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Introduction

Children need good language skills in order to be able to access education and, in
turn, the labour market (Law, Charlton, & Asmussen, 2017; Oxford University Press,
2018). For decades, studies have observed social inequalities in vocabulary size (Hart
& Risley, 1995; Pace, Luo, Hirsh-Pasek, & Golinkoff, 2017) and policy makers have
sought educational interventions to reduce these disparities (Bercow, 2018). Yet ran-
domised controlled trials suggest that such interventions have mixed success (Law,
Charlton, Dockrell, et al., 2017). To assist in better directing future research and better
targeting interventions, we address three fundamental questions using large, nation-
ally representative, longitudinal UK datasets. First, are all indicators of socioeco-
nomic circumstance (SEC) equal in predicting vocabulary outcomes? Second, does
the relation between SEC and language development stay constant over developmen-
tal time? And third, is the relation between SEC and language development changing
over historical time as our economy becomes increasingly knowledge-based and
hourglass-shaped?

While caregiver education, occupational status, income, wealth, and neighbourhood
disadvantage statistics are all often used as interchangeable indicators of SEC, each
dimension reflects access to different resources that may affect language develop-
ment (Duncan & Magnuson, 2012). Some have argued that caregiver education is the
most relevant SEC indicator for language development as it is most directly related to
the quality of the language learning environment and/or language related genetic fac-
tors (Hirsh-Pasek et al., 2015; Hoff, 2013; Hoff, Laursen, & Bridges, 2012). However,
no empirical work has explicitly tested this claim in nationally representative samples
and there are plausible pathways by which other indicators of SEC may also exert ef-
fects on vocabulary. First, income may affect language development through the
availability of learning resources in the household (Duncan, Magnuson, & Votruba-
Drzal, 2017; Washbrook & Waldfogel, 2011). Second, the family stress model posits
that economic difficulty can influence parenting through its harmful effect on emo-
tions, behaviours and relationships (Conger & Donnellan, 2007). This in turn can af-
fect language development via the interactions parents have with their children (Per-
kins, Finegood, & Swain, 2013). Therefore, family wealth could be a protective mech-
anism, acting as a safeguard against any negative effects of sudden income losses,
such as unexpected unemployment (Grinstein-Weiss, Williams Shanks, & Beverly,
2014, Killewald, Pfeffer, & Schachner, 2017). Third, occupational status reflects one’s
social position in the labour market, as well as power and status (Sullivan, Ketende,
& Joshi, 2013). It is thought that people’s social networks generally consist of people
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who are similar to them in terms of occupational status, known as occupational ho-
mophily. (Griffiths, Lambert, & Tranmer, 2011; McPherson, Smith-Lovin, & Cook,
2001). This may be indirectly related to language development, as children will adopt
language used by their parents when talking to them and when talking to individuals
in their social network (Sullivan, 2007). Finally, developmental theory emphasises
how the immediate caregiving environment is nested within broader societal and cul-
tural spheres (Bronfenbrenner, 1979; Rowe & Weisleder, 2020). As a proxy for this
wider environment, neighbourhood-level statistics (such as the UK Indices of Multi-
ple Deprivation) may additionally predict language development (Bennetts et al.,
2022; Neuman, Kaefer, & Pinkham, 2018). Directly comparing the predictive value of
different SEC indicators can help us understand why vocabulary inequalities exist and
which mechanisms to further explore and target if aiming to support development.
Our first goal was thus to test whether five key indicators of SEC (caregiver education,
income, wealth, occupational status and neighbourhood deprivation) each predict
unique variance in child vocabulary and how much relative variance they predict.

Compelling arguments have been made in favour of early intervention to prevent so-
cial disadvantage affecting language before children reach formal education (e.g.,
Doyle, Harmon, Heckman, & Tremblay, 2009), yet there is also evidence that the SEC
gap in vocabulary is pronounced among adolescents (Spencer, Clegg, & Stackhouse,
2012; Sullivan & Brown, 2015). In fact, we do not know if or when the word gap shrinks
or widens as children grow up. Nor do we know whether the predictive value of dif-
ferent SEC indicators remains stable over developmental time. For example, while
caregiver education may be important during the early years, it has been proposed
that family wealth may be a more important predictor of outcomes in adolescence
and early adulthood. This might be because wealth facilitates access to high quality
secondary education or other forms of academic support (Pfeffer, 2018). It is thus pos-
sible that the relative effect of different dimensions of SEC changes throughout devel-
opment. Our second goal was therefore to test whether social disparities in language
development have narrowed or widened over developmental time, from early child-
hood to mid-adolescence, for a contemporary generation born at the start of the 21
Century.

Large societal changes in the UK have seen an increase in the proportion of parents
who have attended university, and a reconfiguration of the economy such that fewer
people are in middle-ranked jobs, with more in lower grade employment on the one
hand and in the higher managerial and professional occupations on the other (often
characterised as a move to an hourglass economy; Bolton, 2012; Holmes & Mayhew,
2012). Many more jobs are now also knowledge-based, making language and cognitive
skills of great importance for the UK economy (Beddington et al., 2008; Deloitte, 2016),
and putting pressure on parents to support their children’s cognitive development to
open doors to the labour market. Income inequality increased in the UK in the 1980s
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and 1990s, and at the start of the millennium, income polarisation appeared to in-
crease (those with the highest average incomes appeared to experience the largest
increases, whilst those with lower average incomes experienced declines in their in-
come; Dorling et al., 2007). These broad shifts in society have the potential to change
the association between different measures of SEC and language development. Our
third goal was thus to test whether the relations between different SEC indicators and
language development have become more or less pronounced over historical time,
comparing children born at the turn of this century with those born in 1970.

In a series of pre-registered analyses, we met the first two goals by analysing data
from the Millennium Cohort Study (17,070 children born between 2000-02; MCS2001).
We then compared these contemporary trends with those in a cohort born 30 years
prior using data from the 1970 British Cohort Study (15,817children born in 1970;
BCS1970, and 16,020 children in the MCS2001). Both studies contain measures of vo-
cabulary at multiple ages and we use these as indicators of general language ability.
Since different measures of formal language tend to load on to the same factor (Fricke
etal., 2017), vocabulary is likely to be a good proxy for broader language ability. None-
theless, an exclusive focus on vocabulary has implications for the conclusions we can
draw, and we return to this in the discussion section.

Method
Data

We used data from two large nationally representative UK birth cohort studies: the
Millennium Cohort Study (MCS2001 cohort) and the 1970 British Cohort Study
(BCS1970 cohort). Addressing research questions 1-3 involved analyses of the
MCS2001 cohort data only, due to the availability of multiple SEC indicators in this
cohort, allowing us to examine the unique contribution of different SEC indicators to
inequalities in language ability in a contemporary cohort. In addressing research
question 4 we used data from the MCS2001 and BCS1970 cohorts in a cross-cohort
comparison. The use of these two datasets for a cross-cohort comparison allowed us
to examine inequalities in language ability in two generations born 30 years apart,
during a period which has seen changes to occupational and educational structures
in the UK.

MCS2001. The Millennium Cohort Study is a longitudinal birth cohort study of 19,518
young people, from 19,244 families, born across England, Scotland, Wales and North-
ern Ireland between 2000-02 (Connelly & Platt, 2014). To date there have been seven
sweeps of data collection conducted when cohort members were aged 9 months and
ages 3, 5, 7, 11, 14, and 17. More information on the MCS2001 cohort can be found
here: https://cls.ucl.ac.uk/cls-studies/millennium-cohort-study/.
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BCS1970. The 1970 British Cohort Study is a longitudinal birth cohort study of 16,571
children who were born during one week in 1970 in England, Scotland and Wales (El-
liott & Shepherd, 2006). It has 4 childhood sweeps (data collected at birth and 5, 10
and 16 years). More information on the BCS1970 cohort can be found here:
https://cls.ucl.ac.uk/cls-studies/1970-british-cohort-study/

Sample Selection. We selected all cohort members with a response on at least one of
the language tasks at the time points considered - ages 3, 5, 11 or 14 (RQ 1-3, MCS2001
cohort only) and age 5, 10 or 16 (BCS1970) and ages 5, 11 or 14 MCS2001) for the cross-
cohort comparison. Where cohort members were twins, triplets, or there were mul-
tiple cohort members from the same family, one of these members was selected at
random.

Measures
Vocabulary Measures (MCS2001 Cohort Only)

The MCS2001 cohort members completed a battery of cognitive tests throughout
childhood and into early adolescence. Full details about the completed vocabulary
tests can be found in Appendix A.

At ages 3, 5 and 11, subscales of the British Ability Scale II (BAS II) were completed
(Elliott, Smith, & McCulloch, 1996). The British Ability Scales consist of a series of
tests measuring cognitive ability and educational attainment, between ages 2 years 6
months to 7 years 11 months. Progression through these tests depends on perfor-
mance, and poor performance may result in a different, easier set of items being ad-
ministered. Cohort members were born over a 1.5 year period (September 2000-Jan-
uary 2002) and assessed over a range of months, so age at the time of testing may differ
between cohort members. Therefore, we used t-scores (as published in the data),
which are adjusted for item difficulty and age. These were converted to z scores for
analyses.

Ages 3 & 5. Cohort members completed the Naming Vocabulary BAS II subscale, as a
measure of expressive vocabulary. Cohort members were shown a series of images
and were asked to name each item in the image (Moulton et al., 2020).

Age 11. Cohort members completed the Verbal Similarities BAS II subscale. This is a
measure of verbal reasoning and verbal knowledge. Sets of three words were read out
to the cohort member, usually by the interviewer, and cohort members had to say
how the words were related to each other (Moulton, 2020).
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Age 14. Word Activity task. This test was a subset of items from the Applied Psychol-
ogy Unit (APU) Vocabulary Test (Closs, 1986). Cohort members were given a list of 20
target words, each presented alongside 5 other words. Cohort members had to choose
the word which meant the same, or nearly the same as the target word, from the 5
options (Moulton, 2020). Total scores out of 20 were converted into z scores for anal-
yses.

Vocabulary Measures (Cross-Cohort Comparison)

For the cross-cohort comparison, we considered vocabulary at three time points in
each cohort: age 5 (both cohorts; defined as early language ability), ages 10/11
(BCS1970 and MCS2001 cohorts respectively, referred to as late childhood language
ability) and ages 16/14 (BCS1970 and MCS2001 cohorts respectively, referred to as ad-
olescent language ability). There is no age 3 data for the BCS1970 cohort, hence the
earliest language measure considered in the cohort comparisons is age 5.

Early Language Ability. For the BCS1970 cohort, receptive vocabulary was measured
at age 5 using the English Picture Vocabulary Test (EPVT), a UK version of the Pea-
body Picture Vocabulary Test (Brimer & Dunn, 1962; Dunn, Dunn, Bulheller, &
Hacker, 1965). Cohort members were shown 56 sets of four diverse images and heard
a specific word associated with each set of four images. They were asked to select one
picture that matched the presented word and were awarded one point for every cor-
rect response. For the MCS2001 cohort, expressive vocabulary was measured using
the naming vocabulary sub-test of the BAS II (Elliott et al., 1996). We adjusted for age
in months at the time of the test in both cohorts. All scores and ages were converted
to z scores for analyses.

Late Childhood Language Ability. When the BCS1970 cohort members were aged 10,
they completed the BAS word similarities subscale (Elliott, Murray, & Pearson, 1979).
The test was made up of 21 items, each of which consisted of three words. The teacher
read these sets of items out loud and cohort members had to a) name another word
that was consistent with the three words in the item and b) state how the words were
related. In order to receive a point, cohort members had to correctly answer both
parts of the question (Moulton, 2020). Details on the scoring of this vocabulary meas-
ure and the SPSS syntax used can be found in appendix 3 of “Childhood Cognition in
the 1970 British Cohort Study” (Parsons, 2014). When MCS2001 cohort members were
aged 11, they completed the BAS II verbal similarities subscale (detailed above). As
already mentioned, test scores for the MCS2001 cohort were adjusted for item diffi-
culty. In both cohorts, we controlled for age at the time of the test and converted all
scores to z scores.

Adolescent Language Ability. When aged 16, BCS1970 cohort members completed
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the APU Vocabulary Test (Closs, 1986). This consisted of 75 items: an item consisted
of a target word, presented with a multiple-choice list, from which cohort members
had to select a word that meant the same as the target word (Moulton, 2020). These
items got progressively harder throughout the test. Details on the scoring of this vo-
cabulary test can be found in appendix 3 (Parsons, 2014). When MCS2001 cohort
members were aged 14, they completed the Word Activity Task (detailed above).
Words used in the Word Activity Task were a subset of the words used in the
BCS1970cohort Vocabulary Test, which cohort members completed aged 16
(Moulton, 2020). Scores were adjusted for age and converted to z scores for analyses.

Measures Of Socioeconomic Position (MCS2001 Cohort Only)

Five indicators of family SEC were used: parent education, family income, wealth,
occupational status, and relative neighbourhood deprivation. Operationalisation of
these variables is as follows:

Parent Education. As a measure of parent’s education when cohort members were
aged 3, highest parent NVQ (National Vocational Qualification) level was used (both
academic and vocational qualifications derived into NVQ levels 1-5, with level 5 equat-
ing to higher qualifications). It is worth noting that the NVQ levels derived in MCS2001
data differ from those defined by the UK Government (https://www.gov.uk/what-
different-qualification-levels-mean/list-of-qualification-levels). In the MCS2001 data,
these are:

NVQ level 0: none of these/other qualifications

NVQ level 1: GCSE grades D-G, NVQ/ SVQ/ GSVQ level 1

NVQ level 2: GCSE grades A-C, trade apprenticeships, NVQ/ SVQ/ GSVQ level 2

NVQ level 3: A/ AS/ S levels, NVQ/ SVQ/ GSVQ level 3

NVQ level 4: first degree, diplomas in higher education, professional qualifications at
degree level

NVQ level 5: higher degree

To contextualise for readers not familiar with the UK system, GCSEs (or the Scottish
equivalent) are subject-specific qualifications. The majority of children will take 9
GCSEs in the academic year they turn 16. A-levels are also subject specific and most
people continuing in school on an academic route will specialise to take three subjects
at the age of 18. A range of non-vocational qualifications are available at both stages,
yielding the mapping noted above. We compared how well maternal education and
highest household education (i.e., the educational qualification of the most qualified
parent in the household) predicted vocabulary at each age (see Appendix B) and,
based on findings that highest household education consistently accounted for the
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most variance in vocabulary at each age, we use a measure of highest parent educa-
tion in our analyses.

Family Income. Here we used UK OECD weighted income quintiles at child age 3 (an
indication of household income 1=lowest, 5=highest, accounting for family size). If
data was missing, OECD weighted income quintiles at child age 9 months were used
instead.

Wealth. Here we used a measure of total net wealth, taken from the age 11 sweep of
the MCS2001 cohort — when cohort members were aged 11, parents reported on their
savings and assets, total debts owed, the value of their house and the amount of out-
standing mortgage owed on their home for the first time. This measure was derived
from 4 variables: amount outstanding on all mortgages, house value, amount of in-
vestments and assets, and amount of debts owed. Outstanding mortgages were sub-
tracted from the house value, to give a measure of housing wealth. In cases where
families were not homeowners, they were given a housing wealth value of 0. Debts
owed were taken from the amount of investments and assets, to give a measure of
financial wealth. In cases where families reported having no savings or debts, they
were given a financial wealth value of 0. Housing wealth and financial wealth were
then summed to give an overall measure of total net wealth. Our measure of wealth
was heavily positively skewed, in line with the distribution of wealth in the general
population, which is heavily influenced by extreme values of the top 1% (Killewald,
2017). Total net wealth was therefore split into quintiles for our analyses.

Occupational Status. Here we used the highest household occupational status (Na-
tional Statistics Socioeconomic Classification (NS-SEC) 3 categories: higher manage-
rial; intermediate; and routine, with a fourth category for those who were unem-
ployed) at child age 3 years. If data were missing, occupational status at child age 9
months was used instead.

Relative Neighbourhood Deprivation. Indices of multiple deprivation (IMD) are the
government official measure of relative deprivation (Mclennan et al., 2019). Based on
an individual’s postcode (at the level of the street), these are used to rank small areas
or neighbourhoods in England, Scotland, Wales, and Northern Ireland from the least
deprived to the most deprived area. The IMD is a broad conceptualisation of depriva-
tion, including a wide variety of living circumstances, rather than just a lack of in-
come for adequate financial resources, which often defines people living in poverty.
However, people can be considered deprived if they do not have access to any type of
resource, not just income (Mclennan, 2019). Therefore, we used IMD deciles at child
age 3 (with 1= most deprived and 10=least deprived) as a measure of relative neigh-
bourhood deprivation.
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Measures Of Socioeconomic Position (Cross-Cohort Comparison)

The SEC indicators used in RQ1-RQ3 include the full set of five SEC indicators (parent
education, income, wealth, occupational status, and neighbourhood deprivation), en-
abling us to consider the multi-faceted nature of SEC. However, they are not all di-
rectly comparable to the data available in the BCS1970 cohort. Therefore, for RQ4, we
used a subset of SEC indicators to ensure comparability, to the best of our ability,
across the two cohorts. Harmonisation of these measures can be found in Table 1;
data harmonisation is the process of making data from different sources (such as dif-
ferent cohorts) more similar to improve comparability between cohorts (O’Neill,
Kaye, & Hardy, 2020).

