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Supplementary Materials1: Methods

Nonsymbolic magnitude processing
Nonsymbolic magnitude processing was assessed with a computerized dot comparison task (Nonsymbolic magnitude comparison). Participants were simultaneously presented with two sets of dots and instructed to indicate, with a button response, the set with greater numerosity. Participants pressed “Ctrl”, on the left side of a Dell Inspiron 14 laptop’s keyboard, when the left set was greater and “right arrow”, on the right side of the keyboard, when the right set was greater. In half of the trials, participants compared 16 dots (reference numerosity) to 10, 12, 13, 14, 15, 17, 18, 19, 20, or 22 dots. In the other half, they compared 32 dots (reference numerosity) to 20, 24, 26, 28, 30, 34, 36, 38, 40, or 44 dots. Each pair was presented four times, with a total of 80 testing trials. The stimulus was presented until a button response was logged with a maximum presentation of 4000ms. The inter-trial interval was 1200ms (700ms blank screen, then 500ms fixation cross). The sets of dots were generated as suggested by Dehaene and colleagues (2005) to prevent the use of non-numerical cues. In half of the trials, the dot size remained constant so that the total dot area covaried positively with numerosity. In the other half, the total dot area was fixed so that dot size covaried negatively with numerosity and total dot area was held constant. Data trimming was completed at the individual level to exclude responses ± 3 SD from each participant’s mean response time (RT). In the trimming procedure, on average, less than 2% of the trials were excluded (M = 1.40 trials, SD = 1.02, MIN = 0, MAX = 5). Participants’ inverse efficiency scores (IES =  ) were used in the analyses (Bruyer & Brysbaert, 2011). Greater IES indicates worse performance (i.e., slower and less accurate responses).
Symbolic magnitude processing 
Symbolic magnitude processing was assessed with a symbolic magnitude comparison task, developed based on Nuerk and colleagues (2001). Participants were instructed to compare two-digit Arabic numerals and decide which represented a greater number. Participants pressed “J”, on a Dell Inspiron 14 laptop’s keyboard, when the top number was greater and “N”, when the bottom number was greater. The numbers were presented on a computer screen, printed in white over a black background. The numbers ranged from 21 to 89, and the numerical distance between their decades and their units and the decade-unit compatibility (i.e., whether the greater number also has a greater unit and decade or not) were manipulated. Regarding the distance between decades, far-distance conditions were defined as those with a distance ranging from 4 to 8 (e.g., 21 vs. 67, distance between decades = 4), and near-distance conditions were defined as those with a distance ranging from 1 to 3 (e.g., 43 vs. 59, distance between decades = 1). Similar criteria were used to define the distance between units (e.g., far-distance: 43 vs. 59, distance between units = 6; near-distance: 29 vs. 47, distance between units = 2). For the decade-unit compatibility, the greater number had a greater decade and a greater unit than the other two-digit number (e.g., 59 vs. 43, 5>4, and 9>3). In the incompatible conditions, the greater number had a greater decade but a smaller unit (e.g., 81 vs. 34, 8>3, but 1<4). The task comprised two blocks of 56 trials for a total of 112 trials. The trial consisted of the presentation of two numbers on the screen for 5,000ms, followed by a 2000ms intertrial interval (500ms mask, 500ms blank screen, 1000ms fixation cross). Data trimming was completed at the individual level to exclude responses ± 3 SD from each participant’s mean RT. In the trimming procedure, on average, less than 2% of the trials were excluded (M = 1.88 trials, SD = 1.08, MIN = 0, MAX = 5). Participants’ IES were used in the analyses.
Executive functions assessed with non-numerical content
Participants’ EFs applied to non-numerical content were investigated with two tasks: Backward Letter Span and the Contingency Naming Speed Task. 
Backward Letter Span. Participants’ working memory applied to non-numerical contexts was assessed with the Backward Letter Span (Non-numerical working memory). In this task, participants were verbally presented with a series of letters and instructed to repeat them verbally in reverse order. For example, if participants heard “F-H-Z,” the correct response was “Z-H-F.” Before starting the task, participants completed two practice trials and received feedback. Span increased with trials, and participants completed two attempts for each span. When participants could not solve both attempts within the same span, the task was ended. No feedback was given during the testing trials. The span of the last attempt solved correctly was used in the analyses. 
