
[bookmark: _ap04io15u2zt]Appendix A  Full holdout test performance of Models 1–3
[bookmark: _wdez23nim45j]Panel A. Classification and probability performance
	Model
	AUC
	Accuracy
	Balanced accuracy
	Recall high
	Recall low
	Low-achiever miss rate
	Brier score

	Model 1: Background
	0.874
	0.778
	0.778
	0.775
	0.780
	0.220
	0.145

	Model 2: Background + affective/school
	0.975
	0.905
	0.905
	0.899
	0.911
	0.089
	0.063

	Model 3: Model 2 + process
	0.999
	0.984
	0.984
	1.000
	0.967
	0.033
	0.015


[bookmark: _c0tzs7kmqtje]Panel B. Calibration and confusion-matrix counts
	Model
	Calibration intercept
	Calibration slope
	TP
	TN
	FP
	FN

	Model 1: Background
	0.063
	1.101
	100
	96
	27
	29

	Model 2: Background + affective/school
	0.178
	1.346
	116
	112
	11
	13

	Model 3: Model 2 + process
	−0.543
	1.316
	129
	119
	4
	0


Note. The stable high-achieving group was coded as the positive class. Low-achiever miss rate was defined as 1 − recall for the stable low-achieving group. TP = true positives; TN = true negatives; FP = false positives; FN = false negatives.


[bookmark: _16k6xfu5g5w2]Appendix B. Five-fold cross-validation performance summary
	Model
	AUC M (SD)
	Accuracy M (SD)
	Balanced accuracy M (SD)
	Recall low M (SD)
	Low-achiever miss rate M (SD)
	Brier M (SD)

	Model 1: Background
	0.874 (0.026)
	0.791 (0.042)
	0.790 (0.041)
	0.772 (0.030)
	0.228 (0.030)
	0.145 (0.016)

	Model 2: Background + affective/school
	0.969 (0.011)
	0.909 (0.019)
	0.909 (0.018)
	0.899 (0.020)
	0.101 (0.020)
	0.064 (0.013)

	Model 3: Model 2 + process
	0.993 (0.006)
	0.977 (0.015)
	0.977 (0.015)
	0.971 (0.016)
	0.029 (0.016)
	0.018 (0.011)


Note. Values are means and standard deviations across five folds. Low-achiever miss rate was defined as 1 − recall for the stable low-achieving group.

[bookmark: _c8iqmhqooxcy]

Appendix C. Full logistic regression coefficients for Models 1–3
	Model
	Predictor
	β
	SE
	z
	p
	OR
	95% CI low
	95% CI high

	Model 1
	Intercept
	−0.8305
	0.1887
	−4.3999
	< .001
	0.4358
	0.3011
	0.6309

	Model 1
	Male
	0.5032
	0.2219
	2.2671
	.023
	1.6540
	1.0705
	2.5554

	Model 1
	ESCS
	1.9388
	0.1570
	12.3480
	< .001
	6.9502
	5.1091
	9.4547

	Model 2
	Intercept
	0.1835
	0.2738
	0.6702
	.503
	1.2014
	0.7025
	2.0547

	Model 2
	Male
	0.0166
	0.3191
	0.0520
	.959
	1.0167
	0.5440
	1.9004

	Model 2
	ESCS
	1.1667
	0.2128
	5.4833
	< .001
	3.2113
	2.1162
	4.8730

	Model 2
	Mathematics anxiety
	−0.1228
	0.1578
	−0.7781
	.437
	0.8844
	0.6491
	1.2051

	Model 2
	Mathematics self-efficacy
	1.6881
	0.1889
	8.9364
	< .001
	5.4094
	3.7355
	7.8333

	Model 2
	School belonging
	0.0773
	0.1570
	0.4922
	.623
	1.0804
	0.7942
	1.4697

	Model 3
	Intercept
	−1.5986
	0.7977
	−2.0040
	.045
	0.2022
	0.0423
	0.9655

	Model 3
	Male
	−0.5559
	0.7248
	−0.7670
	.443
	0.5736
	0.1386
	2.3741

	Model 3
	ESCS
	1.0942
	0.3501
	3.1255
	.002
	2.9868
	1.5039
	5.9322

	Model 3
	Mathematics anxiety
	−0.1711
	0.3923
	−0.4361
	.663
	0.8427
	0.3906
	1.8183

	Model 3
	Mathematics self-efficacy
	1.9531
	0.4759
	4.1040
	< .001
	7.0508
	2.7742
	17.9201

	Model 3
	School belonging
	0.4670
	0.4356
	1.0722
	.284
	1.5953
	0.6793
	3.7465

	Model 3
	Log response time, z
	5.6927
	1.1040
	5.1566
	< .001
	296.7033
	34.0881
	2582.5127

	Model 3
	Log actions, z
	1.3891
	0.5777
	2.4044
	.016
	4.0113
	1.2927
	12.4470

	Model 3
	Log visits, z
	0.8261
	0.4525
	1.8256
	.068
	2.2845
	0.9410
	5.5462


Note. The stable high-achieving group was coded as 1, and the stable low-achieving group was coded as 0. Female students served as the reference category for gender. Process indicators were log1p-transformed and standardized using the training-set mean and standard deviation. OR = odds ratio; CI = confidence interval.
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Appendix D. Full no-zero sensitivity analysis
[bookmark: _7zes8nucczhh]Panel A. Classification and probability performance
	Model
	AUC
	Accuracy
	Balanced accuracy
	Recall high
	Recall low
	Low-achiever miss rate
	Brier score

	Model 2 no-zero
	0.975
	0.905
	0.905
	0.893
	0.917
	0.083
	0.064

	Model 3 no-zero
	0.999
	0.988
	0.988
	1.000
	0.975
	0.025
	0.013


[bookmark: _cq0swkswpki7]Panel B. Calibration and confusion-matrix counts
	Model
	Calibration intercept
	Calibration slope
	TP
	TN
	FP
	FN

	Model 2 no-zero
	0.221
	1.389
	108
	110
	10
	13

	Model 3 no-zero
	−0.356
	1.409
	121
	117
	3
	0


Note. The no-zero sensitivity analysis excluded students with zero available mathematics process-time items. The stable high-achieving group was coded as the positive class. Low-achiever miss rate was defined as 1 − recall for the stable low-achieving group. TP = true positives; TN = true negatives; FP = false positives; FN = false negatives.

