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Numerous authors have identified the stressors likely to be encountered on long duration space exploration missions

(e.g., to Mars), including the possibility of significant crises, separation from family, boredom/monotony, and interper-

missions, none have detailed the sources of meaningful work for astronauts and how these sources may differ between

Semistructured interviews were conducted with nine NASA personnel, including astronauts, flight directors, and flight
surgeons. Questions addressed sources of meaning for astronauts, characteristics of tasks that enhance vs. detract from

Personnel mentioned contributing to humanity and the next generation, contributing to the mission, and exploration
as the most meaningful aspects of their work. Characteristics of tasks that enhanced meaning included using a variety

social needs were met through such activities as the strategic use of social media, giving astronauts autonomy as well as
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METHOD:
meaning, and recommendations for enhancing meaning.
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of skills, feeling personal control over their schedule, autonomy in the execution of tasks, and understanding the
importance of the experiments conducted on the mission. Top recommendations to sustain meaning were insuring
structure, and conducting training during transit.
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missions and assessing the effectiveness of these interventions.
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umerous authors have noted the physical and psycho-

logical demands that will be placed on astronauts par-

ticipating in long duration space exploration missions
(LDSEM) to Mars and other locations.” The psychological
demands likely to be encountered during LDSEM include life-
threatening situations, confinement, lack of privacy, boredom,
interpersonal conflict, and family separation, among others. In
addition, recent analog studies of individuals participating in
long duration periods of isolation and confinement, including
the MARS 500 simulation, indicate that reports of overall stress
may be higher in long duration missions than in prior space
missions.! The demands of LDSEM have the potential to create
the development of significant mental health symptoms that
may compromise the astronaut’s health, well-being, and per-
formance. The present article addresses how engagement in
meaningful work throughout the LDSEM may decrease the

demands associated with boredom and monotony, as well as
buffer astronauts from the negative consequences associated
with other stressors likely to be encountered on these missions.

Employees consider their work to be meaningful when it
serves an important purpose or is otherwise seen as significant.”
Prior research has examined the importance of meaningful
work in the motivation, health, and performance of employees
in diverse occupations.*!° Britt and Bliese® found that engage-
ment in meaningful work buffered military personnel from
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deployment-related stressors, including lack of sleep, living in
an austere environment, and family separation.’ Prior authors
have noted, but not empirically examined, the importance of
meaningful work in the adjustment of astronauts during diffi-
cult missions.>!!

Employees who believe they are involved in meaningful
work will be more likely to proactively address the demands
that are encountered and to view these demands as challenges
to be mastered, as opposed to threats to well-being and per-
formance.® Astronauts have been described as action-oriented
individuals who have high achievement motivation and enjoy
dealing with challenges that arise. Therefore, astronauts who
believe they are involved in meaningful work will not only be
less likely to experience negative outcomes associated with the
demands likely to be encountered on LDSEM (e.g., mental
health symptoms, boredom, performance errors), but should
also experience positive consequences from successfully mas-
tering the challenges in executing mission-relevant tasks under
difficult operational conditions.'?

The present study examined the role of meaningful work in
the adjustment and performance of astronauts on long dura-
tion missions by interviewing NASA personnel (e.g., astronauts,
flight directors, flight surgeons). Personnel responded to ques-
tions regarding the sources of meaning in their work, character-
istics of tasks that contribute vs. detract from meaning, and
recommendations for enhancing meaning on long duration
missions. Responses to the interview questions were coded and
summarized, and the implications of the results for interven-
tions to enhance meaning during long duration missions are
discussed.

METHODS

Subjects

Interviews were conducted with nine Subject Matter Experts
(SMEs) who have had direct involvement with space missions
through primary or supporting roles or who had experiences
with analog environments. These included individuals with a
variety of job titles who offered unique perspectives on the
experience of astronauts and what methods could be used to
enhance the meaning of their work. The job titles of individuals
who were interviewed included: two former astronauts, a crew
psychologist, an operations planner, a flight director, a crew
trainer, an analog environment researcher, a capsule communi-
cator, and an Antarctic explorer.

Procedure

Participants were interviewed using a semistructured protocol
via conference call. Interviews lasted between 30 and 60 min.
At the start of each call, the interviewee was informed of the
purpose of the study being conducted and their role in the
study. They were further informed that while their responses
would be used in identifying themes regarding meaningful
work, direct quotations and their names would not be provided
in the final report. Therefore, the responses were anonymous.

The interviews were not recorded; however, graduate research
assistant(s) took detailed notes of the responses to be used for
turther analysis.

For the present study we asked four questions related to
meaningful work. We asked what the participants found mean-
ingful about their work, characteristics of tasks that contributed
to meaningful work, factors that decreased meaningful work
and engagement, and strategies to increase engagement in
meaningful work. Furthermore, the interviews were conducted
in a fluid manner, such that the interviewer would sometimes
move to different questions as the topics came up rather than
following a standard pattern of proceeding with each question
in order. This allowed the interviewer to probe thoughts or
comments that were brought up with additional questions as
these topics arose naturally.

