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Abstract 

Parents’ and teachers’ expectations and aspirations are critical drivers of educational outcomes, yet 

what causally shapes these expectations remains unclear. In the present study, we address this 

question by deploying the random experiment of meiosis: namely, conditional on parental 

genotype, offspring genotype is random, allowing for the unconfounding of unique child 

characteristics from the more general family and household environment. Using the Wisconsin 

Longitudinal Study, we employ Mendelian imputation to estimate the direct genetic effects of 18 

polygenic indices on college encouragement, net of parental genetic background. The genetic 

propensity for educational attainment and mathematical ability predict stronger expectations of 

college attendance, while smoking behavior predicts weaker expectations. Psychiatric traits show 

no effects after multiple-testing correction, indicating that responses are concentrated on cognitive 

and behavioral traits. Mediation analysis finds that prospectively measured teachers’ 

encouragement accounts for roughly a quarter of the genetic effects on educational attainment for 

cognitive traits, but not for psychiatric traits. Genetic effects on expectations are amplified among 

high-SES parents and first-born children. Thus, genetic influences on educational expectations are 

narrow in trait scope and uneven across families, with encouragement serving as one channel 

linking genetic differences to educational inequality. 

  



Whether a child goes to college depends not only on their own abilities and ambitions, but also on 

the preferences of the adults around them. Research on status attainment has long established that 

parental and teachers’ encouragement of college attendance is a strong predictor of eventual 

educational attainment and subsequent labor market outcomes (Buchmann and Park 2009; Goyette 

2008; Sewell et al. 1969; Sewell and Shah 1968). Encouragement shapes adolescents’ educational 

aspirations, which in turn translate into enrollment decisions and degree attainment. Thus, 

examining how expectations form is central to understanding educational inequality (Sewell and 

Hauser 1975). Yet the fundamental question of what determines whether parents and teachers 

encourage a given child has received almost no empirical attention. 

Recent molecular genetic research has documented that children's heritable characteristics shape 

the environments around them (Akimova et al. 2026; Austerberry et al. 2026; Breinholt and Conley 

2023; de la Paz et al. 2023; Runze et al. 2023; Wertz et al. 2019, 2023), which could in turn shape 

their educational outcomes. The theory of evocative gene-environment correlation (rGE) 

established in behavioral genetic research (e.g., Scarr and McCartney 1983) states that children's 

genetically influenced characteristics elicit differential responses from others in their environment, 

such as their parents and teachers (Freese 2008). Meanwhile, molecular genetic studies using 

polygenic indices (PGIs)—i.e., genome-wide weighted scores that aggregate the effects of many 

genetic variants—have identified genetic characteristics that predict parental responses and shape 

children’s educational trajectories. Specifically, children's PGIs for educational attainment predict 

cognitively stimulating and literacy-focused parenting in early childhood (Austerberry et al. 2026; 

Breinholt and Conley 2023; Runze et al. 2023), while evidence from adolescence indicates that 

parents also adjust their investments in response to genetic differences between siblings (Sanz-de-

Galdeano and Terskaya 2025). Children’s PGIs further predict family environments that mediate 



a substantial share of genetic effects on academic achievement (Zhou et al. 2025), and parental 

investment behaviors ranging from prenatal health choices to wealth inheritance (Wertz et al. 

2023). However, despite being an important mechanism in educational stratification, the domain 

of college encouragement has received no attention in this literature. Furthermore, existing work 

has focused almost exclusively on educational attainment PGIs, while leaving unaddressed the 

question of whether genetic predispositions for psychiatric disorders, personality traits, or 

substance use also shape the expectations that parents and teachers form about children's 

educational futures. 

Moreover, the question of whether parents and teachers respond uniformly to children's genetic 

endowments across social strata remains unresolved, with direct consequences for our 

understanding of intergenerational inequality. The compensation versus reinforcement debate in 

stratification research asks whether parents invest more in lower-endowed children to equalize 

outcomes across siblings, or whether they concentrate their resources on children who are well-

endowed (Grätz and Torche 2016)—and whether these patterns vary by socioeconomic status 

(Conley 2004). Biosocial stratification research extends this logic of differential patterns by SES 

to genetic endowments, arguing that genetic effects on social outcomes are context-dependent and 

moderated by the socioeconomic resources families can mobilize (Briley and Tucker-Drob 2014; 

Erola et al. 2022; Tucker-Drob and Bates 2016). For example, the heritability of cognitive ability 

is substantially higher in higher-SES environments in the United States, reflecting the 

amplification of genetic influences when economic and cultural resources permit genetic 

differences to manifest (Briley and Tucker-Drob 2014; Erola et al. 2022; Turkheimer et al. 2003). 

However, this pattern is context- and measurement-dependent: for example, Ghirardi and Bernardi 



(2025) showed that the direction of SES moderation effects on genetic influences varies by 

educational outcome. 

In the present study, we unite these two literatures by asking which exogenous child characteristics 

influence teachers’ and parents’ educational expectations, and whether these patterns vary by the 

social class position of the child’s family. We address these questions using the Wisconsin 

Longitudinal Study (WLS), which uniquely combines measures of both parental and teachers’ 

college encouragement with genotyped sibling data that allow us to estimate direct genetic effects 

by controlling for imputed parental genotypes. The WLS followed a random sample of 1957 

Wisconsin high school graduates and one randomly selected sibling per family across seven waves 

through 2011 (Herd et al. 2014). This provides a sibling-based genetic sample with two 

independently assessed college encouragement outcomes from parents and teachers. We analyze 

18 PGIs spanning four substantive domains (psychiatric disorders, cognitive and academic traits, 

personality and well-being, and substance use) using the Polygenic Index Repository v2 (Alemu 

et al. 2025; J. Becker et al. 2021). The central innovation of our approach is that by using data 

from two genotyped siblings, we can estimate parental genotypes and include both a child's own 

PGI and parental PGI in the same model. This creates a natural experiment that isolates the direct 

genetic effects of the child's own characteristics, net of the genetic environment inherited from 

their parents. The application of the broad genetic scope across multiple domains is motivated by 

the theoretical prediction that any behaviorally expressed heritable trait can evoke differential 

responses from parents and teachers. 



Theoretical Background 

Evocative Genetic Effects on Educational Encouragement 

Children are not passive recipients of parental investment, as their own heritable characteristics 

shape how parents and teachers treat them, a process Scarr and McCartney (1983) termed 

evocative gene-environment correlation. Evocative rGE describes the mechanism by which 

genetically influenced traits of a child elicit differential responses from others in the social 

environment, independent of what the others bring to the interaction (Scarr and McCartney 1983). 

This distinguishes evocative rGE from passive rGE (which assumes that genetic effects on 

outcomes arise from genes shared by parents and children, rather than from the child's own 

characteristics) and active rGE (where individuals select and shape their own environments; Scarr 

and McCartney 1983). While twin and adoption designs have established that evocative rGE exists 

(Scarr and McCartney 1983; Turkheimer et al. 2003), they have not yet identified the specific 

genetic traits that drive these dynamics. PGIs permit direct molecular genetic tests of the evocative 

pathway (Young et al. 2022): by measuring a child's genetic propensity for specific traits and 

relating it to parental behavior while controlling for parental genotypes, researchers can estimate 

how much of the parental response is causally affected by the child's own characteristics. 

Molecular genetic studies have confirmed that children's polygenic endowments shape the 

environments constructed for them across the early life course, but existing research has mainly 

focused on educational attainment PGIs and outcomes in early parenting, while leaving college 

encouragement and non-cognitive genetic domains unexamined. Children's PGIs for educational 

attainment are shown to predict maternal literacy-focused parenting at age five in a large 

Norwegian sample (Austerberry et al. 2026). Similar patterns have been observed in the UK 

(Breinholt and Conley 2023) and the Netherlands (Runze et al. 2023), with evocative effects 



emerging in the second year of life and strengthening through middle childhood, consistent with 

developmental models of amplifying gene-environment transactions (Briley and Tucker-Drob 

2014). A key methodological advance by Nivard et al. (2024) further shows that what appears to 

be genetic nurture—i.e., parental PGI effects on children's outcomes—is largely a consequence of 

dynastic social processes operating across generations, rather than of transmission within the 

nuclear family. This suggests that to isolate genuine genetic effects, these two processes must be 

separated.  

How Genetic Traits Evoke Differential Educational Expectations 

The primary mechanism through which children's genetic endowments evoke differential 

educational expectations is behavioral expression: heritable traits are manifested in observable 

academic performance and classroom conduct, which parents and teachers use to form 

expectations. Genetic effects on abstract traits in childhood are expressed in concrete behavior 

(academic performance, social competence, emotional regulation) that parents and teachers 

observe and respond to (Evans et al. 2013; Tucker-Drob et al. 2013). Parents and teachers adjust 

their expectations and engagement based on these signals, thereby translating genetic differences 

into differing degrees of educational encouragement (Houmark et al. 2024). 

