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Lay Summary 
Research has shown that the way mothers talk to their children before they start school may play a role in passing on educational inequalities. The longer-term impact of mothers’ speech beyond the early years is not well understood. Using interviews with 894 mothers from a wide range of socioeconomic backgrounds, we examined whether differences in mothers’ vocabulary and grammar are linked to children’s outcomes at school. Children whose mothers used more sophisticated vocabulary showed small advantages in cognitive ability and reading between ages 5 and 10. However, when mothers’ education and household income were taken into account, most of these links became weaker or disappeared. Overall, mothers’ education and household income had a stronger long-term influence on children’s educational outcomes.
Abstract
We tested the extent to which mothers’ speech contributes to the transmission of family background inequality in education. In 894 families (93.1% White), representative of the full range of Britain’s socioeconomic conditions, we quantified mothers’ vocabulary sophistication, lexical diversity, and grammatical complexity from 10-minute-long audio-recorded interviews. Mothers’ vocabulary sophistication significantly predicted children’s (49% males) cognition, literacy, and educational achievement from ages 5 through 12 years, accounting for 2% to 5% of the variance. After adjusting for mothers’ education and household income, these effects reduced to 1% and 2% or became non-significant. Our findings suggest vocabulary sophistication contributes only modestly to the transmission of family background inequality in education.
Word count: 113
Key Words: Education; Mothers’ Speech; Word Gap








2

Doing well in school is the first step to success in meritocratic societies that allocate resources and power according to demonstrated achievement. A child’s performance in school predicts the number, level, and prestige of the educational qualifications they are likely to achieve over their lifetime (Duncan et al., 2007; Entwisle et al., 2005; Starr et al., 2024). These educational qualifications, in turn, inform the child’s later access to economic, social, and cultural resources (Bourdieu, 1986), their position in society (Carlson & McChesney, 2015), well-being (Noble et al., 2021), and health (Furnée et al., 2008). Yet, children are not equally equipped for doing well in school: children from families with fewer socioeconomic resources tend to lag in school readiness, and they achieve lower grades in primary and secondary education than children from well-resourced families (Magnuson et al., 2016; von Stumm, Cave, et al., 2022). 

Prior studies identified the speech children hear from their mothers as a key pathway through which family background inequality in education becomes transmitted (Hoff, 2013; Rowe, 2018; Schwab & Lew-Williams, 2016). Child-directed speech supports early language development through well-documented mechanisms, such as contingency, diversity of vocabulary, and decontextualized language use (Rowe & Snow, 2020). These mechanisms can transmit family background inequality as mothers from under-resourced families speak, on average, less frequently to their children (Rowe, 2008), and they use simpler vocabulary and syntax than mothers from well-resourced families (Huttenlocher et al., 2010; Rowe, 2012). The quantity and quality of child-directed speech support children’s vocabulary and syntactic growth, which are foundation for later literacy skills and academic achievement (Durham et al, 2007; Rowe, 2012). It follows that children’s early life language experiences and their language development are both conditioned on their family background in ways that can foster inequalities in education (Hoff, 2013; Pace et al., 2017; Rowe, 2018; Schwab & Lew-Williams, 2016).

Previous research focused on child-directed speech but paid less attention to the role that mothers’ adult-directed speech plays for children’s development. This omission is striking for two reasons. First, children begin to overhear mothers’ adult-directed speech in utero, and this exposure permeates across contexts (e.g. home versus school). A vast body of empirical studies demonstrated that overhearing produces robust learning in children (Athkar, 2005 (Akhtar, 2005; Girouard-Hallam & Norris, 2024, Sperry et al., 2019). Exposure to overheard adult-directed speech may complement ongoing contingent, developmentally tailored interactions, such as child-directed speech. Both forms of speech likely exert long-term influence on children’s development, albeit to different degrees and potentially through distinct pathways. Second, adult-directed speech may capture a broader language socialization pathway, whereby mothers’ adult-directed speech models academic registers, discourse norms, and cognitively demanding language practices that align with school-based expectations (Ochs & Schieffelin, 2017; Schleppegrell, 2004). It therefore seems plausible that mothers’ adult-directed speech contributes not only to children’s language development but also their cognition, literacy, and educational achievement.

Previous studies’ narrow focus on the influence of child-directed speech may have reinforced the idea that the transmission of family background inequality can be explained by a single pathway (i.e., mothers’ child-directed speech). However, this notion risks oversimplifying the role of mothers’ speech for children’s differences in development (e.g., Sperry et al., 2019). To address this gap, we tested here the long-term prediction of children’s cognition, literacy, and educational achievement at age 5 through to 12 years from mothers’ adult-directed speech, including their vocabulary sophistication, lexical diversity, and grammatical complexity. We use the term “prediction” in this article to refer to the temporal order in which the assessment of one variable precedes the assessment of another. 