Parent Education. The highest academic qualification achieved by a parent in the
household when the cohort member was aged 5. Where this information is missing,
information from previous sweeps was used.

Occupational Status. Highest household occupational status at child age 5. For the
BCS1970 cohort, this was ascertained with the Registrar General’s classification. For
the MCS2001 cohort, the NS-SEC classification system was used. Where this infor-
mation is missing, information from previous sweeps was used.

Family Income. UK OECD weighted income quintiles at child age 10 (BCS1970) and 11
(MCS2001) were used as an indication of household income 1=lowest, 5=highest, ac-
counting for family size). The BCS1970 first measured family income when cohort
members were aged 10, hence we take this information from the age 10 (BCS1970) and
age 11 (MCS2001) sweeps for the cross-cohort comparison.

Potential Confounders

We adjusted for gender (male= 0, female=1), ethnicity and whether English was spo-
ken as an additional language (EAL) in the home (1= only English, 2=English and an-
other language, 3=Only another language). Harmonisation of these measures for RQ4
can be found in Table 1.

Data Analysis

All analyses were pre-registered on the Open Science Framework website

(https://osf.i0/482zw]/).

Missing Data Strategy.

Missing data in all analyses was accounted for with multiple imputation using chained
equations with the mice package in R (van Buuren & Groothuis-Oudshoorn, 2011).
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Analysis of MCS2001 Cohort Only. Each dataset was imputed 25 times, as this was
greater than the percentage of missing data (10.6%)(White, Royston, & Wood, 2011).
There was no missing data for gender or neighbourhood deprivation, and the per-
centage of missing data was less than 1% for ethnicity and EAL status. 14.71% of vo-
cabulary scores at age 3 were missing, 12.41% of age 5 vocabulary scores were miss-
ing, 23.92% of age 11 vocabulary scores were missing, and 36.88% of age 14 vocabu-
lary scores were missing. Full proportions of missing data can be found in Appendix
C We conducted a series of sensitivity checks whereby we repeated the analyses on a
dataset which had complete cases for vocabulary at ages 3, 5, 11 and 14 Missing data
among the components of our wealth variable were also high (30.73% (outstanding
mortgage); 27.57% (house valuation); 39.85% (total savings); and 28.99 (total debts
owed). We therefore conducted sensitivity analyses where we considered all cohort
members with a response to at least one wealth component variable and at least two
wealth variables. Overall, these sensitivity checks revealed a similar pattern of results
to the main analyses; results are available upon request. Combined sampling and at-
trition weights were applied to the data to account for the stratified clustered design
of MCS2001 cohort data and the oversampling of subgroups, as well as for missing
data due to attrition.

Cross-Cohort Comparison. Each dataset was again imputed 25 times, as this was
greater than the percentage of missing data in each cohort (6.7% MCS2001 cohort,
21.3% BCS1970 cohort (White, Royston, & Wood, 2011). For the MCS2001 cohort,
6.67% of age 5 vocabulary scores were missing, 18.93% of age 11 vocabulary scores
were missing, and 32.74% of age 14 vocabulary scores were missing. For the BCS1970
cohort, 20.12% of age 5 vocabulary scores were missing, 6.89% of age 10 vocabulary
scores were missing, and 63.92% of age 16 vocabulary scores were missing (as a result
of the teachers strike in 1986). Full proportions of missing data in both cohorts can be
found in Appendix C. Again, combined sampling and attrition weights available in
MCS2001 data were applied to data from this cohort. The BCS1970 cohort does not
have the same sample design as the MCS2001cohort and thus sample weights are not
necessary. However, attrition weights to account for non-response between birth and
age 5 were created and included in analyses for BCS1970 cohort data (Appendix D for
details).

Analyses

Analytic Sample. To address the first two research questions in a contemporary co-
hort, we analysed the data of 17,070 children in the MCS2001 (all cohort members with
aresponse on at least one of the language tasks at ages 3, 5, 11 or 14). 49.05% of cohort
members were female, 85.97% were of White ethnicity and 88.49% did not speak Eng-
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lish as an additional language. Demographic differences between the children in-
cluded in the analytic samples for Research Questions 1-3 and the full MCS cohort are
negligible (see Table S2, Appendix E).

For the cross-generation comparison, we analysed the data of 14,851children in the
BCS1970, and 16,020 children in the MCS2001 with harmonised measures (cohort
members with a response on at least one vocabulary task administered in early child-
hood, late childhood and/or adolescence; see Table 1 for details of harmonisation).
49.45% of BCS1970 cohort members were female, 93.52% were of White ethnicity and
94.97% did not speak English as an additional language. In the cross-cohort compari-
son, 48.67% of MCS cohort members were female, 86.03% were of White ethnicity and
88.64% did not speak English as an additional language. Demographic differences be-
tween the children included in the analytic samples for Research Question 4 and the
full MCS2001 and BCS1970 cohorts were also negligible (see Table S3, Appendix E).

Descriptive Statistics. Descriptive statistics were calculated across the 25 imputed da-
tasets. Analytical samples were compared to the full cohort samples to see if there
were any differences in characteristics of those included in the analyses. Mean lan-
guage scores for each SEC group are reported (see Table 2).

Inequalities in vocabulary at ages 3, 5, 11 and 14: what is the variation captured by
each indicator of SEC individually? Language scores at ages 3, 5, 11 and 14 were con-
sidered as separate outcome variables. For each age, separate models with each SEC
predictor in turn (parent education, income, wealth, occupational status, and neigh-
bourhood deprivation, each in a separate model) were built to assess the unadjusted
relationship between each predictor and language at each time point. Potential con-
founding variables were then added to each of the models.

A drop-one analysis was used to assess the unique contribution of each predictor; a
model with all 5 SEC predictors was compared to models with each predictor removed
in turn. This was done for each age (3, 5, 11 and 14). Improvements in fit were assessed
using model comparisons for imputed data, using the method of Meng and Rubin
(Meng & Rubin, 1992). If the five-predictor model was a better fit to the data than the
four-predictor model following the removal of an SEC indicator, then the SEC variable
that was dropped can be said to account for significant unique variance in language
ability at that age. Partial R? values for each SEC indicator are reported, indicating the
proportion of variance explained by each SEC predictor, above that of the potential
confounding variables.

How does a composite measure of overall socioeconomic position perform relative
to individual measures and combinations of measures? A latent composite factor of
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SEC was created using confirmatory factor analysis (see Appendix F for details). This
composite factor was then included as the predictor variable in four separate regres-
sion models (each one considering vocabulary at each age), adjusting for the potential
confounding variables. Relative AIC values were used to compare the marginal pre-
dictive value of each SEC predictor. These were calculated for each imputed dataset
for each single-predictor model, the composite model and a model with all indicators
included simultaneously (Schomaker & Heumann, 2014), and means and confidence
intervals of these values across the imputed datasets are reported. This allowed us to
consider whether the composite measure provides an equivalent or better fit to the
data, compared to all predictors included simultaneously, and in relation to each in-
dividual predictor.

How does the relationship between SEC measures and vocabulary change over de-
velopmental time? (Vocabulary at ages 3, 5, 11 and 14). Here we addressed whether
or not one’s position in the language distribution changes at each age, and how much
of this is a function of SEC. The models from RQ1 were used to answer this question.
Due to the different measures of language ability available at each age, we were una-
ble to model longitudinal changes in language development. However, because the
outcome variable of language ability at each age is standardised to the same scale, the
coefficients are directly comparable. We also compared the standardised coefficients
from the models in RQ2, which consider our composite factor of SEC, allowing us to
establish the best predictor across developmental time.

How has the relationship between SEC measures and vocabulary changed with his-
torical time? (Comparison of two nationally representative cohorts, born 30 years
apart). We had 3 separate outcome variables in each cohort (early childhood lan-
guage ability, late childhood language ability, and adolescent language ability). We
built three regression models per outcome, one with occupational status as the pre-
dictor variable, one with parent education as the predictor variable, and finally, one
with family income as the predictor variable. Because our measures of language abil-
ity were standardised within each cohort, we were able to directly compare coeffi-
cients between cohorts and establish the rate of inequality in language ability at each
age in the two cohorts.
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Table 1. Cross-cohort harmonisation of variables

92

Measure BCS1970 MCS2001 Harmonised
Age 5 language ability EPVT. Continuous measure. Naming vocabulary. Continuous Total vocabulary score: continuous
measure. cohort specific standardised z score

Late childhood language

ability

Adolescent language ability

Occupational status at birth

Age 10. BAS word similarities

Age 16. Vocabulary Test

Age 5. Registrar General’s classifica-
tion. 5 classes:

1. professional

2. managerial, other professionals

3. non-manual skilled, skilled manual
4. semi-skilled workers

5.unskilled workers

6. Full/part time students or volunteers
with no paid employment

Age 11. BAS II verbal similarities

Age 14. Word activity task,

Age 5. NS-SEC 5 classes:

1. Higher managerial/admin/profes-
sional

2. intermediate

3. small employers/self-employed

4. lower supervisory and technical
occupations

5. semi-routine and routine

Volume 4, Issue 1

Total vocabulary score: continuous
cohort specific standardised z score

Total vocabulary score: continuous
cohort specific standardised 2z score.
Note that a harmonised version of the
BCS1970 Vocabulary Test with the
same words included in the MCS2001
Word activity task was also created,
however this correlated 0.93 with the
full BCS1970 measure, so we did not
conduct this sensitivity analysis.

Composite variable, with a 4% cate-
gory for unemployment:

BCS1970:

Professional & Managerial
Skilled

Semi-skilled and unskilled
Unemployed



Parental education: highest
educational  qualification
(highest household level)

Family Income
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Note: students/volunteers were categorised
as unemployed as they have no paid em-
ployment.

No qualifications
Vocational qualifications
O levels

A-levels

State registered nurse
Certificate of education
Degree +

Weekly Income Bands (midpoint for
each band) (Age 10)

Under £35 pw (£17)
£35 - £ 49 pw (£42)
£50-£99 pw (£74.50)
£100 - £149 pw (124.50)

This 5-class version was collapsed
into a 3-class version, as shown here:
https://www.ons.gov.uk/methodol-
ogy/classificationsandstandards/oth-
erclassifications/thenationalstatis-
ticssocioeconomicclassificationns-

secrebasedonsoc2010#classes-and-
collapses

None of these qualifications
GCSE grades D-G

O level/GCSE grades A-C
A/AS/ S Levels

Diplomas in higher education
First degree
Higher degree
Other  academic
(incl.overseas)

qualifications

Annual Income Bands
(midpoint for each band)
(Age 11)

< £3,000
(£1500)
£3,000- £6,999 (£5000)
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MCS2001:

Higher managerial

Intermediate

Routine

Unemployed

Note: The convention used in the
MCS2001 was used for the occupational
status variables from both cohorts, for
ease.

No qualifications/low level qualifica-
tions

O levels/GCSE grades A*-C

A levels/earning a degree — post 16
education

university level qualifications

OECD equivalisation was applied to
the midpoint of each income band in
each cohort separately, and these
equivalized values were converted
into quintiles to give OECD
equivalised quintiles:


https://www.ons.gov.uk/methodology/classificationsandstandards/otherclassifications/thenationalstatisticssocioeconomicclassificationnssecrebasedonsoc2010#classes-and-collapses
https://www.ons.gov.uk/methodology/classificationsandstandards/otherclassifications/thenationalstatisticssocioeconomicclassificationnssecrebasedonsoc2010#classes-and-collapses
https://www.ons.gov.uk/methodology/classificationsandstandards/otherclassifications/thenationalstatisticssocioeconomicclassificationnssecrebasedonsoc2010#classes-and-collapses
https://www.ons.gov.uk/methodology/classificationsandstandards/otherclassifications/thenationalstatisticssocioeconomicclassificationnssecrebasedonsoc2010#classes-and-collapses
https://www.ons.gov.uk/methodology/classificationsandstandards/otherclassifications/thenationalstatisticssocioeconomicclassificationnssecrebasedonsoc2010#classes-and-collapses
https://www.ons.gov.uk/methodology/classificationsandstandards/otherclassifications/thenationalstatisticssocioeconomicclassificationnssecrebasedonsoc2010#classes-and-collapses

Ethnicity
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£150 - £199 pw (174.50)
£200 - £ 249 pw (224.50)
> £250 pw (£275)

European UK
European Other
West Indian
Indian-Pakistani
Other Asian
African

Other

£7,000 - £ 10,499 (£8750)

£10,500 - £ 12,499 (£11500)
£12,500 - £ 13,999 (£13250)
£14,000 - £ 14,999 (£14500)
£15,000 - £ 19,499 (£17250)
£19,500 - £ 23,499 (£21500)
£ 23,500 - £ 27,499 (£25500)
£ 27,500 - £ 30,499 (£29000)
£ 30,500 - £ 34,499 (£32500)
£ 34,500 - £ 39,999 (£37250)
£ 40,500 - £ 47,999 (£44250)
£ 48,000 - £ 53,999 (£51000)
£ 54,000 - £ 62,999 (£58500)
£ 63,000 - £ 82,999 (£73000)

£ 83,000 - £ 114,999 (£99000)
£115,000 - £ 149,999 (£132500)
more than 150,000 (£150000)

White

Mixed

Indian

Pakistani and Bangladeshi
Black or Black British

Other Ethnic group (incl. Chinese,

Other)
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Quintile 1 (Most Deprived)
Quintile 2
Quintile 3
Quintile 4
Quintile 5 (Least Deprived)

Categorical measures collapsed into
0=White, 1=Minority



Language spoken at home
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English
Welsh-Gaelic
Hindi-Urdu
Greek-Turkish
Chinese-Oriental
African Language
European Language

Yes - English only
Yes - English and other language(s)
No - other language(s) only

95

Categorical measures collapsed into
0= Monolingual English
1= Other language
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Results
Which SEC Measures Predict Child Vocabulary?

As can be seen in Table 2, for every SEC measure, the mean vocabulary score is
greater with each increase in SEC group, with the highest mean vocabulary scores in
the highest SEC group.

To assess the unique contribution of each predictor at each age, a model with all five
SEC predictors was compared to models with each predictor removed in turn. Im-
provements in fit were assessed using model comparisons for imputed data, using the
method of Meng and Rubin (Meng & Rubin, 1992). This drop-one analysis revealed
that caregiver education, income, wealth, and occupational status accounted for sig-
nificant unique variance in vocabulary at all ages (see Appendix G). Neighbourhood
statistics accounted for significant variance in vocabulary at ages 3, 5 and 11.

Figure 1 presents partial R? values indicating the proportion of variance explained by
each SEC predictor, above that of potential confounding variables (sex, ethnicity, and
whether English is spoken as an Additional Language (EAL) in the home). Caregiver
education explains the largest proportion of variance in vocabulary at each age (be-
tween 6.4% and 8.5% of variance), closely followed by income and occupational sta-
tus, and at ages 11 and 14, wealth. Relative neighbourhood deprivation consistently
contributes the least variance in vocabulary scores, regardless of age.

