Main Findings
Our study has three key takeaways. First, there is an extensive
research base on teams in LDSEM-analog environments. We
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FIGURE 8 | (A) Team mood disturbance over relative time. (B) Team mood disturbance over relative time. Palinkas and Houseal (2000), Steel (2001), Vinokhodova

et al. (2002), Sandal (2004), Wang et al. (2014).

were able to locate 72 different sources reporting quantitative
research. Although there are quite a few studies that have
examined teams in LDSEM-analog environments, the major
of the studies had too small of a sample size to generate
a between team effect size. Inconsistency in how the same
construct was measured across studies further limited the ability
to make comparisons across studies. Second, team dynamics are
dependent on specific aspects of the context. For example, the
team cohesion and team performance relationship was positive
and strong for teams that lived and worked together but not
in isolation and confinement (e.g., special forces teams), while
little could be said about the relationship between team cohesion
and team performance for teams in isolation and confined
environments—an important aspect of LDSEM. Further, team
dynamics varied greatly over time, underscoring the importance
of temporal considerations and fidelity in analog environments.
Third, we were able to document and provide interesting insights
into how team dynamics unfold over time. These benchmarking

figures provide insights into how team dynamics may unfold over
time for LDSEM teams, benchmark typical and atypical team
dynamics in the LDSEM, and identify potential threats to LDSEM
team dynamics and performance. More detail on specific findings
is provided next.

Results from our weighted averages approach suggest that
the team cohesion and team performance relationship may be
operating differently in isolated and confined environments (e.g.,
Antarctic stations, laboratory research with ICE characteristics)
than in traditional work team environments. While we can
confidently state that the relationship between team cohesion
and team performance in non-ICE studies (e.g., firehouses,
special operations teams) is positive and small to large, and
similar to previous meta-analytic estimates (Beal et al., 2003),
we cannot draw any conclusions about the direction and
magnitude of the relationship between team cohesion and team
performance in isolated and confined environments. Despite the
limitations of such results, our findings highlight the importance
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FIGURE 9 | (A) Team positive affect over time. (B) Team positive affect over relative time. Kahn and Leon (2000), Steel (2001), Atlis et al. (2004), Leon et al. (2004),

Leon et al. (2011), Nicolas et al. (2013). Binsted (2015) provided unpublished data that may be later published. Because of the level of granularity of these figures, the

data are not displayed.

of examining the effects of team cohesion on team performance
in isolated and confined environments, and provide a cautionary
note about generalizing findings from teams sometimes used
as analogs that live and work together (non-ICE) to teams
operating in isolated and confined environments. Similarly,
limited information on other team factors (e.g., age homogeneity,
education level homogeneity) and team performance inhibited
us from estimating the true population validity of specific
relationships in isolated and confined environments. Bringing
further clarity to team cohesion for LDSEM, our figures that
benchmarked team cohesion over time revealed that teams in
shorter-duration missions spent more time with each other
(an operationalization of team cohesion) than longer-duration
teams. These results suggest limited usefulness of shorter-
duration studies in understanding team cohesion for LDSEM.

As part of our quantitative review of team dynamics
in LDSEM-analog environments, we also explored our
benchmarking data set for trends in team dynamics over

time (i.e., team efficiency, team conflict, team communication,
team mood). Beginning with team efficiency, crews must
coordinate and complete mission tasks in an efficient manner
in order to achieve mission success (Salas et al., 2015a). Based
on the available data, team efficiency in LDSEM-analog settings
was relatively consistent across time; it was atypical for team
efficiency to decrease over time. In uncommon situations
in which team efficiency decreased during missions (see
Vinokhodova et al., 2001; Eskov, 2011), researchers implicate
ineffective role structure and conflict as possible triggers of the
performance decrements (Sandal, 2001, 2004; Vinokhodova
et al., 2001), suggesting that such factors are key threats to team
efficiency. Further, the primary focus of team performance in
LDSEM-analog environments has been efficiency. LDSEM will
likely have team performance demands beyond team efficiency.
For example, the team may need to be creative in order to use
scare resources effectively, which suggests an expanded view of
team performance in analog research is needed.
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FIGURE 10 | (A) Team negative affect over time. (B) Team negative affect over time. Kahn and Leon (2000), Steel (2001), Atlis et al. (2004), Leon et al. (2004), Leon

et al. (2011), Nicolas et al. (2013). Binsted (2015) provided unpublished data that may be later published. Because of the level of granularity of these figures, the data

are not displayed.

In contrast to team efficiency, intrateam conflict data greatly
varied over time in LDSEM-analog settings, such that data do
not show a consistent trend across teams. However, all teams
reported at least one conflict within the team or with mission
control by 40% of the mission completion or 90 days. Given
that all teams engage in at least some conflict in extended
mission, and will likely have to resolve these conflict incident
rather autonomously, it is important to better understand
conflict and effective conflict management strategies in LDSEM-
analog settings.

With regard to team communication in LDSEM-analog
settings, communication between crews and mission control is
thought to provide valuable information about the psychological
health of the crew and the interpersonal climate within the crew.
It is interesting to note that one of the crews that demonstrated
decreased efficiency over time (i.e., HUBES crew) also had
shorter audio communication with mission control over time.

