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Space crews venturing beyond low Earth orbit will experience unprecedented levels of autonomy and unpredictable challenges. Mission success will require eﬀective teamwork. How do teamwork capabilities change
over time in isolation and conﬁnement? To explore this question, 4, 4-member crews who participated in the 30day campaign of the National Aeronautics and Space Agency (NASA)'s Human Exploration Research Analog
(HERA) were observed. Crews endured isolation, conﬁnement, and communication delays. Teamwork capabilities were observed along four critical dimensions: generate (creativity tasks), choose (intellective tasks),
negotiate (cognitive conﬂict tasks), and execute (psychomotor tasks). A battery of team task was administered
requiring the crew to generate, to choose, and to negotiate. Execute performance was assessed using NASA's
multi-mission space exploration vehicle (MMSEV) task. Team task batteries were performed on Mission Days 11,
16, and 30. Execute performance was assessed on 18 of 30 days. Findings show behavioral team performance
(cognitive conﬂict and psychomotor tasks) increases over time, whereas conceptual team performance (creativity and intellective tasks) declines. Implications of these results were considered for future research and the
design of countermeasures that support crew functioning.

1. Introduction
Future space exploration missions will require extreme teamwork
among crew members. As space crews venture farther from Earth,
communication with mission control will become more diﬃcult, with
lag times of up to 20 min each way. This will require crews to work
more autonomously than they have in prior missions. This degree of
autonomy requires that all requisite expertise must be on board the
spacecraft, meaning crews will be diverse in their disciplinary, technical, and cultural characteristics. These diverse crews will then need to
rely on one another to perform a wide variety of complex tasks.
The larger the distance between the astronaut crew and mission
control, the longer the communication delay between the two. For
example, when the JPL [1] is communicating movements to an unmanned rover on the surface of Mars, there is about a 20-min delay
between when JPL sends a command and when JPL receives conﬁrmation from the rover that the command was received due to the
distance the signal must travel. Astronaut crews will face similar delays.

