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INTRODUCTION

* Motor planning entails a progressive transformation of neuronal representations,
from the encoding of abstract motor goals (reflecting intended action outcomes
independent of any effector, i.e., the body part executing the action) to later stages
of effector- and movement-specific planning.

* Time-resolved multivoxel pattern analysis (MVPA) on fMRI data has shown that
parametric codes in the human parietal cortex represent intended grip-force
intensities in effector-specific regions (e.g., the contralateral alPS), even before
detailed movement parameters are specified [1]. Meanwhile, during a later stage of
motor planning, intended force intensities have been found to be reformatted into
movement-specific codes in the contralateral PMd [2].

* Yet, it remains unclear where the intended force intensities are initially represented
in an abstract, effector-independent format and how they are subsequently
transformed into effector- and movement-specific codes.

* To address these questions, we combined a delayed grip-force fMRI paradigm with
time-resolved MVPA.

METHODS

A. Trial Design
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C. Searchlight decoding analysis

searchlight SVR decoding within each time-bin (TR=1.0 sec)

&) (& (&) () &) &P ED () &) &) &) &P &P &P &P &I &P &P (& (23

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 11 t12 13 t14 _ t15 t16  t17 _ t18 t19 20
| 1 1 1 1 1 1 1 1 I 1 1 | l 1 1 1 1 l | >

Prediction accuracy maps

Figure 1 Delayed grip-force paradigm. A. During fMRI, each trial began with a 1 s GF cue
displaying two of four possible force intensities (cyan and red), maintained throughout a
subsequent 5 s Delay 1. A 1 s Effector cue then indicated which hand should prepare
which force during a 5 s Delay 2. Finally, participants applied the prepared forces
bimanually upon a 1.5 s Go cue; Feedback was provided after execution. B. Applied forces
were measured using two non-magnetic grip-force transducers. C. We applied time-
resolved MVPA using a searchlight approach (r=4 voxels) to test where, prior to effector
specification (Delay 1), parametric changes in brain activity patterns reflected intended
force intensities, and how these representations were transformed into effector- and
movement-specific codes during Delay 2. fMRI data were acquired in four runs using an
EPI sequence (TR=1 s, 2x2x2 mm voxels). Beta-estimates from a finite impulse response
(FIR) model, reflecting each combination of hand and intensity across 20 consecutive
time bins, were entered into separate four-fold cross-validated support vector regression
(SVR) models for the left and right hand (as cued in Delay 2). Cross-hand decoding tested
whether activation patterns for the two hands were significantly similar and whether
force intensities were represented in an abstract, effector-independent format. Cross-
temporal generalization assessed whether activation patterns during Delay 2 already
reflected movement-specific codes observed during execution. To identify regions with
above-chance decoding during each period, we computed t-contrasts on accuracy maps
at t5—t7, t11-t13, and t17-t19, respectively.
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MVPA Results
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Figure 3 SVR of anticipated force intensities. A. During Delay 1, above-chance decoding
was found in the PCu (at p<0.05, FWE-corrected). During Delay 2, it emerged in effector-
specific regions, including the contralateral alPS, PMd, S1, and M1 (green display for left-
hand; blue for right). B. Time-courses of prediction accuracies extracted from peak-
activity voxels illustrates effector-specific increase in alPS and PMd.
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Figure 4 Cross-decoding. A. When the SVR was trained and tested on different hands
(Xdec: Hand), abstract, effector-independent coding of force intensities was found in the
PCu within each delay period (D1, and D2). B. When the SVR was trained and tested
across different trial periods (Test for temporal generalization), significantly similar
parametric codes of force intensities were found between D2 and execution (ME) in
contralateral alPS and PMd, separately for left- and right-hand (green and blue panels,
respectively). This finding likely indicates that patterns during D2 already reflect
movement-specific coding. Consistent with Xdec: Hand, similar activity patterns were
also found in the PCu between D1 and D2, likely reflecting the maintenance of an
abstract intensity code for forthcoming movement planning.

CONCLUSION

e QOur results provides novel evidence into how intended grip-force intensities are
encoded and progressively transformed across subsequent stages of motor
planning. We found that parametric codes of force intensities undergo a
reformatting process, transitioning from abstract to effector- and movement-
specific codes along the parieto-frontal axis.

e Coherently with previous fMRI MVPA studies [4], we found that motor goals (i.e.
intended force intensities) were initially coded in the PCu in an abstract, effector-
independent format, and were subsequently transformed in parametric codes of
the contralateral alPS and PMd during effector- and movement-specific planning.

* Together, our findings indicate that the human brain encodes grip-force intensities
through a structured sequence of transformations, providing novel evidence for a
two-stage model of motor planning [1, 2].
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