Moreover, commanders’ written communication with mission
control across several missions were in line with the psychological
closing phenomenon in that the length of commanders’ reports to
mission control decreased over time (Gushin et al., 1997, 2012).
Analysis of communication is likely to provide a fruitful means
for understanding team dynamics.

As for team mood—operationalized as total mood
disturbance or positively affectivity—there was inconsistent
support for the third quarter phenomenon (Steel, 2001; Dion,
2004; Kanas, 2004; Wang et al., 2014); however, three of seven
LDSEM-analog teams reported an increase in negative affect in
the third quarter of their missions. The two teams in particular
that were studied for an extended period (i.e., greater than
a year) both reported an increase in total mood disturbance
approximately 1 year into the mission. These findings are
important to note in light of the fact that team mood plays an
instrumental role in team dynamics (e.g., Kahn and Leon, 2000;
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Steel, 2001). They suggests that it is prudent to better understand
the effects of extended isolation on team mood for LDSEM.

Limitations
The results described should be considered in light of the
limitations of this research. In our attempt to quantitatively
summarize team dynamics in LDSEM-analog environments,
we were limited by the empirical research available within the
extant literature (e.g., small sample size, correlational). The
validity coefficients from the LDSEM-analog studies used in
our analyses are based on small sample sizes. When weighted
average analyses are based on smaller sample sizes, there is more
uncertainty regarding how well an observed effect in a given
sample reflects the true population validity. To help address
this issue, based on the available data, we calculated improved
estimates of the true population team predictor and team
criterion relationships in an LDSEM-analog environment by
inversely weighting the variances of the validity coefficients from
the LDSEM-analog studies and the meta-analytic estimates of
the same team predictor-criterion relationships from the extant
literature. Additionally, we calculated the average inaccuracy
of the estimates to generate 95% credible intervals regarding
the uncertainty of the estimates. This approach afforded us
the precision associated with meta-analytic estimates while
accounting for the localness associated with a specific effect size
from an LDSEM-analog environment.

Moreover, the studies included in our quantitative review
were almost exclusively descriptive or correlational in design (see
the work by Emurian and colleagues for a notable exception).
With this is mind, we cannot make causal statements about the
relationships examined in our review, nor can we disentangle
the effects of one team predictor from another. Consequently,
we encourage researchers to employ experimental and quasi-
experimental designs to identify key threats to team dynamics
and performance in LDSEM-analog settings. We acknowledge
the limitations of this data (e.g., small sample size, correlational).
Importantly, however, this is the data that we currently have for
understanding team dynamics in LDSEM-analog environments.

Future Directions for Research
Despite the limitations of this study, our findings provide insight
into several potentially fruitful areas for research in regards to
content, and research approaches related to extreme teams. In
general, it seems that research should be prioritized when the
nature of the relationship would be most likely to change as a
function of the LDSEM context. One area in need of research is
team affect. While most of the team mood data presented in this
article were generated from aggregated individual-level data (for
a notable exception see Šolcová et al., 2013), applying a team-
level perspective and conducting investigations on team affect
and team affect management could provide a more in-depth
understanding of the role of affect in crew performance and crew
member well-being. For example, team affect tends to become
more homogenous through mechanisms such as emotional
contagion (Totterdell et al., 1998), which could be magnified
by specific characteristics of the LDSEM context (e.g., isolation
and confinement). Also, crew composition factors (e.g., national

diversity) could influence the emergence of team affect, norms
for affective suppression or sharing, and the effectiveness of
affect management approaches. Considering the unique features
of ICE, further exploration of team affect, emotions, emotion
regulation, and affect management in ICE across diverse crews
and over time is warranted. Further, given that spikes in total
mood disturbance were observed at the 1 year mark for studies in
which teams both teams were in extended isolation, it is prudent
to better understand the effects of extended isolation for LDSEM.

A second area in need of research is conflict management.
LDSEMs provide a unique context in which conflict will need to
be managed. Given the significant communication delays with
those on Earth as teams travel into deep space, the teams will
likely need to effectively manage conflict with at least some
degree of autonomy. Our data suggest that at some point conflict
is likely to occur between the crew, or between the crew and
mission control. Indeed, LDSEMs are likely to be a situation
where the crew will face competing or inconsistent priorities.
For example, if more than one mission control is utilized for
a particular mission, competing information may be given in
regards to priorities (e.g., perform a function that requires the
whole crew; require an individual adheres to a particular exercise
schedule), which could create ambiguity in how crewmembers
should allocate their time and resources. Crewmembers are likely
to be diverse in a number of ways (e.g., professional, national
background) which could also lead to misunderstandings or
competing priorities (e.g., maintenance of the space vehicle,
complete the science experiment) and potentially cause intra-
team conflict (Bell et al., 2015a). The extent that crews effectively
manage conflict will be of great importance given the expected
durations of the space missions, the inability for crewmembers to
leave, and the limited and delayed communication with mission
control possibly compounding issues between the team and
mission control. A better understanding of conflict and the
conflict management cycle as teams live and work together in
extended isolation and confinement is prudent.