As future manned space exploration missions, like the mission to Mars,
dare to go farther than ever before, crews will also likely encounter
more unknowns. Although space agencies will work toward minimizing
the risks associated with space ﬂight, it will be impossible to plan for
every contingency. Crew members will have to work together to address whatever unknowns arise during these unprecedented missions.
Eﬀective team performance will be essential to mission success.
Not only will space crews need to operate as autonomous, high
performance teams for an extended period of time, but they will do so
while facing environmental conditions that are distinct from many
other kinds of teams: living and working together in an isolated and
conﬁned environment for an extended period of time. Understanding
team performance under these conditions is a necessary ﬁrst step in
providing guidance for training and other interventions to sustain highlevels of crew performance over the entirety of a long-distance space
exploration mission.
A team task battery was developed that assessed team performance
on multiple dimensions important to team performance in general, and
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The Russian crew members' task performance scores increased during
high autonomy, whereas the European crew members’ task performance scores decreased. Due to the small sample size and observed
cultural diﬀerences, researchers could not isolate the eﬀects of autonomy conditions and called for more research in long distance space
exploration contexts with larger sample sizes [6].
Extant research has also investigated the eﬀects of communication
delays on individual and team behavior and performance in the ISS [7].
The study implemented a 50 s one-way communication delay between
mission control and the 3-member ISS crew for parts of a 166-day
mission. Crew well-being and communication quality signiﬁcantly decreased in communication delay conditions compared with no communication delay controls. Kinz and colleagues [7] also found evidence
to suggest that communication delays negatively impacted task eﬃciency, team/task coordination, and crew member stress levels. Taken
together, extant research on autonomy and communication delay research suggests that individuals and teams are aﬀected by some of the
key features of space missions such as autonomy and communication
delay [8].
Although the ﬁeld's understanding of individuals and teams in
space-related environments is increasing [9,10], less is known about
how crews perform as a team on multiple dimensions. This research
makes an important contribution by researching the capability of teams
in isolated and conﬁned settings to perform across multiple performance domains over time.
McGrath's task circumplex model [11] was used to delineate four
aspects of team performance. High performing teams can: generate,
choose, negotiate, and execute. Generate performance describes the
degree to which a team can create original ideas and plans. Choose
performance describes the degree to which a team can pool information
to reach a decision that is correct from among a set of alternatives.
Negotiate performance describes the degree to which a team can resolve conﬂicts among members. Finally, execute performance is the
degree to which the team can complete behavioral tasks requiring the
coordination of individual psychomotor tasks. The task battery assessed
performance on the ﬁrst three task domains, and NASA's MMSEV task
was used to examine psychomotor performance [12].
Consider a scenario in which a space crew must quickly respond to
an emergency situation without the required tools or parts using only
supplies on board. This scenario would require the crew to come up
with a novel or unknown solution. Generate tasks require crew member
to engage in divergent thinking, moving away from known solutions to
discover new ones.
Uncertainty and autonomy will also require crews to utilize their
expertise to solve problems for which there is a correct solution. In the
event of an emergency situation, a signiﬁcant time delay will mean
crew members may need to choose a solution before there is time to
communicate the problem to mission control and receive the correct
response. Crew members need to be able to eﬀectively share knowledge
and expertise with one another and be able to come to a group decision.
Hence, crews will need to eﬀectively perform choose tasks.
Another type of task that long distance space exploration crews will
face are negotiate tasks. Negotiate tasks require the crew to resolve
conﬂict. Astronaut Dave Williams describes a situation on the ISS where
the crew debated how to orchestrate a spacewalk to repair a damaged
tile. The crew had to determine the steps, roles, and timing, and each
astronaut had deﬁnite ideas about how this should proceed [10]. There
were multiple correct ways to do the spacewalk, but how the crew interacted to reach a decision was critical for the task.
Long distance crews will also have to perform well on execute tasks.
Execute tasks require team members to coordinate psychomotor behaviors. Examples of these tasks are prevalent in space, for example,
conducting EVAs, repairs, or remote operations of mechanical arms.
Prior work on team performance in space crews has focused on execute
performance.
Performance of four, 4-member analog space crews in NASA's HERA

