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The scientific study of teamwork in the context of spaceflight has uncovered a considerable
amount of knowledge over the past 20 years. Although much is known about the underlying
factors and processes of teamwork, much is left to be discovered for teams who will be operating
in extreme isolation and confinement during a future Mars mission. Special considerations must
be made to enhance teamwork and team well-being for multi-year missions during which the
small team will live and work together. We discuss the unique challenges of effective teamwork
in a Mars mission scenario, and the difficulties of studying teamwork using analogs of the space
environment. We then describe the National Aeronautics and Space Administration’s current
practices and research on teamwork, which includes team selection and composition, teamwork
training, countermeasures to mitigate risks to effective team performance, and the measurement
and monitoring of team functioning. We end with a discussion of the teamwork research areas that
are most critical for a successful journey to Mars.
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Teamwork has been an integral aspect of American spaceflight from the earliest days of the space race; starting with the
National Aeronautics and Space Administration’s (NASA’s)
engineering and technology teams, and progressing to the
manned spaceflight programs that took teams of astronauts to
the Moon. Future manned exploration-class missions such as a
Mars mission will require periods of isolation and confinement
that will last years rather than months. NASA recognizes that
the success of these future space missions will rely on effective
teamwork (both in a task-oriented and an interpersonally ori-

ented sense). NASA support for psychological research has
increased, particularly in the 21st century. NASA’s Human
Factors and Behavioral Performance Research Element funds
a dedicated stream of research that is focused on mitigating the
“Risk of Performance and Behavioral Health Decrements Due
to Inadequate Cooperation, Coordination, Communication,
and Psychosocial Adaptation within a Team” (Landon,
Vessey, & Barrett, 2016). NASA teamwork research is
rooted in the broader organizational behavior literature
and operating from a common description of teamwork as
“interdependent acts that convert inputs to outcomes
through cognitive, verbal, and behavioral processes directed toward organizing taskwork to achieve collective
goals” (Marks, Mathieu, & Zaccaro, 2001, p. 357). The
isolated, confined, and extreme (ICE) environment of
spaceflight is a new frontier for teamwork research.
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Challenges of Studying Teamwork in
Space Exploration
The very nature of space makes it a difficult environment
in which to study teamwork. Space is the quintessential ICE
environment (cf. Palinkas & Suedfeld, 2008, for one review
of the psychological effects of ICE environments). Irrespective of the inhospitable nature of the environment, humans
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health and well-being of the astronauts, and promotes team
cohesion during these remote ISS missions. Crewmembers
can also participate in discretionary events such as public
speaking from the ISS, they exercise for 2 hr per day, and
they receive care packages and resupplies. These support
systems reduce the feeling of isolation and provide support
during a fast-paced and stressful a space mission. NASA is
now planning missions beyond low Earth orbit for the first
time since the Moon missions, and many of the conveniences of low Earth orbit ISS missions will be unavailable
to crews of these exploration missions, placing the individual and team functioning at greater risk. The psychological
and physical factors in these extreme environments will
amplify the stress inherent to spaceflight.
It is necessary that we understand the impact that such
long-duration exploration missions will have on crews and
those supporting them from the ground. Researchers who
examine the psychological factors of a Mars mission must
carefully consider study participants, study scenarios and
tasks, and experimental environments to ensure findings
will apply to a future Mars mission environment.

Lauren
Blackwell
Landon
have been venturing into space since the middle of the 20th
century. In fact, the International Space Station (ISS) has
been continuously occupied since Expedition 1 launched in
2000.

Characteristics of the Space Environment
The ISS is located in low Earth orbit, approximately 250
miles from Earth (see Table 1). The design of the ISS
supports psychological health because the ISS is quite large
(i.e., the size of a four-bedroom house), with private crew
quarters, and a large window or cupola from which to view
the Earth. Crewmembers also have the option to evacuate
the ISS if there is an unrecoverable emergency. ISS astronauts have real-time space-to-ground communications with
the flight controllers, flight surgeons, and psychological
support personnel in the Mission Control Center, and they
can interact with family and friends. This social, psychological, and medical support helps maintain individual

Psychological Fidelity of Spaceflight Analogs
Many aspects of research on how teams perform in organizational settings can be applied to spaceflight teams. For
example, a meta-analysis of team debriefs have found improved team performance of 25% for those teams employing debriefs (Tannenbaum & Cerasoli, 2013). Related research investigating the effectiveness of debrief techniques
in space mission simulations found similar performance
improvements (Tannenbaum, Mathieu, Alliger, Donsbach,
& Cerasoli, 2016). Psychological research is robust in many
areas, and NASA leverages this foundational work, particularly in the field of industrial-organizational (I-O) psychology, to ensure training and countermeasures are rooted in
scientific evidence.
Some aspects of long-duration exploration missions must
be studied in environments analogous to spaceflight. Although a strong physical similarity does not ensure that the
psychological fidelity of the analog would be akin to that of

Table 1
Comparison of Low Earth Orbit, Cislunar, and Mars Missions
Mission characteristic

Low Earth orbit (the ISS)

Cislunar

Mars

Distance from Earth
Return to Earth
Size of vehicle
Length of mission
Crew size
Communication delay (round-trip)
Autonomy of crew
View of Earth
Resupply possible

⬃250 miles
Hours
4-bedroom house
6–12 months
6
1–2 s
Low
Yes
Yes

⬃250,000 miles to moon
Days
Small RV
1.5–12 months
4
3–4 s
Low
Distant but visible most of the time
Yes

⬃141,000,000 miles
Months
Mid-sized RV
2–3 years
4
Up to 45 min
High
No
No

Note.