In addition to their effects on team performance, conflict
management and affect are important areas for future research
because they will likely play a critical role in a team’s resilience.
While researchers are working diligently to mitigate all potential
threats to team effectiveness, LDSEM crews will inevitably
face challenges. A key aspect of correctly composing, training,
and providing countermeasure support to crews will include
consideration of the crew’s resilience, defined as the capability
to withstand and recover from stressors, pressure, or challenges
(Alliger et al., 2015). Crewmembers’ challenges may range from
subtle changes that result in a less than ideal team state (e.g.,
the general decline in positive mood) to events that are more
acute in nature (e.g., dispute related to the involvement of MC
in conflict management). Regardless of the specific challenge,
team resilience will likely be critical to the success of crews on
LDSEMs. Future research should examine the effects of specific
manipulations of stressors on crew resilience as well as the
effects of subtle changes that occur during a team’s life cycle on
crew resilience.

We believe the decline in team efficiency during the HUBES
simulation and the dip in team efficiency for one of the teams
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during the SFINCSS simulation provide interesting directions for
future research in LDSEM-analog settings. Several researchers
(e.g., Sandal, 2001; Vinokhodova et al., 2001) suggested that
the decline might have been due to intra-team conflict and
instability in or a lack of established leadership structure. Given
the autonomy of the crew at long-distances from Earth, and the
likelihood that crews will include individuals from both high
and low power distance countries, a better understanding of the
conditions needed for teams to establish a workable leadership
structure, and the process for ensuring crews high in gender
and cultural diversity can effectively resolve status conflict is
necessary (Bendersky and Hays, 2012).

Finally, a number of methodological recommendations can
be made for future research. First, sample sizes in high fidelity
environments to LDSEM, particularly ICE, are likely to be small.
Where possible, data should be collected in such a way that
they can be aggregated and compared across multiple studies.
Ideally, enough data should be collected to generate an effect
size. The normality of the data could be reported (or even better,
the raw data) to allow future summaries to ensure the data
are being appropriately modeled. When the sample size is too
small to allow an effect size to be generated, data on key team
constructs (e.g., team efficiency, communication, mood, and
cohesion) should be collected with a common set of measures.
Analog research on mood has consistently relied on the PANAS
and POMS which made comparisons across studies possible.
Researchers at the Russian Academy of Science’s Institute of
Biomedical Problems and some individual researchers (e.g.,
Leon) have consistently collected data using the same measures,
which allowed us to report many of the figures in this article.
In addition, NASA’s Human Research Program is adopting a
standardized set of measures to be collected across NASA analogs
that includes measures such as team conflict, team cohesion,
and team mood as well as other constructs. For key constructs
(e.g., conflict, mood, cohesion), it is essential that analog research
use the same measures so that the data better lend itself to the
eventual culmination of studies.

Second, continued research is needed on small sample sizes.
As an example, some meta-analytic approaches (e.g., Bayesian,
Fisherian) calculate sample variance as 1/n and others as 1/(n-
3) (Brannick, 2001), and the Schmidt and Hunter (2015) method
uses n-1 in the denominator of their random effectsmeta-analysis
of correlations. As Brannick (2001) states, “if the sample is so
small that the choice of n or n-3 is critical, then the researcher
has a more serious issue to confront, namely, how to collect
more data” (p. 469). Unfortunately for analog researchers, more
data is not likely to be a feasible option for many studies.
While differences in how sampling variance is calculated and
the ability to calculate sampling variance at small sample sizes
may generally be less of an issue in traditional meta-analyses,
it is an important issue for the eventual culmination of team
LDSEM-analog research. Future research may wish to explore
the accuracy of the different meta-analytic approaches for use
with extremely small sample sizes (e.g., correlations based on 3

to 7 teams) through simulations as well as develop alternative
versions of quantitative aggregation for small sample sizes.
Continued advances in analytics that can best represent small
sample size data is likely to be important for space research as
well as extreme teams in general (Bell et al., 2018).

CONCLUSIONS

Future space exploration teams will be required to work
effectively under complex and dangerous conditions to
successfully accomplish their missions. With an understanding
of team dynamics in LDSEM-analog environments, we can
minimize potential threats to mission success while optimizing
team performance. While an extensive research base exists that
examines teams in LDSEM-analog environments, small sample
sizes make traditional forms of meta-analysis inappropriate.
Importantly, however, this is the data that we have for
understanding team dynamics for future LDSEMs. Given this,
we used a weighted averages approach to generate minimum
variance estimates of team predictor and outcome relationships,
and generated descriptive figures depicting team dynamics over
time. Our systematic review of quantitative research on teams
in LDSEM-analog settings summarizes what we know about
team dynamics for future LDSEM, and provides guidance for
future research.

AUTHOR CONTRIBUTIONS

STB developed the analytic approach, designed the search process
and coding forms, conducted data analyses, and wrote aspects
of the manuscript. SGB and TM conducted extensive literature
searches, coded articles included in the review, generated tables
and figures, and wrote aspects of the manuscript.

ACKNOWLEDGMENTS

This work was supported by contract NNJ15HK18P awarded
to the first author from the National Aeronautics and Space
Administration (NASA). There are some similarities between this
article and our longer technical report submitted to the funding
agency, NASA/TM-2016-219280. All opinions expressed herein
are strictly those of the authors and not necessarily those of the
sponsoring organization.