Contingency Naming Speed Task. The Contingency Naming Speed Task (based on Van der Sluis et al., 2004) was used to assess participants’ inhibitory control and cognitive flexibility in non-numerical contexts. This task comprises three conditions: naming, choosing, and switching. In the naming condition (baseline), participants were presented with a series of shapes (i.e., circle, square, triangle, and diamond) and asked to name each of them verbally. In the choosing condition, participants were presented with a series of shapes with smaller shapes in their center (e.g., a triangle inside a circle) and asked to verbally name the inner shapes instead of the larger, more prominent outer shapes. Finally, participants followed different rules in the switching condition according to the stimuli’s features. They had to “name the inner shapes” when stimuli were printed in black and “name the outer shapes” when they were printed in red. Each condition was shown as one booklet page with 40 stimuli. Examiners recorded participants’ accuracy and used a stopwatch to track execution time in each condition (i.e., time to complete all trials in a booklet page). As in the magnitude processing task, participants’ IESs were used in analyses. An inhibitory control score (Non-numerical Inhibitory Control) was calculated as the difference between IES in the choosing and naming conditions (IESchoosing – IESnaming). A cognitive flexibility score (Non-numerical Cognitive Flexibility) was calculated as the difference between the shifting and naming conditions (IESshifting – IESnaming).
Executive functions assessed with numerical content
Participants’ EFs applied to numerical content were investigated with two tasks: Backward Digit Span and the Five-Digits Test. These tasks were similar to those used to assess EFs with non-numerical content.
Backward Digit Span. Participants’ working memory applied to numerical contexts was assessed with the Backward Digit Span (Numerical working memory). In this task, participants were presented verbally with a series of numbers and instructed to repeat them verbally in reverse order. For example, if participants heard “3-9-2,” the correct response was “2-9-3.” Before starting the task, participants completed two practice trials and received feedback. Span increased with the trial, and participants completed two attempts for each span. When participants could not solve both attempts within the same span, the task was ended. No feedback was given during the testing trials. The span of the last attempt solved correctly was used in the analyses.
Five-Digits Test. The Five-Digits Test (Sedó, 2007) was used to assess participants’ inhibitory control and cognitive flexibility in numerical contexts. This task comprises four conditions: reading, counting, choosing, and switching. In the reading condition (baseline), participants read an Arabic digit, which was repeated the number of times its magnitude represented (e.g., “4 4 4 4” was presented; the correct response was “four”). In the counting condition, participants counted a given quantity of asterisks (e.g., “* * * *” was presented; the correct response was “four”). In the choosing condition, participants were asked to count the number of Arabic digits, which conflicted with the magnitude the digit represented (e.g., “2 2 2 2” was presented; the correct response was “four”). Finally, participants followed different rules in the switching condition according to the stimuli’s features. They had to “count how many digits” when the stimulus was presented in a regular box (e.g., “2 2 2 2” was presented in a regular box; the correct response was “four”) and to “read the Arabic digit” when the stimulus was presented in a bolded box (e.g., “2 2 2 2” was presented in a bolded box; the correct response was “two”). In the choosing and switching conditions, the number of times the digits were presented always conflicted with the magnitude they represented. Each condition was shown as one booklet page with 50 stimuli. Examiners recorded participants’ accuracy and used a stopwatch to track execution time in each condition (i.e., time to complete all trials in a booklet page). Participants’ IES were used in the analyses, calculated with the same procedure used for the measure of inhibitory control and cognitive flexibility in non-numerical contexts.  
Mathematics Achievement
Participants’ mathematics achievement was indexed as a composite score averaging the standardized scores (calculated by grade) in the arithmetic subtest of the Brazilian School Achievement Test and the Math Fluency Task. 
Arithmetic. The arithmetic subtest of the Brazilian School Achievement Test ( Stein, 1994) is a pencil-and-paper measure. It comprises three verbally presented word problems (e.g., “If you had three candies and received four more candies, then how many candies would you have?”) and 35 written arithmetic calculations of increasing complexity. There were twenty simple operations with natural numbers (e.g., “1230+150+1620 = ___”); ten problems with rational numbers (e.g., “3/4+2/8 = ___”); one expression (e.g., “(3007-1295) + 288 =___”); two exponential problems (e.g., “62 + 33 =___”); and two problems with negative numbers (e.g., “-5 +9 =___”). There was no time limit to complete the task, and children were instructed to work to the best of their ability. One point was given for each problem correctly solved (max = 38).
Math Fluency. The Math Fluency Task (Pinheiro-Chagas et al., 2014) assesses participants’ fluency in solving operations. The task comprises two blocks of simple and complex addition, subtraction, and multiplication problems. Simple addition problems were those with sums below 10 (e.g., “3+5 =___”), and complex additions had sums between 11 and 17 (e.g., “9+5 =___”). Simple subtractions had operands below 10 (e.g., “9-6 =___”), and complex subtractions had minuends ranging between 11 and 17 (e.g., “16-9 =___”). Simple multiplication had 5 as one of the factors or products below 25 (e.g., “2 x 7 =___”), and complex multiplication had products ranging between 25 and 72 (e.g., “6 x 8 =__”). Operations only included natural numbers, and tie problems (e.g., “4+4 =___”) were not used. Participants had one minute to solve each block, and one point was given for each operation correctly solved (max = 82).
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Supplementary Materials2: Regression Models

