Supplemental Material 4 – Multidimensional Scaling
In the main analyses, each subtest was calibrated separately with unidimensional IRT models. As a robustness check, we replicated the analyses in one sample (WISC-V) using person scores from multidimensional IRT (MIRT) models. In the MIRT approach, all subtests were calibrated jointly while allowing the latent dimensions to covary[footnoteRef:1]. Each item loaded on its subtest-specific latent factor, with all factors freely correlated. The scores were estimated from the total of 246 items using a multidimensional graded response model fit with the Metropolis–Hastings Robbins–Monro (MHRM) estimator for marginal maximum likelihood to avoid high-dimensional quadrature. Subtest person scores were obtained via expected a posteriori (EAP) estimation, which is typically more robust than weighted likelihood estimates (WLE) in high-dimensional models. Conceptually, MIRT is comparable to a hierarchical model, since covariance among first-order factors is taken into account. MIRT explicitly models covariance among subtests and “borrows” information across scales, increasing the precision of person-level estimates and yielding scale-level scores that align more closely with the prespecified latent structure than separate calibrations. MIRT also places all subtests on a common metric, preventing artificial shifts in inter-subtest relations that can arise when each scale is set independently. While MIRT has these advantages, it is computationally intensive, and convergence issues can arise. We therefore used MIRT as a robustness check to ensure that the results are not dependent on the scaling approach.  [1:  The scaling was not applied to the three processing speed subtests in both the unidimensional and the multidimensional scaling.] 




Results indicated that the pattern of differentiation effects in the WISC-V data did not change substantively. For the interaction effect, there was a larger number of descriptively negative effects in the analyses based on multidimensional scaling. However, the absolute differences in effect size were small (Δλ4 = .001 to .013), the parameters remained nonsignificant, and the model fit indices still indicated the absence of significant interaction effects. Tables S1 and S2 present the results for the analyses based on unidimensional and multidimensional scaling. Figure S1 illustrates the results of Table S2. Table S3 compares the differentiation (g) results between models, showing that the conclusions remain the same. 



Table S1. Model Comparison: Tested Parameters and Fit Statistics (WISC-V) Based on Two Different Scaling Solutions.
	
	Unidimensional Scaling
	
	Multidimensional Scaling

	
	Model 1 
	Model 2a 
	Model 2b     
	Model 3 
	Model 4 
	
	Model 1 
	Model 2a 
	Model 2b     
	Model 3 
	Model 4 

	Tested Parameters
	Linear Model
	Ability Diff
	Age Diff
	Ability Diff & Age Diff
	Ability Diff & Age Diff & Interaction

	
	Linear Model
	Ability Diff
	Age Diff
	Ability Diff & Age Diff
	Ability Diff & Age Diff & Interaction


	Log likelihood
	-20833.811
	-20734.062
	-20799.957
	-20705.315
	-20685.646
	
	-16522.792
	-16440.886
	-16420.605
	-16332.204
	-16318.294

	Correction factor
	1.1339
	1.2113
	1.1577
	1.2111
	1.2407
	
	1.2196
	1.3083
	1.2892
	1.2979
	1.4727

	Free parameters
	75
	90
	90
	105
	120
	
	75
	90
	90
	105
	120

	χ2 of difference
	
	124.819*
	53.034*
	47.520*
	27.169*
	
	
	93.511*
	124.831*
	175.932*
	10.318

	df of difference
	
	15
	15
	15
	15
	
	
	15
	15
	15
	15

	AIC
	41817.623
	41648.125
	41779.915
	41620.63
	41611.292
	
	33195.5830
	33061.771
	33021.209
	32874.408
	32876.587

	BIC
	42211.473
	42120.746
	42252.536
	42172.021
	42241.454
	
	33589.4340
	33534.392
	33493.83
	33425.799
	33506.749

	SABIC
	41973.226
	41834.848
	41966.638
	41838.475
	41860.257
	
	33351.1870
	33248.495
	33207.933
	33092.253
	33125.552

	Comparison model
	
	Model1
	Model1
	Model2a
	Model3
	
	
	Model1
	Model1
	Model2a
	Model3

	Note. *p < .05. The value of a certain information criterion is highlighted in bold to indicate if the target model is supported by AIC (Akaike information criterion), BIC (Bayesian information criterion), or SABIC (sample-size-adjusted BIC) relative to the comparison model. Ability Diff = The model depicted the main effect of ability differentiation. Age Diff = The model depicted the main effect of age differentiation. Ability Diff & Age Diff = The model depicted the main effects of ability differentiation and age differentiation. Ability Diff & Age Diff & Interaction = The model depicted the main effects of ability differentiation and age differentiation as well as the interaction between both effects.