The direction and magnitude of evocative genetic effects on college encouragement are expected 

to differ systematically across domains of genetic signals, because cognitive, psychiatric, 

personality, and substance use traits signal fundamentally different things about a child's suitability 

for higher education to parents and teachers. Genetic predispositions to higher cognitive 

performance and educational attainment are likely to manifest in academic behaviors 

(attentiveness, academic achievement, and engagement) that directly signal college readiness to 

parents and teachers, thus predicting positive encouragement. Large-scale genome-wide 



association studies (GWAS) have demonstrated that educational attainment (Lee et al. 2018) and 

cognitive performance (Trampush et al. 2017) are highly polygenic traits with multiple loci 

enriched in brain-related tissues and neural development pathways. By contrast, genetic 

predispositions to psychiatric disorders such as depression (Hyde et al. 2016; Wray et al. 2018), 

ADHD (Demontis et al. 2019, 2023), schizophrenia (Trubetskoy et al. 2022), or bipolar disorder 

(Mullins et al. 2021) may be expressed as behavioral problems, emotional dysregulation, academic 

disengagement, or absenteeism, triggering parental concern and differential responses (de la Paz 

et al. 2023). These are signals that parents and teachers are likely to interpret as incompatible with 

college aspirations, evoking less or no encouragement. 

For other psychiatric and non-cognitive traits, the direction of effects is similarly specific to the 

domain. Anorexia nervosa (Watson et al. 2019) and insomnia (Jansen et al. 2019) represent 

additional psychiatric domains with documented behavioral and functional consequences. For 

personality traits, the direction is more nuanced. Higher extraversion and openness (Lo et al. 2017; 

van den Berg et al. 2016) may evoke positive classroom evaluations and thus more encouragement 

from teachers, while neuroticism (de Moor et al. 2012; Okbay et al. 2016) may signal fragility or 

anxiety, which parents might associate with a poor fit for college. Higher subjective well-being 

(Okbay et al. 2016) may similarly predict positive responses from adults. Genetic risk for 

substance use behaviors such as cigarette smoking, alcohol consumption, or cannabis use (Liu et 

al. 2019) may trigger parental concern, and thus discouragement instead of encouragement. This 

differentiation of evocative responses implies that the 18 PGIs we test would not be expected to 

show uniform positive associations with encouragement. Instead, the pattern of effects (which 

domains predict more encouragement and which predict less) is itself substantively informative 

about what characteristics parents and teachers reward when forming college expectations. 



College encouragement itself is hypothesized to be a pathway through which genetic differences 

are translated into educational stratification. Children's genetic characteristics influence their 

behavior and academic performance, which parents and teachers observe and respond to with 

differential levels of encouragement. This encouragement then shapes children’s educational 

aspirations, enrollment decisions, and chances of degree completion. The central theoretical 

prediction is that parental and teachers’ encouragement mediate the effects of children's genetic 

endowments on their educational attainment (Sewell and Shah 1968). By directly measuring 

encouragement to attend college, we can examine whether genetic influences on children’s 

educational outcomes operate through this specific mechanism of parental and teachers’ 

expectations. If encouragement is indeed the pathway, then controlling for encouragement should 

substantially reduce the association between children's genetic characteristics and their educational 

attainment. 

Heterogeneous Parental Responses to Children's Genetic Endowments 

Whether advantaged families respond more strongly to children's genetic endowments, thereby 

reinforcing genetic differences in educational expectations, or whether they compensate for genetic 

deficits, is the central stratification question motivating our moderation analyses. The economic 

model of parental investment proposed by Becker and Tomes (1976) predicts that compensation is 

more likely. According to this model, lower-SES parents tend to concentrate resources where the 

marginal returns are highest, while higher-SES parents can afford to invest in all children equally. 

By contrast, the reinforcement hypothesis assumes that advantaged parents respond more strongly 

to children's positive genetic endowments. These parents are more attuned to educational signals, 

more embedded in college-oriented social networks, and better positioned to translate expectations 

into action (Grätz and Torche 2016). 



Biosocial stratification research supports the reinforcement theory. The heritability of cognitive 

ability and educational attainment is stronger in higher-SES environments (at least in contexts such 

as the United States), which suggests that genetic potential is more fully expressed when economic 

and cultural resources are available (Briley and Tucker-Drob 2014; Erola et al. 2022; Tucker-Drob 

and Bates 2016; Turkheimer et al. 2003). This interaction of SES and genetics has been 

documented across development levels and societies, with the effects appearing to reflect the 

amplification of genetic influences in contexts where environmental enrichment permits genetic 

differences to manifest. Recent research using polygenic scores directly tests SES heterogeneity 

in parents’ and teachers’ responses. Breinholt and Conley (2023) have found striking heterogeneity 

by parental education: non-college-educated parents read more to children with higher education 

PGIs, whereas college-educated parents show weaker or reversed responses to children’s PGIs. 

Dierker and Diewald (2025) have added nuance to this picture with a non-genetic approach 

focusing on twin differences, which shows that high-income parents in Germany compensate for 

their children’s lower academic grades by providing more support, but only when their resources 

permit. This suggests that the direction of stratification in parental responses may be outcome- and 

context-dependent. We test whether the direct genetic effects of children's PGIs on college 

encouragement are stronger among higher-SES and higher-income families using a directional 

concordance framework that assesses whether the SES moderation pattern is consistent across all 

18 PGIs. 

Birth order is a well-established axis of differential parental investment and may moderate how 

sensitively parents attend and respond to individual children's genetic characteristics. First-born 

children are consistently shown to benefit from more parental time, more cognitively stimulating 

interactions, and higher educational expectations than later-born children. This pattern is 



documented across institutional contexts and across the sibling distribution (Black et al. 2005; 

Price 2008). Zajonc's (1976) confluence model attributes it to the dilution of the intellectual family 

environment with each additional child, while Griliches (1979) frames it as differential parental 

investment based on resource constraints. From the perspective of evocative rGE, birth order could 

moderate genetic effects on encouragement in either direction: if parents attend more carefully to 

first-borns' characteristics, first-born PGI effects on encouragement may be stronger, while if later-

born children must compete more actively for parental attention, their genetic characteristics may 

need to be more salient to evoke a response. We test birth order moderation, also using the 

directional concordance framework. 

Gender-based differential treatment in college encouragement is a documented phenomenon of the 

mid-20th-century American educational context in which the WLS cohort came of age, and it may 

amplify or attenuate genetic effects on encouragement depending on the domain. Sewell and Shah 

(1968) found that WLS girls received lower levels of parental encouragement to attend college 

than WLS boys despite having comparable measured ability, reflecting the normative expectations 

of a historical moment in which college enrolment was primarily a male trajectory. Against this 

backdrop of gendered baseline expectations, children's genetic characteristics may be weighted 

differently for boys and girls. Genetic risk of psychiatric disorders such as depression or anxiety, 

which is phenotypically more visible in girls than boys during adolescence, may suppress college 

encouragement more strongly for girls. Genetic risk of ADHD, by contrast, is behaviorally more 

expressed in boys and may evoke stronger negative responses among parents and teachers of boys. 

Genetic influences on personality may interact with gender norms differently as well, with 

extraversion being more rewarded in boys and more penalized in girls in mid-20th-century 



classrooms. We test whether these gender moderation patterns are consistent across the full set of 

18 PGIs. 

Genetic Nurture and the Decomposition of Polygenic Effects 

A critical challenge for interpreting polygenic associations with family-level outcomes such as 

college encouragement is assessing the role of genetic nurture: parents' own genotypes shape the 

environments they create for their children independently of the traits their children inherit, 

confounding associations between children's PGIs and parental behavior. Kong et al. (2018) 

demonstrated that non-transmitted parental alleles (genetic variants a child did not receive) still 

predict children's educational outcomes, which indicates that parental genotypes exert 

environmental effects on children over and above the effects of genetic transmission. Willoughby 

et al. (2021) further showed that parental genotypes predict offspring behavior through 

mechanisms that extend beyond direct genetic inheritance, including through the quality of the 

environments parents create. Without accounting for this parental genetic pathway, a positive 

association between a child's PGI and parental encouragement could equally reflect either: (a) the 

child's own genetically influenced traits evoking responses (i.e., the evocative rGE pathway we 

seek to test), or (b) genetically similar parents creating environments favorable to expectations of 

college attendance independent of what the child's genotype contributes. Selzam et al. (2019) 

showed that for predicting children’s educational attainment, within-family PGI associations 

(comparing siblings with different PGI values within the same family) are much less important 

than between-family associations, and that the difference is attributable to this parental genetic 

confound. 

We address the genetic nurture issue through Mendelian imputation, which recovers parental 

genotypes from sibling genetic data and allows us to simultaneously estimate direct genetic effects 



and parental genetic effects in the same model. Young et al. (2022) showed that when parental 

genotypes are not directly observed (as in the WLS, in which parents were not genotyped), they 

can be estimated from the genotypes of two or more siblings. Each sibling's alleles are drawn 

independently from the same parental chromosomes. The snipar software implements this 

imputation and provides both a parental (sum of maternal and paternal) PGI and a child PGI 

restricted to the SNPs available for parental estimation. In all primary models, we include both the 

child PGI and the imputed parental PGI simultaneously. The child coefficient then estimates the 

direct effect of the child's own genotype on college encouragement net of the parental genetic 

environment, while the parental coefficient captures residual genetic nurture. This direct effect of 

the child’s genotype is our primary quantity of interest, as it isolates the evocative rGE mechanism 

(i.e., the child's own heritable characteristics evoking different levels of encouragement) from the 

parental genetic pathway. As Young et al. (2022) noted, this approach yields unbiased and 

consistent estimates of direct genetic effects. However, the precision of imputed parental PGIs is 

lower than that of directly observed parental genotypes, likely attenuating estimated genetic 

nurture effects. 