Analysis
A coding scheme was developed to better understand com-
mon themes that emerged from the interviews. Interviews were
examined in two stages. In the first stage, major themes that
paralleled the academic literature on meaningful work, as well
as any novel comments or discussions that were mentioned by
the SMEs, were identified.

Within each of these major categories, there were between
6 and 12 subcodes. In the second stage of processing, the inter-
views were reexamined for more thorough coding. Each inter-
view was screened for whether or not a code appeared in the
interview transcript. If the code did appear, text that exhibited
the code was marked. Then all text passages that were marked
as exhibiting a particular code were combined into a final docu-
ment, giving the number of SMEs who mentioned the code and
examples of that code being discussed. We then collapsed the
original codes into broader categories for each of the four
questions.

RESULTS

Table I provides a summary of the seven major sources of mean-
ing identified by the respondents. The most frequently endorsed
categories reflected performing challenging work that required
solving a problem or fixing an issue that came up with an exper-
iment and making personal contributions to the success of the
overall mission. The next most frequently mentioned catego-
ries included doing work that was relevant to the individual’s
own skills and abilities, and the belief his or her work contrib-
uted to humanity as well as to the scientific curiosity of the
next generation of potential space explorers. Finally, a smaller
number of personnel highlighted learning new skills and
helping to carry out experiments that were unique to the space
environment.

The six themes that emerged in response to the question
addressing the characteristics of tasks that contribute to mean-
ingful work are provided in Table II. The most frequently
endorsed responses reflected having personal control and
autonomy over the work that was conducted, and having the
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Table I. Number of Interviewees and Sources for What They Found
Meaningful About Their Work.
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Table lll. Number of Interviewees and Reported Factors Which Decreased
Meaningful Work and Engagement.

THEME N THEME
Challenging, problem solving, fixing something (equipment, 7 Lack of/limited communication/explanation regarding tasks or 6
experiments) experiments
Contributions to the mission 7 Misperceptions between ground control and crew 4
Personal interest in the work: relevant to own skills, knowing 6 Combination of decrease in novelty and time away from family 4
importance of their work, and performance relevant to others False praise, nonspecific praise 3
Contributing to humanity/humankind 6 Nonmotivated team member “infecting” other team members 3
Contributing to next generation (e.g., students) 4 Repeated maintenance tasks (e.g.,, changing air filters) 3
Learning new skills (e.g., technical, professional development) 3 When things had not been planned out and they got afterthought jobs 2
Being involved in important science experiments that can only be 3 No separation of work and life; technically no separation 2
1

done in space

Change in roles during crew changeover (e.g., was leader, now follower)

There were N = 9 respondents.

opportunity to be involved in a variety of tasks that used a vari-
ety of skills to offset the boredom and monotony that can
sometimes occur on missions. A number of interviewees also
mentioned the importance of understanding the purpose and
importance of the experiments that were being done on a given
mission, as well as being given specific feedback that reflected
a recognition of how their work contributed to the successful
completion of experiments and the broader mission.

The nine themes that emerged in response to the question
addressing factors that decreased perceptions of meaningful
work are identified in Table III. The responses of the inter-
viewees were more diverse in response to this question and often
reflected the absence of factors that were identified as con-
tributing to meaningful work in the prior question. The most
frequently endorsed factors that decreased meaningful work
centered on the quality and genuineness of the information
received regarding experiments conducted during the mis-
sion and the broader mission goals. Interviewees also cited the
repetition of maintenance tasks and tasks that did not appear
to have been properly thought out as decreasing meaning.
Finally, some interviewees noted a lack of meaning in tasks
when the novelty of the mission had decreased and time away
from the family had increased, and when there was a lack of
separation between their work and nonwork life on the
mission.

Interviewees were asked to recommend different strategies
that would be most beneficial in increasing engagement and
meaningful work during LDSEM. As seen in Table IV, the

Table Il. Number of Interviewees and Reported Characteristics of Tasks Which
Contribute to Meaningful Work.

THEME N

Personal control over their schedule, greater autonomy in execution 6
of task

Task variety/variety of skills/not monotonous 6

Understanding the purpose and importance of the experiment; 5
how their involvement contributes to the overall success of the
experiment

Given specific feedback by the principal investigator and ground 4
control; recognition for task performance

Understanding how what they are doing contributes to the big picture 3

Personal involvement in shaping mission goals before the mission 1

There were N = 9 respondents.

There were N = 9 respondents.

respondents’ answers fell into six broad themes. The most fre-
quently mentioned recommendations fell under the Social
Needs/Contact theme. Specific recommendations in this cat-
egory all highlighted the social connections between the
astronauts and their families, the broader community, and fel-
low crewmembers. Specific recommendations included the
incorporation of real-time social media for astronauts who
wanted to stay connected with a broader community and
ways for astronauts to stay connected with their family, such
as through private conversations and involving the family in
the mission.

The next most frequent category of recommendations
addressed the timing of training and logistics for when tasks
were scheduled on the mission. Specific recommendations
included spacing out training during the mission and spread-
ing out important tasks across the crew and the mission.
Respondents also highlighted the importance of having the
crew on a schedule while also having flexibility in the schedul-
ing by giving the crew a broader amount of time to have tasks
completed.

