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Executive Summary 

Introduction  

Children from well-resourced families achieve, on average, higher school grades and gain 

more educational qualifications than those from under-resourced family backgrounds. The 

association between family background and children’s education-related outcomes is likely 

driven by many factors. Here, we studied the role of one specific factor: The speech that 

children hear from their mothers. 

Mothers’ speech is part of a much wider constellation of influences. Yet, it has been pointed 

to as a likely driver of family background inequality in education. As a result, interventions 

that seek to increase children’s educational success have targeted mothers’ speech. To 

ascertain the potential long-term effectiveness of such interventions (i.e., the degree of 

change they will likely achieve), robust, longitudinal studies are needed that test associations 

between mothers’ speech and children’s education-related outcomes beyond the early 

years. This is the first study to report associations between mothers’ speech and children’s 

education-related outcomes during primary and secondary school. In addition, our research 

is the first to explore whether genetic confounding affects the association between mothers’ 

speech and children’s education-related outcomes. We leveraged data from a large, 

genetically sensitive, and UK-representative family cohort study that included 1,116 families 

with children born in the mid-90s who were assessed from age 5 through to 18 years. 

 

Background   

Children’s early life language environments. Children differ considerably in their language 

development. The language environments that children grow up in are strong predictors of 

these differences in language development. Language environments are significantly 

shaped by caregivers’ speech, in particular the speech that parents direct at their children 

and the speech that children overhear from their parents. Accordingly, previous studies 

observed significant associations between mothers’ and children’s quantity and quality of 

speech in early childhood.   

 

The language gap. The language environments that children experience in early life vary 

systematically between families as a function of their socioeconomic status (SES). SES 

describes the economic and social resources that are available to families relative to the 

resources that other families have. In their seminal work, Hart and Risley (1995) concluded 

that there was a ‘30 million word’ gap between the number of words that children from low 

SES backgrounds hear over a three-year period compared to children from high SES 
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families. Mothers with greater socioeconomic resources tend to speak more often with their 

children, use more sophisticated vocabulary (i.e., rare words), and include a broader range 

of syntactic structures than mothers with fewer resources. Thus, SES-related variability in 

mothers’ speech is thought to give rise to the ‘word gap’ during the early years that in turn 

leads to differences in children’s language development. However, the notion of the ‘word 

gap’ has been criticised for deficit framing, as it risks portraying the language practices of 

lower SES families as inherently deficient rather than different. 

 

Language ability in education. Language ability is a basic skill that underpins learning, 

including reasoning, cognition, and literacy, as well as of educational achievement itself (i.e., 

school performance). Children with greater language abilities at school entry are likely to 

outperform children with weaker language in learning progress and educational 

achievement, even when they are taught by the same teachers in the same classrooms on 

the same curriculum. These early performance differences can magnify across school years 

and education stages, like a snowball effect. An initially small difference in language ability 

builds on itself and can produce lasting inequities in education-related outcomes. It follows 

that SES-related disadvantages in language development likely forecast long-term 

differences in educational achievement and in the attainment of educational qualifications.  

 

Research Questions 

With studies presented in this report, we sought to overcome three limitations of previous 

research on the role of mothers’ speech in the transmission of family background inequality 

in education. First, associations between mothers’ speech and children’s educational 

outcomes were not longitudinally studied beyond the early years – that is, not throughout the 

primary and secondary school years. Second, children’s early life language environments 

were often only assessed in small samples that were not population-representative and 

afforded low statistical power. Third, associations between mothers’ and children’s language 

are genetically influenced, because mothers and their biological children share genes that 

affect language. Yet, previous studies in this area did not control for genetic confounding. 

 

We capitalised on a large, genetically sensitive family cohort study called E-Risk 

(https://eriskstudy.com). The families in the cohort were identified with great care to 

represent the full range of socioeconomic conditions of England and Wales. From the full UK 

register of twin births, families were stratified and selected to mirror the UK population on 

key variables, including geographic region, urban versus rural residence, socioeconomic 

deprivation, and family structure (i.e., single-parent versus two-parent households). The 

https://eriskstudy.com/
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representativeness of E-Risk of the wider UK population is reflected, for example, by E-Risk 

families’ residential addresses that were matched to the United Kingdom’s Index of Multiple 

Deprivation. The distribution showed that 25% of the families live in Britain’s wealthiest and 

25% in the poorest areas. E-Risk has maintained high representativeness since its inception, 

due to stratified sampling, oversampling of families from high-risk contexts, and exceptionally 

high retention (i.e., low attrition and loss due to longitudinal follow-up). 

 

We addressed four principal research questions:  

1. Does family background predict mothers’ speech?  

2. Does mothers’ speech predict their children’s education-related outcomes across 

school years?  

3. Does mothers’ speech mediate the association between family background and 

children’s education-related outcomes?  

4. To what extent is the role of mothers’ speech in the transmission of family 

background inequality in education influenced by genetics?  

 

Methods 

E-Risk recruited 1,116 families with twins born between 1994 and 1996 across England and 

Wales. For 894 families, interview recordings were available of mothers’ naturalistic speech, 

meaning that mothers spoke freely about their twins and their speech was recorded. These 

interviews were recorded by trained health researchers during visits to the families’ homes 

when the twins were 5 years old. Interviews lasted at least 10 minutes, resulting cumulatively 

in 336 hours of recordings and an overall corpus of 2.5 million words of mothers’ speech. 

From the interview transcripts, we extracted for each mother their vocabulary sophistication 

(% of rare words used in speech), lexical diversity (range of word types used in speech), and 

grammatical complexity (e.g., mean length of utterance). Between the twins’ ages of 5 and 

18 years, their learning skills – cognition and literacy – and their educational achievement 

were assessed using psychometric tests and teacher ratings. Learning skills refer to the 

basic capacities for processing information and acquiring knowledge, such as reading and 

writing, while educational achievement reflects the extent to which these capacities are 

realised within formal education. Family background was inferred from mothers’ educational 

attainment, occupation and household income. Mothers’ and children’s genetic propensities 

for language and educational attainment were operationalised by polygenic scores that 

aggregate DNA variants.  
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Findings  

Research Question 1. Does family background predict mothers’ speech?  

 

We found that mothers’ education, occupation, and household income significantly predicted 

mothers’ vocabulary sophistication, with small effect sizes. Small effects are meaningful: 

they are consistent and non-random, but far from large enough to be the primary 

determinants of mothers’ vocabulary sophistication. Weaker and less consistent associations 

were observed between family background indicators and mothers’ lexical diversity and 

grammar. The findings suggested mothers’ SES is reflected in their vocabulary sophistication 

but not in other characteristics of mothers’ speech. Thus, mothers’ vocabulary sophistication 

may be a pathway in the transmission of family background inequality in education.  

 

Research Question 2. Does mothers’ speech predict their children’s education-related 

outcomes across school years?  

We investigated the long-term influence of mothers’ speech on children’s education-related 

outcomes. We found that the sophistication of mothers’ vocabulary significantly predicted 

children’s cognition, literacy, and educational achievement from age 5 through 18 years. 

Mothers’ other speech characteristics – lexical diversity and grammatical complexity – were 

not significantly related to children’s education-related outcomes. Our findings suggested 

that mothers’ vocabulary sophistication plays a unique role in explaining children’s 

differences in education-related outcomes. This result lends further support to the hypothesis 

that mothers’ vocabulary sophistication is a distinct, meaningful pathway in the transmission 

of family background inequality in education.  

 

Research Question 3. Does mothers’ speech mediate the association between family 

background and children’s education-related outcomes?  

We tested whether mothers’ vocabulary sophistication mediated the association between 

family background and children’s education-related outcomes. We found this was the case: 

Mothers’ vocabulary sophistication mediated the associations between family background 

(i.e., mothers’ education and household income) and children’s cognition and literacy. 

However, mothers’ vocabulary sophistication did not mediate the association between family 

background and children’s educational achievement (i.e., teacher ratings of school 

performance). These findings suggest for one that family background inequality that is 

transmitted through mothers’ speech likely manifests in children’s learning skills, like 

reasoning and reading abilities, rather than in educational achievement. For the other, they 
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substantiate once more that mothers’ vocabulary sophistication contributes to the 

transmission of family background inequality in education. That said, mothers’ speech 

emerged as one meaningful factor among many, but not as a primary driver. 

 

Research Question 4. To what extent is the role of mothers’ speech in the transmission of 

family background inequality in education influenced by genetics?  

 

We tested the influence of genetics on the associations between mothers’ educational 

attainment, mothers’ speech, and children’s educational attainment. We used polygenic 

scores to capture mothers’ and children’s genetic propensities for speech and education-

related outcomes. Polygenic scores, which aggregate DNA variants, offer a probabilistic 

estimate of a person’s genotype to become expressed as a phenotypic trait, like educational 

achievement. That is, genetic propensities refer to a person’s tendencies or preferences for 

certain behaviours that are associated with inherited DNA differences. We found that 

polygenic scores predicted mothers’ educational attainment, mothers’ speech, and children’s 

educational attainment. This finding suggested that genetics influence the role of mothers’ 

speech in the transmission of family background inequality in education. In further analyses, 

we partitioned the association between mothers’ and children’s educational attainment into 

pathways that likely reflect causal versus non-causal influences. Genetic confounding occurs 

when a putatively environmental factor, like mothers’ speech, become associated with a 

developmental outcome, like children’s education, because mothers’ and children share 

genes, rather than because mothers’ speech has an independent effect. Genetic 

confounding can mimic environmental causes but implies non-causal influences. Genetic 

nurture describes environmental influences on children’s development that follow from their 

mothers’ genetic propensities but are independent of children’s genetic differences (i.e., DNA 

variants that mothers did not pass on to their children but that influence how mothers raise 

their children). Genetic nurture effects are interpreted as causal because they are 

environmentally mediated. Finally, we discerned nurture effects in our analyses that were 

independent of mothers’ and children’s genetic propensities. These nurture effects are 

thought to represent causal environmental influences. In our analyses, we found evidence 

for significant genetic confounding, genetic nurture, and nurture effects. These findings 

underscore the importance of discerning the gene-environment interplay when trying to 

understand how family background influences children’s development. Furthermore, we 

found that mothers’ vocabulary sophistication explained approximately 3% of the variance in 

family background inequality in education via genetic nurture and nurture, respectively. While 

these transmission effects are small, they likely reflect causal effects of mothers’ vocabulary 
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sophistication on the intergenerational transmission of educational attainment. We therefore 

conclude that mothers’ vocabulary sophistication is an effective target for interventions that 

seek to improve children’s education-related outcomes. That said, such interventions are 

likely to only achieve modest change, because of the small effect size: Mothers’ vocabulary 

sophistication matters, but its influence is limited and only explains a small share of the 

differences observed. We also caution that further research is needed to assess whether 

mothers’ vocabulary sophistication is modifiable before resources are invested in the 

development and implementation of related interventions. 

 

Limitations 

Our research has many strengths but must be interpreted with three key limitations in mind. 

First, we focused on mothers’ adult-directed speech, including their vocabulary 

sophistication, lexical diversity, and grammatical complexity. Other aspects of mothers’ 

speech and children’s language environments were not assessed, including mothers’ child-

directed speech and the speech that children experience from other caregivers like fathers, 

peers, and teachers. Thus, our findings allow conclusions about only one of many language 

experiences that are potentially relevant for children’s education-related outcomes. Second, 

identifying the causes that underpin associations between parenting and child development 

is difficult, because parents and children cannot be randomly allocated to each other, as true 

experiments require. Here, we analysed observational data from a well-powered, population-

representative family cohort study that was genetically sensitive. While these data help 

strengthen causal inferences, causality cannot be proven. Third, our sample included 

families with twins, who may differ in their development from children of singleton births. To 

address this issue, we compared twins’ and their younger siblings’ (singleton births) 

language development from age 2 through 7 years, in a subsample of the Twins 

Development Study (TEDS). We found that twins were delayed in language development 

relative to their younger singleton siblings from age 2 through 4 years. However, by the age 

of 7 years, when children had started formal schooling, differences in language development 

between twins and their singleton siblings were no longer significant. Thus, we conclude that 

our findings about the role of mothers’ speech for children’s education-related outcomes 

based on analyses of a twin sample are generalisable to singleton birth children.  

 

Conclusion 

In a genetically sensitive, UK-population representative family cohort study, we found that an 

important characteristic of mothers’ speech – vocabulary sophistication – likely exerts causal 

influences on children’s education-related outcomes. Yet, corresponding effect sizes were 
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small. By comparison, families’ socioeconomic resources had more pervasive, long-term 

influence on children’s education-related outcomes than did mothers’ speech. Our findings 

suggest that any to-be-developed interventions that target mothers’ vocabulary 

sophistication to improve children’s education-related outcomes will likely produce modest 

change in these outcomes. Greater impact could be achieved if the socioeconomic 

inequalities were ameliorated that occur between the families that children are raised in.  

 

Executive summary word count: 2,294 words.  



SPEECH & EDUCATION 

 13 

Introduction  

Inequality in the United Kingdom  

Inequality in the United Kingdom (UK) takes many forms. Around a quarter of people at 

prime working age report having a long-standing illness, reflecting health inequality (Joyce & 

Xu, 2019). The birth of a child opens a gender wage gap between mothers and fathers that 

continues to widen for at least a decade, giving rise to gender inequality (Joyce & Xu, 2019).  

The UK’s geographical inequality manifests as a matter of life and death: people living in the 

most affluent areas of the UK can be expected to live 8 to 10 years longer than those living 

in the most deprived areas (Joyce & Xu, 2019). Together, these examples illustrate the broad 

scope of inequality in the UK. In this study, we focus specifically on family background 

inequality in education, where differences in families’ access to social and financial 

resources shape children’s educational outcomes. For an explanation of key terms used 

when describing family background inequality, please see Box 1.  

 

A key factor in families’ access to social and financial resources is household income. The 

inequality of income distribution is high in the UK relative to other WEIRD countries 

(Western, Educated, Industrialised, Rich, and Democratic,  

Joyce & Xu, 2019). To quantify this inequality, we can refer to the Gini coefficient that 

indexes the degree of inequality in the distribution of household incomes, whereby a larger 

percentage reflects greater inequality (Office for National Statistics, 2023). The Gini 

coefficient for the UK rose steeply in the 1980s and has remained high since then (Joyce & 

Xu, 2019). In 2022, the Gini coefficient for the UK was one of the highest in Europe at 37% 

(Office for National Statistics, 2023), behind Bulgaria at 38%, and ahead of Germany at 29% 

and France at 30% (Eurostat, 2024). These patterns highlight the extent to which economic 

resources are unevenly distributed across families in the UK. Disparities in household 

income can translate into differences between families’ access to resources, such as healthy 

food (Pechey & Monsivais, 2016) and home learning tools (e.g., age-appropriate books and 

toys for children; Early et al., 2020). Additionally, they exacerbate existing inequalities, by 

increasing the prevalence of health and social problems including obesity, teenage births, 

and imprisonment (Pickett & Wilkinson, 2015; Wilkinson & Pickett, 2007).  

 

The UK also has the highest intergenerational earnings elasticity in Europe, meaning that 

UK parents’ income better predicts their children’s income than do parents’ incomes in other 

European countries (Corak, 2006). Strong associations between parents’ income and their 

children’s income are indicative of low intergenerational social mobility (i.e., no changes in 
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social status across generations). Intergenerational mobility in the UK declined by almost 

50% between 1958 and 1970 (Blanden & Gibbons, 2006) and has remained stably low since 

then (van der Erve et al., 2023). Figure 1 shows the relationship between family 

socioeconomic status and children’s earnings at age 28 years, in a sample of English state-

educated pupils who were born between 1986 to and 1988 (Carneiro et al., 2020; van der 

Erve et al., 2023). Sons from the most affluent families ranked on average 19 percentiles 

higher in earnings than sons from the most disadvantaged families, whilst daughters from 

affluent families ranked even 27 percentiles higher than those from under-resourced families 

(Carneiro et al., 2020; van der Erve et al., 2023). These findings show that, in the UK, 

transmission of family background inequality across generations is strong, with children’s 

family background predicting their own financial status in adulthood.  

 

 

Figure 1: Income mobility at age 28 for people in England born in the years 
1986-88 (van der Erve et al., 2023) 

Note. Figure shows the relationship between family background and age 28 earnings rank by gender. 

 

Much of the decline in intergenerational mobility in the UK between 1958 and 1970 has been 

attributed to the strengthening of the relationship between family income during childhood 

and children’s later educational attainment (Blanden et al., 2007). It is in this context that the 

current project focused the role of mothers’ speech as a key pathway in the transmission of 

family background inequality in education across generations. In other words, we examine 
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how differences in everyday language use may help explain how socioeconomic inequalities 

are reproduced over time. 

 

 

 

 

Family background inequality  

Differences in family background relate to life-course inequalities in health (Tubeuf & Jusot, 

2011), well-being (Plenty & Mood, 2016), and education (Ermisch & Francesconi, 2001), 

whereby children from lower SES families experience on average less favourable outcomes. 

For example, children from lower SES families report more often adolescent smoking, 

physical inactivity, and poorer diet (Moore & Littlecott, 2015). They are also predicted to be 

two to three times more likely to develop mental health problems than children from higher 

SES backgrounds (e.g., Reiss, 2013). In education, children from lower SES families 

Box 1: The terminology of family background inequality   

Throughout this report, we refer to differences in families’ access to resources, which 

include wealth, education, and social class. At the highest and most abstract level, we use 

the term “family background inequality” to summarise that families differ vastly in the 

resources that they can afford their children and that inequalities follow from these 

differences.  