Data and Methods 

Data 

The Wisconsin Longitudinal Study (WLS) followed a random sample of 1957 Wisconsin high 

school graduates and one randomly selected sibling per graduate family across seven surveys 

through 2011 (Herd et al. 2014). Genotyping was conducted in later waves using the Polygenic 

Index Repository v2 (Alemu et al. 2025; J. Becker et al. 2021). Our analytic sample includes all 

WLS respondents (graduates and siblings) with valid PGI data and family socioeconomic status 

(SES) data from the graduate's 1957 household, yielding a sample of 3,493 individuals (1,750 



graduates and 1,743 siblings) from 1,744 families. All primary models control for the Mendelian-

imputed parental PGI. Within this analytic sample, 3,076 individuals (1,580 graduates and 1,496 

siblings) have valid parental college encouragement, and 1,698 graduates have valid teachers’ 

encouragement. A flowchart of the sample construction is presented in the online appendix (Figure 

A1). 

Variables 

Outcomes 

We examine two primary outcomes measuring college encouragement from distinct agents. 

Parental college encouragement is the retrospective measure collected in WLS Round 5 (fielded 

in 2003–2005 for graduates and in 2004–2007 for siblings) that asked respondents how strongly 

their parents encourage college attendance (five-point Likert scale; available for both graduates 

and siblings; N=3,076). Because this measure was collected roughly four decades after the 

educational outcomes it is meant to explain, it is open to bias. For example, respondents who went 

further in school may recall receiving more encouragement. While we use this measure for 

assessing the main effects, we approach the parental mediation estimates with caution, and treat 

the prospective teachers’ encouragement measure as the more credible mediator. Teachers’ college 

encouragement is a prospective binary indicator from 1957 that asked respondents whether their 

teachers encouraged them to attend college (graduates only; N=1,698). Both outcomes are z-scored 

within the analytic sample. 

Polygenic indices 

We construct 18 PGIs spanning four domains using externally validated GWAS weights from 

Repository v2: psychiatric (seven indices: depression, ADHD, schizophrenia, bipolar disorder, 

autism, anorexia, insomnia), cognitive-academic (four indices: educational attainment, cognitive 



performance, math ability (a course-taking proxy based on the highest math class taken), reading 

ability (based on a GWAS of the age when the respondent started reading)), personality-well-being 

(four indices: extraversion, openness, subjective well-being, neuroticism), and substance use (three 

indices: drinks per week, cigarettes per day, cannabis use). All PGIs are z-scored within the analytic 

sample. Mendelian imputation recovers parental PGIs from sibling genotypes using the snipar 

software (Young et al. 2022). More information on the GWAS and summary statistics for each PGI 

used is included in the online appendix (Table A1). 

The remaining variation in a child's PGI after accounting for the parental PGI represents within-

family genetic deviation, which is essentially random. Therefore, we do not include additional 

demographic controls in our primary models. Models without controls for parental PGIs include 

10 ancestry principal components used to adjust for population stratification. Because the parental 

PGI captures the family's genetic background, including its ancestral component, the child's 

within-family genetic deviation is orthogonal to the population structure by construction. The 

ancestry principal components are therefore redundant in the parental control models and are 

omitted, whereas the reference models retain them because ancestry would otherwise be a 

confounder. However, these models mainly serve as a reference specification and are not of 

primary interest. Socioeconomic status, birth order, and child gender are included only as 

moderators through interaction terms and not as main effect controls, as presented below. 

Moderators 

Family SES is measured by the father's occupational prestige in 1957 (Duncan's Socioeconomic 

Index, range 0–100) and is median-split for the stratified analysis (low/high). Additional analyses 

use family income in 1957, including as a binary variable derived from median-splitting. Birth 

order is a binary first-born/not first-born indicator. Child gender is a binary variable differentiating 



between male and female children. We also conduct an additional moderation analysis, interacting 

the focal child PGI with the sibling’s respective PGI. 

Method 

We estimate ordinary least squares (OLS) regression models regressing parental and teachers’ 

college encouragement on PGIs with family-clustered standard errors. The key innovation is the 

simultaneous inclusion of both the child's own PGI and the Mendelian-imputed mid-parental PGI, 

which isolates the child's direct genetic effect net of the family's genetic environment: 

Yij = α + βPGIij + ωPGIj + εij 

where Yij is the college encouragement outcome for individual i in family j; PGIij is the child's z-

scored PGI; PGIj is the Mendelian-imputed parental index (z-scored); and εij has family-level 

clustering. The coefficient β estimates the direct genetic effect of the child's own characteristics 

on encouragement, independent of parental genetic background (the primary quantity of interest). 

The parental coefficient captures genetic nurture effects. Standard errors are clustered at the family 

level to account for non-independence of siblings. Each of the 18 PGIs is estimated independently 

per outcome, yielding 36 primary child coefficients (18 indices × two outcomes). Multiple testing 

correction uses the Benjamini–Hochberg false discovery rate control (q<0.05) within each 

outcome. We treat these 18 indices as the primary cluster for this correction. They are selected to 

span four theoretically motivated domains—cognitive, psychiatric, personality, and substance 

use—each with a plausible behavioral route to college encouragement. The full Repository set of 

61 indices adds anthropometric and disease traits with no expected bearing on educational 

expectations. The expanded analysis is a robustness check and not the primary test, since correcting 

across that larger set imposes a multiple-testing burden from traits the theory does not implicate. 



To test whether college encouragement mediates genetic effects on educational attainment, we 

conduct mediation analysis. We estimate two regression models: one regressing educational 

attainment on the PGI alone (coefficient β1), and one adding encouragement as a control 

(coefficient β2). The indirect effect is the difference between these coefficients (β1-β2). We use 

cluster bootstrap resampling (500 replications) to obtain confidence intervals for this coefficient 

difference. Because the WLS contains sibling pairs, standard bootstrap would treat siblings as 

independent and produce biased standard errors. Cluster bootstrap resamples entire families with 

replacement, preserving within-family correlation, so confidence intervals for (β1-β2) correctly 

account for sibling clustering and allow us to test whether the coefficient reduction is statistically 

significant. 

For the stratification analysis, we add PGI × moderator interaction terms to test whether genetic 

effects on encouragement vary by family SES, birth order, and child gender. We assess direction 

concordance across the 18 PGIs using three complementary tests: a binomial sign test (assesses 

the alignment with the expected direction across 36 PGI-outcome interactions), inverse variance 

weighted meta-analysis (computes the pooled interaction effect with 95% CI), and Kolmogorov-

Smirnov tests (examines the distributional shift between high/low moderator groups). Together, 

these tests tell us whether the moderation pattern is consistent and genuine across genetic domains, 

or whether the interactions are scattered and likely due to chance. 

Scripts for replication of the dataset construction as well as all analyses are available at 

https://osf.io/3kbwd/overview?view_only=42107d1ef114474296a06a627feaad6c.  

https://osf.io/3kbwd/overview?view_only=42107d1ef114474296a06a627feaad6c


Results 

Sample and Descriptive Statistics 

Table 1 shows that the sample is approximately evenly split by gender, and that just under a third 

of respondents are first-born children. Family SES, measured by Duncan occupational prestige, is 

median-split into low (N=1,769) and high (N=1,724) groups. The graduate and sibling samples are 

similar in gender distribution but differ as expected in terms of outcome availability (teachers’ 

encouragement is a graduate-only survey item from 1957). 

Table 1: Sample characteristics of analytic sample 

Variable N 
Overall 

(N=3493)
1
 

Graduate 

(n=1750)
1
 

Sibling 

(n=1743)
1
 

Gender 3,493    

  Male  47% 47% 47% 

  Female  53% 53% 53% 

Birth order 3,492    

  Not first-born  69% 63% 75% 

  First-born  31% 37% 25% 

Parental college encouragement (1–5 Likert, z-

score)¹ 

3,076 2.64 (1.49) 2.64 (1.48) 2.63 (1.50) 

Teachers’ college encouragement (binary, z-score)² 1,698    

  Not encouraged  51% 51% - 

  Encouraged  49% 49% - 

Family SES (Duncan occupational prestige, median 

split) 

3,493    

  Low  51% 51% 51% 

  High  49% 49% 49% 
1
%; Mean (SD) 

Main Effects: Genetic Influences on College Encouragement 

Table 2 presents the primary results: namely, the effects of 18 PGIs on college encouragement, 

organized by genetic domain. Model B (parental control) includes both the child's PGI and the 

Mendelian-imputed parental PGI to isolate direct genetic effects from genetic nurture 

confounding. Estimates attenuate sharply from Model A to Model B, thus indicating that parental 

genetic stratification accounts for a large share of the raw genetic association. 



