Note for Tables S1A–S1H:
Note: Values represent Pearson correlation coefficients (r). Statistical significance is indicated as *p < 0.05 and **p < 0.01. Conventional center-of-pressure (CoP) variables include root mean square (RMS) in the anteroposterior (AP) and mediolateral (ML) directions, total path length (PathLength), and mean velocity (MeanVelocity). Topological data analysis (TDA) metrics are derived from H₁ persistence diagrams and include H1_TotalPersistence (sum of lifetimes of loop features), H1_WassersteinDiag (Wasserstein distance to the diagonal, approximated), Persistent Entropy (entropy of the normalized persistence distribution), and H1_NumLongLoops (number of features with persistence exceeding 20% of the maximum lifetime). Condition codes are defined based on combinations of visual, stability, and cognitive factors, where EO = eyes open, EC = eyes closed, S1 = stable stance (feet together), S2 = single-leg stance, C1 = single-task, and C2 = dual-task; for example, COD denotes the EC–S2–C2 condition.
Table S1A. Pearson correlations between conventional CoP variables (RMS, path length, mean velocity) and H1-based TDA metrics (EC, S2, C2 condition).
	Variable
	RMS_AP
	RMS_ML
	PathLength
	MeanVelocity
	H1_TotalPersistence
	PersistentEntropy
	H1_WassersteinDiag
	H1_NumLongLoops

	RMS_AP
	1
	
	
	
	
	
	
	

	RMS_ML
	0.806**
	1
	
	
	
	
	
	

	PathLength
	0.898**
	0.815**
	1
	
	
	
	
	

	MeanVelocity
	0.901**
	0.818**
	0.992**
	1
	
	
	
	

	H1_TotalPersistence
	0.869**
	0.837**
	0.905**
	0.908**
	1
	
	
	

	PersistentEntropy
	-0.068
	-0.106*
	0.122**
	0.115*
	0.060
	1
	
	

	H1_WassersteinDiag
	0.831**
	0.831**
	0.819**
	0.821**
	0.941**
	-0.203**
	1
	

	H1_NumLongLoops
	-0.042
	-0.109*
	0.066
	0.067
	-0.028
	0.708**
	-0.288**
	1



Table S1B. Pearson correlations between conventional CoP variables (RMS, path length, mean velocity) and H1-based TDA metrics (EC, S2, C1 condition).
	Variable
	RMS_AP
	RMS_ML
	PathLength
	MeanVelocity
	H1_TotalPersistence
	PersistentEntropy
	H1_WassersteinDiag
	H1_NumLongLoops

	RMS_AP
	1
	
	
	
	
	
	
	

	RMS_ML
	0.803**
	1
	
	
	
	
	
	

	PathLength
	0.882**
	0.835**
	1
	
	
	
	
	

	MeanVelocity
	0.882**
	0.835**
	1.000**
	1
	
	
	
	

	H1_TotalPersistence
	0.829**
	0.799**
	0.884**
	0.884**
	1
	
	
	

	PersistentEntropy
	-0.256**
	-0.272**
	-0.035
	-0.035
	-0.115*
	1
	
	

	H1_WassersteinDiag
	0.782**
	0.783**
	0.774**
	0.774**
	0.921**
	-0.418**
	1
	

	H1_NumLongLoops
	-0.121*
	-0.176**
	-0.001
	-0.001
	-0.107*
	0.709**
	-0.370**
	1



Table S1C. Pearson correlations between conventional CoP variables (RMS, path length, mean velocity) and H1-based TDA metrics (EC, S1, C2 condition).
	Variable
	RMS_AP
	RMS_ML
	PathLength
	MeanVelocity
	H1_TotalPersistence
	PersistentEntropy
	H1_WassersteinDiag
	H1_NumLongLoops

	RMS_AP
	1
	
	
	
	
	
	
	

	RMS_ML
	0.356**
	1
	
	
	
	
	
	

	PathLength
	0.693**
	0.629**
	1
	
	
	
	
	

	MeanVelocity
	0.693**
	0.629**
	1.000**
	1
	
	
	
	

	H1_TotalPersistence
	0.733**
	0.653**
	0.852**
	0.852**
	1
	
	
	

	PersistentEntropy
	-0.122**
	-0.221**
	0.241**
	0.241**
	-0.039
	1
	
	

	H1_WassersteinDiag
	0.666**
	0.670**
	0.658**
	0.658**
	0.900**
	-0.422**
	1
	

	H1_NumLongLoops
	-0.001
	-0.109*
	0.201**
	0.201**
	0.022
	0.705**
	-0.309**
	1




Table S1D. Pearson correlations between conventional CoP variables (RMS, path length, mean velocity) and H1-based TDA metrics (EC, S1, C1 condition).
	Variable
	RMS_AP
	RMS_ML
	PathLength
	MeanVelocity
	H1_TotalPersistence
	PersistentEntropy
	H1_WassersteinDiag
	H1_NumLongLoops

	RMS_AP
	1
	
	
	
	
	
	
	

	RMS_ML
	0.450**
	1
	
	
	
	
	
	

	PathLength
	0.619**
	0.657**
	1
	
	
	
	
	

	MeanVelocity
	0.619**
	0.657**
	1.000**
	1
	
	
	
	