Mothers’ speech may contribute to children’s differences in education via two principal mechanisms that likely intersect and operate along a social gradient (Hart & Risley, 1995; Lippi-Green, 2011). For one, mothers’ speech frames children’s opportunities to acquire vocabulary and grammar, which influence their development in domains that thrive through language exposure, such as reasoning (Mercer et al., 1999), literacy (Duff et al., 2015), and school performance (Pace et al., 2019). For example, children who hear a wide range of sophisticated vocabulary from their mothers show on average faster word recognition and deeper text comprehension than children who experience less vocabulary sophistication (Verhoeven et al., 2011). Word recognition and text comprehension, in turn, enhance children’s literacy (Verhoeven et al., 2011). 

For the other, mothers’ speech can familiarize children with the formal academic register that is prevalent in educational contexts, in line with Bourdieu’s (1986) theory of linguistic capital (Lareau & Weininger, 2003; Schleppegrell, 2004). Registers refer to patterned ways of language use that vary across social contexts and communication activities (see Halliday & Hasan, 1989). Here, the academic register describes a specialized form of language that is valued in academic settings and characterized by clusters of complex, co-occurring lexical and grammatical features. Such lexical features include, for example, subject-specific and low-frequency terminology, while the grammatical features include complex sentence structures, nominalizations, and passive constructions (Fang et al., 2006; Hadley et al., 2022). Mothers whose speech aligns with the academic register model forms of language use for their children that resemble the language used in classrooms and academic texts (i.e., language socialization). Children who are familiar with the academic register when they start formal schooling are in the advantage, because they can readily access the curriculum and engage with the teachers. However, children raised without many opportunities to learn the linguistic codes that govern education settings may – unwittingly – communicate in ways that lead to being stereotyped and discriminated against by teachers (Kircher & Fox, 2021; Spencer et al., 2013).

Current Study 
Our study takes a confirmatory approach to testing the role mothers’ speech plays for the transmission of family background inequality in education, focusing on three pre-registered hypotheses. First, we tested the hypothesis that characteristics of mothers’ speech, including vocabulary sophistication, lexical diversity, and grammatical complexity, would significantly, though modestly predict children’s long-term cognition, literacy, and educational achievement, including verbal and non-verbal skills at age 5 years, reading ability at ages 7 and 10 years, and academic performance in English and Maths at ages 7, 10, and 12 years. We also tested whether these predictions are independent of SES or attenuated when SES is accounted for. Our second hypothesis was that markers of mothers’ SES, including occupation, educational attainment, and household income, were associated with the characteristics of their speech in the way that mothers of higher SES spoke with higher vocabulary sophistication, lexical diversity, and grammatical complexity. Finding such positive correlations would suggest that mothers’ speech differences are shaped by a ‘social gradient’, whereby mothers with fewer socioeconomic resources are also at a greater risk to use speech that is less beneficial for their children’s development (cf. Marmot, 2015; Mulder & Hulstijn, 2011). Our third hypothesis was that mothers’ speech mediates the association between mothers’ SES and children’s education-related outcomes. To test our analyses, we conducted pre-registered regression and mediation analyses that together clarify the extent to which mothers’ speech contributes to the intergenerational transmission of educational advantage, both directly and indirectly via SES. 

We capitalized on rich, naturalistic speech data collected from a socioeconomically diverse sample of N = 894 mothers when their twin children were 5 years old and starting primary school (Caspi et al., 2004). Data came from E-Risk, a UK population-representative cohort study of families who had twins born from 1994 to 1995 in England and Wales (Moffitt & E-Risk Study Team, 2002). The mother-child trios in E-Risk were identified via the Office for National Statistics’ multi-birth register (Moffitt & E-Risk Study Team, 2002) and represented the full range of Britain’s socioeconomic conditions, with an ethnic composition comparable to that of England and Wales, at the time (e.g., 94.1% White families in England and Wales; 93.1% White families in E-Risk). E-Risk families’ residential addresses match the UK Index of Multiple Deprivation distribution: 25% of the families lived in Britain’s wealthiest areas and 25% in the poorest areas (Odgers et al., 2012). 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.

