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Isolated and confined environments anticipated during exploration missions will include stressors such as small teams
living and working in extreme conditions for prolonged periods separated from family and friends; loss of the day/light
cycle; loss or delay of communications with ground; transitions in and out of partial gravity; and limited space, privacy,
and food selection. NASA's Human Factors and Behavioral Performance Element seeks to maintain and enhance
behavioral health and performance in such environments. The behavioral risk (Risk of Adverse Cognitive or Behavioral
Conditions and Psychiatric Disorders) is a high priority within the NASA Human Research Program (HRP) because it
has face validity, but lacks sufficient evidence due to a deficiency in measurement of the risk. Thus, there is concern that
the behavioral health of the crew will be challenged in a Mars mission, however there is no standardized method to
detect and quantify the magnitude of the risk or its likelihood.

The overarching goal of this project is to build on a successful record of software-based measurement of behavioral
health indicators (e.g., mood, cognitive function, performance, physical and mental fatigue, sleep quality) in order to
develop a complementary standardized suite of behavioral core measures (SBM) that would be quite feasible to
implement within the constraints of spaceflight research, ground-based analogs (both shortand long-duration), and
prolonged missions in isolated, confined, extreme environments lasting up to 12 months or longer. Achievement of this
goal would permit a more rapid and reliable assessment and quantification of the Risk of Adverse Cognitive or
Behavioral Conditions and Psychiatric Outcomes for exploration class missions. The standardized behavioral medicine
measures we are developing will be similar to the guidelines for standardization for bed-rest studies. Defining
standardized measures will not only allow for the systematic collection of data across multiple analogs, but it will also
facilitate risk characterization for the Behavioral Medicine (BMed) risk. Without a standardized suite of behavioral
health measures, the unknown BMed risk for exploration-class missions will continue to be estimated based on anecdote
and conjecture.

The elements of the SBM include the following:

(1) The Cognition test battery (a suite of 10 brief neuropsychological tests specifically designed for astronauts), (2)
Actigraphy sleep/wake data, (3) Visual analog scales and brief questionnaires with proven validity and utility in space
and space analog environments, (4) Journals (Audio/Video and/or typed), (5) The Robotic On-Board Trainer for
Research (ROBoT-r, a robotic arm track-and-capture grappling task), (6) Team Measure Questionnaires designed to
measure aspects of crew performance, team processes, team climate, and group living.

This project will deliver a suite of Standardized Behavioral Measures (SBM) that will be tested for feasibility, flexibility,
and acceptability in research studies in both short and long duration space analog environments and on the International
Space Station (ISS). With the SBM, it will be possible for NASA's HFBP (Human Factors & Behavioral Performance)
program to much better assess and quantify the Risk of Adverse Cognitive or Behavioral Conditions and Psychiatric
Outcomes for exploration class missions.

With the proposed work we will relevantly contribute to HRP's goal to provide human health and performance
countermeasures, knowledge, technologies, and tools to enable safe, reliable, and productive human space exploration.
More specifically, the SBM will constitute an important technology to provide mission planners and system developers
with strategies for monitoring and mitigating crew health and performance risks.

Additionally, Standardized Behavioral Measures could be beneficial for monitoring behavioral health during
Earth-based operations, especially those involving isolated, confined, and extreme environments (e.g., Antarctic
research expeditions).

Data collected during the 30-day missions in the Human Exploration Research Analog (HERA Campaign 3, N=16
subjects), a 12-14 month winter-over in the Antarctic Neumayer Station III (Neumayer I1I, N=7 subjects), and a 6-month
mission on the International Space Station (ISS, N=2 astronauts) demonstrated that the Standardized Behavioral
Measures (SBM) were feasible, acceptable, and reliable for tracking cognitive performance and behavioral health during
long-duration missions in isolated, confined, and extreme conditions. Mission controllers completed a team performance
questionnaire during HERA missions, and flight directors completed this brief questionnaire during the ISS study over
the course of the expedition.

Two requests for supplemental funding were submitted to NASA under the SBM study during this reporting period:

(1) Post-flight ROBoT-r: This supplement aims to accelerate our readiness for conducting critical operations
immediately post-landing on the surface of Mars. The specific goal of the supplement is to test an additional n=6 ISS
astronauts at three distinct time points within the first 24 hours after return to Earth (R+0), thereby increasing our dataset
from N=2 to N=8 astronauts.

(2) Data harmonization of NASA Behavioral Health and Performance (BHP) Standardized Behavioral Measures to
identify behavioral responses across spaceflight analog missions: This supplement aims to examine the neurobehavioral
responses of astronauts and astronaut-like individuals across NASA spaceflight analog missions. To achieve this goal,
the project proposes to harmonize SBM data across different spaceflight analog missions. This harmonized database will
provide the largest database to date of SBM data across different NASA spaceflight analogs and provide the opportunity
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to integrate the harmonized database with other study outcomes (e.g., other measures collected in these analogs by other
investigators).
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