	H1_TotalPersistence
	0.685**
	0.717**
	0.808**
	0.808**
	1
	
	
	

	PersistentEntropy
	-0.232**
	-0.221**
	0.263**
	0.263**
	-0.078
	1
	
	

	H1_WassersteinDiag
	0.647**
	0.702**
	0.582**
	0.582**
	0.887**
	-0.470**
	1
	

	H1_NumLongLoops
	-0.131**
	-0.096*
	0.193**
	0.193**
	-0.049
	0.694**
	-0.375**
	1



Table S1E. Pearson correlations between conventional CoP variables (RMS, path length, mean velocity) and H1-based TDA metrics (EO, S2, C2 condition).
	Variable
	RMS_AP
	RMS_ML
	PathLength
	MeanVelocity
	H1_TotalPersistence
	PersistentEntropy
	H1_WassersteinDiag
	H1_NumLongLoops

	RMS_AP
	1
	
	
	
	
	
	
	

	RMS_ML
	0.643**
	1
	
	
	
	
	
	

	PathLength
	0.694**
	0.742**
	1
	
	
	
	
	

	MeanVelocity
	0.694**
	0.742**
	1.000**
	1
	
	
	
	

	H1_TotalPersistence
	0.773**
	0.786**
	0.832**
	0.832**
	1
	
	
	

	PersistentEntropy
	-0.104*
	-0.032
	0.388**
	0.388**
	0.155**
	1
	
	

	H1_WassersteinDiag
	0.764**
	0.773**
	0.626**
	0.626**
	0.899**
	-0.222**
	1
	

	H1_NumLongLoops
	-0.110*
	-0.082
	0.278**
	0.278**
	0.017
	0.735**
	-0.343**
	1



Table S1F. Pearson correlations between conventional CoP variables (RMS, path length, mean velocity) and H1-based TDA metrics (EO, S2, C1 condition).
	Variable
	RMS_AP
	RMS_ML
	PathLength
	MeanVelocity
	H1_TotalPersistence
	PersistentEntropy
	H1_WassersteinDiag
	H1_NumLongLoops

	RMS_AP
	1
	
	
	
	
	
	
	

	RMS_ML
	0.659**
	1
	
	
	
	
	
	

	PathLength
	0.727**
	0.746**
	1
	
	
	
	
	

	MeanVelocity
	0.708**
	0.762**
	0.986**
	1
	
	
	
	

	H1_TotalPersistence
	0.731**
	0.773**
	0.782**
	0.791**
	1
	
	
	

	PersistentEntropy
	-0.088
	-0.078
	0.166**
	0.153**
	0.149**
	1
	
	

	H1_WassersteinDiag
	0.732**
	0.746**
	0.662**
	0.670**
	0.926**
	-0.084
	1
	

	H1_NumLongLoops
	-0.097*
	-0.066
	0.119*
	0.119*
	0.033
	0.565**
	-0.237**
	1



Table S1G. Pearson correlations between conventional CoP variables (RMS, path length, mean velocity) and H1-based TDA metrics (EO, S1, C2 condition).
	Variable
	RMS_AP
	RMS_ML
	PathLength
	MeanVelocity
	H1_TotalPersistence
	PersistentEntropy
	H1_WassersteinDiag
	H1_NumLongLoops

	RMS_AP
	1
	
	
	
	
	
	
	

	RMS_ML
	0.309**
	1
	
	
	
	
	
	

	PathLength
	0.710**
	0.531**
	1
	
	
	
	
	

	MeanVelocity
	0.711**
	0.528**
	0.993**
	1
	
	
	
	

	H1_TotalPersistence
	0.692**
	0.649**
	0.830**
	0.830**
	1
	
	
	

	PersistentEntropy
	0.064
	-0.194**
	0.285**
	0.287**
	0.064
	1
	
	

	H1_WassersteinDiag
	0.601**
	0.707**
	0.655**
	0.653**
	0.906**
	-0.301**
	1
	

	H1_NumLongLoops
	0.165**
	-0.091
	0.253**
	0.254**
	0.116*
	0.719**
	-0.217**
	1


[bookmark: _GoBack]Table S1H. Pearson correlations between conventional CoP variables (RMS, path length, mean velocity) and H1-based TDA metrics (EO, S1, C1 condition).
	Variable
	RMS_AP
	RMS_ML
	PathLength
	MeanVelocity
	H1_TotalPersistence
	PersistentEntropy
	H1_WassersteinDiag
	H1_NumLongLoops

	RMS_AP
	1
	
	
	
	
	
	
	

	RMS_ML
	0.548**
	1
	
	
	
	
	
	

	PathLength
	0.623**
	0.646**
	1
	
	
	
	
	

	MeanVelocity
	0.629**
	0.641**
	0.986**
	1
	
	
	
	

	H1_TotalPersistence
	0.675**
	0.714**
	0.774**
	0.775**
	1
	
	
	

	PersistentEntropy
	-0.157**
	-0.190**
	0.112*
	0.119*
	0.081
	1
	
	

	H1_WassersteinDiag
	0.668**
	0.708**
	0.571**
	0.568**
	0.885**
	-0.298**
	1
	

	H1_NumLongLoops
	0.010
	-0.006
	0.298**
	0.299**
	0.112*
	0.590**
	-0.242**
	1