Source: nasa.gov. ISS ⫽ International Space Station; RV ⫽ recreational vehicle.
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Center. The HERA missions are carefully controlled, 45-day
simulated spaceflight missions in which researchers can study
a four-person crew in small habitable volume. During these
missions, crew members perform team-oriented operational
tasks such as emergency simulations that can be manipulated
experimentally. The crew members have restricted access to
family, friends, and the Internet, and they communicate with
the supporting Mission Control team with the time delays that
are anticipated for Mars mission. Military teams or personnel
living at an Antarctic research station during the isolated
winter-over period is a good field analog for studying psychological effects of isolation similar to those of spaceflight.
Although mission simulation analogs allow for more experimental controls and manipulations, they fall short of field
analogs on factors such as degree of real danger. The best
analog NASA has for future long-duration space missions is
the ISS; however, team research is not often collected on the
ISS because time in the daily schedule reserved for data collection is limited. Ground analogs are used to capture many of
the most important psychological factors that influence team
performance and functioning because team research does not
rely on the microgravity environment.

Kelley J. Slack

spaceflight, the physical fidelity is often an indicator of the
psychological fidelity. Fortunately, even with a disconnect
between the physical environments of analogs and spaceflight, psychological fidelity can be achieved. When talking
to the astronaut corps about his recent trip searching for
meteorites on the surface of Antarctica, Don Pettit, an
astronaut with experience on two ISS missions, stated that
although the “physics” of Antarctica might be “wrong,” the
psychological “mind-set” was right (Pettit, 2007).
NASA researchers examine teams in several missionsimulation analogs (see Table 2), including the Human Exploration Research Analog (HERA) at NASA’s Johnson Space

Data Limitations in Spaceflight Research
Psychological research in spaceflight or spaceflight analogs
is limited, particularly with regard to teams, for several reasons. First, few astronauts that have participated in longduration space missions, and there is a limited number of
analog missions per year. For example, HERA has four
4-person missions per year and Hawai’i Space Exploration
Analog & Simulation (HI-SEAS) includes teams of six for
missions up to 1 year. Second, researchers and astronauts from
different cultures may use disparate models. Third, astronauts
have a heavy nominal workload, leaving little time for answer-

Table 2
Comparison of Commonly Used Spaceflight Analog Environments

Analog characteristic

HERA

HI-SEAS

Russian
IBMP
chamber

Analog type
Mission duration
Real danger
Size of vehicle
Astronaut-like crew
(rigorous selection
process)
International crew
Spaceflight-like
mission control
Crew size
Communication delay
(round-trip)

Mission sim
45 days
No
Mid-sized RV
Yes

Mission sim
4–12 months
Yes
Mid-sized RV
Yes

No

NEEMO

Submarine

Antarctica
(small station)

Antarctica
(large station)

Mission sim
4–12 months
No
House
Yes

Mission sim
⬍2 weeks
Yes
Small RV
Yes, astronauts
on crew

Field
3–6 months
Yes
Cruise ship
Yes

Field
4⫹ months
Yes
House
No

Field
4⫹ months
Yes
University
No

Yes

Yes

Yes

No

Yes

Yes

Yes
4

Yes
6

Yes
6

Yes
6

No
50–200

No
4–20

No
50–1,000

Up to 20 min

Up to 45 min

Up to 45 min

Up to 20 min

No

No

No

Note. HERA ⫽ Human Exploration Research Analog; HI-SEAS ⫽ Hawai’i Space Exploration Analog & Simulation; IBMP ⫽ Russian Institute for
Biomedical Problems; NEEMO ⫽ NASA Extreme Environment Mission Operations; Mission sim ⫽ mission simulation; RV ⫽ recreational vehicle.
Information adapted from Dunn (2017) and Schneiderman and Landon (2015).
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Psychological Constructs in the Context of
Spaceflight Teams
Many best practices from psychology can be used to
compose a team of astronauts who have the capabilities to
engage in effective teamwork throughout the course of a
long-duration mission. Individuals with the aptitude and
skill for teamwork, and a personality suited for working and
living in a high-consequence environment, are carefully
selected and then trained in teamwork processes over the
course of many years. This training and preparation extends
beyond specific teamwork skills such as collaborative problem solving to include factors that may enhance teamwork,
such as psychological resilience and team orientation.

Team-Oriented Selection and Composition

Jamie D. Barrett

ing surveys or participating in teamwork research related to
mission experiences. Fourth, there is a lack of standard measures, both in spaceflight studies and spaceflight analog studies, further restricting total sample sizes and the comparison of
findings across isolated, confined, extreme environments. Due
to lack of data from spaceflight and spaceflight analog environments, meta-analysis is simply not a viable option for
examining many of the different factors that will be critical to
teams on a Mars mission.
Researchers have recently begun to address many of these
limitations and build a more comprehensive and robust
database that will help them understand and mitigate risks
related to long-duration exploration missions, but years
remain before many of these projects come to fruition. For
example, the NASA Human Research Program is currently
funding several projects aimed at creating a standard set of
measures to be deployed on the ISS and in ground analogs,
with aspects specifically targeted to psychological and team
factors (e.g., Williams, Landon, Vessey, Schneiderman, &
Basner, 2017). Increased international partnerships between
space researchers, along with efforts to compare and integrate data collection tools, have resulted in cross-agency
projects—projects of interest to psychologists outside of
NASA as globalization and multinational organizational
research increases. Additionally, the number of acceptable
analogous populations for long-duration exploration missions (e.g., teams from elite military units, aviation, health
care, Antarctic stations) has prudently, yet steadily, grown
over recent years. These environments can also be used as
test beds for developing and validating teamwork training
and other interventions to support team performance.