 

We also use the term socioeconomic status (SES) to refer in a narrower sense to families’ 

social and economic resources and position relative to that of other families. SES is often 

inferred from one’s occupation (e.g., occupational prestige), education (i.e., highest 

educational qualification attained), and household income (Bradley & Corwyn, 2002). We 

also refer to families’ resource availability, for example, by describing a family as “under-

resourced,” or having “limited access to resources.” These terms are used to reflect the 

differences between families in their access to learning opportunities, educational support, 

and cultural engagements, as well as to material resources and many other factors. Using 

terms such as “low SES” or “under-resourced” defines families by what they do not have 

(i.e., deficit framing), rather than what they do have. Our intention is not to define families 

by deficits, but to highlight the challenges families might face as a consequence of their 

circumstances. By doing so, we hope to make constructive contributions to the 

conversations that aim to inform strategies for ameliorating the vast range of inequalities 

that UK families face. 
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achieve on average lower school grades and obtain fewer GCSEs than those from higher 

SES backgrounds (Stopforth et al., 2021). Family background is likely to affect children’s 

differences in life-course development through a vast number of pathways that contribute to 

the intergenerational transmission of socioeconomic disadvantage. Taken together, these 

findings show that family background shapes children’s development across multiple 

domains, raising the question of which specific mechanisms drive these differences. 

 

In this study, we focus specifically on education-related outcomes, which are pivotal for 

children’s life-course development (e.g., Starr, Haider, et al., 2024). For example, school 

grades predict later earnings, whereby a one-grade increase in GCSE score is associated 

with an increase in lifetime earnings of £8,500, whilst one Standard Deviation1 improvement 

in GCSE performance is associated with a lifetime earnings increase of approximately 

£96,000 (Hodge et al., 2021). In practical terms, this means that even relatively small 

differences in school performance can translate into substantial differences in life outcomes. 

Similarly, school grades at age 16 years predict later educational attainment, occupational 

prestige, financial attitudes, behaviour problems and wellbeing, with higher grades 

forecasting more favourable outcomes in adulthood (Starr, Haider, et al., 2024). The positive 

influence of school grades on life-course outcomes is stronger for children from lower SES 

families: Their school grades are even more predictive of their educational attainment, 

financial attitudes, and anxiety than those of children from higher SES families (Starr, Haider, 

et al., 2024). Understanding how these educational inequalities emerge and are transmitted 

across generations is therefore key. In particular, identifying modifiable processes—such as 

aspects of children’s early environments—may help explain how family background shapes 

educational trajectories. 

 

Family background inequality in education  

One of the clearest ways in which family background inequality manifests is in children’s 

educational outcomes. For example, children from lower SES households attain, on 

average, fewer educational qualifications and spend less time in formal education than 

children from higher SES households (Liu et al., 2022; Pensiero & Schoon, 2019). The 

degree of family background inequality in education can be inferred from the strength of the 

association between parents’ SES and their children’s educational attainment, such as 

whether they obtained GCSEs or A-levels, or their children’s educational achievement, such 

as school or degree grades. Across samples from all around the world, the correlation 

 
111.2 GCSE grades, across subjects. 
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between family SES and children’s education, including measures of both attainment and 

achievement, is estimated to range from .22 to .28 (Liu et al., 2022). In practical terms, this 

means that family socioeconomic status is a strong and consistent predictor of how children 

perform in education, although it is not the only factor involved. 

 

In Britain, family SES and children’s performance in primary school have been shown to 

correlate at .28, an association that was remarkably stable across generations since the 

introduction of state-funded, compulsory education (von Stumm et al., 2022). Moreover, the 

attainment gap in Britain between children from higher and lower SES families widens from 

the first school years, when it is already evident, throughout secondary school (von Stumm, 

2017). These findings align with reports on the disadvantage gap index by the UK 

government (Department for Work & Pensions, 2024). This index is used to quantify the 

difference in educational attainment between disadvantaged pupils (i.e., those eligible for 

free school meals, in local authority care, or adopted) and all other pupils in English state-

funded schools. A disadvantage gap index score of 0 suggests no disadvantage, while a 

score of 10 implies maximum inequality in school performance (Department for Work & 

Pensions, 2024). For the past decade, the disadvantage gap index has hovered around 3, 

with only minor fluctuations (GOV.UK, 2023). The persistence of the disadvantage gap 

reflects the scale of the challenge for it to be closed. This, in turn, highlights the urgency to 

better understand the mechanisms that cause the disadvantage gap. In particular, identifying 

processes within children’s everyday environments—such as their language experiences—

may help explain how these inequalities emerge and persist. 

 

In the current research, we focus on one such pathway: The speech that children are 

exposed to from their mothers. For details on our use of the term ‘mothers’ speech’, please 

see Box 2.  

 

Families’ differential access to educational and financial resources is associated with  

differences in the children’s early life language experiences (Hirsh-Pasek et al., 2015; 

Schwab & Lew-Williams, 2016). Indeed, policymakers and researchers have identified 

children’s early life language experiences as a key pathway for the transmission of 

educational inequality (Greenwood et al., 2020). As a result, the language environments that 

children experience in their respective family homes have been targets of intervention efforts 

(e.g., Golinkoff et al., 2019). These efforts have often focused on mothers, who continue to 

serve as primary caregivers in most families and who are therefore thought to exert great 

influence on their children’s language environment. Together, prior studies suggested that 

variation in children’s language environments may be a key mechanism through which family 
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background influences educational outcomes. This raises the question of which aspects of 

caregivers’ speech matter most and how strongly they shape children’s development. 

 

 

 

Mothers’ speech  

To examine this mechanism more closely, we focus on mothers’ speech. Many people will 

act as caregivers to children during their early years. Yet, prior research on caregiving during 

children’s early years has largely focused on mothers (e.g., Rowe et al., 2004). Mothers 

continue to serve as primary caregivers in many families, especially during the early years 

(Fry, 2023; Sullivan, 2021; Walthery & Chung, 2021). Thus, mothers’ speech is the key driver 

of children’s language environments when they are growing up (Hoff-Ginsberg, 1991; 

Pancsofar & Vernon-Feagans, 2006). Children’s language environments are key for the 

development of various skills across domains, extending beyond children’s own speech and 

communication (Nag et al., 2024; Pace et al., 2019). Because children’s language abilities 

provide the scaffolding for developing a wide range of skills, interventions that seek to 

Box 2: The terminology of mothers’ speech 

The term speech pertains to the vocalised sounds produced through articulation, fluency, 

and voice, according to clinical and technical guidelines. In contrast, the term language 

encompasses a broader system of communication, including comprehension, written forms, 

and non-verbal cues (Millard & Menzies, 2016). In policy and practice, the terms speech 

and language are often used interchangeably. In the research disciplines psychology, 

education, and linguistics, references to "speech delays" sometimes broadly imply language 

development issues (Malec et al., 2017; Quigley et al., 2024). In healthcare, "speech 

therapy" typically covers interventions targeting speech production and language 

comprehension. Public health campaigns frequently use "speech milestones" to describe 

general communication development, including speech and language (Ukrainetz & 

Fresquez, 2003). 

For this report, we use the term speech when referring to our measures of mothers’ 

vocabulary, lexicon, and grammar. This is to reflect the origin of our measures, which were 

derived from naturalistic speech samples, meaning that mothers spoke freely while their 

speech was recorded. Our terminology ensures that our measures are understood not to 

capture other components of language, such as comprehension, non-verbal 

communication, and written expression. We also wanted to avoid confusions with research 

on bilingualism or multi-lingual families, which can play a role – albeit one that was not 

studied here – for children’s differences in developmental and education-related outcomes.  
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increase children’s educational success often target the home language environment, 

focusing on mothers’ speech (Adamson et al., 2020; Haring Biel et al., 2020). However, the 

extent to which such interventions can meaningfully improve children’s outcomes remains 

unclear. In the current research, we tested associations between mothers’ speech and 

children’s differences in cognition, literacy, and educational achievement after children 

started primary school. Our findings therefore provide an estimate of how much change 

interventions targeting mothers’ speech are likely to achieve. 

 

In addition to mothers’ speech, we would have liked to include a measure of fathers’ speech 

in this study. Fathers are often overlooked in parenting research (Cabrera et al., 2018), 

despite fathers playing a significant role in children’s development, unique to the role of 

mothers (Jeynes, 2016; McWayne et al., 2013). Unfortunately, no data were available on the 

speech of fathers in our sample, so we were unable to include them in this research. 

 

Mothers’ child-directed and adult-directed speech 

Children’s language environments are diverse and dynamic, and mothers’ contributions to 

these environments change throughout children’s development. During infancy and into 

toddlerhood, the speech mothers direct at their children differs from the speech they use to 

address adults (Broesch, 2021; Jones et al., 2023). Mothers use shorter sentences (Furrow 

et al., 1979; Stern et al., 1983), simplified vocabulary (Cychosz et al., 2021; Fernald et al., 

1989; Rowe, 2012), and more conversational, turn-evoking speech (e.g. wh-questions; 

Rowe et al., 2017) when speaking to children versus adults. These features of mothers’ 

speech are specific to child-directed speech. They are essential in aiding children in 

reaching the first development milestones in speech and language acquisition (e.g., 

acquiring words and constructing simple sentences; Matychuk, 2005; Montag, 2019). The 

importance of the unique features of child-directed speech for children’s language 

development decreases as children reach advanced language milestones. For example, in 

vocabulary development, child-directed speech aids children in acquiring their first words, 

which tend to be concrete object nouns (e.g., ‘cat’ and ‘dog’). Child-directed speech is less 

influential when children acquire more abstract nouns such as ‘guilt’ or ‘justice’ (Reggin et 

al., 2021). Similarly, for the development of grammar, child-directed speech aids children in 

producing their initial sentences, which are as simple as multi-word combinations (e.g., ‘I’m 

hungry’). Later on, when children construct increasingly complex sentences with a multi-

clause structure (e.g., ‘I want to prepare food because I’m hungry’), associations with child-

directed speech are weaker (Balthazar & Scott, 2024). 
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As children mature, mothers’ child-directed speech increasingly resembles the speech that 

mothers also direct at adults: Mothers address one-year-old infants with speech that is 

distinct from the speech they direct at five-year-olds (Glas et al., 2018; Rowe, 2012) – an 

age by which the differences between child- and adult-directed speech start to blur (Liu et 

al., 2009). Adult-directed speech better reflects than child-directed speech the speech that 

children are exposed to during the years of formal schooling from the age of 5 years 

onwards. This alignment suggests that adult-directed speech may be particularly relevant for 

policy and educational interventions, as it more closely resembles the language demands 

children encounter in classroom settings and academic learning. In line with this logic, we 

hypothesised that mothers’ adult-directed speech would predict children’s development in 

domains that are nurtured through dialogue and other forms of language-based exchanges, 

such as school performance (van der Veen & van Oers, 2017) and literacy skills (Duff et al., 

2015). No previous study tested the predictions of mothers’ adult-directed speech for 

children’s long-term education-related outcomes. Our research here addressed this gap: We 

extracted mothers’ lexical diversity, vocabulary sophistication, and grammatical complexity 

from transcripts of their adult-directed speech when their children were 5 years old, and we 

then tested whether these adult-directed speech characteristics predicted children’s 

cognitive, literacy, and educational achievement from ages 5 to 18 years. 

 

The relationship between mothers’ and children’s speech  

The characteristics of mothers’ speech are associated with their children’s language 

development. A recent meta-analysis confirmed that the quantity and quality of mothers’ 

speech predicted their children’s expressive and receptive vocabulary across 52 studies that 

contained data from over 2,700 families (Anderson et al., 2021). These findings suggest that 

speaking more with your children through developmentally enriching communications aids 

children in grasping and utilising a wider variety of vocabulary (Anderson et al., 2021).  

 

The role of the quantity and quality of mothers’ speech for children’s language development 

is dynamic and evolves over time. The quantity of speech helps to initiate the language 

learning process, but the quality of speech becomes more important once children have 

developed the basic skills for processing speech (Golinkoff et al., 2019; Rowe, 2012). The 

quality of mothers’ speech, typically indexed by measures of lexical diversity and vocabulary 

sophistication, is key for advancing children’s language development beyond the early years 

and helps children master the challenges of primary and secondary education (Jones et al., 

2023; Rowe, 2012).  
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Vocabulary is an important characteristic of mothers’ speech. The diversity and rarity (i.e., 

sophistication) of mothers’ vocabulary correlate positively with the diversity of their children’s 

vocabulary (d’Apice et al., 2019; Rowe, 2012; Rowe & Snow, 2020). A similar picture has 

emerged for grammar: The grammar of mothers’ speech predicts the grammatical structure 

of children’s spoken sentences (e.g., the use of multiple clauses; Huttenlocher et al., 2002). 

Therefore, the more complex sentences that mothers use, the more complex their children’s 

sentences will be (Huttenlocher et al., 2010). Although previous studies tended to interpret 

associations between mothers’ and children’s speech in terms of causal environmental 

transmission effects, mothers’ speech is likely only one meaningful factor among many.  
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Box 3: Assessing mothers’ quality of speech 

For the current project, we assessed mothers’ quality, not the quantity of speech. We 

focused on mothers’ (a) lexicon, which included lexical diversity and vocabulary 

sophistication, and (b) grammatical complexity.  

 

(a) Lexicon. The lexicon captures the diversity and sophistication of mothers’ 

vocabulary. Lexical diversity reflects the variety of words a person uses: High 

diversity suggests that the speaker uses a wide range of different words with 

minimal repetition of the same words. For example, ‘The teacher taught the 

students, and the students listened to the teacher’ would reflect comparatively low 

lexical diversity, while the sentence ‘The teacher engaged the students, who paid 

close attention to her lesson’ shows higher lexical diversity as different words are 

used, and fewer words are repeated. 

 

Vocabulary sophistication indexes the complexity and rarity of words in speech. 

On average, people’s vocabulary comprises about 27,000 words (Brysbaert et al., 

2016). Yet, most everyday speech relies on common words that are learnt early in 

development (e.g., basic nouns like ‘house’ and ‘food’ and verbs like ‘have’ and 

‘walk’; Weizman & Snow, 2001). The Dale-Chall Word List (Chall & Dale, 1995) is 

a collection of 3,000 words identified as common, in the way that they are easily 

used and understood by most 4th-grade U.S. students (approximately 9-10 years 

old). Because vocabulary sophistication involves using words that are not 

common, the Dale-Chall list can help identify sophisticated vocabulary within 

speech: Those words that are not contained in the Dale-Chall Word List.  

 

(b) Grammar. Grammar refers to the rules that govern how we structure words and 

construct sentences to communicate meaning. Grammar in speech can be 

measured on a continuum from simple single-clause sentences (e.g., ‘I eat an 

apple’) to multiple-clause sentences with increasingly complex grammatical 

structures (e.g., ‘I haven’t had time to eat lunch, so I need to eat an apple’; 

Nippold et al., 2014). The complexity of these structures can be quantified, for 

example through the number of verbs that are used per utterance, proportion of 

complex clauses, and mean length of utterance (MLU). MLU is calculated by 

averaging the number of morphemes per utterance (the smallest units of 

meaning, such as "eat" or the plural "-s"). A higher number of verbs per utterance, 

higher proportion of complex clauses and higher MLUs tend to indicate greater 

grammatical complexity in speech, such as embedded clauses and varied 

sentence types. 
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For this project, we capitalised on qualitative, adult-directed interviews that were collected 

from a population-representative cohort study of families. Mothers’ lexical diversity, 

vocabulary sophistication, and grammatical complexity were extracted from the transcripts 

these interviews (see Box 3 for details on the assessment of mothers’ quality of speech). 

Lexical diversity captures the range of different words mothers use in their speech, while 

vocabulary sophistication indexes how many rare words mothers use (Rowe, 2008; 

Weizman & Snow, 2001). Grammatical complexity was inferred from the complexity of 

mothers’ speech at the sentence level (e.g., by calculating the number of verbs and clauses 

used per utterance as well as the average length of each utterance), with higher scores 

reflecting greater grammatical complexity.  

 

 

Mothers’ socioeconomic status and their speech  

In social science research, SES is often inferred from educational attainment, household 

income, and occupation (e.g., Bradley & Corwyn, 2002; Duncan & Magnuson, 2012). 

Research has consistently shown that children from higher SES families have advantages in 

educational achievement (von Stumm, Cave, et al., 2022) and attainment (Stopforth et al., 

2021), as well as many other areas (see also above). SES indexes the resources available 

to families (see Box 1 above), including access to educational resources and learning 

opportunities that shape children’s developmental environments. 

 

Based on their seminal research, Hart and Risley (1995, 2003) coined the term of the ‘30-

million-word gap’ between children from lower and higher SES family backgrounds during 

their early years. This work highlighted early language exposure as a potential mechanism 

linking socioeconomic background to later developmental outcomes. Later research into the 

SES-related differences in mothers’ speech confirmed that the quantity and the quality of 

mothers’ speech varies as a function of their SES (Hirsh-Pasek et al., 2015; Hoff, 2003; 

Rowe, 2008). On average, mothers described as high SES tend to use more complex and 

diverse vocabulary and sentences than those identified as mid to low SES (d’Apice et al., 

2019; Hoff, 2003; Huttenlocher et al., 2010; Rowe, 2012). Together, these findings suggest 

that children’s early language environments systematically differ as a function of family 

background. 

 

The SES-related differences in mothers’ speech mean that children’s early life language 

experiences are conditioned by their family background (Hoff, 2013). This disparity in 

children’s language experiences may then become reflected in children’s language 
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development, with children from lower SES households lagging behind in their same-aged 

peers from higher SES households (Clegg & Ginsborg, 2006; Fernald & Weisleder, 2015). In 

one study, for example, children from low-income families knew 30% fewer words than 

children whose parents were part of a middle-income group (Frank et al., 2021). Based on 

these and other findings, a model for the transmission of family background inequality in 

education emerged, which is illustrated in Figure 2. In essence, this model positions 

mothers’ speech as a key link between socioeconomic conditions and children’s 

developmental outcomes (cf. Pace et al., 2017; Rowe, 2018).  

 

Figure 2: Pathway from mothers’ socioeconomic status (SES) to children’s 
early language environments 

Note: This model reflects the hypothesis that  mothers’ SES, inferred from education, 
occupation, and household income, influences their speech, including lexical diversity, 
vocabulary sophistication, and grammatical complexity, that in turn shapes children’s 
language environments.  

