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Longitudinal study of the influence of puberty on school engagement and widening

achievement gaps during secondary education.

General Abstract

A female advantage in education is evident during secondary education, and fewer boys

continue into tertiary education. Current educational theories fail to explain the changes

observed in STEM subjects. The earlier onset of puberty in girls has been linked to the female

advantage. Puberty is associated with a wide range of developmental changes in adolescence.

However, the mechanisms connecting these developmental processes to academic achievement

remain underexplored. Using the longitudinal panel and educational achievement data of 5,795

UK school students, this thesis investigates the developmental and psychosocial mechanisms

underlying educational outcomes during adolescence. Study 1 explores how sex differences in

academic achievement evolve from childhood to age 16 across core subjects, revealing a

widening female advantage, particularly in language and increasingly in STEM disciplines.

The findings challenge the assumption that men are more prevalent at higher levels of STEM

achievement. Study 1 also examines the role of teacher grading bias, finding limited evidence

that it substantially contributes to sex achievement gaps. Study 2 extends the analysis by

examining the association between puberty, academic self-concepts, educational expectations

and school engagement. While puberty was associated with declines in school engagement,

especially among girls, self-concepts and expectations emerged as stronger predictors of

engagement. This thesis highlights that adolescent identity development can be influenced by

peers, parents, and teachers, thereby shaping educational trajectories. Additionally, structural

and societal factors may drive girls to prioritise their education to achieve a living standard

comparable to that of boys. The higher prevalence of special educational needs (SEN)

diagnoses among boys likely contributes to sex achievement gaps. This thesis recommends

future research to disaggregate school engagement findings by sex and SEN diagnosis to better
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understand subgroup risks. Further research is needed to clarify the relationship between

adolescent development and academic achievement and the longitudinal impact of teacher

stereotype endorsement.
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1

1 General Introduction.

Sex differences in educational achievement have been the subject of considerable research and

debate. Despite the volume of research, it is unclear why sex differences change during

adolescence / secondary education. Some observed changes, such as reported female

advantages in STEM subject school grades, appear to contradict existing theories that predict

male advantages in these subjects (e.g., Eccles et al., 1983). During secondary education,

many students fall further behind, and others who achieved high grades at the end of primary

school do not reach their potential (Allen, 2015; Montacute, 2018). The Sutton Trust, a UK

social mobility charity, reports that up to 15% of previously high-achieving students are not

among the upper 25% of achievers at age 16 (Allen, 2015; Montacute, 2018). These

underachieving students are more likely to be boys, eligible for free school meals, or have

additional educational needs (Allen, 2015; Ermisch & Bono, 2010; Montacute, 2018). The

period from age 11 to 14 years old, encompassing the transition to secondary education, has

been identified as a critical period for sharp declines in attitudes, mental health, and

achievement (Jerrim & Palma Carvajal, 2025).

Generally, the gap in educational achievement favouring girls at the end of primary

education increases during secondary school, and more girls go on to enter university

(Cavaglia et al., 2020; Stoet & Geary, 2020a; Voyer & Voyer, 2014). These trends are common

in most OECD countries (Cavaglia et al., 2020; Welmond & Gregory, 2021). Although some

argue that boys’ underachievement may not need special attention, the links between low

educational achievement and criminality, as well as reduced marriage/cohabitation rates

among low socioeconomic groups, suggest a social cost resulting from low male educational
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achievement (Autor, 2010; Lochner & Moretti, 2004; Machin et al., 2011). In general,

increasing the number of years spent in education and increasing educational achievement is

beneficial for health and wealth for all and, therefore, benefits the individual and the state

(Department for Business, Innovation and Skills, 2013). Yes, despite these social, health, and

economic benefits, there is little, if any, political focus on the educational underachievement of

boys and, despite many calls for reforms in the provision and funding of special educational

needs support, which disproportionately affects boys, little progress has been made (Hillman

& Robinson, 2016; Welmond & Gregory, 2021). To be able to address the widening sex

differences during secondary education, it is necessary to understand when and why

achievement gaps change, the specific factors associated with underachievement in this age

group, and how these may differ from those associated with underachievement in primary

education. This thesis, therefore, examines longitudinal trajectories of school achievement

from mid-primary school to mid-secondary school and how subject-specific trajectories

change with age. Through secondary data analysis of a single cohort, this thesis examines the

contribution of adolescent development to school achievement. It investigates the influence of

puberty on school engagement as a potential mechanism to explain the reported correlation

between puberty and educational achievement.

The general intelligence, or Spearman’s g, of girls and boys is similar (Halpern & Wai,

2019; Halpern et al., 2007). Underlying g, there are some small differences in the specific

cognitive abilities that contribute to sex differences in achievement. Girls tend to excel in

verbal skills, and boys often outperform girls in spatial tasks, which contributes to sex

differences in language, mathematics and some aspects of science, such as physics.

Nevertheless, overall, sex differences in individual cognitive skills do not fully account for the

sex differences observed in school subjects (Atit et al., 2020; Collado, 2019; Deary et al.,

2007). The female advantage in language subjects is persistent and found across nations;

however, sex differences in mathematics and science achievement are unclear (Stoet & Geary,
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2015). The results of cross-national standardised tests such as the Programme for International

School Assessments (PISA) report male advantages in mathematics and science in most

countries (Baye & Monseur, 2016; Gray et al., 2019). In contrast, the Voyer and Voyer (2014)

meta-analysis of school grades and the later updated and extended meta-analysis by O’Dea

et al. (2018) report female advantages in mathematics and science. However, the majority of

effect sizes analysed in both school grade meta-analyses are sourced from North American

studies; therefore, findings may not generalise to other countries. For example, effect sizes in

mathematics were smaller and sometimes not significant in samples from outside of North

America (O’Dea et al., 2018; Voyer & Voyer, 2014). The variation of effect sizes between

countries is not fully explained. Differences in science and mathematics curricula and how

these subjects are tested or assessed between educational systems likely contribute, as well as

national factors such as female economic participation or country-average mathematics

achievement (Gray et al., 2019; Marsh et al., 2021; Stoet & Geary, 2015; Wu, 2010). Other

evidence reports that sex differences in mathematics and science achievement are larger in the

upper tail of mathematics and science distributions, and the opposite pattern is found in

language/reading (Baye & Monseur, 2016; Stoet & Geary, 2013). Research that focuses solely

on mean sex differences in educational achievement may, therefore, ignore larger differences

reported in the upper and lower tails and the contribution of greater male variability to sex

differences in academic outcomes (Baye & Monseur, 2016).

Greater male variability (GMV) of intelligence, or individual cognitive skills, may

contribute to sex achievement gaps. The GMV hypothesis proposes that more boys/men are

observed at the upper and lower tails of the intelligence distribution and more females are

observed at the distribution’s centre, resulting in the greater availability of men/boys at very

high levels of g and with intellectual disabilities. If the GMV hypothesis is supported in

educational outcomes, then we would expect to observe an overrepresentation of boys at the

highest levels of achievement. Some support for GMV has been reported in school grades,
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with sex differences in grade variability being smaller in STEM subjects than in non-STEM

subjects (O’Dea et al., 2018). GMV in g is supported in very large or population-sized

samples, although evidence from twin studies found that sex differences in intelligence (both

mean and variability) fluctuate or change with age (Arden & Plomin, 2006; Martin & Hoover,

1987). Any contribution of GMV to educational outcomes, therefore, may change depending

on the age group tested. In their meta-analysis, O’Dea et al. (2018) found no significant

association between age and variability in school grades, observing that sex differences in

grade variability tended to reduce with age. However, I was unable to identify any research

specifically addressing sex differences in grade variability in school grades. It remains unclear

how or when changes in school grade variability contribute to changes in sex differences in

achievement.

Sex differences in school grades fluctuate with age in subject-specific patterns. From Voyer

and Voyer’s (2014) meta-analysis, sex differences are widest in junior/middle school samples

in mathematics and science and both junior/middle and high school samples in language

subjects. Despite this, sex differences in mathematics and science school grades remain

unclear, as there is a discrepancy between the reported North American female advantage in

mathematics when compared with samples from other countries where sex differences in

mathematics are smaller or non-existent (Voyer & Voyer, 2014). Additionally, few samples of

science achievement were available for inclusion in Voyer and Voyer’s (2014) meta-analysis.

Similarly, why a female advantage emerges later in mathematics and science than in language

subjects, and why this advantage is reduced in high school samples, is not fully explained.

Students’ enrolments in optional courses may influence STEM sex achievement gaps later in

their education, and these may be influenced by perceptions of competency (e.g., Lindberg

et al., 2010; Voyer & Voyer, 2014; Wang et al., 2013). Questions remain about the size of sex

achievement gaps in mathematics and science, and also about when and why sex differences

change during compulsory education. Puberty, a pivotal developmental stage, has been linked
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to fluctuations in academic achievement, although the mechanisms remain largely unexplored.

Sex educational achievement gaps are widest during early adolescence and into middle

adolescence for global measures of achievement (e.g., GPA - grade point average) and in

language subjects (Voyer & Voyer, 2014). Some evidence suggests that puberty and the wider

changes associated with adolescent development may contribute to the academic

underachievement of some groups of students during adolescence. It is often proposed, for

example, that the earlier maturation of girls contributes to achievement gaps in this age group.

Several studies have reported links between early puberty for girls and late puberty for boys,

with underachievement in education (e.g., Borra et al., 2023; Dreber et al., 2012; Koerselman

& Pekkarinen, 2017; Pekkarinen, 2008; Torvik et al., 2021). At present, though, the evidence

is mixed - both positive and negative effects have been reported, sometimes effects are not

found, and associations may be domain-specific, context-dependent, or indirect via motivation

(see Laube & Fuhrmann, 2020, for a review). Puberty, the reproductive maturation process, is

one aspect of adolescent development that develops along a separate trajectory to the

socio-emotional and behavioural transitions also encompassed within this period (Sisk &

Foster, 2004). Although they are separate processes, puberty and adolescent development are

inextricably linked through hormonal interactions (Sisk & Foster, 2004). Evidence explaining

the mechanism(s) through which puberty is related to academic achievement is currently

sparse. However, initial findings suggest an association between puberty and executive

function development, and also with engagement with learning (Chaku & Hoyt, 2019; Martin

et al., 2022; van Tetering et al., 2020, 2022).

1.1 Outstanding Issues and Research Questions

Through secondary data analysis of a large UK longitudinal survey combined with

national educational outcomes, Study 1 examines trajectories of sex achievement gaps in

English, mathematics, and science at ages 7, 11, and 16 to answer the research question: how
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do subject-specific sex differences in school achievement change with age (Research Question

(RQ1)? This study will ask whether a female advantage is found during middle adolescence

(RQ2), and in which subjects this advantage is found (Voyer & Voyer, 2014), where early

adolescence corresponds to ages 11-14 years, middle adolescence to ages 15-17 years, and late

adolescence to ages 18-21 years (Muyeed, 2008). These are, however, broad categorisations

that do not account for individual differences in developmental trajectories (Muyeed, 2008).

The reasons why sex achievement gaps widen between early and mid-adolescence are unclear.