Mothers freely described their parenting experiences and the twins’ characteristics in interviews conducted in person by trained health researchers (i.e., adult interviewers; average interview length ~22 minutes; Caspi et al., 2004). From 10-minute-long excerpts of these interviews’ transcripts, we quantified mothers’ lexicon in terms of vocabulary sophistication (% of rare words used in speech; Weizman & Snow, 2001) and lexical diversity (range of word types used in speech; McCarthy & Jarvis, 2010). We also quantified mothers’ grammatical complexity from the mean length of utterance, verb usage (number of verbs per utterance; Hoff-Ginsberg, 1990) and syntactic complexity (proportion of grammatical relations reflecting complex syntactic structures; Mueller et al., 2018). Children’s verbal and non-verbal cognitive abilities at age 5 years and literacy skills (i.e., reading ability) at age 7 and 10 years were assessed with standardized psychometric tests. Children’s performance in the core school subjects of English and Mathematics at ages 7, 10, and 12 years was rated by teachers relative to that of other pupils at the same age.

Materials and Methods
Sample
Data came from the Environmental Risk (E-Risk) Longitudinal Twin Study, which tracks the development of 2,232 British twin children 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 (Moffitt & E-Risk Study Team, 2002) and in Supplementary Note 4. To summarize, the E-Risk sample was constructed in 1999 to 2000 when 1,116 families (93% of those eligible and of whom 90.4% were White) 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 that 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). Here, we use data collected up to age 12, when 1073 families participated. 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.

Mothers’ speech corpus
When their twin children were 5 years old (recorded approx. 2000), mothers freely described their parenting experiences and the twins’ characteristics in interviews conducted in person by trained health researchers (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 were 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. The audio-taped interviews were transcribed, and 10-minute samples from each interview (to ensure comparability given the varying interview lengths) were coded for automatic analyses using the Computer Language Analysis (CLAN) program (MacWhinney, 2000). A further 1% of interviews were excluded at the transcription stage due to poor audio. 2% of families were then excluded because a language other than English was spoken at home. Our final analysis sample included all mothers and their twins with sufficient available speech data (i.e., 1,788 children from 894 families, of whom 93.1% were White).

Mothers’ speech characteristics
From the transcripts of mothers’ speech, we extracted quantitative markers of lexicon and grammar using the FREQ, VOCD, and MLU programs within CLAN (MacWhinney, 2000). For lexical markers, we extracted mothers’ vocabulary sophistication and lexical diversity. For grammar markers, we extracted mothers’ mean length of utterance (morpheme count), grammatical complexity index, and verb usage within utterances. When extracting grammar markers, partially unintelligible utterances were excluded. For descriptives and correlations of lexical and grammar markers, see Supporting Information (Table S1 and Figure S1).

Vocabulary sophistication 
Vocabulary sophistication was the percentage of rare words mothers used in their respective speech transcripts. From the transcripts, we removed all words on the Dale-Chall word list (Chall & Dale, Edgar, 1995) 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 et al., 1995). We converted the words on the Dale-Chall list to UK spelling to align with the linguistic context of our sample. After filtering words, approximately 10% of transcripts were screened and manually checked by the first author and calibrated by trained research assistants to ensure the accuracy of this filtering process. Any remaining words in the transcripts were considered rare and sophisticated word types (Weizman & Snow, 2001). The percentage of mothers’ rare word types relative to their total number of word types in the transcript was then calculated.

Lexical diversity 
Lexical diversity was measured by computing D scores, which index the probability of introducing a new word as the speech sample progresses (MacWhinney, 2000). D-scores are highly robust against sample size effects and thus constitute reliable markers of lexical diversity over other methods such as Type Token Ratio (McKee et al., 2000)

Grammatical complexity
Grammatical complexity was inferred from the grammatical complexity index (GCI; Mueller et al., 2018), verb index, and mean length of utterance (Hoff-Ginsberg, 1990). 

GCI was computed by calculating mothers’ total number of grammatical relations that marked syntactic embeddings divided by their total number of grammatical relations (Mueller et al., 2018); the higher the index, the more complex grammatical and syntactic structures used in speech. The verb index was the mothers’ total number of verbs divided by the total number of utterances. The higher the average number of verbs per utterance, the more complex the syntax. MLU was calculated by dividing the mothers’ total number of morphemes by their total number of utterances produced. The higher the MLU, the more complex and longer mothers’ utterances were. Any words classed as communicators, such as ‘oh’ or ‘ah’, were excluded from this analysis.