 

The mechanisms that drive the associations between SES indicators and mothers’ speech 

are poorly evidenced to date. Many hypotheses suggested that mothers’ educational 

qualifications should have the most robust relations with their speech (Hartas, 2011), for 

example, because spending more time in formal education helps with developing lexical 

diversity, vocabulary sophistication, and grammatical complexity (Hoff, 2003; Hoff-Ginsberg, 

1998). The reverse direction of influence is equally plausible: Having greater lexical diversity, 

vocabulary sophistication, and grammatical complexity may facilitate engaging in formal 

education for longer. Inferring the direction of causality from observational data for complex 
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associations like this is difficult (Starr, Oginni, et al., 2024) and thus, we can only speculate 

about the origin of associations between mothers’ education and their speech. As a result, 

while associations between SES and mothers’ speech are well established, the direction and 

underlying mechanisms of these relationships remain uncertain. 

 

The pathways through which household income and occupation influence mothers’ speech 

are even less well understood. Lower household income levels can increase cognitive load 

and stress, both of which have been associated with mothers talking less to their infants 

(Ellwood-Lowe et al., 2022; Roby & Scott, 2022). However, the mechanisms by which 

income and occupation affect the quality of mothers’ speech have not yet been directly 

tested. Likewise, how strongly SES indicators predict mothers’ speech relative to each other 

(e.g., education versus income) has not been systematically compared. Therefore, it remains 

unclear whether associations between mothers’ speech and their socioeconomic 

background vary across SES indicators, and if and in what ways such variations may be 

meaningful.    

 

Mothers’ speech and family background inequality  

 

To examine this pathway more closely, Figure 3 illustrates how mothers’ speech may serve 

as a pathway in the transmission of family background inequality in education. We propose 

two complementary explanations for how mothers’ speech may influence children’s 

outcomes. The two hypotheses as to why mothers’ speech may predict children’s education-

related outcomes are (a) differences in abilities (i.e., in learning skills) and (b) in the 

familiarity with linguistic codes that prevail in formal education settings. Accordingly, we 

differentiated children’s education-related outcomes into two categories, including learning 

skills on the one and educational achievement on the other hand. We use the term learning 

skills to describe children’s basic capacities for processing information and acquiring 

knowledge, such as cognition and literacy. By comparison, the term educational 

achievement refers to the extent to which these capacities are realised within formal 

education. This distinction allows us to differentiate between underlying capacities for 

learning and their expression in formal educational settings. 

   

(a) Differences in ability. Children’s differences in language ability at school entry predict 

their learning skills that in turn underpin their educational achievement (Pace et al., 

2019). Here, we focused on two crucial learning skills: cognition and literacy 

(Marchman & Fernald, 2008; Perszyk & Waxman, 2018). Cognition is the 
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developmental domain involving mental processes like memory, problem-solving, 

language and reasoning that enable children to understand and interact with the 

world. Literacy is the domain focused on the ability to read, write, and interpret 

written language. The exposure to high-quality speech benefits verbal and non-verbal 

cognition because it helps categorise thoughts, improving memory, and enhancing 

executive function (Perszyk & Waxman, 2018). Exposure to high-quality speech also 

advances phoneme segmentation, which refers to the ability to recognise and 

separate the sounds of speech. The ability to recognise the individual sounds that 

form the words used in speech aids language development, as well as learning to 

read and acquiring literacy (Dickinson et al., 2010; Dickinson & Porche, 2011). In 

sum, the ‘differences in abilities’ hypothesis proposes that children’s differences in 

exposure to speech during the early years manifest in differences in children’s 

cognition and literacy skills. These skills are key to doing well in education and have 

far-reaching influence on all achievement- and performance-related outcomes, 

because they are basic abilities. In short, this account emphasises that early 

language exposure shapes foundational skills that support later learning and 

performance. 

 

(b) Familiarity with linguistic codes. By contrast, an alternative hypothesis to the 

‘differences in abilities’ model is that SES differences in speech environments 

account for differences in children’s familiarity with the linguistic codes that prevail in 

formal education settings (Baugh, 2017; Bernstein, 1971; Cushing, 2021; Dudley-

Marling & Lucas, 2009). Related linguistic codes also feature in other achievement 

and performance contexts, like in the workplace (Roberts, 2010). Children raised with 

fewer opportunities to learn these linguistic codes or styles may – unwittingly – 

communicate in language patterns that lead to stereotyping, ridicule, discrimination, 

and exclusion (Kircher & Fox, 2021; Spencer et al., 2013). As a result, small 

achievement gaps that are observable during the early school years may persist and 

deepen throughout education because of children’s ways of speaking (Lippi-Green, 

2011). The ‘familiarity with linguistic codes’ hypothesis implies that educational 

disadvantages due to early life speech environments can be attributed to differences 

in speech mannerisms (cf. ‘habitus’), and perhaps more so than to differences in 

children’s cognition and literacy skills (i.e., ‘differences in abilities’ model). This 

perspective highlights how social norms around language use may influence 

educational success independently of underlying cognitive abilities. 
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The two hypotheses (a and b) are not mutually exclusive: Accepting one does not 

imply rejecting the other, and both are likely to contribute to explaining the link 

between children’s speech environments and their later education outcomes. 

Instead, they likely capture different but complementary pathways through which 

early language environments shape educational outcomes. However, it is also 

plausible that each hypothesis plays a distinct role for children’s education-related 

outcomes, when these are differentiated into learning skills and educational 

achievement (see Figure 3). That is, the ‘differences in ability’ model is likely to 

account better for the association between children’s language environments and 

their learning skills than the ‘familiarity with linguistic codes’ hypothesis. Conversely, 

the latter hypothesis pertains more to children’s differences in educational 

achievement than their differences in learning skills.  

 

 

Figure 3: Pathway from mothers’ socioeconomic status (SES) to children’s 
education-related outcomes 

Note: This model extends Figure 2 to i l lustrate how influence on children’s education-
related outcomes passes through mothers ’ SES and speech and children’s language 
environments via the ‘di fferences in abilities ’ model and the ‘familiarity with l inguistic 
codes’ hypothesis.  
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Children who start primary school with advanced language skills often continue to improve 

relative to their peers in educational achievement and attainment that in turn lead to positive 

life outcomes (Johnson, Beitchman, & Brownlie, 2010; Snow & Powell, 2012). This 

phenomenon is likely due to children’s differences in both their abilities and in their familiarity 

in linguistic codes that are prevalent in formal education settings.  

 

 

Disentangling the gene-environment interplay  

Prior research on the role of mothers’ speech in the transmission of family background 

inequality in education often adopted a so-called ‘environmentalist’ perspective. 

Environmentalist perspectives on child development assume that children are akin to ‘empty 

vessels’ that can be filled up with environmental experiences. Depending on how enriching 

and beneficial these environmental experiences are, children will develop differently. Applied 

to the context of our project, mothers’ speech may be understood as an environmental input 

factor that children experience. This experience, in turn, affects children’s language 

development, as well as their cognition, literacy, and educational achievement (Furrow et al., 

1979). This perspective offers promise and scope for interventions that aim to improve 

children’s language and education-related outcomes. For example, aspects of mothers’ 

speech – such as lexical diversity – that benefit children’s language learning and that are 

modifiable could be targeted by interventions to improve children’s language development. 

We refer to this as the classic model of transmission, where mothers create environments 

that influence their children’s outcomes and that can be effectively changed (i.e., these 

environments are modifiable). In essence, this model assumes that differences in children’s 

outcomes are primarily driven by differences in their environments. 

 

However, this perspective does not fully account for the role of genetics. In most studies of 

relations between the environments that parents expose their children to and children’s 

developmental differences, mothers and children are genetically related. It follows that 

within-family associations between mothers’ speech and children’s language might not just 

due to environmental effects but can also stem from shared genetic influences. In other 

words, when a mother and her child use sophisticated vocabulary in their speech, this 

resemblance is partly due to their shared language-related genes, not just how the mother 

speaks to the child. Here, children’s differences in the environmental experience of mothers’ 

speech would be a ‘by-product’ of genetics rather than the true cause for the association 

between mothers’ speech and children’s language development. This type of ‘by-product’ is 

known as genetic confounding, where genetic influences account for some or all the 
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association between a putatively environmental factor and children’s developmental 

outcomes. In other words, what appears to be an environmental effect may partly reflect 

shared genetic influences between parents and children. A full definition of genetic 

confounding, as well as definitions of all genetic terms use in this report, which when first 

used are marked in bold below, can be found in the glossary (p.78-80).  

 

Genetic confounding does not invalidate the classic model of transmission per se, but it 

helps disentangle genetic and environmental pathways of transmission (see Figure 4). 

Disentangling true environmental causes from genetic confounding is key to estimating the 

extent to which interventions may be effective: If associations between environment and 

outcome are largely due to genetic confounding, big changes to the environment will achieve 

little change in the outcome. One of our current project’s aims was to disentangle the genetic 

from the environmental influences on the role of mothers’ speech in the transmission of 

family background inequality in education. This distinction is crucial because it determines 

how much change we can realistically expect from interventions targeting the environment. 

 

  

Figure 4: The role of genetic influences on children’s education-related 
outcomes 

Note: Paths shown in green il lustrate genetic influences, while blue paths index 
putatively environmental effects. Paths from mothers’ genetic propensity (i.e., the 
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tendency to behave in certain ways because of inherited DNA differences) for language 
onto environmental effects index genetic confounding. Paths from children ’s genetic 
propensity for language to education-related outcomes reflect genetic influences on 
children’s learning skil ls and educational achievement .  

 

Finding genetic influences: A brief note on heritability  

To explore the role of genetics in the classic transmission model, we need to consider to 

what extent the differences between traits and behaviours (e.g., language and educational 

achievement) are heritable. To address this issue, it is necessary to understand how genetic 

influences are quantified. This section briefly outlines what heritability is and how it is 

inferred in traditional twin study and adoption study designs, as well as via recent molecular 

genetic methods that were applied in the current research. The section below also 

addresses common misconceptions about heritability, emphasising the importance of 

nuanced interpretations of findings on the gene-environment interplay.  

 

The statistic of heritability  

Heritability is a statistical estimate that describes the proportion of the differences (or 

variation) observed between people in a trait or behaviour that can be attributed to their 

genetic differences. Heritability has traditionally been inferred from twin and adoption 

studies, which compare the resemblance in behaviours among relatives of different degrees 

of genetic relatedness. For example, monozygotic twins, also referred to as identical twins, 

are genetically identical and share 100% of their inherited DNA differences. In contrast, 

dizygotic twins share only 50% of their segregating genes, similar to other fraternal siblings 

that were born to the same biological parents in independent pregnancies. Comparisons of 

the resemblance in a trait between monozygotic and dizygotic twins allows drawing 

inferences about the heritability of traits. If genetically identical twins show greater similarity 

in a trait or behaviour compared to non-identical twins, differences in the trait must be, at 

least partly due, to differences in genetics (i.e., differences in the trait are heritable to some 

degree). Importantly, heritability does not indicate how “genetic” an individual is, but rather 

how much genetic differences contribute to variation within a population. A vast body of 

empirical research using twin and adoption designs has shown that virtually all human traits 

and behaviours are heritable, and on average quite substantially so (Polderman et al., 2015). 

Accordingly, children’s differences in cognition (Haworth et al., 2010), language (Stromswold, 

2001), and educational achievement (De Zeeuw et al., 2015) are also heritable.  

 

It is important to note that twin and adoption studies do not directly measure genetic 

variation (i.e., DNA) at the individual level but rely on latent estimates of genetic influences 
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by comparing variances across different groups (i.e., relatives of different degrees of genetic 

relatedness). More recently, research has begun to use molecular-genetic methods to study 

genetic influences on individual differences. The findings from these molecular-genetic 

studies generally corroborated those from twin and adoption studies that traits and 

behaviours are heritable, although they achieve on average lower estimates of heritability 

(see Plomin & von Stumm, 2018 for details on discrepancies in heritability estimates across 

methods).  Together, these approaches provide converging evidence that genetic influences 

are widespread across human traits. 

 

(Mis)interpreting findings of genetic influences  

Despite their importance, heritability estimates are often misunderstood. Four common 

misinterpretations are outlined below.  

 

The first is that heritability refers to individuals rather than populations. For example, a 

heritability estimate of 40% is misinterpreted to mean that 40% of an individual’s behaviours 

are influenced by genetics, and the rest (i.e., 60% of the person’s behaviour) is due to their 

environment. Yet, the correct interpretation of heritability is that 40% of the differences 

between individuals in a population can be attributed to the genetic differences between 

them.  

 

A second common misinterpretation is that heritability is fixed and does not vary across time, 

age, or other characteristics of the population being studied. However, estimates of 

heritability can vary and do quite considerably so. For example, heritability estimates for 

cognitive ability range from approximately 40% in childhood to 60-70% in adolescence and 

adulthood (Haworth et al., 2010). Equally, finding high heritability does not mean that 

people’s differences are immutable. Height serves as an example: About 80% of people’s 

differences in height are heritable (Visscher, 2008), meaning that the vast majority of 

differences in people’s height is due to their genetic differences. Yet, the average height of 

people has increased substantially since the beginning of the 20th century (NCD Risk Factor 

Collaboration (NCD-RisC), 2016). An extreme example comes from South Korea, where the 

average height increased by 18cm over the course of a hundred years from 1896 to 1996. 

This compares to an increase of 8cm in average height globally over the same time period 

(NCD Risk Factor Collaboration (NCD-RisC), 2016). Changes to the gene pool cannot 

explain such dramatic, population-wide gains in height over 100 years because evolutionary 

processes tend to occur at a much slower pace.  
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A third common misinterpretation is that heritability is caused by a single gene (e.g., ‘the 

gene for intelligence’). However, genetic research has shown that people’s differences in 

traits and behaviours are ‘polygenic’. That is, trait and behaviour differences are influenced 

by thousands of genetic variants (i.e., polygenic) that are spread across the genome (i.e., a 

person’s entire set of genetic variants) rather than any one single genetic variant (cf. 

monogenic). Each of these thousands of genetic variants likely only shares a minuscule 

association with people’s differences in a trait or behaviour, but collectively they can index 

genetic risk or resilience for an outcome.  

 

Finally, there is the misconception that genetic and environmental influences are entirely 

independent and even oppose one another (as exemplified in the expression “nature versus 

nurture”). Yet, genetic and environmental influences are intertwined by a complex interplay, 

meaning that they correlate and interact with each other. Taken together, these points 

highlight that genetic influences are probabilistic, context-dependent, and intertwined with 

environmental factors. 

 

Causal inferences in genetically sensitive studies 

These complexities have important implications for causal inference in studies of parenting 

and child development. The finding that genes and environments do not operate 

independently of one another complicates the interpretation of genetic influences. It also 

complicates the interpretation of influences typically considered environmental, such as 

parenting. That is, if a study observes an association between an aspect of parenting, for 

example how often parents read to their child, and a child outcome, such as children’s own 

reading abilities, this association could be due to confounding by genetic influences. Genetic 

confounding could occur if parents’ genes are associated with their parenting and are also 

passed on to their children in whom they influence traits or behaviours (Wertz et al., 2019). 

An alternative pathway of genetic confounding could also occur if children’s genes influence 

both the parenting they receive and their traits or behaviour. In both scenarios, associations 

between parenting and children’s outcomes may not reflect a causal effect of parenting on 

children (i.e., what is typically thought of as ‘nurture’). Instead, parenting may merely be a 

marker of parents’ or children’s genetic predispositions (Knafo & Jaffee, 2013; Moffitt, 2005). 

As a result, observed associations between parenting and child outcomes do not necessarily 

imply that parenting causally shapes those outcomes. 

 

To rule out genetic confounding, genetic influences need to be controlled for. One approach 

to do this, which we used in the current project, is to measure the genetic propensities of 
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parents and children, and control for them when testing associations between parenting and 

children’s outcomes. Genetic propensities can be indexed by ‘polygenic scores’ that are 

aggregates that capture the effects of thousands of DNA variants across a person’s genome 

on a person’s traits or behaviours. In simple terms, polygenic scores summarise an 

individual’s genetic propensity for a given trait based on many small genetic effects. 

Polygenic scores can be constructed based on the results of genome-wide association 

studies (GWAS), which test links between genetic variants and traits and behaviours (for 

more detail, see Box 4). For example, a GWAS of educational attainment in over a million 

people identified genetic variants associated with how much education a person completes 

(Lee et al., 2018). Each of these variants alone explained very little difference in educational 

attainment, but together, combined in a polygenic score, they explain approximately 16% of 

people’s differences in educational attainment (Wilding et al., 2024). This means that genetic 

differences account for a meaningful, but not complete, portion of variation in educational 

attainment. This phenomenon is known as polygenicity, where many DNA variants are 

associated with one target trait (here educational attainment). The effect size of polygenic 

scores in predicting educational attainment is considerable. By comparison, school quality 

ratings (i.e., Ofsted) explain less than 1% variance in end-of-compulsory school grades after 

accounting for prior school performance and family background (von Stumm et al., 2020). 

This comparison illustrates that genetic influences can be substantial, although they operate 

alongside many environmental factors. 
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If polygenic scores are available for parents and children, these can be used to control for 

genetic confounding in analyses of associations between parenting and child outcomes. This 

approach is similar controlling for confounding by other variables (e.g., age, sex, SES) in 

analyses of observational data. Genetic confounding is indexed by the extent to which 

associations between parenting and child outcomes are reduced after including parents’ and 

children’s polygenic scores. Equally, nurture effects can be inferred from the extent that the 

association between parenting and child outcomes remain when including parents’ and 

children’s polygenic scores. Nurture refers to parenting influences on children’s traits and 

behaviours that are independent of genetic confounding. Figure 4 above illustrates how 

genetic confounding can occur. 

 

Associations between genes and environment do not always lead to genetic confounding. 

