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This supplementary file provides additional analyses supporting the behavioural and EEG results. The materials summarize ERP epoch retention, ROI definitions, planned ROI contrast tests, simple-effect follow-ups used to interpret the test-locked Duration × Adaptation Type interaction, component-level P1/N1 follow-up analyses, adapter-locked cluster-based permutation results, sensitivity analyses using stricter cluster-forming thresholds, and exploratory whole-scalp topographic similarity analyses. 

Table S1. ERP epoch retention and rejection summary.
Values are summarized across the 120 participant × condition cells, corresponding to the four experimental conditions for each participant: Phi short, Phi long, Reverse-phi short, and Reverse-phi long. Timing rejections refer to trials excluded because the measured adapter-to-test interval deviated by more than 25 ms from the condition-specific median.

	Condition/duration
	Cells
	Mean total
	Mean kept
	Mean rejected
	Mean retention (%)
	Min retention (%)
	Timing rej.
	All-channel amp rej.
	Posterior amp rej.

	Overall
	120
	49.99
	49.34
	0.65
	98.70
	88.00
	1
	69
	8

	PhiAft Short
	30
	49.97
	49.07
	0.90
	98.20
	90.00
	0
	26
	1

	PhiAft Long
	30
	50.00
	49.40
	0.60
	98.80
	88.00
	0
	16
	2

	RevAft Short
	30
	50.00
	49.43
	0.57
	98.87
	92.00
	0
	15
	2

	RevAft Long
	30
	50.00
	49.47
	0.53
	98.93
	94.00
	1
	12
	3





Table S2. Posterior ROI definitions used for test-locked ERP follow-up analyses.
The broad posterior ROI was used as the main region of interest for visualizing the test-locked ERP waveforms and contrast waves reported in Figures 3 and 4. The compact occipital, extended posterior, and parietal/lateral ROIs were used as robustness checks to verify whether the 128–160 ms interaction was consistent across alternative posterior electrode selections.

	ROI
	Electrodes
	Purpose

	Compact occipital
	O1, Oz, O2, POz
	Occipital visual ROI

	Broad posterior
	O1, Oz, O2, POz, PO3, PO4, PO7, PO8, P7, P5, P3, Pz, P4, P6, P8
	Main visualization and follow-up ROI

	Extended posterior
	P3, P4, O1, O2, T8, P7, P8, Oz, CP5, CP6, POz, PO3, PO4, P5, P6, TP8, PO7, PO8
	Robustness ROI spanning posterior/lateral sites

	Parietal/lateral
	P3, P4, P5, P6, P7, P8, CP5, CP6, TP8, T8
	Posterior/lateral ROI relevant to motion-related responses











Table S3. Planned ROI contrast statistics for test-locked ERPs.
The table reports the planned contrast tests computed for each posterior ROI and early visual time window. The three contrasts were adaptation duration (Long − Short), adaptation type (Phi − Reverse-phi), and the Duration × Adaptation Type interaction [(PhiLong − ReverseLong) − (PhiShort − ReverseShort)]. Mean differences are expressed in microvolts. Holm-corrected p-values were computed across the four posterior ROI definitions separately for each time window and contrast. These ROI analyses were used to characterize the direction and robustness of the cluster-based effects; they were not used as the primary whole-scalp inferential test.

	Window
	Contrast
	ROI
	Mean diff. (µV)
	t
	df
	p
	pHolm
	dz

	64-112 ms
	Duration
	Compact occipital
	-0.38
	-1.06
	29
	.3000
	.3000
	-0.19

	64-112 ms
	Duration
	Broad posterior
	-0.72
	-2.43
	29
	.0217
	.0870
	-0.44

	64-112 ms
	Duration
	Extended posterior
	-0.41
	-1.72
	29
	.0970
	.2909
	-0.31

	64-112 ms
	Duration
	Parietal/lateral
	-0.27
	-1.59
	29
	.1223
	.2909
	-0.29

	64-112 ms
	Adaptation type
	Compact occipital
	0.15
	0.47
	29
	.6438
	.9582
	0.09