Parental College Encouragement 

For parental college encouragement (N=3,076), Model B reveals distinct domain-specific genetic 

associations after controlling for parental genetic background. Educational attainment shows the 

strongest positive association (ß=0.078, SE=0.028, FDR q<0.05), with math ability also being 

positive but below the multiple-testing threshold (ß=0.069, SE=0.028, p=0.013). Subjective well-

being predicts higher levels of encouragement (ß=0.086, SE=0.029, FDR q<0.05), as does 

openness (ß=0.059, SE=0.028, p=0.039). Genetic factors predict lower levels of parental 

encouragement. The strongest negative association is found for cigarettes per day (ß=-0.079, 

SE=0.028, FDR q<0.05). Insomnia predicts somewhat lower levels of encouragement (ß=-0.054, 

SE=0.029, p=0.064), while depression shows a weaker negative association (ß=-0.042, SE=0.029, 

p=0.148) that does not reach significance. A small, though not significant, positive association is 

observed for extraversion (ß=0.047, SE=0.028, p=0.090). Three associations survive multiple-

testing correction (FDR q<0.05): educational attainment, subjective well-being, and cigarettes per 

day. 

Teachers’ College Encouragement 

Teachers’ college encouragement (N=1,698, graduates only from 1957) shows a strikingly similar 

pattern to that for parental encouragement, with several effects being substantially amplified. 

Educational attainment remains the strongest positive predictor and survives FDR correction 

(ß=0.200, SE=0.043, p<0.001, FDR q<0.05), as does math ability (ß=0.157, SE=0.041, p<0.001, 

FDR q<0.05). Cigarettes per day shows the strongest negative association and also survives FDR 

correction (ß=-0.140, SE=0.041, p<0.001, FDR q<0.05). Insomnia predicts lower levels of 

encouragement but does not survive multiple-testing correction (ß=-0.088, SE=0.043, p=0.042). 



The educational attainment and math ability effects are substantially larger for teachers than for 

parents. The cigarettes PGI effect is similarly large for both outcomes. 

Table 2: Results from regression models 

 
Parental college encouragement 

(N = 3076) 

Teachers’ college encouragement 

(N = 1698) 

Polygenic Index Model A Model B Model A Model B 

Educational attainment 
0.183***† 

(0.019) 

0.078**† 

(0.028) 

0.214***† 

(0.023) 

0.200***† 

(0.043) 

Cognitive performance 
0.060**† 

(0.020) 

-0.006 

(0.028) 

0.072**† 

(0.024) 

0.047 

(0.042) 

Math ability 
0.135***† 

(0.019) 

0.069* 

(0.028) 

0.160***† 

(0.023) 

0.157***† 

(0.041) 

Reading ability 
-0.048*† 

(0.020) 

-0.041 

(0.028) 

-0.019 

(0.024) 

-0.011 

(0.043) 

Extraversion 
0.025 

(0.020) 

0.047 

(0.028) 

0.024 

(0.024) 

0.043 

(0.042) 

Openness 
0.064**† 

(0.020) 

0.059* 

(0.028) 

0.040 

(0.024) 

0.022 

(0.043) 

Subjective well-being 
0.088***† 

(0.019) 

0.086**† 

(0.029) 

0.056*† 

(0.024) 

0.026 

(0.044) 

Neuroticism 
-0.058**† 

(0.019) 

-0.024 

(0.027) 

-0.065**† 

(0.024) 

-0.049 

(0.042) 

Depression 
-0.106***† 

(0.019) 

-0.042 

(0.029) 

-0.060*† 

(0.024) 

-0.027 

(0.042) 

ADHD 
-0.074***† 

(0.019) 

-0.045 

(0.027) 

-0.014 

(0.024) 

0.006 

(0.042) 

Schizophrenia 
-0.005 

(0.020) 

0.001 

(0.028) 

-0.035 

(0.024) 

-0.078 

(0.042) 

Bipolar disorder 
-0.009 

(0.019) 

0.006 

(0.027) 

0.008 

(0.025) 

-0.047 

(0.042) 

Autism (ASD) 
0.000 

(0.020) 

0.015 

(0.028) 

-0.013 

(0.025) 

0.005 

(0.044) 

Anorexia 
0.045*† 

(0.020) 

0.044 

(0.028) 

0.018 

(0.025) 

-0.052 

(0.044) 

Insomnia 
-0.079***† 

(0.020) 

-0.054 

(0.029) 

-0.071**† 

(0.024) 

-0.088* 

(0.043) 

Drinks per week 
0.026 

(0.020) 

-0.037 

(0.028) 

0.027 

(0.024) 

0.073 

(0.043) 

Cigarettes per day 
-0.066***† 

(0.020) 

-0.079**† 

(0.028) 

-0.101***† 

(0.023) 

-0.140***† 

(0.041) 

Cannabis use 
0.031 

(0.020) 

0.010 

(0.027) 

0.015 

(0.025) 

0.070 

(0.042) 
Both models are estimated by pooled OLS on the analytic sample (individuals with Mendelian-imputed parental PGI available). 

Child PGI is z-scored. All outcomes are z-standardized within the analytic sample. Model A: outcome ~ child PGI + PC1-PC10. 

Model B: outcome ~ child PGI + parental PGI; parental PGI = Mendelian-imputed sum of maternal and paternal PGIs (snipar); 



 
Parental college encouragement 

(N = 3076) 

Teachers’ college encouragement 

(N = 1698) 

Polygenic Index Model A Model B Model A Model B 
parental PGI coefficient is not shown. Standard errors clustered at the family level are in parentheses. *p<.05 **p<.01 ***p<.001 

† FDR q<.05 (Benjamini-Hochberg, corrected within the outcome across all PGI traits). 

 

Figure 1 displays the effects of 18 polygenic indices on college encouragement from both parents 

and teachers, organized by genetic domain. Six associations survive FDR correction, revealing 

domain-specific response patterns. Educational attainment and cigarettes per day each produce 

significant effects in both outcomes, with substantially amplified magnitudes for teachers. Math 

ability influences teachers’ encouragement, while subjective well-being influences parental 

encouragement. No psychiatric trait survives multiple-testing correction. Cognitive and behavioral 

risk factors thus elicit consistent responses from both parents and teachers, whereas personality 

traits appear to matter only for parents. 



 

 
 
 
 

 
 

  
  

  
 

 
 

  
  

 
 

 
  

 
 

 
  
  

  
  

 
  
 

 
  

 
 

 
 
 
 

  
  

  
 

 
 

 
  

 
 
 

  
 

 

                    

               

            

                     

                      

           

                    

        

            

        

        

            

                

             

    

          

            

                  

               

                                                

                                                       

                                                              
                     

                                                                    
                                                                                                                     
                                                                         
                                                          
                                                           
                                                                                        



The Role of College Encouragement in Shaping Genetic Effects on Educational Attainment 

Parental College Encouragement 

Figure 2 examines whether parental college encouragement mediates genetic effects on 

educational attainment. We estimate regression models predicting two education outcomes (years 

of education and college completion, both measured in WLS Round 5 and z-standardized) for all 

18 PGIs in the parental encouragement sample (N=2,927, the subset with valid educational 

attainment data). All models control for the Mendelian-imputed parental PGI and use standard 

errors clustered at the family level. The left panel shows baseline effects (child PGI + parental 

PGI); the right panel adds parental college encouragement as a control. Any coefficient reduction 

from left to right indicates that parental encouragement explains part of the genetic effect. Results 

are organized by domain, with each trait showing the effects for years of education and college 

completion. Solid points indicate that the effects survive FDR correction (q<0.05), while faded 

points are non-significant after multiple-testing correction. Stars on the right panel indicate 

coefficient shrinkage that is statistically significant according to a cluster bootstrap test with 500 

repetitions, which estimates the standard error of the difference between baseline and control 

coefficients and tests whether that difference differs from zero. 

Mediation is substantial for cognitive traits but minimal for psychiatric phenotypes. Educational 

attainment and math ability show strong baseline effects (0.236 and 0.131 SD, respectively, for 

years of education) that shrink significantly when parental encouragement is controlled for (0.194 

and 0.093 SD, both with bootstrap-significant changes at p<0.01), indicating mediation of 

approximately 18% and 29% of their effects, respectively. Personality traits (extraversion, 

openness, subjective well-being) and cigarettes per day also show bootstrap significant mediation 

(p<0.05) for at least one outcome. By contrast, psychiatric traits (depression, ADHD, 



schizophrenia, bipolar, autism, anorexia, insomnia) show minimal coefficient shrinkage when 

parental encouragement is controlled for, which suggests that their genetic effects on education 

operate largely through mechanisms independent of parental encouragement. 

 

Teachers’ College Encouragement 

Figure 3 applies the same mediation analysis to teachers’ college encouragement in the graduate 

sample (N=1,623 graduates from 1957; the subset of the 1,698 graduates with valid data on both 

teachers’ encouragement and educational attainment). The figure structure mirrors Figure 2: the 

 
 
 
 

 
 

  
  
  

 
 

 
  

  
 

 
 

  
 

 
 

  
  

  
  

 
  
 

 
  

 
 

 
 
 
 

  
  

  
 

 
 

 
  

 
 
 

  
 

 

             

               

            

                     

                      

           

                    

        

            

        

        

            

                

             

    

          

            

                  

               

                                                     

                                             

  

 

  

 

 

 

  

 

 

  

  
  

             

                                                            

                                                                                                  

                                                                                                     

                                                                                                                                               

                                                                                        



left panel shows the baseline effects, and the right panel adds teachers’ encouragement as a control. 

The stars indicate whether the differences in the coefficients are significant based on bootstrapped 

standard errors (500 repetitions). 