Another possibility is that genetically influenced parenting still affects children’s educational 

attainment. For example, even if parents’ genetics influence how often they read to their 

child, the reading frequency may affect children’s educational achievement, over and above 

Box 4: Constructing polygenic scores 

A person’s genome is their complete set of genetic information, made up of a unique 

sequence of DNA pairs written with four letters (A, T, C, and G). Genome-wide association 

Studies (GWAS) test associations between genetic variants that differ between people and 

people’s differences in a phenotypic target trait, such as educational attainment. The genetic 

variants that differ between people are called single-nucleotide polymorphisms (SNPs). They 

are the smallest unit of genetic differences between people (i.e., single = at one locus only; 

poly = many; morphism = forms). SNPs are like tiny "spelling differences" in the genetic code 

that occur between people. Only about 0.2% of the human genome features such spelling 

differences, meaning that there are about 3-4 million SNPs that differ between across the 

genomes of two individuals. The remainder of our genomes’ 3.2 billion base-pairs is the 

same between people. The summary statistics from GWAS index which SNPs are 

associated with a phenotypic target trait, and how strong these associations are. Information 

from the summary statistics can then be used to score genotype data that is available in a 

sample of individuals. That is, for each individual in the sample, SNPs associated with the 

target phenotype are weighted by their estimated strength of association and added to build 

a polygenic score that reflects an individual person’s genetic propensity for the phenotypic 

target trait. Thus, polygenic scores are aggregates of individual DNA variants that differ 

between people, indexing the probability of a person to express a phenotypic trait.  
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children’s own genetic propensities. This possibility has been referred to as ‘genetic nurture’, 

or alternatively ‘nature via nurture,’ because it is an effect of parents’ genes that is mediated 

by phenotypic parenting. Recent research provides some evidence that parents’ genetic 

propensities for educational attainment influence children’s educational success, even if 

these genes are not passed on from parent to child (cf. Starr et al., 2025). Again, this 

possibility can be tested using polygenic scores. If parents’ polygenic scores predict 

children’s outcomes, such as educational achievement, even after controlling for children’s 

own polygenic scores, this would suggest genetic nurture. It is then possible to test whether 

there are any environmental variables that mediate this effect, including, for example, 

parenting behaviours like joint book reading (Wertz et al., 2020). Using this approach makes 

it possible to test how nature and nurture combine to influence children’s development.  

 

Polygenic scores: A brief introduction  

The early 2000s saw the decoding of the human genome (International Human Genome 

Sequencing Consortium, 2001) and the mapping of the genomic variation in human 

populations. Decoding the human genome means identifying and understanding the 

complete set of DNA instructions that make up who we are, similar to translating a massive 

book written in a unique language made of only four "letters" (A, T, C, and G). By "reading" 

this genetic code, scientists can learn about what makes us unique and map the variation of 

this code in human populations (Gibbs et al., 2003) 

 

The decoding of the human genome has made it possible to identify the DNA variants that 

drive the heritability of phenotypic trait differences. These DNA variants, known as single-

nucleotide polymorphisms (SNPs), mark the smallest unit of genetic differences between 

people (see also Box 4). For instance, in the ‘book’ of our genome, this would be the 

difference between having an ‘A’ or a ‘C’ as the first letter on a page. The SNPs that drive the 

heritability of a phenotypic trait can be identified in so-called genome-wide association 

studies (GWAS). GWAS test associations between people’s SNPs and their differences in a 

target phenotypic trait. GWAS then produce summary statistics that reflect the strength (i.e., 

effect size) and direction with which SNPs are associated with the target phenotype (Choi et 

al., 2020). To use our book analogy, they identify differences in the letters of our book, relate 

them to differences in our traits, and measure the strength of this relationship. These GWAS 

summary statistics enable computing polygenic scores in independent samples, for whom 

genotype data are available. They do this by aggregating the SNPs identified in the GWAS, 

weighed by their effect size (Choi et al., 2020; Pasaniuc & Price, 2017). Polygenic scores 

therefore reflect person-specific estimates of genetic propensities for a given target 
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phenotype (Plomin & von Stumm, 2018). In other words, an individual’s polygenic score is a 

‘risk score’ for a given trait, based on the differences in the letters in their genomic book.  

 

Polygenic scores are unique predictors of psychological traits, in the way they are stable 

across the lifespan (i.e., they are as predictive of adult outcomes during childhood as they 

are in adulthood), unaffected by self-report biases (i.e., one cannot inflate or fake their 

polygenic scores), and preclude backward causation (i.e., inherited DNA differences are 

unchangeable by behavioural or environmental factors; Plomin & von Stumm, 2018). 

Polygenic scores can be modelled in statistical analyses, just like scores from psychometric 

tests or other psychological measures. While polygenic scores may be powerful predictors of 

people’s phenotypic differences, they do not necessarily cause these differences. They are 

probabilistic rather than deterministic or causal predictors of phenotypic outcomes (Asbury et 

al., 2021; Harden, 2021; Plomin & von Stumm, 2022), and they also capture environmental 

influences (Okbay et al., 2022; Selzam et al., 2019; Starr et al., 2025).  

 

Polygenic scores for children’s educational achievement  

To date, four large-scale GWAS have been published that used ‘years spent in full-time 

education’ as target trait (Wilding et al., 2024). The sample sizes of these GWAS increased 

over time, from just under 130,000 participants in 2013 to over 3 million participants in 2022 

(Wilding et al., 2024; Figure 5). As the GWAS sample sizes increased, so did the predictive 

validity of polygenic scores based on the GWAS’ summary statistics for educational 

attainment (Wilding et al., 2024). In 2013, polygenic scores could explain ~2% of people’s 

differences in educational attainment (Rietveld et al., 2013). By 2022, polygenic scores 

explained more than 14% of people’s differences in educational attainment (Okbay et al., 

2022). While not directly comparable to intervention effect sizes, these estimates are 

sizeable: many education interventions yield effects that are modest in magnitude and 

account for a smaller share of variation in outcomes. A meta-analysis estimated that the 

polygenic scores for years spent in education based on Lee et al.’s (2018) GWAS accounted 

for up 25% of the variance in educational achievement (Wilding et al., 2024; see details 

below).  
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Figure 5: Polygenic score prediction of years spent in education across GWAS 

Note: For each GWAS for educational at tainment (EA), the year of publication (in 
parentheses) is shown along the  x-axis, and the discovery sample sizes are given 
above their respective bar. Bars indicate the weighted mean proportion of variance 
(R2) of polygenic score predictions of educational attainment in the independent 
samples that were reported in the original GWAS articles. Error bars reflect 95% 
confidence intervals (CIs).  Gray ci rcles reflect the polygenic score prediction from each 
independent sample, whose  N is indexed by circle size. The figure was adapted from 
Wilding et al. (2024).  

 

Polygenic score predictions of educational attainment are sizeable across studies and 

samples (Wilding et al., 2024). Likewise, polygenic scores for years spent in full-time 

education are powerful predictors of children’s differences in educational achievement, 

including school grades, teacher ratings, and scholastic test scores. The meta-analytic 

association in data from 83,788 participants between polygenic scores and educational 

achievement was 0.50 (95% CI from 0.39 to 0.61), which is considered a large effect 

(Wilding et al., 2024). The effect size means that a Standard Deviation increase in polygenic 

scores for years spent in education is associated with a difference of about two GCSE 

grades, according to the latest GCSE scoring system (i.e., 1 to 9, with a mean of 4.80, and 

SD of 2.1; https://epi.org.uk/publications-and-research/analysis-gcse-results-day-2024/).  

https://epi.org.uk/publications-and-research/analysis-gcse-results-day-2024/


SPEECH & EDUCATION 

 38 

 

Several other GWAS have been published for other phenotypic traits that are related to 

children’s educational achievement. For example, polygenic scores can be computed for 

intelligence (Savage et al., 2018), a trait that is closely related to children’s differences in 

educational achievement (Deary et al., 2007). A recent meta-analysis found a meta-analytic 

association between polygenic scores and intelligence test scores of .25 (CI 95% 0.18 to 

0.30) in 452,864 participants, including adults and children (Oxley et al., 2024). This 

association translates into an IQ point difference of about 4 IQ scores per Standard 

Deviation change in polygenic scores. Other GWAS that likely captured DNA variants 

relevant for children’s educational achievement targeted language-related phenotypes, 

including reading ability, dyslexia, and preschool vocabulary (Doust et al., 2022; Eising et al., 

2022; Verhoef et al., 2024). Only for one of these GWAS, polygenic score predictions have 

been reported (Doust et al., 2022). Polygenic scores for dyslexia explained around 4% of the 

variance in reading and spelling measures in samples of adults and adolescents (Doust et 

al., 2022). Overall, multiple GWAS have been published that allow computing polygenic 

scores for children’s education-related traits. On average, these polygenic scores tend to be 

significantly and positively associated with education-related traits in independent samples, 

albeit effect sizes vary. 

 

For the current project’s analyses, we summed multiple polygenic scores across three 

GWAS studies. The first GWAS specified years spent in full-time education as target trait 

(Lee et al., 2018). This GWAS is the foundation of a vast number of polygenic score studies 

in education, because it achieved the great power to detect relevant DNA variants (see 

above and Figure 5). The summary statistics of the GWAS for years spent in full-time 

education (Lee et al., 2018) have been openly shared in full, enabling the computation of 

polygenic scores with high predictive validity in E-Risk. Years spent in full-time education is a 

broad trait that is associated with all constructs that are key to this research, including 

mothers’ SES and speech and children’s cognition, literacy, and educational achievement. 

We also built polygenic scores from two further GWAS that were more specific to verbal 

abilities, including reading- and language-related skills (Eising et al., 2022) and dyslexia 

(Doust et al., 2022). These GWAS have much smaller discovery samples than the one for 

years spent in education. Accordingly, polygenic scores based on these two GWAS tend to 

have lower predictive validity than the polygenic scores for years spent in education. Yet, we 

included polygenic scores based on these ‘smaller’ GWAS here to capture a broad range of 

genetic variants associated with education and speech in both mothers and children. 
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Our project’s approach   

To elucidate the role that mothers’ speech plays for transmitting family background inequality 

in education (Golinkoff et al., 2019; Hoff, 2013; Kidd et al., 2018), we adopted a multifaceted 

methodology that addressed several gaps in previous research. 

 

First, we capitalised on data collected from a socioeconomically diverse sample of mothers 

in England and Wales when their twin children were 5 years old and starting primary school 

(Caspi et al., 2004). The mother-child trios participated in E-Risk, a UK cohort study of twin 

families, who were identified via the Office for National Statistics’ multi-birth register (Moffitt & 

E-Risk Study Team, 2002) and represent the full range of Britain’s socioeconomic conditions. 

E-Risk families’ residential addresses have been matched to the UK Index of Multiple 

Deprivation distribution: 25% of the families lived in Britain’s wealthiest and 25% in the 

poorest areas (Odgers et al., 2012). Also, because E-Risk has suffered minimal attrition 

since its inception (~5%), in contrast to many other longitudinal studies (Gustavson et al., 

2012), the sample’s representativeness remained intact over time. Using a large 

representative sample enhances the generalisability of our findings. Unlike previous studies, 

which often focused on small and homogeneous populations (d’Apice et al., 2019; Nielsen et 

al., 2017), our sample allowed us to examine various family backgrounds and their 

associations with mothers’ speech and children’s education-related outcomes. 

 

Prior studies in this area have primarily focused on speech that children are exposed to 

during the early years when they first acquire language (Hart & Risley, 1995; Rowe, 2018), 

but little attention has been paid to the role of mothers’ speech when children are of school 

age. Earlier studies also failed to test long-term associations between mothers’ speech 

characteristics and children’s educational achievement over the school years, which coincide 

with the transition from childhood to adolescence. Our analyses here spanned children’s 

educational outcomes from age 5 through 18 years. This broad age range allowed testing 

whether associations between mothers’ speech and children’s education-related outcomes 

persist over the course of primary and secondary school years. Previous studies in this area 

only reported on children’s development during the early years but not over the course of 

formal education. 

 

We also incorporated genetic measures (i.e., education polygenic scores) to disentangle the 

gene-environment interplay in the transmission of family background inequality. Using 

polygenic scores for both mothers and children allowed us to control for genetic confounding 

and to assess the extent to which the transmission of family background inequality occurs 
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through environmental pathways, specifically mothers’ speech. Our genetically sensitive 

research design helps elucidating the extent to which associations between mothers’ speech 

and children’s education-related outcomes can be attributed to their shared genetics, to 

environmental factors that are genetically driven by the parents (i.e., genetic nurture), and to 

environmental influences that are independent of genetics (i.e., nurture). Overall, our 

approach provides a comprehensive examination of the role of mothers’ speech in 

perpetuating family background inequality, offering new insights for future research, policy, 

and interventions aimed at reducing educational inequality. 

Aims and Research Questions  

Our principal aim was to address four key research questions: 

 

1. Does family background predict mothers’ speech? We tested whether mothers’ 

lexicon and grammar varied as a function of their SES (i.e., occupation, educational 

attainment, and household income). Each socioeconomic indicator was modelled 

independently to its prediction of mothers’ differences in speech.   

2. Does mothers’ speech predict their children’s education-related outcomes? We 

tested whether mothers’ speech predicted children’s education-related outcomes 

from age 5 through 18 years, focusing on (a) cognition and literacy (as indicated by 

standardised tests; Torgersen et al., 1999; Wechsler, 1989), and (b) educational 

achievement (English and Mathematics performance as rated by teachers), as well 

as on children’s educational attainment (i.e., highest educational qualification 

obtained at age 18 years).   

3. Does mothers’ speech mediate the association between family background and 

education-related outcomes? We tested the extent to which mothers’ speech 

mediated the influence of family background, operationalised by mothers’ SES, on 

children’s educational-related outcomes. 

4. To what extent is the role of mothers’ speech in the transmission of family 

background inequality in education influenced by genetics? To answer our fourth 

research question, we incorporated mothers’ and children’s genetic propensities for 

language and education-related outcomes, as captured by polygenic scores, in our 

analyses.  
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Methodology  

The sample  

Data came from the Environmental Risk (E-Risk) Longitudinal Twin Study, which tracks the 

development of 2,232 British twin children who were drawn from a larger birth register of 

twins born in England and Wales in 1994 and 1995 (Trouton et al., 2002). Full details about 

the sample are reported elsewhere and available online (www.eriskstudy.com; Moffitt & E-

Risk Study Team, 2002). To summarise, the E-Risk sample was constructed in 1999 to 2000 

when 1,116 families (93% of those eligible and of whom 90.4% were Caucasian) with same-

sex 5-year-old twins participated in home-visit assessments. This sample comprised 56% 

monozygotic and 44% dizygotic twin pairs; sex was evenly distributed within zygosity (49% 

male). Families were recruited to represent the UK population of families with newborns in 

the 1990s, on the basis of residential location throughout England and Wales and mothers’ 

age (i.e., older mothers having twins via assisted reproduction were under-selected and 

teenage mothers with twins were over-selected). This resulted in a sample of families which 

were representative of the distribution of neighborhood socio-economic status across the UK 

population (Odgers et al., 2012).  

 

Follow-up home visits were conducted when children were aged 7, 10, 12, and 18 years 

(participation rates were 98%, 96%, 96%, and 93%, respectively). Home visits at ages 5, 7, 

10, and 12 years included assessments with participants and their mother (or primary 

caregiver); a different interviewer assessed each participant in a twin pair. With parents’ 

permission, questionnaires were posted to the children’s teachers, who returned 

questionnaires for 94% of children at age 5, 91% of the 2,232 E-Risk children (93% of those 

followed up) at age 7, 86.3% of the 2,232 E-Risk children (90.1% of those followed up) at 

age 10, and 80% of the 2,232 E-Risk children at age 12 (83% of those followed up). The 

Joint South London and Maudsley and Institute of Psychiatry Research Ethics Committee 

approved each study phase. Parents gave informed consent, and twins gave assent 

between 5 and 12 years and then informed consent at age 18. 

 

Corpus of mothers’ speech  

This section describes how mothers’ speech was collected, processed, and quantified for 

analysis. 
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Qualitative interviews: Five Minute Speech Samples 

As part of the E-Risk cohort study, when their twin children were 5 years old, mothers were 

asked to speak for 5 to 10 minutes about each of the children separately during home visit 

assessments (Caspi et al., 2004). Mothers were encouraged to talk freely with few 

interruptions. However, if a mother found this difficult, the interviewer could aid her with a 

series of semi-structured probes, such as ‘In what ways would you like [child] to be 

different?’ Interviews about each twin were separated in time by approximately 90 minutes. 

All interviews were audiotaped with the mothers’ consent. Interview data was missing for 6% 

of the sample because some mothers did not wish to be audiotaped, because of technical 

problems with the tape, or because of loss to follow-up. In total, 336 hours of recordings from 

1,049 speakers were available.  

 

The interview method was adapted from the five-minute sample procedure used in previous 

research (e.g., Magaña et al., 1986). In E-Risk, researchers were trained to code mothers’ 

expressed emotions as they listened to the interviews. Prior studies using these data 

showed that mothers’ expressed emotions predicted children’s later levels of antisocial 

behaviour (Caspi et al., 2004). Recently, the same interview recordings have been used to 

develop machine-learning techniques for automatically coding expressed emotion 

(Mirheidari et al., 2024). Together, the earlier studies and findings using the E-Risk interview 

data illustrate that the recordings were of adequate length and quality for large-scale 

linguistic analysis.   

 

Transcription and coding  

A detailed, stepwise transcription and coding procedure was developed to prepare the 

recordings of mothers’ interviews for linguistic analysis. After an external transcription 

company transcribed the 336 hours of interviews verbatim, further transcription and coding 

were carried out in three phases. Over the period of a year (March 2023 to March 2024), up 

to 12 researchers were engaged and trained to format, code, clean, and quality-control the 

interview transcripts. These steps are important because they ensure that our measures of 

mothers’ speech are reliable, comparable across participants, and suitable for large-scale 

linguistic analysis. 