[bookmark: _mnhse5fkxn19]

Appendix E. Weight-adjusted model-fit sensitivity analysis
	Model
	n
	Residual deviance
	AIC
	ΔAIC
	ΔDeviance
	df
	p

	Model 2 weighted
	536
	226.20
	264.32
	—
	—
	—
	—

	Model 3 weighted
	536
	37.23
	61.93
	202.39
	188.97
	3
	< .001


Note. The weight-adjusted logistic models were estimated using normalized final student weights. Model 2 and Model 3 were fitted on the same complete-case training sample, n = 536. ΔAIC and ΔDeviance indicate improvement from Model 2 to Model 3. This analysis was conducted as a weight-adjusted sensitivity check, not as a full complex-survey predictive validation with replicate weights.

[bookmark: _pmf6716qifc5]

Appendix F. Weight-adjusted logistic regression coefficients
	Model
	Predictor
	β
	SE
	z
	p

	Model 2 weighted
	Intercept
	0.3455
	0.3278
	1.054
	.292

	Model 2 weighted
	Male
	−0.2127
	0.3761
	−0.566
	.572

	Model 2 weighted
	ESCS
	1.6995
	0.2525
	6.730
	< .001

	Model 2 weighted
	Mathematics anxiety
	−0.0966
	0.1666
	−0.580
	.562

	Model 2 weighted
	Mathematics self-efficacy
	1.7337
	0.1932
	8.975
	< .001

	Model 2 weighted
	School belonging
	−0.3465
	0.1784
	−1.943
	.052

	Model 3 weighted
	Intercept
	−2.4096
	1.0745
	−2.243
	.025

	Model 3 weighted
	Male
	−0.0167
	0.9554
	−0.017
	.986

	Model 3 weighted
	ESCS
	1.3808
	0.7599
	1.817
	.069

	Model 3 weighted
	Mathematics anxiety
	−0.4525
	0.5559
	−0.814
	.416

	Model 3 weighted
	Mathematics self-efficacy
	2.0466
	0.7203
	2.841
	.004

	Model 3 weighted
	School belonging
	−0.0294
	0.6137
	−0.048
	.962

	Model 3 weighted
	Log response time, z
	6.5193
	1.6007
	4.073
	< .001

	Model 3 weighted
	Log actions, z
	2.6668
	1.0525
	2.534
	.011

	Model 3 weighted
	Log visits, z
	0.8199
	0.6268
	1.308
	.191


Note. Weighted models used normalized final student weights. Coefficient magnitudes should be interpreted cautiously because the process-augmented weighted model produced very high classification performance and near-perfect fitted probabilities for some cases. These coefficients are reported for transparency and were not interpreted as causal effects.
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Appendix G. Threshold-sensitivity analysis for plausible-value consistency rules
[bookmark: _1pw9zr62ksi9]Panel A. Classification performance under alternative plausible-value consistency rules
	PV rule
	n
	Low n
	High n
	Model
	AUC
	Accuracy
	Balanced accuracy
	Low-achiever recall
	Low-achiever miss rate
	Brier score

	7-of-10
	929
	418
	511
	Model 2
	0.960
	0.900
	0.901
	0.913
	0.087
	0.073

	7-of-10
	929
	418
	511
	Model 3
	0.991
	0.964
	0.965
	0.968
	0.032
	0.024

	8-of-10
	794
	367
	427
	Model 2
	0.976
	0.925
	0.927
	0.955
	0.045
	0.052

	8-of-10
	794
	367
	427
	Model 3
	1.000
	0.988
	0.988
	0.991
	0.009
	0.007

	9-of-10
	638
	297
	341
	Model 2
	0.984
	0.933
	0.931
	0.911
	0.089
	0.045

	9-of-10
	638
	297
	341
	Model 3
	0.990
	0.990
	0.990
	0.989
	0.011
	0.010


[bookmark: _7s8rwol2iq39]Panel B. Model-fit improvement from Model 2 to Model 3
	PV rule
	Model 2 AIC
	Model 3 AIC
	ΔAIC
	ΔDeviance
	df
	p

	7-of-10
	264.45
	64.05
	200.40
	206.40
	3
	< .001

	8-of-10
	216.17
	72.27
	143.91
	149.91
	3
	< .001

	9-of-10
	160.46
	18.00
	142.46
	148.46
	3
	< .001


Note. Model 2 included gender, ESCS, mathematics anxiety, mathematics self-efficacy, and school belonging. Model 3 added mean response time, mean number of actions, and mean number of visits. The 8-of-10 rule was the main operational criterion; the 7-of-10 and 9-of-10 rules were used as supplementary threshold-sensitivity checks. Low-achiever recall refers to recall for the stable low-achieving group. Low-achiever miss rate was defined as 1 − low-achiever recall. ΔAIC and ΔDeviance indicate model-fit improvement from Model 2 to Model 3 within each plausible-value consistency rule. The threshold-sensitivity analyses were used to evaluate robustness to the operational stability threshold, not to make population-level prevalence claims.

