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INTRODUCTION: During exploration-class missions, sensorimotor disturbances may lead to 
disruption in the ability to ambulate and perform functional tasks during the initial introduction 
to a novel gravitational environment following a landing on a planetary surface. The overall goal 
of our current project is to develop a sensorimotor adaptability training program to facilitate 
rapid adaptation to these environments. We have developed a unique training system comprised 
of a treadmill placed on a motion-base facing a virtual visual scene. It provides an unstable 
walking surface combined with incongruent visual flow designed to enhance sensorimotor 
adaptability. Greater metabolic cost incurred during balance instability means more physical 
work is required during adaptation to new environments possibly affecting crewmembers’ ability 
to perform mission critical tasks during early surface operations on planetary expeditions. The 
goal of this study was to characterize adaptation to a discordant sensory challenge across a 
number of performance modalities including locomotor stability, multi-tasking ability and 
metabolic cost.  
 
METHODS: Subjects (n=15) walked (4.0 km/h) on a treadmill for an 8-minute baseline walking 
period followed by 20-minutes of walking (4.0 km/h) with support surface motion (0.3 Hz, 
sinusoidal lateral motion, peak amplitude 25.4 cm) provided by the treadmill/motion-base 
system. Stride frequency and auditory reaction time were collected as measures of locomotor 
stability and multi-tasking ability, respectively. Metabolic data (VO2) were collected via a 
portable metabolic gas analysis system.  
 
RESULTS: At the onset of lateral support surface motion, subjects walking on our treadmill 
showed an increase in stride frequency and auditory reaction time indicating initial balance and 
multi-tasking disturbances. During the 20-minute adaptation period, balance control and multi-
tasking performance improved. Similarly, throughout the 20-minute adaptation period, VO2 
gradually decreased following an initial increase after the onset of support surface motion. 
 
DISCUSSION: Results confirmed that walking in discordant conditions not only compromises 
locomotor stability and the ability to multi-task, but comes at a quantifiable metabolic cost. 
Importantly, like locomotor stability and multi-tasking ability, metabolic expenditure while 
walking in discordant sensory conditions improved during adaptation. This confirms that 
sensorimotor adaptability training can benefit multiple performance parameters central to the 
successful completion of critical mission tasks. 
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