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Supplementary Fig. 1. Memory reactivation in the right parietal-occipital regions (RP) of ADHD. (a) Temporal dynamics of item-specific ERS during encoding and retrieval. Children with ADHD showed significant reactivation clusters in the RP (remembered > forgotten). Colours indicate T values; black outlines indicate significant clusters after cluster-based multiple comparisons correction. (b) In the significant reactivation cluster, remembered items showed significantly higher ERSItem than forgotten items (T113 = 3.064, P = 0.003, Cohen’s d = 0.287), and this effect was specific emerged for ERSWI (T113 = 2.532, P = 0.013, Cohen’s d = 0.237), but not for ERSBI (T113 = −0.886, P = 0.378, Cohen’s d = −0.083). (c) No correlation between reactivation in the RP and memory performance (Pr: hits – false alarms) in ADHD (r = −0.025, P = 0.791). (d) No correlation between reactivation in the RP and age in ADHD (r = −0.105, P = 0.266). (e) Developmental effects of reactivation in the RP, group comparison by median split. Reactivation effects showed no difference between the low- and high-age groups in ADHD (T112 = 0.857, P = 0.393, Cohen’s d = 0.161). Colours indicate age groups. Bottom * indicates significance for the one-sample T test; Line * indicates significance for the paired-sample or two-sample T test; *P < 0.05; **P < 0.01; ***P < 0.001; NS, not significant.
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Supplementary Fig. 2. Reactivation of LP and transformation of RF in subgroups of children with low- or high-age. (a) ERS scores for LP reactivation effect in subgroups of ADHD. Left, no reactivation effect was observed in ADHD subgroup below median age (T56 = 1.761, P = 0.084, Cohen’s d = 0.233); Right, reactivation effect was observed in ADHD subgroup above median age (T56 = 2.239, P = 0.029, Cohen’s d = 0.297), involving a positive ERSItem in remembered items (T56 = 2.250, P = 0.028, Cohen’s d = 0.298), whereas no such effect was observed in forgotten items (T56 = −1.687, P = 0.097, Cohen’s d = −0.223). (b) ERS scores for RF transformation effect in subgroups of TD. Left, transformation effect was observed in TD subgroup below median age (T54 = −2.267, P = 0.027, Cohen’s d = −0.306), resulting in near-zero ERSItem in remembered items (T54 = 1.657, P = 0.103, Cohen’s d = 0.223), whereas the forgetting items exhibited positive ERSItem (T54 = 3.420, P = 0.001, Cohen’s d = 0.461); Right, transformation effect was also observed in TD subgroup above median age (T53 = −2.034, P = 0.047, Cohen’s d = −0.277; Rem: T53 = 0.236, P = 0.814, Cohen’s d = 0.032; Forg: T53 = 2.456, P = 0.017, Cohen’s d = 0.334). Rem, remembered items; Forg, forgotten items. Bottom * indicates significance for the one-sample T test; Line * indicates significance for the paired-sample T test.
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Supplementary Fig. 3. Reactivation of LP and transformation of RF across two groups of children. (a) ERSItem for left parietal‒occipital (LP) region. Top, significant memory reactivation clusters were observed in the LP region of children with ADHD, whereas no significant cluster was observed in such region of TD children; Bottom, reactivation effect was observed in ADHD (T113 = 2.856, P = 0.005, Cohen’s d = 0.267), whereas no such effect was observed in TD children (T108 = 0.557, P = 0.579, Cohen’s d = 0.053). (b) ERSItem for right frontal (RF) region. Top, significant memory transformation clusters were observed in the RF region of TD children, whereas no significant cluster was observed in such region of children with ADHD; Bottom, transformation effect was observed in TD (T108 = −3.028, P = 0.003, Cohen’s d = −0.290), whereas no such effect was observed in children with ADHD (T113 = 0.484, P = 0.629, Cohen’s d = 0.045). Rem, remembered items; Forg, forgotten items. Bottom * indicates significance for the one-sample T test; Line * indicates significance for the paired-sample T test.
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Supplementary Fig. 4. Results of time-resolved ERSItem memory contrasts across 6 ROIs (LF, RF, LM, RM, LP, RP). (a) ERSItem results (remembered vs. forgotten) for six ROIs in children with ADHD. Results for LP and RP were reported in the main manuscript. No significant clusters were detected in the remaining ROIs after cluster-based multiple comparisons correction (All Pcluster ≥ 0.061), indicating no significant difference in ERSItem between remembered and forgotten items. (b) ERSItem results for six ROIs in TD children. Results for LP have been reported in the main manuscript and no significant clusters were detected in the remaining ROIs after cluster-based multiple comparisons correction (All Pcluster ≥ 0.073).
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Supplementary Fig. 5. Memory effects of LP reactivation and RF transformation. (a) Partial correlation between LP reactivation effect and memory performance in children with ADHD. No correlation was observed between reactivation and Pr (hits – false alarms) in the ADHD group after controlling with their age (ρ = 0.010, P = 0.917). (b) Partial correlation between RF transformation effect and memory performance in TD children. Transformation was negatively correlated with Pr in the TD group, and this effect remained significant after controlling for age (ρ = −0.231, P = 0.016).
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Supplementary Fig. 6. Developmental effects of LP reactivation and RF transformation. (a) Developmental effects of reactivation in the LP. (1) LP reactivation was not correlated with age in ADHD (r = −0.036, P = 0.707), whereas marginally negatively correlated with age in TD (r = −0.183, P = 0.057). (2) Contrasts of LP reactivation between low- and high-age subgroups with median split. No reactivation effect was observed in the low-age ADHD subgroup (T56 = 1.762, P = 0.084), whereas it was observed in the high-age subgroup (T56 = 2.239, P = 0.029), though the difference between them was not significant (T112 = −0.623, P = 0. 534). Reactivation was observed in the low-age TD subgroup (T54 = 2.006, P = 0.050), but not in the high-age subgroup (T53 = −1.109, P = 0.272), with a significant difference between them (T107 = 2.177, P = 0.032). No difference was observed between the high-age ADHD subgroup and the low-age TD subgroup (T110 = 0.418, P = 0.677). (3) Reactivation effects remained stable with age in both the low-age (r = −0.143, P = 0.287) and high-age (r = −0.180, P = 0.181) ADHD subgroups. (4) Reactivation effects remained stable with age in both the low-age (r = 0.025, P = 0.854) and high-age (r = −0.048, P = 0.730) TD subgroups. (b) Developmental effects of transformation in the RF. (1) RF transformation was not correlated with age in ADHD (r = −0.106, P = 0.262) or TD (r = −0.017, P = 0.860). (2) Contrasts of RF transformation between low- and high-age subgroups. Transformation effects of ADHD and TD subgroups are reported in the main manuscript and are shown here again for convenience. (3) Transformation effects remained stable with age in both the low-age (r = 0.180, P = 0.181) and high-age (r = 0.035, P = 0.793) ADHD subgroups. (4) Transformation effects remained stable with age in both the low-age (r = −0.011, P = 0.938) and high-age (r = −0.012, P = 0.931) TD subgroups. Colours indicate age subgroups; Dots indicate individuals; Coloured lines indicate the best fit derived from regression models for each subgroup.