in long distance space exploration missions in particular. These include:
creativity, problem solving, and ethical decision making. Data was also
collected as part of the broader data collection campaign on psychomotor performance and analyzed in the analyses. Crew performance
was observed on each type of task and dimension at three time points
during each of four 30-day analog space missions.
1.1. Previous studies
In a research report published by researchers at NASA, team performance was identiﬁed as critical for future long-distance space exploration success [2]. Team performance is deﬁned as the extent to
which a team achieves its goals [3]. Space crews will work as a team to
complete a variety of tasks. For example, a space crew must be able to
creatively troubleshoot vehicle maintenance problems, complete onboard experimental studies, and make on-the-ﬂy resource decisions, in
addition to the crew's pre-scheduled day to day activities. These tasks
will require crews to come together to think in creative and novel ways,
eﬀectively pool knowledge resources, and make morally challenging
decisions to approach the unknowns that crews will inevitably encounter in the future of long-distance space exploration.
Yet the measurement of crew performance in space teams can be
diﬃcult. Performance in more regimented team environments, such as
space or military teams, is often measured by whether or not an error
has been made. However, when studying the performance of high
achieving individuals, such as those selected to be astronauts, research
has noted that errors are typically not critical until multiple errors have
added up to a major failure [2,4]. Errors are also low occurrence.
Therefore, NASA advocates for a focus on optimizing crew performance
rather than minimizing errors [2]. This shift in focus better aligns with
successfully completing the mission rather than just trying to avoid
making errors at all costs with little to no consideration of achieving
anything greater. Furthermore, the type of team performance dimensions most critical to long distance missions are more psycho-social in
nature, involving creativity to solve unanticipated challenges, problem
solving where members have diﬀerent levels of expertise, and ethical
decision-making emanating from the uncharted nature of a space mission.
One major challenge a long-distance space exploration crew will
face is high levels of mission autonomy from mission control. In the
past, space missions have relied extensively on direction from a centralized mission control with a plethora of experts to address any issue
or question that might arise in mission. However, with the impending
communication delay of longer distance space ﬂight, crews will face a
level of autonomy unprecedented in space travel, reminiscent of
Christopher Columbus' voyage to the new world or Ernest Shackleton's
journey to the South Pole. Once these journeys were planned and the
crews set oﬀ, there was little support or intervention that could be
provided.
A review of the team composition research in analog environments
reveals that team composition will likely inﬂuence mission performance
by aﬀecting social integration and the processes and emergent states of
the crew [5]. Past research [6] has demonstrated the diﬀerences and
potential challenges of diﬀering levels of autonomy in a simulated Mars
mission. They manipulated crew autonomy levels (high vs. low) over
the course of 105 days in a crew of 6 men in a Mars mission simulator in
Moscow, Russia. For the ﬁrst 10 weeks of the simulation, crew members
underwent the low autonomy condition in which they were able to
communicate with and receive daily instructions from mission control.
For the ﬁnal 5 weeks of the simulation, crew members underwent a
high autonomy condition in which the crew had primary control over
their schedule and a communication delay between the crew and mission control. The researchers found that crewmember mood and selfdirection was reportedly greater in high autonomy, but mission control
reported greater levels of anxiety and confusion in high autonomy. Of
note, there were 4 Russian men and 2 European men in the simulation.
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was tracked to understand how team performance is aﬀected by time in
isolation and conﬁnement in a small group living scenario mimicking
those of future long-distance missions.
2. Method
2.1. HERA 30-day study
NASA's HERA [13] resides at Johnson Space Center in Houston,
Texas. In HERA, researchers study behavioral health, human factors,
exploration medical capabilities, and communication and autonomy
issues. HERA mimics the space mission environment in that crew
members perform daily tasks, follow a minute-by-minute itinerary,
exercise, and consume space food. Because HERA members cannot
leave the analog and defer to a mission control, they also experience the
isolation, conﬁnement, and communication delays characteristic of
space exploration missions. HERA participants are carefully selected
based on similar characteristics required of astronaut personnel selection, such as age, height, physical and mental health, and advanced
technical skills. During their time in isolation, participants are closely
monitored to ensure physical and mental health and safety [13].
Data was collected from 4, 4-person crews, each participating in a
30-day mission in the research analog. The analog itself is an 80 m3,
three-story structure speciﬁcally designed to put participants into isolation, conﬁnement, and remote conditions [13]. Crew members are
conﬁned to the inside of the capsule during the entirety of the mission.
Level 3 consists of a small bunk for each crew member, in close
proximity to the other 3 crew members. The entire crew shares a single
“hygiene module”. There are two communal spaces in which activities
such as experiments or exercise take place. Figs. 1–3 provide images of
the HERA habitat. Participants who go into the analog are selected
based on similarity in background to actual astronaut candidates (e.g.,
advanced degree in STEM ﬁeld, experience leading missions in extreme
environments on Earth, military ﬂight experience).
The crew members in the study underwent 30-day missions in
which the goal was to journey to the asteroid “Geographos” and collect
rock samples before returning home. In order to reach the surface of the
asteroid to collect rock samples, crew members participate in an EVA in
which members take a MMSEV to the surface of the asteroid. Crew
members spend mission days 1–15 in the outbound phase in which they
simulate the trip to the asteroid. Crew members rendezvous with the
asteroid on mission day 16 and spend the next few days conducting
operations on the asteroid. Crew members then leave the asteroid on
mission day 19 and are in the return phase of the mission from mission

Fig. 1. (continued)

Fig. 2. HERA ﬁrst level [13].

