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VEHICLE NET HABITABLE VOLUME (NHV) AND HABITABILITY ASSESSMENT 

The design of space vehicles and crew habitats can greatly affect habitability in terms of physical and psychological 

needs and comfort. This becomes even more important given the level of isolation crewmembers of long-duration 

spaceflight missions will have to endure. It is important to document and quantify details about crew task 

performance and well-being in a long-duration microgravity environment in order to provide valuable data for use in 

research, operations, and the design of future vehicles. The purpose of this proposed study is to assess habitability on 

the International Space Station (ISS) in order to better prepare for long-duration spaceflights to destinations such as 

Near-Earth Asteroid (NEA) and Mars. Specific needs during the one-year mission include the collection of human 

factors and habitability data while on-orbit (near real-time) and analysis of vehicle layout and space utilization. The 

ultimate goal is to understand how much habitable volume is required for vehicle internal design and layout and if 

mission duration impacts the volume needed. The project deliverables will include information to help prioritize and 

reduce research gaps, operational inputs to the Human Performance Data Repository, and data for human modeling 

and simulation tool development and validation. This project will help address specific research needs identified as 

part of Human Research Program’s (HRP) 2012 Habitable Volume Workshop and Standing Review Panel 

comments, and may potentially enhance the current ISS human factors crew debrief processes, resulting in higher 

quality data with minimal impact on crew time. This proposal will be led by the Space Human Factors Engineering 

(SHFE) portfolio under the Space Human Factors and Habitability (SHFH) Element, in collaboration with the 

Behavioral Health and Performance (BHP) Element. 

 

EFFECTS OF LONG-DURATION MICROGRAVITY ON FINE MOTOR CONTROL SKILLS 

Fine motor skills will be critical during long-duration space missions, particularly those skills needed to interact with 

technologies required in next-generation space vehicles, spacesuits, and habitats. They will be necessary for 

performing tasks in transit or on a planetary surface, such as information access, Just-in-Time (JIT) training, 

subsystem maintenance, and medical treatment. No studies have been completed in long-duration microgravity to 

investigate the type of functional fine motor performance required to interact with advanced technologies (e.g., 

touch technologies, gesture interfaces). There has also not been a complete, systematic study of fine motor 

performance to include different phases of microgravity adaptation, long-term microgravity, and the sensorimotor 

recovery period after transition to Earth gravity. The aim of this study is to determine the effects of long-duration 

microgravity and of different gravitational transitions on fine motor performance. Participants will complete 4 

computer-based tasks pre-flight, weekly in-flight, and post-flight. A matched ground subject will also participate in 

the year-long testing to provide a comparison between performance on Earth and in microgravity. The proposed 

investigation will supplement two other Human Health Countermeasures (HHC) sensorimotor investigations by 

providing an additional measure of functional performance post-flight, and a new sensorimotor functional test in-

flight. These data will contribute to closure of several NASA research gaps and may drive in-flight mitigations and 

design decisions for future vehicles and habitats.  

 

EFFECTS OF LONG-DURATION SPACEFLIGHT ON TRAINING RETENTION 

The current intervals of on-board-training (OBT) for emergencies and to maintain currency on Extra Vehicular 

Activity (EVA) and the robotic arm are largely based on anecdotal experience. Yet, on long-duration, long-distance 

missions, it will be critical to provide effective refresher training and JIT training for crews to cope with skill decay 

and with the unexpected, as well as to engage the crew in meaningful activities while in transit.  However, all our 

theories and knowledge about skill acquisition, retention, and transfer to new situations are based on studies 

conducted at university laboratories with undergraduate students as research subjects. It is not known how well these 

studies apply to astronauts in space operations. This task is a collaboration among SHFE, Exploration Medical 

Capability (ExMC), and Behavioral Health and Performance (BHP), and builds upon prior SHFE and BHP studies 

to investigate the effects of long duration spaceflight on training retention and transfer.  Participants will be trained 

pre-flight and will then be asked to perform at 3, 6, 9 and 11 months into the mission, as well as post-flight. They 

will also be tested for their ability to generalize and transfer their original learning to novel tasks.  In addition, a 

matched Earth-based subject will be going through the same training and testing to allow a comparison between 

performance on Earth and performance in space. 
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