Preliminary analyses were carried out to validate the reliability of the characteristics of mothers’ speech. Our lexical markers (vocabulary sophistication and lexical diversity) were positively intercorrelated at r = .34, and our grammar markers (MLU, grammatical complexity, and verb usage) correlated between .79 and .91. Because the grammar markers’ correlations were above .60, we computed a grammar composite score by summing the z-scores for grammatical complexity, MLU, and verb usage, in line with our pre-registration. Mothers’ reading scores from the Wide-Range Achievement Test (WRAT-3, Snelbaker et al., 2001) were positively correlated with vocabulary sophistication (r = .40), lexical diversity (r = .17), and grammatical score (r = .12). 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. 

SES indicators
Mothers’ educational attainment
The highest educational qualification of mothers when the children were aged 5 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 
The mothers’ current (or most recent) occupation when the children were aged 5 was coded using the Office of Population Censuses et al., (1995) 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 aged 5. 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. 

Cognition and literacy 
We tested the extent to which mothers’ speech predicted children’s cognition and literacy concurrently and prospectively at the ages of 5, 7, and 10 years, assessed by standardized psychometric tests (Torgesen et al., 1999; Wechsler, 1989), which in turn forecast their educational achievement (Pace et al., 2019). Reliability estimates exceed .90 for all measures in the E-Risk cohort (Rutter et al., 2004).

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. The Vocabulary Subtest and the Block Design Subtest scores were treated as independent outcomes that represented verbal and non-verbal ability, respectively. 

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 at ages 7, 10, and 12 using a 5-point Likert scale (1 = Far Below, 5 = Far Above), comparing each child to a typical peer of the same age. Prior research has demonstrated that teacher assessments are robust and valid measures of academic achievement in UK samples. For example, teacher ratings correlated strongly at ∼.70 with standardized test scores across core subjects and school years (i.e., ages 7–14 years) in a population representative cohort sample of up to 6,300 British children (Rimfeld et al., 2019). In E-Risk, teacher ratings of English and Mathematics were highly intercorrelated (r = .81–.84), a finding that converges with those from analyses of school grades in comparable samples (e.g., von Stumm et al., 2021).

Initially, we fitted separate latent growth curve models to both subject’s grades. However, because of the high inter-correlations between English and Maths grades, and because latent growth factors were highly similar across subjects, we report findings from the models that included grades across English and Maths (i.e., summed scores) in the main manuscript. We report the outcomes of the subject-specific models in the Supplementary Materials (see Table S8).

Statistical Analysis 
All models were fitted using the R package Lavaan (Rosseel, 2012). To account for the non-independence of observations (i.e., twins), standard errors were clustered at the family level, and mothers’ age was included as a covariate in all models. E-Risk incurred very low attrition over time (~5%) with data missing randomly; we used Full Information Maximum Likelihood (FIML) in all models (Graham, 2009). We fitted hierarchical linear regression models to test whether mothers’ speech was associated with their SES and predicted their children’s cognition and literacy. An independent model was run for each outcome at each age (verbal ability at age 5 years, non-verbal ability at age 5 years, reading score at age 7 years, and reading score at age 10 years).  

We fitted latent growth curve models to test whether mothers’ speech was associated with their children’s educational achievement. Using latent growth curve models allowed us to discern associations between mothers’ speech and children’s variance in educational achievement that was stable throughout the school years (intercept) versus variance in educational achievement that reflected systematic gains and losses in school performance over time (slope; see details in Supporting Information). This approach enabled testing whether mothers’ lexicon and grammar predicted differences in children’s educational achievement that were stable across the school years or predicted dynamic changes in educational achievement over time (Preacher, 2018).  

Finally, to discern the effects of mothers’ speech from those of SES, we conducted mediation models to estimate the effect size of mothers’ speech as a mediator of the SES–achievement association, using language indicators that were significant predictors in prior regression models. A random twin was selected from each pair to account for the non-independence of observations within twin families (N = 894). 

We conducted mediation analyses to estimate the indirect and direct effects of mothers’ speech in the association between SES and children’s education-related outcomes. Our approach was motivated by the conceptual logic of mediation (Baron & Kenny, 1986; MacKinnon et al., 2007) but was not contingent on the significance-testing framework proposed in those models. Instead, mediation was used to quantify the relative contribution of mothers’ speech to the SES–outcome association, providing an effect-size estimate of the indirect pathway. Mediators were identified based on prior regression analyses that established significant associations with both SES and children’s outcomes. Indirect effects were estimated using bias-corrected bootstrapped confidence intervals (95% CI, 1,000 resamples; Li, 2011), and mediation percentages were calculated to compare the proportion of variance explained by indirect and direct effects (Hayes, 2009; Zhao et al., 2010). 