Fig. 3. HERA second and third levels [13].

days 19–30, returning to earth on day 30.
During the journey, researchers implemented a communication
delay from mission day 13 to mission day 21. Speciﬁcally, there was a
30 s communication delay on mission days 13 and 21; a 1-min communication delay on mission days 14 and 20; a 3-min communication
delay on mission days 15 and 19; and ﬁnally, there were three days of
5-min communication delay on mission days 16, 17, and 18. Crew
members also underwent 24 h of sleep deprivation on mission day 24.
Table 1 presents details on each task type including assessment days
in mission and scoring information. Participants completed the team
task battery on days 11, 16, and 30. Day 11 was chosen as the start day
to allow time for the crew to acclimate to the mission and to assess

Fig. 1. a. Schematic representation of the HERA [13]. b. Schematic representation of the HERA [13].
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Table 1
Tasks used to assess crew performance.
General Task Type

Speciﬁc Task in HERA

Assessed On MD:

Scoring Information

Generate: Creativity Task

Brainstorming

11, 16, 30

Choose: Intellective Task

Survival Analysis Task

11, 16, 30

Negotiate: Cognitive Conﬂict
Task

Ethical Dilemma

11, 16, 30

Execute: Psychomotor Task

MMSEV

1, 2, 3, 4, 7, 8, 9, 10, 11, 15, 16,
17, 18, 21, 22, 23, 24, 28

Scored using 3 dimensions
- Fluency: the total number of non-repeating uses generated
- Flexibility: the number of types of ideas generated
- Novelty: the output dominance score (how often an item was listed relative to all
items generated by all crews)
Scored by computing the diﬀerence between the crew ranking of the item and the
experts' rankings for each scenario
Scored using 2 dimensions:
- Number of ideas: the total number of ideas and perspectives shared during the
discussion
- Discussion quality: SMEs evaluated each crew's discussion based on whether the
scenario question was fully addressed, participant engagement in discourse, and
consideration of various ideas
Scored by calculating the number of objectives completed out of the total assigned
for each task.

0.52. The standardized scores on ﬂuency, ﬂexibility, and novelty were
averaged and used in subsequent descriptive analysis of team creativity.
Problem solving (choose) was deﬁned as a team's ability to select a
demonstrably correct answer [11,20]. Problem solving was assessed
using intellective tasks that present participants with survival scenarios
such as the classic NASA moon survival task [21]. Each participant was
provided with an explanation of the situation and a list of 15 available
items, which they were to rank in order of their importance 1 (most
important) to 15 (least important) to crew survival. Crews completed
the tasks using instructions presented in Qualtrics. The instructions
were to spend 10 min independently reviewing the scenario and
ranking the items. Next, the crew members were instructed to spend
15 min discussing their rankings and arrive at a ﬁnal crew ranking that
represents their best assessment of the importance of the items. Three
parallel versions of the task were created by varying the survival scenario and objects ranked by the crew. The ﬁrst scenario was the NASA
moon survival task with validation provided by NASA experts. The
second scenario was a desert survival task with validation provided by
the Chief of the Desert Branch, Tropic Information Center of the Air
Force University at Maxwell Air Force Base. The third scenario was a
winter survival task validated by a US Army survival trainer.
Problem solving was scored by computing the diﬀerence between
the crew ranking of the item and the respective expert ranking. Problem
solving scores were computed using the absolute value of the deviation
of each item's crew assigned rank from the expert ranking, and then
summing the deviations. Because greater deviation reﬂects lower performance, researchers reverse scored this measure by converting scores
to negative numbers, making zero the best possible score and −112 the
worst possible score. For example, imagine if a magnetic compass and a
ﬂashlight were ranked 5 and 13, respectively, by the crew. However,
subject matter experts ranked the magnetic compass and the ﬂashlight
as 13 and 5, respectively. In the crew's case, the two items would both
be scored as 8, giving the crew a score of −16. These scores were then
standardized across crews and time points, and the resulting standard
score was used in subsequent descriptive analysis.
Ethical decision making (negotiate) was categorized as a subjective
task inﬂuenced by values and attitudes rather than facts [11,21].
Ethical decision making was assessed using three moral dilemmas. The
ﬁrst dilemma was a runaway trolley that was heading towards a group
of people, and the crew has the ability to divert the trolley, but doing so
would result in the certain death of one person [22]. The second dilemma involved the trade-oﬀ of building a vital pipeline, but doing so
would come at the cost of human life [23]. In the third dilemma, a ship
has struck an iceberg and there were not enough life rafts for all the
passengers; the crew had to decide who would be given access to the
life rafts and whether they should be held personally responsible for
lives lost due to the decision [24]. All three tasks were completed via