 

Phase 1: CHAT 

The first phase focused on standardising transcripts for automated linguistic analysis. We 

ensured all transcripts followed CHAT guidelines for automatic analyses using the Computer 

Language Analysis (CLAN) program (MacWhinney, 2000). The CLAN program is used to 
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transcribe audio files using a standard set of rules specific to spoken language, also known 

as ‘CHAT format’. Transforming existing transcriptions into the CHAT format involved, but 

was not limited to, coding all lines of mothers’ speech (as opposed to those of interviewers), 

identifying instances of wordplay and interruptions during the interview, marking non-

linguistic elements (for example, sighs and laughs) and marking utterances with unintelligible 

speech. After one of the 12 researchers completed these steps, another researcher checked 

the transcripts for correct format and compliance with the CHECK program, a CLAN analysis 

requirement.  

 

Phase 2: Morphosyntactic information 

This phase added grammatical information to enable analysis of sentence structure. We 

used the MOR program in CLAN. The MOR program automatically tags each word in a 

transcript with its morphosyntactic information. This includes parts of speech (e.g., nouns, 

verbs, adjectives) and morphological markers (e.g., tense, number, case). The program 

relies on being able to identify the lexicon and grammar of each word to mark the 

grammatical structure of the whole utterance. Therefore, each transcript was individually 

checked for words not recognised by the MOR system and were either added to the MOR 

dictionary, recorded as a dialectal variation of a known word (e.g. ‘gonna’ coded as a 

dialectal form of ‘going to’) or marked as a non-word.  

 

Phase 3: Coding checks 

In the third and final phase, transcripts were validated and checked against the original audio 

recordings. This phase ensured the accuracy and quality of the transcripts relative to the 

original audio recordings. Our first aim was to check that the start and end of mothers’ 

utterances in speech were correctly coded to enable accurate grammatical analysis. The 

second aim was to re-check the transcripts to ensure they accurately matched the mothers’ 

speech in the original recordings. Researchers were trained to recognise and code the start 

and end of utterances in speech. The trained researchers listened to the digitised audio 

tapes alongside the transcripts to ensure utterances were correctly coded and the transcript 

was of sufficient quality for analysis. Transcripts of poor quality were validated and checked 

by another researcher. Across all phases, 10% of interviews were excluded due to poor 

audio quality, linkage errors, or recording difficulties. This process of quantifying qualitative 

interviews for linguistic analysis in CLAN has been made publicly available on the GitHub 

open-source platform (https://github.com/annabrown2/TranscriptAnalysis_WithCLAN).  

 

https://github.com/annabrown2/TranscriptAnalysis_WithCLAN
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Mothers’ speech corpus for analysis 

After preprocessing, we constructed the final speech corpus used in our analyses. Once all 

transcripts were checked and collated, 2% of families were excluded because a language 

other than English was spoken at home. Our final analysis sample included all mothers and 

their twins for whom sufficient speech data was available (i.e., 1,788 children from 894 

families; 80.1% of the original E-Risk sample).  

 

Given the varying interview lengths, 10-minute excerpts were taken from each transcript to 

ensure the comparability of speech across mothers. For lexical markers, we extracted 

mothers’ vocabulary sophistication and lexical diversity. As grammar markers, we extracted a 

grammatical complexity index, mean length of utterance (morpheme count), and verb usage 

within utterances. For the extraction, we used the FREQ, VOCD, and MLU programs within 

CLAN. FREQ is a program that generates frequency counts of words, morphemes, or other 

linguistic features in a transcript. The command was used to quantify vocabulary 

sophistication, grammatical complexity index, and verb index. VOCD was used to extract a 

measure of lexical diversity and is a tool for calculating D-scores in a transcript. It is an 

improvement on older methods like the Type-Token Ratio (TTR) because it accounts for the 

fact that longer transcripts naturally lead to lower ratios (as the number of repeated words 

increases (McCarthy & Jarvis, 2010). MLU is a program which measures the mean length of 

utterance (MLU) and calculates the average number of morphemes per utterance. Each 

language marker is described in detail below. These linguistic markers were selected to 

capture different dimensions of mothers’ speech that may be relevant for children’s learning 

skills and educational outcomes. 

 

Lexical Markers 

Vocabulary sophistication  

Vocabulary sophistication was measured by computing the percentage of rare words used in 

the sample. From the transcripts, we removed all words on the Dale-Chall word list, as well 

as their inflected forms, all non-dictionary words, and any derivations of family names. The 

Dale-Chall word list includes the 3,000 most common words known by fourth graders (Chall 

& Dale, 1995; Dale & Chall, 1948). Any remaining words in the transcripts were considered 

rare and sophisticated words. We then calculated the percentage of rare word types by the 

total number of word types in the sample. 
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Lexical Diversity  

Lexical diversity was measured by computing D-scores. D-scores are based on the 

probability of introducing a new word as the speech sample progresses. D-scores are 

extremely robust against sample size effects and thus constitute reliable markers of lexical 

diversity, over other methods such as Type Token Ratio (Malvern et al., 2004; McKee, 

Malvern, & Richards, 2000; Owen & Leonard, 2002).  

 

Grammar Markers  

Grammatical complexity index 

Grammatical complexity (GCI) was computed by calculating the total number of grammatical 

relations that mark syntactic embeddings divided by the total number of grammatical 

relations (Mueller, Koscik, Clark, et al., 2018; Mueller, Koscik, Hermann, et al., 2018). The 

higher the index, the more complex grammatical and syntactic structures used in speech.  

 

Verb index  

Verb index was computed by calculating the total number of verbs divided by the total 

number of utterances. The higher the average number of verbs per utterance the more 

complex syntax used in utterances.  

 

Mean Length of Utterance  

MLU was calculated by dividing mothers’ total number of morphemes by their total number 

of utterances produced. The higher the MLU, the more complex and longer a person’s 

utterances (Ezeizabarrena & Garcia Fernandez, 2018). Any words classed as 

communicators, such as ‘oh’ or ‘ah’, were excluded from this analysis.  

 

Validation of speech markers  

Analyses were carried out to validate the reliability of our speech markers. First, we 

calculated whether our markers correlated within marker constructs. Lexical markers 

(vocabulary sophistication and lexical diversity; Figure 6) were positively correlated at .34. 

Because the inter-correlation between vocabulary sophistication and lexical diversity was 

below .60, we treated them as indexing independent constructs throughout our analyses. 

Grammar markers (MLU, grammatical complexity and verb usage) were also positively 

correlated between .79 and .91. Because these correlations exceeded .60, we computed an 

overall grammar composite by summing the z-scores for grammatical complexity, verb 

usage, and MLU. These composite scores are referred to as grammatical complexity 

throughout the rest of the report.  
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We then tested whether our speech markers correlated across marker constructs. We found 

positive but modest correlations between all speech markers (Figure 6), suggesting that our 

measures captured different aspects of the broader construct space of mothers’ speech (i.e. 

vocabulary sophistication, lexical diversity, and grammatical complexity). This pattern 

indicates that our measures capture related but distinct aspects of mothers’ speech. 

 

 

 

 

 

Figure 6: Correlations between markers of mothers’ speech 

Note: Pearson’s correlations are based on N = 894. Red colours indicate positive 
correlations; darker shades indicate stronger correlations.  
  

To further validate the markers of mothers’ speech, we tested their correlations with mothers’ 

scores on the reading subtest of the wide-range achievement test (WRAT-3; Snelbaker et 

al., 2001). The WRAT-3 takes ~15– to 30 minutes to complete, is individually administered, 

and captures individual differences in basic academic skills, including reading, spelling, and 
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arithmetic. Grammatical complexity, lexical diversity and vocabulary sophistication correlated 

with mothers’ reading scores from the WRAT-3 at .12, .17 and .40, respectively. These 

correlations suggest that mothers with higher reading scores tended to construct more 

grammatically complex sentences, use a wider range of vocabulary, and make more 

sophisticated word choices in their speech. Thus, the characteristics of mothers’ speech that 

we quantified here can be considered reliable indicators of the mothers’ overall verbal ability. 

Mothers’ complexity of speech and WRAT-3 scores have been shown elsewhere to be highly 

correlated (Golden & Bennett, 2024), which aligns with our findings here. 

 

Children’s education-related outcomes  

Verbal and non-verbal ability  

A short form of the Wechsler Preschool and Primary Scale of Intelligence-Revised 

(Wechsler, 1989) was used to assess the cognitive ability of young children at age 5 years. 

Two subtests were administered: a score on the Vocabulary Subtest taken as a measure of 

verbal ability and a score on the Block Design subtest taken as a measure of non-verbal 

ability. All raw scores were converted to age-based standard scores.  

 

Reading score  

Children completed The Sight Word Efficiency (SWE) subtest of the Test of Word Reading 

Efficiency (TOWRE), which measures a child’s ability to pronounce printed words accurately 

and fluently (Torgesen et al., 1999). The SWE was administered at ages 7 and 10 years to 

assess the number of real printed words that children can identify accurately within 45 

seconds. All raw scores were converted to age-based standard scores. The Sight Word 

Efficiency subtest has high internal consistency and developmental sensitivity (Tarar et al., 

2015), is associated with oral language development (Killingly et al., 2025), and correlates 

strongly with comprehension measures (Babayiğit, 2015). 

 

Educational achievement 

Teachers rated the children’s performance in English and Mathematics when the twins were 

aged 7, 10, and 12 years. Teachers compared the target child’s performance to that of a 

typical student of the same age on a 5-point Likert scale (1=Far Below, 2=Somewhat Below, 

3=Average, 4=Somewhat Above, 5=Far Above). The ratings for English and Mathematics 

were summed into a single measure of educational achievement.  
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Mothers’ family background   

Mothers’ educational attainment 

Mothers’ highest educational qualifications when the children were 5 years old were coded 

into 5 groups (1= No Qualifications; 2 = Certificate of Secondary Education (2-5)/General 

Certificate of Secondary Education (D-G), i.e. below average school leaving qualification; 3= 

Certificate of Secondary Education (1)/O Level (A-C)/ General Certificate of Secondary 

Education (A-C), i.e. above average school qualification; 4= Advanced Level/Scholarship 

Level; 5=Higher National Certificate/Degree i.e., College Level Qualification; 6= Higher 

National Diploma/Postgraduate degree). 

 

Mothers’ occupation  

Mothers’ current (or most recent) occupations when the children were 5 years old were 

coded using the Office of Population Censuses and Surveys (1991) Standard Occupational 

Classification. Occupational groups are arranged into six social classes (1=professional 

occupations; 2=managerial and technical occupations; 3=skilled occupations (non-manual); 

4=skilled occupations (manual); 5=partly skilled occupations; 6=unskilled occupations). 

 

Household income 

Mothers reported the household’s total income from all sources before tax in the previous 12 

months when the children were 5 years old. Families were then coded into 16 income 

brackets, the lowest bracket representing an annual income of £10,000 or less and the 

highest representing an annual income of £40,000 or more.  

 

 

Children’s and mothers’ genetic propensities 

Mothers and children in E-Risk have been genotyped. Using these genotype data, we 

computed polygenic scores for both mothers and children. We used the summary statistics 

from the GWAS for the target phenotypes years spent in education (EA3; Lee et al., 2018), 

reading- and language-related skills (Eising et al., 2022), and dyslexia (Doust et al., 2022). 

We selected these GWAS to capture a broad range of genetic variants associated with 

education and speech in both mothers and children. For EA3 (Lee et al., 2018), the full 

summary statistics were released by the Social Science Genetic Association Consortium 

(https://www.thessgac.org). For reading- and language-related skills (Eising et al., 2022), we 

used the complete summary statistics for word reading, nonword reading, spelling, and 

phoneme awareness. For dyslexia (Doust et al., 2022), summary statistics for the top 10,000 



SPEECH & EDUCATION 

 49 

hits were available and used.  Polygenic scoring in E-Risk has been described in detail 

elsewhere (Agnew-Blais et al., 2022). We fitted so-called LASSO regression models to 

select the polygenic scores that added significantly to the prediction of (a) mothers’ 

educational attainment and vocabulary and (b) children’s educational attainment. All three 

models converged on the same polygenic scores, including years spent in education (Lee et 

al., 2018), dyslexia (Doust et al., 2022), and word and non-word reading (Eising et al., 2022). 

We averaged the polygenic scores from the three GWAS within persons to index mothers’ 

and children’s genetic propensities.  

 

Analytical approach 

To answer our first research question, whether mothers’ SES conditions their lexicon and 

grammar, we built regression models with each speech characteristic (i.e., mothers’ 

vocabulary sophistication, lexical diversity, and grammar score) as an outcome. Mothers’ 

SES indicators, including highest educational attainment, household income, and 

occupation, were added as predictors to the models. We also included mothers’ age in years 

at first birth in all models to control for any confounding due to the age of the mothers.  

To address research question 2, whether mothers’ speech predicted children’s education-

related outcomes, we used a mix of linear regression and latent growth curve models. To 

predict children’s learning skills (i.e., verbal skills, non-verbal skills, and literacy skills) from 

mothers’ speech characteristics, we fitted separate linear regression models at each age 

(i.e., 5 to 12 years). Children’s verbal and nonverbal abilities (i.e., cognition) were assessed 

at age 5 years, and literacy skills were assessed at the ages 7 and 10 years. To predict 

children’s educational achievement, we fitted latent growth curve models to test associations 

between mothers’ speech and teacher ratings of school performance at the ages 7,10 and 

12 years (see Figure 7). Here, we modelled educational achievement as two latent growth 

factors: children’s stable differences in educational achievement (i.e., the intercept) and their 

improvements and decreases in educational achievement over the years (i.e., the slope). 

The intercept reflects children’s differences in educational achievement that could be 

observed at the first assessment age (i.e., at age 7 years) and remained stable over the 

study period (i.e., until age 12 years). The sample’s intercept reflects the average 

performance level of the sample at age 7 years. The extent to which the intercept of 

individual children exceeds the sample’s mean intercept reflects that these individual 

children started at a higher level of achievement relative to others. The slope represents the 

systematic, linear changes in educational achievement from age 7 to age 12. On average, 

the slope is zero in the overall sample, but changes occur for individual children. A positive 

slope indicates that a child improved in educational achievement over time (i.e., gains in 
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performance), while a negative slope suggests worsening educational achievement (i.e., 

loss or decline in performance). The slope captures the degree and direction of change, 

showing whether children are improving or worsening in their school performance from the 

initial starting point, and to what extent.  

 

Latent growth curve models allow exploring how mothers’ speech may contribute to 

children’s educational achievement over time. For example, these models can help identify 

whether mothers’ speech is associated with a performance advantage for children already at 

the beginning of school, which would be reflected by a positive association between mother’ 

speech markers and the intercept latent growth factor. They can also show whether mothers’ 

speech contributes to improving children’s school performance over time, a finding that 

would be indicated by a positive association between mothers’ speech markers and the 

slope growth factor. Likewise, latent growth curve models can reveal whether specific 

speech or SES markers predict gains or declines in educational achievement over time.  

 

  

Figure 7: Predicting children’s long-term educational achievement from 
mothers’ speech and SES  

 
Note: This model depicts the influence of mothers ’ speech and SES on the latent 
growth factors of intercept and slope of children ’s educational achievement. Squares 
represent di rectly observed and measured variables ; circles represent latent factors.  
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To address research question 3, to what degree mothers’ speech explains the association 

between mothers’ SES and children’s education-related outcomes, we conducted mediation 

models. Our approach to was motivated by the conceptual logic of mediation (Baron & 

Kenny, 1986; MacKinnon et al., 2007) but was not contingent on their significance-testing 

framework. Instead, we applied mediation models to quantify the relative contribution of 

mothers’ speech to the SES–outcome association, which provided an effect-size estimate of 

the indirect pathway (i.e., the path from mothers’ SES to children’s education-related 

outcomes via mothers’ speech). Based on our prior regression analyses, we selected those 

markers of mothers’ speech as mediators that were significantly associated with both SES 

and children’s education-related outcomes (see research question and 2 above). We used 

bias-corrected bootstrapped confidence intervals (95% CI, 1,000 resamples) to estimate the 

indirect effects (Li, 2011). To compare the proportion of variance explained by indirect and 

direct effects, we calculated mediation percentages (Hayes, 2009; Zhao et al., 2010). 

According to the conceptual logic of mediation analysis, three conditions must be met 

(MacKinnon et al., 2007). First, the mediator (i.e., mothers’ speech) must be significantly 

associated with the predictor (i.e., mothers’ SES). Second, the mediator must significantly 

predict the outcome (i.e., children’s education-related outcomes). Third, the predictor must 

also significantly predict the outcome (i.e. mothers’ SES predict children’s education-related 

outcomes). The effect of SES on children’s education-related outcomes reflects the direct 

effect (Figure 8). The effect of SES via mothers’ speech reflects the indirect effect (Figure 8). 

Full mediation happens when the direct effect path becomes non-significant after adding the 

indirect effect. In this case, mothers’ speech would fully account for the link between SES 

and children’s education-related outcomes. Partial mediation occurs when both indirect and 

direct effects remain significant. Here, mothers’ speech would only partially explain the link 

between SES and children’s education-related results. Partial mediation also suggests that 

there are additional pathways through which mothers’ SES influences children’s education-

related outcomes. These additional pathways are yet to be identified (i.e., they were not 

modelled within the scope of the current research).  
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Figure 8: Mothers’ speech as mediator of the association between mothers’ 
SES and children’s education-related outcomes 

Note: The mediation model compares the direct effect of SES on children ’s education-
related outcomes to the indirect (mediated) effect of SES on children ’s outcomes 
through mothers ’ speech.   

