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This project addresses questions regarding methods and technologies for training crews to maintain crew cohesion and
optimal performance during exploration missions (BHP Team GAPS; IRP Gap - BHP 2.3.1) and metrics for monitoring
crew cohesion (BHP Team GAP2; IRP Gap - BHP 2.2.1). Specific aims of this project are threefold: (1) identify
evidence-based guidelines/best practices for training to maximize team cohesion, and team performance; (2) design,
develop, and validate evidence-based instructional strategies to mitigate performance failures from cohesion decrements
among spaceflight crews and coordinating ground crews; and (3) design, develop, and validate an evidence-based index
measuring and diagnosing cohesion over the course of a mission. These specific project aims meet NASA goals and
objectives (BHP Team Gap 2 and Team Gap5) by capturing cohesion levels shown to be integral to long duration
spaceflight mission success as well as developing countermeasures designed to mitigate the negative impact of cohesion
issues. Organized as a multi-year project, primary tasks for the first year included the development of recommendations
for training crews to optimize cohesion and team performance, mitigate negative impacts of long-duration missions, and
measuring crew cohesion over time. Second and third years of the project focus on applying recommendations derived
from year one research by developing, implementing, and evaluating instructional strategies to maximize crew cohesion
and mitigate negative psychosocial impacts of long-duration missions. Overarching project goals are to: (1) mitigate
performance failures due to a lack of cohesion between spaceflight crews and coordinating ground crews, (2) diagnose
cohesion decrements during exploration missions, and (3) provide just-in-time training to improve any noted cohesion
decrements during spaceflight.

Working together on long-duration space exploration missions in conjunction with ground control requires the ability to
communicate, coordinate, and cooperate for extended durations under complex, dynamic conditions such as extreme
isolation and confinement (NASA, 2009). Factors related to team cohesion (e.g., interpersonal conflict, impaired
communication) were noted as contributors in both the Challenger and Columbia shuttle accidents. Determining the best
strategies for equipping crew members with the cognitive, behavioral, and attitudinal tools necessary to cope under such
intense conditions while maintaining optimal performance, and developing a means to unobtrusively monitor crew
adaptation over time are critical to the success of such missions. The multipronged research approach will yield (1) an
understanding of the factors that contribute to a lack of cohesion and (2) the identification of stressors relevant to
spaceflight crews, which will aid in pinpointing training strategies and methodologies to equip team members with the
competencies necessary for coping with isolated, confined environments for long durations. Additionally, the focus on
self-correction and regulation will enable teams to maintain levels of cohesion and team performance as well as to
mitigate the negative impact of cohesion decrements over the course of long duration spaceflight.

The following is a submission of the overall final report of the research project. This research project (Project
PEGASUS) is dedicated to providing valid, evidence based training recommendations for optimizing and maintaining
crew cohesion and team performance during long duration spaceflight (LDSF) missions. The specific objectives
associated with Project PEGASUS include: (1) Identify evidence-based guidelines and best practices for training to
maximize team cohesion and team performance; (2) Design, develop, and validate theoretically driven, evidence based
instructional strategies to mitigate performance failures from cohesion decrements among spaceflight crews and
coordinating ground crews; and (3) design, develop, and validate an evidence based toolkit for measuring and diagnosing
cohesion over the course of LDSF missions.

This report includes the tasks that have been conducted for the project, as well as updates following the previous Y4
annual report completed. The first phases of the project involved investigating the characteristics of the LDSF
environment, by reviewing the literature of team performance in isolated, confined, and extreme (ICE) environments.
Our literature review was organized by investigating three constructs—categorized as thrusts—that are considered
important for effective team performance in ICE environments: (1) cohesion, (2) stress, and (3) self-regulation.

The literature review helped in the development of inquiries for the structured interviews with subject matter experts.
These subject matter experts were astronauts with NASA who had previous experience with LDSF mission in the
International Space Station (ISS). These interviews involved astronauts to provide insight into their experiences of these
missions, including stress that they experience during taskwork and in the work environment, preparing crewmembers
for spaceflight missions, and working with fellow teammates before and during the mission. Additionally, we also gained
insight about what conditions of training interventions they deemed useful for preparing the team for their spaceflight
mission. Based on our literature review and talking with the subject matter experts, we concluded that Team

Dimensional Training (TDT), a structured debriefing strategy that is associated with team self-correction, can help
personnel in the spaceflight context for learning and maintaining optimal collective performance.

The main update associated with this final report involves the conduction and conclusion of our field study, which
investigated TDT in a Mission Control setting. This involves data collection, analysis, and interpretation of results.
Findings indicate that participants rate the TDT debriefing strategy to allow for more open and participative debriefing,
and also rated the TDT strategy with higher levels of learning value than the baseline debriefing condition. Additionally,
findings indicate that the TDT strategy has resulted in quicker certification times for trainees in comparison to the
baseline condition.

Overall, our efforts in this four year research project involved gaining insight into the characteristics and challenges
associated with long duration spaceflight. Our efforts also included the validation of training countermeasures (i.e.,
TDT) aiming to benefit personnel in the spaceflight work environment to prepare for future missions.
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