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Extended Data Fig. 4 | Cortical segmentation and alignment for all participants  
in Exp. 1. a) Green and purple lines mark the white matter and pial surfaces. Top: 
relative cortical depth on a T1-weighted MP2RAGE; bottom: LE-RE percent signal 

change (p < 0.05 uncorrected; two sided t-statistics) on mean EPI. Reds and blues 
indicate LE- and RE-biased voxels. Only activations in the gray matter were shown. 
(b) Eye localizer activation (S01) with extended color map.
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Extended Data Fig. 5 | Eye-specific and non-eye-specific responses in different 
V1 layers during rivalry and replay. (a) Eye-specific differential timecourses 
during rivalry and replay for all participants in Exp. 1, computed as the difference 
between the deconvolved responses to preferred- and non-preferred-eye 
events. Deconvolved responses were estimated using a GLM-based method 
(3dDeconvolve with CSPLINzero in AFNI) to account for BOLD carryover. Colors 
indicate cortical depth: red (superficial), green (middle), blue (deep). (b) Switch-
related responses (the average of responses to LE- and RE-dominant events) 
across V1 layers. A significant superficial bias was found in both rivalry and replay 
conditions (repeated measures ANOVA main effect of layer, F(2,22) = 40.123, 

p < 0.001, ηg2 = 0.234, 95% CI [0.137, 0.438]; no interaction between conditions 
and layers, F(2,22) = 0.692, p = 0.483, ηg2 = 0.002, 95% CI [0.0, 0.027]). Two-sided 
paired t-tests for layer comparisons in b and cs: *p < 0.05, **p < 0.01, ***p < 0.001, 
Holm corrected. (c) Rivalry/replay response ratio across cortical depths showed 
no significant differences (deep vs. middle, t(11) = −2.238, p = 0.094, Cohen’s 
d = 0.412, 95% CI [−0.28, −0.0]; middle vs. superficial, t(11) = −0.277, p = 0.787, 
d = 0.038, 95% CI [−0.12, 0.1]; BF01 = 3.367, marked by the black circle). Transition-
related response amplitudes were estimated from the deconvolved timecourses 
using the same approach as in Fig. 2f for comparison.
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Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6 | Simulation and control analyses for pattern correlation 
during rivalry and replay. We ran simulations to demonstrate the ability of 
pattern correlation in capturing asynchrony across space and estimate the 
amount of asynchrony that can be reliably detected (supplementary methods). 
(a) Simulated distribution of pattern correlation coefficients for Async and Sync 
conditions. Async: 30% of voxels were out-of-phase, and voxel transitions had 
a 0–2 s jitter (mean 1 s); Sync: only 20% were out-of-phase and transitions were 
aligned. Line plot: mean ± SEM across participants. (b) r distribution widths in 
the two conditions. Bar plot: mean with 95% CI across participants; dot plot: 
individual data; ***: p < 0.001, two-sided paired t-test. (c) Power analysis for 
pattern correlation to detect different levels of temporal jitter in voxel transition 
and (d) different proportions of out-of-phase voxels. (e) Minimum number of 
TRs and (f) voxels required to detect effects similar to (a). Shaded areas: 95% CI 
(bootstrap); red dashed line: 80% power. Blue triangles mark actual values in 
Exp. 1. (g–h) Conceptual dissociation between pattern correlation and mean 
modulation amplitude. A schematic illustrates a cortical patch with alternating 

LE- and RE-dominant columns (white/black). Pattern correlation is computed 
using a binary template (1, –1), while modulation amplitude averages across all 
columns. (g) Two patterns with equal correlation (r = 1) differ in modulation 
amplitude (1 vs. 0.5). (h) Two patterns with identical modulation amplitude (1) 
show different correlations with the template (r = 1 vs. 0.89). This illustrates the 
complementary nature of pattern correlation and mean modulation amplitude 
in characterizing cortical activation during rivalry. (i–j) Permutation analysis 
controlling for SNR-related confound in laminar pattern correlation. (i) After 
temporally shuffling residuals to disrupt synchrony while preserving SNR, no 
significant laminar difference in the rivalry-to-replay ratio of r distribution 
width was observed (F(2,22)=2.115, p = 0.165, ηg2 = 0.020, 95% CI [0.002, 
0.226]). Bayes factor analysis supported the null hypothesis that there was no 
difference between deep and middle layers (BF01 = 3.257, default JZS prior). (j) 
Null distributions of layer differences from 200 permutations (deep–middle, 
top; superficial–middle, bottom); observed differences in Exp. 1 are shown as 
vertical lines.
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Extended Data Fig. 7 | Eye-specific modulation and perceptual switch 
dynamics across cortical areas during rivalry and replay (Exp. 2).  
(a) Eye-specific modulation during rivalry (orange) and replay (green) in 
early (V1-V3), ventral (hV4/VO), and parietal (IPS) visual areas, quantified via 
multivariate methods. N = 15 participants for all areas except IPS (n = 8, due to 
limited coverage). Bar plot: mean values with 95% CI across participants; dot 
plot: individual data. Significance was tested against zero (one-tailed one-sample 
t-tests) and between conditions (two-tailed paired t-tests). Black stars: significant 
after Holm correction across ROIs and conditions; gray stars: uncorrected. 
*p < 0.05, **p < 0.01, ***p < 0.001. (b) Dynamic causal modeling (DCM) of 
rivalry-related changes in effective connectivity. Left: full DCM model. V1 
receives eye-specific driving input in replay (green arrow), while all regions (V1, 
ventral stream, IPS) can receive eye-specific driving input during rivalry (orange 
arrows). Modulatory effects (orange dots) reflect connectivity differences 