performance prior to the initiation of communication delay. Day 16 was
selected to assess performance during communication delay. Day 30
was chosen to assess crew performance after as long a period as was
possible in this analog. Further, researchers intentionally avoided administering the battery in proximity to a 24-h sleep deprivation day.
MMSEV data was collected on 18 of 30 days, with as many as 4 days
between measures. There were slightly more assessments made in the
ﬁrst half of the mission, 10, than in the last half, 8. Table 1 presents the
exact days of administration.

2.2. Tasks assessing team performance
In order to assess crew performance on the generate, choose, and
negotiate dimensions, a battery was developed consisting of three
parallel versions of a task assessing each dimension. The tasks were
comparable to those used to assess collective intelligence along the
same three dimensions, albeit in other contexts [14]. NASA included
the MMSEV task, ideal for assessing execute performance as part of the
standard mission procedure.
Creativity (generate) was deﬁned as the production of ideas that are
both novel and useful [15]. Creativity was assessed using an AUT approach [16]. The instructions were to generate as many uses for a
speciﬁed object. Three parallel versions of the task were created by
varying the object named in the task (i.e., brick, paperclip, rubber
band). Crew members were instructed to spend 5 min individually
generating alternative uses, and then came together as a crew to discuss
additional uses. Tasks were completed utilizing Qualtrics, and it was
through Qualtrics that crews received instructions and timing guidelines, and typed responses from tablets.
Creativity was scored using three dimensions: ﬂuency, ﬂexibility,
and novelty, identiﬁed in past work on small group creativity [17–19].
Fluency was the total number of non-repeating ideas generated by the
crew. Flexibility was the number of types of ideas generated for each
crew. For example, a car stop and a door wedge counted as separate
items in terms of ﬂuency but represent one type of idea (using the item
as a wedge). The number of categories for each item was determined by
three raters categorizing all the items generated by the crews. If two of
the three raters agreed on the category, the item was classiﬁed as that
category [17]. If two raters did not agree, the item was discussed and a
consensus reached. Finally, novelty [18,19] was determined by calculating an output dominance score - how often an item was listed relative
to all items generated by all crews. Each item received a score and each
crew's items were averaged to represent their novelty score.
The ﬂuency, ﬂexibility, and novelty scores were then standardized
within dimension using the distribution of 4 crews each assessed at 3
times. The dimensions were strongly correlated: ﬂuency and ﬂexibility
correlated 0.55, ﬂuency and novelty 0.90, and ﬂexibility and novelty
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Qualtrics. The crew was given 20 min to read and discuss the dilemma
and 5 min to type their decision into the Qualtrics survey.
Ethical decision making was scored by three coders who reviewed
video recordings of the crew discussion. Coders calculated the total
number of ideas and perspectives shared during the discussion.
Additionally, coders evaluated each crew's discussion quality based on
the scenario question being fully addressed, participant engagement in
discourse, and consideration of alternative ideas. An overall discussion
quality score of 1 (poor) to 5 (excellent) was assigned to each crew on
each task. The number of ideas generated and overall discussion quality
were highly correlated (r = 0.69), and scores were standardized and
averaged to comprise one ethical decision making score per crew at
each time point. The resulting aggregate was used in subsequent descriptive analysis.
The MMSEV/EVA task (execute) was an objective performance task
in which the four crew members participated in a virtual reality space
simulation. During this task, the crew worked together to complete
objectives at speciﬁc locations on an asteroid. The pilot and co-pilot
remained on the MMSEV for the duration of this task. They piloted the
MMSEV between the ship and the asteroid, as well as direct the other
two crew members to each objective by using a painting-laser. The
other two crew members departed the MMSEV upon arrival at the asteroid. They proceeded to the coordinates of each assigned objective to
collect various types of rock samples or set up sensor relays. Data that
showed how the team attempted to complete these objectives were
hand recorded by NASA operations personnel during this task.
Three undergraduate research assistants coded the MMSEV performance data. Each coder compared the data to the teams’ assigned objectives for a given mission day and coded each objective as “complete,”
“partial completion,” or “no evidence for completion.” The tasks were
divided between the three coders so as to have each task coded twice.
The coders agreed on the majority of data; of 1098 total codings, coders
agreed on 902. Joint probability of agreement was calculated at
82.15%. All discrepancies between codings were resolved using consensus between the three undergraduates and a graduate student task
expert.