1. Regression models testing the association between magnitude processing and mathematics achievement 

 
 

2. Regression models testing the differential contributions of numerical and non-numerical executive functions 
 

3. Regression models testing the differential contributions of working memory, inhibitory control, and cognitive flexibility measured in different contents

 

4. Comprehensive regression models testing the contributions of numerical and non-numerical working memory, inhibitory control, and cognitive flexibility 

 

 

 

 
Supplementary Materials 3: Regression Models by Grade
For the models that investigated one type of magnitude processing and one EF measure as predictors of mathematics achievement (RQ1; Tables 3.1-3.10), the main effects of magnitude processing and EFs mirrored results shown in Table 3. Grade, both as a linear and as a quadratic term, was a significant predictor of mathematics achievement in all models, with mathematics achievement increasing by Grade. In the model with nonsymbolic magnitude processing, numerical inhibitory control, and grade as predictors of mathematics achievement, there was a significant interaction between numerical inhibitory control and the quadratic term of grade. To explore this interaction, we ran this model separately by grade. Results showed that, when controlling for nonsymbolic magnitude processing, numerical inhibitory control was a significant predictor of mathematics achievement for 4th and 5th graders, but not for 3rd graders  (Table 3.7). There was also a significant interaction between the quadratic grade term and numerical inhibitory control in the models controlling for symbolic magnitude processing. The models run for each grade showed that there was significant interaction between symbolic magnitude processing and numerical inhibitory control in 3rd grade, a main effect of numerical inhibitory control in 4th grade, and no significant effect of inhibitory control in 5th grade (Table 3.8). In the models controlling for symbolic magnitude processing, there was also an interaction between grade and working memory. Specifically, in the model with symbolic magnitude processing, non-numerical working memory, and grade as predictors of mathematics achievement, a triple interaction was found with the quadratic grade term. Non-numerical working memory was a significant predictor of mathematics achievement for 4th and 5th graders, but not for 3rd graders, and the interaction between symbolic magnitude processing and non-numerical working memory became stronger from 3rd to 5th grade, despite the interaction being only marginally significant in 5th grade (3.9). There was also a triple interaction with the quadratic grade term in the model with symbolic magnitude processing, numerical working memory, and grade as predictors of mathematics achievement. The main effect of numerical working memory was marginally significant in 3rd grade, significant in 4th grade, and non-significant in 5th grade. In contrast, the interaction term between symbolic magnitude processing and numerical working memory was non-significant in 3rd and 4th grade, but became significant in 5th grade (Table 3.10). 
For the models that investigated one type of magnitude processing and one EF domain measured with both numerical and non-numerical content as predictors of mathematics achievement (RQ2), most main effects were similar to the models in the main analysis (Table 4). Nonsymbolic magnitude processing and symbolic magnitude processing remained significant in all models. Similarly, grade was a significant predictor in all models. In the models testing for both numerical and non-numerical working memory, non-numerical working memory remained significant, either when controlling for nonsymbolic or symbolic magnitude processing. However, numerical working memory was only significant in the model controlling for nonsymbolic magnitude processing, but not in the model controlling for symbolic magnitude processing. There was no significant grade interaction (Table 3.11). 
In the models testing for numerical and non-numerical inhibitory control, there was a main effect of numerical inhibitory control, but not non-numerical inhibitory control. There was a significant interaction between numerical inhibitory control and the quadratic term of grade, when controlling either for nonsymbolic or symbolic magnitude processing (Table 3.12). In 3rd grade, there was no main effect of numerical inhibitory control, and there was a marginal effect of non-numerical inhibitory control, both in the model controlling for nonsymbolic magnitude processing and the model controlling for symbolic magnitude processing. In contrast, in 4th grade, numerical inhibitory control, but not non-numerical inhibitory control, was a significant predictor of mathematics achievement, in both models. Finally, in 5th grade, numerical inhibitory control was a significant predictor of mathematics achievement when controlling for nonsymbolic magnitude processing, and non-numerical inhibitory control had no significant effect. When controlling for symbolic magnitude processing, none of the inhibitory control measures reached significance (Tables 3.13-3.14). 
In the models testing for numerical and non-numerical cognitive flexibility, there was no main effect of non-numerical cognitive flexibility, whereas numerical cognitive flexibility remained significant in all models. Both in the model controlling for nonsymbolic magnitude processing and symbolic magnitude processing, there was a marginal interaction of numerical cognitive flexibility and the quadratic grade term (Table 3.15). When controlling for nonsymbolic magnitude processing, there was a marginal effect of non-numerical cognitive flexibility in 3rd grade, but no significant effect of numerical cognitive flexibility. In 4th grade, both non-numerical and numerical cognitive flexibility were significant predictors of mathematics achievement. Finally, only numerical cognitive flexibility was a significant predictor in 5th grade (Table 3.16). When controlling for symbolic magnitude processing, there was no effect of cognitive flexibility in 3rd grade. In 4th grade, both non-numerical and numerical cognitive flexibility were significant predictors of mathematics achievement. In 5th grade, only numerical cognitive flexibility, but not non-numerical cognitive flexibility, was a significant predictor of mathematics achievement (Table 3.17). 
Finally, in the comprehensive model including the variables selected by the Lasso model (see Table 5; RQ3), no interaction was observed. This result is shown in Table 3.18. 