Astronaut selection processes. The two major considerations for selecting an astronaut are (a) the suitability of
the applicant to the demanding and complex job of astronaut, and (b) the suitability of the applicant to working as
part of a team in an extreme environment. NASA has
historically paid more attention to the former consideration,
whereas focus on the latter has only recently been considered as part of the astronaut selection process. NASA’s
Behavioral Health and Performance (BHP) group conducts
the psychiatric and psychological assessment of astronaut
applicants, and results of these tests are classified as medical
data. BHP uses the term suitability to indicate clinical
judgment is included with the less subjective measures
traditionally used by I-O psychologists. However, BHP
does use some best practices from I-O psychology, including job analysis, psychometrically sound measures, and
multitrait/multimethod assessments.
Before the ISS mission program started, a nontechnical,
behaviorally oriented job analysis identified critical psychological factors and skill sets that would be required for both
long- and short-duration missions on the ISS (i.e., ISS and
Shuttle; Galarza & Holland, 1999a). Teamwork, communication, leadership capability, and group living were among
the team-oriented proficiencies that were identified as critical for ISS missions. In 2015, NASA psychologists conducted an astronaut job analysis with experienced astronauts
who had participated in ISS missions lasting 3 to 6 months
(Barrett, Holland, & Vessey, 2015). The experienced astronauts and other spaceflight behavioral subject matter experts (SMEs) rated teamwork and competencies enhancing
team functioning (e.g., small group living, judgment, motivation, and adaptability) as highly important for the success
of Mars-like missions. Additionally, the job analysis participants regarded team-oriented competencies among the top
requirements needed “at hire.” Regardless of whether an
astronaut spends 3 months on the ISS or up to 3 years on a
Mars mission, it is clear that teamwork is essential to
mission success.
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From the early 1990s, personality tests have been included in suitability assessments of astronaut candidates.
Unsurprisingly, emotional stability has been identified as a
critical trait for an astronaut (note that emotional stability is
a facet in the 2015 competency of self-care). Researchers
have found that American and European astronauts and
military pilots are more emotionally stable than normative
samples (Maschke, Oubaid, & Pecena, 2011; Mittelstädt,
Pecena, Oubaid, & Maschke, 2016; Musson & Keeton,
2011). A meta-analysis showed that a team members’ average emotional stability had a small to medium effect on
team performance (Bell, 2007). This result is reflective of
the more limited findings of spaceflight analog research,
such as data from the Mars 500 simulation, in which greater
anxiety was related to more negative interpersonal communications and interactions (Tafforin, Vinokhodova, Chekalina, & Gushin, 2015). Other findings related to the fivefactor model of personality in spaceflight research and
analog studies suggest that there is no one “perfect” scoring
pattern for an individual; that is, successful astronauts have
a range of scores, and cohesive teams may be comprised of
individuals with complementary scores from this pool of
well-selected astronauts.
One recent review of spaceflight and analog research
suggested a personality profile that can be used to select
team members who will likely work successfully together
during long-duration exploration missions (Landon, Rokholt, Slack, & Pecena, 2017). The suggested personality
profile includes high emotional stability, moderately high to
high agreeableness, moderate openness to experience with a
range of acceptable scores, a range of acceptable conscientiousness scores that are above a determined minimum
value, and a range of low to moderately high extraversion
that avoids very high scores. Similarly, the spaceflight
SMEs participating in the astronaut job analysis reported
that extreme high or low values for any personality factor
indicated that the individual was not suited to be an astronaut (Barrett et al., 2015). However, given the incredible
desirability and competition to become an astronaut, detailed knowledge of exact scores, profiles, and selection
methods are kept confidential to all but a few individuals
who select the astronauts.
Barrett et al. (2015) identified additional personality traits
and skills that both benefit an astronaut as an individual and
indicate that he or she will work successfully in an isolated
team environment. For example, data from a long-duration
spaceflight-mission simulations and from teams stationed in
the Antarctic indicate that individuals with greater resilience, adaptability, and team orientation used appropriate
stress- and problem-coping strategies, allowing them to adapt
to changing events, integrate successfully into a group, and
function well in a team (Bishop et al., 2006; Kanas et al.,
2009; Vanhove, Herian, Harms, & Luthans, 2015). In anticipation of beginning long-duration missions on the ISS in
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2000, the BHP astronaut selection team devised a behaviorally based, semistructured interview process to assess an
individual’s suitability for a long-duration mission. This
interview included sections targeting team-oriented skills
(teamwork and team care skills that ensure teammates remain physically and psychologically healthy) and communication (Galarza & Holland, 1999b). Applicants were
asked about past experiences, with a focus on experience in
extreme environments.
NASA has increasingly recognized how important successful teamwork will be for long-duration exploration missions and has added a series of low-physical-fidelity, highpsychological-fidelity experiential team exercises to the
selection process, with performance of applicants rated by
SMEs (Slack, 2016). The finalists of the astronaut class of
2009 participated in team exercises derived primarily from
military field exercises. Each team was given a problem,
assigned a leader for that problem, and given a set amount
of time and supplies to solve the problem. This process was
repeated with each team member leading an exercise. Best
practice methods were used to develop behaviorally anchored rating scales to assess each team-oriented competency being assessed. Applicants for the 2013 and 2017
astronaut selection also participated in series of exercises to
test teamwork and other team-oriented skills that were more
integrated with mission and task goals than the previous
tests. For the astronaut class of 2017, performance on the
teamwork skills was assessed using behaviorally anchored
scales that were updated to reflect the results of the 2015 job
analysis; a second team exercise was added to the battery of
selection tests. This new exercise focused on assessing
teamwork skills in an environment with moderate physical
fidelity to spaceflight (a mock Mission Control Center with
communication via headsets, as occurs during flight) and
high psychological fidelity. Additionally, this exercise was
based on simulations given to flight controllers and Astronaut Candidates (i.e., newly hired astronauts) as part of a
larger curriculum to teach nontechnical teamwork skills at
NASA. The results from the two team exercises were aggregated with other measures of teamwork to determine
overall suitability scores for teamwork, and these scores fed
into an overall suitability score across all competencies.
Emerging research on spaceflight team composition.
Teamwork skills and team-orientation selection tests will
help NASA select a Mars mission team from the pool of
highly qualified, team-oriented astronauts. Past research and
observational studies of spaceflight crews, test subjects in
space analogs, and other teams in ICE settings also provide
indicators of the team composition factors that are most
critical for exploration missions. For example, one review
of these studies identified five variables that are important
to consider when composing teams for long-duration exploration missions: cultural and gender differences; personality; abilities, expertise, and background; team size; and

