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The environmental conditions of prolonged spaceflight missions pose medical and psychological risks for astronauts. As
identified by NASA Human Research Program (HRP), long duration exposure to an isolated, confined, and extreme
(ICE) environment contributes to the risk of adverse cognitive or behavioral events which may compromise mission
safety and success. Previous work has suggested a link between the reduced sensory stimulation associated with such
environments and a loss of pleasure, satisfaction, and engagement ([1], [2], [3]). Effective countermeasures are
necessary to promote individual behavioral health and performance by providing increased sensory stimulation, offering
novelty, preventing boredom, reducing stress, and increasing attention. Draper Laboratory, in conjunction with
collaborators at Dartmouth Geisel School of Medicine, will investigate Virtual Reality (VR) stimulation for relaxation
and therapeutic release to mitigate the risk of adverse cognitive and behavioral effects in spaceflight-like isolated,
confined environments.

This study will expand upon previous work conducted by our Dartmouth collaborators which investigated the feasibility
of nature-based sensory stimulation using VR to promote stress management and relaxation ([4]) by (1) adding an
interactive component to the VR-based sensory stimulation, to promote engagement and to facilitate therapeutic release;
(2) deploying and testing this platform in ICE for feasibility and validation; (3) incorporating non-intrusive physiological
monitoring; and (4) examining quantifiable neurophysiological response to stimulation exposure, individual variability in
responses, and longitudinal and dose-response characteristics of exposure impacts.
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Year 1 Progress (Ed., 8/24/22)

This project aims to optimize and test virtual reality (VR) sensory presentation for behavioral health support in isolated,
confined, and extreme (ICE) environments. The work will include psychophysiological monitoring and feedback, and
multisensory display presentations (e.g., haptic/tactile stimulation, enhanced audio), and will be tested in laboratory and
ICE analog environments.

The first phase of this investigation involves the analysis of subjective feedback questionnaires and post-mission
interviews collected from participating operational ICE environment volunteers who interacted with a standard VR
platform on an informal basis. The purpose of this exploratory, opportunistic research is to assess preference for VR
scenarios and to gather contextually-specific experiential data with the goal of optimizing future VR presentation for
maximum restorative impact.

Currently, we are in the process of deploying a set of VR experiences for winter-over usage at the South Pole Station.
These include several different VR scenarios which modulate one or more of four specific attributes of the VR
experience: (1) scenario duration (short vs. long); (2) sensory modality (visual only or visual haptic cues and enhanced
audio); (3) scene context (city or nature scenes); and (4) scene dynamic presentation (fixed scenes or dynamically
explorable scenes with motion). We will be examining both subjective responses (through self-reported mood and
preference questionnaires) and objective physiological responses to VR experience interactions, to assess the emotional
and psychological impacts of various platform configurations. We anticipate collecting data during the second half of
the winter-over 2022 season (approximately July-October). Future work will involve preparations for Aim 3 laboratory
testing, which will expand upon our analog work and incorporate an investigation of the impact of various VR
experiences (including the introduction of biofeedback) on attributes of cognitive performance.
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