  

To address our research question 4, to what extent the role of mothers’ speech in the 

transmission of family background inequality was influenced by genetic factors, we focused 

on the association between mothers’ and children’s educational attainment. Mothers’ highest 

educational qualification was recorded at twins’ age 5 years, while twins’ highest educational 

qualification was recorded at age 18 years. We used polygenic scores to capture mothers’ 

and children’s genetic propensities for education-related outcomes (i.e., their probability, 

inferred from aggregates of inherited DNA variants, to do well in school and education). We 

specified the associations from polygenic scores to mothers’ and children’s educational 

attainment in the direction from genotype to phenotype because the reverse is not plausible 

(i.e., one’s phenotypic education cannot change one’s inherited DNA differences that are 

fixed at conception). In these analyses, we focused on mothers’ vocabulary sophistication to 

index speech, because mothers’ vocabulary sophistication was the strongest correlate of 

mothers’ SES and predictor of children’s education-related outcomes in our earlier analyses 

(research questions 1-3).  

We fitted a series of path models to disentangle transmission pathways of education due to 

genetics, genetic nurture, and nurture. Our models are detailed in Figure 9. First, we tested 

(i) the prediction from mothers’ educational attainment for children’s educational attainment 

and the extent to which this association was mediated by mothers’ vocabulary sophistication. 

This model is akin to the mediation models described above (research question 3; Figure 8). 

We then extended this environmental transmission model to become a genetically sensitive 
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model (ii) by adding children’s and mothers’ genetic propensities for education, as indexed 

by polygenic scores. The genetically sensitive model allows discerning genetic confounding, 

genetic nurture, and nurture effects. Finding genetic nurture and nurture effects would 

indicate that mothers’ vocabulary plays a causal role in shaping children’s educational 

attainment, because these effects are independent of shared genetic variance between 

mothers and children. 

 

 

Figure 9: Models of the educational attainment transmission from mothers to 
children 

Note. The environmental transmission model (i ) tests the prediction from mothers ’ 
educational attainment to children’s educational attainment (path a) and the extent to 
which this association is mediated by mothers ’ vocabulary sophistication (b*c).  The 
genetically sensitive model (i i) discerns (1) genet ic nurture effects that are mediated by 
mothers ’ educational attainment (d*a),  by mothers ’ vocabulary sophistication (e*c), by 
non-specified environments (f), and by mothers ’ educational attainment and vocabulary 
sophistication (d*b*c); (2) effects of genetic transmission from mothers to children (i.e., 
i*h); and (3) gene-environment correlation (g), which reflects mainly influences from 
the genetic variants that children inherited from their fathers, because mothers ’ (i) are 
controlled. The influence of nurture (i.e., effects independent of genetics as captured 
by polygenic scores) can be inferred from the proportion of variance that path a + b*c 
account for relative to that of the sum of all other transmission paths in model (i i) , in 
addition to genetic confounding (paths a in model  (i) compared to model (i i)). The figure 
is adapted from von Stumm et al. (2026).  
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Summary of Key Findings  

Research Question 1: Does family background predict mothers’ speech?  

 
We tested the extent to which the characteristics of mothers’ speech were associated with 

indicators of their SES, including their education, occupation, and household income. 

Mother’s SES indicators accounted additively for 28% of the differences in mothers’ 

vocabulary sophistication, for 6% in lexical diversity, and for 2% in mothers’ grammatical 

complexity (not significant; Figure 10). Mothers’ educational attainment was the strongest 

independent correlate of vocabulary sophistication, sharing 9% of the variance, followed by 

household income and occupation, which each accounted for 5% of the variance. Household 

income also accounted for 4% of the variance in lexical diversity, but no other significant 

SES associations with mothers’ speech were observed. Although these effects are modest in 

size, they may still be meaningful at the population level, where small differences can 

accumulate across individuals and over time. Sensitivity analyses showed that the effect 

sizes were robust after controlling for mothers’ scores on the reading subtest of the wide-

range achievement test (WRAT-3; Snelbaker et al., 2001). Importantly, the absence of 

significant associations for grammatical complexity and most indicators of lexical diversity 

helps rule out the possibility that SES is broadly related to all aspects of mothers’ speech. 

Overall, the findings suggest that mothers’ SES is more strongly and consistently associated 

with their vocabulary sophistication than with their lexical diversity and grammar.  
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Figure 10: Mothers’ education, occupation, and household income as 
predictors of their speech 

Note: N = 894 mothers. Dots represent standardi sed regression (beta) estimates from 
models where mothers’ education, occupation, and income were included as 
simultaneous predictors after adjusting for mothers ’ age in years. The lines indicate the 
95% confidence intervals.  Figure adapted from Brown et al. (2025).  

 

Overall, we found some support for the hypothesis that mothers’ speech differences align 

with their socioeconomic conditions. Our findings align with the previous research literature, 

which includes reports of dramatic SES-related differences in mothers’ speech, albeit in 

smaller samples (e.g., Hoff-Ginsberg, 1998; Huttenlocher et al., 2010; Rowe, 2008). In 

studies that analysed data from larger-scale cohorts, such as the current project, the 

relationship between mothers’ SES and their speech appeared weaker (Bergelson et al., 

2023; Kelly et al., 2011), akin to our findings here.   

 

We observed the strongest and most consistent SES-associations for mothers’ vocabulary 

sophistication, which varied significantly as a function of all three SES markers (i.e., 

household income, education, and occupation). These findings suggest that mothers’ 

vocabulary sophistication is a plausible factor in the transmission of family background 

inequality, while lexical diversity and grammatical complexity are less likely to play a 

meaningful role. It should be noted that characteristics of mothers’ speech other than those 

studied here may relate to mothers’ SES, such as dialect (Curtin, 2020), word pronunciation 

(Kraus et al., 2019), and narrative construction (Ochs & Schieffelin, 2017). The contexts in 

which speech is used may also play a role here. A meta-analysis observed a relationship 

between SES and mothers’ speech only in the context of child-directed speech but not in 

other contexts, such as overheard conversations (Dailey & Bergelson, 2022). In summary, 

our findings suggest that vocabulary sophistication, but not lexical diversity and grammatical 

complexity, covary in meaningful ways with mothers’ education, occupation, and household 

income, which are typical markers of SES. Alternative speech characteristics than the ones 

studied here may serve as additional pathways through which family background inequality 

in education becomes transmitted.  

 

Research Question 2a: Does mothers’ speech predict their children’s 

cognition and literacy?  

We tested each marker of mothers’ speech as a predictor of children’s cognition (i.e., verbal 

and non-verbal ability at age 5 years) and literacy (i.e., reading skills at age 5 and 7 years). 

Mothers’ vocabulary sophistication was significantly and positively associated with children’s 
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cognition and literacy (Figure 11), accounting for 2-5% of the variance across ages and 

measures. Although these effect sizes are modest, they may still be meaningful at the 

population level, where small differences can accumulate over time and across individuals. 

Neither mothers’ lexical diversity nor grammar significantly predicted children’s cognition and 

literacy (Figure 11). This pattern of null findings suggests that associations with children’s 

outcomes are not uniform across all aspects of mothers’ speech, but may be specific to 

vocabulary sophistication. Our findings suggest that the children of mothers, who use more 

sophisticated vocabulary (i.e., words that are less common in speech), tend to show better 

verbal, non-verbal, and reading skills. Our findings also confirm, in line with the results for 

research question 1, that mothers’ vocabulary sophistication likely plays a distinct role for 

children’s cognition and literacy development.  

 

 

Figure 11: Predicting children’s cognition and literacy from mothers’ speech  

Note: N= 894 families. Dots represent standardised (beta) regression estimates, and 
lines represent 95% confidence intervals. All models were adjusted for mothers ’ age. 
Figure adapted from Brown et al. (2025).  

 

 

Next, we modelled whether mothers’ SES predicted children’s cognition and literacy (Figure 

12). Across ages and measures, mothers’ SES indicators accounted for 8-10% of the 

variance in children’s cognition and literacy (Figure 12). Out of the three SES indicators, only 

mothers’ educational attainment and household income significantly predicted differences in 

children’s outcomes. Each of these two accounted independently for 3-4% of the variance in 

children’s cognition and literacy across ages and measures. Mothers’ occupation was not 

significantly associated with children’s cognition and literacy at any age. In sum, children, 
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whose mothers had higher educational qualifications and greater household income, scored 

better on standardised tests of verbal, non-verbal, and reading skills than children, whose 

reported lower education and income levels.  

 

 

Figure 12: Predicting children’s cognition and literacy from mothers’ SES.  

Note: N= 894 families. Dots represent standardised (beta) regression estimates, and 
lines represent 95% confidence intervals. All models were adjusted for mothers ’ age. 
Figure adapted from Brown et al. (2024).  

 

 

We then compared mothers’ SES and speech as predictors of children’s cognition and 

literacy in the same model (Figure 13). In this model, associations between mothers’ 

vocabulary sophistication and children’s cognitive and literacy outcomes were reduced. 

Specifically, the associations between mothers’ vocabulary sophistication and children’s 

verbal, non-verbal and reading skills halved in effect size (i.e., they decreased to 1-2%), but 

they remained significant. The effect sizes of the predictions from mothers’ education and 

income for children’s cognition and literacy did not change in the models that also included 

mothers’ vocabulary sophistication. These findings suggest that the effect of mothers’ SES 

on children’s cognitive and literacy abilities is likely more pervasive than that of mothers’ 

vocabulary sophistication. We observed no differences in the associations between mothers’ 

lexical diversity and grammatical complexity with children’s cognition and literacy, which 

were non-significant before and after adding mothers’ SES to the models. 
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Figure 13: Predicting children’s cognition and literacy from mothers’ SES and 
speech  

Note: N= 894 Families, dots represent standardised (beta) regression estimates, and 
lines represent 95% confidence intervals. All models were adjusted for mothers ’ age. 
Figure adapted from Brown et al. (2025).  

 

Research Question 2b: Does mothers’ speech predict their children’s 

educational achievement? 

We next tested the relationship between mothers’ speech and children’s educational 

achievement, as rated by teachers at ages 7, 10 and 12 years. Mothers’ vocabulary 

sophistication was significantly associated with children’s stable differences in educational 

achievement (intercept), accounting for 2% of the variance, but not with improvement and 

decreases in educational achievement over time (slope). Thus, mothers’ vocabulary 

sophistication predicted children’s achievement differences that persisted throughout school 

with a small effect size but did not forecast children’s improvements or worsening in school 

performance over time relative to where they started. Mothers’ lexical diversity and 

grammatical complexity were associated neither with the intercept nor the slope of children’s 

educational achievement. Akin to our findings on children’s cognition and literacy, these 

results suggest that mothers’ vocabulary sophistication predicts children’s differences in 

educational achievement. That is, mothers who use more sophisticated vocabulary in their 

speech may help their children to achieve an advantage in educational achievement that is 

stable from age 7 through 12 years. Yet, mothers’ vocabulary sophistication did not appear 
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to influence whether children’s school performance improves or declines over time relative to 

their starting point. 

 

We then tested the relationship between mothers’ SES and children’s educational 

achievement. Mothers’ educational attainment and household income, respectively, 

accounted for 9% and 14% of children’s stable differences in educational achievement 

(intercept). This effect was larger than the association that we observed between mothers’ 

vocabulary sophistication and children’s stable differences in educational achievement (i.e., 

2% versus 9-14%). Mothers’ SES indicators were not associated with changes in 

achievement (slope) across the school years, akin to mothers’ vocabulary sophistication. 

Mothers’ occupation was not significantly associated with the intercept and the slope. 

Overall, children whose mothers reported higher educational qualifications or greater 

household income tended to perform better in school between the ages of 7 and 12 years. 

Yet, mothers’ education and income did not influence whether children improved or declined 

in their school performance relative to this starting point. 

 

Next, we tested the extent to which associations between mothers’ vocabulary sophistication 

and children’s educational achievement (intercept) could be attributed to mothers’ SES (see 

Figure 14). Associations between mothers’ vocabulary sophistication and children’s 

educational achievement became non-significant after including mothers’ SES in our 

models. This finding suggested that the link between mothers’ vocabulary sophistication and 

children’s educational achievement could be primarily explained by the mothers’ SES. In 

other words, the advantage in children’s educational achievement that was associated with 

mothers’ vocabulary sophistication likely reflects the broader influence of mothers’ SES. 

Overall, mothers’ SES appeared to exert greater pervasive, long-term influence on children’s 

education-related outcomes than mothers’ speech in our analyses so far. That said, mothers’ 

vocabulary sophistication emerged as a significant correlate of mothers SES, as well as a 

significant predictor of children’s cognition and literacy, even after taking the influence of 

mothers’ SES into account. It therefore seems that mothers’ vocabulary sophistication likely 

plays an important role, even if its relative effect size is modest.  
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Figure 14: Predicting children’s differences in educational achievement from 
mothers’ SES and speech 

Note: This is the latent growth factor model shown in Figure 7, now updated with path 
estimates. Only significant (p<.05) regression paths’ beta estimates are shown with 
95% Confidence Intervals; factor loadings and non-significant regression weights were 
omitted to sustain graphical clarity.  

 

Research Question 3: Does mothers’ speech mediate the association 

between family background and education-related outcomes? 

We fitted mediation models for children’s cognitive and literacy abilities and educational 

achievement. Mothers’ education and household income significantly predicted education-

related outcomes and, thus, were included as predictors in the mediation models. Mothers’ 

vocabulary sophistication was included as a mediator because it was significantly associated 

with mothers’ education, household income, and children’s education-related outcomes, 

including cognition, literacy, and stable differences in educational achievement (intercept). 

We tested simultaneously whether vocabulary sophistication mediated the association 

between mothers’ education and household income with children’s education-related 

outcomes in the same model (Figure 15). 
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Figure 15: Mothers’ vocabulary sophistication as a mediator between mothers’ 
SES and children’s education-related outcomes 

Note: This model shows the mediation of the associations between mothers’ education 
and household income by mothers’ vocabulary sophistication onto children’s education -
related outcomes. Separate models were tested for each education-related outcome: 
verbal skil ls at age 5; non-verbal skil ls at age 5; reading skil ls at age 7  and age 10; 
educational achievement from age 7 through to 12  (i.e., 5 models in total).  

 

Mothers’ vocabulary sophistication significantly mediated the association between mothers’ 

educational attainment and children’s verbal and non-verbal skills at age 5 years, as well as 

their literacy skills at age 10 years (Figure 16). At age 7, the mediation for literacy skills was 

not significant (Figure 16). Mothers’ vocabulary sophistication significantly mediated the 

association between household income and children’s verbal and non-verbal skills at age 5 

years, and their literacy skills at age 10 years, but not at age 7 years (Figure 16). We 

observed no significant mediation for stable educational achievement (Figure 16).  

 

Effect sizes for the significant mediations were small, ranging from 13% to 24% of the 

associations between SES and children’s cognition and literacy, with models accounting for 

11% to 8% of the variance. In absolute terms, mothers’ vocabulary sophistication explained a 

small proportion of the differences in children’s outcomes, between 1% and 3%. Although 

these effects are modest, they may still be meaningful at the population level, where small 

influences can accumulate across development. In sum, these results suggest that mothers’ 

vocabulary sophistication partly explains the associations between mothers’ educational 

attainment and household income with children’s cognition and literacy, but this contribution 

is limited in size and not consistently observed across all ages and outcomes. 
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Figure 16: Direct and indirect (mediated via mothers’ vocabulary 
sophistication) influences on children’s education-related outcomes 

Note: Green bars represent direct effect (SES indicator to education-related outcome), 
blue bars represent the indirect effect (mediated via mothers’ speech). The percentage 
below each bar indicates how much of total effect is explained by the indirect effect 
(i.e., 100% would be full mediation). Figure adapted from Brown et al. (2025).  

 

Throughout our analyses, mothers’ vocabulary sophistication predicted children’s cognition 

and literacy more strongly than children’s educational achievement. Children of mothers with 

more sophisticated vocabulary tended to have greater cognition and literacy, even after 

accounting for SES indicators like the mothers’ education levels and household income. We 

also found that mothers’ vocabulary sophistication helped explain (or mediate) part of the 

link between their SES indicators (education and household income) and their children’s 

cognition and literacy skills. Such mediation was not observed for children’s educational 

achievement. That is, mothers’ vocabulary sophistication neither directly influenced 

educational achievement nor did it explain (i.e., mediated) the link between mothers’ 

education and income and children’s educational achievement. Together, these findings 
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suggest that mothers’ vocabulary sophistication may play a different role in children’s 

development of cognition and literacy as compared to their educational achievement. 

 

Cognition and literacy are comparatively narrow learning skills that precede educational 

achievement (Dickinson et al., 2010; Magalhães et al., 2020). Educational achievement is a 

broader construct that encompasses many factors, such as school attendance, study habits, 

and classroom behaviour (Gottfried, 2010; Ratcliff et al., 2016). Thus, mothers’ vocabulary 

sophistication may have direct benefits for the development of cognition and literacy (Beck et 

al., 2013; Dickinson et al., 2010; Oslund et al., 2016), which we observed here, but its 

influences on educational achievement could be more indirect (Vadivel et al., 2023). For 

example, exposure to sophisticated vocabulary likely contributes directly to literacy by 

improving how quickly and effectively children can read and understand complex texts 

(Weizman & Snow, 2001). Becoming exposed to sophisticated vocabulary may also benefit 

cognitive development more broadly beyond literacy, for example because encountering 

high-quality speech helps children develop critical thinking and problem-solving abilities 

(Mahurin et al., 2021; Shavlik et al., 2021). Over time, these benefits for literacy and 

cognition and literacy may translate into advantages in educational achievement. Future 

research that employs precise measures and repeated assessments of learning skills and 

educational achievement are needed to empirically test these predictions. 

 

Research Question 4: To what extent is the role of mothers’ speech in 

the transmission of family background inequality in education influenced 

by genetics?  

To address this question, we focused on the role that mothers’ vocabulary sophistication 

plays in the association between mothers’ and children’s educational attainment. This focus 

resulted from our findings above, which overall suggested that vocabulary sophistication is 

the most likely marker of mothers’ speech that plays a role in the intergenerational 

transmission of education. We used mothers’ and children’s highest educational 

qualifications to index the strength of family background inequality in education, rather than 

measures of learning skills or educational achievement, because these were only recorded 

for children, not for mothers.  