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Supplementary Fig. 7. Memory transformation contents in children with ADHD and TD children. (a) Time-resolved memory differentiation effects (forgotten > remembered) in the LP (dark blue) and RF (light blue) during encoding (EES) in TD children. Coloured curves indicate T values across time; Coloured horizontal bars indicate significant clusters after multiple-comparison correction; Gray shaded areas indicate time windows. (b) Memory transformation effects (remembered − forgotten) between within- (orange) and between-category (blue). Greater semantic transformations were observed between categories compared to within categories. Left, the difference in memory transformation effects between within-category and between-category in the LP was not significant (T108 = 1.669, P = 0.098, Cohen’s d = 0.160), indicating memory transfer occurs within images. Right, the difference between within-category and between-category memory transformation effects in the RF was marginally significant (T108 = 1.925, P = 0.057, Cohen’s d = 0.184), indicating memory transfers from the image to the semantic representation. (c) No time-resolved memory differentiation effects were observed in the LP (dark red) or RF (light red) during encoding (EES; left) and retrieval (RRS; right) in children with ADHD.
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Supplementary Fig. 8. Deep neural networks (DNN) reveal memory-relevant representational formats. (a) Top, multidimensional scaling (MDS) plots of stimulus images. Bottom, RSM plots of stimulus images sorted by category. Both illustrate that the clustering of represented categories (animals/non-animals) is more pronounced in the higher than in the lower DNN layers. (b) EES-DNN correspondence in the LP of children with ADHD. Reactivation shows stronger EES-DNN correspondence in the lower DNN layers (conv1–conv3), averaged across significant ERS time (300–600 ms). (c) EES-DNN correspondence in the RF of TD children. Transformation shows stronger EES-DNN correspondence in the higher DNN layers (fc6–fc8), averaged across significant ERS time (0–1000 ms).
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Supplementary Fig. 9. Time-frequency analysis of memory effects during encoding and retrieval phases. (a) Contrasts of power values between subsequently remembered and forgotten items in different ROIs of ADHD and TD children during encoding. Significant clusters were detected only in the RF for TD children (23–25 Hz; Tsum = 107.59, Nbin = 40, Pcluster = 0.042). No significant clusters were detected in the remaining ROIs after cluster-based multiple comparison correction (all Pcluster ≥ 0.660). (b) Contrasts of power values between remembered and forgotten items in different ROIs during retrieval. No significant clusters were detected in any ROI after cluster-based multiple comparison correction (all Pcluster ≥ 0.185). Vertical lines indicate stimulus onset. Black outlines indicate significant time-frequency clusters after multiple comparisons correction across timepoints and frequencies.
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Supplementary Fig. 10. Different calculations reproduce item-specific ERS results. (a) ERSItem calculated from columns of ERS matrices (left). Memory reactivation effect in the LP of ADHD (right top) and memory transformation effect in the RF of TD (right bottom). In the memory reactivation cluster, remembered items showed significantly higher ERSItem than forgotten items (T113 = 2.850, P = 0.005, Cohen’s d = 0.267), and this effect emerged for ERSWI (T113 = 2.136, P = 0.035), but not for ERSBI (T113 = −0.943, P = 0.348). Conversely, within the memory transformation cluster, remembered items had significantly lower ERSItem than forgotten items (T108 = −3.002, P = 0.003, Cohen’s d = −0.288), and this memory effect was specific to ERSWI (T108 = −2.794, P = 0.006), with no effect in ERSBI (T108 = 0.839, P = 0.403). (b) ERSItem calculated across rows and columns of ERS matrices. In the reactivation cluster, remembered items showed significantly higher ERSItem than forgotten items (T113 = 2.851, P = 0.005, Cohen’s d = 0.267), and this effect emerged for ERSWI (T113 = 2.132, P = 0.035), but not for ERSBI (T113 = −0.971, P = 0.334). Conversely, within the transformation cluster, remembered items had significantly lower ERSItem than forgotten items (T108 = −3.012, P = 0.003, Cohen’s d = −0.289), and this memory effect was specific to ERSWI (T108 = −2.853, P = 0.005), with no effect in ERSBI (T108 = 0.772, P = 0.442).
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Supplementary Fig. 11. Different calculations reproduce category-level ERS results. (a) ERSWC (orange) and ERSBC (blue) calculated from columns of ERS matrices (left). Memory reactivation in the LP of ADHD (middle) and transformation in the RF of TD (right). Neither ERSWC (T113 = −0.304, P = 0.761, Cohen’s d = −0.029) nor ERSBC (T113 = 1.341, P = 0.183, Cohen’s d = 0.126) showed significant reactivation effects in the LP of ADHD. By contrast, in TD children, meaningful transformation emerged specifically in ERSBC within the RF (T108 = 2.738, P = 0.007, Cohen’s d = 0.262), with no such effect for ERSWC (T108 = −0.005, P = 0.996, Cohen’s d = −0.001). (b) ERSWC and ERSBC calculated across rows and columns of ERS matrices. Neither ERSWC (T113 = −0.358, P = 0.721, Cohen’s d = −0.034) nor ERSBC (T113 = 1.333, P = 0.185, Cohen’s d = 0.125) showed significant reactivation effects in the LP of ADHD. Meaningful transformation emerged specifically in ERSBC within the RF (T108 = 2.620, P = 0.010, Cohen’s d = 0.251), with no such effect for ERSWC (T108 = −0.038, P = 0.969, Cohen’s d = −0.004) in TD children.