We thank Alan H. Feiveson for providing insight into
potential risks of bias with our weighted averages approach. We
thank Alla Vinokhodova and Gloria Leon for helping us obtain
some limited circulation publications with valuable data, and
Kim Binsted and Pete Roma for sharing unpublished data.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2019.00811/full#supplementary-material

Frontiers in Psychology | www.frontiersin.org 18 May 2019 | Volume 10 | Article 811

https://www.frontiersin.org/articles/10.3389/fpsyg.2019.00811/full#supplementary-material
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Bell et al. LDSEM Team Dynamics and Performance

REFERENCES

Alliger, G. M., Cerasoli, C. P., Tannenbaum, S. I., and Vessey, W. B. (2015).
Team resilience: how teams flourish under pressure. Organ. Dyn. 44, 176–184.
doi: 10.1016/j.orgdyn.2015.05.003

∗∗Allison, M. T., Duda, J. L., and Beuter, A. (1991). Group dynamics in the
Himalayas. Int. Rev. Soc. Sport 26, 175–191. doi: 10.1177/101269029102600303

Altman, I., and Haythorn, W. W. (1965). Interpersonal exchange in isolation.
Sociometry 28, 411–426. doi: 10.2307/2785992

∗∗Arnaldi, K. M., Smith, G., and Thropp, J. E. (2015). Human behavior during
spaceflight: evidence from an analog environment. J. Aviat. Aerosp. Educ. Res.
25, 27–71. doi: 10.15394/jaaer.2015.1676

∗∗Atlis, M. M., Leon, G. R., Sandal, G. M., and Infante, M. G. (2004).
Decision processes and interactions during a two-woman traverse of
Antarctica. Environ. Behav. 36, 402–423. doi: 10.1177/00139165032
62217

Bartone, P. T., Johnsen, B. H., Eid, J., Brun, W., and Laberg, J.
C. (2002). Factors influencing small-unit cohesion in Norwegian
Navy officer cadets. Milit. Psychol. 14, 1–22. doi: 10.1207/S1532787
6MP1401_01

∗∗Basner, M., Dinges, D. F., Mollicone, D. J., Savelev, I., Ecker, A. J., Di Antonio,
A., et al. (2014). Psychological and behavioral changes during confinement
in a 520-day simulated interplanetary mission to Mars. PLoS ONE 9:e93298.
doi: 10.1371/journal.pone.0093298

Beal, D. J., Cohen, R. R., Burke, M. J., and McLendon, C. L. (2003). Cohesion and
performance in groups: a meta-analytic clarification of construct relations. J.
Appl. Psychol. 88, 989–1004. doi: 10.1037/0021-9010.88.6.989

Bechtel, R. B., and Berning, A. (1991). “The third-quarter phenomenon: do
people experience discomfort after stress has passed?,” in From Antarctica

to Outer Space: Life in Isolation and Confinement, eds A. A. Harrison, Y.
A. Clearwater, and C. P. McKay (New York: Springer Verlag), 261–266.
doi: 10.1007/978-1-4612-3012-0_24

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

Bell, S. T. (2007). Deep-level composition variables as predictors of
team performance: a meta-analysis. J. Appl. Psychol. 92, 595–615.
doi: 10.1037/0021-9010.92.3.595

Bell, S. T., Brown, S. G., Outland, N. B., and Abben, D. R. (2015b). Critical Team
Composition Issues for Long-Distance and Long-Duration Space Exploration:

A Literature Review, An Operational Assessment, and Recommendations for

Practice and Research (NASA/TM-2015-218568). Houston, TX: Johnson Space
Center, National Aeronautics and Space Administration.

Bell, S. T., Fisher, D., Brown, S., and Mann, K. (2018). An approach for
conducting actionable research with extreme teams. J. Manage. 44, 2740–2765.
doi: 10.1177/0149206316653805

Bell, S. T., Villado, A. J., Lukasik, M. A., Belau, L., and Briggs, A. L.
(2011). Getting specific about demographic diversity variable and team
performance relationships: A meta-analysis. J. Manage. 37, 709 −743.
doi: 10.1177/0149206310365001

Bendersky, C., and Hays, N. A. (2012). Status conflict in groups. Organ. Sci. 23,
323–340. doi: 10.1287/orsc.1110.0734

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

∗∗Binsted, K. (2015). Third-Quarter Syndrome and Affect Synchronization

on Long-Duration Space Exploration Analog Missions. Unpublished report
obtained from the author.

∗∗Bishop, S. L., Kobrick, R., Battler, M., and Binsted, K. (2010). FMARS 2007:
Stress and coping in an arctic Mars simulation. Acta Astronaut. 66, 1353–1367.
doi: 10.1016/j.actaastro.2009.11.008

Brannick, M. T. (2001). Implications of empirical Bayes meta-analysis for test
validation. J. Appl. Psychol. 86, 468–480. doi: 10.1037/0021-9010.86.3.468

Burke, C. S., and Feitosa, J. (2015). Team Culture for Long-Duration Exploration

Missions (NASA/TM-2015-218587). Houston, TX: Johnson Space Center,
National Aeronautics and Space Administration.

Curran, S. L., Andrykowski, M. A., and Studts, J. L. (1995). short form of the
profile of mood states (POMS-SF): psychometric information. Psychol. Assess.
7, 80–83. doi: 10.1037/1040-3590.7.1.80

∗∗Décamps, G., and Rosnet, E. (2005). A longitudinal assessment of psychological
adaptation during a winter-over in Antarctica. Environ. Behav. 37, 418–435.
doi: 10.1177/0013916504272561

DeChurch, L. A., and Mesmer-Magnus, J. R. (2010). The cognitive underpinnings
of effective teamwork: a meta-analysis. J. Appl. Psychol. 95, 32–53.
doi: 10.1037/a0017328

DeChurch, L. A., and Mesmer-Magnus, J. R. (2015). Maintaining Shared Mental

Models Over Long-Duration Space Exploration Missions (NASA/TM-2015-

218590). Houston, TX: Johnson Space Center, National Aeronautics and
Space Administration.