Reducing individual indicators to a single composite factor may afford us an efficient
way of communicating and understanding inequalities in vocabulary but we do not
yet know whether such composites explain more variance than certain SEC indicators
considered alone, and/or are equivalent to models with each predictor considered
separately. Confirmatory factor analysis was therefore used to create a composite var-
iable of SEC (see Appendix F), which was then included as the predictor in an adjusted
model predicting language at ages 3, 5, 11 and 14. Regardless of age, compared to
each individual measure, the composite factor was a better fit to the data (see Table
S4in Appendix H), and explained 7.4-10.2% of variance in language across ages. How-
ever, a model with each SEC measure included simultaneously explained more vari-
ance than a model with just the composite measure and control variables (see Table
S51in Appendix H). This indicates that if one needs to identify a single variable for use
in analyses, then a composite variable would be a better choice than any of the origi-
nal individual predictors. In the absence of such a constraint, including a set of mul-
tiple predictors would be preferable.
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Table 2: Means (+SD) and 95% CIs for language scores in each SEC group at each age

(MCS2001 cohort)

Proportion (%) or Mean(+SD)

[95% CIs]
. Age 3 AgeS5 Agell Age 14
ECI
SEC Indicator Vocabulary Vocabulary Vocabulary Vocabulary*
Parent Education
Parent education 45.24(10.28) 49.78(10.51) 54.97(10.14) 6.12(2.38)
(NVQ1) [44.61;45.87] [49.14;50.43] [54.35;55.6] [5.97;6.27]
Parent education 47.91(10.63) 52.79(10.29) 56.83(9.9) 6.53(2.35)
(NVQ2) [47.59;48.23] [52.48;53.1] [56.53;57.12] [6.46;6.6]
Parent education 49.62(10.64) 54.24(10.14) 58.36(9.35) 6.81(2.43)
(NVQ3) [49.23;50.01] [53.86;54.61] [58.01;58.7] [6.72;6.9]
Parent education 52.35(10.74) 57.54(10.18) 60.76(8.97) 7.57(2.65)
(NVQ4) [52.07;52.63] [57.28;57.81] [60.53;60.99] [7.5;7.64]
Parent education 53.47(11.47) 59.56(10.48) 63.26(8.66) 8.53(2.9)
(NVQ5) [52.82;54.11] [58.97;60.14] (62.77;63.74] [8.37;8.69]
Parent education 41.3(11.55) 46.4(11.66) 54.11(10.9) 5.96(2.27)
(none of these/overseas) [40.79;41.8] [45.9;46.91] [53.64;54.58] [5.86;6.06]
Income
Income 44.26(11.49) 49.45(11.3) 55.7(10.62) 6.28(2.35)
(Quintile 1) [43.9;44.62] [49.1;49.8] [55.37;56.03] (6.2;6.35]
Income 47.31(11.09) 52.19(10.71) 57.05(9.83) 6.67(2.46)
(Quintile 2) [46.99;47.64] [51.88;52.5] [56.76;57.33] [6.6;6.75]
Income 51.18(10.65) 55.97(10.18) 59.05(9.35) 7.08(2.54)
(Quintile 3) [50.83;51.54] [55.63;56.31] [58.74;59.36] [7;7.17]
Income 52.58(10.38) 57.44(10.06) 60.37(9.21) 7.51(2.69)
(Quintile 4) [52.22;52.94] [57.1;57.79] [60.05;60.69] [7.42;7.61]
Income 53.65(10.32) 59.48(9.78) 62.64(8.46) 7.99(2.79)
(Quintile 5) [53.19;54.12] [59.04;59.92] [62.26;63.02] [7.86;8.12]
Wealth
Wealth 46.5(11.05) 51.55(10.68) 56.09(10.18) 6.52(2.44)
(Quintile 1) [46.19;46.82] [51.25;51.86] [55.8;56.38] [6.45;6.59]
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Wealth
(Quintile 2)

Wealth
(Quintile 3)
Wealth
(Quintile 4)

Wealth
(Quintile 5)

Occupational Status

Occupational Status
(Unemployed)

Occupational Status
(Routine)

Occupational Status
(Intermediate)
Occupational Status
(higher managerial)
Relative Neighbourhood
Deprivation
Relative neighbourhood
deprivation
(most deprived)
Relative neighbourhood
deprivation
(10 - < 20%)
Relative neighbourhood
deprivation
(20 - < 30%)
Relative neighbourhood
deprivation
(30 - < 40%)

Relative neighbourhood
deprivation
(40 - < 50%)

Relative neighbourhood
deprivation
(50 - < 60%)
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46.71(11.29)
[46.23;47.19]

49.63(11.2)
[49.26;50.01]

50.75(11.18)
[50.37;51.12]

52.54(10.99)
[52.17;52.91]

44.18(11.07)
[43.82;44.54]

47.33(11.09)
[46.99;47.67]

50.12(10.97)
[49.74;50.5]
52.75(10.64)
[52.48;53.01]

43.7(11.64)
[43.28;44.13]

45.77(11.82)
[45.3;46.25]

48.01(11.1)
[47.53;48.5]

49.07(11.21)
[48.54;49.61]

49.56(10.97)
[49;50.12]

50.5(10.92)
[49.93;51.06]

51.49(11.11)
[51.02;51.96]

54.31(10.76)
[53.95;54.67]

55.68(10.75)
[55.32;56.04]

58.09(10.59)
[57.74;58.45]

48.91(10.9)
[48.56;49.27]

52.21(10.7)
[51.88;52.54]

54.67(10.63)
[54.3;55.04]
58.28(9.96)

[58.03;58.53]

48.69(11.2)
[48.27;49.1]

50.54(10.97)
[50.09;50.98]

53.13(10.6)
[52.66;53.59]

53.77(10.53)
[53.27;54.27]

54.49(10.89)
[53.94;55.04]

55.55(10.47)
[55.01;56.1]
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56.56(10.15)
[56.13;56.99]

58.64(9.51)
[58.32;58.96]

59.59(9.58)
[59.27;59.91]

61.49(8.96)
[61.19;61.79]

55.03(10.61)
[54.69;55.38]

56.82(9.92)
[56.52;57.13]

58.7(9.42)
[58.38;59.03]
61.28(8.87)

[61.06;61.5]

54.91(10.6)
[54.52;55.3]

57.07(10.08)
[56.67;57.48]

57.64(9.94)
[57.2;58.07]

58.38(10.08)
[57.9;58.86]

58.38(9.12)
[57.92;58.84]

58.89(9.92)
[58.37;59.4]
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6.48(2.4)
[6.38;6.58]

6.93(2.5)

[6.85;7.02]
7.16(2.57)
[7.08;7.25]

7.78(2.8)
[7.69;7.88]

6.21(2.4) [6.13;6.29]

6.57(2.38)
[6.5;6.65]

6.88(2.46)
[6.8;6.97]
7.74(2.71)
[7.67;7.8]

6.27(2.39)
[6.18;6.36]

6.59(2.43)
[6.49;6.69]

6.74(2.54)
[6.63;6.85]

6.88(2.58)
[6.76;7]

6.95(2.53)
[6.82;7.08]

7.04(2.54)
[6.91;7.17]
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Relati ighbourhood
DN 51.48(10.58) 56.35(10.37) 60.16(9.96) 7.25(2.7)
(65 < 70%) [50.88;52.08] [55.76;56.94] [59.59;60.72] [7.09;7.4]

Relati ighbourh

clative neEhBourhood 55 14(10.49) 57.49(10.57) 60.15(9.03) 7.5(2.67)
(7(1)3 - < 30%) [51.56;52.72] [56.91;58.08] [59.65;60.65] [7.35;7.65]

Relati ighbourhood
o0 52.19(10.33) 57.55(10.2) 60.16(9.08) 7.48(2.57)
(85 - <90%) [51.64;52.73] [57.01;58.09] [59.68;60.64] [7.34;7.61]

Relati ighbourhood
- I‘Zieel;filfatiszr > 53.61(9.94) 58.93(9.55) 61.45(8.68) 7.75(2.79)

.09;54.1 .43:59.4 1:61. 7.6:7.

(least deprived) [53.09;54.13] [58.43;59.43] [61;61.9] [7.6;7.89]

!Note: different standardised vocabulary tests were used at different ages, hence the lower mean score
at 14 years.

Does the relationship between SEC and child vocabulary change over developmental
time from age 3 to 14 years?

Figure 2 shows the relationships between each SEC indicator and vocabulary at each
age (coefficients and 95% CIs plotted; see also Table S6, Appendix I). Because vocab-
ulary scores were converted into z scores, the coefficients indicate the change in vo-
cabulary in units of standard deviation (SD) associated with different levels of each
predictor. A steeper slope indicates greater inequalities. Inequalities in vocabulary
size are consistently narrowest at age 3, and widen by age 5. They then persist
throughout childhood and into adolescence, regardless of the SEC indicator used. The
relation between SEC and age 14 vocabulary displays a discontinuity not seen for the
other ages, with the line appearing shallow for the lower SEC groups and steeper be-
tween the higher SEC groups. It is nonetheless clear that across childhood, inequali-
ties in vocabulary have not substantially changed in this cohort; gaps in vocabulary
size have not narrowed over time.

Given that the SEC measures used in the above analyses were collected when cohort
members were aged 3, it is plausible that this pattern of results is due to the proximity
of the SEC measures to the developmental stage at which vocabulary was measured.
Therefore, we conducted a sensitivity analysis with age 14 SEC indicators predicting
age 14 vocabulary. Overall, despite some inequalities appearing to be wider based on
age 14 SEC measures, the proximity of the SEC measure to age 14 vocabulary does not
affect the main pattern of results (see Appendix J).

Does the relationship between SEC and child vocabulary change with historical time?
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The caregivers of children in the MCS2001 cohort are noticeably different to those of
the BCS1970 cohort when compared on the basis of the SEC measures available for
both cohorts. More parents of the BCS1970 cohort held no or low-level qualifications
compared to parents of the MCS2001 cohort (which is to be expected given changes
in the age of compulsory schooling; see Table 3). Furthermore, proportionally more
parents from the BCS1970 cohort were in intermediate occupations, whereas more
parents from the MCS2001 cohort were in either routine or higher managerial occu-
pations (which is expected given that the UK is becoming more of an hourglass econ-
omy; see Table 3; Holmes & Mayhew, 2012). For all SEC measures, the mean vocabu-
lary score was greater with each increase in SEC group in both cohorts, with a higher
mean score in the highest SEC groups (see Table S9, Appendix K).

As can be seen in Figure 3, vocabulary scores generally increased with SEC regardless
of indicator and cohort (also see Table S10, Appendix K). The overall picture is thus
one of continuity of social inequality across the generations. Nonetheless, compared
to their BCS1970 counterparts, MCS2001 cohort members whose parents had univer-
sity level qualifications were at a clearer advantage in terms of their language ability
in early childhood and adolescence. In contrast, inequalities in vocabulary based on
occupational status and income are wider for the BCS1970 cohort at all ages, as indi-
cated by the steeper slopes for this cohort. As can be seen from partial R? values (Fig-
ure 4), inequalities are substantial in both cohorts. There is no evidence of a decrease
in SEC inequalities over the 30-year period and there is even some evidence that ine-
qualities may have widened in early childhood, with SEC indicators explaining more
variance in the MCS2001 cohort for this age point. Whereas for the BCS1970 cohort
SEC indicators explained most variance in late childhood, for the contemporary
MCS2001 cohort, SEC indicators explained most variance in early childhood.

To examine whether our findings were robust to changes in the distribution of edu-
cation and occupation measures or to the ethnic composition of the UK during the
period separating the BCS1970 and MCS2001 cohorts, we conducted two sensitivity
checks. First, highest household occupational status and highest household educa-
tional attainment were converted to Ridit scores to aid comparability across cohorts
(see Appendix L; Donaldson, 1998). Second, we restricted our analyses to those of a
White ethnicity only (see Appendix M). Neither analysis resulted in a change in the
pattern of results observed.
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Indicator Parent Education Wealth Relative Neighbourhood Deprivation
Income Occupational Status ® SEC Composite
12.5
10.0 ® 02
* 79 d 78

7.5 .
— 7.4
IS
=
2
<
=
Z
4
E
5 50
A

25

0.0

Age3 Age 5 Age 11 Age 14

Age of Vocabulary Test

Figure 1. Variance explained by SEC indicators in predicting vocabulary in MCS2001

cohort. Partial R? values for separate models predicting vocabulary at ages 3, 5, 11 and 14, for 5 separate SEC
indicators and a composite SEC indicator. Models adjusted for potential confounding variables of sex, ethnicity
and English as an additional language (EAL).
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Figure 2: Associations between SEC indicators and vocabulary at ages 3, 5, 11 and 14
in the MCS2001 cohort. B coefficients and 95% confidence intervals for vocabulary at ages 3, 5, 11 and 14,
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plotted as a function of each SEC indicator. Coefficients adjusted for potential confounding variables of sex, eth-
nicity, and English as an additional language (EAL).

Table 3: Descriptive Statistics in MCS2001 and BCS1970 for the cross-cohort comparison

Proportion (%) or

Mean(+SD) [95% CIs]
. BCS1970 MCS2001
Variable
(N =14,851) (N = 16,020)
Demographics
Sex (Male) 50.55 51.33
Sex (Female) 49.45 48.67
Ethnicity
. 93.52 86.03
(White)
Ethnici
thmicity 6.48 13.97
(Minority)
L Stat
anguiage 5 atus 94.97 88.64
(English only)
Language Status
. . 5.03 11.36
(English as Additional Language)
Socioeconomic Circumstances
P E i
arent Education 54.49 91.14
(no/low level)
Parent Education
20.23 32.1
(O-levels/GCSEs grades A*-C)
P t Educati
arent Education 266 91.85
(ost-16 quals)
Pareint Equcatlon 17.62 94.92
(university level quals)
Income Quintile 1 21.31 19.67
Income Quintile 2 19.81 19.58
Income Quintile 3 20.84 20.44
Income Quintile 4 20.68 20.07
Income Quintile 5 17.36 20.24
ional
Occu;.)atlona Status 14.32 99.47
(routine)
ional
O.CCLlpatIOI.la Status 50.88 18.98
(intermediate)
0] ti 1 Stat
ccupational Status 33.63 38.76

(higher managerial)
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19.78

Descriptive statistics combined across 25 imputed datasets. Descriptive statistics are sample and attrition weighted
(MCS2001 cohort) and attrition weighted (BCS1970 cohort)

Figure 3: Associations between SEC and language ability in the MCS2001 and

BCS1970 cohorts in early childhood, late childhood, and adolescence. Vocabulary in early
childhood (top), late childhood (middle) and adolescence (bottom), plotted as a function of highest household
parent education (left), highest household occupational status (middle), and income (right) in two cohorts. Data
are B coefficients and 95% confidence intervals. Coefficients adjusted for potential confounding variables (sex,
ethnicity, English as an additional language and age at time of vocabulary test).
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BCS1970 BCS1970
Highest Household Highest Household BCS1970 .
- Education Occupation [ncome Quintiles
Cohort and Indicator MCS2001 MCS2001 MCS2001
Highest Household Highest Household Income Quintiles
Education Occupation
12.54
10.01
75
5.01
2.51
0.01
Early Childhood Late Childhood Adolescence
Vocabulary

Figure 4: Variance in language explained by SEC indicators in the MCS2001 and

BCS1970 cohort. Partial R? values (having adjusted for potential confounders of sex, ethnicity, English as
additional language and age at time of vocabulary test) for highest household education and highest household

Volume 4, Issue 1



Language Development Research 106

occupational status predicting vocabulary in early childhood, late childhood, and adolescence.

Discussion

Using two UK national birth cohorts, we analysed the relation between multiple SEC
indicators and vocabulary across childhood and across generations, and found that
(i) all SEC measures predict unique variance at most timepoints and there is generally
a monotonic step up in child language for each step up on any given SEC measure.
Parent education has the greatest predictive value (closely followed by income,
wealth, and occupation) and neighbourhood deprivation the least; (ii) inequalities
persist from ages 3 to 14 years, with SEC indicators explaining the most variance in
vocabulary scores at 5 years, and an accelerated increase in vocabulary at the higher
ends of the socio-economic scale at 14 years; and (iii) across three decades, observed
inequalities have generally been stable, but the advantage associated with having par-
ents with higher levels of education has increased.

Overall, the SEC predictor that explains the most variance in child vocabulary across
development is caregiver education. However, income, wealth, and occupational sta-
tus also uniquely predicted large amounts of variance. For all of these indicators, a
step up from each level to the next was associated with a substantial step up in vocab-
ulary. This pattern of monotonic increase occurred for all SEC indicators. Thus while
most research exploring differences in child language, and in the quality and quantity
in child directed speech, tends to compare higher and lower SEC groups (Fernald,
Marchman, & Weisleder, 2013; Hart & Risley, 1995; Hirsh-Pasek, 2015; McGillion,
Pine, Herbert, & Matthews, 2017; Rowe, 2012; Schwab & Lew-williams, 2016), our
findings suggest differences exist across the range of the SEC measures, rather than
just between those at the top and bottom of the distribution. Each of these SEC indi-
cators deserve particular attention in the effort to unpick why SEC is related to child
vocabulary so as to be able to find mechanisms for effective interventions. Caregiver
education has been argued to be the most relevant SEC marker for child development
(Hoff, 2013; Hoff et al., 2012) because it is associated with caregiver-child interactions
and parent knowledge about development (Rowe, 2012, 2018). Parent vocabulary me-
diates the relation between parent education and child vocabulary ability (Sullivan,
Moulton & Fitzsimons, 2021), as well as mediating the relationship between the home
learning environment and vocabulary. For example, parents with strong language
skills are more likely to participate in reading with their child and may also be more
successful in engaging their children in such activities, compared to parents with
poor language skills (Sullivan, Ketende & Joshi, 2013). The role of genetics should also
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be considered here, as language ability is observed to be partly heritable (Chow &
Wong, 2021). Prising apart the relative influence of heredity and culture is challeng-
ing, given the interplay between the two (Scarr & Mccartney, 1983; Harden, 2021):
caregivers and infants with different genetic profiles shape learning environments
differently to one another. Unravelling this will require rich datasets that include in-
formation regarding interaction dynamics.

