
Supplementary Material

1 Supplementary Results on EEG and Behavioral
Associations

Behavioral scores were categorized into subgroups based on predefined thresholds.
For the Manual Muscle Test (MMT), grades 0–2 were classified as the low-strength
group, whereas grades 3–5 were classified as the good-strength group. For the Mini-
Mental State Examination (MMSE), scores < 21 were classified as the cognitively
impaired group, and scores ≥ 21 as the cognitively good group. For the Upper limb
Fugl-Meyer Assessment (FMA), scores ≥ 20 were defined as the better-functioning
group, and scores < 20 as the poorer-function group. In addition, FMA scores were
further stratified as follows: ≥ 60 indicating good function, 40–59 indicating moderate
impairment, and < 40 indicating severe impairment.

The results indicated that, in MMT, θ band connectivity primarily involved net-
works linking the central (C) region with parietal (P) and occipital (O) areas. In the
α band, the pattern extended to connections between the frontal (F) and affected
motor (AM) regions, as well as between the unaffected motor (UM) region and P and
O regions. In the β band, associations were mainly confined to connectivity between
the F and AM region. The MMSE was predominantly related to θ band connectivity
within right-hemispheric regions. Motor evoked potential (MEP) were significantly
associated with connectivity between the UM region and O/P regions across all three
frequency bands. FMA were primarily influenced by θ band connectivity between the
C region and P/O regions. In contrast, ADL scores were linked to more complex α
band networks, involving connections between the F region and the rest of regions.
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2 Supplementary Results: Common Spatial Patterns
(CSP) Spatial Patterns

To address the physiological interpretability of the machine-learning results, we visu-
alized the spatial distributions associated with the CSP components for each pairwise
classification task and each frequency band (Fig. S1). Here, “CSP spatial patterns”
refer to the scalp topographies obtained by transforming the learned CSP spatial fil-
ters into forward models (i.e., spatial patterns), which indicate how strongly each EEG
channel contributes to the corresponding CSP component in sensor space. Unlike the
CSP filters (which are optimized to extract discriminative component time series), the
spatial patterns are commonly used for interpretation because they provide a more
direct, physiologically meaningful topographical representation of the component [1].

For the comparison between healthy controls and stroke patients (HC vs. P),
the CSP topographies are relatively smooth and exhibit a large-scale spatial organi-
zation, characterized by a clear anterior–posterior gradient. Specifically, the patient
maps show reduced pattern amplitudes over frontal regions and increased amplitudes
over posterior (occipito-parietal) regions. This large-scale pattern may reflect stroke-
related alterations in global rhythmic state, attention/arousal regulation, and/or
cortical excitation–inhibition balance, and is also compatible with broad network reor-
ganization after stroke. Notably, we did not observe a robust, strongly lateralized
motor-cortex signature in these CSP patterns.

Comparisons were performed among patient subgroups defined by lesion location:
basal ganglia (P1), fronto-temporal/centrum semiovale (P2), and brainstem (P3).
Specifically, for the pairwise comparisons (P1 vs. P2, P1 vs. P3, and P2 vs. P3),
the CSP topographies appear less stable and more spatially focal, with greater
apparent influence from individual electrodes. This observation suggests increased
sensitivity to inter-subject variability and potential channel-level noise. We note that
CSP-derived components are optimized for discrimination rather than for isolating a
single physiological source; consequently, compared with unsupervised decompositions
(e.g., independent component analysis), CSP patterns in small and heterogeneous
clinical subgroups may be more susceptible to class-specific noise and should be
interpreted cautiously. We therefore provide these CSP topographical maps in the
Supplementary Material to support transparency and interpretation, while avoiding
overinterpretation of fine-grained spatial details in the main text.
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Fig. S1 Topographical representations of CSP spatial patterns for the θ (4–7 Hz), α (7–12 Hz), and
β1 (12–16 Hz) bands. Columns correspond to pairwise classifications between healthy controls (HC)
and patients (P), as well as between patient subgroups (P1, P2, and P3). Pattern amplitudes were
normalized for visualization only.
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