This thesis will also clarify sex differences in STEM subjects in each age group (RQ3), where

country differences have been reported, and where relatively few studies have examined sex

differences in science subjects, particularly individual sciences such as chemistry, physics, and

biology (Voyer & Voyer, 2014). Much of the existing literature takes a cross-sectional

approach, and existing longitudinal studies examine shorter periods (Voyer & Voyer, 2014).

By analysing changes in a single cohort from childhood to mid-adolescence, this thesis

excludes the contribution of differences in sample demographics and between education

systems to the conclusions drawn. Using a sample from an education system that uses a

national, standardised approach to curriculum-based school grades, this thesis asks whether

sex differences in achievement differ between standardised school grades and teacher-assessed

school grades (RQ4). It is reported that teacher grading biases contribute to the sex differences

in school achievement (e.g., Lavy & Megalokonomou, 2019). Therefore, this thesis will clarify

whether the reported sex differences are found irrespective of the mechanism through which

grades are assessed.

In the context of the psychobiosocial model of mathematics and science achievement

(Halpern, 2012), the first study also examines if GMV contributes to sex differences in the

upper and lower tails of grade distributions. Sex differences at the upper and lower end of the

school grade distribution have not been examined in detail to date, except for O’Dea et al.

(2018), who used a meta-analytical approach using the standard deviations reported in prior
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research. This thesis will therefore examine the proportion of girls and boys represented at the

higher and lower levels of the achievement distribution, to ask whether GMV is found in

school grades and how this contribution changes with age (RQ5) (Arden & Plomin, 2006;

O’Dea et al., 2018). As the school grades literature has been criticised for its focus on mean

differences, we compare both mean differences and sex differences at the upper and lower

achievement levels against reports from international standardised tests to ask whether the

findings from these ability and achievement testing domains align (RQ6) (Baye & Monseur,

2016).

With a focus on widening sex differences in achievement during adolescence, this thesis

then examines the reported association between puberty and educational achievement to

advance the discussion in this area further. The current literature linking puberty and

achievement, and the proposal that the early maturation of girls contributes to the widening

achievement gaps, is limited by conflicting results and little evidence demonstrating a female

advantage due to earlier maturation. In general, few studies have examined links between

puberty and boys’ achievement at school (Deardorff et al., 2019). Using longitudinal,

multilevel growth models, this thesis asks how school engagement and academic motivation

develop from late childhood/early adolescence to middle adolescence and whether puberty,

age or a combination of these is associated with the changes during this period (Martin et al.,

2017, 2022). Operationalising puberty status as a continuous measure, rather than

distinguishing between early and late maturers in comparison to peers, and examining puberty

change longitudinally, allows this thesis to address the criticisms of the current body of

literature. Both the pubertal timing and the speed of change are relevant when examining

puberty outcomes (Mendle & Koch, 2019). Finally, this thesis asks whether perceived puberty

status predicts changes in school engagement during adolescence (RQ7) and whether these

changes contribute to the female advantage reported in mid-adolescence (RQ8). By examining

boys and girls, this thesis adds to the limited literature examining boys’ maturation and school
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achievement. This thesis adds to the very limited number of studies examining possible

mechanisms that may explain why puberty and achievement may be related.

1.2 Literature Review

This section aims to provide a comprehensive overview of existing research relevant to the

study’s objectives and research questions, with the primary aim of contextualising the research.

With a focus on Study 1, this literature review situates the study within the academic discourse

on sex differences in educational achievement, giving an overview of the broader set of

biopsychosocial theories of sex differences in STEM achievement. The first part of the review,

therefore, focuses on Halpern’s psychobiosocial model, which also encompasses the influence

of developmental change to explain why sex differences in mathematics often favour girls in

early childhood but then favour boys in older age groups. In general, biopsychosocial theories

would predict that once the male advantage in STEM subjects is observed, this would tend to

persist or widen with age (Halpern et al., 2007). However, female advantages are observed in

STEM school grades in early to middle adolescence that contradict the predictions of these

theories (Voyer & Voyer, 2014).

Given that a general widening female educational advantage is reported during early to

middle adolescence, and that the earlier maturation of girls is often indicated in general

discourse as a contributing factor, the remainder of the literature is a systematic review of the

evidence linking puberty with academic motivation, engagement and educational achievement

in support of Study 2. Building on two prior reviews of the links between puberty and a range

of outcomes for boys and girls (Mendle & Ferrero, 2012; Mendle et al., 2007), a systematic

search of Web Of Science and Google Scholar identified five additional studies beyond those

reviewed previously. Using keywords and synonyms for educational achievement, puberty, and

adolescence, all the identified evidence is reviewed in this section. The review examines two

proposed mechanisms through which puberty may be linked to academic achievement -
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executive function development and changes in academic motivation and engagement (Chaku

& Hoyt, 2019; Martin et al., 2017, 2022).

The final section of this literature review presents theories of academic motivation and

school engagement, highlighting their theoretical links with developmental change and school

transitions. Particularly, this section focuses on aspects of the situated expectancy value theory

that proposes social, environmental, and individual influences on academic motivation and

either encompasses or is linked to the variables of interest in this thesis - academic

self-concept, educational expectations as measures of academic motivation (Eccles &

Wigfield, 2020). School engagement is also reviewed, which, with academic motivation, is

linked to developmental change through stage environment fit theory, which predicts declining

academic motivation and engagement as the school environment is less able to meet

developmental changes in the psychological needs of the individual (Eccles & Roeser, 2013;

Eccles et al., 1993; Ryan & Deci, 2000b). Stage environment fit theory is of particular

relevance due to its link to school transitions, as each cohort member will transition from

primary to secondary education in early adolescence, and poor transitions may contribute to

lower motivation and engagement for some individuals during this period (Eccles et al., 1993).

The self-systems model of motivational development is briefly highlighted as this model draws

together associations between perceptions of the school environment and self-appraisals,

including self-concepts, which lead to school engagement or disengagement (Skinner et al.,

2008, 2009). Together, these models are linked with the formation of self-identity, a key

process of adolescence, for which meeting the basic psychological needs of the individual is

seen as fundamental (Hansen & Jessop, 2017; Ryan & Deci, 2000b).

1.2.1 Biopsychosocial Models of Sex Differences in Mathematics and Science Achievement

Several theoretical models have been proposed that aim to explain sex differences in

mathematics achievement or, more broadly, across STEM fields. Each differs slightly in how
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they emphasise or de-emphasise sex differences in individual cognitive abilities, particularly

mathematics and spatial skills. Several models highlight that there is a significant overlap in

cognitive abilities and that, on average, sex differences are very small (Ceci, 2017; Ceci &

Williams, 2010; Hyde, 2005). Therefore, it is sex differences in ability beliefs, gender

stereotypes, and cultural socialisation processes that underlie many of the sex differences

reported in mathematics and science achievement, the choice to enter further study in STEM

subjects or enter into STEM careers (Ceci, 2017; Ceci & Williams, 2010; Else-Quest et al.,

2010; Hyde, 2005). Other theorists emphasise biological differences, including the influence

of greater male variability in psychological traits that results in larger differences at the tails of

intelligence or cognitive skills distributions. These theories de-emphasise the role of gender

stereotypes due to a lack of evidence (Stoet & Geary, 2013, 2018). Instead, it is argued that sex

differences in patterns of ability differ, with girls’ abilities tilted towards verbal skills and

boys’ towards mathematics skills in combination with girls’ innate preferences toward

people-oriented and altruistic choices, that contribute to subject and career choice (Casey &

Ganley, 2021; Stoet & Geary, 2013, 2020a, 2020b; Wang et al., 2013; Wigfield & Eccles,

2000). These explanations highlight that girls who are mathematically capable but have high

verbal skills are less likely to consider STEM subjects and careers. Girls with high

mathematics and moderate verbal abilities are more open to choosing STEM (Stoet & Geary,

2018, 2020a; Wang et al., 2013). Stoet and Geary (2018) also reported that girls were less

likely to choose STEM careers in countries with higher gender equality, where STEM

engagement for women is actively promoted. In contexts where women have more choices and

students are encouraged to follow academic paths based on their strengths, girls will be more

likely to choose non-STEM paths because there are more girls with an ability tilt towards the

verbal domain than the mathematics domain (Cuff, 2017; Stoet & Geary, 2018; Wang et al.,

2013). Recognising many of these influences on STEM achievement, Casey and Ganley (2021)

argues that it is sex differences in a verbal vs. spatial skills tilt that contribute to mathematics
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success. Halpern’s psychobiosocial model also includes the influence of developmental change

to explain why sex differences in mathematics often favour girls earlier in education and boys

in older children and adolescents (Halpern et al., 2007; Miller & Halpern, 2014).

Halpern’s psychobiosocial model emphasises the reciprocity between nature and nurture,

which are described as inseparable influences that enhance or reduce the effects of small

biological differences (Halpern, 2012; Halpern et al., 2004, 2007; Miller & Halpern, 2014).

Focused on mathematics and science achievement, this model describes how social and

environmental contexts interact with biological differences and developmental changes to

influence outcomes (Halpern et al., 2007; Miller & Halpern, 2014). Biological predispositions

that may result from the influence of sex hormones in the prenatal period, such as the male

advantages in visual-spatial tasks, make it easier to learn tasks that require these skills (Halpern

& Wai, 2019; Miller & Halpern, 2014). Positive learning experiences using these skills result

in greater interest, motivation, and expectancies of success (Eccles et al., 1983; Frenzel et al.,

2007). In addition, social factors support and encourage engagement and perseverance in

domains or subjects that the individual is perceived to be predisposed to or perhaps is

encouraged to persevere with. Together, psychological, biological, and social influences work

to maintain sex differences (Halpern & Wai, 2019). Biological factors alone cannot explain the

sex differences reported in school grades (e.g., Atit et al., 2020; Collado, 2019; Deary et al.,

2007; Voyer & Voyer, 2014). Socio-environmental factors can emphasise small cognitive

differences resulting in increasing sex differences over time, but also have the potential to

minimise them and reduce sex differences (Halpern et al., 2007; Miller & Halpern, 2014).

Biological Differences. The biological influences of the psychobiosocial model

encompass sex differences in specific cognitive skills and the GMV hypothesis, which

proposes that males demonstrate greater variability between individuals in physical and

psychological characteristics, including intelligence (Ellis, 1934; Feingold, 1994). The
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psychobiosocial model describes how sex differences in mathematics ability often favour girls

in early childhood (Halpern et al., 2004). In this age group, mathematics problems tend to be

more computational and processing speed is relevant, supported by small female advantages in

encoding and retrieval from long-term memory (Herlitz & Rehnman, 2008; Hyde, 2005). For

the remainder of primary education, few, if any, sex differences in mathematics ability are

reported, but later and particularly in secondary education, solving mathematics problems

requires visual-spatial representations in working memory (Halpern et al., 2004; Kaufman,

2007; Miller & Halpern, 2014; Voyer et al., 2017). Sex differences in visual-spatial working

memory begin to emerge at around 13 years old, in line with the emergence of sex differences

in specific visual-spatial tasks. This small to moderate difference was not statistically

significant until late adolescence (Voyer et al., 1995, 2017). Supporting the GMV hypothesis,

larger sex differences are reported at the tails of intelligence and standardised tests (Baye &

Monseur, 2016; Deary et al., 2003; Gray et al., 2019; Strand et al., 2006). However, less

support for the contribution of GMV is found in the meta-analysis of school grades variability

(O’Dea et al., 2018). Sex differences in the cognitive ability tests that underlie general

intelligence indicate that there are more boys/men at the upper and lower tails of some

quantitative and spatial abilities, but also more boys/men at the lower tail due to male

overrepresentation among those with intellectual disabilities (Halpern & Wai, 2019; Johnson

et al., 2008; Voyer et al., 1995, 2017). Halpern’s and other biopsychosocial models propose

that these sex differences in cognitive skills contribute to sex differences in mathematics

achievement (Casey & Ganley, 2021; Geary et al., 2023; Halpern & Wai, 2019; Halpern et al.,

2004), and this contribution would be expected to increase with age through continued positive

experience and approach.