Results
We present our findings for children’s cognition and literacy separately from those pertaining to children’s educational achievement, reflecting the different modelling approaches that we applied to these outcomes (i.e., regressions versus latent growth curve models). 

Predicting children’s cognition and literacy from mothers’ speech 
We fitted independent models for each measure at each age with mothers’ speech characteristics as predictors. 

Mothers’ vocabulary sophistication was significantly and positively associated with children’s cognition and literacy (see Tables S2-4), accounting for 2-5% of the variance across ages and measures (Figure 1a). Neither mothers’ lexical diversity nor grammar significantly predicted children’s cognition and literacy (Figure 1a). 



Predicting children’s educational achievement from mothers’ speech 
We next tested the extent to which mothers’ speech predicted children’s school performance in English and Mathematics, as rated by teachers when the children were aged 7, 10, and 12 years. 

We specified mothers’ speech characteristics (i.e., vocabulary sophistication, lexical diversity, and grammatical complexity) as predictors of the two latent growth factors (i.e., intercept and slope). Mothers’ vocabulary sophistication was significantly associated with children’s stable variance in educational achievement (intercept), accounting for 2% of the variance, but not with gains and losses in educational achievement over time (slope; Table S5). 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 (Table S5). Akin to our findings on children’s cognition and literacy, these results suggest that mothers’ vocabulary sophistication predicts children’s differences in educational achievement. Yet, mothers’ vocabulary sophistication was not associated with changes in achievement trajectories that occur over time. 

Mothers’ SES and characteristics of their speech 
To explore the role mothers’ speech plays in the transmission of family background inequality, we first tested whether mothers’ SES, including their educational attainment, occupation, and household income, was associated with their speech. We fitted independent regression models for each characteristic of mothers’ speech (i.e., vocabulary sophistication, lexical diversity, and grammatical complexity) to be predicted by mothers’ SES indicators. 
Mothers’ SES indicators accounted for 28% of the variance in vocabulary sophistication and 6% of the variance in lexical diversity; they were not significantly associated with grammatical complexity (Figure 2, Table S6). These results suggest that only measures of mothers’ lexicon (i.e., vocabulary sophistication and lexical diversity) vary as a function of their SES. 
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 (Table S6). Sensitivity analyses (see Supporting Information) 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). Overall, the findings suggest that mothers’ SES is more strongly and consistently associated with their vocabulary sophistication than with their lexical diversity and grammar. 

Predicting children’s cognition and literacy from mothers’ SES
Next, we modeled the extent to which mothers’ SES predicted children’s cognition and literacy (Figure 1b; Tables S2-4). Across ages and measures, mothers’ SES indicators accounted for 8-10% of the variance in children’s cognition and literacy (Figure 1b). Mothers’ educational attainment and household income 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. 

Predicting children’s educational achievement from mothers’ SES
Mothers’ educational attainment and household income, respectively, accounted for 9% and 14% of children’s stable variance in educational achievement (Table S5) but were not associated with changes in achievement (slope) across the school years. Mothers’ occupation was not significantly associated with children’s educational achievement. Our findings suggest that mothers’ educational attainment and household income can predict children’s differences in performance that are already evident at the start of schooling, but not relative changes in achievement.

Discerning predictions from mothers’ speech versus SES for children’s cognition and literacy 
Next, we tested the extent to which our previously observed associations between mothers’ vocabulary sophistication and children’s cognition and literacy could be attributed to SES (Figure 1; Tables S2-4). Associations between mothers’ vocabulary sophistication and children’s cognition and literacy remained significant but halved in effect size (i.e., 1-2%) after adding mothers’ SES to the models. These findings suggest that associations of mothers’ SES with children’s cognition and literacy are likely more pervasive than those with mothers’ vocabulary sophistication. Our sensitivity analyses (see Supporting Information for more details) confirmed that the observed associations were robust and independent of covariate effects. We observed no differences in the associations between mothers’ lexical diversity and grammar with children’s cognition and literacy, which were non-significant before and after adding mothers’ SES to the models. 

To test whether mothers’ vocabulary sophistication mediated associations between SES and children’s cognition and literacy (Figure 3A), we specified mothers’ vocabulary sophistication as a mediator and mothers’ education and household income as predictors (Figure 3A). These SES indicators were significantly associated with children’s cognition and literacy in our earlier regression analyses, providing the empirical basis for testing mediation (Baron & Kenny, 1986; MacKinnon et al., 2007; see Supporting Information for full details). Mediation models were used to estimate the indirect effect size of mothers’ vocabulary sophistication in the SES–outcome association, estimating the indirect effect directly using bias-corrected bootstrapped confidence intervals (95% CI, 1,000 resamples; Li, 2011), in line with current recommendations (Hayes, 2009; Zhao et al., 2010). 