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

568

LANDON, SLACK, AND BARRETT

network factors such as compatibility, communication, and
trust (Bell, Brown, Abben, & Outland, 2015). This review
also recommended that “faultlines,” hypothetical dividing
lines that split a group into two or more subgroups, be
avoided whenever possible, particularly if those faultlines
could form as a result of deep-level diversity such as values
and personality. Faultlines, compounded by poor teamwork
skills, may affect team performance by disrupting processes
such as communicating, maintaining a shared mental model,
and supporting behaviors. Studies of teams in HERA have
found that, over time, deep-level characteristics related to
values and knowledge become more important than surfacelevel or demographic characteristics (Antone, Contractor,
Bell, & DeChurch, 2017).
Recent findings from a 3-year study of teams who were
isolated in the Antarctic for the winter found that individual
personality traits influenced perceptions of team processes
(Webb, Olenick, Ayton, Chang, & Kozlowski, 2017). For
example, the more conscientious team members reported
higher team performance ratings. Findings suggest that high
levels of conscientiousness should be used to select individuals for ICE teams, whereas negative traits such as lower
emotional stability should be used as an exclusion factor.
Humor, which stems from personality and may be influenced by cultural factors, is often cited as a benefit by
spaceflight and analog teams, although sometimes it can
cause friction. Crews in HERA and astronauts aboard the
ISS report that appropriate affiliative humor is a key factor
in crew compatibility, conflict resolution, and coping—
“humor and joking around continue to be huge assets and
quickly defuse any problems” (astronaut journal entry from
Stuster, 2016, p. 34; Weiss, Outland, Bell, DeChurch, &
Contractor, 2017). Astronauts find value in their ability to
handle the more negative aspects, relatively speaking, of
other cultures, and the ability to adapt to the values, cultures, and preferences of others (Barrett et al., 2015).
Groups, particularly those in isolation, tend to develop their
own cultures, complete with internal jokes, which bind them
together (Dunn, 2017), and in some cases, this results in
conflict with other groups such as between astronauts and
Mission Control personnel.
Given that nuanced and deep-level characteristics of values, culture, and humor are important for successful longterm teamwork, more research is needed into long-duration,
international teams and data-driven methods of team composition that may be applied across cultures. A team living
together for multiple years will be required to not only
perform task assignments effectively but also fulfill social
roles within the team (Burke et al., 2017).
NASA currently does not use a scientifically based approach to composing teams, but this knowledge gap is
scheduled to be filled by the 2020s. However, there is no
cross-agency approach to blending team members from
different space agencies, and there is less attention given to

filling this gap. As such, predicting friction points and
training in teamwork skills becomes important to overcome
the frictions that are likely to occur within teams.

