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Background

Considerable evidence suggests that there are individual differences among astronauts in their vulnerabilities to the various stressors of spaceflight. This NSCOR project leverages the NIMH 
Research Domain Criteria (RDoC) heuristic framework to conduct experimental studies to identify biological domains (molecular, circuitry, physiology) and behavioral domains that relate to 
individual adaptation and resiliency (as well as behavioral vulnerability) in spaceflight-relevant confined and extreme environments (both ICC and ICE). By including three different human 
confinement analogs and an animal model, the NSCOR will generate data converging on biomarkers of neurobehavioral and neurobiological resilience in spaceflight analog environments. Such 
novel information will help in selecting astronauts most likely to maintain human health and performance during long-duration exploration missions. Biomarkers (e.g., genes, molecules, cells, 
circuits, physiology, behavior, self-reports) will be evaluated at the Neuromuscular Research Laboratory at the University of Pittsburgh’s Department of Sports Medicine and Nutrition. 
Neuroimaging data will be evaluated at the Brain Behavior Laboratory at the University of Pennsylvania Perelman School of Medicine’s Department of Psychiatry and at Charité University in Berlin.

The German Neumayer III Antarctic station 
located on the Ekstroem-shelf is an analog for 
LDSM that includes the following: long-duration 
(15-month) expeditions; no return during the 
Antarctic winter; extreme climate; fluctuations in 
meaningful work; operations in a dangerous 
environment with life-threatening situations (e.g., 
power failures, limited medical capabilities); lack of 
greenery and fresh food; sensory deprivation; and 
social isolation. It will provide NSCOR data on two 
15-month winter-over campaigns in 9-person 
crews, for a total of N=18 subjects.

Background & Deliverables

Animal Model  (Harvard) ICE – NEUMAYER (Antarctica)ICC – HERA (NASA JSC)

NASA’s Human Exploration Research Analog (HERA), 
located at Johnson Space Center, is a 3-story 636 ft2

habitat that serves as an analog environment for 
studies of biopsychosocial adaptation to confinement 
and isolation, human factors and habitability, human 
health countermeasures, and operational mission 
management. The NSCOR project at HERA will 
evaluate behavioral health and performance effects 
and associated biomarkers of adaptation and 
resilience to isolation, confinement, and social stress. 
It will provide NSCOR data on eight 45-day missions 
in 4-person crews, for a total of N=32 subjects. 

ICC – ICARUS (U Penn)

Penn’s Isolation, Confinement Analog Research Unit 
for Spaceflight (ICARUS), located in the Hospital of the 
University of Pennsylvania, ICARUS is a 319 m3

confined habitat with 24-7 mission control; high 
resolution audio-video recording; ambulatory sleep-
wake monitoring; capability to deliver varying sensory, 
operational, environmental, and social stressors; 
variations in work tasks and confinement severity; 
communication delays; and monitoring of emotional 
and social functions and biomarkers. ICARUS will 
provide NSCOR data on ten 7-day isolation missions 
in 4-person crews, for a total of N=40 subjects.

NSCOR addresses 3 RDoC Functional Domains:

Negative valence systems (e.g., fear, anxiety, loss) 

Positive valence systems (e.g., reward, learning, 
habit) 

Systems for social processes (e.g., attachment, 
communication, perception of self and others)

Units of analyses: genes, molecules, cells, circuits, 
physiology, behavior, self-reports, etc.
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