While income explained about 6% of unique variance in children’s vocabulary, family
wealth explained less (about 3-4%), particularly early in childhood. Income is often
assumed to affect vocabulary outcomes through the provision of learning resources
(Duncan et al., 2017; Washbrook & Waldfogel, 2011). Wealth is usually operational-
ised as total assets net of outstanding total debt (Killewald et al., 2017), and while one
might assume this would act in a similar way to income, it may only become a predic-
tor of outcomes in late adolescence-early adulthood, for example through access to
quality secondary education in expensive neighbourhoods (Department for Educa-
tion, 2017a; Machin, 2011), or financial assistance with higher education (Moulton,
Goodman, Nasim, Ploubidis, & Gambaro, 2021; Pfeffer, 2018). Whereas in the UK,
most wealth is concentrated in housing (with financial wealth only prominent at the
top of the distribution), in the US, financial wealth is more common (Cowell, Karagi-
annaki, & McKnight, 2019; Office for National Statistics, 2019). International compar-
isons of the relative predictive value of different SEC indicators across many different
countries, alongside qualitative studies, have the potential to shed light on the mech-
anisms via which these SEC indicators are likely affecting language acquisition and
inequalities.

In the contemporary British cohort, inequalities in language ability widen between
the ages of 3 and 5. This supports arguments for testing early interventions that seek
to avoid inequalities becoming entrenched before children access formal schooling.
There is also a clear advantage among 14-year-olds of having parents with a higher
level of education. By this age, some adolescents may have vocabulary abilities ex-
ceeding those of their parents. Exposure to language occurs in increasingly diverse
settings throughout the school years, including via interactions with peers, teachers,
and written sources such as books and the internet (Sullivan et al., 2021). As children
progress through school, vocabulary development (at least as measured by standard-
ised tests) becomes more dependent on exposure to new words through reading, ra-
ther than oral language exposure (Elleman, Oslund, Griffin, & Myers, 2019). Itis plau-
sible that these sources of input are influenced by SEC. For example, the availability
of and engagement with books and vocabulary-rich online content may be higher
among higher SEC children (Maas, Emig & Seelmann, 2013). Children from disadvan-
taged backgrounds may require more support to acquire particular seams of vocabu-
lary (Sullivan et al., 2021) and yet the type of school attended and the level of support
available may differ based on SEC. For example, higher SEC children are more likely
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to attend private or higher quality schools than their lower SEC counterparts
(Dearden, Ryan, & Sibieta, 2011), and parents of children at high performing schools
are more likely to invest in educational materials and support, such as books and pri-
vate tuition (Attanasio, Boneva, & Rauh, 2018). There are also SEC disparities in the
amount of homework support adolescents receive at home, not only through tuition,
but also in terms of additional hours spent on schoolwork (Jerrim, 2017). While uni-
versal education aims to address inequalities in educational opportunity in the UK,
when it comes to vocabulary, disparities clearly persist throughout formal schooling.
Further support across the lifespan and particularly in the early years and during ad-
olescence is likely necessary to improve educational outcomes and open up employ-
ment opportunities (Deloitte, 2016).

Finally, cross-cohort comparisons suggest that inequalities in childhood language are
generally similar across generations, despite decades of policy to reduce these ine-
qualities. Nonetheless, there were some differences between the two cohorts: occu-
pational status is becoming less valuable as a predictor, while parental university
level qualifications are more clearly associated with better early child and adolescent
language in contemporary society. Family income appears to be a slightly stronger
predictor of early childhood language in the MCS2001 cohort, but a stronger predictor
of late childhood and adolescent language in the BCS1970 cohort. It is possible that
these measures are changing in the extent to which they are reliable indicators of the
proximal causal factors that explain language learning (such as the caregiving / cul-
tural environment and genetic factors). For example, the move to a more hour-glass
shaped economy might mean that occupational status no longer differentiates house-
holds’ social milieu as well as it once did. Likewise, while many once left the educa-
tional system even when they had the academic potential to go on, now with more
opportunity to stay in education longer, this measure might better differentiate fam-
ilies along the lines of cognitive ability and educational aspiration. Finally, in the US,
financial investments in children increased at the top of the income distribution with
the rise of income inequality between 1970 and 2000 (Kornrich & Furstenberg, 2013);
it is possible that corresponding increases in parental investments in children have
also occurred in the UK, perhaps increasing the importance of income as a predictor
of early childhood vocabulary in the MCS2001 cohort compared to the BCS1970 co-
hort. Alternatively, it might be that the relative importance of the various proximal
causal mechanisms themselves is changing with time.

Limitations and strengths.

There are some limitations to our analyses that should be kept in mind when inter-
preting our results. First, although our cross-cohort comparison has provided insight
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into socioeconomic inequalities in vocabulary across historical time, and despite ex-
tensive efforts to harmonise our variables, historical and societal changes, particu-
larly regarding occupational status and parent education, make it difficult to defini-
tively compare results across the two cohorts, and such differences should be kept in
mind when interpreting results. Nonetheless, when we conducted a sensitivity anal-
ysis to address this, using Ridit scores as a means of standardising SEC indicators, this
revealed a similar pattern of results.

Second, it should be recognised that the vocabulary measures used at each age were
necessarily different, meaning we could not assess within-child change in vocabulary
scores throughout childhood. However, our focus was on the extent of inequalities at
each age, and by using a standardised score, we were able to make comparisons that
reflect population distributions in these language outcomes.

Third, while vocabulary is the most commonly used measure of language ability in
research, especially with regards to inequalities, and is highly correlated with other
aspects of language ability (Fenson et al., 1994; Fricke et al., 2017; Hulme, Snowling,
West, Lervag & Melby-Lervag, 2020), a drawback of the exclusive use of standardised
vocabulary tests is that they are potentially inherently biased against children experi-
encing social disadvantage, because the items included are more likely to occur in
higher SEC settings. There has long been debate about how to separate out children’s
‘inherent potential’ for learning language from the language ability they have in virtue
of experience. Traditionally, this has been of interest to clinical researchers of
speech, language, and communication pathologies, who have been interested in
whether a child has a language delay due to relative lack of exposure to accessible
linguistic interactions and/or due to an underlying difficulty with learning and/or pro-
cessing language (e.g., Campbell et al., 1997) - since a clinician’s therapeutic response
may differ according to aetiology. Calls for the development and adoption of lan-
guage measures that are sensitive to cultural variation in language experiences con-
tinue in the context of debates about how the observed relation between socio-eco-
nomic disadvantage and language development plays out (Pace et al., 2017).

To demonstrate this limitation, we might outline three (not mutually exclusive) pos-
sible scenarios under which a child might perform poorly on a vocabulary test. First,
we might consider a child who struggles to learn and process language (and who, in
the absence of other known causes, may have a diagnosis of Developmental Language
Disorder, with subsequent specialist speech and language therapy and educational
support adapted to the specific challenges they face). Second, we might consider a
child who has substantial linguistic experience and ability, but whose vocabulary has
less overlap with that assessed by a standardised tests than children in the norming
sample, due to cultural or socioeconomic differences. Despite having some linguistic
strengths, this lack of overlap may still have a functional impact on the child, since
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this difference may play through in the educational system, making it harder to
achieve grades that open doors to future social and economic opportunities. For ex-
ample, it has long been argued that children from lower SEC backgrounds may have
strengths in terms of their discourse skills, compared to middle class children, which
are not captured by standardised tests (Heath, 1983; Hoff, 2013; Rogoff et al., 2017).
Finally, we might consider a child who has had relatively little accessible linguistic
experience, and as a consequence has lower language ability, but this difference is
not associated with a skew in the types of language items being assessed on a stand-
ardised measure (as was the case for the second child). This is also likely to have a
functional impact on the child, but one that cannot be as easily addressed in terms of
changing the way standardised tests are normed (or indeed in terms of changes to
curriculum, teaching methods, or educational assessment).

The standardised vocabulary measures employed as a proxy for general language
ability cannot distinguish between these three types of children (or the more messy
reality of several interacting factors contributing to differences in vocabulary assess-
ment outcomes). However, whatever the source of a child’s relative difficulty on a
standardised test of vocabulary, these tests reflect skills that (rightly or wrongly) are
likely important for accessing education (and are known to predict educational out-
comes), thus understanding the relation between vocabulary measures and SEC re-
mains important.

Finally, as with any longitudinal analysis, missing data had to be accounted for. Less
advantaged individuals tend to be underrepresented in subsequent sweeps of cohort
studies (Elliott & Shepherd, 2006; Mostafa & Wiggins, 2014). Further, a teachers strike
in 1986 resulted in large amounts of missing data for the adolescent vocabulary meas-
ure in the BCS1970 (63.92%). To address this, our analyses were attrition weighted
and we used multiple imputations with a rich set of auxiliary indicators to account for
missing data, which is considered to be the best approach for appropriately dealing
with such missingness (Little & Rubin, 2002). Despite these limitations, the strengths
of this research lie in the use of large, nationally representative birth cohort studies
with rich information on childhood SEC and researcher-collected, gold standard lan-
guage measures throughout childhood. Although findings are generalisable to the
United Kingdom and hold relatively stable across generations, they may not be gen-
eralisable beyond the UK.

Implications

The current findings have several important implications. First parent education
level, income, wealth, and occupational status all explain substantial unique variance
in child language. This suggests it is well worth testing the causal effects of supporting
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caregiver education (through lifelong learning) and/or caregiver understanding, mo-
tivation, and confidence in supporting child language development (through parent-
ing support). Equally, it is worth testing the effect of reducing poverty - defined as
low income relative to a norm (see the Baby’s First Years project in the US for a move
in this direction: Baby’s First Years, 2018). Despite efforts to reduce poverty in the UK,
itis ever-present: 22% of the UK population and 30% of children were living in relative
poverty (after housing costs) in 2018-19 (Francis-Devine, 2020). Beyond political
choices regarding wealth redistribution, educational attainment is claimed to be the
key factor causing poor children to become poor adults (DWP, 2014). Since language
is the foundation for reading ability and success in education (Public Health England,
2020), and our cross-cohort comparison revealed inequalities in vocabulary are per-
sistently wide across time, targeting these sustained inequalities is assumed to be im-
portant in reducing the intergenerational transmission of poverty (Joseph Rowntree
Foundation, 2016).

Second, since inequalities in vocabulary widen markedly between the ages of 3 and 5,
it remains important to target this age group. A two-pronged approach is likely nec-
essary, whereby family support is provided at the same time as increasing the quality
of provision in early years settings (Department for Education, 2017b; Gambaro, Stew-
art, & Waldfogel, 2015). Regarding the first prong, we need to test ways of creating
sustained support for families that leads to lasting cognitive benefits (e.g. testing the
BBC’s UK-wide Tiny Happy People programme; Tiny Happy People, 2021; Matthews
etal., 2023). For the second prong, we need to test ways of improving the consistency
and quality of pre-school education to help inequalities becoming entrenched before
entry to formal schooling. Quality pre-school provision benefits language develop-
ment (Becker, 2011; Schmerse, 2020) and is an important factor in supporting later
educational attainment, particularly for disadvantaged SEC children (Department for
Education, 2015). The introduction in the UK of the National Childcare Strategy in
1998 has made early years education a focus of policy making, particularly with re-
spect to the availability, affordability and quality of education (Department for Edu-
cation, 2017c). However, quality is inconsistent across different early years settings
(Gambaro et al., 2015), such that it is now included in the Ofsted Education Inspection
Framework (Ofsted, 2019).

Third, inequalities in vocabulary remain wide throughout childhood and the relative
advantage of having parents with higher levels of education accelerates in adoles-
cence as children near the point of being able to leave the education system. How-
ever, most language assessments and interventions do not go beyond the early years
(Bercow, 2018). Since language skill is important for accessing many employment op-
portunities, not to mention taking part in wider activities and accessing services, seek-
ing out effective ways to support adolescent language development is important
(Bercow, 2018; Spencer et al., 2012).
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Fourth, the fact that inequalities generally persist over historical time might be taken
to support proposals that interventions to lift the language skills of more disadvan-
taged children need to be ambitious and scaled up considerably while remaining ac-
ceptable to those they are intended to support (Greenwood, Schnitz, Carta, Wallisch,
& Irvin, 2020; List, Pernaudet, & Suskind, 2021; Wake et al., 2012). One cause for opti-
mism on this front is that a recent large-scale evaluation has found that the Nuffield
Early Language Intervention (NELI) is effective in promoting language skills of chil-
dren entering formal education in England (West et al., 2021). However, another re-
cent evaluation of a prominent UK intervention, Sure Start, suggests it benefitted
child physical health (for example, reduced hospitalisations) - and did so most for
those living in disadvantaged areas (Cattan, Conti, Ginja, & Farquharson, 2019) - but
the benefits for cognitive outcomes are less clear (Melhuish, Belsky, & Leyland, 2010),
perhaps because of a struggle to reach populations who stood to derive the maximum
benefit (Law, Parkin, & Lewis, 2012). The current analyses suggest that to have a
chance of making a difference, we would need to test a multi-pronged approach, im-
plemented at a meaningful scale, for the long term and in a manner acceptable to
children and their families, so as to reap sustained benefits and see the next genera-
tion of children reach their potential.

Conclusion

To sum up, the substantial individual differences we observe in child and adolescent
language are explained by several SEC indicators each making their own unique con-
tribution, most notably caregiver education, income, wealth, and occupational status.
Inequalities are generally stable over developmental and historical time, and are
monotonic, with each step up in SEC predicting a step up in language. The current
evidence suggests a need to focus on the widening of inequalities as children enter
compulsory education and as they prepare to leave it. This supports calls to test the
effects of reducing poverty, increasing caregiver lifelong learning, improving early
parenting support, improving quality of preschool education, and sustaining educa-
tional support throughout adolescence. Tests would need to provide evidence of both
causal efficacy and acceptability to those they are intended to help. To succeed on
both these fronts, the current evidence suggests we need to be ambitious.
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Appendix A
Appendix A contains the details of the vocabulary measures used.
MCS2001 cohort only analyses.

British Ability Scales II (BAS II): Naming vocabulary. Ages 3 & 5 (Elliott,
Smith & McCulloch, 1996). This test consists of 36 items of coloured pictures of ob-
jects. Cohort members were asked to name each item. Progression through this test
depends on performance, and poor performance may result in a different, easier set
of items being administered. Cohort members were born over a 1.5 year period (Sep-
tember 2000-January 2002) and assessed over a range of months, so age at the time of
testing may differ between cohort members. Therefore, we used t-scores (as pub-
lished in the data), which are adjusted for item difficulty and age on BAS II age
normed data. These were converted to z scores for analyses.

Age 3: At the age of 3, cohort members start the test at item 1. The test ended if
the cohort member made five sequential errors. Item 16 was a “decision point” based
on performance so far: if the cohort member had got 3 or more items wrong prior to
item 16, the test was terminated. If not, the test continued to item 30, the next decision
point, where the test was terminated if the cohort member had got 3 or more items
wrong. If not, the test continued until item 36 (the end of the test)(Moulton, 2020).

Age 5: The assessment started from picture 12, as this is where children aged
5 start the test. Progression depended on the answers given by the cohort member
and the test ended when the child made five sequential errors. However, if at the be-
ginning of the test, the child has made five sequential errors and had less than three
correct items, the assessment restarted at an earlier stage with easier items and more
teaching items (Chaplin Gray, Gatenby, & Simmonds, 2009; Moulton, 2020). There-
fore, MCS cohort members did not complete the same items, as progression through
the test depends on their performance and poor performance may result in admin-
istration of an easier set of items.

British Ability Scales II (BAS II): Verbal similarities. Age 11. (Elliott, Smith &
McCulloch, 1996). This is a measure of verbal reasoning and verbal knowledge. There
were 37 items in total (although the first was a practice item and not counted in the
final score). Three words were read out to the cohort member, usually by the inter-
viewer, and cohort members had to name the category to which the three words be-
long (Moulton, 2020; see Figure S1 for examples). Cohort members started the test at
age 16, as this is where children aged 11 start the test, and completed up to item 28
(the decision point, based on performance so far). At this point, if there are less than
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3 incorrect answers, cohort members continue to item 33. If there are less than 3 cor-
rect answers, cohort members are rerouted to an earlier stage, and instead complete
items 8-15. If there are five sequential errors and less than three correct items, the
cohort members are rerouted to an earlier stage and again complete items 8-15. How-
ever, if these items are also too difficult, the test starts again from item 1(Hansen,
2014; Moulton, 2020).