When focusing on the mediation effect (ßm), which refers to the product of the paths that specifies the indirect effect estimate (blue arrows in Figure 3A). Mothers’ vocabulary sophistication significantly mediated the association between mothers’ educational attainment and children’s verbal (ßm[endnoteRef:2] = 0.04, 95% CI= 0.01-0.07) and non-verbal skills at age 5 (ßm = 0.03, 95% CI= 0.01- 0.05) as well as their literacy skills at age 10 (ßm = 0.03, 95% CI= 0.01-0.06). At age 7, the mediation for literacy skills was not significant (ßm = 0.02, 95% CI= -0.01-0.05; Figure 3B and Table S7). Mothers’ vocabulary sophistication significantly mediated the association between household income and children’s verbal (ßm = 0.03, 95% CI= 0.01-0.05) and non-verbal skills at age 5 (ßm = 0.02, 95% CI= 0.01- 0.04), and their literacy skills at age 10 (ßm = 0.02, 95% CI= 0.01-0.05), but not at age 7 (ßm = 0.02, 95% CI= -0.01-0.05).  [2: ] 


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 (i.e., absolute mediation effect sizes were 3% to 1%; full model results in Table S7). These results suggest that mothers’ vocabulary sophistication partly explains the associations between mothers’ educational attainment and household income with children’s cognition and literacy, albeit with modest effect sizes and inconsistently across measures.

Discerning predictions from mothers’ speech versus SES for children’s educational achievement 
We tested the extent to which associations between mothers’ vocabulary sophistication and children’s stable variance in educational achievement could be attributed to SES (Table S6). Associations between mothers’ vocabulary sophistication and children’s educational achievement became non-significant after adding mothers’ SES to the models, suggesting again that associations between mothers’ SES and children’s educational achievement are likely more pervasive than those with mothers’ vocabulary sophistication. 

Because mothers’ vocabulary sophistication was independently a significant predictor of children’s stable variance in educational achievement, the pre-requisite for testing mediation was met. We specified mothers’ vocabulary sophistication to mediate the associations between their educational attainment or household income and their children’s educational achievement. Mothers’ vocabulary sophistication mediated neither association (educational attainment: ßm = 0.01, 95% CI= -0.01-0.04; household income: ßm = 0.01, 95% CI = -0.01-0.03; Figure 3B; Table S7). Above, we found that mothers’ vocabulary sophistication mediated the relation between mothers’ SES and children’s cognition and literacy. Yet, for educational achievement, the mediations were not significant. 


Discussion
Previous research that sought to understand the role of family background for children’s educational outcomes studied the language environments that children experienced during their early years (Pace et al., 2017). These studies typically focused on the vocabulary and grammar that characterized the speech that mothers directed at their children before the latter started formal education (e.g., child-directed speech; Huttenlocher et al., 2010; Rowe, 2012; Weizman & Snow, 2001). Our study is the first to examine whether mothers’ adult-directed speech, which was assessed when children were 5 years old and about to start primary education, predicts children’s educational outcomes across school years. We observed that mothers’ vocabulary sophistication, but not two other characteristics of their speech (i.e., lexical diversity and grammatical complexity), predicted children’s educational achievement, accounting for 2% of the variance. This small effect attributed to mothers’ vocabulary sophistication became non-significant after considering mothers’ educational attainment and household income (i.e., socioeconomic resources; Oakes & Rossi, 2003). Mothers’ socioeconomic resources explained 9% and 14% of children’s educational achievement, respectively, a fivefold greater effect than mothers’ vocabulary sophistication. These findings may explain why interventions that target mothers’ speech to disrupt family background inequality in education often show only modest effects (Adamson et al., 2020). 