How sex differences in variability at the upper tail of the intelligence distribution

contribute to sex differences at high levels of educational achievement has been debated

(Johnson et al., 2008). Sex differences at the tails of the achievement distributions differ by
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domain, for example. In standardised tests, sex differences are larger in the upper tail in

mathematics and science and at the lower tail in reading, but are most pronounced at the lower

tail in reading (Baye & Monseur, 2016; Stoet & Geary, 2013). The overrepresentation of boys

(2.5 times more boys) in the upper 5% of mathematics has reduced over time, despite being

stable for many years (Baye & Monseur, 2016; Benbow, 1988; Makel et al., 2016; Stoet &

Geary, 2013; Wai et al., 2010). In contrast, the trend at the lower tail in reading over four

rounds of PISA tests has increased from 2.5 to 3.2 times more boys in the lower 5%, and from

3.1 to 5.9 in the lower 1% (Stoet & Geary, 2013). The influence of GMV in standardised tests

is not found consistently across nations and may be influenced by factors such as female

economic participation (Gray et al., 2019; Machin & Pekkarinen, 2008). Nevertheless, sex

differences in intelligence variability are found in young children prior to any educational

influence. In a single, longitudinal twins sample, girls, on average, achieved higher scores in

intelligence tests of preschool-aged children and were overrepresented at the upper tail from

age 2 to 4 years old (Arden & Plomin, 2006). The overrepresentation of girls at the upper tail

reduced from 1.8 times more girls at age 2 to 1.2 times more girls than boys by age 4. Later, by

age 10, boys were overrepresented at the upper tail as predicted by the GMV hypothesis,

observing 1.7 times more boys than girls. GMV was supported in the sample from age 3 until

age 10 (Arden & Plomin, 2006) and in 11-year-olds (Johnson et al., 2008). Arden and Plomin

(2006) suggested that this may reflect that girls develop at a faster rate than boys during

childhood, for example, in language development (e.g., Fenson et al., 1994). Brain growth

patterns may differ between boys and girls, but the evidence is sparse in young children, and

many samples are cross-sectional or analyse the scans of small samples (Giedd et al., 1999;

Lenroot et al., 2007). Therefore, developmental changes, as well as environmental factors,

may contribute to sex differences in achievement in children and may also influence

inter-individual variability. However, currently, there is limited evidence linking brain

development and changes in intelligence during early childhood.



14 Chapter 1. General Introduction.

While not addressed by the psychobiosocial model, female advantages are commonly

reported in tests of language and verbal skills (Halpern & Wai, 2019; Hedges & Nowell, 1995;

Paus et al., 2017). Further, there are moderate to large female advantages reported in reading

and writing (Baye & Monseur, 2016; Reynolds et al., 2015; Stoet & Geary, 2013). Despite

these findings being common, little attention is given to closing reading and writing

achievement gaps between boys and girls, despite the implications these differences have for

achievement at school across many subjects (Caponera et al., 2016; GL Assessment, 2020). As

described by the psychobiosocial model, both mathematics and language achievement may be

influenced by sex differences in underlying skills that make learning in each domain easier,

and these effects are amplified by continuing success and approach. However, social factors

may further influence sex differences in each domain - either positively, through support and

encouragement, or negatively, through low expectations (Eccles et al., 1983; Halpern et al.,

2007; Miller & Halpern, 2014). For example, adults who endorse gender stereotypes may have

high expectations of boys in STEM subjects and therefore encourage boys in these subjects.

However, they may have low expectations of, and give less encouragement to, boys in

language-related and other non-STEM subjects. In contrast, the endorsement of gender

stereotypes may mean that girls are encouraged and supported in language-related subjects, but

receive less encouragement in STEM subjects due to low expectations. Gender stereotypes and

gendered social roles, and how these are endorsed by both children and the adults with whom

they regularly interact, may result in positive or negative influences on achievement in each

domain.

Gender Stereotypes. Education-relevant stereotypes can be subject-specific or more

general, reflecting expected attitudes, engagement, and behaviour toward learning. Girls are

stereotyped to be less able in mathematics and science subjects, and boys to be less able in

language subjects (Alan et al., 2018; Kurtz-Costes et al., 2014; Retelsdorf et al., 2015). The
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endorsement of subject stereotypes and their transmission to children is found in both parents

and teachers (Alan et al., 2018; Kurtz-Costes et al., 2014; Retelsdorf et al., 2015). Beyond the

subject-specific stereotypes, parents expect girls to be better students than boys from an early

age and matching beliefs are found in children (Åhslund & Boström, 2018; Hartley & Sutton,

2013; Latsch & Hannover, 2014; Wong et al., 2023). Teachers and peers within school settings

can also promote gender stereotypes influencing subject choices and achievement (Alan et al.,

2018; Carlana, 2019; Retelsdorf et al., 2015; Skipper & Fox, 2022). Additionally, stereotypical

beliefs about boys’ misbehaviour may also result in increased monitoring of boys in the

classroom and boys being treated differently as a result (Åhslund & Boström, 2018; Skipper &

Fox, 2022). Exposure to media discourse on the relative underachievement of boys compared

to girls may itself result in the perpetuation of gender stereotypes through both the improved

achievement of boys and girls in stereotypical domains and impaired performance in

non-stereotypical domains, resulting in the alignment of learning goals to the stereotypes

(Latsch & Hannover, 2014).

Awareness of gender stereotypes that favour boys in mathematics and science and girls in

language abilities is found early in education (Cvencek et al., 2011; Shenouda, 2014).

Between 7-8 years of age, both boys and girls endorse stereotypes that boys exhibit poorer

conduct and achievement than girls, with the awareness of these stereotypes resulting in poorer

performance in boys (Hartley & Sutton, 2013). Yet, individuals differ in their susceptibility to

gender stereotypes and gendered social roles, which can depend on how strongly they identify

with their gender identity, whether their parents or other influential adults in their social circle

endorse or reject the stereotypes, or their peer group membership, and their self-esteem (e.g.,

Crouter et al., 2007; Santos et al., 2013; Tomasetto et al., 2011; Yu, 2019). Age differences in

the effects of gender stereotypes have also been reported (Crouter et al., 2007; Hill & Lynch,

1983; Kurtz-Costes et al., 2014). Some research has found that the endorsement of gendered

role expectations can increase during adolescence (Hill & Lynch, 1983). Kurtz-Costes et al.
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(2014) examined how subject-specific stereotypes changed with age, finding that the

endorsement of language stereotypes increased with age from late childhood to early

adolescence. Mathematics and science stereotypes, though, were more strongly endorsed in

late childhood and were more neutral in older children. The adolescent’s perceptions of adult

stereotypes matched this pattern (Kurtz-Costes et al., 2014). Kurtz-Costes et al. (2014)

concluded that both children and adolescents were influenced by their perceptions of adult

gender stereotypes and the comparative achievement of boys and girls they observe at school.

Other research has reported that there are substantial within-group differences in gender

stereotype endorsement, depending on individual circumstances, which included parents’

beliefs, the sex of siblings, and birth order, such that the gendered beliefs of some individuals

will increase with age, but will decrease for others (Crouter et al., 2007). This perspective

aligns with research that links the academic underachievement of some groups of boys and

girls to peer group membership and the alignment of those peer groups to gendered social

roles, resulting in patterns of motivation, engagement and school achievement (Santos et al.,

2013; Yu, 2019).

The biopsychosocial models would predict that once sex differences in achievement have

emerged, achievement gaps will persist or widen in the stereotypical domains of mathematics

and science achievement for boys and language achievement for girls. Small biological

differences in cognitive skills are amplified over time through psychosocial processes. While

meta-analyses of large-scale standardised test results match these expected patterns,

meta-analyses of school grades oppose these predictions for mathematics and science

achievement during early to mid-adolescence (Baye & Monseur, 2016; O’Dea et al., 2018;

Stoet & Geary, 2013; Voyer & Voyer, 2014). Sex differences then reduce in older, more

selective samples towards the end of secondary school and into tertiary education. That there

appears to be a general widening of female advantage in educational achievement during

early-mid adolescence may point to influences specific to the adolescent development period
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that influence educational outcomes that result in wider female advantages in this age group.

1.2.2 Puberty and Educational Achievement. A Review of the Current Evidence

The earlier maturation of girls during adolescence is often cited as a contributing factor to

the general female educational advantage during the adolescent years, possibly influencing

education or career-related decision-making, and often with the assumption that boys will

catch up later (APPG, Men & Boys, 2023; Pekkarinen, 2008; Tinklin et al., 2001; Torvik et al.,

2021). In line with this, smaller sex differences are observed in high school and tertiary

education samples (Voyer & Voyer, 2014). However, selection effects will play a part here, as

more boys leave full-time education at age 16 to enter apprenticeships or traineeships, and

more girls enter university (Cavaglia et al., 2020). The resulting set of students in older

samples is more highly motivated than those that include students from across the achievement

distribution (Cavaglia et al., 2020; Voyer & Voyer, 2014). The assumption that boys catch up

later has also been challenged (Stoet, 2015; Tinklin, 2003).

Intuitively, the earlier average commencement and completion of pubertal maturation for

girls and the widening sex difference in academic achievement would appear to align, and

links between pubertal maturation and educational outcomes have been reported. However, the

evidence linking puberty to school achievement is mixed, and direct puberty-related effects on

most outcomes tend to be very small (Smith-Woolley et al., 2017). Pubertal development is

one aspect of the broader changes that occur during adolescence. Adolescent development is a

set of interrelated processes that encompasses physical, cognitive, and socioemotional change

through which children become adults (Sisk & Foster, 2004). The physical changes associated

with adolescence include growth spurts and the development of secondary sex characteristics,

for example, facial hair growth and voice changes in boys, breast growth and menstruation in

girls (Mendle & Ferrero, 2012; Mendle et al., 2007). While these changes and levels of sex

hormones, estradiol and testosterone, are commonly associated with sexual maturation, the
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behavioural and cognitive changes of adolescence are temporally coordinated and interact with

hormonal changes (Sisk & Foster, 2004). Cognitive changes result from an extended period of

brain reorganisation that continues into early adulthood; these changes are

experience-dependent and associated with elevated activation in reward-regions of the brain

and linearly maturing cognitive control systems resulting in an adaptive tendency towards

increased risk-taking during middle adolescence (Crone & Dahl, 2012; Spear, 2000; Spear,

2013). The socioemotional changes associated with adolescence include an improved

understanding of social situations and perspective-taking abilities, the increased salience of

peers, a need to feel socially accepted and avoid rejection, and self-identity formation (Crone

& Dahl, 2012). Each measure used in the puberty-educational achievement literature may,

therefore, encompass different aspects of the changes associated with this developmental

period (Mendle & Ferrero, 2012).

