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Introduction: The changing gravity levels associated with spaceflight induce changes in neurovestibular signaling.  
This leads to miscalibrated sensorimotor responses, until the central nervous system adapts to the new 
environmental demands.  While healthy persons generally show favorable adaptive capacities, individual differences 
exist: some people adapt faster or more fully than others.  It would be highly advantageous to be able to predict 
individuals’ adaptive capacities without having to expose them to an adaptive process.  For spaceflight applications, 
this type of knowledge may enable preflight forecasting of which crewmembers may have more difficulty than 
others adjusting to novel g-levels, and perhaps guide individualized preflight or in-flight training.  Previous work in 
our laboratory has shown that eye movement fluctuations (inter-trial correlations) measured during a simple 
predictive-saccade eye movement task strongly correlate with the rate of learning during a saccade adaptation 
paradigm.  This experiment was designed to search for a similar predictive parameter in the vestibulo-ocular system. 
 
Methods: Ten healthy test subjects wore 0.5X minifying lenses for 20 minutes to adapt their vestibulo-ocular reflex 
(VOR), during which they made active, yaw-plane, sinusoidal head rotations continuously at 0.75Hz in the light.  
Baseline and post-adaptation VOR gain was measured with the same sinusoidal head movements in complete 
darkness.  Adaptation extent was defined as the difference between these baseline and post-adaptation VOR gains.  
Prior to the adaptation paradigm, subjects performed 400 active head-impulses while viewing a single fixation 
target.  The goal of these head-impulses was to determine whether some inherent property of the VOR could 
forecast the adaptive capacity of this system.  In this experiment, VOR gain was defined as the ratio of peak-to-peak 
eye position to peak-to-peak head position.  Raw eye position and head velocity traces were recorded using video-
oculography (EyeSeeCam, Munich Germany) and processed using in-house algorithms. 
 
Results: All subjects showed (1) substantial reductions in VOR gain following lens adaptation, and (2) baseline 
head-impulse VOR gains with means approximately equal to 1, but variable from trial to trial.  In all subjects, 
neither the mean nor the standard deviation of the baseline head-impulse VOR gains correlated with adaptation 
extent, and were therefore insufficient parameters to predict the adaptive capacity of the VOR.  However, upon 
examination of the inter-trial correlations of successive head-impulse VOR gains (i.e., the temporal structure of the 
baseline gain data), we found that the strength of these trial-to-trial correlations (measured by beta, the slope of the 
power spectrum of the sequence of cycle-to-cycle head-impulse VOR gains, which reflects the autocorrelation 
function) strongly correlated with adaptation extent (R2 = 0.72, p < 0.01).  More specifically, our results indicated 
that the stronger the inter-trial correlations (the larger the beta value), the weaker the adaptive capacity (the smaller 
the adaptation extent) of the individual. 
 
Discussion: In our experimental protocol, subjects were given continuous visual feedback during the head-impulses, 
and thus the VOR was able to perform online corrections quickly, should retinal slip occur.  Because this online 
feedback is immediately available and is the most relevant, up-to-date measure of the accuracy of the VOR system, 
it is unnecessary – and possibly prohibitory – for the brain to store and use error information from prior trials to 
adjust the current trial.  This is in contrast to our prediction results in the saccadic system, where larger adaptive 
capacities were marked by stronger inter-trial correlations; in the saccadic system, the only way that error 
corrections can occur is on a trial-by-trial basis, so therefore it is both necessary and desirable to retain previous 
performance information to modify behavior. 
 
Conclusion: In general, our results indicate that the temporal structure of behavioral data contains important 
information that may aid in forecasting adaptive capacities.  We have shown this in two oculomotor systems to-date, 
and future experiments will look for similar predictors in other sensorimotor systems, such as in posture and gait.  
The ability to predict these adaptive capacities in the sensorimotor system has significant implications for 
spaceflight, where astronauts must adjust their motor programs following a change in g-level to maintain movement 
accuracy.  This information may also enable the tailoring of individual training measures to each crewmember. 
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