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1 Introduction/Related Work
Whether or not the occurrence of eye movements during Motor Imagery (MI)
informs and guides the motor system during the mental simulation of an action is
still a topic of debate. Rodionov et al. (2004) were the first who examined eye
gaze in movement imagery. Their data suggested that nystagmic activity in the
horizontal plane could be elicited during movement imagery providing evidence
that eye movements could be used as an objective measure of online cognitive
processes. Using a cyclical aiming task, Heremans et al. (2008) reported that the
number and amplitude of the eye movements during imagery resembled closely
those of eye movements made during the physical execution of the task. The findings contrast, in part, those of McCormick et al. (2013) who reported that additional fixations were made during physical execution. The differences may be explained through the demands of the actions performed. Heremans et al. (2008)
used a relatively low demand cyclic wrist extension action that was cued externally whereas McCormick et al. (2013) employed a task that involved the optimal
movement of a stylus to a target in the sagittal plane. These data suggest that the
neural coupling that exists between eye and hand movements during physically
executed movements remains partially, but not totally, intact in imagery (i.e., fixation location is preserved) for relatively simple tasks that involve movement towards a motionless target. Therefore, it still remains unexplored whether for more
complex tasks, such as the ones that require acting upon a moving target, the neural coupling between eye and hand-movement is maintained or further disrupted
during the physical or mental simulation action.
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2 Our Contribution
To address this issue, a first study will be aimed at exploring the congruency of
gaze metrics between motor imagery and action execution for a complex aiming
task. 20 university students will be asked to intercept or to imagine Intercepting a
moving target displayed on a computer screen. Total fixation duration, number of
fixations on the target and for the whole scene, and saccade amplitude will be then
compared between performance conditions in which the presence /absence of the
visual stimulus has been manipulated (unguided motor imagery, guided motor imagery target visible, guided motor imagery target disappearing, physical execution, and a control condition) and between different target speeds (fast vs slow) in
a within-subject design. It should be noted that, by adding multiple performance
conditions, we wanted to provide more detailed evidence on how the presence/absence of visual guidance affects participants’ gaze behavior during the mental simulation of the task. Hence, 5 (performance conditions) X 2 (target speed) RM
ANOVAs will be used to compare the aforementioned gaze metrics. We expect
gaze metrics to be similarly affected by task complexity (target speed) and eye
movement variables in the more overt imagery condition (guided motor imagery
target visible) to be more congruent to the physical execution of the interceptive
task rather than the more covert conditions. The data from this experiment will be
then compared to previous findings and will serve the purpose of testing whether
specific gaze metrics, such as number of fixations, are congruent or differ for a
more dynamic task, such as those ones that require a target to be intercepted.

3 Discussion
In this talk we will present preliminary results of our computer study. Furthermore, we will provide an outline of our future research, where our aim will be to
compare the findings of the laboratory study to a more naturalistic task with a mobile target (e.g. dart throwing, pistol shooting). Subsequently, we will compare eye
movements between action execution and motor imagery and explore whether
adaptations in gaze behavior are maintained in simulation conditions after observational learning, i.e., whether such adaptation will be transferred to the mental
simulation of movement. These insights will not only provide additional evidence
on how eye movements inform and guide the motor system during mental simulation of an action, but also investigate these processes in more natural and complex
situations. In the applied settings, the results from these three studies could inform
practitioners in different fields. In cognitive psychology the data could provide an
insight about differences in information processing during motor imagery when
compared to action execution. In performance psychology the results from these
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study could provide precious evidence regarding how to optimizing motor imagery training (e.g. visual-cues vs no-visual cues). In more technical areas the capability of generating efficient and embodied mental simulations is still lacking.
Therefore, studying the visual-perceptual differences between simulation conditions could provide innovative evidence which can then be implemented in humanoid robots to construct more realistic systems.
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