Much of the current evidence focuses on within-peer-group differences, categorising

individuals as being early, on-time, or late maturers in comparison to their peers rather than

using continuous measures of maturation in longitudinal models (Deardorff et al., 2019).

These studies link early or late puberty to lower educational achievement, but results can differ

depending on which measure of maturation is used. Other research indicates that both the

timing (commencement of maturation) and tempo (speed of maturation) are important for

outcomes. Typically, puberty completes in four years, but there are substantial individual

differences resulting in a tempo as short as one year or as long as seven years (Mendle, 2014).

A quicker tempo may be more closely associated with poor outcomes, and a slower tempo may

be less noticeable and more easily adapted to (Mendle & Ferrero, 2012; Mendle et al., 2010).

Currently, much of the evidence points to an increased risk of poor outcomes for early

maturers, more consistently for early-maturing girls. This evidence is not suggestive of a

maturity advantage for girls’ school achievement. However, with the current evidence’s

predominant focus on within-sex relative maturity and the increased risks for a small number
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of early maturers, the body of evidence may say little about the majority, or how boys’ and

girls’ differing maturity trajectories contribute to sex differences in school achievement. There

is also less evidence, in general, for boys.

Several hypotheses have been proposed to account for the poor outcomes associated with

early pubertal timing (Mendle & Ferrero, 2012; Mendle et al., 2007). Among these, most

support is found for the early-timing (or developmental readiness) hypothesis, which proposes

that individuals who experience puberty earlier than their peers are not developmentally ready

for the demands of this transition (Stattin & Magnusson, 1990). The consequences of early

timing may be more problematic for adolescents who already exhibit poor behavioural or

emotional control, as individual differences are magnified during this period (accentuation

hypothesis: Caspi & Moffitt, 1991). Girls who mature earlier tend to start dating earlier and

report that adults expect more mature behaviours from them (Simmons & Blyth, 1987). Early

maturing girls tend to associate with older peers, exposing them to situations they are not

developmentally ready for, leading to problem behaviours (Eichorn, 1975; Magnusson et al.,

1985). Therefore, the developmental readiness hypothesis proposes that the cognitive and

emotional development of early maturers lags behind their hormonal and physical

development, leaving them at risk of emotional and behavioural disorders and risky behaviours

that can persist into adulthood (Ge et al., 1996; Graber et al., 2004). An alternate explanation

for the association between puberty and poor outcomes is the maturational deviance

hypothesis, which posits that the risk of poor outcomes is associated with deviation from the

norm. The maturational deviance hypothesis (or the off-time hypothesis) predicts poor

outcomes for early and late maturers (Brooks-Gunn et al., 1985; Petersen & Taylor, 1980). It is

also proposed that regardless of timing, all individuals will exhibit some stress during

maturational change, and this stress will be most pronounced during the period of greatest

change (stressful change hypothesis: Simmons & Blyth, 1987).

More evidence supports the early-timing hypothesis when examining the association
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between puberty and outcomes including substance use, depression, anxiety, externalising

behaviours, and poor academic achievement (Castellanos-Ryan et al., 2013; Dimler &

Natsuaki, 2015; Hoyt et al., 2020; Mendle & Ferrero, 2012; Mendle et al., 2007, 2010;

Smith-Woolley et al., 2017). However, the majority of the evidence examines female pubertal

development, which is more easily measured. There is less evidence for boys, and the findings

are mixed, providing some support for the maturation deviance hypothesis or the stressful

change hypothesis regarding internalising and externalising behaviours and substance use

(Castellanos-Ryan et al., 2013; Deardorff et al., 2019; Dimler & Natsuaki, 2015; Ge et al.,

2003; Marceau et al., 2011; Mendle & Ferrero, 2012).

Direct Associations of Puberty with Educational Achievement. The connection

between puberty and educational achievement is unclear in the existing literature. There are

varying reports of sex differences, and the associations seem to depend on the specific

measures used to represent pubertal development and academic achievement. Some studies

suggest that later development is linked to higher academic achievement for girls (Torvik et al.,

2021) and lower achievement for boys (Dubas et al., 1991; Mendle & Ferrero, 2012).

However, other studies have found no association with achievement (Koivusilta & Rimpelä,

2004; Senia et al., 2018) or have identified subject-specific associations (Suutela et al., 2022).

Advanced development has been associated with the increasing gender gap in mathematics in

standardised tests (Borra et al., 2023). Paradoxically, advanced development has also been

linked to higher mathematics school achievement in girls (Suutela et al., 2022). Interestingly,

these contradictory results are mirrored when comparing sex differences in mathematics

standardised tests and school grades (Baye & Monseur, 2016; Voyer & Voyer, 2014).

For girls, the association between development and higher academic achievement may be

specific to advanced biological development. For example, earlier menarche (the

commencement of menstruation) and puberty hormones have been associated with lower
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educational achievement (Cavanagh et al., 2007; Martin et al., 2022; Torvik et al., 2021). In

contrast, later age at peak height velocity (growth spurt) has been associated with mathematics

achievement but not native language achievement (Suutela et al., 2022). As for boys, early or

average spermarche (age at first ejaculation) has been associated with higher school

achievement, but the usefulness of spermarche as a measure of relative male maturation has

been questioned (Koivusilta & Rimpelä, 2004; Mendle & Koch, 2019). Recently, Suutela et al.

(2022) reported that there was no association between male peak height velocity and

mathematics or native language achievement, contradicting an earlier study that linked earlier

peak height velocity with higher grades for boys (Dubas et al., 1991). Despite the effects of

puberty timing being studied for many years, a number of factors may contribute to these

inconsistent results. Puberty is one aspect of the wider changes in adolescent development.

The measures used may, therefore, capture different aspects of the broader changes of

adolescence. It may also matter who assesses or reports the developmental status of the

individual, and associations between puberty and outcomes may be indirect.

Studies have reported cognitive benefits for earlier maturation, such as improved attention

for both boys and girls (Chaku & Hoyt, 2019). However, earlier maturation is also linked to

lower self-control for girls (Chaku & Hoyt, 2019). These seemingly contradictory results align

with dual systems theories of adolescent risk-taking, which suggest a gap in the developmental

trajectories of self-regulation and sensation seeking (Steinberg et al., 2008, 2018). Dual

systems adolescence theories predict that early maturers are at an increased risk of engaging in

risky behaviours (Shulman et al., 2016; Steinberg et al., 2018). Pointing to evidence that

self-regulation increases linearly with age, while the trajectory of sensation seeking follows an

inverted U-shaped pattern, peaking during early to mid-adolescence, these theories propose

that there is a developmental gap between self-control and sensation seeking that puts early

maturers at an increased risk of making poor choices (Shulman et al., 2016; Steinberg et al.,

2018). Even so, adolescence is also an important period for self-identity development and
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changes in social behaviour, and these changes influence decision-making and self-appraisals

through an orientation towards social rewards and others’ perceptions of them (Blakemore,

2010; Nelson et al., 2016; Pfeifer & Berkman, 2018).

While some longitudinal surveys utilise medical professionals to evaluate pubertal

development (Borra et al., 2023; Koerselman & Pekkarinen, 2017; Torvik et al., 2021), others

use self-reported or parent-reported measures (Martin et al., 2017; Senia et al., 2018), and

associations may differ between raters (Dorn et al., 2003). Self-reported measures of pubertal

development, e.g., pubertal development scale (PDS: Petersen et al., 1988), have been found to

be less reliable indicators of timing. Nevertheless, they may be indicative of social comparison

processes, an important aspect of adolescent development, and are a valid measure of change

for use in longitudinal analyses (Brooks-Gunn et al., 1987; Caspi & Moffitt, 1991; Coleman &

Coleman, 2002). Comparisons of the PDS and assessments using Tanner stage pictures find a

strong correlation (.80) between the two measures (Marshall & Tanner, 1969, 1970; Paikoff &

Brooks-Gunn, 1991). A recent longitudinal study compared both biological (Tanner stages:

Marshall & Tanner, 1969, 1970) and self-reported pubertal development with academic

achievement, finding that the results differ between the two measures (Goering et al., 2023).

Boys’ perceived off-time maturation predicted lower academic achievement throughout

adolescence, and early perceived maturation predicted lower concurrent achievement in girls

(Goering et al., 2023). Different effects for perceived and biological pubertal timing have been

reported elsewhere in other contexts (Carter et al., 2017, 2018; Goering & Mrug, 2022; Moore

et al., 2014). In summary, there is inconsistency in the current literature between the sexes,

between the types of measures used, and between self-report, medical assessments, and

biological measures. Focusing on possible mechanisms through which puberty and school

achievement are related may help to clarify why there are differences between the measures, as

well as explain how and why pubertal maturation and achievement are associated. Currently,

changes in hormone levels have been linked to executive function development, which links to
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cognitive changes in adolescence (Chaku & Hoyt, 2019). Perceived puberty and sex hormones

have been associated with academic motivation and engagement, which may link to

socioemotional change, for example, peer pressure or changes in self-appraisals (Martin et al.,

2017, 2022). However, as associations differ between puberty measures, further evidence is

needed. Additional mechanisms that may be influenced by peer-related processes or

self-identity formation, for example, could be explored before the links between puberty and

achievement can be fully understood.

Indirect Associations of Puberty with Educational Achievement. There is substantial

evidence linking puberty with psychological distress and risky or externalising behaviours and

their subsequent influence on educational outcomes (Becherer et al., 2021; Dimler & Natsuaki,

2015; Hallfors et al., 2002; Ullsperger & Nikolas, 2017). There is less evidence that explains

the mechanisms through which puberty is linked to achievement and how this might influence

sex achievement gaps during adolescence. Recent evidence links puberty with executive

function development in boys and girls. Executive functions are a set of skills that develop

throughout childhood and adolescence, enabling the regulation of attention, self-control,

monitoring, planning, and goal-directed behaviour (Diamond, 2013; van Tetering et al., 2020).

Early pubertal maturation is associated with faster increases in attention skills during

adolescence for boys and girls, while also predicting lower self-control in girls (Chaku &

Hoyt, 2019). Lower self-control suggests that early maturers are more sensitive to immediate

rewards (Peper & Dahl, 2013), and is linked to substance use and externalising behaviours

such as truancy and behaviour problems, which in turn are associated with lower academic

achievement (Gottfried, 2009; Hoffmann, 2020; van Tetering et al., 2022). While a recent

review found little evidence of sex differences in executive function that persist into adulthood,

there may be differences in developmental trajectories (Grissom & Reyes, 2019). Aligning

with this perspective, two recent studies examining self-reported executive functions in
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10-12-year-olds and 13-16-year-olds found that girls in the older age group reported higher

executive functions than boys, but there were no sex differences in the younger age group

(van Tetering et al., 2020, 2022). As girls report higher executive functioning than boys during

the middle adolescence period, this may indicate that the lower (perceived) executive

functioning of boys contributes to sex differences in educational achievement during this

period (van Tetering et al., 2022). The links between advanced maturity and improved

attention skills would support reports of an academic advantage for more mature boys (Dubas

et al., 1991; Koivusilta & Rimpelä, 2004; Torvik et al., 2021). Nevertheless, despite these

findings, the differences between typically developing students and off-time maturers are very

small. They are unlikely to explain much of the variance in sex differences during adolescence

(Koerselman & Pekkarinen, 2018).

