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ABSTRACT
There are many psychophysiological stressors present on long-duration missions, including sensory
deprivation, sleep loss, and periods spent in isolated, confined, and extreme (ICE) environments. These
stressors place astronauts at an increased risk of developing adverse behavioral health conditions.
Consequently, deterioration of behavioral health can decrement performance and endanger mission success.
As mission destinations continue to grow farther from Earth, our current countermeasures will become
increasingly difficult to utilize. VR technologies have shown their promise as a potential solution to part of
this issue. However, most VR environments primarily incorporate audio-visual stimuli, and the addition of
other sensory stimuli could enhance the benefits of the VR intervention. Furthermore, the benefits of added
sensory stimuli could be heightened for astronauts by counteracting the negative effects of sensory
deprivation. Therefore, we are developing a multi-sensory virtual reality (VR) environment as a potential
tool to maintain behavioral health.
Our nature-inspired VR environment incorporates digital scent technology (Olorama Technology Ltd.,
Valencia, Spain) to ambiently disperse scents when the user is near a key area. For example, a honey scent
is dispersed by a beehive, and lavender and rose scents are dispersed near a field of flowers. We hypothesize
that the incorporation of scents into our VR environment will increase the user’s sense of immersion and
presence and improve any behavioral health benefits of the VR environment on its own.
We are using a within-subjects, counterbalanced experimental design, where subjects are exposed to a VR
only condition and a VR + scents condition. Participants will first be exposed to a stressor (i.e., public
speaking task) and then receive a 15-minute VR intervention. This is then repeated with the other VR
condition. We are recording blood pressure, electrodermal activity, respiration, and ECG throughout the
experiment to monitor physiological responses. In addition, we are collecting self-reported levels of state
affect and anxiety through the Positive and Negative Affect Schedule (PANAS) and the 6-item State-Trait
Anxiety Inventory (STAI-6). Results from a pilot study (n=4) indicated that the VR environment was
successful in reducing feelings of anxiety, and subjects tended to report lower anxiety in the VR + scents
condition than in the VR only condition. In future testing, we will explore the relationship between
additional sensory stimuli in VR and behavioral health benefits.
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Figure 1: Nature inspired VR environment with
localized digital scents