Table 3.1. Magnitude processing, non-numerical working memory, and grade as predictors of mathematics achievement
	Factor
	Nonsymbolic
Adj R2 = .44, p<.001
	Symbolic
Adj R2 = .51, p<.001

	
	𝞫
	p
	𝞫
	p

	Magnitude Processing
	0.191
	<.001
	0.369
	<.001

	Non-numerical working memory
	0.185
	<.001
	0.112
	.037

	Grade Linear
	0.963
	<.001
	0.741
	<.001

	Grade Quadratic
	-0.279
	<.001
	-0.234
	.001

	Magnitude Processing X Non-numerical working memory
	0.005
	.938
	0.070
	.223

	Magnitude Processing X Grade Linear
	0.062
	.537
	0.050
	.606

	Magnitude Processing X Grade Quadratic
	-0.117
	.104
	0.003
	.964

	Non-numerical working memory X Grade Linear
	0.023
	.799
	-0.067
	.539

	Non-numerical working memory X Grade Quadratic
	-0.017
	.794
	-0.111
	.136

	Magnitude Processing X Non-numerical working memory X Grade Linear
	0.045
	.732
	0.130
	.261

	Magnitude Processing X Non-numerical working memory X Grade Quadratic
	0.154
	.075
	0.200
	.013



Table 3.2. Magnitude processing, non-numerical inhibitory control, and grade as predictors of mathematics achievement
	Factor
	Nonsymbolic
Adj R2 = .39, p<.001
	Symbolic
Adj R2 = .49, p<.001

	
	𝞫
	p
	𝞫
	p

	Magnitude Processing
	0.171
	.002
	0.379
	<.001

	Non-numerical inhibitory control
	0.051
	.324
	0.049
	.459

	Grade Linear
	1.016
	<.001
	0.786
	<.001

	Grade Quadratic
	-0.287
	<.001
	-0.217
	.003

	Magnitude Processing X Non-numerical inhibitory control
	0.007
	.923
	0.191
	.001

	Magnitude Processing X Grade Linear
	0.072
	.501
	0.062
	.537

	Magnitude Processing X Grade Quadratic
	-0.132
	.082
	-0.008
	.912

	Non-numerical inhibitory control X Grade Linear
	-0.068
	.505
	-0.251
	.062

	Non-numerical inhibitory control X Grade Quadratic
	0.001
	.986
	-0.048
	.590

	Magnitude Processing X Non-numerical inhibitory control X Grade Linear
	0.007
	.958
	0.161
	.184

	Magnitude Processing X Non-numerical inhibitory control X Grade Quadratic
	0.028
	.763
	0.087
	.291



Table 3.3. Magnitude processing, non-numerical cognitive flexibility, and grade as predictors of mathematics achievement
	Factor
	Nonsymbolic
Adj R2 = .44, p<.001
	Symbolic
Adj R2 = .51, p<.001

	
	𝞫
	p
	𝞫
	p

	Magnitude Processing
	0.133
	.009
	0.354
	<.001

	Non-numerical cognitive flexibility
	0.178
	.001
	0.166
	.002

	Grade Linear
	0.995
	<.001
	0.689
	<.001

	Grade Quadratic
	-0.285
	<.001
	-0.275
	<.001

	Magnitude Processing X Non-numerical cognitive flexibility
	-0.014
	.740
	0.103
	.049

	Magnitude Processing X Grade Linear
	0.066
	.516
	0.038
	.713

	Magnitude Processing X Grade Quadratic
	-0.133
	.068
	0.017
	.827

	Non-numerical cognitive flexibility X Grade Linear
	0.033
	.746
	0.010
	.926

	Non-numerical cognitive flexibility X Grade Quadratic
	-0.140
	.062
	-0.108
	.146

	Magnitude Processing X Non-numerical cognitive flexibility X Grade Linear
	0.018
	.838
	0.107
	.329

	Magnitude Processing X Non-numerical cognitive flexibility X Grade Quadratic
	-0.117
	.062
	0.050
	.463



Table 3.4. Magnitude processing, numerical working memory, and grade as predictors of mathematics achievement
	Factor
	Nonsymbolic
Adj R2 = .42, p<.001
	Symbolic
Adj R2 = .50, p<.001

	
	𝞫
	p
	𝞫
	p

	Magnitude Processing
	0.161
	.002
	0.410
	<.001

	Numerical working memory
	0.136
	.006
	0.053
	.298

	Grade Linear
	0.992
	<.001
	0.657
	<.001

	Grade Quadratic
	-0.273
	<.001
	-0.273
	<.001

	Magnitude Processing X Numerical working memory
	-0.016
	.788
	0.096
	.036

	Magnitude Processing X Grade Linear
	0.071
	.502
	0.155
	.121

	Magnitude Processing X Grade Quadratic
	-0.114
	.128
	0.090
	.221

	Numerical working memory X Grade Linear
	-0.039
	.693
	-0.185
	.071

	Numerical working memory X Grade Quadratic
	-0.031
	.654
	-0.117
	.096

	Magnitude Processing X Numerical working memory X Grade Linear
	0.103
	.410
	0.177
	.051