Two recent studies have examined the association between puberty hormones,

self-reported pubertal development, academic motivation (academic self-efficacy and valuing

of school) and achievement, identifying potentially different mechanisms for boys and girls

(Martin et al., 2017, 2022). The initial two-wave longitudinal study reported an indirect

association between advanced self-reported pubertal status and lower academic achievement

via academic motivation. This initial study also indicated that puberty was more important

than age in predicting academic motivation (Martin et al., 2017). The second four-wave study

examined how academic engagement and disengagement trajectories were influenced by

puberty hormones and academic motivation (Martin et al., 2022). Puberty hormones were

more influential for disengagement than for engagement and were more consistently

associated with disengagement for boys (Martin et al., 2022). Together, these studies indicate a

developmental influence on school engagement and academic motivation over and above the

influence of prior achievement, socioeconomic status, and age, providing support for

biopsychosocial perspectives. They imply a puberty-specific role in established motivational

theories such as the expectancy-value theory, stage-environment fit theory, and the
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self-systems model of motivational development (Eccles & Wigfield, 2020; Eccles et al.,

1983). However, these studies point to lower motivation and school engagement for more

mature individuals, which opposes the maturity advantage in executive function development

for boys (Chaku & Hoyt, 2019). Nevertheless, these findings align with studies that reported

that early puberty is a risk factor for psychological distress and risky behaviours for boys and

girls (Mendle & Ferrero, 2012; Mendle et al., 2007) These studies also underline that

associations differ between measures and that further research is needed to disentangle these

apparent contradictions depending on the type of measure used (Martin et al., 2017, 2022).

1.2.3 Situated Expectancy-Value Theory

Situated expectancy-value theory is a well-established model describing how a student’s

expectancy of success influences achievement-related choices, persistence, and performance

(Eccles & Wigfield, 2020). The academic motivation model describes how ability beliefs and

the extent to which a student values an activity are each developed under the influence of a

student’s social and cultural environment (Eccles & Wigfield, 2020; Eccles et al., 1983). An

individual needs to believe that a task or achievement within a domain is achievable, and it is

important to be motivated to engage in the effort required to achieve. Expectancies for success

are, therefore, a student’s evaluative belief about how well they will do in an upcoming task

given their perceived competence, which, when combined with the subjective value, has been

linked to student choices, effort, and academic achievement (Eccles & Wigfield, 2020; Eccles

et al., 1983). Expectancies for success and competence beliefs, while originally conceptualised

as distinct concepts, have been shown to be empirically indistinguishable within a given

domain (Eccles & Wigfield, 1995; Wigfield, 1994), and are often measured and tested as

domain-specific self-concept (Eccles & Wigfield, 2020; Marsh et al., 1984, 1991). Task values

and ability self-concepts are empirically distinct but positively related. For example, a student

who is good at mathematics will value mathematics and devalue the subject if they find it to be

more challenging.
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Task values are defined as four distinct concepts (Eccles & Wigfield, 2020; Eccles et al.,

1983; Wigfield, 1994). Attainment value is described as the importance of doing well,

including whether success in a given task confirms aspects of the individual’s identity. Intrinsic

value, or subjective interest in a task or domain, is similar to intrinsic motivation from

self-determination theory (Deci & Ryan, 1985; Ryan & Deci, 2000a; Wigfield, 1994).

Students with high intrinsic value for a given domain receive a positive psychological reward

from engagement with that task/domain. Utility value is an evaluation of the usefulness of the

subject given future goals and is similar to extrinsic motivation as described by

self-determination theory (Deci & Ryan, 1985; Ryan & Deci, 2000a; Wigfield, 1994). Finally,

cost or task difficulty describes the student’s evaluation of the negative consequences of

engaging in the task, for example, performance anxiety, opportunity costs, and the amount of

effort required to succeed. A final construct within the expectancy-value model is achievement

goals, which include long-term goals, such as needing to do well to support future educational

plans or career choices, but also a student’s motivation to behave or align with societal

expectations, including gendered social roles or gender stereotypes.

The situated expectancy-value theory also describes how aspects of the social and cultural

environment can influence the value children place on given tasks or domains. This description

encompasses the influence of parents, teachers, peers, and other closely situated socialisers in

developing motivations in each task or domain. For example, parents’ enjoyment and

perceived value of school subjects enable their children to engage with and persist in tasks and

activities (Eccles & Wigfield, 2020; Wigfield et al., 2009). How socialisers interact with and

influence children will change with age and will be influenced by sociocultural expectations of

the appropriateness of their goals and behaviours, for example, gendered social roles and

stereotypes (Eccles & Wigfield, 2020; Simpkins et al., 2012). Perceptions of socialisers’

beliefs and behaviours are proposed to influence the subjective task value in each domain. As

adolescents’ social orientation is focused towards peers, peers are likely increasingly important
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socialisers during this period (Ahmed et al., 2022). Through increased alignment with peers

and peer groups, peers may influence achievement goals and task values as adolescents

increasingly align themselves with social groups that may be more or less closely aligned with

their gender identity (Santos et al., 2013). Domain-specific self-concepts are also influenced

through peer comparison and evaluation processes (Marsh et al., 2005).

1.2.4 Educations Expectations

The situated expectancy-value model encompasses the influence of long and short-term

goals on achievement-related choices, motivation, and educational achievement (Eccles &

Wigfield, 2020; Wigfield & Eccles, 2000). Within this thesis, long-term goals are

operationalised as educational expectations, which combine both aspiration and an evaluation

of whether that aspiration is achievable given ability beliefs and potentially other costs, such as

the economic and social costs of going to university. Both parents and their children will

mostly align, but may have distinct educational expectations. While related, parental and child

educational expectations each make a unique contribution to the child’s academic achievement

(Zhang et al., 2011). Parental educational expectations of their child influence their child’s

expectations, motivation and achievement. These parental expectations are influenced by their

child’s prior achievement, self-concepts, and expectations in a dynamic, reciprocal relationship

throughout the child’s education (Buchmann et al., 2022; Pinquart & Ebeling, 2020; Zhang

et al., 2011). The literature is divided on whether parental expectations are more influential for

boys than girls (Zhang et al., 2011) or the opposite (Flouri & Hawkes, 2008). Nevertheless, it

is sometimes reported that girls have higher educational expectations than boys. However, this

may be influenced by special educational needs status, which is more prevalent in boys and

parental occupations, particularly the sons of fathers in trade occupations (Dockery et al.,

2022; Koshy et al., 2019; Rampino & Taylor, 2013).
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1.2.5 Academic Self-Concept and Interest

Academic self-concept is an individual’s perceived competence in a particular domain,

whereas interest results from positive and rewarding engagement with that domain. The two

concepts are related as students are more interested in the domains in which they feel

competent (Jacobs et al., 2002). Interest is a weak predictor of self-concept, and self-concept

has a stronger association with achievement (Denissen et al., 2007; Marsh et al., 2005). Both

self-concept and interest are domain-specific. Girls report higher language/verbal self-concept

and interest, and boys report higher mathematics and science self-concept and interest (Dai,

2001; Denissen et al., 2007; Goetz et al., 2013; Pennington et al., 2018). Girls report lower

mathematics emotions than boys, which is linked to their lower self-concept but high valuing

of achievement in mathematics (Frenzel et al., 2007). Higher self-concept predicts higher

achievement, and associations are stronger when measuring matching, domain-specific

self-concept, and achievement (Huang, 2011).

The association between self-concept and achievement is gender invariant, despite the

mean differences between girls and boys (Kriegbaum et al., 2018; Marsh et al., 2005).

Self-concept and achievement develop in a reciprocal relationship over time, where

self-concept predicts subsequent achievement and prior achievement predicts subsequent

self-concept (Marsh et al., 2005, 2018). Self-concept and interest reduce with age during

adolescence, especially in mathematics, although gender differences remain stable (De Fraine

et al., 2007; Frenzel et al., 2010; Jacobs et al., 2002; Watson et al., 2019; Wilkins, 2004). The

association between academic self-concept and achievement also changes with age, becoming

stable between early and mid-adolescence (Davis-Kean et al., 2008; Susperreguy et al., 2018).

Much of the decline in interest is explained by the decrease in self-concept, with curvilinear

trends suggesting that some recovery of interest and self-concept may occur during mid- to

late-adolescence (Frenzel et al., 2010; Jacobs et al., 2002). The curvilinear trend is robust and

is found in boys and girls at all achievement levels and in different cultures (Davis-Kean et al.,
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2008; Frenzel et al., 2010; Jacobs et al., 2002). Therefore, the decline in self-concepts and

interest may be a normal consequence of adolescent development, as individuals develop

increasingly realistic self-concepts in the context of their comparative progress in other

domains and the performance of their peers while facing increasingly complex academic

content (Marsh & Hau, 2003; Marsh et al., 2018; Möller & Marsh, 2013; Möller et al., 2009).

Academic self-concept has been demonstrated as an important antecedent of school

engagement, the observable manifestation of students’ academic emotions and motivation

(Bakadorova et al., 2020; Green et al., 2012; Pekrun & Linnenbrink-Garcia, 2012). Students

with a higher academic self-concept are more likely to exhibit moderate to high school

engagement, and together these constructs are associated with better academic achievement

(Schnitzler et al., 2021; Veiga et al., 2015). In line with the declines in self-concept, declines in

the emotional and behavioural dimensions of school engagement have also been reported

during early to middle adolescence (Bakadorova et al., 2020).

1.2.6 School Engagement

School engagement is influenced by the degree to which the school environment matches

the developmental needs of the individual, which is of particular relevance during adolescence

(Eccles et al., 1993; Fredricks et al., 2004). School engagement is a multidimensional concept

that encompasses externally observable presentations of an individual’s internal academic

emotions and motivation (Pekrun & Linnenbrink-Garcia, 2012; Reeve, 2012). School

engagement comprises a student’s behavioural, cognitive, emotional, and agentic engagement

with school and learning (Fredricks et al., 2004; Reeve, 2012). The behavioural component

measures effort, attention, and participation in learning. Emotional engagement measures a

student’s feelings towards the social and learning environment that includes their school, peers,

and teachers (Fredricks et al., 2004). Cognitive engagement measures a student’s cognitive

investment and willingness to invest time and effort in their learning (Fredricks et al., 2004).

Together, these three components of school engagement are thought to be particularly
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important during early adolescence, corresponding to their developmental needs during this

period (Fredricks et al., 2004). Since the original conceptualisation of school engagement, two

additional components have been encompassed into the concept. Agentic engagement, which

refers to an individual’s constructive and proactive contribution to learning (Reeve, 2012), and

more recently, a social component referring to an individual’s interaction with peers both

within and outside the classroom (Wang et al., 2017). In general, higher levels of school

engagement are related to higher academic achievement and educational expectations in a

reciprocal relationship, although individual trajectories can differ (Chase et al., 2014; Li &

Lerner, 2011). High levels of school engagement, achievement, and expectations can be a risk

for emotional distress and exhaustion for some students, for example (Widlund et al., 2021).