In the teachers’ sample, the mediation of cognitive traits is even stronger and more selective than 

it is in the parental sample. Educational attainment shows substantial baseline effects (0.234 and 

0.207 SD, respectively, for years of education and college completion) that shrink significantly 

when teachers’ encouragement is controlled for (0.174 and 0.150 SD, both with bootstrap-

significant changes at p<0.001), indicating mediation of approximately 26% for both effects. Math 

ability shows similar patterns (0.190 and 0.159 SD at baseline; 0.139 and 0.111 SD when 

controlled, both with bootstrap-significant changes at p<0.001). Cigarettes per day also shows 

bootstrap-significant mediation through teachers’ encouragement for both outcomes. In the 

teachers’ sample, unlike in the parental sample, personality traits show little or no mediation. 

Psychiatric traits again exhibit minimal coefficient shrinkage, which suggests that their genetic 

effects on education operate largely independently of teachers’ encouragement responses. 



 

Effect Heterogeneity by Parental SES, Birth Order, and Child Gender 

We also test whether parental SES, birth order, and child gender moderate genetic effects on 

encouragement by estimating PGI × moderator interactions for all 18 traits and two outcomes. 

Detailed results by moderator and genetic domain are presented in Figures A2-A4 in the online 

appendix. Only two interactions survive FDR correction: educational attainment shows 

significantly stronger positive effects on parental encouragement in high-SES families (ß=0.116, 

q=0.025), and insomnia has significantly weaker negative effects (less suppression) in first-born 

 
 
 
 

 
 

  
  

  
 

 
 

  
  

 
 

 
  

 
 

 
  
  

  
  

 
  
 

 
  

 
 

 
 
 
 

  
  

  
 

 
 

 
  

 
 
 

  
 

 

             

               

            

                     

                      

           

                    

        

            

        

        

            

                

             

    

          

            

                  

               

                                                

                                                    

   

   

   

   

   
   

             

                                                

                                                                  

                                                                                                                  

                                                                                                     

                                                                                                                                              

                                                                                       



children than in later-born children (ß=-0.113, q=0.045). All other interactions do not survive. 

Multiple-testing correction is applied here within each moderator across the 18 traits, separately 

by outcome. Moreover, the two surviving interactions are fragile, as neither clears a stricter 

correction pooled across all 108 moderation tests (three moderators, two outcomes, and 18 traits; 

q=0.14 for each). This sparsity indicates that moderation, if present, is not strong at the individual 

PGI level. We base our moderation inferences on the pooled direction-concordance tests reported 

below, as the individual interactions are too sparse to carry them. 

However, we assess whether the directional nature of the moderation effects is aligned 

systematically using directional concordance testing. Figure 4 presents sign-corrected interaction 

effects in which we multiply interaction coefficients for negative valence PGIs (based on the 

results from Table 1 and Figure 2) by -1 so that positive values uniformly indicate that the 

moderator amplifies each PGI's influence on encouragement. We employ three complementary but 

distinct tests to detect such patterns. First, a sign test (binomial) counts how many of the 36 sign-

corrected effects point in the same direction (positive versus negative). Second, an inverse 

variance-weighted (IVW) meta-analytic pooled estimate combines all 36 interaction coefficients 

into a single average effect by weighting each estimate inversely by its variance (i.e., giving more 

weight to more precise estimates with smaller standard errors), and then tests whether this pooled 

average differs from zero, thus capturing the overall magnitude and significance of moderation. 

Third, a Kolmogorov-Smirnov (KS) test compares the empirical distribution of the 36 sign-

corrected coefficients between the high and low moderator groups and tests whether the 

distributions differ systematically in location or shape, thereby assessing whether genetic effects 

shift globally across the two moderator levels. Together, these tests distinguish directional 

alignment (sign test), average effect magnitude (IVW), and distributional shift (KS). 



The pooled tests are consistent with the assumption that high-SES parents and teachers respond 

more strongly to genetic differences in their children, amplifying both favorable and unfavorable 

traits: children with a genetic propensity for higher educational attainment receive substantially 

more encouragement to attend college in high-SES families (IVW ß=0.043 p<0.001, KS p=0.001), 

while children with a genetic propensity for depression or other mental health conditions receive 

less encouragement. This pattern is consistent with the assumption that advantaged parents are 

more responsive to their children's genetic characteristics, whether beneficial or detrimental. We 

interpret these pooled results with caution because the sign correction assigns each trait's expected 

direction from its own in-sample main effect, and can therefore inflate apparent agreement. First-

born children similarly show amplified genetic effects across all domains (IVW ß=0.033 p<0.001, 

KS p=0.036), which suggests that parents concentrate more parental attention and resources on the 

first-born child's observable traits, both their genetic strengths and weaknesses. No such systematic 

moderation is observed for gender (IVW ß=-0.005 p=0.504, KS p=0.885). 



 

Additional Analyses 

Family Income Moderation 

Furthermore, we test whether family income modifies genetic effects on parental and teachers’ 

encouragement by conducting median-split analyses (see Figure A5 in the online appendix). 

Across 36 interaction terms (18 polygenic indices × two outcomes), no effects survive FDR 

correction. All FDR-adjusted p-values exceed 0.9, and interaction coefficients range from -0.044 

to 0.091, showing minimal variation by income. Thus genetic sensitivity to encouragement does 

not depend on family income. 

                

                            

                        

                

                            

                        

                

                             

                         

                                                                           

 
 

 
 

 
 

  
  
  

 
 

 
  

  
 

 
 

  
 

 
 

  
  

  
  

 
  
 

 
  

 
 

 
 
 

 
  

  
  

 
 

 
 

  
 

 
 

  
 

 

                                                

                   

                

                         

                          

               

                        

            

                

            

            

                

                    

                 

        

              

                

                      

                   

                                                                                             

                         

                                                                                   

                                                                                                                                                                                                            
                                                                                    
                                                                                                                                                                                                    
                                                                                                                                                                                                              
                                                              
                                                                                                                     
                                                                                            



Sibling Polygenic Index Interactions 

We test whether the co-sibling's same-trait polygenic index amplifies genetic effects on focal child 

encouragement by including the sibling polygenic index as an interaction term (see Figure A6 in 

the online appendix). None of 18 interaction terms survives FDR correction (all q>0.45), with 

coefficients ranging from -0.037 to 0.031. It therefore appears that genetic effects on 

encouragement do not work through sibling comparisons within the family. 

Additional Parental and Teachers’ Investment Outcomes 

We examine whether child polygenic indices predict broader parental and teachers’ investments 

beyond the primary encouragement outcomes (see Figures A7–A8 in the online appendix). For 

parental outcomes, educational attainment and mathematical ability significantly predict parental 

college aspirations (educational attainment: ß=0.188, FDR q=0.0002; mathematical ability: 

ß=0.132, FDR q=0.015). Discussion of future plans with parents and parental influence on plans 

show no FDR significant genetic associations. For teachers’ outcomes, no genetic predictors of 

teachers’ contact or influence reach FDR significance (all q>0.19). Genetic effects on educational 

investments are thus concentrated in explicit college encouragement, and not in more general 

contact or influence. 

Robustness to the Broader Polygenic Index Repository 

We also assess the effects across a larger set of 61 polygenic indices spanning psychiatric, 

cognitive, anthropometric, and lifestyle domains (see Tables A2-A3 in the online appendix). For 

parental encouragement, three traits that are shown to be FDR-significant in the main analysis 

(FDR q<0.05) no longer survive FDR correction in the expanded set: cigarettes per day (ß=-0.079, 

FDR q=0.058), educational attainment (ß=0.078, FDR q=0.060), and subjective well-being 

(ß=0.086, q=0.058). These effects weaken when tested against the multiple-testing burden of 61 



traits. A new FDR-significant effect emerges for physical activity (ß=0.095, FDR q=0.040). For 

teachers’ encouragement, all three FDR-significant traits identified in the main analysis remain 

robust: educational attainment (ß=0.200, FDR q=0.00018), cigarettes per day (ß=-0.140, FDR 

q=0.014), and mathematical ability (ß=0.157, FDR q=0.004). The stable replication of teachers’ 

outcomes across independent polygenic index sets indicates robust teacher sensitivity to these 

traits. 

Discussion 

While children’s genotypes shape their parents’ and teachers’ expectations about their education, 

the effects observed in our data are concentrated in a small set of traits and in a subset of families. 

That is our central finding, and it extends the theory of evocative gene–environment correlation 

(Scarr and McCartney 1983). Scarr and McCartney illustrated this theory with almost exactly the 

same case—i.e., a child's intelligence and adaptive skills evoke approval and support from school 

personnel—and described the mechanism as operating across many characteristics throughout life. 

Our results give that mechanism a molecular-genetic instantiation and locate where it is strongest: 

the responses we detect run through cognitive and behavioral traits and are stratified by family 

resources. We view this concentration as a property of our sample and measures, and not as a 

general limit on which traits can evoke responses. These qualifications should be interpreted with 

caution. As we have examined only a limited set of phenotypes, several of the indices are likely 

underpowered. Moreover, the polygenic indices are trained to predict ultimate phenotypes rather 

than the evocative parental or teachers’ responses themselves, and are therefore mis-specified for 

our purpose. Thus, if anything, these indices likely understate the true extent of evocation. We 

therefore cannot rule out the possibility that evocation is more general than these results suggest. 