	64-112 ms
	Adaptation type
	Broad posterior
	0.29
	1.14
	29
	.2628
	.9582
	0.21

	64-112 ms
	Adaptation type
	Extended posterior
	0.25
	1.10
	29
	.2806
	.9582
	0.20

	64-112 ms
	Adaptation type
	Parietal/lateral
	0.24
	1.20
	29
	.2396
	.9582
	0.22

	64-112 ms
	Interaction
	Compact occipital
	-0.34
	-0.55
	29
	.5890
	.7158
	-0.10

	64-112 ms
	Interaction
	Broad posterior
	-0.62
	-1.29
	29
	.2064
	.7158
	-0.24

	64-112 ms
	Interaction
	Extended posterior
	-0.38
	-0.97
	29
	.3380
	.7158
	-0.18

	64-112 ms
	Interaction
	Parietal/lateral
	-0.36
	-1.38
	29
	.1790
	.7158
	-0.25

	90-140 ms
	Duration
	Compact occipital
	0.88
	3.06
	29
	.0047
	.0189
	0.56

	90-140 ms
	Duration
	Broad posterior
	0.32
	1.27
	29
	.2154
	.4308
	0.23

	90-140 ms
	Duration
	Extended posterior
	0.43
	2.10
	29
	.0450
	.1349
	0.38

	90-140 ms
	Duration
	Parietal/lateral
	0.20
	1.19
	29
	.2429
	.4308
	0.22

	90-140 ms
	Adaptation type
	Compact occipital
	-0.89
	-2.58
	29
	.0151
	.0602
	-0.47

	90-140 ms
	Adaptation type
	Broad posterior
	-0.70
	-2.38
	29
	.0239
	.0718
	-0.44

	90-140 ms
	Adaptation type
	Extended posterior
	-0.61
	-2.36
	29
	.0251
	.0718
	-0.43

	90-140 ms
	Adaptation type
	Parietal/lateral
	-0.39
	-1.84
	29
	.0755
	.0755
	-0.34

	90-140 ms
	Interaction
	Compact occipital
	-0.11
	-0.22
	29
	.8298
	1.0000
	-0.04

	90-140 ms
	Interaction
	Broad posterior
	-0.43
	-1.11
	29
	.2748
	1.0000
	-0.20

	90-140 ms
	Interaction
	Extended posterior
	-0.18
	-0.53
	29
	.5967
	1.0000
	-0.10

	90-140 ms
	Interaction
	Parietal/lateral
	-0.15
	-0.61
	29
	.5468
	1.0000
	-0.11

	128-160 ms
	Duration
	Compact occipital
	0.69
	1.60
	29
	.1206
	.3783
	0.29

	128-160 ms
	Duration
	Broad posterior
	0.39
	1.16
	29
	.2539
	.3783
	0.21

	128-160 ms
	Duration
	Extended posterior
	0.49
	1.73
	29
	.0946
	.3783
	0.32

	128-160 ms
	Duration
	Parietal/lateral
	0.29
	1.43
	29
	.1645
	.3783
	0.26

	128-160 ms
	Adaptation type
	Compact occipital
	-0.74
	-2.08
	29
	.0461
	.0461
	-0.38

	128-160 ms
	Adaptation type
	Broad posterior
	-0.96
	-3.27
	29
	.0028
	.0089
	-0.60

	128-160 ms
	Adaptation type
	Extended posterior
	-0.85
	-3.26
	29
	.0029
	.0089
	-0.59

	128-160 ms
	Adaptation type
	Parietal/lateral
	-0.73
	-3.35
	29
	.0022
	.0089
	-0.61

	128-160 ms
	Interaction
	Compact occipital
	-1.43
	-2.92
	29
	.0067
	.0067
	-0.53

	128-160 ms
	Interaction
	Broad posterior
	-1.67
	-4.27
	29
	.0002
	.0008
	-0.78

	128-160 ms
	Interaction
	Extended posterior
	-1.37
	-3.94
	29
	.0005
	.0011
	-0.72

	128-160 ms
	Interaction
	Parietal/lateral
	-1.09
	-4.04
	29
	.0004
	.0011
	-0.74



Table S4. Follow-up tests for the broad posterior interaction in the 128–160 ms window.
The table reports simple-effect and interaction tests used to clarify the Duration × Adaptation Type interaction in the broad posterior ROI. Mean differences are expressed in microvolts. The interaction contrast is defined as (PhiLong − ReverseLong) − (PhiShort − ReverseShort). Holm-corrected p-values were computed separately for the follow-up tests within each ROI and time window.

