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Longitudinal Measurement Invariance Test
	To determine whether our measurements of psychological capital, school belongingness, and depression had the same meanings across different time points, a longitudinal measurement invariance test was conducted. To assess this invariance, a series of models were tested: unconstrained configural invariance, weak invariance and strong invariance models. The configural invariance model allowed the factor loadings (λs), intercepts (τs), and residual variances (εs) to be freely estimated across time points. The weak invariance model constrained the factor loadings (λs) to be equal across time, while allowing the intercepts (τs) and residual variances (εs) to vary. The strong invariance model further constrained both the factor loadings (λs) and intercepts (τs) to be equal across time, with only the residual variances (εs) varying freely (Liu et al., 2017).
To evaluate model fit, the chi-square values, Tucker–Lewis index (TLI), comparative fit index (CFI), and root mean square error of approximation (RMSEA) among each model were compared with one another. According to Cheung and Rensvold (2002), a change in the CFI (∆CFI) of ≤ 0.01 indicates measurement invariance, meaning that the null hypothesis could not be rejected. The results (see Table S1) indicated that the measurements among these three variables showed adequate invariance. For psychological capital and depression, the changes in model fit were non-significant across the configural, weak, and strong invariance models, indicating strong invariance (∆CFI = −0.002, -0.006; ∆CFI = −0.008, 0.003). For school belongingness, the results supported weak invariance (∆CFI = −0.007). These findings suggested that the relationships between items and their respective latent constructs for depressive symptoms, sleep, and psychological inflexibility were consistent over time.

	Variables
	Model
	2
	df
	CFI
	[bookmark: OLE_LINK5]RMSEA
	ΔCFI

	Psychological
Capital
	M1: Configural invariance (varying λs, τs, εs)
	6473.409
	2755
	0.901
	0.038
	-

	
	M2: Weak invariance (equal λs, varying τs, εs)
	6610.248
	2805
	0.899
	0.038
	-0.002

	
	M3: Strong invariance (equal λs, τs, varying εs)
	6885.824
	2857
	0.893
	0.038
	-0.006

	School
Belongingness
	M1: Configural invariance (varying λs, τs, εs)
	33.456
	15
	0.989
	0.036
	-

	
	M2: Weak invariance (equal λs, varying τs, εs)
	47.961
	19
	0.982
	0.040
	-0.007

	
	M3: Strong invariance (equal λs, τs, varying εs)
	90.756
	23
	0.958
	0.055
	-0.024

	Depression
	M1: Configural invariance (varying λs, τs, εs)
	4345.655
	1625
	0.902
	0.042
	-

	
	M2: Weak invariance (equal λs, varying τs, εs)
	4633.382
	1699
	0.894
	0.042
	-0.008

	
	M3: Strong invariance (equal λs, τs, varying εs)
	4760.371
	1737
	0.891
	0.043
	-0.003


Table S1 Fit Indices for Measurement Invariance

Note. λs = factor loading; τs = item intercepts; εs = residual variances.
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Cross-Lagged Panel Model (CLPM) Comparison and Fit for Nested Models
To examine the temporal stability of associations among psychological capital, depressive symptoms, and school belongingness, we estimated a series of increasingly constrained cross-lagged panel models (CLPMs). Models were specified with (a) freely estimated autoregressive and cross-lagged paths, (b) equality constraints imposed on autoregressive paths, (c) equality constraints imposed on cross-lagged paths, and (d) full invariance constraints applied to both sets of parameters. Full model fit statistics are presented in Table S3. The unconstrained model (Model 1), which included freely estimated autoregressive and cross-lagged paths, demonstrated acceptable fit to the data, χ²(9) = 116.424, CFI = 0.961, RMSEA = 0.112, SRMR = 0.031, AIC = 56987.342, and BIC = 57318.080. We then imposed equality constraints on autoregressive paths (Model 2) to test their temporal stability. This constraint resulted in negligible changes in model fit (χ²(12) = 124.398, CFI = 0.959, RMSEA = 0.099, SRMR = 0.035, AIC = 56992.058, and BIC = 57308.205), supporting the assumption that autoregressive effects were stable across time. Next, cross-lagged paths were constrained to be equal across waves (Model 3). The resulting model showed a slightly improved fit relative to Model 1 (χ² (15) = 121.764, CFI = 0.961, RMSEA = 0.086, SRMR = 0.034, AIC = 56981.841, and BIC = 57283.397), indicating that cross-lagged associations were also temporally invariant. Finally, a fully constrained model (Model 4), in which both autoregressive and cross-lagged paths were held equal across time, was estimated. This model demonstrated comparable fit χ²(18) = 130.452, CFI = 0.959, RMSEA = 0.081, SRMR = 0.033, AIC = 56983.165, and BIC = 57270.130, with only minimal changes relative to Model 3. Because the models were nested and estimated using MLR, Satorra-Bentler scaled chi-square difference tests were conducted to evaluate whether imposing equality constraints significantly worsened model fit. Constraining the autoregressive paths to be equal across adjacent waves resulted in a marginal decrease in fit relative to the unconstrained model, TRd(3) = 7.740, p = .052. In contrast, constraining the cross-lagged paths did not significantly worsen model fit, TRd(6) = 5.030, p = .540, supporting the temporal invariance of the cross-lagged effects. The fully constrained model also did not significantly differ from the unconstrained model, TRd(9) = 14.241, p = .114. However, compared with the cross-lagged invariance model, the fully constrained model showed a significant decrease in fit, TRd(3) = 9.064, p = .028, indicating that additionally constraining the autoregressive paths was not supported. Therefore, Model 3 was retained as the final model because it provided the best balance between model fit, parsimony, and theoretical focus on temporally invariant cross-lagged effects. Detailed parameter estimates are reported in Table S4.