The domain specificity is the clearer result. Among the 18 indices, only educational attainment, 

mathematical ability, subjective well-being, and—in the negative direction—genetic propensity 

for smoking evoke encouragement to attend college once the child’s genotype is isolated from the 

parental genetic background through Mendelian imputation (Young et al. 2022). The direct effect 

of the educational attainment index on parental encouragement is 0.078 SD, while the direct effect 

on teachers’ encouragement reaches 0.200 SD. The psychiatric domain, by contrast, produces no 

association that survives correction for multiple testing. This pattern is consistent with a signaling 

account in which heritable traits influence adult expectations only insofar as they are legible as 

evidence of college readiness (Houmark et al. 2024). Academic ability is legible in this way, 

whereas the genetic propensity to develop depression or schizophrenia, whatever its behavioral 

expression, is not interpreted by parents and teachers as information about a child’s suitability for 

higher education. 

The psychiatric null is more informative than a flat zero because it is a product of the design itself. 

Before adjustment for parental genotype, several psychiatric indices—depression, ADHD, 

neuroticism, and insomnia—predict lower levels of encouragement at conventional thresholds. 

These associations attenuate substantially or disappear once the imputed parental PGI enters the 

model. What presents as a response to the child’s psychiatric genotype is largely genetic nurture: 

i.e., the environment constructed by genetically similar parents, which operates independently of 

the traits the child has inherited (Kong et al. 2018; Nivard et al. 2024; Willoughby et al. 2021). 

Without the parental control, we would have reported psychiatric effects that the within-family 

logic identifies as confounded. This is the analytic payoff of the imputation approach, and it 

reproduces in the domain of expectations the within-family versus the between-family divergence 

documented for educational attainment (Selzam et al. 2019). 



The observation that the parental control sharply reduces the parental estimate while leaving the 

teachers’ estimate intact follows from the structure of genetic nurture. As each parent transmits 

half of their genotype to the child, a raw association between the child’s PGI and parental behavior 

can operate through the parental genotype, whereas teachers share no genes with the family, and 

thus no direct genetic transmission pathway exists between them. Therefore, the addition of the 

parental control should leave the teachers’ estimate more or less intact while substantially reducing 

the parental estimate, which is what we observe. In the teachers’ models, the parental (genetic-

nurture) PGI coefficient is itself a precisely estimated near-zero for the traits that drive the teachers’ 

results (educational attainment 0.02, SE 0.04; math ability 0.00, SE 0.04; cigarettes per day 0.04, 

SE 0.04). These results are robust enough that the flat teachers’ estimate cannot be read as an 

artifact of imprecision. The teachers’ outcome thus functions as a placebo test embedded in the 

design. While we have not constructed the study to exploit this property, it supports a genuinely 

evocative reading of the surviving cognitive effects. 

If genotypes evoke encouragement, and encouragement contributes to attainment, then 

encouragement should mediate part of the genetic effect on educational outcomes (Sewell et al. 

1969; Sewell and Shah 1968). It does so for cognitive traits, and the results are strongest where 

the mediator is measured prospectively. Conditioning on teachers’ encouragement reduces the 

educational attainment index’s effect on years of schooling by roughly a quarter, with a comparable 

reduction being observed for mathematical ability; both reductions hold under a family-clustered 

bootstrap. The analogous parental estimates imply mediation of 18 to 29%. Notably, mathematical 

ability shows the largest parental mediation share (about 29%) even though its main parental effect 

falls just short of the FDR threshold. We interpret this finding with caution since the mediation 

share is sensitive to the size of the baseline coefficient, and it warrants replication. Psychiatric 



indices show negligible shrinkage, as the main effect results anticipate. Thus, genotypes that do 

not evoke encouragement cannot be mediated by it. These findings identify encouragement as one 

potential channel through which heritable variation is converted into educational inequality, 

complementing evidence indicating that family environments mediate a substantial share of 

genetic effects on academic achievement (Belsky et al. 2018; Zhou et al. 2025). 

We interpret the parental mediation estimate with caution due to concerns about measurement. As 

teachers’ encouragement was assessed in 1957, and thus before the respondents completed their 

schooling, it can function as a mediator in the conventional sense. By contrast, parental 

encouragement was assessed in Round 5 (2003–2005 for graduates and 2004–2007 for siblings), 

and thus decades after the respondents had completed their education. Retrospective reports of this 

kind are open to justification bias. For example, respondents who attained more education may 

recall receiving more encouragement. Consequently, the parental mediation results are entangled 

with recall, and we therefore see the prospective teachers’ estimates as the more credible. Here, 

mediation is in any case associational, resting on the assumption of no unmeasured confounding 

of the encouragement–attainment relationship, which the design cannot guarantee. 

The moderation analyses favor reinforcement overcompensation, although the evidence lies in the 

aggregate, and not in individual interaction terms. Only two of 36 PGI-by-moderator interactions 

survive correction. However, the directional concordance tests indicate a consistent pattern, 

whereby high-SES families and parents of first-born children respond more strongly to the child’s 

genotype across domains, amplifying favorable and unfavorable signals alike (inverse variance-

weighted pooled estimates of 0.043 and 0.033 SD, respectively, both p<0.001). This result accords 

with the biosocial stratification literature, in which the heritability of cognition and attainment is 

elevated in higher-resource environments (Briley and Tucker-Drob 2014; Erola et al. 2022; Tucker-



Drob and Bates 2016; Turkheimer et al. 2003), and it runs counter to the compensatory prediction 

of the Becker–Tomes investment model (Becker and Tomes 1976; Grätz and Torche 2016). The 

amplifying moderator is occupational prestige rather than income, as family income is not shown 

to modify genetic effects on encouragement at any conventional threshold. This suggests that the 

operative resource is more cultural and dispositional than financial, consistent with Lareau’s 

(2011) account of concerted cultivation. 

This evidence stands in tension with prior work, and we address the discrepancy directly. Breinholt 

and Conley (2023) reported that less educated parents read more to children with higher education 

PGIs, which is a compensatory rather than a reinforcing pattern. The most plausible explanation 

for this finding is developmental. Investing in the early literacy of a young child and providing 

forward-looking encouragement to attend college are different acts directed at different life stages, 

for which the direction of stratification does not have to be constant (Dierker and Diewald 2025; 

Ghirardi and Bernardi 2025). Advantaged families may compensate when the child is young and 

the investment is private and care-oriented, and then reinforce this investment in adolescence, 

when the stakes are visible and the capacity to act on perceived ability is greatest. We advance this 

as a hypothesis for future work; it is not a settled account. 

We find that gender does not systematically moderate genetic effects, which merits comment given 

the historical context. Sewell and Shah (1968) established that Wisconsin women received less 

parental encouragement to attend college than men of equivalent measured ability, and that 

baseline disparity is not at issue here. Our question concerns the interaction rather than the levels: 

i.e., whether a child’s genotype is weighted differently by sex. We find no systematic evidence that 

it is. Mid-20th-century adults may have encouraged sons more on average while interpreting 

genetic signals no differently for daughters than for sons. 



Our study has a number of limitations that should be noted. The retrospective measurement of 

parental encouragement is the most serious constraint, and its impact our analyses is unequal. This 

constraint is tolerable for the main effects and is close to disqualifying for the parental mediation 

estimate, given that its mediator postdates the outcome. Readers should weight the prospective 

teachers’ results accordingly. The sample consists of a single cohort of white Wisconsin high 

school graduates who completed secondary school in 1957, and the polygenic indices are mainly 

derived from European ancestry GWAS whose predictive validity is not transferrable across 

ancestral populations. Thus, our estimates should not be generalized to populations the WLS does 

not represent or to contemporary cohorts socialized under different higher education norms. As the 

Mendelian-imputed parental scores are measured with greater error than the directly genotyped 

parental scores, genetic nurture is not sufficiently controlled for. Hence, the direct effects may be 

modestly overstated, suggesting a bias that, if present, is in the direction of our findings. The 

moderation tests are underpowered, particularly for the teachers’ sample of fewer than 1,700 

graduates, and the scarcity of significant individual interactions is as consistent with limited power 

as with a true null. The concordance procedure mitigates this issue through pooling but assigns 

each trait’s expected direction from its main effect sign in the same sample, which can inflate 

apparent agreement. We therefore treat the pooled results as suggestive. Finally, as the two 

outcomes differ in scale and sample—i.e., a five-point item for the parents and a binary indicator 

for graduates only for the teachers—and the standardized coefficients are not strictly comparable 

across them, the larger magnitudes found for the teachers should be interpreted with corresponding 

caution. 

 



Conclusion 

Encouragement to attend college is a selective and stratified mechanism through which genetic 

differences are translated into educational inequality. Parents and teachers do not respond to 

children’s genotypes indiscriminately; they respond to the children’s heritable traits that signal 

academic promise, and they respond more strongly in families positioned by prestige and 

disposition to act on what they perceive. Genes operate here not as fixed determinants of 

attainment, but rather as signals that adults interpret and reward unequally. The conversion of a 

heritable difference into a social one is accomplished, in part, through the expectations that the 

people around a child form on the basis of that difference. 
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Table A1: GWAS Sources for 18 Polygenic Indices

This table presents GWAS sources and references for the 18 polygenic indices.