	Contrast
	Effect family
	Mean diff. (µV)
	t
	df
	p
	pHolm
	dz

	PhiShort − ReverseShort
	Simple type
	-0.13
	-0.32
	29
	.7478
	.7478
	-0.06

	PhiLong − ReverseLong
	Simple type
	-1.80
	-5.69
	29
	< .0001
	< .0001
	-1.04

	PhiLong - PhiShort
	Simple duration
	-0.45
	-1.17
	29
	.2506
	.5012
	-0.21

	ReverseLong - ReverseShort
	Simple duration
	1.23
	3.10
	29
	.0042
	.0127
	0.57

	Interaction: (PhiLong − ReverseLong) - (PhiShort − ReverseShort)
	Interaction
	-1.67
	-4.27
	29
	.0002
	.0002
	-0.78


Notes
Contrast definitions: Duration = Long − Short; Adaptation type = Phi − Reverse-phi; Interaction = (PhiLong − ReverseLong) - (PhiShort − ReverseShort). Effect sizes are Cohen’s dz for within-subject contrasts. Negative mean differences indicate more negative/less positive amplitudes for the first condition relative to the second condition in the specified contrast.

Table S5. Adapter-locked cluster-based permutation results.
Phi and reverse-phi adapter-locked ERPs were collapsed across adaptation duration and compared over all electrodes from 0 to 188 ms after adapter onset. Cluster-level p-values are corrected for multiple comparisons across electrodes and time points.

	Contrast
	Cluster-forming alpha
	Polarity
	Time range (ms)
	Channels
	p

	Phi – Reverse-phi
	.05
	Positive
	70–188
	37
	.0008

	Phi – Reverse-phi
	.05
	Negative
	84–188
	18
	.0036




Table S6. Sensitivity analysis for the test-locked Duration × Adaptation Type interaction. The cluster-based permutation analysis was repeated using stricter cluster-forming thresholds while keeping the cluster-level alpha fixed at .05. Cluster-level p-values are corrected for multiple comparisons across electrodes and time points.

	Cluster-forming alpha
	Polarity
	Time range (ms)
	p

	.05
	Positive
	0–268
	.0012

	.05
	Negative
	48–260
	.0020

	.025
	Positive
	52–250
	.0012

	.025
	Negative
	54–190
	.0010

	.01
	Positive
	128–186
	.0012

	.01
	Negative
	56–186
	.0002

	.01
	Positive
	66–96
	.0466




Component-level P1/N1 follow-up analyses
As an additional component-level follow-up, we extracted P1 and N1 metrics from the broad posterior ROI using broader early visual component windows, following a similar logic to previous ERP work in which cluster-defined effects were further characterized using component-level amplitude and latency metrics (Kaya & Kafaligonul, 2021). The P1 window was defined as 90–140 ms and the N1 window as 140–190 ms after test onset. For each participant and condition, we computed mean amplitude, peak amplitude, and peak latency within each component window. We then tested the same planned 2 × 2 contrast structure used for the ROI characterization: the main effect of Duration, the main effect of Adaptation Type, and the Duration × Adaptation Type interaction.

The interaction was not significant for P1 mean amplitude but was robust for N1 mean amplitude and N1 peak amplitude. The interaction was also significant for P1 peak latency, indicating an earlier timing-related effect, although P1 amplitude measures did not show a reliable interaction. Simple-effect follow-ups on N1 mean amplitude indicated that the Phi − Reverse-phi difference was not reliable after short adaptation but was significant after long adaptation. Thus, this component-level follow-up suggests that the cluster-based Duration × Adaptation Type interaction included an earlier P1 latency effect, but that the most consistent amplitude evidence was primarily expressed in the N1-range posterior response, with a larger Phi – Reverse-phi difference after long adaptation. Full results are reported in Table S7.