Dion, K. L. (2004). Interpersonal and group processes in long-term spaceflight
crews: Perspectives from social and organizational psychology. Aviat. Space
Environ. Med. 75, C36–C43.

Doll, R. E., and Gunderson, E. E. (1971). The influence of group size on perceived
compatibility and achievement in an extreme environment. Pers. Psychol. 24,
305–310. doi: 10.1111/j.1744-6570.1971.tb02478.x

Drake, B. G. (2009). Human Exploration of Mars Design Reference Architecture

(DRM) 5.0. (NASA/SP-2009-P-2566). Houston, TX: Johnson Space Center;
National Aeronautics and Space Administration.

∗∗Ehmann, B., Balazs, L., Fülöp, É., Hargitai, R., Kabai, P., Peley, B., et al. (2011).
Narrative psychological content analysis as a tool for psychological status
monitoring of crews in isolated, confined and extreme settings. Acta Astronaut.
68, 1560–1566. doi: 10.1016/j.actaastro.2010.01.021

∗Emurian, H. H., and Brady, J. V. (1984). Experimental analysis of Team

Performance Effectiveness: Incentive and Training Factors. (Report Submitted to

the Office of Naval Research Under Contract No. N00014-80-C-0467). Baltimore,
MD: Johns Hopkins University School of Medicine.

∗∗Emurian, H. H., Brady, J. V., Ray, R. L., Meyerhoff, J. L., and Mougey, E. H.
(1984). Experimental analysis of team performance. Naval Res. Rev. 36, 3–19.

∗∗Emurian, H. H., Emurian, C. S., and Brady, J. V. (1978). Effects of a pairing
contingency on behavior in a three-person programmed environment. J. Exp.
Anal. Behav. 29, 319–329. doi: 10.1901/jeab.1978.29-319

∗∗Emurian, H. H., Emurian, C. S., and Brady, J. V. (1985). Positive and negative
reinforcement effects on behavior in a three-person programmed environment.
J. Exp. Anal. Behav. 44, 157–174. doi: 10.1901/jeab.1985.44-157

∗∗Eskov, K. N. (2011). Evaluation of the efficiency of interpersonal
interaction in a long-term isolation experiment. Hum. Physiol. 7, 879?882.
doi: 10.1134/S0362119711070115

Gibson, C., McIntosh, T., Mulhearn, T., Connelly, S., Day, E. A., Yammarino,
F., and Mumford, M. D. (2015). Leadership/Followership for Long-Duration

Exploration Missions (NASA/TM-2015-218567). Houston, TX: Johnson Space
Center, National Aeronautics and Space Administration.

Glass, G. V. (1976). Primary, secondary, and meta-analysis of research. Educ. Res.
5, 3–8. doi: 10.3102/0013189X005010003

Graen, G. B., and Uhl-Bien, M. (1995). Relationship-based approach to leadership:
development of leader-member exchange (LMX) theory of leadership over 25
years: applying a multi-level multi-domain perspective. Leader. Q. 6, 219–247.
doi: 10.1016/1048-9843(95)90036-5

∗Gunderson, E. K., and Nelson, P. D. (1963). Measurement of Group Effectiveness

in Natural Isolated Groups. (Report No. 63-16). San Diego, CA: Navy Medical
Neuropsychiatric Research Unit.

∗Gunderson, E. K., and Ryman, D. (1967). Group Homogeneity, Compatibility

and Accomplishment (No. NMNRU-67-16). San Diego, CA: Navy Medical
Neuropsychiatric Research Unit.

∗Gunia, B. C., Sipos, M. L., LoPresti, M., and Adler, A. B. (2015). Sleep leadership in
high-risk occupations: an investigation of soldiers on peacekeeping and combat
missions.Military Psychol. 27, 197–211. doi: 10.1037/mil0000078

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

∗∗Gushin, V., and Yusupova, A. (2003). “Preliminary results of isolated crew’s
communication psychological analysis,” in Abstracts for 54th Congress of

International Astronautical Federation, p. G-4. doi: 10.2514/6.IAC-03-G.4.04

Frontiers in Psychology | www.frontiersin.org 19 May 2019 | Volume 10 | Article 811