Progression through this test depends on performance, and poor performance may
result in a different, easier set of items being administered. Cohort members were
born over a 1.5 year period (September 2000-January 2002) and assessed over a range
of months, so age at the time of testing may differ between cohort members. There-
fore, we used t-scores (as published in the data), which are adjusted for item difficulty
and age on BAS IT age normed data. These were converted to z scores for analyses.

Word Activity Task. Age 14 (Closs, 1986). This test is a measure of vocabulary and
also assessed the understanding of meanings of words and word knowledge. Items
were a subset of the items from the Applied Psychology Unit (APU) Vocabulary
Test(Closs, 1986). Cohort members were given a list of 20 target words, each presented
alongside 5 other words. Cohort members had to choose the word which meant the
same, or nearly the same as the target word, from the 5 options. Items increased in
difficulty throughout the test (Fitzsimons et al., 2017; Moulton, 2020). See Figure S2
for examples of items.

Figure S1. Example items from BAS II Verbal Similarities

(a) (b) (©) (d)
(cohort member’s answer)
FIRST 3 ITEMS
(from item 16)
Syrup Toffee Cake
Water Oil Blood  _____________
Jar Bag Box
LAST 3ITEMS
(items 26-28)
Fraud Lie Forgery  _____________
Hurricane Draught Blizzard ~  _____________
Siren Beacon Horn
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Figure S2. Example Items from Word Activity Task

(a) (b (© (d) (e)
FIRST 5 WORDS
QUICK always best neat sick fast
TIDINGS steps reason jetty mountains news
CONCEAL advise hide gather freeze conciliate
UNIQUE several matchless simple ancient absurd
DUBIOUS tawny obstinate gloomy muddy doubtful
LAST 5 WORDS
OBSOLETE execrable secret innocuous rigid redundant
ERUDITE learned spasmodic  superfluous pathetic spurious
PROSAIC commonplace flowery laudable poetical spacious
ASCETIC artistic dissolute austere antipathetic charlatan
PUSILLANIMOUS loud living timid averse correct

Cross Cohort Comparison
Early Childhood Language Ability

MCS2001 Age 5: BAS II Naming vocabulary (Elliott, Smith & McCulloch,
1997). Details of this test can be found above. The difference here is that in order to
aid comparability to BCS1970 data, we here used the ability scores, which are just ad-
justed for item difficulty and account for the items that the cohort member com-
pleted. We adjusted for age in months at the time of the test, instead of using the t-
scores available in the data, which are adjusted for age based on BAS II age norms.

BCS1970 Age 5: English Picture Vocabulary Test (EPVT; Brimer & Dunn,
1962). This test is a UK version of the Peabody Picture Vocabulary Test (Dunn, Dunn,
Bullheller & Hacker, 1965). Cohort members were shown 56 sets of four diverse im-
ages and a specific word associated with each set of four images. They were asked to
select one picture that matched the presented word and were awarded one point for
every correct response. The items became increasingly difficult as the test pro-
gressed, and the test stopped when the child made five errors in a set of eight items
(Parsons, 2014); the 5th wrong answer in a set of 8 sequential items was the ceiling
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item. Each cohort member’s score was the number of correct responses reached be-
fore the ceiling item, or (for cohort members who completed the final item of the test
without making 5 mistakes in 8 consecutive items), the number of correct responses
at the end of the test. Some children did not have a base item, meaning they did not
correctly answer 5 of the first 8 items; these children were given a score of 0. Details
on the scoring of this vocabulary measure and the SPSS syntax used can be found in
appendix 3 of “Childhood Cognition in the 1970 British Cohort Study” (Parsons, 2014).

Scores in the current sample ranged from 0- 56, with higher scores indicating a better
language ability. The EPVT has been reported to have a reliability coefficient of .96
(Osborn, Butler, & Morris, 1984). The BCS data does not contain item level responses
for the EPVT, only the raw total score, therefore we cannot report the alphas for our
analysis sample. However, the items administered in this test were obtained from the
British Library to ensure that the procedure and items administered were comparable
to other vocabulary tests. Target words can be found in Figure S3 (which are taken
from the Age 5 Test Booklet, see here:
https://cls.ucl.ac.uk/wp-content/uploads/2017/07/BCS70_age5_test booklet.pdf). An
example of the 4 pictures administered to cohort members could be a drawing of a
spider, whale (target), bird and giraffe.
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Figure S3. English Picture Vocabulary Test Items
Late Childhood Language Ability

MCS2001 Age 11: BAS II verbal similarities (Elliott, Smith & McCulloch,
1997). Details of this test can be found above. The difference here is that in order to
aid comparability to BCS1970 data, we here used the ability scores, which are just ad-
justed for item difficulty and account for the items that the cohort member com-
pleted. We adjusted for age in months at the time of the test, instead of using the t-
scores available in the data, which are adjusted for age based on BAS II age norms.

BCS1970 Age 10: BAS word similarities (Elliot, Murray & Pearson, 1979). This
test was made up of 21 items, each of which consisted of three words. The teacher
read these sets of items out loud and cohort members had to a) name another word
that was consistent with the three words in the item and b) state how the words were
related. In order to receive a point, cohort members had to correctly answer both
parts of the question (Moulton, 2020; Parsons, 2014). If they only answered one part
correctly, cohort members received a score of 0 for that item. When the cohort mem-
ber failed to give the correct group name and an example for four sequential items,

English Picture Vocabulary Test Score Sheet

{Survey Version}

Introductory word (Page P) P O ball

Practice words (Pages A, B & C) A [ O spoon
B O O char
¢ OO car

Test words (Pages 1 to 56)

1 OO drum 15 {J O goat 29 [ [ barber 43 O sole

2 00O time 16 O O peeping 30 [ [CJwasp 44 ([J [J walrus

3 [ [ fence 17 (O O temperature 3t O Oyawning 45 [] (] weapon
4 O3 skung 18 [J {3 signal 32 O Ocaptan 46 [ [ sentry

§ [J O chicken 19 O rwver 33 O O3 trunk 47 [ [J wailing

6 [JJchimbing 20 [3J O badge 34 [ [J argument 48 [J (O globe

7 OO teaf 21 O O hook 35 (JJcon 49 [ valve

8 [ digging 22 OO whale 36 [ 7 hwe 50 [ [ plumage
¢ [ [ teacher 23 O[O acrobat 37 OO chemist 5t [ [ assistance
10 O O sewing 24 (3 [ tweezers 38 [ [ funnel §2 [ [ carpenter
11 OO nest 25 [ (3 submarine 39 (O O insect 653 [ [J destruction
12 OO arrow 26 [ [ balancing 40 [ O cutlery 54 [ (O spire
13 [ O parachute 27 O [ bnocular 41 [ [] shears 55 [(J [ reel
14 3 O cobweb 28 3 O ornament 42 O3 O exhausted 56 [ [J coast
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the test was terminated. Items became progressively harder throughout the test. De-
tails on the scoring of this vocabulary measure and the SPSS syntax used can be found
in appendix 3 of “Childhood Cognition in the 1970 British Cohort Study” (Parsons,

2014).

Adolescent language ability

MCS2001 Age 14: Word activity task (Closs, 1986). Details of this test can be
found above. We adjusted for age in months at the time of the test, to account for the
fact that cohort members were different ages in the MCS2001 and BCS1970 cohorts at
the adolescent time point. Items from this test were a subset of the test administered

to BCS1970 cohort members when they were aged 16.

BCS1970 Age 16: Vocabulary test (Closs, 1986). This test consisted of 75 items:
an item consisted of a target word, presented with a multiple-choice list, from which
cohort members had to select a word that meant the same as the target word
(Moulton, 2020; Parsons, 2014). Items were progressively harder throughout the test
(see Figure S4 for examples). Details on the scoring of this vocabulary measure and
the SPSS syntax used can be found in appendix 3 of “Childhood Cognition in the 1970

British Cohort Study”(Parsons, 2014).

Figure S4. Example Items from the Vocabulary Test

(a) () (©
FIRST 5 WORDS

BEGIN ask start plain
AID help contrive assent
FOREST grass wood sleep
QUICK always best neat
REWARD notice golden prize
LAST 5 WORDS

UBIQUITOUS omnipresent perdition adduce

(d)

over
manage
grind
sick
stable

muddy

(e)

away

hurry

judge
fast

Marine

viscous
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PROSAIC commonplace flowery laudable poetical spacious
ASCETIC artistic dissolute austere antipathetic charlatan
APOSTATE insufferable monastic exegesis renegade vicious
PUSILLANIMOUS loud living timid averse correct

Figure adapted from Childhood Cognition in the 1970 British Cohort Study, page 29 (Parsons, 2014). Full list of items

can be found in the age 16 guide to BCS1970 data(Goodman & Butler, 1986)

Volume 4, Issue 1




Language Development Research 132

Appendix B

Appendix B contains the methods and results for the preliminary analysis of the par-
ent education variable, to determine whether maternal education or highest house-
hold education should be used.

Rationale

Previous research often uses maternal education as an indicator of parent education.
We consider household SES for all of our other indicators. We therefore conducted a
preliminary analysis to determine which measure of parent education predicted the
most variance in our outcomes (language at ages 3, 5, 11 and 14). We stated in our pre-
registration (https://osf.io/482zw/) that we would use the measure of parent education
that predicted the most variance in our outcome variables in our main analyses.

Method
Measures

Language ability. At ages 3 and 5, cohort members completed the naming vo-
cabulary subscale of the BASII. At age 11, cohort members completed the verbal sim-
ilarities subscale of the BAS II. At age 14, cohort members completed a Word Activity
Task. Please refer to the main manuscript and Appendix A for details.

NVQ. When cohort members were aged 3, highest NVQ level was used (both
academic and vocational qualifications derived into NVQ levels 1-5, with level 5 equat-
ing to higher qualifications). Highest household NVQ was derived from mother and
fathers NVQ levels. We considered highest household, mother’s and father’s NVQ lev-
els as separate predictors.

Analysis plan

Following multiple imputation (see manuscript), we conducted a series of multiple
linear regressions: we predicted language at each age with 3 separate regression mod-
els, with highest household NVQ level, mother’s NVQ level and father’s NVQ level as
predictors in separate models, in turn. We controlled for gender, ethnicity and

whether English was spoken as an additional language in the home.

Results

Table S1 shows results for separate models (one with highest household NVQ
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level, one with mother’s NVQ level and one with father’s NVQ level) predicting lan-
guage at ages 3, 5, 11 and 14. As can be seen from Table S1, highest household NVQ
consistently predicted the most variance in language at each age. Therefore, we use a
measure of highest household NVQ as an indicator of parent’s education in our anal-
yses.

Table S1. Partial R2 values for NVQ variables

Partial R? (%)

Age 3 Age 5 Age 1l Age 14
ﬁi/_gge“ household ¢ o) 8.53 6.45 7.16
Mother’s NVQ 6.71 8.38 5.83 6.84
Father’s NVQ 4.8 6.22 5.22 5.9
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Appendix C

Appendix C contains plots showing the extent of missing data in each of our analyses.

Savings

Age 14 vocabulary e

Mortgage *

Total debt *

House value o

Age 11 vocabulary

Age 3 vocabulary —_—
Income —_—
Age 5 vocabulary —_—
Occupational status —e
3
rel Ethnicity .
'g Cohort member breastfed °
g (auxiliary)
Accommodation type >
(auxiliary)
Mother’s age at
birth of CM .
(ayxiliary)
Housing Tenurg °
(auxiliary)
Parent education b4
Number of parents
in household L
(auxiliary]
EngldVlian)
additional language
Gender .
Sample and attrition /n weight .
Relative neighbourhood °
deprivation
MCSID L
0 25 50 75 100

% Missing
Figure S5. Proportion of missing data in the analytical sample used in RQ1-3
(MCS2001,N=17,070)
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Figure S6. Proportion of missing data in the analytical sample used in the cross
cohort comparison (MCS2001, N = 16,020)

Variables

Age at time of
age 14 vocabulary test

Age 14 vocabulary

Income

Age at time of
age 11 vocabulary test

Age 11 vocabulary

Age at time of
age 5 vocabulary test

Age 5 vocabulary
Occupational status

Ethnicity

Cohort member breastfed
(auxiliary)

Accommodation type
(auxiliary)

Mother's age at

birth of CM
(auxiliary)

Housing Tenure
(auxiliary)

Parent education

Number of parents
in household
(auxiliary)

English as an
additional language

Gender
Sample and attrition /n weight

MCSID

25
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Figure S7. Proportion of missing data in the analytical sample used in the cross
cohort comparison (BCS1970, N = 14,851)

Age at time of a
age 16 vocabulary test

Age 16 vocabulary *

Age at time of ~
age 10 vocabulary test

Age 10 vocabulary _—

Income —_—

Age 5 vocabulary —_—

Ethnicity =~ ————e

Age at time of

e
$ age 5 vocabulary test
e )
®© Parent education —_—
©
> Housing Tenure o
(auxiliary)
English as an "
additional language
Accommodation type o

(auxiliary)

Mother's age at
birth of CM i

(auxiliary)
Gender —e
Occupational status -
BCSID °
Attrition °
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% Missing
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Appendix D

Appendix D contains the details for the creation of the attrition weight in the BCS1970.

Procedure

1. Generate a response variable, whereby 1=response and 0=missing

2. Compile predictor variables (detailed below). Where data was missing for these, sin-
gle imputation was used (random imputation, where impute random values sampled
from the non-missing values of the variable)

3. Logistic regression, where response variable is the outcome, and predictor variables
are variables deemed to predict missingness (detailed below)

4. Obtain predicted probabilities from the logistic regression

5. The weight variable is the inverse of these probabilities (ie predicted value/1

6. Apply a constant to the weight (weight/1.38)

A weight was created for those who were missing at age 5, those who were missing at
age 10 and those who were missing at age 16. This is because although some people
may have been missing at age 5, they could have returned by age 10, or they may have
participated at age 5, but not age 10. These three weights were then combined into
one weight variable, where the weight for age 5 response was used, if this was miss-
ing, the age 10 weight was used and if both of these were missing, the age 16 weight
was used.

The mean of the final weight variable was 0.9, with a standard deviation of 0.16. The
range was 0.83 to 3.82.

Predictor variables

The decision on which variables to include as predictors of response were made fol-
lowing the guides to the BCS datasets (Butler, Despotidou, & Shepherd, 1981; Good-
man, 1986; Institute of Child Health, 1975).

Variables predicting response at the age 5 sweep:
From the birth data:
e Whether the cohort member was born to a teenage mother
o Whether the mother had high parity (defined as >5 pregnancies of 2 20 weeks of ges-
tation)
Whether the mother was a heavy smoker (defined as 215 a day)
Marital status of mother at birth of cohort member (O=married, 1=single)
Gender
Father’s social class
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Mother’s social class

Variables predicting response at the age 10 sweep:
From the birth data:

Gender

Parents born outside of Britain

Age mother and father left full time education

Whether the cohort member was born to a teenage mother
Whether the mother was a single mother at birth

Father unemployed

Whether the cohort member was a twin

Mother aged 40+ at child’s birth

From the age 5 data:

Child’s ethnic group

Parents with no qualifications

Separation of mother and cohort member as a baby for 1 month or more
Father’s social class

Low birthweight (<51b)

Family moved 3 or more times since 1970

Crowded accommodation (>1 person per room = crowded)

Whether living in private rented accommodation

Social rating of the neighbourhood (1=poor, 0=not poor)

Variables predicting response at the age 16 sweep:

Gender
Father’s social class
Region
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Appendix E

Appendix E contains the comparisons of the analytical sample with the full cohort
samples.