	Magnitude Processing X Numerical working memory X Grade Quadratic
	0.100
	.221
	0.167
	.011



Table 3.5. Magnitude processing, numerical inhibitory control, and grade as predictors of mathematics achievement
	Factor
	Nonsymbolic
Adj R2 = .44, p<.001
	Symbolic
Adj R2 = .51, p<.001

	
	𝞫
	p
	𝞫
	p

	Magnitude Processing
	0.188
	.001
	0.359
	<.001

	Numerical inhibitory control
	0.178
	<.001
	0.147
	.012

	Grade Linear
	0.915
	<.001
	0.692
	<.001

	Grade Quadratic
	-0.334
	<.001
	-0.247
	<.001

	Magnitude Processing X Numerical inhibitory control
	-0.031
	.506
	0.066
	.260

	Magnitude Processing X Grade Linear
	0.129
	.259
	0.031
	.763

	Magnitude Processing X Grade Quadratic
	-0.067
	.390
	0.061
	.414

	Numerical inhibitory control X Grade Linear
	0.129
	.138
	-0.089
	.447

	Numerical inhibitory control X Grade Quadratic
	-0.172
	.013
	-0.164
	.044

	Magnitude Processing X Numerical inhibitory control X Grade Linear
	-0.044
	.615
	0.002
	.989

	Magnitude Processing X Numerical inhibitory control X Grade Quadratic
	-0.032
	.648
	0.110
	.189



Table 3.6. Magnitude processing, numerical cognitive flexibility, and grade as predictors of mathematics achievement
	Factor
	Nonsymbolic
Adj R2 = .47, p<.001
	Symbolic
Adj R2 = .53, p<.001

	
	𝞫
	p
	𝞫
	p

	Magnitude Processing
	0.157
	.001
	0.338
	<.001

	Numerical cognitive flexibility
	0.267
	<.001
	0.242
	<.001

	Grade Linear
	0.902
	<.001
	0.676
	<.001

	Grade Quadratic
	-0.304
	<.001
	-0.257
	<.001

	Magnitude Processing X Numerical cognitive flexibility
	0.007
	.862
	0.068
	.158

	Magnitude Processing X Grade Linear
	0.043
	.655
	0.025
	.795

	Magnitude Processing X Grade Quadratic
	-0.088
	.205
	0.069
	.346

	Numerical cognitive flexibility X Grade Linear
	0.141
	.138
	0.044
	.661

	Numerical cognitive flexibility X Grade Quadratic
	-0.050
	.470
	-0.031
	.658

	Magnitude Processing X Numerical cognitive flexibility X Grade Linear
	-0.068
	.392
	-0.072
	.458

	Magnitude Processing X Numerical cognitive flexibility X Grade Quadratic
	0.018
	.747
	0.064
	.328




Table 3.7. Nonsymbolic magnitude processing and numerical inhibitory control as predictors of mathematics achievement for each grade
	Factor
	3rd Grade
Adj R2 = -.01, p=.559
	4th Grade
Adj R2 = .21, p<.001
	5th Grade
Adj R2 = .07, p=.076

	
	𝞫
	p
	𝞫
	p
	𝞫
	p

	Nonsymbolic magnitude comparison
	0.124
	.185
	0.265
	<.001
	0.194
	.089

	Numerical inhibitory control
	0.026
	.791
	0.310
	<.001
	0.229
	.044

	Nonsymbolic magnitude comparison X Numerical inhibitory control
	-0.009
	.927
	-0.004
	.943
	-0.076
	.484



Table 3.8. Symbolic magnitude processing and numerical inhibitory control as predictors of mathematics achievement for each grade
	Factor
	3rd Grade
Adj R2 = .33, p<.001
	4th Grade
Adj R2 = .23, p<.001
	5th Grade
Adj R2 = .23, p<.001

	
	𝞫
	p
	𝞫
	p
	𝞫
	p

	Symbolic magnitude comparison
	0.476
	<.001
	0.306
	<.001
	0.430
	<.001

	Numerical inhibitory control
	0.101
	.223
	0.270
	<.001
	0.114
	.283

	Symbolic magnitude comparison X Numerical inhibitory control
	0.160
	.025
	-0.021
	.725
	0.125
	.405



Table 3.9. Symbolic magnitude processing and non-numerical working memory as predictors of mathematics achievement for each grade
	Factor
	3rd Grade
Adj R2 = .32, p<.001
	4th Grade
Adj R2 = .21, p<.001
	5th Grade
Adj R2 = .33, p<.001

