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 Introduction

• Motor skill learning is a complicated process of generating novel movement 
patterns to achieve a task goal, guided by evaluative feedbacks (e.g., rewards). 

• For the first time, we designed fMRI experiments in which subjects learned to 
control a computer cursor by manipulating fingers wearing a data glove. 

• We found that (1) extensive motor skill learning induced changes in interactions 
between motor and visual networks, which were predictive of the extent of 
learning, and (2) orbitofrontal cortex, entorhinal cortex and anterior hippocampus 
represented task states linking to a reward, which serves as a learning signal.

• How are fMRI activities in the basal ganglia modulated by trial-by-trial reward 
during motor skill learning? 

• How does extensive training change patterns of interaction between the motor 
and visual networks? 

• How are task states (i.e., cursor positions) mapped by motor controls 
represented in the brain?
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• For the first time, using fMRI, we have found the fMRI activities in the basal ganglia 
region were modulated by trial-by-trial reward during motor skill learning. 

• Extensive training induced reduction in interaction between motor and visual networks, 
predicting individual amounts of learning. 

• Task states as cursor positions were encoded as multi-voxel activity patterns in the 
orbitofrontal, entorhinal region and potentially place cells in the anterior hippocampus [3].  

• We will further investigate whether reward-modulated fMRI activities in the basal ganglia 
and the encoding of task-states resulted from active learning of action-outcome or 
passive observation of state-outcome.

• Participants: 18 young healthy right-handed participants (11 males, 7 females) 
• Experimental paradigm 

• Task: Moving a cursor to reach targets on 5 x 5 grid, using an MR-compatible 
right-handed data glove with 14 sensors measuring hand joint angles 

• 14D vector (h) representing hand posture linearly mapped onto 2D cursor 
position (p) on screen, using principal component analysis (PCA) [1]  

• Part I 
• Targets: 3, 13, 21, 25 (Initial) -> 1, 5, 13, 23 (Generalization) 
• Mapping: X - 1st principal component (PC), Y - 2nd PC 

• Part II 
• Targets: 1, 5, 21, 25 (4 grid corners) 
• Mappings: A: X - 1st PC, Y - 2nd PC / B: X - 2nd PC, Y - 1st PC 
• Learning schedule 

• Day 1: Calibration, Pre-training, fMRI 1 (“Early”, 97 trials x 7 runs, 
mappings A & B) 

• Days 2-6: Behavior Training 1-5 (mapping A only) 
• Day 7: fMRI 2 (“Late”, 97 trials x 7 runs, mappings A & B)

 Results
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• Searchlight MVPA analysis of Run 3 of fMRI 2 (p < 0.001, cluster size > 100 voxels) 
• Trial-by-trial cursor position (task state): classified into 4 groups, according to the most 

frequently visited quadrant of the screen 
• Orbitofrontal, entorhinal cortices and anterior hippocampus represented cursor positions

• Voxel-based GLM analysis using a reward-modulating regressor 
• Reward-modulated fMRI activities (uncorrected p < 10-3, corrected p < 0.01) 

• Positive: ventromedial PFC, basal ganglia (putamen) 
• Negative: left motor cortex, cerebellum

Part I Reward-modulated fMRI activities were observed in the 
ventromedial PFC and basal ganglia
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Extensive training led to successful learning

Orbitofrontal, entorhinal cortices and anterior hippocampus represented 
task states

[x
y] = [a1,1 a1,2 . . . a1,13 a1,14

a2,1 a2,2 . . . a2,13 a2,14] × [h1 h2 . . . h13 h14]T + [x0
y0], i.e., p = Ah + p0

• Reward rate and error in the first 3 runs (mapping A)

Learning-induced changes in interactions between motor/cerebellar and 
visual networks accounted for variability of individuals’ learning
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• Connectivity analysis of fMRI 1 ("Early") and fMRI 2 ("Late") (52 ROIs from AAL atlas, 
comprising 4 modules: Motor, Cerebellum, Visual, Reward) 

• Decoupling of Motor/Cerebellar and Visual networks occurred after extensive training [2] 
• Individuals with larger decoupling showed more improved performance (reward rate)
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Anterior hippocampus, compared to posterior hippocampus, showed 
greater decoding accuracy for task states

• ROI-based MVPA, trial-by-trial cursor position (task state) as class 
• Decoding accuracy: anterior > posterior hippocampus
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