Psychological Capital
School Belongingness
Depressive Symptoms
Psychological Capital

School Belongingness

Depressive Symptoms

Psychological Capital

School Belongingness

Depressive Symptoms

T1
T2
T3


























Figure S1. Full Model of Psychological Capital, Depressive Symptoms, and School Belongingness in the Cross-Lagged Panel Model (Model 1- With no constraints).
*** p < 0.001, ** p < 0.01, * p < 0.05.
Psychological Capital
School Belongingness
Depressive Symptoms
Psychological Capital

School Belongingness

Depressive Symptoms

Psychological Capital

School Belongingness

Depressive Symptoms

T1
T2
T3



























Figure S2. Full Model of Psychological Capital, Depressive Symptoms, and School Belongingness in the Cross-Lagged Panel Model (Model 2-constraining time invariance on the autoregressive stability only).
*** p < 0.001, ** p < 0.01, * p < 0.05.
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Figure S3. Full Model of Psychological Capital, Depressive Symptoms, and School Belongingness in the Cross-Lagged Panel Model (Model 3-constraining time invariance on the cross-lagged effects only).
*** p < 0.001, ** p < 0.01, * p < 0.05.
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Figure S4. Full Model of Psychological Capital, Depressive Symptoms, and School Belongingness in the Cross-Lagged Panel Model (Model 4-constraining time invariance on both the autoregressive stability and the cross-lagged effects).
*** p < 0.001, ** p < 0.01, * p < 0.05.

Table S3. Model Fit Indices of Nested SEM Models in the Cross-Lagged Panel Model

	[bookmark: OLE_LINK14]Model
	Causal paths
	AIC(BIC)
	[bookmark: OLE_LINK17]χ²
	df
	CFI
	RMSEA
	SRMR

	[bookmark: OLE_LINK20]Model 1
	Full model
	56987.342 (57318.080)
	116.424
	9
	0.961
	0.112
	0.031

	Model 2
	Full-Autoregression Invariance
	56992.058 (57308.205)
	124.398
	12
	0.959
	0.099
	0.035

	Model 3
	Full-Cross Lagged Effects Invariance
	56981.841 (57283.397)
	121.764
	15
	0.961
	0.086
	0.034

	Model 4
	Full-Auto Regression + Cross Lagged Effects Invariance
	
56983.165 (57270.130)
	130.452
	18
	0.959
	0.081
	0.033






	





Table S4. Cross-lagged panel model for Psychological Capital, Depressive Symptoms, and School Belongingness (Model 3)
	Parameters
	β
	SE
	95%CI
	p
	
	β
	SE
	95%CI
	p

	Cross-Lagged Path
	T1→T2
	
	T2→T3

	Depressive symptoms → Psychological capital
	-0.102
	0.024
	[-0.148, -0.055]
	<0.001
	
	-0.107
	0.025
	[-0.156, -0.058]
	<0.001

	School belongingness → Psychological capital
	0.012
	0.022
	[-0.032, 0.056]
	>0.05
	