Fig. 4. Generate performance over time.

innacturate by 4–5 points (worst team score). Execute performance
showed similarly wide variation, ranging from 47% of objectives
completed to 98% of objectives completed.
For interpretability across diﬀerent measurement scales, the raw
scores were converted to z-scores using the distributions of scores for
the four crews at the three time points. This process was done for each
of the 4 performance dimensions (generate, choose, negotiate, and
execute). The plots presented for each dimension include the z-scores.
Fig. 4 displays the crews’ generate performance. Fig. 4 depicts a
slight increase from mission day 11 to mission day 16 for 3 out of 4 of
the crews. However, all 4 crews show a steep decrease in performance
from mission day 16 to mission day 30.
Fig. 5 displays crews’ choose performance. Fig. 5 depicts the problem-solving scores of each of the crews at each of the three time
points. Fig. 6 shows all crews decreased in problem solving performance from mission day 11 to mission day 16. From mission day 16 to
mission day 30, there is no distinct pattern of performance across crews.
Two crews increased in problem solving ability while two crews decreased in problem solving ability.
Fig. 6 displays crews’ negotiate performance. Fig. 6 shows the
ethical decision-making scores of each of the crews at each of the three
time points. Ethical decision making shows a relatively stable performance trend. Crew 3, however, exhibited an increase in ethical decision-making performance from day 16 to day 30.
Fig. 7 displays crews’ execute performance. Fig. 7 shows the degree

3. Results
Table 2 presents the descriptive statistics on crew performance dimensions for the four crews. Examining generate performance, there
was wide variation in creativity, with the high score of 45 ideas more
than double the low score of 22 ideas. Similar variation was observed
with the number of kinds of ideas, and in novelty as well, though the
scaling of the novelty ratings makes this diﬃcult to see in the descriptives. There was wide variation in choose performance; the best
choose performance was a deviation of 24 points from the expert model
across 15 items, whereas the worst observation was 66 points. This is a
meaningful performance diﬀerence, ranging from being inaccurate on
each item's survival utility by 1–2 points (best team score) versus
Table 2
Descriptive statistics for HERA Campaign 3 crew performance (N = 12 observations).
Variable
1. Generate
Fluency
Flexibility
Novelty
2. Choose
3. Negotiate
Number of ideas
Discussion quality
4. Execute

Mean

SD

Minimum

Maximum

36.08
17.83
0.98
−46.83

8.05
3.97
0.01
11.49

22
13
0.97
−66

45
25
0.99
−24

8.17
3.71
0.85

3.35
0.96
0.15

5
2
0.47

16
5
0.98

Note. Reported means and standard deviations are calculated from the raw
score values for each dimension.