Table S7. Component-level P1/N1 follow-up analyses for the test-locked posterior interaction. P1 and N1 metrics were extracted from the broad posterior ROI using broader early visual component windows: 90–140 ms for P1 and 140–190 ms for N1. Panel A reports the planned 2 × 2 contrasts for each component and metric: Duration = [(PhiLong + ReverseLong)/2] − [(PhiShort + ReverseShort)/2], Adaptation Type = [(PhiLong + PhiShort)/2] − [(ReverseLong + ReverseShort)/2], and Duration × Adaptation Type = (PhiLong − ReverseLong) − (PhiShort − ReverseShort). Panel B reports simple-effect follow-ups for N1 mean amplitude and N1 peak amplitude, used to characterize the significant N1 interaction. For the planned component-level contrasts, Holm-corrected p-values were computed across the two component windows, P1 and N1, separately for each metric and contrast. For the N1 simple-effect follow-ups, Holm correction was applied across the four follow-up comparisons separately for each N1 metric. These analyses were used as component-level follow-ups to characterize the cluster-based interaction and were not treated as independent primary inference.

Panel A. Planned component-level contrasts.
	Component
	Window (ms)
	Metric
	Contrast
	Mean diff.
	t(29)
	p
	pHolm
	dz

	P1
	90–140
	Mean amp. (µV)
	Duration
	0.32
	1.27
	.2154
	.4308
	0.23

	P1
	90–140
	Mean amp. (µV)
	Adaptation type
	-0.70
	-2.38
	.0239
	.0479
	-0.44

	P1
	90–140
	Mean amp. (µV)
	Interaction
	-0.43
	-1.11
	.2748
	.2748
	-0.20

	P1
	90–140
	Peak amp. (µV)
	Duration
	0.30
	1.17
	.2529
	.2529
	0.21

	P1
	90–140
	Peak amp. (µV)
	Adaptation type
	-0.48
	-1.45
	.1584
	.3169
	-0.26

	P1
	90–140
	Peak amp. (µV)
	Interaction
	0.04
	0.09
	.9319
	.9319
	0.02

	P1
	90–140
	Peak latency (ms)
	Duration
	4.10
	4.07
	.0003
	.0007
	0.74

	P1
	90–140
	Peak latency (ms)
	Adaptation type
	-5.70
	-5.63
	< .0001
	< .0001
	-1.03

	P1
	90–140
	Peak latency (ms)
	Interaction
	5.93
	2.97
	.0059
	.0118
	0.54

	N1
	140–190
	Mean amp. (µV)
	Duration
	-0.26
	-0.80
	.4282
	.4308
	-0.15

	N1
	140–190
	Mean amp. (µV)
	Adaptation type
	-0.23
	-0.87
	.3932
	.3932
	-0.16

	N1
	140–190
	Mean amp. (µV)
	Interaction
	-1.82
	-4.25
	.0002
	.0004
	-0.78

	N1
	140–190
	Peak amp. (µV)
	Duration
	-0.58
	-1.81
	.0800
	.1600
	-0.33

	N1
	140–190
	Peak amp. (µV)
	Adaptation type
	-0.05
	-0.21
	.8364
	.8364
	-0.04

	N1
	140–190
	Peak amp. (µV)
	Interaction
	-1.99
	-4.32
	.0002
	.0003
	-0.79

	N1
	140–190
	Peak latency (ms)
	Duration
	5.63
	2.68
	.0121
	.0121
	0.49

	N1
	140–190
	Peak latency (ms)
	Adaptation type
	-10.97
	-6.11
	< .0001
	< .0001
	-1.12

	N1
	140–190
	Peak latency (ms)
	Interaction
	-4.47
	-1.27
	.2129
	.2129
	-0.23



Panel B. N1 simple-effect follow-ups.
	Component
	Metric
	Comparison
	Mean diff.
	t(29)
	p
	pHolm
	dz