	0.011
	0.021
	[-0.030, 0.053]
	>0.05

	Psychological capital → Depressive symptoms
	-0.061
	0.024
	[-0.108, -0.013]
	0.012
	
	-0.065
	0.026
	[-0.117, -0.014]
	0.013

	School belongingness → Depressive symptoms
	-0.053
	0.022
	[-0.097, -0.008]
	0.020
	
	-0.049
	0.021
	[-0.091, -0.008]
	0.020

	Psychological capital → School belongingness
	0.124
	0.028
	[0.069, 0.178]
	<0.001
	
	0.139
	0.032
	[0.077, 0.201]
	<0.001

	Depressive symptoms → School belongingness
	-0.152
	0.027
	[-0.205, -0.099]
	<0.001
	
	-0.166
	0.029
	[-0.223, -0.109]
	<0.001


Note. χ² (15) = 121.764, p<0.001 CFI = 0.961, RMSEA = 0.086, SRMR = 0.034. β refers to standardized coefficients (STDYX). Significant paths are shown in bold. The model controlled for gender, age.
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Random Intercept Cross-Lagged Panel Model (RI-CLPM) Comparison and Fit for Nested Models
To examine the temporal dynamics among psychological capital, school belongingness, and depressive symptoms, a series of random-intercept cross-lagged panel models (RI-CLPMs) were estimated. A comparable sequence of models was estimated, including an autoregressive-only baseline model, a fully specified model with all cross-lagged paths, and progressively constrained models imposing equality constraints on autoregressive and/or cross-lagged effects across time. The baseline model including only autoregressive paths (Model 8) showed acceptable but comparatively poorer fit (χ² = 115.148, df = 33, CFI = 0.975, RMSEA = 0.051, SRMR = 0.058), indicating that excluding cross-lagged effects resulted in a less optimal representation of the data. Compared with the baseline model, the fully specified model (Model 11) demonstrated substantially improved fit. Compared with this baseline model, the fully specified model (Model 11), which included all autoregressive and cross-lagged paths freely estimated across time, demonstrated excellent fit to the data (χ² = 48.722, df = 21, CFI = 0.992, RMSEA = 0.037, SRMR = 0.022), supporting the hypothesized within-person dynamics.. To further evaluate the temporal stability of these processes, we imposed equality constraints on the autoregressive paths (Model 12) and the cross-lagged paths (Model 13), respectively. Constraining autoregressive effects to be equal across time (Model 12) did not meaningfully deteriorate model fit (χ² = 51.728, df = 24, CFI = 0.991, RMSEA = 0.035, SRMR = 0.023) and slightly improved information criteria (i.e., lower AIC and BIC), suggesting that within-person stability effects were temporally invariant.. Similarly, constraining cross-lagged effects (Model 13) also maintained excellent model fit (χ² = 57.298, df = 27, CFI = 0.992, RMSEA = 0.034, SRMR = 0.024) and further reduced information criteria, supporting the assumption that cross-domain influences among psychological capital, school belongingness, and depressive symptoms were stable over time. Finally, a fully constrained model (Model 14), in which both autoregressive and cross-lagged paths were held invariant across time, was estimated. This model also demonstrated good fit (χ² = 66.137, df = 30, CFI = 0.989, RMSEA = 0.035, SRMR = 0.026). Although the AIC was slightly higher than that of Model 13, the BIC was the lowest among the constrained models, and overall fit indices remained comparable, indicating that imposing both sets of constraints did not substantially compromise model fit. Given its greater parsimony and theoretical coherence, Model 14 was selected as the final model. Overall, these findings support the temporal invariance of within-person processes, suggesting that both stability effects and cross-lagged associations among psychological capital, school belongingness, and depressive symptoms operate consistently across time.
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Figure S8. Auto-regressive Effects of Psychological Capital, School Belongingness, and Depressive Symptoms in the Random Intercept Cross-Lagged Panel Model (Model 8).
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	Figure S11. Full Model of Psychological Capital, School Belongingness, and Depressive Symptoms in the Random Intercept Cross-Lagged Panel Model (Model 11).
*** p < 0.001, ** p < 0.01, * p < 0.05.
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Figure S12. Full Model of Psychological Capital, School Belongingness, and Depressive Symptoms in the Random Intercept Cross-Lagged Panel Model (Model 12)-constraining time invariance on the autoregressive stabilities only.
*** p < 0.001, ** p < 0.01, * p < 0.05.
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Figure S13. Full Model of Psychological Capital, School Belongingness, and Depressive Symptoms in the Random Intercept Cross-Lagged Panel Model (Model 13)-constraining time invariance on the cross-lagged effects only.
*** p < 0.001, ** p < 0.01, * p < 0.05.
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Figure S14. Full Model of Psychological Capital, School Belongingness, and Depressive Symptoms in the Random Intercept Cross-Lagged Panel Model (Model 14)-constraining time invariance on both the autoregressive stabilities and the cross-lagged effects.
*** p < 0.001, ** p < 0.01, * p < 0.05.

