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Exploration spaceflight missions will expose crewmembers to many risks that could affect their performance and
mission success. Minimizing such risks will require identifying and validating objective indicators of behavioral health
and performance (BMed2 Gap), understanding the contribution of sleep loss on individual behavioral health (Sleep2
Gap), and identifying countermeasures that can reduce these risks (BMed1, BMed6, and Sleep9 Gaps).

Currently the Robotic On-Board Trainer (ROBoT) is used operationally by astronauts both on the ground and on the
International Space Station (ISS) to practice Canada Arm activities. Our group is helping adapt ROBoT for research use
and for quantitative performance assessment. In addition, our group is developing and testing NINscan-SE: a multi-use
system for measuring brain and physiological function. Both ROBoT and NINscan-SE are being characterized and
validated in our laboratory over the next several months, and will undergo analog feasibility testing during the Human
Exploration Research Analog (HERA) 2016 campaign. We propose to deploy both in this project to:

Aim 1: Characterize operational task performance changes during 45-day HERA missions, including the roles of
time-in-mission, workload, sleep debt, and operational emergencies.

Aim 2: Characterize brain and systemic physiology changes during 45-day HERA missions, including the roles of
time-in-mission, workload, sleep debt, and operational emergencies.

Aim 3: Identify physiological or behavioral variables that predict operational performance.

Aim 4: Quantify the influence of behavioral health countermeasures on both operational performance and
(neuro)physiological measures.

To achieve these aims, we will recruit up to 32 crewmembers from eight 45-day missions in the HERA facility during
Campaigns 4 and 5, plus 32 control subjects. HERA and control participants will all perform ROBoT tasks plus undergo
physiological monitoring 2x/week, on matching schedules, thus enabling us to differentiate changes in operational
performance due to practice over time from any changes due to HERA sequestration. In addition, two “unexpected
operational emergency” events will be introduced in the first and last weeks of each HERA mission. These will consist
of an acute need to capture a wayward satellite traveling near the limits of Canada Arm capabilities.

We will also work with the Behavioral Health and Performance (BHP) Element and other HERA investigators to
coordinate ROBoT and physiological data collection before, during, and after one or more countermeasure (CM)
deployments during the HERA missions. CM(s) may include a lighting intervention, a Virtual Space Station-based
behavioral intervention, diet, exercise or some other intervention. The experimental design will depend on the nature of
the CM. We will test hypotheses that the CM(s) generate detectable changes in ROBoT performance and rest/task
(neuro)physiology recordings. We will also compare ROBoT performance to the standardized Behavioral Core
Measures (BCM), if available.

The knowledge-deliverables of this project will describe: (i) changes in operationally-relevant (ROBoT) performance
during the HERA mission in a well-controlled analog study of substantial size; (ii) changes in cerebral and systemic
physiology associated with HERA mission parameters as well as operational performance, (iii) identification of
potential predictors of future ROBoT performance, and (iv) the influence of the investigated countermeasure(s) on
operational performance and physiology.

New project for FY2016.
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