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Abstract

Future space habitats excel at sustaining life, yet their environments often expose crews to sensory
deprivation, confined geometries, and persistent stressors that can impair cognitive performance and
operational safety. While engineering solutions ensure survival, the human nervous system requires envi-
ronments that actively regulate stress and support resilience. This study proposes a neuroarchitectural
framework for understanding how specific spatial parameters influence physiological stress responses and
perceived habitability during long-duration missions in ICE environments.

The framework examines three design variables essential for human-centered habitat design: (1) ge-
ometry (curved versus rectilinear configurations), (2) materiality (wood, earth-based finishes, and neutral
composites), and (3) view condition — defined as the type of visual external reference available within
a habitat, operationalized through controlled 2D proxies (e.g., nature views, urban views, or no-view
conditions).

These variables represent architectural parameters that remain understudied in space habitability
research but can be systematically manipulated, even in environments where direct contact with nature
is impossible. Unlike broader biophilic approaches, this study isolates strictly visual and spatial cues to
ensure methodological precision and compatibility with current spacecraft and analog mission constraints.

The methodological approach focuses on two response domains critical for crew health and mission
performance: (1) physiological activity (heart rate, heart-rate variability, electrodermal activity), and (2)
affective state, assessed through validated self-report instruments.

Early-stage experiments will employ controlled 2D visual stimuli to establish baseline responses to
the three design variables. Later phases will extend to immersive virtual reality environments, enabling
more accurate approximation of spatial experience and the analysis of additional factors such as spatial
complexity and environmental affordances. A collaboration with a human-factors laboratory in Vienna is
currently under consideration to support rigorous physiological data collection.

Although data acquisition is planned for a subsequent project stage, this contribution presents a
replicable experimental protocol for linking architectural characteristics to human stress responses in
ICE environments. Preliminary validation confirms that the selected design variables and measurement
methods are appropriate for systematic habitability research and can be integrated into analog missions
as well as future habitat prototyping.

By positioning architecture as an active regulator of the nervous system, this study complements
existing engineering-driven habitability frameworks with evidence-based spatial design principles. The
resulting insights aim to inform the development of safer, healthier, and more resilient space habitats
capable of supporting crew well-being and mission performance during extended periods of isolation and
environmental extremity.