Table S2. Parameter Estimates (and 99% Confidence Intervals) from Model 4 (WISC-V) Based on Two Different Scaling Solutions.
	
	Unidimensional Scaling
	
	Multidimensional Scaling

	G[x]
	λ1
	λ2
	λ3
	λ4
	
	λ1
	λ2
	λ3
	λ4

	BD
	0.524
(0.469, 0.580)
	-0.044
(-0.087, -0.002)
	0.025
(0.007, 0.042)
	-0.001
(-0.012, 0.009)
	
	0.514
(0.454, 0.573)
	-0.065
(-0.139, 0.010)
	0.022
(-0.002, 0.045)
	-0.004
(-0.038, 0.029)

	SI
	0.522
(0.473, 0.570)
	-0.080
(-0.128, -0.032)
	0.015
(-0.001, 0.032)
	0.000
(-0.013, 0.013)
	
	0.507
(0.455, 0.559)
	-0.063
(-0.122, -0.004)
	0.016
(-0.004, 0.036)
	-0.009
(-0.036, 0.018)

	MR
	0.521
(0.463, 0.578)
	-0.042
(-0.085, 0.001)
	-0.004
(-0.022, 0.014)
	0.003
(-0.009, 0.014)
	
	0.510
(0.453, 0.566)
	-0.052
(-0.110, 0.005)
	-0.007
(-0.030, 0.016)
	-0.008
(-0.031, 0.015)

	DS
	0.574
(0.515, 0.632)
	-0.041
(-0.084, 0.001)
	0.002
(-0.016, 0.021)
	-0.004
(-0.015, 0.008)
	
	0.565
(0.501, 0.628)
	-0.050
(-0.111, 0.011)
	0.001
(-0.025, 0.027)
	-0.010
(-0.031, 0.012)

	CD
	0.276
(0.202, 0.350)
	-0.022
(-0.099, 0.056)
	0.019
(-0.006, 0.045)
	-0.010
(-0.031, 0.012)
	
	0.325
(0.253, 0.397)
	-0.013
(-0.082, 0.057)
	0.033
(0.005, 0.061)
	0.000
(-0.019, 0.019)

	VC
	0.543
(0.488, 0.598)
	-0.128
(-0.190, -0.066)
	0.008
(-0.012, 0.028)
	0.005
(-0.011, 0.021)
	
	0.571
(0.513, 0.629)
	-0.059
(-0.132, 0.013)
	-0.010
(-0.035, 0.016)
	-0.009
(-0.042, 0.025)

	FW
	0.537
(0.483, 0.591)
	-0.037
(-0.081, 0.006)
	0.009
(-0.009, 0.028)
	-0.008
(-0.021, 0.005)
	
	0.558
(0.502, 0.613)
	-0.058
(-0.118, 0.003)
	0.016
(-0.006, 0.037)
	-0.015
(-0.035, 0.004)

	VP
	0.564
(0.507, 0.622)
	-0.062
(-0.111, -0.014)
	0.011
(-0.008, 0.030)
	-0.002
(-0.015, 0.011)
	
	0.586
(0.529, 0.644)
	-0.068
(-0.124, -0.011)
	0.001
(-0.022, 0.023)
	-0.015
(-0.037, 0.006)

	PS
	0.503
(0.439, 0.568)
	-0.037
(-0.085, 0.012)
	0.013
(-0.007, 0.034)
	0.002
(-0.011, 0.014)
	
	0.568
(0.509, 0.628)
	-0.107
(-0.182, -0.031)
	0.015
(-0.007, 0.036)
	0.001
(-0.022, 0.023)

	SS
	0.336
(0.259, 0.412)
	-0.069
(-0.142, 0.003)
	-0.001
(-0.028, 0.027)
	-0.015
(-0.036, 0.006)
	
	0.386
(0.312, 0.461)
	-0.063
(-0.125, -0.002)
	0.012
(-0.017, 0.042)
	-0.008
(-0.026, 0.009)

	IN
	0.566
(0.515, 0.618)
	-0.084
(-0.138, -0.031)
	0.017
(0.000, 0.034)
	0.011
(-0.002, 0.023)
	
	0.582
(0.522, 0.642)
	-0.039
(-0.088, 0.010)
	-0.009
(-0.034, 0.015)
	-0.006
(-0.026, 0.014)

	LN
	0.576
(0.520, 0.631)
	-0.017
(-0.056, 0.023)
	0.022
(0.004, 0.039)
	-0.004
(-0.015, 0.007)
	