Table S2. Full cohort sample vs analytical sample: RQ 1-3, ~2001 born cohort sample
only

Proportion (%) or

Mean(£SD) [95% ClIs]
Variable Whole Cohort Analytical Sample
(N=19243) (N=17,070)

Vocabulary
Age 3 (Naming Vocabu- 49.9(+11.13) 49.33(+11.38)
lary Score) [49.72;50.08] [49.16;49.5]
Age 5 (Naming Vocabu- 54.67(+10.97) 54.38(+11.05)
lary Score) [54.5;54.85] [54.21;54.54]
Age 11 (Word Similarities 58.8(+9.76) 58.55(+9.88)
Score) [58.64;58.97] [58.4;58.7]
Age 14 (Word Activity 7.15(%2.63) 7.01(%2.61)
Task Score) [7.1;7.2] [6.97;7.05]
Demographics

Sex (Male) 50.95 50.95

Sex (Female) 49.05 49.05

Ethnicity 85.98 85.97

(White)

Ethnicity 3.33 3.33

(mixed)

Ethnicity

(Indian) 1.91 1.91
Ethnicity

(Pakistani & Bangla- 4.47 4.48
deshi)

Ethnicity

(Black/ Black British) 3.05 3.05
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Ethnicity

(other incl. Chinese)
EAL

(English only)

EAL

(English and another
language)

EAL

(only another language)
Socioeconomic Circum-
stances

Parent Education
(NVQ1)

Parent Education
(NVQ2)

Parent Education
(NVQ3)

Parent Education
(NVQ4)

Parent Education
(NVQ5)

Parent Education
(None of these/overseas
qualifications)
Income Quintile 1
Income Quintile 2
Income Quintile 3
Income Quintile 4
Income Quintile 5
Occupational Status
(routine)
Occupational Status
(intermediate)
Occupational Status
(higher managerial)

1.27

88.5

9.01

2.49

5.75

25.3

15.97

35.38

7.37

10.23

20
24.46
21.53
20.79
13.22

22.16

18.99

39.04
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1.26

88.49

9.02

2.49

5.75

10.23

25.3

15.97

35.37

7.37

21.28
25
21.13
19.97
12.62

26.73

12.26

17.91

140



Occupational Status
(unemployed)
Wealth Quintile 1
Wealth Quintile 2
Wealth Quintile 3
Wealth Quintile 4
Wealth Quintile 5
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19.81

Relative Neighbourhood

Deprivation

(most deprived decile)

12.96

Relative Neighbourhood

Deprivation
(10 - <20%)

10.84

Relative Neighbourhood

Deprivation
(20 - <30%)

10.32

Relative Neighbourhood

Deprivation
(30 - <40%)

9.11

Relative Neighbourhood

Deprivation
(40 - <50%)

9.73

Relative Neighbourhood

Deprivation
(50 - <60%)

9.73

Relative Neighbourhood

Deprivation
(60 - <70%)

8.77

Relative Neighbourhood

Deprivation
(70 - <80%)

9.02

Relative Neighbourhood

Deprivation
(80 - <90%)

9.55

Relative Neighbourhood 9.96

20.02

23.08

22.43

19.08

38.69

19.8

12.96

10.84

10.32

9.11

9.73

9.73

8.77

9.02

9.55

9.96

141
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Deprivation
(least deprived decile)

142

Note: wealth variable compiled after imputation of house value, mortgage, savings and debts and then split to
quintiles, therefore cannot calculate proportions before imputation for full sample. Means (+SD) and proportions
for analytical sample are pooled across 25 imputed datasets. All descriptives are sample and attrition weighted.

Table S3. Full sample vs analytical sample comparisons for RQ4: cross-cohort com-

parison
BCS1970 cohort MCS2001 cohort
Full Cohort  Analytical Full Cohort Analytical
Sample Sample Sample Sample
(N=17,196) (14,851) (N=19,243) (N=16,020)
Language
Early childhood  35.3(+10.81) 34.74(+£11.19) 108.42(+15.89) 107.98(+16.09)
[35.11;35.49] [34.56;34.92] [108.17;108.68] [107.73;108.23]
Late childhood 12.06(+2.61)  12.03(+2.64) 120.64(+16.52) 120.18(+16.83)
[12.01;12.11] [11.99;12.07] [120.36;120.93]  [119.92;120.44]
Adolescence 42491265 41 61(:13.23)  7.13(2.63) 7(+2.6)
[42.16242.82] [41.3;41.72] [7.08;7.18] [6.96;7.04]
Potential con-
founders
Sex (male) 51.42 50.55 51.33 51.33
Sex (female) 48.58 49.45 48.67 48.67
Ethl:llClty 95.83 93.52 86.03 86.03
(white)
Ethnicity (mi- 4.17 6.48 13.97 13.97
nority)
English as an
additional lan- 96.86 94.97 88.64 88.64

guage (no)
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English as an

additional lan- 3.14 5.03 11.36 11.36
guage (yes)

SES predictors

Parent educa-

tion (no/low 54.13 54.49 21.13 21.14
level)

Parent educa-

tion (O-lev-

els/GCSEs

grades A*-C)

Parent educa-

tion(post-16 7.76 7.66 21.85 21.85
quals)

Parent educa-

tion (university 17.03 17.62 24.93 24.92
level quals)

21.08 20.23 32.1 32.1

Income Quintile
1

Income Quintile
2

Income Quintile
3

Income Quintile
4

Income Quintile
5

Occupational

20.94 21.31 18.09 19.67
19.56 19.81 18.65 19.58
21.28 20.84 20.32 20.44
21.11 20.68 21.04 20.07
17.11 17.36 21.9 20.24

. 0.55 14.32 19.78 22.47
status (routine)

Occupational

status (interme- 15.21 1.16 22.27 19.78
diate)

Occupational

status (higher 53.71 50.88 18.94 18.98
managerial)
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Occupational
status (unem-

30.52 33.63 39.01 38.76
ployed)

Means (+SD) and proportions for analytical sample are pooled across 25 imputed datasets. All descriptives are
sample and attrition weighted (MCS2001 cohort only).
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Appendix F

Appendix F contains the details for the confirmatory factor analysis of socioeconomic
variables.

Using the lavaan package in R (Rosseel, 2012), a CFA was conducted to create a latent
variable of SES. A robust weighted least squares estimator (WLSMV in the lavaan
package) was used. This was due to the fact that maximum likelihood estimators are
not currently supported for ordered data in the package. A latent variable factor score
was then created for each individual imputed dataset, and regression models, where
the factor score was the main predictor, were ran for each imputed dataset. The re-
sults of the regression models were then pooled. This procedure was conducted on
separate regression models, where vocabulary at ages 3, 5, 11 and 14 were the out-
come variables.

The latent variable was made up of highest household education, income, wealth, oc-
cupational status and relative neighbourhood deprivation. These variables were
added to the CFA model in this order. Factor loadings can be found in Figure SI1.
Model fit was examined with the normed x? (x*/df) statistic (Ullman, 2001), Compara-
tive Fit Index (CFI) (Hu & Bentler, 1999), Root Mean Square Error of Approximation
(RMSEA)(MacCallum, Browne, & Sugawara, 1996), Standardized Root Mean Square
Residual (SRMR)(Hu, 1999) and Tucker Lewis Index (TLI)(Hu, 1999). Normed x?statis-
tics between 1 and 2 suggest a good model fit, and between 2 and 3 suggest an accepta-
ble model fit (Carmines & Mclver, 1981). CFI and TLI values of >.9 indicate an accepta-
ble fit and >.95 indicate a good model fit (Hu, 1999). RMSEA values of 0.01 indicate an
excellent model fit, 0.05 indicates a good fit and 0.08 indicates an acceptable model fit
(MacCallum, 1996). Finally, SRMR values <.08 are indicative of a good fit (Hu, 1999).
Robust fit indices are reported.

The model converged on 25 imputed datasets. Estimates were pooled across the 25
imputed datasets, using Rubin’s rules (Rubin, 1984). The normed x?statistic indicated
a poor model fit (normed x? (x*/5)) = 20.39. The remaining fit indices indicated the
model was a good fit to the data (RMSEA = 0.034; SRMR = 0.023; CFI = 0.996; TLI=
0.993). Standardised factor loadings indicate that all variables loaded onto the latent
construct (see Figure S8).
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Appendix G

Appendix G contains the model comparisons for the main analysis.

Model comparisons were conducted to determine whether each SES predictor con-
tributed unique variance in language ability at each age; a model with all indicators
included simultaneously was compared to a model with each removed in turn). If the
five-predictor model was a better fit to the data than the four-predictor model follow-
ing the removal of an SES indicator, then the SES variable that was dropped can be
said to account for significant variance in language ability at that age.

Age 3. Parent education (Dm(5, 4519.02)= 47.08, p<.001), income (Dm(4,
2541.26)= 14.62, p<.001), wealth (Dm(4, 415.26) = 5.16, p <.001), occupational status
(Dm(3, 1421.67)= 17.07, p<.001) and relative neighbourhood deprivation (Dm(9,
8022.27)=2.42, p=.009) all accounted for significant variance in language ability at age
3.

Age 5. Parent education (Dm(5, 3051.86)= 51.42, p<.001), income (Dm(4,
1458.42)=10.01, p<.001), wealth (Dm(4, 481.19) = 4.39, p = .002), occupational status
(Dm(3, 2602.84)= 35.08, p<.001) and relative neighbourhood deprivation (Dm(9,
7731.82)=3.63, p<.001) all accounted for significant variance in language ability at age
S.

Age 11. Parent education (Dm(5, 1308.32)= 30.99, p<.001), income (Dm(4,
861.01)= 7.33, p<.001), wealth (Dm(4, 352.28) = 8.57, p <.001), occupational status
(Dm(3, 473.5)= 11.99, p<.001) and relative neighbourhood deprivation (Dm(9,
2628.53)= 2.97, p = .002) all accounted for significant variance in language ability at
age 11.

Age 14. Parent education Dm(5, 690.38)= 41.28, p<.001), income (Dm(4,
494.82)= 4.05, p = .003), wealth (Dm(4, 316.61)= 4.08, p=.003) , occupational status
(Dm(3, 382.10)=9.02, p<.001) all accounted for significant variance in language ability
at age 14. Relative neighbourhood deprivation did not account for significant variance
(Dm(9, 1702.14)= .83, p=.589).
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Appendix H

Appendix H contains the AIC values for the main analysis.
Method

AIC values were used to determine whether a model that condenses multiple SES in-
dicators into a single composite factor is a better fit to the data than a model that in-
cludes all of these predictors simultaneously. This was to assess how a composite
measure of overall socioeconomic position performs relative to individual measures
and all indicators included simultaneously. The model with the lowest AIC value is
the “best model” and the AAIC is the difference between the AIC of each of the re-
maining models and the AIC of the best model. The AAIC values are used to infer the
level of support for each remaining model (Fabozzi, Focardi, Rachev & Arshanapalli,
2014). The rules of thumb for interpreting the AAIC values are: <2 indicates that the
candidate model is almost as good as the best model; values 4-7 indicate considerably
less support for the candidate model and >10 indicates that there is no support for this
model being the best fit to the data (Fabozzi et al, 2014; Burnham & Anderson, 2002).
AICvalues are needed here as the models are not nested, therefore the drop one anal-
yses previously used are not applicable. There are also differing numbers of predic-
tors between the composite model and a model containing all predictors simultane-
ously; AIC values take account of model complexity.

Results

Regardless of age, a model that included each SES indicator as separate predictors
was the “best model” (indicated by the smallest AIC values) and the AAIC values for
the composite model at all ages were greater than 10, lending no support for the com-
posite factor being as good a fit to the data as the ‘all predictors separately’ model (see
Table S4). Thus, it is better to include SES indicators separately when predicting lan-
guage ability, even when the greater model complexity is taken account of, and there
may be a reduction in the predictive accuracy of the model if we reduce the indicators
to a composite measure. Compared to individual measures, however, the composite
factor was a better fit to the data at all ages (see Table S5). Therefore, compared to
individual indicators of SES a composite measure is better than any one measure, but
including all as separate indicators provides the best fit to the data.
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Table S4. AIC and AAIC values Individual SES predictors compared to composite factor

Indicator

Mean AIC [95% CIs]

AIC

AAIC

AIC

AAIC

AIC

AAIC

AIC

AAIC

Parent Education

Income

Wealth

Occupational Status

Neighbourhood Dep-
rivation

Composite

47295.78[47256.

69;47334.88]

47576.52[47538.

05;47614.99]

47921.55[47885.

86;47957.25]

47432.03[47391.

75;47472.31]

48017.16[47976.

83;48057.5]

47034.01[46992.

18;47075.84]

261.77

542.51

887.54

398.02

983.15

AIC*

47721.07[47686.

83;47755.32]

48155.47[48119.

85;48191.09]

48533.14[48494.

77;48571.52]

47805.53[47771.

99;47839.08]

48574.37[48539.

55;48609.18]

47347.51[47310.

99;47384.04]

373.56

807.96

1185.63

458.02

1226.86

AIC*

50165.43[50112.
69;50218.17]

50479.66[50423.
63;50535.68]

50560.94[50502.
53;50619.35]

50294.69[50239.
6;50349.78]

50768.7[50713.0
5;50824.35]

49891.61[49833.
8;49949.43]

273.82

588.05

669.33

403.08

877.09

AIC*

51195.47[51120.
75;51270.19]

51705.46[51629.
54;51781.37]

51860.72[51783.
21;51938.23]

51533.4[51453.6
6;51613.14]

52014.12[51933.
42;52094.82]

51138.52[51062.
96;51214.07]

56.95

566.94

722.2

394.88

875.6

AIC*

AIC* = best model; Values are the mean AIC values across 25 imputed datasets; All models adjusted for gender, ethnicity and EAL.
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Table S5. AIC and AAIC values for a model containing all predictors simultaneously vs a composite factor.
Mean AIC [95% CIs]

Age 3 Lan- AAIC Age 5 Language AAIC Age 11 Language AAIC Age 14 Lan- AAIC
guage (AIC) (AIC) (AIC) guage
(AIC)
; 51138.52[510
Composite Factor ~ 47034.01[46992 47347.51[47310. 49891.61[49833.8
189.46 179.9 108.93  62.96;51214.0 166.25
.18;47075.84] 99;47384.04] ;49949.43] ’

7]
50972.27[508

AIC* 96.97;51047.5  AIC*
7]

All predictors (sim-  46844.55[46804 AIC 47167.61[47132. AIC 49782.68[49726.6
ultaneous) .36;46884.75] 05;47203.17] 4;49838.71]

AIC* = best model
Values are the mean AIC values across 25 imputed datasets
All models adjusted for gender, ethnicity and EAL
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Appendix I contains the coefficients for the associations between SEC indicators and
vocabulary in the MCS2001 cohort.

Table S6: Associations between SEC indicators and vocabulary at ages 3, 5, 11 and 14
in the MCS2001 cohort.

B [95% Cls]
p value

Age 3

.20[.13;.26] * * *
p<.001
.34[.28;.41] * * *
p<.001
.58[.52;.65] * * *
p<.001

.74[.66;.82] * * *
p<.001

- 11[-.19;-.04] * * *

p<.001

REFERENCE
A7[.13;.21] * **
p<.001
.43[.39;.48] * * *
p<.001
.55[.50;.59] * * *
p<.001

Age 5

24[.17;.30] * * *

p<.001

.36[.29;.44] * * *

p<.001

.66[.60;.73] * * *

p<.001

.90[.82;.97] * * *

p<.001

-.09[-.17;-.01] *
p=.020

REFERENCE

16[.11;.21] * * *

p<.001

43[.38;.48] * * *

p<.001

.56[.51;.60] * * *

p<.001
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.18[.10;.26] * * *

p<.001

.32[.24;.41] * * *

p<.001

.55[.48;.63] * * *

p<.001

.80[.71;.89] * * *

p<.001

-.06[-.15;.03]
p=.190

REFERENCE

12[.07;.18] * * *

p<.001

.31[.26;.36] * * *

p<.001

44[.39;.49] * * *

p<.001

Age 14

.15[.06;.24] * **
p<.001
.26[.17;.35] * * *
p<.001
.55[.47;.64] * * *
p<.001

.93[.82;1.03] * * *

p<.001

-.04[-.15;.06]
p=.410

REFERENCE
15[.09;.21] * * *
p<.001
.30[.24;.36] * * *
p<.001
.47[.40;.53] * * *
p<.001



Wealth

Occupational
Status

Neighbourhood Deprivation

Income Quintile 5

Wealth Quintile 1

Wealth Quintile 2
Wealth Quintile 3
Wealth Quintile 4

Wealth Quintile 5

Occupational Status
(routine)
Occupational Status
(unemployed)
Occupational Status
(intermediate)

Occupational Status
(higher managerial)

Relative Neighbour-
hood

Deprivation

(most deprived dec-
ile)

Relative Neighbour-
hood

Deprivation

(10 - <20%)

Relative Neighbour-
hood

Deprivation

(20 - <30%)

Relative Neighbour-
hood

Deprivation

(30 - <40%)
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.64[.59;.70] * * *
p<.001

REFERENCE
.04[-.03;.12]
p=.220
.26[.21;.32] ** *
p<.001
.35[.31;.40] ** *
p<.001
.48[.43;.53] * * *
p<.001

REFERENCE

-.24[-.29;-.19] * * *

p<.001
22[.17;.26] * * *
p<.001

.39[.36;.43] * * *
p<.001

REFERENCE

.11[.05;.16] * * *
p<.001

18[.12;.24] * * *
p<.001

27[.21;.34] * * *
p<.001

.74[.68;.79] * * *
p<.001

REFERENCE
.02[-.05;.09]
p=.580
.24[.19;.29] * * *
p<.001
.35[.30;.40] * * *
p<.001
.54[.49;.58] * * *
p<.001

REFERENCE

-.26[-.30;-.21] * * *

p<.001
.20[.15;.24] * * *
p<.001

47[.44;.51] * **
p<.001

REFERENCE

.10[.04;.16] * * *
p<.001

.23[.16;.29] * * *
p<.001

.28[.22;.34] * * *
p<.001
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.66[.60;.72] * * *
p<.001