Supplementary Table
	Memory effect
	Model
	ANOVA
	AIC
	BIC

	
	
	R
	F
	p
	
	

	Reactivation
(ERSItem in LP of ADHD)
	Age
	Linear
	0.036
	0.142
	0.707
	-291.05
	-285.57

	
	
	Quadratic
	0.036
	0.072
	0.931
	-289.05
	-280.84

	
	
	Cubic
	0.049
	0.089
	0.966
	-287.18
	-276.23

	
	Pr
	Linear
	0.003
	0.001
	0.979
	-290.90
	-285.43

	
	
	Quadratic
	0.018
	0.017
	0.983
	-288.94
	-280.73

	
	
	Cubic
	0.043
	0.069
	0.976
	-287.12
	-276.17

	Transformation
(ERSItem in RF of TD)
	Age
	Linear
	0.017
	0.031
	0.860
	-256.05
	-250.67

	
	
	Quadratic
	0.020
	0.020
	0.980
	-254.06
	-245.99

	
	
	Cubic
	0.037
	0.048
	0.986
	-252.17
	241.40

	
	Pr
	Linear
	0.222
	5.531
	0.021
	-261.51
	-256.13

	
	
	Quadratic
	0.231
	2.986
	0.055
	-260.00
	-251.92

	
	
	Cubic
	0.235
	2.048
	0.112
	-258.22
	-247.45


Supplementary Table 1. Goodness-of-fit indices to fit different regression models (linear, quadratic, or cubic) between memory effects and age or memory performance. Bold values indicate the best-fitting model by considering all model fit indices. AIC, Akaike’s information criterion; BIC, Bayesian information criterion.
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