Supplementary Information
Attractor strength identifies classifier label geometry as construct-irrelevant variance in machine-scored developmental drawing assessment
Supplementary Figure
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Fig. S1 Validation of the restricted maximum likelihood implementation. Estimates recovered from six independently simulated datasets with known parameter values; red bars mark true values, points are estimates.
Across the six datasets the estimator recovered the child variance component (mean 0.519 against a true value of 0.50), the category variance component (0.840 against 0.80), the residual variance (1.189 against 1.20), and the age slope (0.699 against 0.70). The wider spread of the category component reflects the sampling variability expected when a variance component is estimated from 40 units.
Supplementary Tables
Table S1. Covariate-adjusted fixed effects (M4).
	Predictor
	CLIP b (SE)
	CLIP z
	CLIP p
	VGG b (SE)
	VGG z
	VGG p

	Intercept
	-2.5163 (0.1614)
	-15.59
	< 0.001
	-2.1431 (0.1158)
	-18.50
	< 0.001

	Age (centred at 6 years)
	0.1521 (0.0069)
	22.04
	< 0.001
	0.1106 (0.0066)
	16.75
	< 0.001

	Shape-tracing score (z)
	0.2617 (0.0153)
	17.09
	< 0.001
	0.2794 (0.0148)
	18.91
	< 0.001

	Number of strokes (z)
	0.0399 (0.0108)
	3.69
	< 0.001
	0.0005 (0.0117)
	0.04
	0.964

	Drawing duration (z)
	0.1978 (0.0132)
	14.94
	< 0.001
	0.0738 (0.0143)
	5.14
	< 0.001

	Ink intensity (z)
	0.0648 (0.0128)
	5.06
	< 0.001
	-0.0172 (0.0140)
	-1.23
	0.219

	Category drawing frequency (z)
	0.0889 (0.1557)
	0.57
	0.568
	0.0234 (0.1126)
	0.21
	0.836


Note. All predictors standardised. Tests are two-tailed. CLIP n = 35,807 drawings; VGG n = 20,980 drawings.
Table S2. Short-battery age recovery under raw versus category-standardised scoring.
	Prompts
	CLIP raw
	CLIP normed
	CLIP gain [95% CI]
	VGG raw
	VGG normed
	VGG gain [95% CI]

	1
	1.835
	1.822
	0.013 [0.006, 0.020]
	1.830
	1.819
	0.011 [0.005, 0.018]

	2
	1.775
	1.758
	0.017 [0.008, 0.026]
	1.778
	1.763
	0.015 [0.007, 0.022]

	3
	1.716
	1.701
	0.015 [0.007, 0.024]
	1.727
	1.711
	0.016 [0.006, 0.025]

	4
	1.689
	1.673
	0.015 [0.005, 0.024]
	1.704
	1.682
	0.022 [0.012, 0.033]

	6
	1.618
	1.609
	0.010 [-0.000, 0.019]
	1.677
	1.662
	0.015 [-0.003, 0.031]

	8
	1.546
	1.536
	0.010 [0.001, 0.020]
	1.534
	1.516
	0.018 [-0.047, 0.089]


Note. Values are mean absolute error in years, averaged over 200 resampled batteries with split-half fitting. Gain = MAE raw minus MAE normed. Intervals are percentile bootstrap intervals across resamples.
Supplementary Software
The following files reproduce every result reported in the article and are supplied as a single archive.
reml.py  Exact restricted maximum likelihood estimator for cross-classified random effects.
analysis_01_models.py  Variance decomposition, Developmental Displacement Index, random slopes, covariate adjustment.
analysis_02_gtheory.py  Generalizability-theory decision study and age-recovery analysis.
analysis_03_battery.py  Short-battery simulation, age-order violations, cross-pipeline comparison.
analysis_04_matched.py  Cross-pipeline comparison on identical drawings.
analysis_05_geometry.py  Classifier confusion structure and attractor strength, including the circular-index version retained for transparency.
analysis_06_geometry_clean.py  Non-circular decomposition, split-half validation, and the unmasking test.
make_figures.py, make_fig6.py, make_tables.py  Figure and table generation.
Runtime is approximately twelve minutes on four cores. The scripts expect the KidDraw corpus in the directory structure described in the Data availability statement.
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REML recovery of known parameters (6 simulated datasets)
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