We contend that mothers’ child-directed speech predicts children’s language abilities during the early years, as shown in previous studies (d’Apice & von Stumm, 2023; Rowe, 2012), and that these early language abilities aid children’s subsequent educational achievement (Durham et al., 2007; Pace et al., 2019). However, findings here and elsewhere (von Stumm, et al., 2022) suggest that mothers’ speech may exert only a modest direct influence on children’s educational achievement. By comparison, mothers’ SES is a much stronger predictor of children’s educational performance throughout the school years (e.g., Ensminger & Fothergill, 2003; Starr et al., 2024). The narrow focus of past research on the role of mothers’ speech for children’s educational achievement (Egan-Dailey et al., 2024; Sperry et al., 2019) may have deterred studying alternative linguistic and non-linguistic pathways that contribute to the transmission of family background inequality in education (Caro et al., 2009). Ignoring these alternative pathways may have reinforced – inadvertently – narratives that mothers, rather than the social and economic conditions in which they raise their children, are at the root of children’s educational achievement differences (Adair et al., 2017; Sperry et al., 2019).  

Our findings also challenge the idea that mothers’ speech differences are shaped by the ‘social gradient’, a widely observed phenomenon in which people with fewer socioeconomic resources are at increased risk of less favorable outcomes (e.g., worse speech; Mulder & Hulstijn, 2011) relative to people with greater resources (Marmot, 2015). We found small associations between mothers’ SES and their vocabulary sophistication and lexical diversity, but none with their grammatical complexity. Our findings of a weak social gradient align with recent analyses of other large-scale cohorts (Bergelson et al., 2023) and meta-analytic studies (Anderson et al., 2021; Dailey & Bergelson, 2022) but contradict some reports of dramatic SES-related differences in mothers’ speech in smaller samples (Huttenlocher et al., 2010; Rowe, 2008). In our analyses, we found little evidence that vocabulary sophistication, lexical diversity, and grammatical complexity, which are typical markers of adult-directed speech, covaried systematically with education, occupation, and household income. This suggests that previous research may have overestimated the degree to which variability in the structural complexity of mothers’ speech can be attributed to their differences in SES.  

Our findings elucidate methodological gaps in the current understanding of the role of mothers’ speech in the transmission of educational inequality. Firstly, measurement differences between studies may contribute to inconsistencies in how strongly language markers align with socioeconomic indicators (Fergadiotis & Wright, 2011). Studies may operationalize the same linguistic construct differently through different elicitation contexts, word lists or coding criteria. Even when targeting the same construct, such as vocabulary sophistication, variation in elicitation methods and in the lists or criteria used to define “sophisticated” words may affect observed associations with SES (Mahurin et al., 2021; Mahurin-Smith et al., 2015). It is important to consider how methodological choices shape the extent to which language features capture socioeconomic differences. Secondly, variability in the features of mothers’ speech we examined—vocabulary sophistication, lexical diversity, and grammatical complexity—appears to capture aspects of language use or verbal skill that are not fully explained by SES. Other variability likely arises from factors such as individual differences in verbal ability and cognitive processing (Mulder & Hulstijn, 2011), as well as genetic influences (Dale et al., 2000). Consequently, associations between mothers’ and children’s speech may arise through both environmental and genetic pathways. In some cases, these genetic pathways may better account for the mother–child association than SES, implying that links between mothers’ and children’s speech could be genetically confounded rather than environmentally driven. Future research should examine within- and between-family variation in mothers’ speech to help clarify the extent to which observations between mothers’ and child’s speech is genetically entangled, while also recognizing that genetic influence does not imply determinism, nor environmental influence straightforward modifiability. Finally, other structural features of mothers’ speech not examined here, such as dialect (Curtin, 2020) and narrative construction (Ochs & Schieffelin, 2017), may also align with the social gradient. Beyond structural dimensions of language, interactional qualities found in child-directed speech—including maternal sensitivity, contingency, and developmentally tailored scaffolding—are likewise shaped by socioeconomic context (Madigan et al., 2019; Rowe & Snow, 2020). Therefore, a weak SES gradient in mothers’ adult-directed speech does not imply a weak SES gradient in child-directed interactions. These interactional qualities may, in turn, mediate or moderate the relationship between structural features of speech and children’s outcomes, helping to explain how social gradients in language use translate into differences in educational trajectories.

Our overall finding was that mothers’ adult-directed speech likely plays a significant yet modest role in children’s cognition, literacy, and educational achievement. Two additional observations emerged. First, among the three characteristics of mothers’ speech studied here, vocabulary sophistication (i.e., % of rare words; Weizman & Snow, 2001) was the most consistent predictor of children’s educational outcomes. It was also the speech characteristic most strongly associated with mothers’ SES. The potential influence of mothers’ vocabulary sophistication on their children’s vocabulary development has been previously noted (Hoff & Naigles, 2002; Weizman & Snow, 2001). 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 (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).  