between rivalry and replay. Right: group-level parametric empirical Bayes (PEB) 
analysis reveals enhanced IPS → V1 feedback during rivalry compared to replay. 
No significant modulation was observed for the ventral stream, consistent 
with the weak amplitudes in (a), suggesting that IPS—not ventral areas—may 
contribute to modulating interocular competition in V1. DCM inferences identify 
the best-fitting model within a predefined network architecture and parameter 
space, and do not imply direct anatomical connections. (c). Non-eye-specific 
switch-related response (aligned to perception switch regardless of dominant 
eye) in cortical areas. Cross-correlation analysis revealed significant delays in 
rivalry relative to replay for V1 (1.2 s, 95% CI [0.3, 2.1], p = 0.017) and V2 (1.5 s [0.5, 
2.8], p = 0.008), but not for hV4 (0.4 s [−0.1, 0.9], p = 0.302) or IPS (0.1 s [−0.3, 
0.5], p = 0.685). The V1 delay was also significantly greater than IPS (p = 0.009). 
All p-values were obtained by bootstrapping participants and Holm corrected for 
multiple comparisons. Shaded bands indicate SEM across 15 participants.
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Extended Data Fig. 8 | Ocular-biased clusters in the LGNs for all participants in Exp. 2. Color bars denote t values for the LE-RE contrast of the GLM for localizer runs 
(two-sided t-statistics; threshold at abs(t)>2; for a few LGNs the threshold was relaxed to 1.5 or 1). Dotted lines mark the anatomical boundaries of the LGN in three 
coronal slices from anterior (upper panels) to posterior (lower panels).
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Extended Data Fig. 9 | Eye-specific responses in the LGN during rivalry and 
replay. (a) Eye-specific differential response between LE- and RE-biased voxels 
in the LGN during rivalry (top) and replay (bottom), shown for voxels with the 
strongest or weakest ocular bias, either inside or outside the ocular-biased 
clusters. Within OD clusters, voxels were divided by bias strength: “most biased” 
included the top 100 voxels (50 per eye) with the largest |LE–RE| t-values; “least 
biased” included the 100 voxels with the smallest |LE–RE| t-values. Voxels can be 
similarly divided outside the OD clusters but within the anatomical LGN mask, 
yielding 2×2 conditions in total. With the most biased voxels within OD clusters, 
rivalry modulation of eye-specific response was negligible (averaged between 
4 s and 12 s, LE vs. RE events, BF01 = 3.759, n = 15, two-sided paired Bayesian t-test 
with default JZS prior), despite robust replay modulation. Least biased voxels 

within OD clusters and most biased voxels outside OD clusters showed a negative 
eye-specific modulation. Line plot: mean value ± SEM. Gray bars mark time points 
with significant LE vs. RE differences (FWE p < 0.05, cluster-based permutation). 
(b). Group-averaged eye-specific response maps (ipsi- vs. contra-lateral eye 
events) in the LGN. Individual maps were nonlinearly registered to the MNI152 
symmetric template. Right LGNs were mirror-flipped and averaged with left 
LGNs. Coronal slices are displayed anterior to posterior (1.2 mm spacing). Black 
and white lines outline ipsi- and contra-eye biased clusters from the localizer. 
The central visual field corresponds to the dorsal and posterior portion of the 
LGN. The orange dashed line indicates approximately 5 degrees of eccentricity, 
corresponding to the size of our visual stimuli.
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