https://doi.org/10.1016/j.orgdyn.2015.05.003
https://doi.org/10.1177/101269029102600303
https://doi.org/10.2307/2785992
https://doi.org/10.15394/jaaer.2015.1676
https://doi.org/10.1177/0013916503262217
https://doi.org/10.1207/S15327876MP1401_01
https://doi.org/10.1371/journal.pone.0093298
https://doi.org/10.1037/0021-9010.88.6.989
https://doi.org/10.1007/978-1-4612-3012-0_24
https://doi.org/10.3357/AMHP.4195.2015
https://doi.org/10.1037/0021-9010.92.3.595
https://doi.org/10.1177/0149206316653805
https://doi.org/10.1177/0149206310365001
https://doi.org/10.1287/orsc.1110.0734
https://doi.org/10.1177/00139160021972450
https://doi.org/10.1016/j.actaastro.2009.11.008
https://doi.org/10.1037/0021-9010.86.3.468
https://doi.org/10.1037/1040-3590.7.1.80
https://doi.org/10.1177/0013916504272561
https://doi.org/10.1037/a0017328
https://doi.org/10.1111/j.1744-6570.1971.tb02478.x
https://doi.org/10.1016/j.actaastro.2010.01.021
https://doi.org/10.1901/jeab.1978.29-319
https://doi.org/10.1901/jeab.1985.44-157
https://doi.org/10.1134/S0362119711070115
https://doi.org/10.3102/0013189X005010003
https://doi.org/10.1016/1048-9843(95)90036-5
https://doi.org/10.1037/mil0000078
https://doi.org/10.1016/j.actaastro.2011.07.020
https://doi.org/10.2514/6.IAC-03-G.4.04
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Bell et al. LDSEM Team Dynamics and Performance

∗∗Gushin, V. I., Efimov, V. A., and Smirnova, T. M. (1996a). Work
capability during isolation. Adv. Space Biol. Med. 5, 297–307.
doi: 10.1016/S1569-2574(08)60066-0

∗∗Gushin, V. I., Kolinitchenko, T. B., Efimov, V. A., and Davies, C. (1996b).
Psychological evaluation and support during EXEMSI. Adv. Space Biol. Med.

5, 283–295. doi: 10.,1016/S1569-2574(08)60065-9
Gushin, V. I., Yusupova, A. K., Shved, D. M., Shueva, L. V., Vinokhodova, A.

G., and Bubeev, Y. A. (2016). The evolution of methodological approaches to
the psychological analysis of the crew communications with Mission Control
Center. REACH 1, 74–83. doi: 10.1016/j.reach.2016.05.001

∗∗Gushin, V. I., Zaprisa, J. M., Smirnova, T. M., and Popova. (2001).
“Characteristics of Russian and non-Russian crew members’ communication
with external parties under prolonged isolation,” in Simulation of

Extended Isolation: Advances and Problems, ed V. M. Baranov (Moscow:
FirmSLOVO), 85–100.

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

∗∗Hagen, D. H. (1961). Crew Interaction During a Thirty-Day Simulated

Spaceflight: Preliminary Study. San Antonio, TX: School of Aerospace
Medicine, Brooks AFB.

∗∗Hatch, H. G., Algranti, J. S., Mallick, D. L., Ream, H. E., and Stinnett, G. W.
(1964). Crew Performance During Real-Time Lunar Mission Simulation (Tech

Rep. No. NASA TN D-2447).Washington, DC: NASA.
Hirschfeld, R. R., and Bernerth, J. B. (2008). Mental efficacy and physical efficacy at

the team level: inputs and outcomes among newly formed action teams. J. Appl.
Psychol. 93, 1429–1437. doi: 10.1037/a0012574

∗∗Johnson, J. C., Boster, J. S., and Palinkas, L. A. (2003). Social roles and the
evolution of networks in extreme and isolated environments. J. Math. Soc. 27,
89–121. doi: 10.1080/00222500305890

∗∗Kahn, P. M., and Leon, G. R. (2000). Group climate and individual functioning
in an all-womenAntarctic expedition team. J. Hum. Perform. Extr. Environ. 5,
35–43. doi: 10.7771/2327-2937.1005

Kanas, N. (1998). Psychosocial issues affecting crews during long-
duration international space missions. Acta astronaut. 42, 339–361.
doi: 10.1016/S0094-5765(98)00130-1

Kanas, N. (2004). Group interactions during space missions. Aviat. Space Environ.
Med. 75, C3–C5.

Kanas, N., Sandal, G., Boyd, J. E., Gushin, V. I., Manzey, D., North, R., and Wang,
J. (2009). Psychology and culture during long-duration space missions. Acta
Astronaut. 64, 659–677. doi: 10.1016/j.actaastro.2008.12.005

∗∗Kanas, N., Weiss, D. S., and Marmar, C. R. (1996). Crewmember interactions
during a Mir space station simulation. Aviat. Space. Environ. Med. 67, 969–975.

∗∗Kass, R., and Kass, J. (2001). “Team-work during long-term isolation: SFINCSS
experiment group-006,” in Simulation of Extended Isolation: Advances and

Problems ed V. M. Baranov (Moscow: FirmSLOVO), 124–147.
Kelly, J. R., and Barsade, S. G. (2001). Mood and emotions in small

groups and work teams. Organ. Behav. Hum. Decision Proces. 86, 99–130.
doi: 10.1006/obhd.2001.2974

∗Kniffin, K. M., Wansink, B., Devine, C. M., and Sobal, J. (2015). Eating together
at the firehouse: how workplace commensality relates to the performance of
firefighters. Hum. Perform. 28, 281–306. doi: 10.1080/08959285.2015.1021049

∗Knight, A. P. (2015). Mood at the midpoint: affect and change in exploratory
search over time in teams that face a deadline. Organ. Sci. 26, 99–118.
doi: 10.1287/orsc.2013.0866

∗Ko, J. (2005). Impact of Leadership and Team Members’ Individualism-

Collectivism on Team Processes and Outcomes: A Leader-Member Exchange

Perspective. Unpublished doctoral dissertation. The University of Arizona,
Tucson, Arizona.