	N1
	Mean amp. (µV)
	PhiShort − ReverseShort
	0.68
	1.78
	.0856
	.1713
	0.32

	N1
	Mean amp. (µV)
	PhiLong − ReverseLong
	-1.14
	-3.92
	.0005
	.0020
	-0.71

	N1
	Mean amp. (µV)
	PhiLong - PhiShort
	-1.17
	-3.01
	.0054
	.0161
	-0.55

	N1
	Mean amp. (µV)
	ReverseLong - ReverseShort
	0.65
	1.68
	.1028
	.1713
	0.31

	N1
	Peak amp. (µV)
	PhiShort − ReverseShort
	0.94
	2.41
	.0224
	.0448
	0.44

	N1
	Peak amp. (µV)
	PhiLong − ReverseLong
	-1.05
	-3.89
	.0005
	.0021
	-0.71

	N1
	Peak amp. (µV)
	PhiLong - PhiShort
	-1.57
	-3.78
	.0007
	.0021
	-0.69

	N1
	Peak amp. (µV)
	ReverseLong - ReverseShort
	0.42
	1.14
	.2656
	.2656
	0.21









Pre-test interval control analysis
To assess whether the test-locked Duration × Adaptation Type interaction was already present before test onset, we extracted mean amplitudes from the broad posterior ROI during the blank adapter–test interval. The primary control window was -120 to -4 ms relative to test onset, and a sensitivity window included the 0-ms sample (-120 to 0 ms). Contrasts followed the same definitions used in the main ROI follow-up analyses.

Table S8. Pre-test interval control analysis in the broad posterior ROI. Mean amplitudes were extracted from the broad posterior ROI during the blank adapter-test interval immediately preceding test onset. The primary window was -120 to -4 ms relative to test onset; a sensitivity analysis used -120 to 0 ms. The table reports the duration effect and the critical Duration × Adaptation Type interaction. Mean differences are expressed in microvolts, and effect sizes are Cohen’s dz for within-subject contrasts.
	Window
	Contrast
	Mean diff. (µV)
	t(29)
	p
	dz

	−120 to −4 ms
	Duration: Long − Short
	−2.38
	−6.66
	< .001
	−1.22

	−120 to −4 ms
	Interaction: (PhiLong − ReverseLong) − (PhiShort − ReverseShort)
	−0.19
	−0.43
	.668
	−0.08

	−120 to 0 ms
	Duration: Long − Short
	−2.40
	−6.70
	< .001
	−1.22

	−120 to 0 ms
	Interaction: (PhiLong − ReverseLong) − (PhiShort − ReverseShort)
	−0.21
	−0.49
	.631
	−0.09


Notes. The interaction contrast corresponds to (PhiLong - ReverseLong) - (PhiShort - ReverseShort). Negative mean differences indicate more negative/less positive amplitudes for the first term relative to the second term in the specified contrast.

Exploratory whole-scalp topographic similarity analyses
To further characterize the spatial organization of the test-locked Duration × Adaptation Type interaction, we performed exploratory whole-scalp topographic similarity analyses inspired by sensor-space approaches proposed for EEG/MEG data (Tian & Huber, 2008; Tian et al., 2011). These analyses were conducted at the scalp level and were not intended as source localization. The goal was to determine whether the Phi–Reverse-phi effect had a similar scalp distribution after long and short adaptation, or whether the interaction reflected a change in the spatial configuration of the scalp response.

For each participant, we computed two 63-electrode scalp maps: the Phi–Reverse-phi difference after long adaptation (PhiLong − ReverseLong) and the Phi–Reverse-phi difference after short adaptation (PhiShort − ReverseShort). In the first analysis, these maps were averaged over the 128–160 ms test-locked window used to characterize the significant ERP interaction. To focus on topographic shape rather than overall amplitude, each map was mean-centred across electrodes and amplitude-normalized before comparison. We then quantified the similarity between the long- and short-adaptation maps using cosine similarity and the corresponding angle in multidimensional sensor space. Values close to 1 indicate highly similar scalp configurations, whereas values close to 0 indicate largely dissimilar configurations.