The next category of recommendations referred to the con-
tent of the training and skills to be developed on the mission.
Here respondents emphasized the importance of astronauts
learning new skills during the mission (e.g., medical skills,
mental health first aid training) and cross-training on skills that
were a strength of each astronaut. Personnel also highlighted
the importance of being able to make mistakes and potentially
use errors as points for discussion among team members. This
section also addressed learning to deal with the boredom that is
likely to occur on long duration missions.

The final three categories were also mentioned by a majority
of the respondents and emphasized the importance of selecting
members of the team participating in the mission based upon
unique skills for the tasks that will be required, ensuring the
crew has autonomy over the methods used to accomplish
assigned tasks, and supporting the morale of the crew through
multiple free time options and the use of humor to break up
otherwise monotonous communications and procedures. The
recommendations from the six broad themes were in line with
interviewee responses to the questions surrounding the sources
of meaningful work, qualities of meaningful tasks, and factors
that decreased the meaning of tasks.
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Table IV. Number of Interviewees and Strategies to Increase Engagement
and Minimize Boredom.

MAJOR CATEGORY/THEME

Social Needs/Contact

Real time social media (but not a requirement for astronauts)

Private conversations with family (not on radio)

Use virtual reality, so that astronauts can be with their family
virtually

Have social rituals that increase cohesion (e.g., meals together)

Make family more integrated with work (family is aware of what 1
astronaut is doing)

Training/Logistics/Daily Schedule

Conduct training in transit so it occurs closer to actual performance

Spread out important tasks across the crew and across the mission

Ensure crew is on a schedule (e.g., eating meals, free time, and sleep);
some structure desirable, especially when a lot of down time

Keeping busy (make sure long work day busy)

Ensure training is relevant to the mission 2

Ensure in-transit goals are connected to the success of the overall 1
mission

In addition to a daily schedule, have broader time periods for task 1
completion

Space out training; not separated from family a lot right before they 1
leave

Training Content/Skills 6

Encourage astronauts to learn new skills (e.g., basic medical skills), 3
cross-train one another, preparing for contingencies that hopefully
do not happen

Track mistakes/errors, talk about why they are occurring (assumes 3
freedom to make mistakes)

Have crewmembers learn how they best deal with boredom before 2
the mission

Have crew trained in basic psychological knowledge (perhaps mental 1
health first aid; therapeutic training)

Team Composition Recommendations 5

Building teams with tasks in mind (not just randomly selected 5
members); ensure different team roles/mix of people; picked to
specify different roles

Crew Autonomy During Mission 5

Provide autonomy for astronauts: provide them with a list of things 5
to do and have them do them (more tasks “flexible” that can be
done atany time)

Supporting Crew Morale 5

Free time options (e.g.,, encourage hobbies, personal experiments)

Use of humor (e.g., ground control sends funny jokes embedded 2
in tasks)

Vary communication between ground control and crew (e.g, vary 2
voices doing the communicating, different words to convey same
meaning)

Surprises embedded with equipment for tasks (e.g., Easter eggs) 1

N W N o |2

w w M

N

There were N = 9 respondents.

DISCUSSION

The results of the present study provide insights into what
NASA and personnel participating in analog operations find
most meaningful about their work and provide potential inter-
ventions for sustaining meaning on difficult long duration
missions. Responses to the items addressing sources of mean-
ing and characteristics of tasks that are meaningful highlight
the importance of astronauts knowing the contributions they
are making to all aspects of the mission, as well as the

contributions they are making to humankind and the next
generation. The importance of task significance and doing work
that benefits others have been emphasized in prior investiga-
tions of meaningful work.” Furthermore, the responses of the
personnel in the present study illustrate characteristics that
detract from meaningful work, which include being given
incomplete information about the task at hand and the
monotony that comes from doing repeated tasks that lack
variety.’

Understanding the determinants of meaningful work pro-
vides mission support personnel with potential interventions to
enhance meaning during LDSEM. Respondents provided a
number of recommendations for increasing engagement and
perceptions of meaning. In general, the participant responses
highlighted the importance of timing interventions to increase
perceptions of meaningful work at those mission points where
perceptions of monotony increase. The responses also indicate
the benefits that will result from any interventions which
increase the perception of a greater connection between the
astronaut and his or her family (e.g., the potential for virtual
reality to bring the family to the astronaut, the family being
briefed on the importance of what the astronaut is doing). Ensur-
ing that an astronaut’s social needs are addressed during these
missions is consistent with the importance of social belonging
to individuals.?

Future research is needed to examine the effectiveness of
different interventions designed to increase meaning and
decrease boredom among astronauts participating in LDSEM.
Different personnel in the present study identified different
sources of meaning for participating in LDSEM, thereby high-
lighting the importance of tailoring interventions to enhance
meaning to increase sources of meaning unique to each astro-
naut. The administration of interventions that increase
meaning should positively influence the mental health and
well-being of astronauts participating in these difficult mis-
sions and increase the probability of perceived benefits and
psychological growth during and following the completion of
the mission.*
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