	
	𝞫
	p
	𝞫
	p
	𝞫
	p

	Symbolic magnitude comparison
	0.482
	<.001
	0.358
	<.001
	0.406
	<.001

	Non-numerical working memory
	0.109
	.165
	0.205
	<.001
	0.222
	.023

	Symbolic magnitude comparison X Non-numerical working memory 
	0.087
	.223
	-0.089
	.132
	0.228
	.094



Table 3.10. Symbolic magnitude processing and numerical working memory as predictors of mathematics achievement for each grade
	Factor
	3rd Grade
Adj R2 = .31, p<.001
	4th Grade
Adj R2 = .19, p<.001
	5th Grade
Adj R2 = .33, p<.001

	
	𝞫
	p
	𝞫
	p
	𝞫
	p

	Symbolic magnitude comparison
	0.490
	<.001
	0.330
	<.001
	0.533
	<.001

	Numerical working memory
	0.133
	.089
	0.167
	.007
	0.050
	.606

	Symbolic magnitude comparison X Numerical working memory 
	0.043
	.593
	-0.042
	.448
	0.255
	.002


Table 3.11. Magnitude processing, non-numerical and numerical working memory, and grade as predictors of mathematics achievement
	Factor
	Nonsymbolic
Adj R2 = .44, p<.001
	Symbolic
Adj R2 = .51, p<.001

	
	𝞫
	p
	𝞫
	p

	Magnitude Processing
	0.186
	<.001
	0.379
	<.001

	Non-numerical working memory
	0.172
	<.001
	0.151
	<.001

	Numerical working memory
	0.111
	.016
	0.057
	.194

	Grade Linear
	0.924
	<.001
	0.697
	<.001

	Grade Quadratic
	-0.262
	<.001
	-0.232
	.001

	Magnitude Processing X Grade Linear
	0.088
	.361
	0.116
	.224

	Magnitude Processing X Grade Quadratic
	-0.079
	.261
	0.039
	.583

	Non-numerical working memory X Grade Linear
	0.042
	.603
	0.082
	.279

	Non-numerical working memory X Grade Quadratic
	0.017
	.791
	-0.013
	.839

	Numerical working memory X Grade Linear
	-0.070
	.445
	-0.103
	.233

	Numerical working memory X Grade Quadratic
	-0.006
	.931
	-0.056
	.378



Table 3.12. Magnitude processing, non-numerical and numerical inhibitory control, and grade as predictors of mathematics achievement
	Factor
	Nonsymbolic
Adj R2 = .44, p<.001
	Symbolic
Adj R2 = .51, p<.001

	
	𝞫
	p
	𝞫
	p

	Magnitude Processing
	0.164
	.002
	0.369
	<.001

	Non-numerical inhibitory control
	0.051
	.421
	0.078
	.085

	Numerical inhibitory control
	0.164
	<.001
	0.125
	.002

	Grade Linear
	0.937
	<.001
	0.687
	<.001

	Grade Quadratic
	-0.324
	<.001
	-0.277
	<.001

	Magnitude Processing X Grade Linear
	0.093
	.445
	0.097
	.313

	Magnitude Processing X Grade Quadratic
	-0.020
	.322
	0.074
	.296

	Non-numerical inhibitory control X Grade Linear
	-0.061
	.561
	0.020
	.822

	Non-numerical inhibitory control X Grade Quadratic
	-0.003
	.966
	0.030
	.647

	Numerical inhibitory control X Grade Linear
	0.119
	.251
	0.066
	.366

	Numerical inhibitory control X Grade Quadratic
	-0.190
	.009
	-0.190
	.002






Table 3.13. Nonsymbolic magnitude processing and non-numerical and numerical inhibitory control as predictors of mathematics achievement for each grade
	Factor
	3rd Grade
Adj R2 = .02, p=.155
	4th Grade
Adj R2 = .21, p<.001
	5th Grade
Adj R2 = .53, p<.001

	
	𝞫
	p
	𝞫
	p
	𝞫
	p

	Nonsymbolic Magnitude Processing
	0.103
	0.265
	0.261
	<.001
	0.181
	.110

	Non-numerical inhibitory control
	0.167
	0.076
	0.054
	.360
	0.000
	.999

	Numerical inhibitory control
	-0.002
	0.098
	0.310
	<.001
	0.236
	.038



Table 3.14. Symbolic magnitude processing and non-numerical and numerical inhibitory control as predictors of mathematics achievement for each grade
	Factor
	3rd Grade
Adj R2 = .31, p<.001
	4th Grade
Adj R2 = .24, p<.001
	5th Grade
Adj R2 = .24, p<.001

	
	𝞫
	p
	𝞫
	p
	𝞫
	p

	Symbolic Magnitude Processing
	0.495
	<.001
	0.306
	<.001
	0.424
	<.001

	Non-numerical inhibitory control
	0.138
	.080
	0.054
	.357
	0.091
	.374

	Numerical inhibitory control
	-0.003
	.970
	0.273
	<.001
	0.132
	.201



Table 3.15. Magnitude processing, non-numerical and numerical cognitive flexibility, and grade as predictors of mathematics achievement
	Factor
	Nonsymbolic
Adj R2 = .49, p<.001
	Symbolic
Adj R2 = .53, p<.001