Fig. 5. Choose performance over time.
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dilemmas to psychomotor challenges. This study examined the eﬀects
of isolation and conﬁnement on four essential dimensions of team
performance over time. The results demonstrate that measuring multiple performance dimensions is a useful practice and should be strongly
considered for analog research and long duration mission monitoring
alike. Certain dimensions of performance may not vary at the same rate
or in the same direction. Thus, each of the four team performance dimensions should be assessed.
The results have important implications for future research and the
management of future space crews. The study showed diﬀerential effects for each of the four performance dimensions over time. Although a
focus on relations between crew members is important to ICE and space
contexts, the risk of mission failure comes speciﬁcally from the crew not
performing at adequate levels.
Whereas execute and negotiate performance were stable or increased over time, generate and choose performance declined over
time. Execute tasks may have increased over time as the crew learned
the task and how to work together. Execute tasks are largely behavioral,
requiring members to coordinate joint actions. In contrast, generate and
choose tasks are conceptual. These task dimensions may have shown
decrements as members became less communicative in isolation [27].
Conceptual tasks require perspective-taking, empathy, reasoning, and
elaboration of information to teammates, all of which may suﬀer when
individuals begin to withdraw in isolation. Negotiate performance is the
most process-intensive, and it showed the greatest stability. It may be
the case that crews diﬀer from each other in the quality of their interaction processes, and that these abilities remain relatively stable over
time.
The current ﬁndings underpin the importance of considering crew
performance on conceptual tasks in future analog studies. The variations and diﬀerences of speciﬁc dimensions of team performance over
time suggest that the dynamics of team performance are critical.
These results indicate the importance of broader conceptualization
and measurement of team performance. Additionally, while team performance is made up of individual and relational processes, the crew
will succeed or fail as a group. Synergies and process losses render team
performance more than the sum of individual crew members’ performance levels, and so tracking team level indicators is essential.
In fact, it is these conceptual dimensions of performance that largely
distinguish the current era of long duration space missions like the ISS
from the next era of long-distance missions to Mars and beyond. The
crew autonomy created by physical distance will require the crew to
perform exceptionally well across all four dimensions for the entirety of
the mission. When considering how to best apply results from analog
studies, one must consider the diﬀerences between the analog mission
and the missions which will actually be undertaken by astronauts in the
future. While range restriction of longitudinal performance data might
impact the predictive utility for longer missions, it is likely that the
performance decrements seen in our study would increase over time. In
other words, if performance on these tasks was easy to maintain over
time, we would expect them to be better for a 30-day mission. When
making predictions about their performance on longer missions, it is
unlikely crews would improve performance on these dimensions in the
face of the extended hardships of space travel. If a crew cannot maintain performance for 30 days, how can we expect them to maintain
performance for 3 years?
The observations of this sample can be used to build on and extend
conclusions based upon other studies of crews in space analogs. For
example, one such study of the Mars 105 mission found the crew felt a
decrease in positive emotions throughout the mission, and that certain
coping strategies might be better for preventing symptoms of depression [28]. As these coping strategies could be taught to astronauts, it
may also be enlightening to conduct an examination of whether team
interventions might build resiliency against the performance decrements observed in our analysis. Ultimately, it is our hope that these
results will add to a thriving research stream which will shed light on

Fig. 6. Negotiate performance over time.

Fig. 7. Execute performance over time.

to which each crew met their total number of assigned objectives on a
given mission day, shown here as a z-sscore. Crew 1 had the largest
change in performance; they achieved very low performance at the
beginning of the mission but had the second highest by mid-mission.
Crews 2 and 4 started in the below average to average range, and increased their performance steadily throughout the mission. Crew 3 had
the highest performance of all 4 crews, starting with the best performance and maintaining this trend throughout the mission. It is of note
that ceiling eﬀects may have distorted the true performance of Crew 3,
as they achieved perfect or near perfect scores on the MMSEV task for
the majority of the mission.

4. Discussion
Crew members of future long-distance space exploration missions
are poised to face more novel environments and challenges than ever
before [25]. Such crews will have unprecedented levels of autonomy.
The ISS model where the: “Crew is [Mission Control's] eyes… Ground is
the brain,” (p. 607) [26] does not translate well to long distance missions. Future crews need to be both the eyes and the brain.
Crew members will have to work well with each other in both
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5. Conclusion
In conclusion, results from this study tracking teamwork over time
reveal that it is essential to monitor crew performance on conceptual
team tasks and to use these as criteria in studies developing recommendations and countermeasures for long distance missions.
Whereas many aspects of astronaut selection and training focus on
highly behavioral coordinative tasks that fall in the execute domain,
this sample demonstrates decrements in the more interpersonally and
knowledge-intensive domains of generate and choose performance.
These dimensions are likely to be critical as astronauts on future space
missions becomes more reliant on one another to solve the inevitable
and unanticipated challenges and opportunities of exploring deep
space.
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