Training to Maximize Teamwork While Living
and Working Together
After they are selected, astronauts undergo an intensive
2-year training program, and although high levels of proficiency are required for selection, NASA selection experts
also recognize that these high levels are just the foundation
upon which to build. Many astronaut candidates enter the
corps with experience and skills in leadership; however, the
leadership role is shared during a long-duration mission,
even if a formal mission commander has been assigned
(Burke, Shuffler, Wiese, Hernandez, & Flynn, 2017). Thus,
new astronauts with typical leadership skills at selection
may need training on aspects of followership and shared
leadership in concert with team orientation.
Current training of spaceflight teamwork skills.
Long-duration exploration missions inherently require
teamwork skills among both the team in space and the teams
in Mission Control. Two primary models are used by these
teams: the Spaceflight Resource Management (SFRM)
model and the Crew Expeditionary Skills model. Although
elements certainly overlap within these models (e.g., both
models incorporate teamwork, communication, and leadership skills), the SFRM model is more applicable to teamwork itself, and the Crew Expeditionary Skills model adds
a layer of attributes accounting for the “living together”
aspect of long-duration exploration missions.
Astronauts learn tasks and acquire technical information
by following many best practices typical of other organizations; that is, pretraining (with a mix of lecture and practice
with feedback), refresher training, and just-in-time training.
Historically, much of this training was created organically,
responding to the needs of changing space vehicle designs
and mission objectives. More recently, training development has leveraged the science of learning. For example, the
SFRM model is used to train flight controllers in teamwork
skills using classroom lecture, demonstration through examples and the shared experience of certified flight controllers, practice during simulations and other nontechnical job
tasks (e.g., active listening during meetings), and feedback
employed during initial training team debriefs (O’Keefe,
2008). If SFRM training debriefs are organized by the
competency or skill being taught (vs. chronologically),
flight controllers are certified quicker (Bedwell, SmithJentsch, Sierra, & Salas, 2012).
Whereas SFRM teamwork skills are taught by specially
trained instructors, some of the Crew Expeditionary Skills
are taught by astronauts who have flown on the ISS (Barrett
et al., 2015). This model of teamwork skills was created by
astronauts, for astronauts, with input from I-O psychologists
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and other experts familiar with the NASA context. Crew
Expeditionary Skills are composed of leadership/followership, communication, self-care, team-care, teamwork, and
small group living skills. NASA’s Astronaut Office has
increasingly incorporated this training into technical training events to optimize the busy training schedule of an
astronaut. For example, when astronauts are trained on
geosciences during a series of field events, they also engage
in an outdoor leadership course as a team for approximately
12 days (Smith-Jentsch & Sierra, 2017). These multiday
overnight events take place away from friends and family
and typically involve facilitated learning challenges provided by expert support staff members that accompany the
astronaut teams. Astronauts also receive unique training
experiences related to small-group living, which includes
tolerance, constructive conflict, seeking to understand differences, and cooperation and support of their roommates in
space. However, these training events and the Crew Expeditionary Skills model have not been validated and do not
currently collect data on the effectiveness of this training.
Anecdotal statements from the astronauts provide a measure
of the perceived efficacy of the training and whether the
astronauts believe their skills are enhanced. However, despite some trainee reaction measures being collected, systematic evidence of training effectiveness is lacking (SmithJentsch & Sierra, 2017).
Training research to enhance teamwork. True study
of teamwork skills training is in its early stage at NASA.
Initial training needs analyses of general teamwork competencies and a review of existing training in context of a
long-duration exploration training has been completed in
the past few years (Noe, Dachner, Saxton, & Keeton, 2011;
Smith-Jentsch & Sierra, 2017). However, drivers of potential team performance decrements on an exploration mission
such as cross-cultural differences have been addressed
through training to various degrees for many years. The
existing cross-cultural training emphasizes teaching each
culture’s core values as the basis for classroom content
(Barrett, Slack, Holland, & Sipes, 2014), although future
initiatives will examine how to make cultural training more
flexible across cultures.
A Mars mission will require the integration of teamwork
skills and technical skills to perform highly complex tasks.
The autonomous astronaut team, under communication delay, may need to draw on technical skills trained months or
even years earlier. Training retention is a major concern for
crew on long-duration missions because skills degrade with
the mission duration. Crewmembers “consistently comment
that they do not recall being trained on specific hardware or
payloads, they don’t remember specific briefings, and/or
they have a hard time remembering training that was at
times over two years prior” (Barshi & Dempsey, 2016,
p. 12). Excellent execution of teamwork skills and processes
may bolster technical skills and mitigate issues stemming
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from degradation of technical skills. Unfortunately, current
technical and teamwork skills training for astronauts has not
been evaluated for effectiveness, and teamwork skills suffer
from similar problems related to long lag times between
premission training and mission deployment. This is particularly concerning because ISS crewmembers have stated
that they required assistance from experienced teammates to
complete a critical task (Barshi & Dempsey, 2016). Because
all crewmembers of the first Mars mission will be inexperienced to that mission profile, training premission and
refreshers during mission will be a key to success.
Individual-level, computer-based training may also have
indirect effects on team functioning. The preliminary findings of the Stress Management and Resilience Training for
Optimal Performance (SMART-OP) study of stress management for flight controllers and flight directors suggests
that participants rated as most useful the behavioral skills
training associated with effective communication and strategic problem solving (Rose et al., 2017). The overall
SMART-OP training program was found to be highly useful
for managing stress and building resilience.
Training is an extensive, time-consuming part of every
astronaut’s off-mission workload. Once an astronaut is assigned to a particular ISS expedition, their training, called
“assigned training” or “increment-specific training,” typically takes 2.5 years to complete (Barrett, 2015). Although
three astronauts are assigned to each ISS mission, crewmembers complete most of their training independently, and
only a few sessions are scheduled in which the three crewmembers practice teamwork skills together as an intact
team. ISS missions last approximately 6 months, and missions overlap by 3 months, so at any given time, two teams
are onboard the ISS, forming a crew of six. Even fewer
opportunities exist for astronauts to train with the larger
crew of six. ISS crews also have few opportunities before
their mission to engage with the team in Mission Control
who will support them during their mission. That is, the
teams and individuals across the multiteam system (MTS)
have little opportunity to practice teamwork skills.
Building a cohesive team requires engaging as a team.
Teams in environments that are analogous to spaceflight,
such as some military teams, undergo typical team phases of
forming, storming, norming, and performing, which indicates that astronaut teams that are selected for a longduration exploration mission will need several weeks to
complete this cycle if they are to reach the performing phase
before launch (Schmidt, 2015). To ensure effective team
performance during the extensive duration and in the extreme isolation of a Mars mission, it is likely the mission
team will need more training as an intact team than ISS
crewmembers in areas of team stability and understanding
of teammates’ individuality. The following excerpt was
recorded in an ISS astronaut’s journal:
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There were a couple very short tempered exchanges . . . I
have come to recognize these moments as relating to stress
and I saw them often in training too. The good thing is they
don’t have a lasting effect. All it takes is a little direct
communication and a couple jokes to clear the air. (Stuster,
2016, p. 35)