School engagement tends to decline during the adolescent years, with particular changes

observed around school transitions between educational stages (Wang et al., 2015). When a

school provides an optimal environment for individual students - one in which they feel

supported in learning, think that what they are learning is relevant, and have some autonomy in

decision-making - then students are more interested, engaged with, and value their learning

activities (Wang & Eccles, 2013).

1.2.7 Stage Environment Fit Theory and the Self-Systems Model of Motivational Develop-

ment

A mismatch between the opportunities and experiences offered by the school environment

and the developmental needs of individual students contributes to motivational declines during

adolescence (stage environment fit theory: Eccles et al., 1993; Symonds & Galton, 2014).

During adolescence, three important developmental tasks take place - the formation of

self-identity, a sense of self-agency, and improved self-regulation and decision-making

(Hansen & Jessop, 2017). The three basic psychological needs of competence, autonomy, and

relatedness are seen as fundamental to meeting these developmental milestones

(Self-Determination Theory: Hansen & Jessop, 2017; Ryan & Deci, 2000a). Stage
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environment fit theory proposes that the gap between students’ developmental needs and

opportunities to meet those needs widens after the transition to middle school, which

corresponds to the transition to UK secondary school (Eccles et al., 1993; Symonds & Galton,

2014). Stage environment fit theory is linked to both self-determination theory and the

self-systems model of motivational development (Skinner et al., 2008, 2009). Students need to

feel related and connected to others and the environment, and perceive themselves as

competent, capable, and effective. Students also need to feel autonomous and in control

(self-agency) to be able to maintain motivation and motivated behaviour. School transitions

can, therefore, influence an individual’s perceptions of how well their school meets their

psychological needs, as transitions are characterised by the disruption of existing friendship

networks and reduced family involvement (Symonds & Galton, 2014). In particular, secondary

education school cultures focus on academic performance, in which students are taught by

more teachers who know them less well than in primary education, and students have reduced

opportunities to self-direct and feel autonomous. It is only through experiencing a sense of

control that self-agency can be developed (Hansen & Jessop, 2017). The self-systems model

proposes dynamic relations between an individual’s experience of the context (the school

environment), their self-appraisals (academic motivation and self-concepts), and their resulting

engagement/disaffection, which influences their outcomes. Due to feed-forward effects

between model components, students who are more highly engaged are proposed to become

more so, whereas students who are less engaged would become even less so, over time

(Skinner et al., 2008, 2009).

1.3 Chapter Summary

Understanding sex differences in educational achievement requires a multifaceted

approach that considers cognitive abilities, societal influences, developmental stages, and

direct environmental influences. While certain robust patterns emerge, such as larger female

advantages in language subjects and other non-STEM subjects, sex differences in STEM
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subjects remain unclear, especially during the adolescent period. A substantial body of

literature reports on sex differences in mathematics, language, and reading. Fewer studies have

examined differences in science achievement, and even fewer have examined sex differences in

science domains such as the physical and natural sciences (O’Dea et al., 2018; Voyer & Voyer,

2014). Study 1 examines sex differences in science achievement, including sex differences in

chemistry, biology, and physics, while answering this thesis’s first research question (RQ1),

which asks how sex differences in achievement change with age, by subject. Voyer and

Voyer’s (2014) meta-analysis of school grades reports how sex differences change between

primary, secondary, and tertiary education levels, as reported from predominantly North

American studies and cross-sectional data. There are smaller sex differences in mathematics in

non-North American samples, and the results differ from the conclusions drawn from analyses

of large-scale standardised tests. Sex differences in STEM subjects are therefore unclear.

Study 1 examines how sex differences change longitudinally in a single sample of British

students at ages 7, 11, and 16 years old in mathematics, language, and science. Study 1,

therefore, seeks to confirm the increasing female advantage in early to middle adolescence

(RQ2) and clarify sex differences in STEM subjects (RQ3), in a single, longitudinal sample.

As the data used here are sourced from a longitudinal panel study, the Millennium Cohort

Study, in Chapter 2 - Methodology, the data gathering process is outlined, providing further

details of the Millennium Cohort sample and the National Pupil Database from which the

educational data were extracted. As the educational data include both teacher-assessed and test

results for national, standardised curriculum tests, this thesis also examines whether

conclusions drawn from teacher-assessment differ from test-based assessments (RQ4). Being a

large sample of more than 5000 boys and girls, Study 1 also examines sex differences and the

upper and lower levels of the subject achievement distributions at each age, to examine

whether GMV is supported in school grades, and how this may change with age (RQ5).

Finally, Study 1 compares these findings to results from analyses of international standardised
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tests to ask whether the conclusions drawn from these two types of tests align (RQ6). Having

confirmed that the female advantage in education increases between early and middle

adolescence, Study 2 examines one mechanism that, if linked to puberty, could contribute to

explanations for this phenomenon. Currently, the reasons why puberty, a physical maturation

process, and achievement are linked remain unclear.

Several studies have linked puberty to achievement in education, school dropout, the

decision not to continue into non-compulsory education, and delinquent behaviour. Puberty is

a sexual maturation process, but it is also one of the broader set of developmental processes

associated with adolescence. The literature explaining how and why adolescent development,

which also encompasses physical, cognitive, and socio-emotional change, is linked to

educational achievement is currently limited, particularly for boys. Given that boys and girls

develop at different rates and boys’ pubertal maturation lags behind that of girls, any link

between puberty and achievement may contribute to widening achievement gaps during

adolescence. At present, the evidence is mixed, although this may partly result from the use of

different measures to represent relative maturity in this age group. Study 2 builds on prior

evidence of links between puberty, achievement motivation, school engagement and

disengagement, and achievement through a longitudinal examination of how changes in

puberty influence changes in behavioural and emotional engagement and disengagement

between ages 11 and 14 years old and how these influences differ between boys and girls.

Study 2, therefore, asks whether changes in perceived puberty status predict changes in school

engagement during early to mid-adolescence (RQ7) and whether these changes contribute to

the widening female advantage during secondary education (RQ8). Finally, in Chapter 5, the

findings from Chapters 3 and 4 are discussed. The relevance and importance of the findings are

evaluated in the wider context of existing adolescent development and educational theories are

highlighted.
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2 Methodology

This thesis is a longitudinal secondary data analysis of the educational outcomes and school

engagement of Millennium Cohort Survey (MCS) participants. The Millennium Cohort is a

large, longitudinal panel survey with, currently, seven waves of survey data collected between

9 months and 17 years old that can be accessed through the UK Data Archive. Additional

datasets extracted from linked administrative databases, such as health and educational

outcomes, are also available. This thesis analyses data collected in the MCS4 / Age 7, MCS5 /

Age 11 and MCS6 / Age 14 survey waves in combination with linked educational data

previously extracted from the National Pupil Database (NPD). This methodology chapter

provides a more detailed description of the MCS and the NPD, describing the data-gathering

procedure that took place prior to the data analyses reported in Chapters 3 and 4. This chapter

also outlines the general methodological approach, including the decision not to use the

sample weights in this thesis’s analyses. Finally, I provide an overview of the measures used

within this thesis, ethics approvals and consents obtained for the MCS data collection, and

ethics approval for this thesis.

2.1 General Methodological Approach

The decision to use secondary data analysis, and particularly the Millennium Cohort

Study, to answer the research questions addressed in this thesis was driven by both the

limitations and criticisms of the current body of research and the advantages offered by

analysing data collected as part of large-scale surveys. Much of the current educational

literature, and most of the literature encompassed within school grades meta-analyses, is
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sourced from cross-sectional studies (O’Dea et al., 2018; Voyer & Voyer, 2014). While Voyer

and Voyer (2014) included results from longitudinal studies, only the initial reported sex

differences in school grades were included in the analyses when the same group of individuals

was measured more than once. Therefore, the sex differences reported for each age group are

repeated cross-sectional measures of sex differences that identify population trends. We,

therefore, cannot be certain that the observed changes in sex differences reflect changing sex

differences with age, are an artefact of the differing samples or reflect changes in how

achievement is measured in each age-group (Gorard, 2003). Where longitudinal studies of sex

differences report how sex differences change with age, often the same students’ achievement

is tracked over shorter periods (e.g., two to three years) than is achievable using large-scale

survey data. To report on a longer range of age-groups, multiple cohorts are often examined

over two to three consecutive years, rather than a single cohort examined over six successive

years (e.g., Ding et al., 2006). In short, secondary data analysis of large-scale panel data allows

researchers to answer longitudinal research questions using a single cohort over longer periods

than is practical in most contexts, but particularly within the context relevant to this thesis - a

doctoral research programme of three years. Secondary data analysis also allows researchers to

examine change at an individual level, which is not possible in cross-sectional or repeated

cross-sectional research designs (Gorard, 2003).

Beyond this, the Millennium Cohort Study is well-suited to supporting the aims of this

thesis. The MCS is a contemporary cohort who completed their secondary education prior to

the COVID-19 pandemic lockdowns, which further influenced sex and socioeconomic

differences in educational outcomes (e.g., Oostdam et al., 2024). Additionally, the academic

outcomes data available alongside the MCS datasets are national results from standardised

curriculum assessments/tests, allowing this thesis to examine whether the sex differences

observed are like those reported when school grades are teacher-assessed. As teacher-assessed

grades are reported to be biased in favour of girls, or along subject-stereotypical lines, this bias
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may contribute to the differing conclusions drawn when examining sex differences in school

grades and sex differences in international standardised assessments in mathematics and

reading (e.g., Baye & Monseur, 2016; Ding et al., 2006; Lavy & Megalokonomou, 2019;

Lavy & Sand, 2018). Therefore, one of the aims is to confirm the female advantage in

educational achievement, especially in secondary education, in school grades that were

anonymously and externally marked, therefore protected against possible teacher marking

biases. Also, this thesis examines the earlier maturation of girls during adolescence and

whether this is associated with the female advantage, while also addressing some of the

limitations of conclusions drawn from cross-sectional studies and analyses.

An alternative methodological approach to secondary data analysis (data that is already

available) is primary data collection and analysis, which provides researchers with more

control and flexibility (Wyse et al., 2017). However, primary data collection would reduce the

period over which an individual’s school performance can be tracked. Typically, this would

involve recruiting and engaging with local primary and secondary schools to collect the data of

interest. Primary data collections allow researchers close control over what is measured and

how, but in the context of doctoral research, would limit the longitudinal period to 2-3 years.