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

∗∗Krins, P. W. (2009). Beyond the “right stuff”: The Role of Group Processes

in Isolated Confined Extreme Environments. Unpublished doctoral
dissertation, The Australian National University, Australia.

Landon, L. B., Vessey, W. B., and Barrett, J. D. (2015). Risk of Performance and

Behavioral Health Decrements due to Inadequate Cooperation, Coordination,

Communication, and Psychosocial Adaptation Within a Team. Technical
Report. Houston, TX: Johnson Space Center, National Aeronautics and
Space Administration.

∗∗Le Scanff, C., Bachelard, C., Cazes, G., Rosnet, E., and Rivolier, J. (1997).
Psychological study of a crew in long-term spaceflight simulation. Int. J. Aviat.
Psychol. 7, 293–309. doi: 10.1207/s15327108ijap0704_3

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

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

Leon, G. R., List, N., and Magor, G. (2004). Personal experiences and team
effectiveness during a commemorative trek in the High Arctic. Environ. Behav.
36, 386–401. doi: 10.1177/0013916503262215

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

LePine, J. A., Piccolo, R. F., Jackson, C. L., Mathieu, J. E., and Saul, J. R. (2008).
A meta-analysis of teamwork processes: tests of a multidimensional model
and relationships with team effectiveness criteria. Pers. Psychol. 61, 273–307.
doi: 10.1111/j.1744-6570.2008.00114.x

∗Lim, B. C., and Klein, K. J. (2006). Team mental models and team performance: a
field study of the effects of teammental model similarity and accuracy. J. Organ.
Behav. 27, 403–418. doi: 10.1002/job.387

∗Lim, B. C., and Ployhart, R. E. (2004). Transformational leadership: relations to
the five-factor model and team performance in typical and maximum contexts.
J. Appl. Psychol. 89, 610–621. doi: 10.1037/0021-9010.89.4.610

∗∗Luger, T. J., Stadler, A., Gorur, P., Terlevic, R., Neuner, J., Simonsen, O., et al.
(2014).Medical preparedness, incidents, and group dynamics during the analog
MARS2013 mission. Astrobiology 14, 438–450. doi: 10.1089/ast.2013.1128

Marks, M. A., Mathieu, J. E., and Zaccaro, S. J. (2001). A temporally based
framework and taxonomy of team processes. Acad. Manag. Rev. 26, 356–376.
doi: 10.2307/259182

∗∗Mizuno, K., Inoue, N., Kraft, N., Ohshima, H., and Sekiguchi, C. (2001).
“Relationship between aerobic work capacity and mood during SFINCSS-99
project,” in Simulation of Extended Isolation: Advances and Problems, ed V. M.
Baranov (Moscow: FirmSLOVO), 370–379.

Moher, D., Liberati, A., Tetzlaff, J., and Altman, D. G., The, P. R. I. S.
M. A., Group (2009). Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS Med. 6:e1000097.
doi: 10.1371/journal.pmed.1000097

∗∗Natani, K., Shurley, J. T., and Joern, A. T. (1973). “Interpersonal relationships,
job satisfaction, and subjective feelings of competence: their influence
upon adaptation to Antarctic isolation,” in Polar Human Biology, eds
O. G. Edholm and E. K. E. Gunderson (London: Heinemann), 384–400.
doi: 10.1016/B978-0-433-08155-5.50041-8

∗Nelson, P. D. (1964). Compatibility Among Work Associates in Isolated

Groups (No. NMNRU-64-13). San Diego, CA: Navy Medical Neuropsychiatric
Research Unit.

Newman, D. A., Jacobs, R. R., and Bartram, D. (2007). Choosing the best
method for local validity estimation: relative accuracy of meta-analysis
versus a local study versus Bayes-analysis. J. Appl. Psychol. 92, 1394–1413.
doi: 10.1037/0021-9010.92.5.1394

∗∗Nicolas, M., and Gushin, V. (2014). Stress and recovery responses during
a 105-day ground-based space simulation. Stress Health 31, 403–410.
doi: 10.1002/smi.2565

Nicolas, M., Sandal, G. M., Weiss, K., and Yusupova, A. (2013). Mars-105 study:
time-courses and relationships between coping, defense mechanisms, emotions
and depression. J. Environ. Psychol. 35, 52–58. doi: 10.1016/j.jenvp.2013.
05.001

Oser, R. L., McCallum, G. A., Salas, E., and Morgan Jr, B. B. (1989). Toward
a Definition of Teamwork: An Analysis of Critical Team Behaviors (No.

NTSC-89-004). Orlando, FL: Naval Training Systems Center. doi: 10.21236/
ADA212454

Palinkas, L. A., Gunderson, E. K., and Burr, R. G. (1989). Psychophysiological
Correlates of Human Adaptation in Antarctica (No. NHRC-89-5). San Diego,
CA: Naval Health Research Center.