Table A1: Polygenic Indices: GWAS Sources and References

Polygenic Index Domain GWAS Reference

Educational Attain-
ment

Cognitive Okbay, A., et al. (2022). Polygenic prediction of educational attainment
within and between families from genome-wide association analyses in 3 mil-
lion individuals. Nature Genetics, 54, 437–449.

Cognitive Performance Cognitive Trampush, J. W., et al. (2017). GWAS meta-analysis reveals novel loci and
genetic correlates for general cognitive function: a report from the COGENT
consortium. Molecular Psychiatry, 22, 336–345.

Math Ability (highest
math class taken)

Cognitive Lee, J. J., et al. (2018). Gene discovery and polygenic prediction from a
genome-wide association study of educational attainment in 1.1 million indi-
viduals. Nature Genetics, 50, 1112–1121.

Reading Ability (age
started reading)

Cognitive Becker, J., et al. (2021). Resource profile and user guide of the Polygenic
Index Repository. Nature Human Behaviour, 5, 1744–1758.

Depressive Symptoms Psychiatric Wray, N. R., et al. (2018). Genome-wide association analyses identify 44
risk variants and refine the genetic architecture of major depression. Nature
Genetics, 50, 668–681.

ADHD Psychiatric Demontis, D., et al. (2023). Genome-wide analyses of ADHD identify 27 risk
loci, refine the genetic architecture and implicate several cognitive domains.
Nature Genetics, 55, 198–208.

Schizophrenia Psychiatric Trubetskoy, V., et al. (2022). Mapping genomic loci implicates genes and
synaptic biology in schizophrenia. Nature, 604, 502–508.

Bipolar Disorder Psychiatric Mullins, N., et al. (2021). Genome-wide association study of more than
40,000 bipolar disorder cases provides new insights into the underlying biol-
ogy. Nature Genetics, 53, 817–829.

Autism Spectrum Dis-
order

Psychiatric Grove, J., et al. (2019). Identification of common genetic risk variants for
autism spectrum disorder. Nature Genetics, 51, 431–444.

Anorexia Nervosa Psychiatric Watson, H. J., et al. (2019). Genome-wide association study identifies eight
risk loci and implicates metabo-psychiatric origins for anorexia nervosa. Na-
ture Genetics, 51, 1207–1214.

Insomnia Psychiatric Jansen, P. R., et al. (2019). Genome-wide analysis of insomnia in 1,331,010
individuals identifies new risk loci and functional pathways. Nature Genetics,
51, 394–403.

Extraversion Personality van den Berg, S. M., et al. (2016). Meta-analysis of genome-wide association
studies for extraversion: findings from the Genetics of Personality Consor-
tium. Behavior Genetics, 46, 170–182.

Openness Personality de Moor, M. H. M., et al. (2012). Meta-analysis of genome-wide association
studies for personality. Molecular Psychiatry, 17, 337–349.

Neuroticism Personality de Moor, M. H. M., et al. (2015). Meta-analysis of genome-wide association
studies for neuroticism, and the polygenic association with major depressive
disorder. JAMA Psychiatry, 72, 642–650.

Subjective Well-Being Personality Okbay, A., et al. (2016). Genetic variants associated with subjective well-
being, depressive symptoms, and neuroticism identified through genome-wide
analyses. Nature Genetics, 48, 624–633.

Cigarettes per Day Substance Use Liu, M., et al. (2019). Association studies of up to 1.2 million individuals
yield new insights into the genetic etiology of tobacco and alcohol use. Nature
Genetics, 51, 237–244.

Drinks per Week Substance Use Liu, M., et al. (2019). Association studies of up to 1.2 million individuals
yield new insights into the genetic etiology of tobacco and alcohol use. Nature
Genetics, 51, 237–244.

Cannabis Use Substance Use Pasman, J. A., et al. (2018). GWAS of lifetime cannabis use reveals new
risk loci, genetic overlap with psychiatric traits, and a causal influence of
schizophrenia. Nature Neuroscience, 21, 1161–1170.

Note. “Math ability” is based on a GWAS of the highest math class taken and “reading ability” on a GWAS of age started
reading (23andMe item “At what age did you start to read?”); both are proxies for the named ability. Several indices are
drawn from meta-analyses that also include 23andMe and UK Biobank cohorts; the reference shown is the primary published
source. Full GWAS phenotype definitions, sample sizes, and SNP-weight methods are in the SSGAC PGI Repository v2
Documentation (Alemu et al., 2025).

For detailed information on GWAS phenotype definitions, sample sizes, and SNP-weight methodologies,
see the SSGAC PGI Repository v2 Documentation (Alemu et al., 2025).
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Figure A1: Sample Construction Flowchart

This figure presents the sample construction process for the analytical sample.

WLS longitudinal file
N = 19046 (10317 graduates, 8729 siblings)

Restriction 1: own PGI available
N = 8505  (dropped 10541)

Restriction 2: family SES available
POLS sample: N = 7481 from 5656 families  (dropped 1024)

Restriction 3: Mendelian−imputed parental PGI available
Analytic sample: N = 3493

Parental college encouragement
N = 3076 (graduates and siblings)

Teacher college encouragement
N = 1698 (graduates only)

Figure A1. Sample construction flowchart.
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Figure A2: SES Moderation of Genetic Effects

This figure presents effects of 18 polygenic indices on college encouragement, stratified by family socioeco-
nomic status.
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Figure A2. PGI x family SES interaction: difference in child PGI effects
between high- and low-SES families

Note: Coefficients show interaction effects of child PGI and parental SES (father's Duncan SEI occupational prestige score,
1957, split at the median; reference: low SES).
All models control for the Mendelian-imputed mid-parental PGI.
Solid points and bars are statistically significant after multiple testing correction (Benjamini-Hochberg, q < 0.05).
Parental college encouragement includes WLS graduates and their siblings;
teacher college encouragement includes WLS graduates only.
All outcomes are z-standardized within the analytic sample.
Error bars show 95% confidence intervals; standard errors are clustered at the family level.
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Figure A3: Birth Order Moderation of Genetic Effects

This figure presents effects of 18 polygenic indices on college encouragement, stratified by child birth order.
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Figure A3. PGI x birth order interaction: effect difference for firstborns
vs. later-born children

Note: Coefficients show interaction effects of child PGI and birth order (firstborns vs. later-borns as reference).
All models control for the Mendelian-imputed mid-parental PGI.
Solid points and bars are statistically significant after multiple testing correction (Benjamini-Hochberg, q < 0.05).
Parental college encouragement includes WLS graduates and their siblings;
teacher college encouragement includes WLS graduates only.
All outcomes are z-standardized within the analytic sample.
Error bars show 95% confidence intervals; standard errors are clustered at the family level.
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Figure A4: Gender Moderation of Genetic Effects

This figure presents effects of 18 polygenic indices on college encouragement, stratified by child gender.
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Figure A4. PGI x gender interaction: effect difference for girls vs. boys

Note: Coefficients show interaction effects of child PGI and sex (girls vs. boys as reference).
All models control for the Mendelian-imputed mid-parental PGI.
Solid points and bars are statistically significant after multiple testing correction (Benjamini-Hochberg, q < 0.05).
Parental college encouragement includes WLS graduates and their siblings;
teacher college encouragement includes WLS graduates only.
All outcomes are z-standardized within the analytic sample.
Error bars show 95% confidence intervals; standard errors are clustered at the family level.
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Figure A5: Family Income Moderation of Genetic Effects

This figure presents effects of 18 polygenic indices on college encouragement, stratified by family income.
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Figure A5. PGI x family income interaction: difference in child PGI effects
between high- and low-income families

Note: Coefficients show interaction effects of child PGI and parental income
(family income 1957, split at the median; reference: low income).
All models control for the Mendelian-imputed mid-parental PGI.
Solid points and bars are statistically significant after multiple testing correction (Benjamini-Hochberg, q < 0.05).
Parental college encouragement includes WLS graduates and their siblings;
teacher college encouragement includes WLS graduates only.
All outcomes are z-standardized within the analytic sample.
Error bars show 95% confidence intervals; standard errors are clustered at the family level.
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Figure A6: Sibling Polygenic Index Interactions

This figure presents effects of 18 polygenic indices on college encouragement, tested for interaction with
co-sibling’s polygenic index.
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Figure A6. PGI x sibling PGI interaction: own PGI effect as a function of
sibling's same-trait PGI

Note: Coefficients show interaction effects of own PGI and the sibling's same-trait PGI
(sample restricted to complete sibling pairs).
All models control for the Mendelian-imputed mid-parental PGI.
Solid points and bars are statistically significant after multiple testing correction (Benjamini-Hochberg, q < 0.05).
Parental college encouragement includes WLS graduates and their siblings;
teacher college encouragement includes WLS graduates only.
All outcomes are z-standardized within the analytic sample.
Error bars show 95% confidence intervals; standard errors are clustered at the family level.
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Figure A7: Additional Parental Investment Outcomes

This figure presents effects of 18 polygenic indices on additional parental investment outcomes.
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Figure A7. Direct genetic effects on additional parental investment outcomes

Note: Appendix figure extending the main effects figure to additional parental investment outcomes measured in R01 (1957).
All models control for the Mendelian-imputed mid-parental PGI.
Solid points and bars are statistically significant after multiple testing correction (Benjamini-Hochberg, q < 0.05).
All outcomes include WLS graduates only.
All outcomes are z-standardized within the analytic sample.
Error bars show 95% confidence intervals; standard errors are clustered at the family level.
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Figure A8: Additional Teacher Investment Outcomes

This figure presents effects of 18 polygenic indices on additional teacher investment outcomes.
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Figure A8. Direct genetic effects on additional teacher investment outcomes

Note: Appendix figure extending the main effects figure to additional teacher investment outcomes measured in R01 (1957).
All models control for the Mendelian-imputed mid-parental PGI.
Solid points and bars are statistically significant after multiple testing correction (Benjamini-Hochberg, q < 0.05).
All teacher outcomes include WLS graduates only.
All outcomes are z-standardized within the analytic sample.
Error bars show 95% confidence intervals; standard errors are clustered at the family level.
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Table A2: Parental College Encouragement – All 61 PGIs

This table presents results from regression models examining parental college encouragement across all 61
polygenic indices.

