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Motor imagery facilitates spatial memory –
Insights from a novel kinesthetic VR-based task
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Methods
The term spatial memory refers to stored
information regarding the location of objects or the
self in three-dimensional space. The importance of
vestibular input for spatial memory is widely
disregarded despite compelling evidence [1,2]. It is
known that efference copies, elicited by a self-
caused action, can increase performance in spatial
memory tasks. A recent study on motor imagery
and touch suggested a functional equivalence
between imagined and executed movements [3]
and proposed that efference copies are also
created during motor imagery.

Visualization of the head velocity (a-c) and the head position
(d-f) over time. Peak velocities showed a reduced range (g,h)
with larger peak velocities for small target angles but smaller
peak velocities for large target angles in the passive
compared to the active and imagery condition.
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Results

Visualization of the absolute errors per condition (a). Each
dot represents the median error of one participant. (b)
Result of the Bayesian regression model. The credible
interval of the passive condition does not contain the zero,
indicating a meaningful difference compared to the
imagery and active conditions.

Discussion
We have found that imagining a head rotation, without performing it during encoding, leads to similar performance as an
actively performed head rotation and to better performance compared to the passive condition. In the passive condition, no
motor commands are prepared and conveyed to the muscles, hence no efference copy is generated, and vestibular information
is the only information related to self-motion. It has been theorized that during imagery sensory information is simulated
internally by means of corollary discharge [4]. Our study provides first empirical evidence of a specific influence of corollary
discharge on spatial memory. The most plausible explanation for the smaller variance in peak accelerations in passive condition
is that the participants incorporated the velocity properties into their head rotations. Due to the technical limitations of the
motion platform, it is impossible to match the peak velocities occurring during active head rotations for large target angles.

55 participants (39 females, 16
males, mean age: 22.4 years,
SD: 3.4 years) were included in
the study. Visual stimuli were
presented via a VR-headset, equipped with accelerometers. Passive
motions were performed by a motion platform (a). Participants were
asked to encode a target position in three different encoding conditions
(active, passive, and imagery). The retrieval was always performed by
an active head rotation and the positioning error was measured (b).
The experiment was implemented using PlatformCommander [4] and
data were analyzed using Bayesian regression models.


