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Supplementary Notes 
 

Supplementary Note 1: Descriptive statistics. 

 

Descriptive statistics for the variables used in this study are presented in Supplementary  1. These include age- and sex-adjusted standardised 

scores for academic achievement, non-cognitive skills (both individual indicators and latent factors), cognitive ability, and polygenic scores, 

collected from different raters across multiple developmental stages. Only participants with available genotype data were included in the final 

analytic sample (N range = 1,293–5,016). All variables were approximately normally distributed. 

 

Supplementary Note 2: Information on the reliability of the non-cognitive measures. 

 

Strengths and Difficulties Questionnaire (SDQ): The Cronbach’s α for the SDQ has been reported to be .73 on average, with a mean cross-

informant correlation = .34, and mean test–retest stability = .62 after 4–6 months1.  

 

School Engagement (Student Engagement Instrument; SEI: The Cronbach’s α values of SEI ranging from .72 to .88 across subscales in the 

original validation study2. 

 

Short Grit Scale (GRIT–S) 

The Short Grit Scale3 demonstrates internal consistency values typically between .73 and .83 across validation samples. 

 

Curiosity and Exploration Inventory (CEI) 

The Curiosity and Exploration Inventory4 shows Cronbach’s α values ranging approximately from .58 to .80 depending on the subscale 

(Exploration, Absorption) and sample. 

 

PISA-derived indices (Mathematics self-efficacy, Mathematics interest, and Attitudes toward school) 

According to OECD PISA Technical Reports, internal consistency reliabilities for these indices commonly range from α ≈ .70 to .90 across 

countries and assessment cycles5.  



 

Other TEDS-adapted measures: 

Other TEDS-adapted scales—including Classroom Environment Questionnaire, Academic Self-Perceived Ability, Academic Interest, Academic 

Self-Concept, Academic Ambition, and the Literacy and Mathematics Environment questionnaires—were adapted from validated educational 

instruments. Item-level responses for these scales are not provided in the TEDS data release, precluding internal reliability estimation in the 

present analyses. 

 

 

 

Supplementary Note 3: Description of mediation models. 

 

The SEM for this mediation model for the i th subject (1 ≤ i ≤ n) is given by: 

 

 
 

It is posited that the error terms (ϵzi, ϵyi) are uncorrelated, a critical presumption for causal inference when conducting mediation analysis. The 

assumption of multivariate normality for the error terms is also made, as it is an essential precondition for defining direct, indirect, and total 

effects. It should be highlighted that the two structural equations are interconnected, and the inference drawn from them is concurrent, rather 

than from two separate standard regression equations. More information can be found here 6. 

 

Mediation analyses 

 

We conducted mediation analyses (Baron & Kenny, 1986; Preacher & Kelley, 2011) using the lavaan package for R to examine the direct and 

indirect effects of the prediction from genetic predisposition (quantified as the PGSs of educational attainment, cognitive and noncognitive 

skills) and manifestation of variation in academic achievement (Figure 1).  

 



The mediation model estimates the indirect effect of the predictor (X) on the outcome (Y) via a mediator, i.e., an intervening variable (mediator; 

M; in this project, the single-timepoint or developmental environmental composite) by regressing M on X and regressing Y on both X and M 

using two separate equations: 

 
1) 𝑀𝑖 = 𝑑𝑀.𝑋 + 𝑎𝑋𝑖 + 𝑒𝑀.𝑋𝑖  

 
Where Mi is the mediator for individual I; dM.X is the intercept for the mediator (M); aXi is the slope of M regressed on the predictor (X) and 
eM.Xi is the measurement error for individual i. 

 
2) 𝑌𝑖 =  𝑑𝑌.𝑀𝑋 + 𝑏𝑀𝑖 + 𝑐′𝑋𝑖 + 𝑒𝑌.𝑀𝑋𝑖  

 
Where Yi is the outcome for individual I; dY.MX is the intercept for the outcome (Y); bMi is the slope of the outcome (Y) regressed on the 

mediator (M) controlling for the predictor (X); c’Xi is the slope of the outcome (Y) regressed on the predictor (X) controlling for the mediator 

(M) and eY.MX is the measurement error for individual i. 

 
The indirect effect of the predictor on the outcome (i.e., the mediation effect) is defined by a^b^, with the sample estimate signified by the 

circumflex (“^”).  

 

When 𝑎^  × 𝑏^ =  𝑐^ − 𝑐^′ , then 𝑐^ =  𝑎^  × 𝑏^ + 𝑐^′. Implementing SEM allows for, a^ and b^ can be derived simultaneously and for 

testing more complex models with latent class predictor, outcomes, and mediators. 

 



  
Note: Mediation model of the DNA (X) of cognitive/educational outcomes (Y) that is (panel A) versus is not (panel B) mediated by M, which 

denotes the noncognitive skills, either single-timepoint or developmental using time-lagged data. Circles indicate residuals. Parameters a, b and c 

represent regression weights. Parameters x, y and z represent variance parameters. 
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Supplementary Figures 

 

Supplementary Figure 1: Correlation matrix between PGS and academic achievement. 

 

 
Note: Ach 7: A composite mean score of academic performance  at age 7; Ach 9: A composite mean score of academic performance at age 9; Ach 12: A composite mean 

score of academic performance  at age 12; Ach 16: Mean of the grade obtained across the GCSE subjects (English, Maths, and Science); EA: Educational attainment: 

Educational attainment polygenic score; Cognitive: Cognitive polygenic score; Noncognitive: Non-cognitive polygenic score; Cog (Demange et al): Cognitive polygenic 

score derived from previous work by Demange et al., 2021; Noncog (Demange et al): Non-cognitive polygenic score derived from previous work by Demange et al., 2021. 

 



 

Supplementary Figure 2: Correlations between latent factors of non-cognitive skills, academic achievement and 
education and cognition-associated polygenic scores.  

 
 
Note: Data on non-cognitive skills was collected from different raters: (P) = parent-reported, (T) = teacher-reported and (S) = Self-reported. Academic achievement was 

measured contemporaneously with each non-cognitive factor. EA PGS7 = educational attainment polygenic score. Cog PGS8 = cognitive skills polygenic score. NonCog 

PGS8 = non-cognitive skills polygenic score. Each dot indicates the size of the correlation coefficient, and error bars indicate 95% confidence intervals. Sample size for each 

correlation analysis is provided in Supplementary Data 2. 

 



 

Supplementary Figure 3: Comparison of indirect effects of educational attainment PGS prediction between g-
uncorrected/ g-corrected noncognitive skills using two-mediators model. 

 
 

 

 

 



 

 

 

 

 

Supplementary Figure 4: Comparison of indirect effects of cognitive PGS prediction between g-uncorrected/ g-
corrected noncognitive skills using two-mediators model. 

 



 

 

 

 

Supplementary Figure 5: Comparison of indirect effects of noncognitive PGS prediction between g-uncorrected/ g-
corrected noncognitive skills using two-mediators model. 

 
 



 

Supplementary Figure 6: Comparison of indirect effects of educational attainment PGS prediction between SES-
uncorrected/ SES-corrected noncognitive skills using two-mediators model. 

 
 

 

 



Supplementary Figure 7: Comparison of indirect effects of cognitive PGS prediction between SES-uncorrected/ SES-
corrected noncognitive skills using two-mediators model. 

 

 
 

 



Supplementary Figure 8: Comparison of indirect effects of noncognitive PGS prediction between SES-uncorrected/ 
SES-corrected noncognitive skills using two-mediators model. 
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