We also performed a TANOVA-like permutation test to assess whether the two maps differed in whole-scalp topographic configuration. In each permutation, the long- and short-adaptation maps were randomly swapped within participants, and global map dissimilarity was recomputed at the group level. This provided a non-parametric test of whether the observed topographic difference exceeded what would be expected under exchangeability of the long and short labels. As complementary magnitude-oriented checks, we compared global field power (GFP) between the two maps and computed projection scores onto a common Phi – Reverse-phi template. GFP quantified the overall strength of the scalp electric field across electrodes, whereas the projection analysis estimated how strongly each participant’s maps aligned with a shared Phi – Reverse-phi topographic template derived using a leave-one-subject-out procedure.
The long- and short-adaptation Phi – Reverse-phi maps showed low subject-wise similarity, with a mean cosine similarity of 0.128 and a mean angle of approximately 80°. The TANOVA-like permutation test indicated a reliable difference in whole-scalp topographic configuration between the two maps, global map dissimilarity = 0.176, p = .0002. In contrast, GFP did not differ reliably between the long- and short-adaptation maps, p ≈ .24, suggesting that the effect was not simply a global field-strength difference. Projection scores also differed significantly between the two maps, p < .001; however, this projection result should be interpreted cautiously because the topographic dissimilarity test indicated that the two maps were not spatially equivalent.

To reduce dependence on the selected 128–160 ms characterization window, we also performed a time-resolved version of the topographic dissimilarity analysis from 0 to 400 ms after test onset. At each time point, the PhiLong − ReverseLong and PhiShort − ReverseShort scalp maps were mean-centred and amplitude-normalized, and global map dissimilarity was computed between the two group-level maps. Statistical significance was assessed using within-participant label-swapping permutations, with cluster correction over adjacent time points. This analysis revealed two significant topographic-dissimilarity clusters: an earlier cluster from 74 to 106 ms, p = .0136, and a later cluster from 146 to 186 ms, p = .0042. The later cluster overlapped the later part of the ERP interaction window, peaked at 162 ms, and fell within the N1-range interval identified by the component-level follow-up analysis reported in Supplementary Table S7. Thus, the time-resolved topographic analysis converged with the component-level follow-up in indicating that the interaction was most clearly expressed around the N1-range posterior response. Overall, these exploratory analyses suggest that the test-locked Duration × Adaptation Type interaction was accompanied by a change in whole-scalp topographic configuration of the Phi – Reverse-phi effect, rather than a simple global amplitude modulation of an identical scalp pattern. These results should be interpreted as a scalp-level characterization of the ERP interaction, not as evidence for specific anatomical sources.
[image: ]
Figure S1. Exploratory whole-scalp topographic characterization of the test-locked Duration × Adaptation Type interaction. (A) Grand-average scalp maps are shown for the Phi – Reverse-phi difference after long adaptation (PhiLong − ReverseLong), the Phi – Reverse-phi difference after short adaptation (PhiShort − ReverseShort), and their interaction contrast [(PhiLong − ReverseLong) − (PhiShort − ReverseShort)] in the 128–160 ms test-locked window. This window was used to characterize the significant ERP interaction identified by the cluster-based permutation analysis. The whole-scalp topographic analysis indicated that the long- and short-adaptation Phi–Reverse-phi maps differed reliably in scalp configuration, as shown by a TANOVA-like permutation test on amplitude-normalized maps, global map dissimilarity = 0.176, p = .0002. In contrast, global field power did not differ reliably between the two maps, suggesting that the effect was not simply a global field-strength difference. (B) Time-resolved whole-scalp topographic dissimilarity between the long- and short-adaptation Phi–Reverse-phi maps from 0 to 400 ms after test onset. Global map dissimilarity was computed at each time point after mean-centring and amplitude-normalizing the scalp maps. Statistical significance was assessed using within-participant label-swapping permutations with cluster correction over adjacent time points. Significant clusters were observed from 74 to 106 ms, p = .0136, and from 146 to 186 ms, p = .0042. The later cluster overlapped the later part of the ERP interaction window, peaked at 162 ms, and fell within the N1-range interval identified in the component-level follow-up analysis. These analyses were conducted in scalp sensor space and should not be interpreted as source localization.
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