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The mechanisms of how we reach towards objects that we perceive visually have been
extensively studied. In contrast, reaching to targets on the body, based on only tactual
information, has been much less explored. Theories suggest that localizing targets on the
body requires integrating somatosensory - that is, tactile and proprioceptive -
information with an implicit model of body size. This integration, termed tactile
remapping, allows localizing stimuli in external coordinates and generating movements
toward the stimulus. However, recent research suggests that this “serial processing” view
may be too simple. Rather, movement and touch appear to interact dynamically and
bidirectionally. Our symposium, made up of 5 speakers (2 female, 3 male, 3 junior, 2
senior) will provide an action-oriented perspective on somatosensory processing and
representation during movement.

We highlight tactile-motor interaction from multiple perspectives: the dynamic modulation
of tactile processing during movements to self-touch (Kilteni); dynamic modulation of
reference frame coding during movement towards touch (Heed); the informative role of
movement in tactile perception (Dupin); the use of tools for tactile localization in sighted
and blind humans (Miller); and the development and computational modeling of self-touch
and reaching to one's own body (Hoffmann).
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Talk 1 - Predictive modulation of tactile processing during movements to
self-touch

Konstantina Kilteni 1
1 Karolinska Institutet

Self-touch feels less intense and less ticklish than the same touch applied externally. Motor control theories have
suggested that cerebellar internal models predict the somatosensory reafference and attenuate, or even cancel,
the perception of the actual touch. Despite this influential theoretical framework, little is known about the details
of this predictive attenuation phenomenon. In this talk, | will discuss recent experimental findings from our lab
showing that the attenuation of self-touch is a predictive phenomenon that builds up before our body parts get in
contact, is present also if we unexpectedly miss the contact with our body, and gets perturbed in presence of
prediction errors regarding the time of sensory feedback.

Talk 2 - Dynamic spatial coding in parietal cortex for planning movement
towards touch

Tobias Heed 1
1 University of Salzburg

Current models posit that movements towards touch on the body are based on recoding tactile skin location with
body posture information to compute an external movement goal location. Tactile processing and movement
planning both rely on posterior parietal cortex (PPC) but their interplay is not understood. | present a study in
which human participants pointed towards or away from memorized tactile stimuli on their feet, dissociating
sensory and motor locations. Participants crossed or uncrossed their feet to dissociate stimulus location relative
to anatomy versus in external space. We observed that tactile location was coded anatomically in anterior PPC
but spatially in posterior PPC during sensory processing. After movement instructions were specified, PPC
exclusively represented the movement goal in space, in regions closely matching those that mediate visuomotor
planning and with regional overlap for sensory, rule-related, and movement coding. Thus, PPC flexibly updates
its spatial codes to accommodate rule-based transformation of arbitrary sensory input to generate movement to
environment and own body alike. | discuss in how far these findings support the tactile recoding view and present
alternative views.

Talk 3 - How movement shapes spatial perception of touch (and vice versa)

Lucile Dupin 1
1 Integrative Neuroscience & Cognition Center

In daily life, what we touch is usually larger than the sensory surface in contact with it. Therefore, when we try to
extract spatial characteristics of an object by touch—for instance its shape—we make exploratory movements
such as moving the hand along the edge of the object. These movements, by spatially organizing the tactile
information, allow retrieving a sufficient amount of information in order to reconstruct the shape of the object. In
this case, tactile information is interpreted by the brain depending on the concomitant movement done to retrieve
it. On one hand, movement appears to be a key component of spatial tactile perception. On the other hand,
movements produce somatosensory feedback that can be used for correcting the movement and modifying it.
Self-touch is a particular circumstance where the spatial extent of movement and its somatosensory consequence
are closely linked. In fact even before birth, self-touch behaviours have been observed. Self-touch links directly a
movement amplitude to a tactile consequence in the somatosensory space and could be used by the brain as a
means of spatial calibration between touch and movement. We used different behavioural methods based on the
paradigm of decorrelating the movement and its sensory consequence in order to study how movement shapes
the spatial representation of touch, but also how touch and movement are reciprocally calibrated during self-
touch.
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Talk 4 - Active tactile perception during tool use in sighted and blind
participants

Luke E. Miller 1
1 Radboud University

Tactile events often occur outside the body and on external objects. For example, tools can be used to extend
tactile perception beyond the body—the paradigmatic example being when a blind person augments their loss of
vision by using a cane to pick up information about their surroundings. We recently found that sighted
participants can accurately localize where an object touches a tool when they actively contact it. Localization
performance drops when tool-object contact is passive, suggesting that motor variables (e.g., efference copies)
play a role in forming the spatial percept. Despite being the paradigmatic case, whether blind cane-users
outperform sighted participants in tool-sensing abilities is at present unknown. To fill this gap, we compared
sighted and blind participants on their ability to localize an object with a tool in both active and passive sensing
conditions. To do so, we developed a novel paradigm that allowed participants to haptically report where an
object touched the tool. Consistent with our prior findings, localization was more accurate and precise during
active sensing compared to passive sensing. Surprisingly, we found no difference in performance in the sighted
and blind participants in either condition, even though our blind participants were proficient at using their cane.
We discuss these results in the context of proficient internal models of tool dynamics that can be employed
during tool sensing to accurately localize objects in space.

Talk 5 - Reaching to the body: development and computational modeling

Mattej Hoffmann 1
1 Czech Technical University

We observed infants between 3 and 8 months of age in three different contexts: spontaneous activity, reaching to
vibrotactile targets on the body, and reaching to toys. In the reaching to targets on the body paradigm, we
additionally compared sighted and visually impaired infants. We employed state-of-the-art computer vision
methods to extract 3D movement kinematics of the infants. Together, this provides a unique quantitative window
into the relationship of spontaneous self-touch, active exploration of the body, reaching to targets on the body
and reaching to external objects and how they unfold during development.

With the infant movement trajectories as input, we used motion retargeting to map them onto baby humanoid
robots. These possess morphologies — physical characteristics as well as sensory and motor apparatus — that are
akin to human bodies and can thus be used to expand the domain of computational modeling by anchoring it to
the physical environment and a physical body and allowing for instantiation of complete sensorimotor loops. In
particular, our robots have body proportions and limb structure modeled after infants, proprioception, binocular
vision, and pressure sensitive electronic skins covering large areas of their bodies. The infant movements
retargeted to the robot, together with the motor, proprioceptive, visual, and tactile signals, provide a first-person
perspective on the experience in different contexts and at different ages. This sensorimotor stream is fed into
biologically inspired learning algorithms. We develop models of primary proprioceptive and tactile representations
on the robot, active tactile exploration, and reaching to the self and to objects.



