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Abstract

Despite extensive research on the physiological and cognitive effects of CO2 exposure in operational
settings such as submarines and the International Space Station (ISS), significant gaps remain in un-
derstanding its impact on team dynamics, decision-making, and sleep in isolated, confined, and extreme
(ICE) environments. Specifically, there is limited knowledge on how prolonged exposure to moderately
elevated CO2 levels (600–800 ppm) affects collaborative problem-solving and team performance under
conditions that demand high self-reliance: a critical factor for deep-space exploration missions.

This pilot study, scheduled for 2025, will evaluate the physiological, cognitive, and behavioural im-
pacts of sustained exposure to moderately elevated CO2 levels at the Analog Astronaut Training Centre
(AATC) in Poland. Analog astronauts will participate in a controlled mission designed to simulate space
environments, providing insights into the effects of CO2 exposure on crew performance. The state-of-
the-art habitat will continuously monitor environmental conditions: including CO2 levels, temperature,
humidity, and light exposure, to establish correlations between environmental factors and physiological
or cognitive outcomes. CO2 fluctuations will be tracked throughout various activities (such as exercise,
meals, and sleep) to observe patterns and their impacts on participants.

The study will assess changes in sleep patterns, disruptions, and overall restfulness resulting from
elevated CO2 conditions. Additionally, physiological symptoms such as headaches, nausea, increased res-
piratory rate (exceeding 20% above baseline), and changes in SpO2 levels will be closely monitored to
identify early signs of CO2-related health deterioration. We will collect physiological data using transcu-
taneous CO2 monitors to assess respiratory efficiency and wearable actigraphy to track sleep patterns,
heart rate variability, and electrodermal activity, evaluating stress and adaptation. SpO2 levels will be
recorded to detect early signs of CO2-related health deterioration. Cognitive performance and workload
will be assessed using the Strategic Management Simulation (SMS) test and the NASA Task Load Index
(NASA-TLX). Sleep quality and disturbances will be evaluated with the Pittsburgh Sleep Quality Index
(PSQI). Additionally, team dynamics and psychological stress will be analysed through socio-mapping
heat maps and AI-driven voice recognition to assess psychosocial dynamics and communication efficiency.

Insights from this study may guide safe CO2 exposure limits for spacecraft and other confined habitats,
enhancing crew well-being on long-duration missions. Beyond space exploration, the outcomes can inform
safer practices in terrestrial environments such as submarines and mining operations, contributing to
sustainable human performance and resilience in both space and Earth-based confined settings.
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