 

We first estimated the ‘word gap’ in our sample (Figure 17). These analyses supplement our 

findings reported above (research question 1). Differences in mothers’ educational 

attainment correlated with their differences in vocabulary sophistication r =.46. (Note that this 
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is the raw correlation estimate and therefore not directly comparable to the regression 

estimates reported in Figure 10.) Mothers without educational qualifications used 14.0% of 

sophisticated vocabulary in their speech, on average. By comparison, mothers who had 

obtained a postgraduate degree used on average 20.7% of sophisticated vocabulary in their 

speech. This discrepancy means that mothers with the highest educational qualifications 

used on average a third more sophisticated vocabulary in their speech than mothers who 

reported no educational qualifications.  

 

 

Figure 17: The ‘word gap’ in mothers’ vocabulary sophistication 

Note. Boxes represent the interquarti le range (IQR); the horizontal l ines indicate 
medians; fi l led circles indicate means. Individual data points are overlaid with j itter. N 
= number of mothers per educational level. GCSE (General Certificate of Secondary 
Education) and A-level refer to secondary school leaving qualifications. D -G reflect 
grades and denote basic skil ls; A-C are awarded for advanced skil ls. Higher national 
certificate includes college level qualifications.  Mothers ’ highest educational 
qualification was assessed at mean age 34 years. Children’s highest educational 
qualification was assessed at age 18 years.  
 

 

As expected, both mothers’ and children’s educational attainment were genetically 

influenced. Children’s polygenic scores accounted for 8% of the variance in their educational 

attainment. Mothers’ polygenic scores explained 7% of the variance in their educational 

attainment and 5% of the variance in their vocabulary. These findings confirmed our principal 
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hypotheses that polygenic scores significantly predict educational attainment and vocabulary 

in our sample.  

 

We used path models to discern environmental from genetic influences in the association 

between mothers’ speech and children’s education-related outcomes (see Figure 9 above 

and top panel Figure 18 below). The bottom panel of Figure 18 illustrates the results from 

our path models. Mothers’ educational attainment predicted children’s educational 

attainment at age 18, with the model that also included mothers’ age as a covariate 

accounting for 14% of the variance. This effect size reflects the strength of family 

background inequality in education in our sample (i.e., per Standard Deviation increase in 

mothers’ education, children’s education increases by 20%). In the environmental 

transmission model (i), we added mothers’ vocabulary sophistication as a mediator. Mothers’ 

vocabulary mediated 16% (paths b*c) of the association between mothers’ and children’s 

educational attainment. Accordingly, the direct effect of mothers’ education on children’s 

education (path a) reduced relative to a baseline model (not shown). 
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Figure 18: Path model results of the educational attainment transmission from 
mothers to children  

Note. The top panel shows the conceptual models; the bottom panel shows the 

estimated path weights. CI 95% are shown in []. All models were corrected for mothers ’ 

age (in years). Figure adapted from von Stumm et al. ( 2026)  

 

The genetically sensitive model (ii) included mothers’ and children’s polygenic scores and 

accounted for 19% of the variance in children’s educational attainment (Figure 18 bottom 

panel). The direct effect (path a) of mothers’ educational attainment on children’s educational 

attainment was reduced by 14% relative to the environmental transmission model (i). This 

finding suggests that family background inequality in education remains substantial even 

after taking mothers’ and children’s genetic propensities, as measured by polygenic scores, 

into account. The effect of mothers’ vocabulary as a mediator of the educational attainment 

transmission was lower by a third in model (ii) relative to model (i) (paths b*c). This reduction 
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reflects the degree of genetic confounding (i.e., the influence of the genetic variants that 

mothers and children share on the educational attainment transmission via mothers’ 

vocabulary). Overall, we estimated that 17% of the educational attainment transmission from 

mothers to children could be attributed to genetic confounding (comparing paths a+b*c from 

model (i) to model (ii)). 

 

There was evidence for genetic nurture, as indicated by a significant path from mothers’ 

polygenic scores onto children’s educational attainment via mothers’ educational attainment 

(paths d*a) and via mothers’ educational attainment and their vocabulary (paths d*b*c) 

Genetic nurture effects that were mediated via mothers’ vocabulary alone were not 

significant, as were the genetic nurture effects mediated by environments not further 

specified (path f). These null findings suggest that mothers’ vocabulary does not operate as 

an independent pathway of genetic nurture, but rather in conjunction with broader 

socioeconomic factors such as education. Indeed, genetic nurture effects that were 

mediated by mothers’ educational attainment (paths d*a) and by mothers’ educational 

attainment and vocabulary (paths d*b*c) were significant. These genetic nurture effects 

accounted for 26% of the influences from mothers’ polygenic scores onto children’s 

educational attainment (i.e., paths d*a+d*b*c+e*c+f+i*h). We note that mothers’ vocabulary 

was a significant environmental mediator of genetic nurture only in conjunction with mothers’ 

education, but not independently.  

 

To summarize the degree to which genetic and environmental paths contribute to the 

mother-child transmission of education (i.e., genetic confounding, genetic transmission, 

genetic nurture, and nurture; Figure 19), we combined standardized pathway estimates 

across models. Nurture (paths a + b*c), which was independent of genetic influences, 

explained 54% of the transmission of educational attainment from mothers to children. Of 

this nurture effect, 13% were due to mothers’ vocabulary. By comparison, genetic nurture 

effects via mothers’ education and via mothers’ education and vocabulary accounted for 

14% of the educational attainment transmission, of which 24% were mediated by mothers’ 

vocabulary. With reference to the model’s variance (R2 = .189), these findings suggested that 

mothers’ vocabulary accounted for approximately 3% of the transmission of educational 

attainment independent of genetic transmission and genetic confounding via nurture and 

genetic nurture pathways, respectively.  

Although these effects are small in magnitude, they may still be meaningful at the population 

level, where small influences can accumulate over time. Overall, these findings provide 

cautious support for a limited causal role of mothers’ vocabulary in the intergenerational 

transmission of educational attainment. 
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Figure 19: Transmission pathways of educational attainment from mothers to 
children 

Note. Path estimates were based on standardised coefficients from model (i )  (Figure 

18) that were rescaled to estimate percentage contributions, after including genetic 

confounding effects (i.e., comparing paths a + b*c across models (i ) and (ii)).  Nurture 

and genetic nurture effects are independent of genetic transmission, inferred from 

polygenic scores, and index likely causal influences (orange and green colours). Paths 

that involve genetic transmission (shades of blue) include genetic confounding and 

genetic transmission. Figure adapted from von Stumm et al. (2026).  

  

 

In summary, our genetically sensitive path models suggested that mothers’ vocabulary 

sophistication may have causal influences on the association between mothers’ and 

children’s educational attainment. However, corresponding effect sizes were small, 

suggesting that interventions that target mothers’ vocabulary sophistication to improve 

children’s educational outcomes are likely to achieve only modest change. 

 

Limitations  

Our research has many strengths, including rich observational data across a 13-year follow-

up period from a large family cohort study whose population is representative of Britain’s 

socioeconomic conditions. These rich and unique data allowed estimating the association 

between mothers’ speech and children’s education-related outcomes after controlling for 
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genetic confounding, which is a major threat to interpreting parent-child associations in 

observational data. Furthermore, our study is the first to quantify speech from naturalistic 

samples in a large, population representative cohort. However, we also acknowledge that 

there are limitations to our studies, the most important of which we discuss below. 

Diversity of children’s early life language environments  

The findings from this project confirm the hypothesis that mothers’ speech significantly 

influences children’s differences in education-related outcomes during the years of formal 

education. However, the corresponding effect sizes were very small, which posits a 

challenge for intervention efforts that target mothers’ speech to improve children’s 

educational success. Yet, it is important to acknowledge here that our measures of mothers’ 

speech only captured some aspects of speech and that even these aspects were not 

assessed in child-directed contexts. In addition, we did not have data on the speech that 

children are exposed to from other sources, including from fathers and other caregivers, 

from other children, and from electronic sources, or their broader aspects of the language 

environments (e.g., mothers’ responsiveness; Wade et al., 2018).  

 

Another issue is that the recordings of mothers’ speech that we analysed here may not 

reflect the speech children experienced before they started formal schooling. Child-directed 

speech, a unique speech style that is typical pre-school, is likely pivotal for children’s 

language acquisition during the early years (Rowe, 2008, 2018). Yet, E-Risk has collected no 

measures of mothers’ child-directed speech. Therefore, we could not compare the lexical 

and grammatical complexity between mothers’ child- and their adult-directed speech (e.g., 

Hoff, 2003; Hoff-Ginsberg, 1991; Rowe, 2012). We may not have observed a relationship 

between adult-directed speech and children’s later education-related outcomes because the 

speech directed at children before they start school sets the trajectory of learning. Likewise, 

child-directed speech may vary to a greater extent than adult-directed speech as a function 

of mothers’ SES (Dailey & Bergelson, 2022). Few studies have compared the influence of 

child-directed versus adult-directed speech on children’s language development (cf., Kempe 

et al., 2024), and no prior research explored their role for children’s long-term education-

related outcomes. Future studies must close this gap, because longitudinal evidence on the 

influence of mothers’ speech is critical for intervening effectively to improve children’s 

educational success.  

 

Our analyses allow some conclusions about the role of mothers’ speech in the transmission 

of family background inequality in education but not about other caregivers’ speech. Most 

notably, no data were available on the speech of fathers. In general, research on child 
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development tends to focus on mothers’ rather than on fathers’ speech. In cases where 

fathers’ speech is a research focus, it is frequently compared to mothers’ speech (Pancsofar, 

2020). In those studies, similar findings emerge for the quantity of fathers’ speech as has 

been reported for mothers’ speech: The greater the amount of speech that children hear 

from their fathers, the more advanced is their language development (Schwab et al., 2018). 

However, the speech that fathers direct at their children differs from that of mothers in 

vocabulary and grammar. On average, fathers’ vocabulary tends to be more complex and 

varied than mothers’ (Pancsofar & Vernon-Feagans, 2006), and fathers’ speech also 

contains more wh-questions and requests for clarifications that elicit complex speech from 

their children (Rowe et al., 2004). These findings suggests that fathers’ speech may have 

distinct effects from mothers’ speech on children’s language development. Fathers’ speech 

may even play a more significant role than mothers’ speech for children’s development 

during the years of formal education, because of its comparatively high complexity 

(Pancsofar, 2020; Shapiro et al., 2021). That said, few studies on child development 

explored fathers’ speech and thus, hypotheses about the influence of fathers’ speech are 

largely speculative.   

 

Our research could not broadly consider children’s language environment. We therefore call 

for future studies study language environments beyond mothers’ speech in childhood and 

adolescence. During the years of formal schooling, peers and teachers assume prominent 

roles for children’s language environments, alongside the influence mothers and fathers 

(Barnes & Dickinson, 2017; Chen et al., 2020; Dickinson & Porche, 2011). Some studies 

have shown that children’s language development is associated with the speech that 

teachers use. For example, children in classrooms where teachers use more sophisticated 

vocabulary show higher vocabulary skills at the end of the school year than children in 

classrooms whose teachers used simpler vocabulary (Dickinson & Porche, 2011). Overall, 

however, the evidence regarding teachers’ contributions to language development is both 

mixed and limited. For example, targeting teacher’s speech to improve the language 

environments that children experience in the classroom can increase children’s expressive 

language but has little effect on their understanding and learning (Abel et al., 2015).  

 

Besides parents and teachers, peer interactions are core pillars of children’s language 

environments. Prior research suggested that children interact most often with other children 

whose language development resembles theirs (Justice et al., 2011). In other words, 

children with stronger language skills tend to associate with high-language ability peers, who 

then jointly co-produce language environments that benefit language development (Justice 

et al., 2011). By comparison, children with weaker language skills tend to interact more often 
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with peers who have similarly limited language abilities, thereby inadvertently creating fewer 

opportunities to access rich linguistic resources (Chen et al., 2020). We could study the 

influence of peers’ language and related mechanisms here because such data were not 

available. Future research is needed to establish whether the influence of mothers’ speech 

on children’s education-related outcomes reduces across the school years relative to the 

influence from other speech sources, such as peer interactions. 

 

Inferring causality from observational data  

Findings on genetic confounding and genetic nurture must be interpreted in light of several 

limitations. First, controlling for genetic confounding using polygenic scores is an imperfect 

method, because polygenic scores do not capture all genetic influences on traits and 

behaviours. A common finding in studies that estimate heritability using DNA is that 

estimates of heritability are lower than those derived from twin and adoption studies. This 

discrepancy in estimates is known as the ‘missing heritability’ or the ‘heritability gap’ 

(Manolio et al., 2009). There are multiple possible reasons that may explain why DNA-based 

heritability estimates are lower than those from twin studies. For example, DNA-based 

heritability estimates consider common genetic differences but not relatively rare genetic 

variants, which are thought to contribute to heritability (Wainschtein et al., 2025; Young, 

2019). If DNA-based methods, such as polygenic scores, underestimate the true heritability 

of a trait or behaviour, it means that they also underestimate the extent of genetic 

confounding when used as control variables. The bottom line is that even after controlling for 

polygenic scores, associations between parenting and child outcomes may not fully reflect 

environmental, causal associations. There may be some residual confounding that this 

method does not pick up on.  

 

Second, some concerns have recently been raised in the literature about findings of genetic 

nurture. In particular, genetic nurture effects are sensitive to a type of bias  

called ‘population stratification’ (Nivard et al., 2022). Population stratification is a concept in 

genetics and epidemiology that refers to the presence of systematic differences in the 

genetic makeup of subgroups within a larger population. These subgroups can exist due to 

various reasons, such as geographic separation, cultural practices, or historical migration 

patterns. Researchers typically account for population stratification in their analyses, but it 

can still create bias and potentially lead to overestimation of genetic nurture effects.  

 

Third, the research design in the current project – even though it includes genetic 

information – is still an observational research design. Thus, it reveals ‘what is’ and not ‘what 
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could be’. However, when based on rich, longitudinal datasets that make it possible to 

control for a variety of potential confounders, including genetic ones, studies like ours allow 

making an educated guess about the potential impact of interventions on child outcomes. 

This can then be followed up and tested in more applied research, such as randomised-

controlled trials, that formally test the impact of an intervention, such as parent training.  

 

With these limitations in mind, findings of genetic confounding and genetic nurture have 

several implications. First, if an association between an environmental variable and a child 

outcome is confounded by genetics, changes in that environmental variable would not 

necessarily change the outcome in a causal fashion. For example, to the extent that the 

association between mothers’ speech and children’s educational achievement is due to 

genetic confounding, interventions that target mothers’ speech may not necessarily have an 

impact on school grades. Second, to the extent that an association between an 

environmental variable and a child outcome remains even after controlling for genetic 

confounding, an intervention targeting that environmental variable would be able to change 

the child outcome. Third, if parent genes influence children’s development not only via 

passing on genes to their children, but also via the environments that they create for their 

children, then these environments themselves can be modified through interventions. This 

phenomenon – when parents’ genes influence children’s environments independent of the 

genes that parents and children share – is called genetic nurture. Genetic nurture effects 

implied environments that can be modified, for example such as early childhood home 

visiting programs and or parenting interventions. Thus, a finding of genetic nurture would 

suggest that it is possible to intervene in the path from genes to behaviour. In our analyses, 

we observed genetic nurture effects in the way that mothers’ genes influenced children’s 

education-related outcomes via their own education and vocabulary sophistication. The 

effect sizes of this path were very small, suggesting that interventions that target this 

environmental pathway are unlikely to produce substantial changes in children.   

 

Differences in twins’ and singletons’ language development   

Our data came from a family cohort who had twin rather than singleton births. A potential 

challenge to interpreting our findings is that twins may develop differently than singletons 

and thus, our results may not generalise across families. Indeed, a research review 

concluded that twins’ language development was on average delayed by 2 to 8 months 

behind singletons, if given as a time difference between twins and singletons reaching the 

same language development milestones (Thorpe, 2006). This twin-singleton delay in 

language has been found to persist until the age of 10 years, when differences between 
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twins’ and singletons’ language ability tend to become non-significant (Webbink et al., 2008). 

The existence of differences in twins’ and singletons’ language development could imply that 

findings from language development research that use twin samples may not be 

generalisable to singleton populations. To address the comparability of twins and singletons 

in the language development, we conducted additional analyses in a sample of twins and 

their younger singleton siblings from the Twins Early Development Study (TEDS; Lockhart et 

al., 2023).  

 

Research design  

Existing research on twin-singleton differences in development have often utilised samples 

of genetically unrelated twins and singletons (i.e., singletons from different families than 

twins and vice versa). This approach makes it impossible to account for family-level 

confounding in the prediction of language development, such as differences in SES, the 

wider home environment, and genetics. By testing twins and singletons from the same 

families, family-level confounding can be accounted for. 

 

TEDS is a UK-representative cohort of twins born in England and Wales from 1994 to 19962 

(Lockhart et al., 2023). A subsample of TEDS included 851 twin families with a younger 

singleton sibling, which we capitalised on to conduct within-families comparisons between 

twins and singletons. The twins and their younger siblings completed tests of language 

ability when they were ages 2, 3, 4, and 7 years old (i.e., all children were assessed at the 

same chronological ages, respectively, but twins and singletons were assessed at different 

times or dates). The language measures at ages 2, 3, and 4 years were adapted from the 

MCDI (MacArthur-Bates Communicative Development Inventories; Fenson et al., 1994), and 

consisted of tests of vocabulary and grammar, which were designed for parents to answer 

on behalf of their children. At age 7, vocabulary, verbal concept formation, and verbal 

abstract reasoning were tested using items from the WISC vocabulary and similarities tests 

(Wechsler Intelligence Scale for Children; Wechsler, 1949) adapted for administration via 

telephone.  