REFERENCE
.05[-.02;.13]
p=.170
.26[.21;.32] ** *
p<.001
.35[.29;.41] * * *
p<.001
.52[.47;.58] * * *
p<.001

REFERENCE

-.18[-.24;-.12] * * *

p<.001
.18[.13;.23] * * *
p<.001

42[.38;.46] * * *
p<.001

REFERENCE

J19[.12;.26] * * *
p<.001

.24[.16;.31] * * *
p<.001

.31[.24;.38] * * *
p<.001
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.65[.57;.72] ** *
p<.001

REFERENCE
-.01[-.08;.06]
p=.730
16[.10;.22] * * *
p<.001
.25[.18;.32] * * *
p<.001
.48[.41;.55] * * *
p<.001

REFERENCE

-.14[-.20;-.08] * * *

p<.001
12[.06;.17] * * *
p<.001

.44[.39;.49] * * *
p<.001

REFERENCE

.12[.04;.19] * * *
p<.001

17[.09;.24] * * *
p<.001

.22[.14;.30] * * *
p<.001



Composite

Relative Neighbour-
hood
Deprivation
(40 - <50%)
Relative Neighbour-
hood
Deprivation
(50 - <60%)
Relative Neighbour-
hood
Deprivation
(60 - <70%)
Relative Neighbour-
hood
Deprivation
(70 - <80%)
Relative Neighbour-
hood
Deprivation
(80 - <90%)
Relative Neighbour-
hood
Deprivation
(least deprived dec-
ile)

Composite SEC
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29[.23;.36] * * *

p<.001

.36[.30;.42] * * *

p<.001

43[.37;.50] * * *

p<.001

49[.42;.55] * * *

p<.001

48[.42;.55] * * *

p<.001

.60[.54;.66] * * *

p<.001

28[.26;.29] * * *

p<.001

.33[.26;.39] * * *

p<.001

A41[.34;.47] * **

p<.001

47[.40;.53] * * *

p<.001

.57[.50;.63] * * *

p<.001

.56[.50;.63] * * *

p<.001

.68[.62;.75] * * *

p<.001

.32[.30;.33] * * *

p<.001

31[.24;.39] * * *

p<.001

.36[.29;.44] * * *

p<.001

49[.41;.56] * * *

p<.001

49[.41;.56] * * *

p<.001

49[.41;.56] * * *

p<.001

.62[.54;.69] * * *

p<.001

28[.26;.29] * * *

p<.001
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25[.17;.32] * * *

p<.001

.28[.20;.36] * * *

p<.001

.36[.28;.44] * * *

p<.001

46[.38;.54] * * *

p<.001

45[.37;.53] * * *

p<.001

.55[.48;.63] * * *

p<.001

.28[.26;.30] * * *

p<.001

All coefficients taken from models adjusted for gender, ethnicity and English as an additional language (EAL).

*p<.05 ; ** = p<.01; *** p<.001.
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Appendix J

Appendix J contains the methods and results for the sensitivity analysis whereby age
14 SEC predictor variables were used to predict age 14 vocabulary.

Rationale

Our main analysis used SES indicators taken at age 3. We found that the strongest
associations were with age 5language ability. We conducted a sensitivity analysis with
age 14 SES indicators, to check whether this result was due to the proximity of the SES
exposure to the age 5 language outcome. We therefore predicted age 14 language with
age 14 SES indicators, using the same methodology as the main analyses (see methods
in main manuscript)

Method
Vocabulary measures.

Ages 3 & 5. Cohort members completed the Naming Vocabulary BAS II sub-
scale, as a measure of expressive vocabulary. Cohort members were shown a series
of images and were asked to name each item in the image(Moulton, 2020).

Age 11. Cohort members completed the Verbal Similarities BAS II subscale.
This is a measure of verbal reasoning and verbal knowledge. Three words were read
out to the cohort member, usually by the interviewer, and cohort members had to say
how the words were related to each other(Moulton, 2020).

Age 14. Word Activity task. This test was a subset of items from the Applied
Psychology Unit (APU) Vocabulary Test(Closs, 1986). Cohort members were given a
list of 20 target words, each presented alongside 5 other words. Cohort members had
to choose the word which meant the same, or nearly the same as the target word, from
the 5 options(Fitzsimons, 2017; Moulton, 2020). Total scores out of 20 were converted
into 2z scores for analyses.

Measures of Socioeconomic Circumstance

Five indicators of family SEC were used: parent education, family income, wealth,
occupational status and relative neighbourhood deprivation. Operationalisation of
these variables is discussed below. These were taken from the age 14 sweep of the
MCS2001 cohort.

Parent education. As a measure of parent’s education, highest household NVQ
level was used (both academic and vocational qualifications derived into NVQ levels
1-5, with level 5 equating to higher qualifications).

Volume 4, Issue 1



Language Development Research 155

Family income. UK OECD weighted income quintiles were used (an indication
of household income 1=lowest, 5=highest, accounting for family size).

Wealth. A measure of total net wealth, taken from the age 14 sweep of the
MCS2001 cohort. This measure was derived from 4 variables: amount outstanding on
all mortgages, house value, amount of investments and assets, and amount of debts
owed. Outstanding mortgages were subtracted from the house value, to give a meas-
ure of housing wealth. Debts owed were taken from the amount of investments and
assets, to give a measure of financial wealth. Housing wealth and financial wealth
were then summed to give an overall measure of total net wealth.

Occupational status. Highest household occupational status (National Statis-
tics Socioeconomic Classification (NS-SEC) 3 categories: higher managerial; interme-
diate; routine, with a fourth category for those who were unemployed) at 14 years.

Relative neighbourhood deprivation. Indices of multiple deprivation (IMD)
are the government official measure of relative deprivation (Mclennan, 2019). We
used IMD deciles at age 14 (with 1= most deprived and 10=least deprived) as a measure
of relative neighbourhood deprivation.

Analyses.

Language scores at age 14 were considered as the outcome variable. Separate models
were conducted for SEC measure when the cohort members were aged 3, and when
they were aged 14. Drop-one analyses were used to assess the unique contribution of
each SEC predictor; a model with all 5 SEC predictors was compared to models with
each predictor removed in turn (see main manuscript). A composite factor was in-
cluded as the predictor variable, adjusting for the potential confounding variables.
Results for models considering age 3 SEC predictors of age 14 language ability were
compared to that of models considering age 14 SEC predictors of age 14 language abil-

1ty.

Results

Partial R? values for age 3 SEC indicators predicting age 14 vocabulary, compared to
age 14 SEC indicators predicting age 14 vocabulary, can be found in Table S7 and Fig-
ure S9. With the exception of parent education and occupational status, individual
indicators measured at age 14 contributed more variance to age 14 vocabulary. Re-
gression coefficients can be found in Table S8 and are plotted in Figures S10 and S11.
Figure S10 displays the regression coefficients for age 3 SEC indicators predicting age
14 vocabulary, compared to age 14 SEC indicators predicting age 14 vocabulary, whilst
Figure S11 shows the age 14 SEC coefficients plotted against the main analysis results
for all ages. As can be seen from Figure S10, the slopes are similar in steepness, re-
gardless of which age SEC indicators were measured, although the age 14 SEC
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measures indicate wider inequalities than the age 3 measures. However, when com-
pared to vocabulary at other ages, the main pattern of results remains (see Figure
S11): inequalities are widest at the age of 5 and remain persistently wide throughout
childhood and into adolescence. Proximity of the SEC measure to age 14 vocabulary
does not appear to affect the main pattern of results.

Model comparisons were conducted to determine whether each SES predictor con-
tributed unique variance in vocabulary; a model with all indicators included simulta-
neously was compared to a model with each removed in turn. All age 14 SES indica-
tors predict unique variance in age 14 vocabulary: Compared to a model without par-
ent education, a model with all SEC predictors was a significantly better fit (Dm(5,
9215)= 26.86, p<.001). Compared to a model without income, a model with all SEC
predictors was a significantly better fit (Dm(4, 2560.91)= 5.02, p<.001). Compared to a
model without wealth, a model with all SEC predictors was a significantly better fit to
the data (Dm(4, 2188.22)=11.12, p <.001). Compared to a model without occupational
status, a model with all SEC predictors was a significantly better fit to the data
(Dm(3,8985.4)= 7.98, p<.001). Finally, compared to a model without relative neigh-
bourhood deprivation, a model with all SEC predictors was a significantly better fit to
the data (Dm(9, 10706.37)= 5.11, p<.001).

These findings are in line with that of the main analysis, with the exception of relative
neighbourhood deprivation. When measured at the age of 3, relative neighbourhood
deprivation did not contribute unique variance in age 14 vocabulary. This perhaps
indicates that the proximity of neighbourhood deprivation is important regarding age
14 vocabulary.

Table S7. Model R’ for age 3 SEC predictors and age 14 SEC predictors predicting age
14 language

Indicator Age 3 SEC measures Age 14 SEC measures
. 7.1

Parent Education 5.5

Income 4.3 4.4

Wealth 3.4 4.6
Occupation >3 3.1

Relative Neighbourhood Depriva- 2.6 3.9

tion )

SEC composite 7.4 7.7

All predictors simultaneously 8.54 8.74

R? of models adjusted for gender, ethnicity and English as an additional language.
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Figure S9. Partial R? Values for SEC indicators (Ages 3 & 14) for predicting Age 14

Vocabulary
Indicator Education Wealth Neighbourhood Deprivation
Income Occupational Status @® Composite Factor

12.5

10.01

® 77

7571 ® 74

5.0

2.5

0.0

Age 3 Age 14

Age of SEC Measure
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Table S8: Age 14 sensitivity check with Age 14 SES measures: R [95% CIs]

158

B [95% Cls]

p value
Indicator Age 14 Vocabulary
NVQ1 REFERENCE
None of these/ over- -.04[-.14;.05]
sees qualifications p=.360

NVQ2

NVQ3

NVQ4

NVQ5

Income Quintile 1
Income Quintile
Income Quintile 3

Income Quintile 4

.18[.10;.27] * * *

p<.001

.29[.20;.38] * * *

p<.001

.51[.43;.59] * * *

p<.001

.68[.59;.77] * * *

p<.001

REFERENCE

.15[.09;.21] * * *

p<.001

24[.18;.30] * * *

p<.001

42[.36;.48] * * *

p<.001
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Occupational Status

Relative

neighbour-

Income Quintile 5

Wealth Quintile 1
Wealth Quintile 2

Wealth Quintile 3
Wealth Quintile 4
Wealth Quintile 5

Routine

Unemployed

Intermediate
Higher managerial

Most deprived decile

10 - <20%

Language Development Research

.63[.57;.70] * * *

p<.001

REFERENCE
.15[.09;.21] * * *
p<.001
.26[.19;.32] * * *
p<.001
.39[.33;.45] * * *
p<.001
.60[.54;.66] * * *
p<.001

Volume 4, Issue 1

REFERENCE

-.07[-.12;-.02] * *
*
p<.001
18[.13;.24] ** *
p<.001
A41[.36;.47] * * *
p<.001

REFERENCE

.10[.02;.17] * *
p=.010

159



Composite

Language Development Research 160

20 - <30% .14[.06;.22] * * *
p<.001

30 - <40% .23[.16;.31] * * *
p<.001

40 - <50% .29[.21;.36] * * *
p<.001

50 - <60% .36[.28;.44] * * *
p<.001

60 - <70% .45[.37;.53] * * *
p<.001

70 - <80% A43[.35;.51] ** *
p<.001

80 - <90% .50[.42;.58] ** *
p<.001

Least deprived decile .66[.58;.74] * * *
p<.001

Composite SEC .28[.26;.30] ** *

p<.001
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Figure S10. Relationships between SEC indicators (Ages 3 & 14) and Vocabulary (Age

14)
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Figure S11. Relationships between SEC indicators and Vocabulary at ages 3, 5, 11 and
14. Age 14 vocab predicted by age 3 and age 14 SEC indicators
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Appendix K
Appendix K contains the descriptive statistics and regression coefficients for the
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Table S9. Descriptive statistics for language measure by SEC group in each cohort.

BCS1970 MCS2001
L hild- Early child-
Early child- ate chi Adolescent arly child Late childhood  Adolescent
hood lan- hood lan-
hood language quage language guage language language
Range=0-56 Range=0-20 Range=0-74 Range=10-170 Range=10-179 0-20
P Ed ion: 32.12(11.36 38.66(13.24
arent Ecucation: ( ) 11.37(2.6) ( ) 99.49(16.97) 113.52(18.58), 6.08(2.35),
No /low level qualifi- s s
Hons [11.32:11.43] [98.93;100.04]  [112.91;114.13] (6;6.16]
ca [31.87;32.37] ’ ’ [38.38;38.95]
P Ed ion: 12.32(2.46 42.31(12.55 106.66(14.97
arent Education:O 4 )5 g gay (2.46) (12.55)  106.66(14.97), 110 191677),  6.57(2.32)
levels/GCSEs grades s s [106.24;107.07
A*C [36.14;36.84] ] [117.66;118.59]  ,[6.51;6.63]
’ [12.23;12.41] [41.86;42.75]
44.63(12. 110.26(14.2
Parent Education: 37.9(10.22), 12.8(2.42), 63(12.06) 0.26(14.29), 122.22(14.93), 7.07(2.41)

Post 16 education

Parent Education:
University level

Income (Quintile 1 -
Lowest)

Income (Quintile 2)

Income (Quintile 3)

Income (Quintile 4)

Income (Quintile 5 -
Highest)

[37.31;38.49]

39.45(10.1),
[39.06;39.84]

30.38(11.64)
J

[29.98;30.79]
33.57(11.28)

J

[33.16;33.98]
35.07(10.73)

J

[34.69;35.45]
36.52(10.26)

J

[36.16;36.88]
38.88(10.03)

J

[38.49;39.27]

[12.66;12.94]

13.41(2.38)
)

[13.31;13.5]

10.99(2.68)
,[10.9;11.09]

11.78(2.6)
,[11.69;11.87]

11.99(2.54)

)

[11.9;12.07]
12.46(2.49)

)

[12.37;12.55]

13.14(2.4),
[13.05;13.23]

J

[43.93;45.32]
48.05(11.62)

J

[47.6;48.5]
37.65(13.43)

J

[37.18;38.12]
40.12(13.32)

J

[39.63;40.6]
41.18(12.83)

J

[40.73;41.63]
43.17(12.59)

J

[42.73;43.62]
46.26(12.32)

J

[45.78;46.74]
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[109.78;110.73
]

114.88(14.56)
[114.43;115.34
]

101.32(17.37),
[100.75;101.89
]

104.47(15.76)
[103.93;105.01
]

107.99(15.45),
[107.46;108.52
]

111.81(14.32),
[111.3;112.32]

114.03(13.99),
[113.52;114.54
]

[121.72;122.71]

126.7(14.04),
[126.26;127.14]

115.78(18.38),
[115.18;116.38]

116.73(16.95),
[116.15;117.31]

120.11(16.5),
[119.55;120.68]

122.4(15.61),
[121.84;122.95]

125.68(14.54),
[125.14;126.21]

,[6.99;7.15]

8.28(2.81),
[8.19;8.37]

6.4(2.4),
[6.32;6.48]

6.53(2.37),
[6.45;6.61]

6.84(2.53),
[6.75;6.92]

7.28(2.65),
[7.19;7.38]

7.93(2.75),
[7.83;8.03]



Occupational Status
(Unemployed)

Occupational Status

(Routine)

J

[28.7;33.19]

[30.1;31.08]

34.15(10.78)

Occupational Status

(Intermediate)

J

[33.91;34.39]
37.52(10.84)

Occupational Status

(higher managerial)

30.95(11.85)

30.59(11.7),

J

[37.21;37.83]
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)

)

)

)

11.56(3.07)

[10.98;12.14]
11.01(2.63)

[10.9;11.12]
11.78(2.55)

[11.73;11.84]
12.86(2.53)

39.31(13.24)
)

[36.81;41.81]
37.43(13.19)

J

[36.88;37.98]
40.34(13.11)

J

[40.05;40.63]

45.1(12.58),
[44.74;45.47]

[12.78;12.93]

100.2(16.8),
[99.63;100.78]

104.92(15.73),
[104.42;105.42
]

108.3(15.63),
[107.74;108.86
]

113.56(13.92),
[113.2;113.92]

114.16(18.55),
[113.53;114.79]

117.12(17.5),
[116.57;117.67]

120.56(15.85)
,[119.99;121.13
]

124.85(14.46),
[124.48;125.22]
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6.19(2.4),
[6.11;6.27]

6.56(2.36),
[6.48;6.63]

6.86(2.45),
[6.77;6.95]

7.74(2.72),
[7.68;7.81]

Table S10. Associations between SEC and language ability in the MCS2001 and
BCS1970 cohorts in early childhood, late childhood and adolescence