Performance support tools, such as guided team debriefs,
were designed to address both the task performance and the
dynamics of teams living together, but teamwork skills are
critical. One astronaut stated, “Task disruptions may happen
more often; but interpersonal [disruptions are] more problematic and they need more discussion to overcome” (Maynard & Kennedy, 2016, p. 33). Successfully negotiating
conflict, planning together as a team, making decisions as a
team, and practicing shared leadership should receive extensive attention long before a team launches on a space
mission.

Countermeasures to Mitigate Risk to Teamwork
Over the decades, NASA has learned a great deal about
providing psychological support to astronauts. As a result,
current missions to the ISS include a number of risk mitigation strategies, or countermeasures, to support individual
and team behavioral health and well-being, but many of the
current countermeasures will be insufficient or not available
for the Mars mission.
Because there is no delay in communication between
Mission Control and the ISS, there is no countermeasure in
place for delays in communication. Research into mitigating
risks related to communication delays has focused on understanding the risks and creating training and tools that can
prevent performance decrements related to poor teamwork
between the crew and ground support personnel. NASA
experts have noted that information withholding, usually
between teams, and for fear of negative repercussions, may
be dangerous during spaceflight (Shuffler, Kramer, Savage,
& Verhoeven, in press). Implementing clear, overarching
goals, building trust between teams prior to launch, designating and training communication norms, and debriefing
may help alleviate some conflict and motivate teams to
overcome fears of negative repercussions. Other issues stem
from poor communication structures and the nature of the
task being performed (e.g., novel vs. familiar), and these
may be more straightforward to address through the design
of communication protocols. An ISS study found that a 50-s
time delay of audio communications led to increased stress
and frustration and lowered communication quality (Kintz,
Chou, Vessey, Leveton, & Palinkas, 2016). Astronauts also
reported that delays in communicating with Mission Control
had negative effects on their efficiency in completing a task.
One astronaut stated, “Things you could do independently
were fine, things where you relied on [Mission Control
personnel] resulted in lots of time lost and frustration, which

is just not going to work [for Mars]” (Kintz et al., 2016, p.
196). Crewmembers in this study identified potential countermeasures to help communications flow smoothly, such as
training crew and ground teams to announce calls twice if it
they were deemed important, and they suggested using text
or video-based communications for long-duration exploration missions so that the complete message is received
without an additional communication delay. A study of
communication delay in HERA and NEEMO analog missions found that structuring communications can help reduce misunderstanding (Fischer & Mosier, 2015). The following were identified as the most important elements to
enhance effectiveness of communication under 5- to 10-min
delay: stating the topic early, repeating critical information,
tracking timing and the conversation thread in a log, and
forewarning the other team of incoming messages. Text
messaging was rated more effective for routine communications, and voice messaging was rated more effect for team
building. The HERA crew trained on these communication
protocols for only 30 to 60 min before the mission, but
compliance was high (approximately 90%), which shows
that this straightforward protocol is effective and useful.
Other team factors were also reported as important for
improving communication, including joint training with
both analog mission crews and the habitat’s Mission Control teams.
The increased autonomy that will be characteristic of
Mars missions has led to research examining debriefing as
an effective tool for ensuring that teamwork does not suffer
throughout the mission. Tannenbaum and colleagues (2016)
developed a debrief tool that was tested during HERA and
NEEMO missions, and found that guided team debriefs
enhanced resilience, psychological safety, and team processes to improve team performance. Additionally, this
research found that resilience is more highly related to
performance over time. Astronauts stated that this debrief
tool, which steps each team member through a short series
of questions and generates an anonymized discussion guide
of topics prioritized by what is most salient for team functioning at that time, “allows everyone to be honest” and is
“a great way to encourage people to bring forward points
that they otherwise wouldn’t” (Tannenbaum et al., 2016),
allowing the team to constructively address conflict.