 

Findings 

We found that being a twin versus a singleton was significantly associated with language 

development. Singletons outperformed twins’ language ability at ages 2, 3, and 4 years (d 

ranged from 0.12 to 0.41, p ranged from .002 to <.001), with the biggest effect size at age 2, 

 
2 E-Risk was drawn from TEDS. Both cohorts have been led by overlapping yet distinct different research teams 

since 1999, with both cohorts undergoing different assessments at different ages.  
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and the difference between twins’ and singletons’ language scores decreasing with age. By 

age 7 years, twins had caught up with and exceeded singletons’ abilities (d= -0.35, p= <.001; 

see Figure 18). To summarise, small to moderate differences in twins’ and singletons’ 

language development were observed in the early years prior to starting formal schooling. 

These differences diminished over time and could be no longer observed after children had 

started primary school.  

 

 

Figure 20: Mean differences in twins’ and singletons’ language ability from age 
2 through to 7 years 

Note. Average language scores are plotted across ages for twins and singletons. 

Figure adapted from Wood et al. (2026).  

 

We found that twins’ language development is delayed when compared to singletons at ages 

2, 3, and 4 years. These findings suggest that twins’ language development experiences 

may not be generalisable to singletons’ during their early years. In the present research, we 

analysed children’s language abilities from age 5 to 18 years – ages when twins’ and 

singletons’ differences at the group level (i.e., sibling type) would have diminished. However, 

our findings caution somewhat that it may not be recommendable to use twin samples for 

exploring language development during the early years, when findings may not be 

generalisable to singleton populations. Overall, we concluded that twin-singleton differences 

in language development neither invalidate the current findings nor do they advise against 

analysing data from twin cohorts to address research questions like ours.  
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Implications and Recommendations for Research Stakeholders  

We studied here the role of mothers’ speech in the transmission of family background 

inequality in education. Our results offer insight into ‘what is’ rather than ‘what could be’. No 

direct implications for research, practice, or policy follow, although we can formulate some 

recommendations based on our findings. For example, our findings may inform the 

theoretical background of future applied research in this area. Below, we briefly outline 

potential directions four stakeholder groups for whom our findings are likely relevant: 

Researchers, policymakers, educators, and families. Given the preliminary nature of our 

findings and our call for additional research in this area, we describe more implications for 

researchers, who are the most direct beneficiaries of this research, than for policymakers, 

educators, and families.  To aid navigation, we highlight throughout which implications are 

most relevant for each group and what practical conclusions they may draw from the 

findings. 

 

For researchers: Implications for future research 

We explored the role of mothers’ speech for children’s education-related outcomes beyond 

the early years and independent of family-level confounding (e.g., SES and genetics). Our 

findings revealed three significant gaps in the previous literature that researchers should 

address in the future.  

 

The first pertains to the differences and similarities of mothers’ child- and adult-directed 

speech. We quantified mothers’ speech from transcripts of interviews that they gave to 

trained health researchers (i.e., adults); thus, mothers’ speech in the context of our research 

was adult-directed. Prior research has shown that mothers’ child-directed speech predicts 

children’s language ability during the early years (Huttenlocher et al., 2002; Rowe, 2012) and 

aids their education-related outcomes in primary school (Durham et al., 2007; Pace et al., 

2019). However, our findings here and elsewhere (von Stumm, O’Reilly, et al., 2022) 

challenge the hypothesis that mothers’ speech exerts significant influence on children’s 

educational achievement after they have started formal education. One possible explanation 

for the discrepancy in findings is that we are analysing mothers’ adult- as compared to their 

child-directed speech. Yet, the differences, similarities, and development of mothers’ adult- 

and child-directed speech have not been conclusively studied to date (Kempe et al., 2024). 

We therefore propose that future research should investigate how the characteristics of 

child- and adult-directed speech differ and overlap, and if they have discernible influence on 

children’s long-term differences in education-related outcomes.  
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Second, our finding that mothers’ vocabulary sophistication is implied in the transmission of 

family background inequality in education warrants further research to explain why. We 

observed that mothers’ vocabulary sophistication predicted children’s education-related 

outcomes, but their grammar and lexical diversity did not. That mothers’ vocabulary 

sophistication may play a special role for children’s vocabulary development has been 

previously noted (Hoff & Naigles, 2002; Weizman & Snow, 2001). Furthermore, it has been 

argued that exposure to sophisticated vocabulary will likely benefit children’s learning from 

academic texts, which become increasingly abstract, complex, and dense across school 

years (Uccelli, 2023). Thus, our findings support calls for classroom environments that teach 

sophisticated vocabulary on a par with the academic texts that pupils study (Bakopoulou, 

2023; Cabral-Gouveia et al., 2023). That said, the exact pathways and mechanisms through 

which mothers’ vocabulary sophistication may inform children’s developmental differences in 

education-related outcomes are, to date, unknown (Schleppegrell, 2001; Uccelli, 2023).   

 

Our third suggestion is broadening the focus of research on the transmission of family 

background inequality to consider alternative explanatory pathways beyond mothers’ 

speech. Previous research’s narrow emphasis (Sperry et al., 2019) on the role of mothers’ 

speech may have led inadvertently to neglecting alternative linguistic and non-linguistic 

pathways that likely carry equal, if not greater, explanatory power (Caro et al., 2009; Dolean 

et al., 2019; Hart et al., 2013; Hoff, 2013). Intervention efforts based on today’s limited 

knowledge of the transmission pathways of family background inequality risk attributing too 

much responsibility to mothers’ speech for children’s educational successes and failures. 

Such misattributions can reinforce narratives that mothers, rather than the social and 

economic conditions in which they raise their children, are the root of children’s educational 

achievement differences (Adair et al., 2017; Patel et al., 2023; Sperry et al., 2019). The 

research literature would benefit from investigating non-linguistic pathways, such as 

socioeconomic factors, and alternative linguistic pathways such as the speech of other 

caregivers and peers in the classroom. By doing so, intervention efforts can be diversified 

and consider on a broader range of explanatory pathways, thereby avoiding attributing 

undue responsibility or blame to mothers.  

 

 

For policymakers: Implications for policy design 

For policymakers, the key question is whether mothers’ speech represents an effective and 

scalable target for reducing educational inequality. In this context, children’s early 
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environments have long been a focus of policymakers. For example, the Supporting Families 

programme has been implemented by the UK government since 20153, offering targeted 

support to vulnerable families to improve their home environment. At the core of the 

programme, keyworkers provide support to families with parenting, debt and housing needs, 

and getting children to school (Ministry of Housing, Communities & Local Government, 

2021). Our research offers some insights on mothers’ speech as a target of policies that 

pertain to the family background inequality in education. Below, we discuss our perspectives 

on the efficacy of mothers’ speech as an intervention target, according to our research 

findings, and highlight alternative targets for policy intervention.  

 

We found significant effects of mothers’ speech on children’s education-related outcomes. 

However, the extent to which these were likely to be causal was very small. Specifically, 

about 2% of the differences in children’s educational attainment were likely transmitted 

through mothers’ speech via genetic nurture and nurture pathways, respectively. Thus, our 

findings imply that targeting mothers’ vocabulary sophistication will improve children’s 

education-related outcomes only to a small degree. In practical terms, this means that 

interventions targeting mothers’ speech alone are unlikely to produce large changes in 

educational outcomes. That said, we caution that transmission pathways with large effect 

sizes are unlikely, especially within families. We argue that even the realisation of small 

benefits justifies the costs associated with the implementation of interventions, because their 

effects are likely cumulative (von Stumm, 2024; von Stumm & d’Apice, 2022). In other 

words, single intervention efforts, such as programmes that seek to alter mothers’ 

vocabulary sophistication, are likely to produce modest change and may even be dismissed 

as costly but non-effective. Yet, when compounded with the effects of other interventions, 

likely with equally small individual effect sizes, substantial long-term change becomes 

feasible. It is also worth considering that even small differences in children’s education-

related outcomes can carry significant benefits across the life-course. For example, a child 

who, after an intervention, achieves a higher grade in a difficult subject than before may 

develop a sense of academic self-belief that underpins their future study efforts and work 

morale. That such benefits are difficult to quantify neither invalidates nor nullifies their 

potential influence.  

 

Taken together, our findings suggest that policy efforts may be more impactful when they 

target broader socioeconomic conditions rather than focusing narrowly on parental 

behaviour. This underscores that policies targeting underlying socioeconomic inequalities 

 
3 The programme was originally introduced in 2011 and known as ‘Troubled Families’.  
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are likely to have the broadest and most sustained impact, as these conditions shape 

multiple developmental pathways simultaneously. Beyond mothers’ speech, we suggest 

policymakers prioritise the wider social inequalities that contribute to differences in children’s 

education-related outcomes. Socioeconomic disparities relate to differences in mothers’ 

speech as well as to other differences in home learning environment which are 

consequential for education-related outcomes, such as their access to learning resources 

and school quality (Lehrl et al., 2020; Pace et al., 2017). By addressing the root causes of 

these disparities, policies can likely have wide and lasting effects. Overall, our findings 

suggest that social and economic conditions likely play a larger role in shaping educational 

inequality than differences in mothers’ speech alone. 

 

For educators: Implications for classroom practice 

For educators, our findings are most relevant in informing classroom-based approaches to 

language and learning. Educators help students to be successful at school whilst working 

within the cultural, social, and financial constraints of the education sector. In England, total 

spending per pupil fell by 9% between 2009-10 and 2019-20 (IFS, 2024), leaving little room 

for the implementation of interventions or additional teacher training. Spending has since 

increased and is set to rise even further, but the fact remains that budgets are tight in the 

education sector. Therefore, we discuss school-focused interventions here with the 

understanding that additional funding is required to facilitate their delivery in the UK 

education system.  

 

Vocabulary sophistication has been argued to benefit children’s learning from academic 

texts, which become increasingly abstract, complex, and dense across school years (Nagy & 

Townsend, 2012; Uccelli, 2023). Consequently, children may benefit from classroom 

environments that encourage exposure to sophisticated vocabulary, which aligns with the 

complexity of the academic texts that they study (Bakopoulou, 2023; Cabral-Gouveia et al., 

2023). Interventions that increased vocabulary sophistication in the classroom have been 

previously found to benefit children’s learning. For example, an intervention which trained 

preschool teachers to use instructional content (i.e., more instructive language) and rich 

vocabulary in the classroom improved pupils’ language and maths skills (Bleses et al., 

2020). Other classroom-based vocabulary interventions have been shown to improve 

preschool children’s word learning, with effect sizes higher for higher SES than lower SES 

pupils (Marulis & Neuman, 2010). This suggests that schools can play an important role in 

supporting children’s language development, particularly where home environments differ. 

Small effect sizes should not deter investment in interventions, as even small improvements 
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in children’s language abilities can contribute to improvements in their wider education, 

having a cumulative effect.  

 

Classroom-based interventions may be more efficient and effective in reducing family 

background inequality in education than family-based interventions. For one, classroom-

based interventions reach a larger number of children at once than is possible when 

targeting individual families. For the other, classroom-based interventions are typically 

delivered by trained education experts in environments that are safe and organised for 

children. By contrast, interventions that target families often put a parent in charge and take 

place in the family home, an environment that is more difficult to organise (e.g., there may be 

siblings, household chaos, etc). While budgets are limited in the UK’s education sector, 

investments in classroom-based vocabulary interventions are likely a promising avenue for 

combatting family background inequality in education. Of course, classroom-based 

vocabulary interventions alone will be insufficient, but they are a practicable step that could 

be taken towards reducing family background inequality in education.  

 

For families: Implications for everyday parenting 

For families, our findings are most relevant in addressing concerns about parental 

responsibility for children’s educational outcomes. Today’s parents are held to very high 

standards by society, and they are under increasing pressure to create optimal conditions 

and environments for their children. There is no shortage of advice for parents on how to 

raise their children, including countless parenting books and vast social media content. The 

unprecedented volume of advice has been shown to decrease parents’ self-esteem, to 

increase parenting stress, and to make parents feel insecure in their parenting role (Harries 

& Brown, 2019; Hudson, 2022). Our findings of small effect sizes for mothers’ speech on 

children’s educational outcomes may offer reassurance to parents who feel the pressures of 

parent blame. Our results suggest that, while parents’ speech plays a role, it is only one of 

many factors influencing children’s outcomes, many of which lie beyond parents’ control. We 

hope our findings contribute toward shifting the focus from mothers’ and parents’ alleged 

responsibility for the transmission of family background inequality to recognising the 

influence of systemic societal factors.   

 

We note in this context that families – by contrast to researchers, policymakers, and 

educators – are often the most distant beneficiaries of child development research, as it 

takes time for studies to be completed, published, and gain enough public attention for 

families to hear about the findings. For this project, we tackled this problem directly by 
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sharing our work on public platforms that families are likely to engage with, including popular 

blogs and news outlets. We also ensured that our content was accessible by writing in a way 

that is easy for a lay audience to understand. This approach aims to ensure that research 

insights are accessible not only to specialists but also to families who may benefit from them.  
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Conclusion 

Family background inequality in education is a persistent issue in the UK. Mothers’ speech 

has been identified as a potential pathway for perpetuating family background inequality in 

education. We produced here robust empirical evidence that suggested that mothers’ 

vocabulary sophistication, a marker of speech, likely has small, but causal influence on 

children’s education-related outcomes. We also found that mothers’ vocabulary 

sophistication was associated with mothers’ educational attainment and their household 

income. Together, these findings support mothers’ vocabulary sophistication as possible 

transmission pathway from family background to children’s education-related outcomes. 

Because this pathway is likely causal, at least to some degree, mothers’ vocabulary 

sophistication may be a suitable target for interventions that seek to disrupt the perpetuation 

of family background inequality in education. That said, we observed very small effect sizes 

for the role of mothers’ speech, suggesting that any to-be-developed interventions that target 

mothers’ speech will achieve modest change to the transmission of family background 

inequality, even if they are effective. Overall, our research showed that children’s differences 

in education-related outcomes were more strongly associated with their families’ 

socioeconomic resources than with their mothers’ speech. This finding emphasises that 

disrupting family background inequality in education in substantial ways will require 

addressing socioeconomic conditions that children are raised in.  
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Glossary of genetic terms 

Term Definition 

Genetic Confounding  Genetic confounding occurs when genetic factors influence 

both an environmental characteristic (e.g., mothers’ speech) 

and an outcome (e.g., a child’s education-related outcomes). 

The association between environment and outcome may be 

due to shared genetics between parent and child; these 

shared genetic can create the false impression of a causal 

environmental effect.  

Adoption Study Design  Adopted children share genes with their biological, but not 

with their adoptive parents. Conversely, adopted children 

share environments with their adoptive, but not with their 

environment biological parents. Comparing resemblances of 

children with their biological relative to their adoptive parents 

helps discerning genetic (similarities with biological parents) 

and environmental effects (similarities with adoptive parents).  

Twin study design The classic twin study design relies on comparisons of the 

phenotypic resemblance between identical (monozygotic) 

and fraternal (dizygotic) twins to estimate additive genetic, 

shared, and non-shared environmental influences on a trait. 

Monozygotic twins share 100% of their genome, while 

dizygotic twins share on average 50% of their segregating 

genetic variants; they resemble each other genetically as 

much as other fraternal siblings. If monozygotic twins are 

more similar to each other in a given phenotypic trait than 

dizygotic twins, we can conclude that genetic factors 

influence people’s differences in that trait.  

Heritability Heritability is the proportion of differences in a phenotypic 

trait (i.e., phenotypic variation) that can be attributed to 

genetic differences between people in a given population at a 

given time. Genetic and environmental influences exist in a 

concerted balance: Individual differences in all traits are 

heritable, but no trait is 100% heritable.  

Phenotype Phenotype refers to an individual’s observable or expressed 

traits. People’s phenotypic differences result from the 
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interplay of their genes (genotype) and their environments. In 

GWAS (below), the behavioural or psychological trait for 

which DNA variants’ associations are tested is referred to as 

target phenotype. 

Genome  The genome is the complete set of genetic information of an 

organism.  

Genotype A genotype is a scoring of the type of variant present at a 

given location (i.e., a locus) in the genome, represented for 

example by the DNA sequence at a specific location, such as 

CC, CT, TT. Some genotypes contribute to an individual’s 

phenotype or observable traits.  

Polygenic scores Polygenic scores are aggregates of the SNPs (see below) 

that are spread across the genome and were identified in a 

GWAS to be associated with a target phenotype. The SNPs 

that are included in polygenic scores are typically weighted 

by the effect size of their association in the GWAS; this 

information is contained in the GWAS summary statistics. 

Polygenic scores can be computed in any independent 

(validation) sample, for whom genotypes are available, to 

index a person’s genetic propensity for a target phenotype. 

Single-nucleotide 

polymorphisms (SNPs) 

A SNP refers to a base-pair difference in the genome, which 

occurs at one location of the genome (i.e., single nucleotide), 

independent of base-pair differences in other locations, and 

presents in many different (i.e., poly) versions (i.e., 

morphisms). SNPs are the smallest unit of genetic variation 

between people. A base-pair is a ‘rung in the DNA ladder’ 

that bonds together two bases (i.e., Adenine with Thymine, 

and Guanine with Cytosine). The human genome includes 

about three billion base-pairs, and SNPs occur about one in 

every 300 base-pairs (i.e., there are about ten million SNPs 

within the human genome). 

Genome-wide 

association studies 

(GWAS) 

GWAS test associations between SNPs across the genome 

and individual differences in a phenotypic trait, also known as 

a target phenotype (e.g., years spent in full-time education), 

in a discovery sample. GWAS produce summary statistics of 
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the strength with which each SNP is associated with the 

target phenotype in the GWAS discovery sample.   

Genetic Propensity An individual’s genetic propensity suggests behavioural, 

cognitive, and affective tendencies or preferences for a 

particular trait given their inherited DNA differences. These 

reflect probabilistic rather than deterministic estimates. 

Causality and prediction In statistics, causality is an inference made between two 

variables, where variable X causes variable Y. Prediction 

describes the associations between two variables, whereby 

variable X predicts the occurrence of variable Y, for example 

when X occurred in time before Y. Observing that variable X 

predicts variable Y does not imply that X causes Y. In the 

context of genomic research, polygenic scores are said to 

predict rather than cause phenotypic differences.  
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