	0.505
(0.446, 0.564)
	0.016
(-0.042, 0.074)
	0.065
(0.041, 0.088)
	-0.010
(-0.027, 0.007)

	CA
	0.190
(0.124, 0.256)
	-0.027
(-0.088, 0.034)
	0.018
(-0.004, 0.041)
	-0.007
(-0.025, 0.012)
	
	0.247
(0.181, 0.313)
	-0.014
(-0.065, 0.036)
	0.025
(0.002, 0.048)
	-0.001
(-0.015, 0.014)

	CO
	0.478
(0.419, 0.536)
	-0.110
(-0.165, -0.056)
	0.015
(-0.004, 0.034)
	0.001
(-0.012, 0.014)
	
	0.561
(0.504, 0.617)
	-0.066
(-0.122, -0.011)
	0.003
(-0.020, 0.025)
	-0.004
(-0.025, 0.016)

	AR
	0.525
(0.480, 0.570)
	-0.035
(-0.071, 0.001)
	0.002
(-0.013, 0.016)
	0.001
(-0.008, 0.010)
	
	0.514
(0.454, 0.573)
	-0.065
(-0.139, 0.010)
	0.022
(-0.002, 0.045)
	-0.004
(-0.038, 0.029)


Note. λ1 = factor loadings, λ2 = ability differentiation (g) parameters, λ3 =developmental differentiation (g) parameters, λ4 = interaction between ability and developmental differentiation (g). Negative values of λ2 indicate ability differentiation (g); negative values of λ3 indicate developmental differentiation (g); negative values of λ4 indicate that ability differentiation (g) is stronger for older individuals.

Table S3. Nonlinear Factor Analysis Results in the WISC-V Sample with Unidimensional and Multidimensional Scaling.
	Sample
	Ability differentiation
	
	Age differentiation
	
	Interaction

	
	Parametera (λ2)
	Pat.b
	Sig.c
	Fitd
	Con-clusione
	
	Parameter (λ3)
	Pat.
	Sig.
	Fit
	Con-clusionf
	
	Parameter (λ4)
	Pat.
	Sig.
	Fit
	Con-clusiong

	
	s-
	-
	+
	s+
	
	
	
	
	
	s-
	-
	+
	s+
	
	
	
	
	
	s-
	-
	+
	s+
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Unidimensional
	6
	9
	
	
	yes
	yes
	yes
	-
	
	
	1
	11
	3
	yes
	yes
	yes
	+
	
	
	8
	7
	
	no
	no
	no
	0

	Multidimensional
	5
	10
	
	
	yes
	yes
	yes
	-
	
	
	3
	9
	3
	yes
	yes
	yes
	+
	
	
	13
	2
	
	yes
	no
	no
	0


Note. a) Parameters: s- = significantly negative; - = descriptively negative; + = descriptively positive; s+ = significantly positive. b) Pat. = Conclusion regarding the parameter pattern; “yes” was given for an effect when 75% or more of the loadings (e.g., λ2 indicating ability differentiation) were uniformly positive or negative. c) Sig. = Conclusion regarding the parameter significance; “yes” was given when at least one loading was statistically significant with no significant loadings in the opposite direction (or a 75% majority in one direction), “mix” was given when at least two loadings were significant, but in opposite directions. d) Fit = Model fit support; “yes” was given for an effect when at least three out of four model fit criteria (loglikelihood test, AIC, BIC, SABIC) supported a model including the respective effect over a comparison model without the effect. e) Conclusion ability differentiation: - = full support for ability differentiation; (-) = partial support for ability differentiation; 0 = null effect; mixed = some ability differentiation, some dedifferentiation; (+) = partial support for ability dedifferentiation; + = full support for ability dedifferentiation. f) Conclusion age differentiation: - = full support for age differentiation; (-) = partial support for age differentiation; 0 = null effect; mixed = some age differentiation, some dedifferentiation; (+) = partial support for age dedifferentiation; + = full support for age dedifferentiation. g) Conclusion interaction effect: - = full support for negative interaction; (-) = partial support for negative interaction; 0 = null effect; mixed = some negative interaction, some positive interaction; (+) = partial support for positive interaction; + = full support for positive interaction. *The WNV (8-20) was deemed “mixed” because all nonsignificant effects pointed in the opposite effect direction to the significant effect.











Figure S2. Illustration of the Parameter Estimates (and 99% Confidence Intervals) from Model 4 (WISC-V) Based on Two Different Scaling Solutions.
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