The other observation was that mothers’ vocabulary sophistication predicted children’s cognition and literacy more strongly than children’s educational achievement. Specifically, mothers’ vocabulary sophistication continued to predict children’s cognition and literacy after adjusting for mothers’ educational attainment and household income, while its prediction of educational achievement became nonsignificant. Also, mothers’ vocabulary sophistication partly mediated associations between mothers’ educational attainment and household income with children’s cognition and literacy, but not with children’s educational achievement. Cognition and literacy are specific skills that inform educational achievement (Dickinson et al., 2010; Magalhães et al., 2020), which is a broad concept encompassing various factors, such as school attendance, study habits, and classroom behavior (Ratcliff et al., 2016). Mothers’ vocabulary sophistication may have direct benefits for the development of cognition and literacy (Beck et al., 2013; Dickinson et al., 2010), as observed in the current study. By comparison, its influences on educational achievement may be more indirect (Vadivel et al., 2023), and these indirect influences were masked in our analyses.  

Limitations
[bookmark: _Hlk206584544][bookmark: _Hlk206584172]Our study has many strengths, including rich observational data across a 7-year follow-up period from a large sample representative of the full range of Britain’s socioeconomic conditions (Nielsen et al., 2017). Yet, it is not without limitations. First, our sample was monolingual and predominantly White British. Because E-Risk does not reflect ethnic minority experiences, our findings should not be generalized to the important intersections between ethnicity, linguistic features, and educational inequality. Second, comparing the lexical and grammatical complexity in mothers’ child- versus their adult-directed speech was not possible (c.f. Hoff, 2003; Rowe, 2012), because no measures of mothers’ child-directed speech were available. Also, we focused only on mothers, but no data were available on the speech of fathers, teachers, and peers, which may also influence children’s educational outcomes (Barnes & Dickinson, 2017; Chen et al., 2020; Pancsofar & Vernon-Feagans, 2006). Thus, our analyses allow inferring conclusions about the role of mothers’ adult-directed speech in the transmission of family background inequality in education, but not about other dimensions of children’s language experiences, including child-directed interaction, language from other caregivers or teachers, or the overall quantity and quality of linguistic input in the home. Third, although our data are comparatively rich, they were collected infrequently (every 2–5 years), assessing some learning skills (i.e., cognition and literacy) but not others (e.g., self-regulation, numeracy). Moreover, our study’s measures of cognition and literacy likely only captured a narrow aspect of their respective broad construct spaces, excluding domains like verbal fluency and reading comprehension. Also, no data on children’s cognitive and literacy abilities before the age of 5 years were available, which made it impossible to control for early life language skills that may affect the role of mothers’ speech for children’s later cognition, literacy, and educational achievement. We therefore caution that, while our findings are clear and consistent, future research needs to replicate and extend them.

Conclusion 
Our findings suggest that mothers’ education and household income exert a greater long-term influence on children’s educational outcomes than the characteristics of mothers’ speech. Efforts that seek to disrupt the perpetuation of family background inequality in education should consider a broad range of possible transmission pathways. For example, pedagogical approaches at the classroom level (Cabral-Gouveia et al., 2023; West et al., 2024) can enable all children to maximize the learning opportunities that school affords them, regardless of their cognition and literacy skills at school entry or their families’ socioeconomic resources (Adair et al., 2017). A first step to effectively reducing family background inequality in education is recognizing that achievement gaps emerge and manifest in the context of wider, systemic discrimination. 
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Figure Captions 
Figure 1. Predicting children’s cognition and literacy from mothers’ speech and SES.
Note. Plot A (left) shows the associations between mothers’ speech and children’s cognition and literacy; Plot B (middle) shows associations between mothers’ socioeconomic status (SES) and children’s cognition and literacy; Plot C (right) shows the association between mothers’ speech and children’s cognition and literacy after adjusting for SES. Dots represent standardized (beta) regression estimates, and lines represent 95% confidence intervals. All models were adjusted for mothers’ age. 

Figure 2. Mothers’ education, occupation, and household income as predictors of their speech characteristics
Note: N = 894. Dots represent standardized 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 3. Direct and mediated effects of mothers’ vocabulary sophistication on children’s cognition, literacy, and educational achievement.
Note. N=894, Top panel (A) illustrates the principal mediation model that was fitted. Green arrows represent direct effects; blue arrows represent mediated effects. Bottom panel (B) shows the direct and mediated estimates (betas transformed into % of variance explained by indirect effect) with 95% bootstrapped confidence intervals from 1000 resamples for mothers’ vocabulary sophistication (mediator), separately for mothers’ education and household income (predictors) cognition, literacy, and educational achievement (outcomes).