Table A2a: Parental: PGIs 1-31

PGI Coef. SE p-value FDR p

Activity 0.095 0.028 0.001 0.040 �***
ADHD −0.045 0.027 0.098 0.400
Adventurousness 0.038 0.028 0.166 0.507
Age First Birth 0.058 0.029 0.047 0.287 *
Age First Sex −0.033 0.028 0.236 0.606
Allergy – Pollen −0.023 0.028 0.398 0.783
Alzheimer’s 0.017 0.027 0.530 0.856
Anorexia Nervosa 0.044 0.028 0.114 0.433
Autism Spectrum Disorder 0.015 0.028 0.596 0.856
Age Smoking Initiation 0.080 0.027 0.004 0.058 **
Asthma/Eczema/Rhinitis −0.026 0.028 0.350 0.736
Asthma 0.018 0.028 0.511 0.856
Alcohol Misuse 0.013 0.027 0.619 0.856
Bipolar Disorder 0.006 0.027 0.829 0.936
Blood Chol. 0.000 0.029 0.989 0.989
Blood HDL −0.007 0.028 0.818 0.936
Blood LDL 0.003 0.027 0.909 0.989
Blood Non-HDL −0.013 0.027 0.630 0.856
Blood Triglycerides 0.011 0.027 0.686 0.890
BMI −0.013 0.028 0.645 0.856
Blood Pressure – Diastolic −0.058 0.028 0.041 0.279 *
Blood Pressure – Pulse 0.030 0.027 0.277 0.650
Blood Pressure – Systolic −0.030 0.029 0.303 0.660
Breast Cancer 0.001 0.026 0.973 0.989
Coronary Artery Disease −0.013 0.028 0.640 0.856
Cannabis Use 0.010 0.027 0.711 0.893
COPD −0.013 0.028 0.642 0.856
Cigarettes per Day −0.079 0.028 0.005 0.058 **
Cognitive Performance −0.006 0.028 0.823 0.936
Depressive Symptoms −0.042 0.029 0.148 0.474
Drinks per Week −0.037 0.028 0.180 0.522

*** p<0.001, ** p<0.01, * p<0.05; � FDR significant (q < 0.05)
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Table A2b: Parental: PGIs 32-61
PGI Coef. SE p-value FDR p

Educational Attainment 0.078 0.028 0.006 0.060 **
Ever Smoker −0.053 0.029 0.065 0.333
Extraversion 0.047 0.028 0.090 0.391
Life Satisfaction – Family 0.016 0.028 0.560 0.856
Life Satisfaction – Friends 0.019 0.027 0.482 0.856
Hay Fever −0.016 0.027 0.566 0.856
Height 0.014 0.029 0.624 0.856
Highest Math Class 0.069 0.028 0.013 0.110 *
Inflammatory Bowel Disease −0.002 0.026 0.935 0.989
Insomnia −0.054 0.029 0.064 0.333
Left Out of Activity 0.043 0.029 0.145 0.474
Age at First Menses −0.017 0.027 0.543 0.856
Migraine −0.032 0.028 0.248 0.606
Morning Person −0.005 0.028 0.849 0.942
Narcissism −0.032 0.027 0.240 0.606
Nearsightedness 0.029 0.027 0.292 0.660
Number Ever Born – Women 0.009 0.028 0.736 0.898
Neuroticism −0.024 0.027 0.381 0.775
Openness 0.059 0.028 0.039 0.279 *
Prostate Cancer −0.001 0.026 0.957 0.989
Reading Ability −0.041 0.028 0.142 0.474
Religious Attendance 0.007 0.026 0.778 0.931
Musical Beat Sync. 0.049 0.028 0.085 0.391
Risk Tolerance 0.019 0.027 0.493 0.856
Schizophrenia 0.001 0.028 0.979 0.989
Self-Rated Health 0.087 0.029 0.002 0.058 **
Self-Rated Math Ability 0.035 0.028 0.205 0.568
Smoking Cessation 0.018 0.030 0.543 0.856
Subjective Well-Being 0.086 0.029 0.003 0.058 **
Type 2 Diabetes −0.010 0.028 0.717 0.893

*** p<0.001, ** p<0.01, * p<0.05; � FDR significant (q < 0.05)
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Table A3: Teacher College Encouragement – All 61 PGIs

This table presents results from regression models examining teacher college encouragement across all 61
polygenic indices.

Table A3a: Teacher: PGIs 1-31

PGI Coef. SE p-value FDR p

Activity 0.048 0.044 0.278 0.546
ADHD 0.006 0.042 0.891 0.949
Adventurousness 0.083 0.042 0.052 0.286
Age First Birth 0.086 0.044 0.051 0.286
Age First Sex 0.051 0.043 0.237 0.546
Allergy – Pollen −0.003 0.042 0.940 0.953
Alzheimer’s −0.011 0.041 0.795 0.895
Anorexia Nervosa −0.052 0.044 0.236 0.546
Autism Spectrum Disorder 0.005 0.044 0.902 0.949
Age Smoking Initiation 0.078 0.044 0.074 0.286
Asthma/Eczema/Rhinitis 0.011 0.041 0.785 0.895
Asthma 0.010 0.042 0.807 0.895
Alcohol Misuse 0.062 0.042 0.143 0.437
Bipolar Disorder −0.047 0.042 0.260 0.546
Blood Chol. 0.082 0.042 0.052 0.286
Blood HDL 0.004 0.042 0.918 0.950
Blood LDL 0.079 0.041 0.056 0.286
Blood Non-HDL 0.042 0.041 0.304 0.546
Blood Triglycerides 0.039 0.041 0.351 0.591
BMI −0.033 0.043 0.439 0.687
Blood Pressure – Diastolic 0.075 0.043 0.081 0.291
Blood Pressure – Pulse 0.076 0.043 0.075 0.286
Blood Pressure – Systolic 0.079 0.044 0.070 0.286
Breast Cancer 0.054 0.042 0.193 0.546
Coronary Artery Disease −0.039 0.043 0.368 0.591
Cannabis Use 0.070 0.042 0.094 0.300
COPD −0.044 0.044 0.313 0.546
Cigarettes per Day −0.140 0.041 <0.001 0.014 �***
Cognitive Performance 0.047 0.042 0.259 0.546
Depressive Symptoms −0.027 0.042 0.527 0.731
Drinks per Week 0.073 0.043 0.089 0.300

*** p<0.001, ** p<0.01, * p<0.05; � FDR significant (q < 0.05)
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Table A3b: Teacher: PGIs 32-61
PGI Coef. SE p-value FDR p

Educational Attainment 0.200 0.043 <0.001 <0.001 �***
Ever Smoker −0.055 0.044 0.207 0.546
Extraversion 0.043 0.042 0.306 0.546
Life Satisfaction – Family −0.030 0.042 0.467 0.712
Life Satisfaction – Friends −0.016 0.043 0.706 0.861
Hay Fever 0.025 0.041 0.544 0.732
Height −0.003 0.044 0.953 0.953
Highest Math Class 0.157 0.041 <0.001 0.004 �***
Inflammatory Bowel Disease 0.043 0.040 0.275 0.546
Insomnia −0.088 0.043 0.042 0.286 *
Left Out of Activity 0.017 0.043 0.688 0.856
Age at First Menses 0.123 0.043 0.004 0.059 **
Migraine −0.027 0.042 0.527 0.731
Morning Person −0.044 0.042 0.303 0.546
Narcissism −0.074 0.041 0.073 0.286
Nearsightedness 0.043 0.042 0.299 0.546
Number Ever Born – Women −0.019 0.042 0.650 0.826
Neuroticism −0.049 0.042 0.245 0.546
Openness 0.022 0.043 0.611 0.793
Prostate Cancer 0.013 0.041 0.742 0.887
Reading Ability −0.011 0.043 0.793 0.895
Religious Attendance 0.046 0.042 0.266 0.546
Musical Beat Sync. −0.008 0.043 0.859 0.935
Risk Tolerance 0.030 0.042 0.479 0.713
Schizophrenia −0.078 0.042 0.063 0.286
Self-Rated Health 0.097 0.044 0.026 0.268 *
Self-Rated Math Ability 0.115 0.042 0.007 0.084 **
Smoking Cessation 0.031 0.044 0.491 0.714
Subjective Well-Being 0.026 0.044 0.552 0.732
Type 2 Diabetes −0.039 0.043 0.365 0.591

*** p<0.001, ** p<0.01, * p<0.05; � FDR significant (q < 0.05)
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