Teamwork Across the Spaceflight
Multiteam System
A team of astronauts in space is just one piece of a much
larger MTS that connects the Mission Control Center in
Houston, Texas, payload communicators in Huntsville, Alabama, and mission controls from the other space agencies
around the world. As with many other MTSs, NASA’s
MTS is a large, geographically dispersed, functionally
diverse team, with changing membership (Shuffler,
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Jimenez-Rodriguez, & Kramer, 2015). However, NASA
implements a centralized command structure (i.e., the Mission Control “front room,” with a representative from each
functional specialization or “discipline,” which, in turn, is
each supported by a “back room” team) led by each mission’s flight director, and a structured training and certification program for both technical and teamwork skills.
Shared understanding between disciplines and space agencies are enhanced initially in the classroom and followed by
simulation training, and most importantly, experienced
flight controllers provide novice flight controllers with onthe-job training. During training, the transactive memory
system is built as flight controllers are introduced to the
different responsibilities of the different discipline areas and
disciplines learn to work together, and shared mental models are formed through common training in ISS procedures
and teamwork skills. However, according to NASA experts,
these shared team cognitions may be harder to develop
during long-duration exploration missions than during low
Earth orbit missions on ISS (Shuffler et al., in press). All
communication between the crew in space and the ground
support teams in Mission Control is coordinated through a
single capsule communicator, or CapCom. The role of CapCom may switch between individuals as demanded by specific tasks. NASA Mission Control personnel also communicate with other space agencies. The risks of coordinating
across an MTS include process loss and distractions from
goals (Davison, Hollenbeck, Barnes, Sleesman, & Ilgen,
2012). An ISS crewmember noted, “[The ISS] is really five
mission controls connected at the crew with the crew as the
‘integrating force’” (Shuffler et al., in press, p. 33). Demands on ISS crew from performing this central role may
cause conflict as the crew works to mitigate tensions and
balance competing goals between teams on Earth.
In addition to this complex environment of communication and coordination, there will be a one-way delay of up
to 22 min for all data and voice communications during a
Mars mission. This communication delay will likely cause
the Mars crew to act autonomously, especially during timecritical events (Rubino & Keeton, 2010). Astronauts interviewed on the topic of MTSs have stated that mixed motives
may create disagreements and interfere with connections
between teams (Shuffler et al., in press). Because crew
autonomy will be greater during exploration missions,
NASA experts propose that leadership will need to be
shared between Mission Control and the Mars crew, but
acknowledge that this will be challenging. These experts
also suggested the need for cross-training across the MTS to
ensure awareness of competing goals and functions between
teams. Flight directors and psychological support staff often
serve as a bridge between space and ground teams, but this
support will be reduced when communication delays are in
place. A final issue that may influence teamwork is the
reduced availability of personal communications. ISS astro-
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nauts are currently able to phone home to family and friends
each day, conference with psychological support staff, and
chat in real time with special “guests” such as celebrities
and childhood heroes, all of which often serve to boost
morale and mood (e.g., “It was a nice surprise and added a
little relaxation to the day”; Stuster, 2016, p. 31). Again,
interactions in real-time will not be possible on a Mars
mission and eliminating a major countermeasure related to
individual well-being, and indirectly harm team functioning
could potentially result in negative moods or prolonged
withdrawal from the team.
If teams in MTSs use the same shared leadership style,
teamwork is improved, improving cohesion, improving the
work environment, and allowing autonomy of teams while
retaining support between teams (Gonzalez, Mosier, Lam,
& Fischer, 2015). Training in similar models and protocols,
and training with other teams across the MTS, may ultimately enhance overall performance of the MTS.

Measurement and Monitoring Teamwork
Astronauts are among the most monitored and measured
populations on Earth. However, current monitoring techniques will need to adapt with the advent of long-duration
exploration missions.
Unobtrusive measures. Psychologists conducting research, in field and lab settings, find benefit from data
collection that does not interfere with natural processes of
human behaviors and interactions. It is particularly important to avoid disturbing astronauts while they conduct
highly complex team tasks such as spacewalks; monitoring
team behaviors without distracting from the task at hand
may be the difference between life and death. Unobtrusively
collecting data and feeding that data back into a near-realtime analysis may allow team members to recognize impending negative outcomes, and prompt team members or
automated processes to intervene with a countermeasure to
mitigate that potential negative outcome. This localized
feedback loop will be particularly important for a longduration exploration mission because of communication and
data delays.
NASA is currently developing several technologies to
assist unobtrusive measurement of team factors and other
factors that may influence teamwork (e.g., fatigue and physical health). Sociometric badges, worn on the chest, measure
the proximity of individuals and whether they are facing
each other, as well as vocal intensity (i.e., a marker of
emotions and stress). These badges provide important information regarding the quality of team interactions such as
frequency of interaction between team members (Kozlowski, 2017). Video and facial analysis could be collected that
will provide information related to team behavioral interactions and psychosocial states (Dinges et al., 2017). Lexical
analysis of speech and text, collected from crew journals
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and communication logs, could also indicate stress and
psychosocial states at both the individual and team levels
(Driskell, Salas, Driskell, & Iwig, 2017). For example,
valence of chosen words denotes emotional states, and
usage of individual pronouns or collective pronouns indicates group affiliation (Gonzales, Hancock, & Pennebaker,
2010). All of these unobtrusive measures will enable teams
to monitor whether team members may be withdrawing or
whether the team is maintaining communication, coordination, and cohesion. Data from diaries and open-ended survey responses about team processes that were collected
from several deployed Antarctic research teams indicate
that social and task cohesion was predictive of performance;
positive emotion words predicted good performance,
whereas word counts predicted team cohesion (Olenick et
al., 2017). Another set of studies conducted in bed-rest
facilities and mission simulations used journals and an
interactive task dialog to establish that lexical techniques
correlate with the results of surveys, which are typical
obtrusive, and lexical techniques provide a richer mood
state assessment than surveys (Miller, Wu, SchmerGalunder, Ott, & Rye, 2016). That is, it is possible to go
beyond simply detecting an increase in negative emotions
and to determine the cause of the emotional changes over
time.
Anecdotal reports show that astronauts and participants of
studies in simulated spaceflight prefer unobtrusive measurement techniques over traditional survey data collection because they reduce their workload. However, crews value
their privacy in this highly monitored environment, so psychologists must maintain an open dialogue to navigate the
boundary between obtaining candid data and being intrusive. One method of lessening perceived privacy violation is
to make all the data available to crewmembers. If the data
are available to the crew and they can use it for selfmonitoring and self-correction, they may be more accepting
of this monitoring.
Integrating teamwork research with physiological research and technology. Physiological processes and corresponding metrics, which are traditionally assessed at the
individual level, are increasingly being applied to assess
team factors. Researchers are using spaceflight analogs to
investigate the validity, usability, and feasibility of implementing physiological measures to monitor team inaction
during long-duration exploration missions. Measures include galvanic skin response, brain waves, heart rate variability, and biological molecules found in bodily fluids and
hair samples (Dunn, Landry, & Binsted, 2017). Investigating how these physiological measures and unobtrusive measures compare with self-report measures will also help inform
the design of health and psychological monitoring systems.
Some of these measures could be obtained from a small,
wearable device such as a sociometric badge, whereas other
measures would be more invasive (e.g., blood draws to also