In contrast, when using secondary data, the available data/measures constrain researchers, but

allow change to be examined over longer periods, for example, using the MCS, birth to 17

years old at present (Gorard, 2003; UCL Centre for Longitudinal Studies, 2020, 2021c). In

most research carried out using secondary data, the data is likely to have been collected

without the researchers’ input. How variables of interest are measured in large-panel surveys

may, therefore, introduce additional limitations to analyses and conclusions that can be drawn

from them, as these studies are often balancing covering a breadth of measures while

managing the length of interviews to a pre-determined time limit (Wyse et al., 2017). Primary

data collection, while more flexible, can be time-consuming, challenging - often it is difficult

to recruit schools to take part due to schools being busy and under-resourced - and costly
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(Gorard, 2003). The resulting samples from primary data collection are likely to be smaller,

leading to lower statistical power, and it can be difficult to recruit a broad range of students to

ensure that the sample is representative (Wyse et al., 2017). Large-panel survey data, however,

address these latter limitations by recruiting substantially larger samples than is practical

within most research projects, whether grant-funded or otherwise. In sum, analysing

secondary data has limitations, including a lack of flexibility; the available measures may not

match the researchers’ preferred approach, for example. However, using a secondary data

source for this enables a longer period of change to be examined than is practical when using

primary data collection. It provides a rich sample that is broadly representative, which can be

time-consuming and costly to replicate in research using primary data only.

2.2 The Millennium Cohort Study

The Millennium Cohort Study recruited children who were born across the UK (England,

Scotland, Wales, and Northern Ireland) between 1 September 2000 and 11 January 2002

(Plewis, 2007). The MCS recruited nine-month-old UK resident children, surveying their

parents and the children themselves in later surveys since then. The MCS used a stratified

random sampling approach based on the characteristics of electoral wards. Electoral wards are

subdivisions of the 650 constituencies that are each represented by an elected Member of

Parliament in the UK Parliament. The UK Census, which is undertaken every ten years,

collates a range of demographic data about each resident in the UK. This information can be

collated by several types of geographic areas, which include electoral wards. The population

of electoral wards can vary substantially. In 2018, for example, there were 7,065 residents, on

average, in each ward. Some wards had more than 40,000 residents, whereas others had fewer

than 200 (Office for National Statistics, 2018). For sampling, the electoral wards were divided

into three strata - wards with a 30% or more ethnic minority population, wards in the lowest

25% by income that had not previously been categorised as having a large ethnic minority

population, and the remaining wards, categorised as advantaged. Children were randomly
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sampled from these strata, intentionally oversampling from ethnic minority and disadvantaged

(low-income) wards (Plewis, 2007).

To undertake this thesis’s secondary data analyses, this survey collated the survey response

data from the school-age surveys. As this thesis examines how the cohort members (the

sample children) progressed during their education, the data-gathering process focused on the

surveys, in which there was a self-completed cohort member survey. The first of these was

encompassed within the MCS4 / Age 7 survey (Plewis, 2007; UCL Centre for Longitudinal

Studies, 2021d). Three further survey waves took place within the age range of compulsory

education in the UK (5 - 18 years old) - the MCS5 / Age 11, the MCS6 / Age 14, and the

MCS7 / Age 17 survey waves (UCL Centre for Longitudinal Studies, 2021a, 2021b, 2021c).

As the available educational data from national assessments recorded each cohort member’s

school achievement at ages 6-7, 10-11, and 15-16 years old, the MCS7 wave was not used as

these data were collected after the last available set of educational achievement data. The UK

Data Archive manages access to the MCS data.

2.3 National Pupil Database

The National Pupil Database, maintained by the UK Department for Education, collates

the educational achievement data of all pupils except for those who are educated in Scotland.

Scotland has a separate education system, which is distinct from the rest of the UK. During the

Age 7 wave, the parents of cohort members were asked for their consent to link to their child’s

educational records. Of the cohort members in the Age 11 wave, permission was given for n =

7,508 cohort members had valid consent, and the NPD team successfully linked data for n =

7,252 of these. Matching was semi-automated using full name, sex, date of birth, and postcode

initially, and reverting to manual matching for close matches of name or date of birth (Institute

of Education, 2019). Consent to access the post-16 educational data was requested during the

Age 17 wave, but these data have not yet been made available in the UK Data Archive. The
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linked NPD dataset contains the results of Key Stage 1, Key Stage 2, and Key Stage 4

assessments, which take place in the final term of school years 2, 6, and 11 when the cohort

members were aged 6-7, 10-11, and 15-16 years old. Throughout this thesis, we refer to these

educational data as the Age 7, 11, and 16 data, respectively.

The Age 7 educational data are the results of the national Key Stage 1 assessments that

take place in late Spring. These assessments are teacher-assessed using a detailed national

framework. Details of the Key Stage 1 assessments are made available online. They are

moderated internally within the school, and schools are encouraged to moderate them

externally. Local education authorities, who are responsible for education within their

jurisdictions, moderate 25% of schools. A sample of outcomes in English reading, writing, and

mathematics are moderated to ensure consistency with national standards (e.g., Testing and

Standards Agency, 2018). Both teacher-assessed grades and grades achieved in national tests

comprise the Age 11 educational data, and national tests only at Age 16. The Age 11 and 16

tests are anonymously and externally marked. The Age 11 assessments are the same across the

country. The Age 16 tests are qualifications awarded by multiple examination boards, with

processes in place to ensure the awarding of grades is standardised across providers. The

extract used in this thesis contains the educational achievement data of those cohort members

who were educated in England (Department for Education, 2021). The UK Data Archive also

manages access to the linked educational data. Due to the sensitive nature of the data,

permission to use these datasets is subject to secure access protocols.

2.4 Data Gathering

The data gathering process first drew together education-relevant data from the parent and

child MCS questionnaires, creating a single row for each cohort member for each wave - Ages

7, 11, and 14. Following this, the NPD extracts were reorganised to create a single row per

assessment subject for each assessment age for each cohort member - Age 7, 11, and 16. The
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third stage combined the survey data and the educational data into a combined dataset,

merging Age 7 survey data with Age 7 educational data, Age 11 survey and educational data,

and Age 14 survey with Age 16 educational data.

2.4.1 Millennium Cohort Study Data

The datasets for each survey wave comprised the responses from several questionnaires,

each of which was stored in a separate data file. There are also additional data files that contain

derived data, such as calculated results of cognitive skills tests, alternative ethnicity

categorisations, and family income. These data files were combined into a single row per

cohort member for each survey wave. The data files required for the analyses in Chapters 3

and 4 and the data they provide are summarised in Table 2.1. For each survey wave, the

required data were merged from the six data files, creating a single row for each cohort

member at each wave. A range of non-response codes (don’t know, refusal, and no response)

were removed during this process.

Three types of questionnaires were used to collect socio-economic and attitudinal data

about the main caregivers of each cohort member, the cohort member, and the household more

generally. One caregiver was designated the main respondent, who would complete the most

detailed questionnaire (the CAPI Questionnaire), and their partner would complete the partner

questionnaire. If the partner of the main respondent was unavailable to complete the partner

questionnaire, then a separate partner-proxy questionnaire was completed by the main

respondent. Sometimes, there was an inconsistency between the waves in terms of who

completed the main and partner questionnaires. Therefore, the parent-derived data file

provided additional indicators to clarify who completed each set of questions. The main

caregiver also completed a questionnaire about the cohort member.

The CAPI questionnaire asks the main respondent to answer a broad set of questions

covering household demographics and general family context, including the age and ethnic
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Table 2.1

Data Sourced from the Millennium Cohort Study Data Files for each Wave

Data File Description Used for Rows

cm_interview CM interview
responses

School engagement, domain-specific
interest (Age 7, 11) and self-concept
(Age 11, 14), PDS (Age 14), and
educational expectations (Age 14)

1 per CM

cm_derived CM derived data Ethnic group 1 per CM

hhgrid Derived
household
structure

CM age, age at interview, sex 1 per HH
member

parent_derived Parent derived data Parent qualifications, relationship to
CM

2 per CM

parent_cm_intervew Parent interview
responses about
CM

School type, special educational
needs, free school meals, school year
group, PDS (Age 11), and educational
expectations (Age 11)

1 per CM

family_derived Family derived
data

Disposable family income 1 per HH

Note. CM - Cohort Member, HH - household. PDS - Puberty Development Scale (Petersen et al.,
1988).

group of the main respondent and information on their personal circumstances. The CAPI

questionnaire goes on to capture information about the cohort member’s early education,

schooling, and childcare, family activities and child behaviour, their health and their child’s

health, their employment, income, and their education, and information about their

neighbourhood and housing. The main respondent reported basic details about each child,

including their sex, date of birth, and ethnicity. The main respondent also reported whether the

cohort members had a special educational needs (SEN) diagnosis in each wave and whether

their child received free school meals. The main respondent reported their educational

expectations for their child and their child’s puberty status in the Age 11 wave.

Cohort members completed questionnaires from the Age 7 wave onwards. Measures from

these questionnaires were used to source the cohort members’ school emotions and

engagement in all waves and self-concepts in the Age 11 and 14 waves. In the Age 14 wave,
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the cohort members were asked to report their educational expectations and their puberty

status. The Puberty Development Scale was used to report puberty status by parents and cohort

members (Petersen et al., 1988).

2.4.2 National Pupil Database Extract

Table 2.2

Data Sourced from National Pupil Database Data Files at each Wave

Data File Description Used for Rows

qualcodes_restricted Qualifications
reference data

Qualification Codes and Types,
School Subjects, Subject
Groupings

1 per
assessment
type, subject

ks4_exams_2017 CM test grades Subject, qualification type, grade,
exam season and year, subject
grouping

1 per CM,
subject,
exam period

ks2_exams_2012 CM test and
teacher-assessed
outcomes

Subject, grade, fine test grade 1 per CM,
subject

ks1_2008 CM
teacher-assessed
grades

Subject grades 1 per CM

Note. CM - Cohort Member, HH - household. PDS - Puberty Development Scale (Petersen et al.,
1988).

The linked data sets extracted from the NPD contain details of the Age 7, 11, and 16

educational assessments and tests, which had been matched and extracted by the NPD team.

Four data files were used to source the data required for the analyses described in Chapters 3

and 4 (see Table 2.2 for details). The Age 7 data was converted to a long format (1 row per

cohort member/subject), and the qualifications reference data was used to identify all academic

General Certificate of Secondary Education (GCSE) qualifications at age 16 (GCSE and

International GCSE (IGCSE)).
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2.4.3 Data Merging

A combined cohort across the three survey waves was created by selecting the data to be

held constant across the survey waves (ethnic group, special educational needs status, free

school meals status) from each wave-specific dataset and joining these together where the

cohort member data was present in each wave-specific dataset. This joining process resulted in

a combined set of n = 10,230 cohort members present in all three waves. To account for late

diagnosis, special educational needs status was checked across waves and set if reported in any

of the waves. Similarly, free school meal status was set to indicate that the cohort member had

been entitled to receive free school meals in at least one of the survey waves. Three ethnic

group categorisations were provided in the MCS data files - 6-category, 9-category, and

11-category versions. To maintain as many ethnic groups as possible given the reduced MCS

dataset, the 9-category version was chosen. The 11-category version was not used due to very

low numbers in some groups within the sample.

The wave-specific time-varying data were combined with the three age-group educational

data using the cohort member identifier - a combination of family identifier and the cohort

member’s number within that family (to account for twins and other multiple births). The data

of any cohort members who did not attend mainstream education was removed at this stage

(Age 7: n = 49; Age 11: n = 165; Age 7: n = 163). These wave + education data sets were then

combined into a single dataset - 1 row per wave, subject - and then any cohort members

without at least one row at each wave were removed. Consent for access to educational data

had been sought earlier in the MCS data collection process (Age 7), and there had been

sizeable attrition (n = 2268 cohort members) since the Age 7 wave. The NPD extracts and the

MCS retained cohort members at Age 14 were, therefore, not aligned. Although the NPD

extracts contained n = 8042 Age 7 results, n = 7974 Age 11 results, and n = 8004 results, only

n = 7530 of these were cohort members who had a result in each of these age-group

assessments, prior to matching back to the retained MCS sample. These were the exam results
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of all cohort members for whom a valid Age 7 consent was available. The resulting dataset

used for this thesis was of cohort members who were present in each MCS survey wave and for

whom at least one subject’s educational data was available at each assessment age, n = 5,795.