Parent Education

Occupa-

Indictor Early Child- Late Childhood Adolescent Vo-  Early Childhood  Late Childhood Adolescent Vo-

hood Vocabu- Vocabulary cabulary (BCS) Vocabulary Vocabulary cabulary (MCS)
lary (BCS) (BCS) (MCS) (MCS)

No/low level REFERENCE REFERENCE REFERENCE REFERENCE REFERENCE REFERENCE

qualifications

0 levels/ .35[.30;.40] **  .35[.30;.39] ***  27[.21;.33] ***  30[.26;.35] ***  .25[.20;.30] ***  .18[.13;.23] ***

GCSEs * p<.001 p<.001 p<.001 p<.001 p<.001

grades A*-C p<.001

Post 16 educa-
tion

University
level
qualifications

- Routine

* Intermediate

A48[.41;.54] * *

*

p<.001

.65[.60;.69] * *

*

p<.001

REFERENCE

.28[.23;.34] * *

.53[.45;.60] * * *
p<.001

.76[.71;.82] * * *
p<.001

REFERENCE

.28[.23;.33] * * *

.43[.35;.52] * * *
p<.001

.70[.63;.77] * * *
p<.001

REFERENCE

21[.15;.27] * * *
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.54[.50;.59] * * *
p<.001

.85[.80;.89] * * *
p<.001

REFERENCE

.31[.27;.36] * * *

.50[.45;.54] * * *
p<.001

.76[.71;.81] * * *
p<.001

REFERENCE

.25[.20;.30] * * *

.37[.32;.43] ¥ * *
p<.001

.84[.79;.89] * * *
p<.001

REFERENCE

.13[.08;.19] * * *
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Higher mana-
gerial

Unemployed

Quintile 1
(Most De-
prived)

Quintile 2

Quintile 3

Quintile 4

Quintile 5
(Least De-
prived)

*

p<.001

.62[.56;.68] * *

*

p<.001

.09[-.16;.35]
p=.480

REFERENCE

.25[.19;.32] * *

*

p<.001

.37[.31;.43] * *

*

p<.001

48[.42;.54] * *

*

p<.001

.70[.64;.76] * *

*

p<.001
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p<.001

.70[.64;.76] * * *

p<.001

.25[.02;.48] *
p=.030

REFERENCE

.29[.23;.34] * * *

p<.001

.36[.30;.41] * * *

p<.001

.53[.47;.59] * * *

p<.001

.79[.74;.85] * * *

p<.001

p<.001

.58[.51;.65] * * *

p<.001

.19[-.05;.43]
p=.120

REFERENCE

.18[.10;.25] * * *

p<.001

.26[.19;.33] * * *

p<.001

.40[.33;.46] * * *

p<.001

.63[.55;.72] * * *

p<.001

p<.001

44(.39;.49] * * *
p<.001

.06[.01;.11] *
p=.030

REFERENCE

.63[.58;.68] * * *
p<.001

-.26[-.31;-.20] * *

*

p<.001

.20[.15;.25] * * *
p<.001

(48[.44;.52] * * *
p<.001

p<.001

42[.37;.48] * * *
p<.001

.03[-.03;.09]
p=.370

REFERENCE

.56[.51;.61] * * *
p<.001

-17[-.22;-.12] * *

*

p<.001

.20[.15;.25] * * *
p<.001

(45[.40;.49] * * *
p<.001
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p<.001

.31[.25;.36] * * *
p<.001

-.02[-.08;.03]
p=.410

REFERENCE

.51[.46;.57] * * *
p<.001

-.14[-.19;-.08] * *

*

p<.001

.12[.06;.18] * * *
p<.001

46[.41;.51] * * *
p<.001

All coefficients taken from models adjusted for gender, ethnicity, English as an additional language (EAL) and age
of cohort member at the time of the language test.

*p<.05

** = p<.01
**k 5<.001
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Appendix L

Appendix L contains the methods and results for the sensitivity analysis that used
Ridit scores in the cross cohort comparison.

Rationale

The education system and occupational structure of the UK has changed over the pe-
riod that separates the BCS1970 and MCS2001 cohorts, leading to changes in the com-
position of these two SEC indicators. We therefore conducted a supplementary anal-
ysis to our cross-cohort comparison, whereby highest household occupational status
and highest household educational attainment were converted to Ridit scores to aid
comparability across cohorts (Donaldson, 1998). Ridit scores put ordered categories
onto a scale of 0-1, based on the distribution of the categories within any dataset. The
resulting coefficients of regression models with SEC Ridit scores as the predictor pro-
vide the slope index of inequality (SII). The SII represents the estimated absolute ine-
qualities in an outcome (here, vocabulary) between the highest and lowest SEC groups
(Bann, Johnson, Li, Kuh, & Hardy, 2018; Renard, Devleesschauwer, Speybroeck, &
Deboosere, 2019; WHO, 2013) and accounts for the changes in the composition of the
SEC indicator (Regidor, 2004; WHO, 2013). Therefore, this method allows us to com-
pare inequalities in vocabulary in two cohorts, despite the underlying distributions of
SEC variables differing across cohorts. However, as this is an absolute measure of in-
equalities, this method is not able to discern gradients within the distribution and so
hence this method forms our supplementary analysis.

Method

Highest household educational attainment and highest household occupational sta-
tus were converted to Ridit scores separately in each cohort. The toridit() function
from the ridittools package in R was used (Bohlman, 2018). Ridit scores were calcu-
lated for each imputed dataset and regression models, where the Ridit score was the
main predictor, were ran for each imputed dataset. The results of the regression mod-
els were then pooled. This procedure was conducted on separate regression models,
where early childhood vocabulary, late childhood vocabulary and adolescent vocab-
ulary in each cohort were the outcome variables. This results in 9 separate regression
models in each cohort (see Table S11). All models controlled for gender, ethnicity and
English as an additional language (EAL).

Results
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Regression coefficients can be found in Table S11. Because our Ridit scores rank oc-
cupation and education from the lowest SEC to the highest SEC, positive coefficients
are indicative of higher vocabulary abilities among the highest SEC group (WHO,
2013). Coefficients indicate better vocabulary scores in the most advantaged group.
This is the case for all ages and in both cohorts.

The results from this supplementary analysis confirm the results of the main cross
cohort comparison analysis. As can be seen from Table S11, inequalities based on
highest household education are largest in the MCS2001 cohort for early childhood
and adolescent vocabulary, but in the BCS1970 cohort for late childhood language
ability. Turning to highest household occupational status, inequalities are largest for
vocabulary at all ages in the BCS1970 cohort, indicated by the bigger coefficients for
this cohort. A comparison of the partial R? values for the main analysis and Ridit
score analysis can be found in Table S12 and Figure S12. These are similar across
both analyses.
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Table S11. Regression coefficients for models predicting vocabulary using SEC Ridit scores

B [95% Cls]
pvalue
Highest Household Education Highest Household Occupation Income
(Ridit score) (Ridit score) (Ridit score)

Vocabulary 1970 2001 1970 2001 1970 2001
Early Childhood .98[.92;1.05]*** 1.08[1.03;1.14]*** .81[.73;.88]*** .78[.71;.84]***  .76[.47;1.06]***  .64[.59;.70]***

p<.001 p<.001 p<.001 p<.001 p<.001 p<.001
Late Childhood L12[L05LA0p  osLosLoapes  OHSGLOUTT o ey SELSHLINT 62[.56.69]

p<.001 p<.001 p<.001

p<.001 p<.001 p<.001
Adolescent 99[.89;1.08]***  1.07[1.01; 1.13]***  .79[.70;.88]***  .76[.69;.84]***  .70[.42;.97]***  .57[.49; .65]***

p<.001 p<.001 p<.001 p<.001 p<.001 p<.001
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Table S12. Partial R? values for Ridit scores predicting vocabulary throughout childhood in two cohorts

Partial R?
(%)
Highest Household Educa-  Highest Household Oc- Income
tion cupation (Ridit score)
(Ridit score) (Ridit score)

1970 2001 1970 2001 1970 2001
Early Childhood Vocabu- 6.5 10.6 44 s 4.8 3.8
lary
Late Childhood Vocabu- 8.6 79 6 4.9 6.2 3.6
lary
Adolescent Vocabulary 6.7 8.7 4.3 4 4.1 2.5
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Figure S12. Partial R? Values for SEC indicators in each cohort: Comparison of Main
and Ridit Score Analyses

Early Childhood Late Childhood

Vocabulary

Ridit Score Analysis

Adolescence

Volume 4, Issue 1

Early Childhood Late Childhood Adolescence
Vocabulary

BCS1970 BCS1970
Highest Household Highest Household BCS1970 o

Cohort and Indicat Education Occupation Income Quintiles

ohortand Indicator — nCS2001 MCS2001 MCS2001

Highest Household Highest Household Income Quintiles
Education Occupation



Language Development Research 171

Appendix M
Appendix M contains the sensitivity analysis for the cross-cohort comparison which
included only those of a White ethnicity.

Method
Vocabulary measures (cross-cohort comparison).

Early language ability. For the BCS1970 cohort, receptive vocabulary was
measured at age 5 using the English Picture Vocabulary Test (EPVT), a UK version of
the Peabody Picture Vocabulary Test (Brimer, 1962; Dunn, 1965). Cohort members
were shown 56 sets of four diverse images and heard a specific word associated with
each set of four images. They were asked to select one picture that matched the pre-
sented word and were awarded one point for every correct response(Moulton, 2020;
Parsons, 2014). For the MCS2001cohort, expressive vocabulary was measured using
the naming vocabulary sub-test of the BAS II (Colin D. Elliott, 1996). We adjusted for
age in months at the time of the test in both cohorts. All scores and ages were con-
verted to z scores for analyses.

Late childhood language ability. When the BCS1970 cohort members were
aged 10, they completed the BAS word similarities subscale (Elliott, 1979). The test
was made up of 21 items, each of which consisted of three words. The teacher read
these sets of items out loud and cohort members had to a) name another word that
was consistent with the three words in the item and b) state how the words were re-
lated. In order to receive a point, cohort members had to correctly answer both
parts of the question (Moulton, 2020; Parsons, 2014). Details on the scoring of this
vocabulary measure and the SPSS syntax used can be found in appendix 3 of “Child-
hood Cognition in the 1970 British Cohort Study” (Parsons, 2014). When MCS2001 co-
hort members were aged 11, they completed the BAS II verbal similarities subscale
(detailed above). As already mentioned, test scores for the MCS2001 cohort were ad-
justed for item difficulty. In both cohorts, we controlled for age at the time of the
test and converted all scores to z scores.

Adolescent language ability. When aged 16, BCS1970 cohort members com-
pleted the APU Vocabulary Test (Closs, 1986). This consisted of 75 items: an item
consisted of a target word, presented with a multiple-choice list, from which cohort
members had to select a word that meant the same as the target word(Moulton,
2020; Parsons, 2014). These items got progressively harder throughout the test. De-
tails on the scoring of this vocabulary test can be found in appendix 3(Parsons,
2014). When MCS2001cohort members were aged 14, they completed the Word Ac-
tivity Task (detailed above). Words used in the Word Activity Task were a subset of
the words used in the BCS1970 cohort Vocabulary Test, which cohort members
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completed aged 16(Fitzsimons, 2017). Scores were adjusted for age and converted to
z scores for analyses.

Indicators of socioeconomic circumstance.

Harmonised measures of the following two indicators were used as measures of
SEC:

Parent education. The highest academic qualification achieved in the house-
hold when the cohort member was aged 5. Where this information is missing, infor-
mation from previous sweeps was used.

Occupational status. Highest household occupational status at age 5. For the
BCS1970 cohort, this was ascertained with the Registrar General’s classification. For
the MCS2001cohort, the NS-SEC classification system was used. Where this infor-
mation is missing, information from previous sweeps was used.

Analysis plan.

We had 3 separate outcome variables in each cohort (early childhood language ability,
late childhood language ability and adolescent language ability). We built two regres-
sion models per outcome, one with occupational status as the predictor variable and
the other with parent education as the predictor variable. Because our measures of
language ability were standardised within each cohort, we were able to directly com-
pare coefficients between cohorts and establish the rate of inequality in language abil-
ity at each age in the two cohorts.

Results

Partial R? values can be found in Table S13, and regression coefficients can be found
in Table S14. The results from this sensitivity analysis confirm the results of the main
cross cohort comparison analysis. As can be seen from Table S14, inequalities based
on highest household education are largest in the MCS2001 cohort for early childhood
and adolescent vocabulary, but in the BCS1970 cohort for late childhood language
ability. Turning to highest household occupational status, inequalities are largest for
vocabulary at all ages in the BCS1970 cohort, indicated by the bigger coefficients for
this cohort. Thus, the ethnic composition of the two cohorts do not appear to be driv-
ing the results of our cross-cohort comparison.
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Table S13. Partial R2 Values for cross-cohort comparison (%)
Partial R?
(%)
Highest H hol - I
Highest Household Education ighest ouée old ¢ rieome
cupation
1970 2001 1970 2001 1970 2001
Early  Childhood 7.6 10.2 5.4 9.1 6
Vocabulary
L i )
ate  Childhood 9.3 29 6.5 6.5 6.5
Vocabulary
Adolescent  Vo- 21 0.6 47 59 4.3
cabulary

Table S14. 8/95% Cls] for SEC predicting vocabulary in MCS2001 and BCS1970 Co-

p<.001
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horts
BCS1970 Cohort MCS2001 Cohort
Indicator Early Childhood  Late Childhood  Adolescent Vo-  Early Childhood  Late Childhood
reato Vocabula Vocabula cabulary Vocabulary Vocabulary
ry ry
No/low level
qO/a ;)"fl“vc:t"]zns REFERENCE ~ REFERENCE REFERENCE REFERENCE REFERENCE REFERENCE
ualiri 1
level 37[.32;.41] *
O levels/ STLBZAIT oo 30, 40)% %% 270213331 %% % 30[.26:.35]*** 262132 ***  .19[.13;.25] ** *
§ GCSEs o <.001 <.001 <.001 <.001 <.001
5 gradesA*-C p<.001 pe- pe- pe- pe- pe-
3
= .49[.43;.56] *
% Post16educa- > SALAT.61]* % 44[36;.53] ¥ % 53[48;.58] ¥**  .50[.45;.56] ***  .39[.32;.45] ***
5 tion be001 p<.001 p<.001 p<.001 p<.001 p<.001
Ay .
iversi 66[.61;.70] *
ingers“y 66l 6* A o 28173831 % %% J0L62.77]***  82LTTL8T]F** 76[70.81]%**  86[.80,.92] ¥ **
Vi
qualifications b<.001 p<.001 p<.001 p<.001 p<.001 p<.001
; Routine REFERENCE ~ REFERENCE REFERENCE REFERENCE REFERENCE REFERENCE
=
% Unemoloved 0601532 19[-.09;.47] 15[-.23;.54] .03[-.02;.08] .01[-.06;.08] -.03[-.09;.04]
E ploy: p=.630 p=.190 p= 440 p=.280 p=.770 p=.400
[}
=
30[.25;.35] *
& Intermediate 300 53 BIT 0823341 %% 23[16,.30]F* % 20[.24:.34]***  24[19,.30] ***  .13[.07;.19] ** *
g p<.001 p<.001 p<.001 p<.001 p<.001
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.66[.60;.71] *
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Higher mana- 2 72[.66;.79] ¥ ¥ % 61[.53;.69] ¥ *¥*  42[.37;.47)***  41[.35;.47)***  .30[.24;.36] ** *
gerial p<.001 p<.001 p<.001 p<.001 p<.001 p<.001
Quintile 1
(Most De- REFERENCE ~ REFERENCE REFERENCE REFERENCE REFERENCE REFERENCE
prived)
27[.22;.33] *
len L2317 ogrogiss]*e% 170102415 %%  S8L53.63] ¥ % 53[48;.59]*** .50[.44;.56] ¥ * *
Quintile 5001 p<.001 p<.001 p<.001 p<.001 p<.001
.39[.33;.45] * -28[-.34;-22] %% -20[-.26;-15] % *  -.16[-.22;-.10] * *
Quintile 3 [ o ] .34[.28;.40] ***  26[.19;.33] *** [ . ] [ . ] [ . ]
<.001 <.001
p<.001 p<.00 p<.00 p<.001 p<.001 p<.001
51[.45;.57] *
—_—_ SIASSTIT ool 46501 %** 39032460 ***  19[14.23]***  20[.15,26]¥**  .12[.05;.19] ***
Quintile 5001 p<.001 p<.001 p<.001 p<.001 p<.001
intil 72[.66;.78] *
gglsttl S: [ 6*6; 8] 781.72;.85] % * % 63[.545.72] % **  44[.40;.48] ***  42[.38;.47] ***  .46[.40;.51] ***
. p<.001 p<.001 p<.001 p<.001 p<.001
prived) p<.001
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