Frontiers in Psychology | www.frontiersin.org 20 May 2019 | Volume 10 | Article 811

https://doi.org/10.1016/S1569-2574(08)60066-0
https://doi.org/10.,1016/S1569-2574(08)60065-9
https://doi.org/10.1016/j.reach.2016.05.001
https://doi.org/10.1037/a0012574
https://doi.org/10.1080/00222500305890
https://doi.org/10.7771/2327-2937.1005
https://doi.org/10.1016/S0094-5765(98)00130-1
https://doi.org/10.1016/j.actaastro.2008.12.005
https://doi.org/10.1006/obhd.2001.2974
https://doi.org/10.1080/08959285.2015.1021049
https://doi.org/10.1287/orsc.2013.0866
https://doi.org/10.1207/s15327108ijap0704_3
https://doi.org/10.1177/0013916502034005006
https://doi.org/10.1177/001391659402600201
https://doi.org/10.1177/0013916503262215
https://doi.org/10.1177/0013916510375039
https://doi.org/10.1111/j.1744-6570.2008.00114.x
https://doi.org/10.1002/job.387
https://doi.org/10.1037/0021-9010.89.4.610
https://doi.org/10.1089/ast.2013.1128
https://doi.org/10.2307/259182
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1016/B978-0-433-08155-5.50041-8
https://doi.org/10.1037/0021-9010.92.5.1394
https://doi.org/10.1002/smi.2565
https://doi.org/10.1016/j.jenvp.2013.05.001
https://doi.org/10.21236/ADA212454
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Bell et al. LDSEM Team Dynamics and Performance

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

∗∗Paul, F. J., Mandal, M. K., Ramachandran, K., and Panwar, M. R. (2010).
Interpersonal behavior in an isolated and confined environment. Environ.
Behav. 42, 707–717. doi: 10.1177/0013916509336889

∗∗Paul, F. U., Mandal, M. K., and Ramachandran, K. (2013). Interpersonal feelings
of personnel in polar environment. Int. J. Res. Soc. Sci. 3, 265–277. Available
online at: http://www.indianjournals.com/ijor.aspx?target=ijor:ijrss&volume=
3&issue=4&article=017.

∗∗Roma, P. (2015). [Team Cohesion in Analog Environments]. Unpublished
raw data.

∗∗Rosnet, E., Cazes, G., and Vinokhodova, A. (1998). Study of the psychological
adaptation of the crew during a 135 days space simulation. Acta Astronaut. 42,
265–272. doi: 10.1016/S0094-5765(98)00123-4

Salas, E., Grossman, R., Hughes, A. M., and Coultas, C. W. (2015a). Measuring
team cohesion observations from the science. Hum. Factors 57, 365–374.
doi: 10.1177/0018720815578267

Salas, E., Tannenbaum, S. I., Kozlowski, S. W., Miller, C. A., Mathieu, J. E., and
Vessey, W. B. (2015b). Teams in space exploration: A new frontier for the
science of team effectiveness. Current Directions in Psychological Science, 24,
200–207. doi: 10.1177/0963721414566448

∗∗Sandal, G. M. (2001). Crew tension during a space station simulation. Environ.
Behavior, 33, 134–150. doi: 10.1177/00139160121972918

∗∗Sandal, G. M. (2004). Culture and crew tension during an International
Space Station simulation; results from SFINCSS’99. Aviat. Space Environ. Med.

75, 44–51.
∗∗Sandal, G. M., and Bye, H. H. (2015). Value diversity and crew relationships

during a simulated spaceflight to Mars. Acta Astronaut. 114, 164–173.
doi: 10.1016/j.actaastro.2015.05.004

∗∗Sandal, G. M., Endresen, I. M., Vaernes, R., and Ursin, H. (1999). Personality
and coping strategies during submarine missions.Militar. Psychol. 11, 381–404.
doi: 10.1207/s15327876mp1104_3

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

Schmidt, F. L., and Hunter, J. E. (2015). Methods of Meta-Analysis: Correcting

Error and Bias in Research Findings, 3rd Edn. Thousand Oaks, CA: Sage.
doi: 10.4135/9781483398105

Schmidt, L. L. (2015).AModel of Psychosocial Factors for Long-Duration Spaceflight

Exploration Missions (NASA/TM-2015-218582). Houston, TX: Johnson Space
Center, National Aeronautics and Space Administration.

∗Seymour, G. E. (1970). The Concurrent Validity of Unobtrusive Measures of

Conflict in Small Isolated Groups (Report No. 71-16). San Diego, CA: Navy
Medical Neuropsychiatric Research Unit.

Shacham, S. (1983). A shortened version of the profile of mood states. J. Personal.
Assess. 47, 305–306. doi: 10.1207/s15327752jpa4703_14

Shea, C., Slack, K. J., and Keeton, K. E., Palinkas, L. A., Leveton, L. B. (2011).
Antarctica Meta-Analysis: Psychosocial Factors Related to Long-Duration

Isolation and Confinement (NASA/TM-2011-216148). Houston, TX: Johnson
Space Center, National Aeronautics and Space Administration.

Smith-Jentsch, K. A. (2015). On Shifting From Autonomous to Interdependent

Work: What We Know and What We Need to Learn (NASA/TM-2015-

218563). Houston, TX: Johnson Space Center, National Aeronautics and
Space Administration.

∗∗Šolcová, I., Gushin, V., Vinokhodova, A., and Lukavský, J. (2013). Emotional
energy, work self-efficacy, and perceived similarity during the Mars 520 study.
Avi. Space Environ. Med. 84, 1186–1190. doi: 10.3357/ASEM.3679.2013
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