	
	𝞫
	p
	𝞫
	p

	Magnitude Processing
	0.135
	.006
	0.323
	<.001

	Non-numerical cognitive flexibility
	0.096
	.061
	0.072
	.130

	Numerical cognitive flexibility
	0.231
	<.001
	0.182
	<.001

	Grade Linear
	0.895
	<.001
	0.682
	<.001

	Grade Quadratic
	-0.318
	<.001
	-0.275
	<.001

	Magnitude Processing X Grade Linear
	0.062
	.518
	0.055
	.564

	Magnitude Processing X Grade Quadratic
	-0.090
	.193
	0.094
	.187

	Non-numerical cognitive flexibility X Grade Linear
	-0.054
	.594
	-0.055
	.558

	Non-numerical cognitive flexibility X Grade Quadratic
	-0.079
	.278
	-0.094
	.171

	Numerical cognitive flexibility X Grade Linear
	0.172
	.057
	0.158
	.070

	Numerical cognitive flexibility X Grade Quadratic
	-0.025
	.704
	-0.042
	.522



Table 3.16. Nonsymbolic magnitude processing and non-numerical and numerical cognitive flexibility as predictors of mathematics achievement for each grade
	Factor
	3rd Grade
Adj R2 = .04, p=.062
	4th Grade
Adj R2 = .27, p<.001
	5th Grade
Adj R2 = .18, p=.002

	
	𝞫
	p
	𝞫
	p
	𝞫
	p

	Nonsymbolic Magnitude Processing
	0.092
	.315
	0.227
	<.001
	0.135
	.223

	Non-numerical cognitive flexibility
	0.160
	.082
	0.178
	.005
	0.017
	.883

	Numerical cognitive flexibility
	0.131
	.148
	0.283
	<.001
	0.379
	<.001



Table 3.17. Symbolic magnitude processing and non-numerical and numerical cognitive flexibility as predictors of mathematics achievement for each grade
	Factor
	3rd Grade
Adj R2 = .31, p<.001
	4th Grade
Adj R2 = .27, p<.001
	5th Grade
Adj R2 = .32, p<.001

	
	𝞫
	p
	𝞫
	p
	𝞫
	p

	Symbolic Magnitude Processing
	0.482
	<.001
	0.243
	<.001
	0.363
	<.001

	Non-numerical cognitive flexibility
	0.116
	.135
	0.165
	.009
	-0.011
	.912

	Numerical cognitive flexibility
	0.069
	.374
	0.243
	<.001
	0.308
	.003





Table 3.18. Nonsymbolic and symbolic magnitude processing, non-numerical and numerical working memory, inhibitory control, and cognitive flexibility, and grade as predictors of mathematics achievement
	Factor
	𝞫
	p*