Table S5. Model Fit Indices of Nested Structural Equation Models in the Random Intercept Cross-Lagged Panel Model
	[bookmark: OLE_LINK2]Model
	Causal paths
	AIC (BIC)
	χ²
	
	CFI
	RMSEA
	SRMR

	Model 5
	Stability
	56922.083 (57136.090)
	115.148
	33
	0.975
	0.051
	0.058

	Model 6
	Full model
	56871.014
(57143.387)
	48.722
	21
	0.992
	0.037
	0.022

	Model 7
	Full-Autoregression Invariance
	56869.441
(57127.222)
	51.728
	24
	0.991
	0.035
	0.023

	Model 8
	Full-Cross Lagged Effects Invariance
	56869.171
(57112.361)
	57.298
	27
	0.992
	0.034
	0.024

	Model 9
	Full-Auto Regression + Cross Lagged Effects Invariance
	56872.682
(57101.280)
	66.137
	30
	0.989
	0.035
	0.026






















	








Table S6. RI-CLPM for Psychological Capital, School Belongingness, and Depressive Symptoms
	Parameters
	β
	SE
	95%CI
	p
	
	β
	SE
	95%CI
	p
	

	Between-Person Level
	
	
	
	
	
	
	
	
	
	

	Psychological Capital ↔ 
School Belongingness
	0.444
	0.066
	[0.315, 0.572], 
	< .001
	
	
	
	
	
	

	Psychological Capital ↔ 
Depressive Symptoms
	-0.634 
	0.036
	[-0.703, -0.564] 
	< .001
	
	
	
	
	
	

	School Belongingness ↔ 
Depressive Symptoms
	-0.554
	0.064
	[-0.679, -0.430]
	< .001
	
	
	
	
	
	

	Within-Person Level
	
	
	
	

	Stability path
	T1→T2
	
	T2→T3
	

	Psychological Capital 
	0.059
	0.016
	[0.028, 0.091]
	< .001
	
	0.062
	0.018
	[0.026, 0.097]
	.001
	

	School Belongingness
	0.078
	0.028
	[0.023, 0.133]
	.005
	
	0.079
	0.030
	[0.021, 0.137]
	.006
	

	Depressive Symptoms
	0.118
	0.027
	[0.066, 0.171]
	< .001
	
	0.126
	0.031
	[0.066, 0.187]
	< .001
	

	Cross-Lagged Path
	T1→T2
	
	T2→T3
	

	Psychological Capital →
School Belongingness
	0.151
	0.024
	[0.104, 0.199]
	< .001
	
	0.167
	0.026
	[0.116, 0.219]
	< .001
	

	Psychological Capital → 
Depressive Symptoms
	0.006
	0.017
	[-0.027, 0.040]
	.706
	
	0.007
	0.018
	[-0.028, 0.042]
	.705
	

	School Belongingness→ 
Psychological Capital
	0.029
	0.019
	[-0.008, 0.066]
	.122
	
	0.028
	0.018
	[-0.007, 0.063]
	.120
	

	School Belongingness →  
Depressive Symptoms
	-0.063
	0.021
	[-0.105, -0.022]
	.003
	
	-0.060
	0.020
	[-0.101, -0.020]
	.003
	

	Depressive Symptoms → 
Psychological Capital
	-0.107
	0.024
	[-0.154, -0.060]
	< .001
	
	-0.113
	0.027
	[-0.167, -0.060]
	< .001
	

	Depressive Symptoms → 
School Belongingness
	0.001
	0.029
	[-0.055, 0.058]
	.964
	
	0.001
	0.032
	[-0.062, 0.065]
	.964
	



Note. χ2(30) = 66.14, RMSEA = 0.035, CFI = 0.99. β is standardized coefficients. Significant paths in bold. Controlled for sex and age.