assess biomarkers related to social support and affiliation,
resilience, and stress hormones).
Cortisol, a stress hormone, has perhaps been the most
studied biomarker for assessing individuals in extreme settings. A recent review of the biological basis of social
support suggests that social support may buffer an individual from stress and from the harmful damage that cortisol
can do to synapses in the brain (Whitaker-Azmitia, 2016).
Cortisol can negatively affect cognitive processes and resilience. Higher cortisol levels have been reported in sleepdeprived military personnel and in NEEMO crewmembers.
Oxytocin plays a strong role in social bonding, and also
works to buffer against harm caused by cortisol. During
collaboration, oxytocin synchronizes physiological processes including those taking place in the brain. Oxytocin
may also influence social bonding and social behaviors and
possibly enhancing team performance. However, oxytocin
has also been linked to hostility aimed at an out-group, as
was found in the Mars 500 mission simulation in which the
crew displaced negative mood to Mission Control personnel
(Gushin, Shved, Ehmann, Balazss, & Komarevtsev, 2012).
A small but growing niche of interdisciplinary research
related to future exploration missions focuses on how sleep
and fatigue affect team performance. Extensive studies of
fatigue and performance in analogous populations, such as
those in aviation and the military, have shown that sleep loss
is a serious risk to safety and mission objectives, and to
overall health (Shattuck & Matsangas, 2015). Sleep restriction can cause impaired judgment and mood disturbance;
risky decisions and actions affect teamwork and team cohesion. Recent findings from spaceflight analog studies
show decreased sleep quality at the mission midpoint, with
longer and more frequent wake periods, corresponded to a
decrease in positive affect (Abeln, 2017). Spaceflight analogs also reported increased neurobehavioral disorders (e.g.,
increased memory lapses and errors, anger, and depression)
during total sleep deprivation (Dennis, Ecker, & Goel,
2017). There were individual differences between participants, which may have implications for teamwork; however, a link between sleep and teamwork has not yet been
well-established through research (Roma & Bedwell, 2017).
Obviously, there is no perfect team, but data-driven methods of monitoring crews can be used to predict potential
points of friction between team members and indicate when
teamwork processes may be affected. In-mission monitoring technologies that capture near-real-time data on team
states and performance, such as cohesion and coordination
behaviors, can be used to activate timely countermeasures
that could mitigate team breakdown. Crewmembers on the
ISS have stated, “We all need a break from each other at
times,” and have related stories of discord, such as taking a
group photo that devolved into conflict (Stuster, 2016, pp.
34 –35). One crewmember in the photo reported, “I thought
we were going to lose a member of the crew during that one.
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Six cooks in the kitchen, all brewing up their own ideas.”
Aggregate data collected during crew monitoring could be
used to detect potential problems and inform task schedulers
that the crew may need to focus on individual tasks to
alleviate group tensions, initiate refresher training on team
communication, or complete a guided team debrief to work
through tensions.
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Future Directions for Space Teamwork Research
Astronauts acknowledge it will be a challenge to maintain
effective teamwork during a Mars mission. Teamwork skills
are critically important to the success of these future missions, especially because the teams are isolated from realtime support from Mission Control personnel on Earth. One
understudied area of spaceflight teams involves coordinating communication across an MTS under conditions of
communication delay. Relatedly, more scientifically rigorous research and development of training and countermeasures are required to ensure that the remote, highly autonomous spaceflight team is able to maintain teamwork skills
throughout a mission lasting 2 to 3 years with reduced
support from Mission Control. Finally, if information about
teamwork processes and physiological factors that may impact teamwork (e.g., reduced sleep negatively influencing
team decision making and other cognitive processes) are
integrated, it will better enable strategic and timely implementation of supporting countermeasures. Monitoring tools
with feedback mechanisms and intelligent support approaches (e.g., adaptive training) need to be developed and
scientifically validated to provide data-driven technological
support for spaceflight teams. These tools will enable highperforming teams to succeed in the ICE environment of
long-duration space exploration missions.
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