	Symbolic magnitude processing
	0.287
	<.001

	Numerical cognitive flexibility
	0.161
	<.001

	Non-numerical working memory
	0.132
	<.001

	Non-numerical cognitive flexibility
	0.059
	.218

	Numerical working memory
	0.048
	.257

	Nonsymbolic magnitude processing
	0.079
	.091

	Grade Linear
	-0.272
	<.001

	Grade Quadratic
	0.638
	<.001

	Symbolic magnitude processing X Grade 4
	0.069
	.475

	Symbolic magnitude processing X Grade 5
	0.136
	.063

	Numerical cognitive flexibility X Grade 4
	0.113
	.201

	Numerical cognitive flexibility X Grade 5
	-0.060
	.358

	Non-numerical working memory X Grade 4
	0.046
	.538

	Non-numerical working memory X Grade 5
	-0.031
	.592

	Non-numerical cognitive flexibility X Grade 4
	-0.046
	.632

	Non-numerical cognitive flexibility X Grade 5
	-0.076
	.270

	Numerical working memory X Grade 4
	-0.089
	.289

	Numerical working memory X Grade 5
	-0.011
	.852

	Nonsymbolic magnitude processing X Grade 4
	0.048
	.605

	Nonsymbolic magnitude processing X Grade 5
	-0.075
	.263

	Adjusted R2 = .56, p<.001



Table S1. Correlation Matrix
	
	01
	02
	03
	04
	05
	06
	07
	08
	09
	10
	11

	01. Nonsymbolic magnitude comparison
	–
	.00
	.845
	.017
	.000
	.030
	.001
	.001
	.000
	.000
	.000

	02. Symbolic magnitude comparison
	.36
	–
	.015
	.128
	.000
	.000
	.000
	.000
	.000
	.000
	.000

	03. Non-numerical working memory
	.01
	.13
	–
	.577
	.076
	.000
	.220
	.066
	.000
	.000
	.000

	04. Non-numerical inhibitory control
	.12
	.08
	-.03
	–
	.000
	.994
	.054
	.293
	.108
	.017
	.029

	05. Non-numerical Cognitive Flexibility
	.22
	.27
	.09
	.35
	–
	.019
	.000
	.000
	.000
	.000
	.000

	06. Numerical working memory
	.11
	.22
	.24
	.00
	.12
	–
	.001
	.005
	.002
	.000
	.000

	07. Numerical inhibitory controlI
	.17
	.27
	.06
	.10
	.22
	.17
	–
	.000
	.000
	.000
	.000

	08. Numerical Cognitive Flexibility
	.18
	.34
	.10
	.06
	.30
	.25
	.61
	–
	.000
	.000
	.000

	09. Brazilian School Achievement Test-Arithmetic
	.21
	.36
	.24
	.08
	.26
	.16
	.18
	.27
	–
	.000
	.000

	10. Math Fluency Task
	.21
	.41
	.21
	.13
	.26
	.25
	.26
	.35
	.68
	–
	.000

	11. Mathematics Achievement
	.25
	.42
	.25
	.11
	.28
	.23
	.24
	.34
	.92
	.92
	–


Note. Values in the bottom-left cells indicate the size of the bivariate correlation between factors (i.e., r value). Values in the top-right cells indicate the p-value of the correlation. Bold cells indicate significant correlation at p<.005. Variables indexed by IES were reversed, such that positive correlations indicate better performance in both tasks. 





Table S2. Association between mathematics achievement and EFs domains combined by non-numerical and numerical content
	[bookmark: _heading=h.17dp8vu]EFs
	Nonsymbolic magnitude comparison
	Symbolic magnitude comparison

	
	Factor
	β
	p
	Adj R2
	Factor
	β
	p
	Adj R2

	Non-numerical EFs
	Age (months)
	0.001
	.858
	.15, p<.001
	Age (months)
	-0.008
	.079
	.24, p<.001

	
	Nonsymbolic magnitude comparison
	-0.176
	<.001
	
	Symbolic magnitude comparison
	0.353
	<.001
	

	
	Non-Numerical working memory 
	0.205
	<.001
	
	Non-Numerical working memory 
	0.174
	<.001
	

	
	Non-Numerical inhibitory control
	0.020
	.858
	
	Non-Numerical inhibitory control
	0.036
	.430
	

	
	Non-Numerical cognitive flexibility
	0.193
	<.001
	
	Non-Numerical cognitive flexibility
	0.149
	.003
	

	Numerical EFs
	Age (months)
	-0.004
	.439
	.17, p<.001
	Age (months)
	-0.011
	.018
	.24, p<.001

	
	Nonsymbolic magnitude comparison
	0.169
	.001
	
	Symbolic magnitude comparison
	0.329
	<.001
	

	
	Numerical working memory 
	0.151
	.002
	
	Numerical working memory
	0.117
	.016
	

	
	Numerical inhibitory control
	0.022
	.700
	
	Numerical inhibitory control
	0.025
	.645
	

	
	Numerical cognitive flexibility
	0.259
	<.001
	
	Numerical cognitive flexibility
	0.199
	.001
	


Note. EFs = executive functions, Variables indexed by IES (Nonsymbolic magnitude comparison, Symbolic magnitude comparison, Inhibitory Control, and Cognitive Flexibility) have been reversed, such that a positive association indicates better performance in both measures.




Table S3. Association between mathematics achievement and each EF measure when controlling for nonsymbolic or symbolic magnitude processing
	Nonsymbolic magnitude comparison
	Symbolic magnitude comparison

	Factor
	β
	p
	Adj R2
	Factor
	β
	p
	Adj R2

	Age (months)
	-0.005
	.325
	.22, p<.001
	Age (months)
	-0.012
	.019
	.27, p<.001

	Nonsymbolic magnitude comparison
	0.151
	.003
	
	Symbolic magnitude comparison
	0.300
	<.001
	

	Non-Numerical working memory 
	0.169
	.001
	
	Non-Numerical working memory 
	0.151
	.002
	

	Numerical working memory
	0.105
	.033
	
	Numerical working memory
	0.079
	.090
	

	Non-Numerical inhibitory control
	0.039
	.453
	
	Non-Numerical inhibitory control
	0.048
	.317
	

	Numerical inhibitory control
	0.019
	.734
	
	Numerical inhibitory control
	0.021
	.694
	

	Non-Numerical cognitive flexibility
	0.120
	.033
	
	Non-Numerical cognitive flexibility
	0.099
	.055
	

	Numerical cognitive flexibility
	0.219
	.001
	
	Numerical cognitive flexibility
	0.171
	.006
	


Note. EFs = executive functions. Variables indexed by IES (Nonsymbolic magnitude comparison, Symbolic magnitude comparison, Inhibitory Control, and Cognitive Flexibility) have been reversed, such that a positive association indicates better performance in both measures.