This sample was used for Chapter 3. The sample used in Chapter 4 focused on those cohort

members who had sat their mathematics and language Age 16 examinations at the normal time

for their age group (Summer 2017), resulting in a sample of n = 5,617 cohort members.

Finally, a number of duplicate educational rows were removed - some cohort members had

the same educational outcomes recorded against multiple schools. Where cohort members had

multiple Age 16 subject outcomes, these were retained if they took place in different exam

seasons, which is likely due to resits taking place, but duplicates with the same grade in the

same exam season and year due to school change were removed. Some cohort members had

two grades recorded against the same subject in the same exam season and year. Where one

grade was higher than the other, the higher grade was retained, as these may result from

re-marking.

2.5 Sampling Weights

The MCS team - the UCL Centre for Longitudinal Studies - provides sample design

weights (probability weights) to correct for the biased likelihood of being selected under the

clustered and stratified sampling design (UCL Centre for Longitudinal Studies, 2020). The

weights used differ depending on whether the analyses required to test the analysts’ research

questions are country-specific or relate to the whole of the UK. The weights also adjust for

non-response / attrition. Weighted analyses are advised where researchers want to calculate

population estimates (UCL Centre for Longitudinal Studies, 2020). In general, not using the

provided sample weights, and therefore treating the sample as if it were randomly sampled and

observations are independent, risks underestimating standard errors (Ketende & Jones, 2011).

Further, the MCS documentation also advises against subgroup analysis as, again, standard
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errors are likely to be underestimated in these situations. However, this thesis, as a direct result

of using the educational data, analyses the educational outcomes and predecessors of these

outcomes of a subgroup of Age 7 cohort members for whom parental permission to access the

educational data had been given and who remained present in the Age 14 survey.

The sampling weights are not used in the main analyses within this thesis for two reasons.

Firstly, the MCS does not provide sampling weights for the educational data extracted from the

NPD. Secondly, the Study 2 (Chapter 4) analyses are a Bayesian implementation of

longitudinal growth models, which prevents the use of complex survey weights in Study 2. As

this thesis analyses data from multiple waves of the MCS, the sampling weights from the most

recent wave (Age 14/ MCS6) are the appropriate weights to use. This thesis analysed a

sub-sample of the Age 14 sample for whom Age 7, Age 11, and Age 16 educational data were

available. In general, deleting unused group data and performing sub-sample analyses that are

not advised when working with complex survey analyses using survey weights, as this too can

bias standard errors (Jones & Ketende, 2010; Ketende & Jones, 2011). Applying sample

weighting to analyses comes at a cost - substantially lower statistical power and lower

efficiency, and the differences between unweighted and weighted analyses are, in most cases,

very small and comparative analyses find that sample average effects from unweighted

analyses do not significantly differ from population average effects (Haddad et al., 2022;

Miratrix et al., 2018) Other evidence suggests that weighting, in general, should be treated

with caution as the effects of weighting can differ between datasets (Haddad et al., 2022).

Miratrix et al. (2018) conclude that for high-quality, broadly representative samples, such as

the Millennium Cohort Study, for most purposes, unweighted analyses are sufficient and avoid

the cost of using weighted analyses for limited gain – unless precise population estimates are

required. However, in addition to disagreement within the methodological literature on the

benefits vs. the costs of weighted vs. unweighted analyses, at present, there is no agreed

solution to how weighting should be implemented in Bayesian analyses due to increased
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complexity (Bollen et al., 2016; Gelman, 2007; Miratrix et al., 2018). While the Study 1

independent sample t-tests are not unduly influenced by sample size or efficiency concerns and

could be analysed using survey weights, the Study 2 Bayesian Growth Models, using the brms

package in R, do not support complex survey weights (Bürkner, 2017, 2018). Therefore, in the

absence of a complex survey weight implementation in R-based Bayesian analyses, the main

study chapters remain as unweighted analyses to maintain consistency across the two studies.

However, Study 1 weighted analyses are reported in Appendix B and compared to the main

study results. Given the research questions being examined in this thesis - confirming a change

in sex differences with age and whether puberty influences school engagement, while

coefficients may change marginally between weighted and unweighted samples, the choice to

use or not to use the sampling weights was not expected to substantially influence the answers

to the research questions being asked.

2.6 The Thesis Sample

While there are technical reasons not to use complex survey weights for the analyses

undertaken and reported in this thesis, this section provides an overview of the thesis sample

demographics. It also examines how the decision not to use the complex survey weights may

have biased the results.

The MCS team provided multiple weights to account for attrition and sampling design at

each wave of the study (Jones & Ketende, 2010; UCL Centre for Longitudinal Studies, 2020).

Three options are available to researchers. Two weights (weight1 and weight2) are provided

for researchers who want to account for the sampling design only in their analyses. Otherwise,

longitudinal weights are provided for each MCS wave, one for country-specific and one for

whole-of-UK analyses. As this study uses educational data from England only, the

single-country weights are used - aovwt1 for MCS1 / Age 9 months, and eovwt1 for MCS6 /

Age 14 years. Other variables needed for the complex survey design weighting are pptype2
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and sptn00, which indicate the cluster and stratum that each cohort member was sampled from

(Jones & Ketende, 2010). To understand the effect of using or not using the complex survey

weights for the Study 1 & 2 analyses, the ethnic background and income distribution of the

thesis sample was compared with its weighted version in Tables 2.3 - 2.6. For illustrative

purposes, the weighted and unweighted MCS1 sample is also reported.

The MCS1 sample of cohort members living in England comprised n = 11,676 children (n

= 5963 boys, n = 5713 girls). Applying weightings to the MCS1 sample resulted in a weighted

nw = 5874 children (nw = 2991 boys, nw = 2883 girls). The thesis sample comprised n = 5697

cohort members (n = 2878 boys, n = 2910 girls). Applying weights to this thesis sample

resulted in a weighted sample representing nw = 5229 MCS cohort members (nw = 2594 boys,

nw = 2635 girls).

Applying the survey weights to the thesis sample increased the proportion of White cohort

members and reduced some other groups accordingly. The achieved proportion of White

cohort members in the weighted thesis sample remains substantially below the weighted

proportion of White cohort members in the MCS1 sample, or indeed in the population around

the time the cohort members were born (91.2%; ONS, 2022). There are 2% more White boys

than White girls, and therefore slightly more girls from several of the ethnic groups in the

sample. Overall, both the unweighted and weighted versions of the thesis sample

underrepresent the proportion of White cohort members and overrepresent the proportion of

Asian and Black cohort members, as well as those from multiple ethnic backgrounds in

comparison to the population (see Chapter 3, Table 3.1). Applying the sampling weights to the

MCS1 sample resulted in a sample that represents the White population but substantially

underrepresents the Black and South Asian populations at that time (Black: 2.2%; Asian

4.8%), according to UK 2001 Census results (ONS, 2022).

In MCS4, 19-21% of the sample was observed in each of the five OECD equivalised
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Table 2.3

Ethnic Background of Female Cohort Members in the Weighted MCS1 Sample from
England, Compared with the Unweighted and Weighted Thesis Sample.

MCS1 Sample (England) Thesis Sample

Unweighted Weighted Unweighted Weighted
Ethnic background n % nw % n % nw %

White 4174 73.1% 2654 92.1% 2240 76.0% 2180 82.7%

Pakistani 435 7.6% 16 0.6% 210 7.1% 122 4.6%
Indian 219 3.8% 49 1.7% 109 3.7% 58 2.2%
Bangladeshi 178 3.1% 6 0.2% 95 3.2% 44 1.7%

Other Asian incl.
Chinese

73 1.3% 17 0.6% 38 1.3% 26 0.7%

Black African 181 3.2% 23 0.8% 67 2.3% 53 2.0%
Black Caribbean
& Other Black

131 2.3% 17 0.6% 51 1.7% 41 1.6%

Mixed or Multiple 255 4.5% 87 3.0% 110 3.7% 90 3.4%

Other ethnic group 48 0.8% 12 0.4% 28 0.9% 21 0.8%
Not specified 19 0.3% – – – – – –

Note. Observed n’s are suppressed where n < 10 in the unweighted samples, and merged into
the Other ethnic group. – indicates observations excluded when using the sample weights, or
otherwise merged.

family disposable income categories (see Study 2 Measures Overview section below for details

of this measure). The income distribution had changed in the MCS6 survey. Tables 2.5 and 2.6

below report the family income distribution of boys and girls in the original MCS1 England

sample and the sample used in both study chapters. For comparison, the sample’s unweighted

income distribution at MCS4 is also provided to illustrate that the income distribution of this

single sample changes, and an increase in mean family income is observed between the two

surveys (also, see Study 2).

Applying the complex survey weights added additional bias to the sample. For example,
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Table 2.4

Ethnic Background of Male Cohort Members in the Weighted MCS1 Sample from
England, Compared with the Unweighted and Weighted Thesis Sample.

MCS1 Sample (England) Thesis Sample

Unweighted Weighted Unweighted Weighted
Ethnic background n % nw % n % nw %

White 4401 73.8% 2751 92.0% 2222 78.1% 2199 84.7%

Pakistani 436 7.3% 20 0.7% 183 6.4% 99 3.8%
Indian 229 3.8% 64 2.1% 111 3.9% 60 2.3%
Bangladeshi 178 3.0% 4 0.1% 70 2.5% 35 1.4%

Other Asian incl.
Chinese

70 1.2% 8 0.3% 35 1.3% 18 0.7%

Black African 195 3.3% 30 1.0% 57 2.0% 36 1.4%
Black Caribbean
& Other Black

148 2.5% 20 0.7% 49 1.8% 39 1.5%

Mixed or Multiple 235 2.9% 82 2.8% 94 3.3% 88 3.4%

Other ethnic group 53 0.9% 13 0.4% 23 0.8% 20 0.8%
Not specified 18 0.3% – – <10 <0.3% – –

Note. Observed n’s are suppressed where n < 10 in the unweighted samples, and merged into
the Other ethnic group. – indicates observations excluded when using the sample weights, or
otherwise merged.

applying weights to the MCS1 results in an income distribution where fewer than 2% of cohort

members are from the lowest income quintile. This falls substantially short of the 20% of

children known to live in low-income households in the UK and is therefore not population

representative (Francis-Devine, 2024; ONS, 2022). The substantial down-weighting of the

cohort members from Bangladeshi families likely contributes to this, as Bangladeshi families

are overrepresented in the lowest income quintile (Ethnicity Facts and Figures Service, 2023b).

While the thesis sample became increasingly affluent, on average, between MCS4 and MCS6,

applying the weights to the thesis sample does not result in a similar effect as observed for the
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MCS1 sample. In fact, for most quintiles, the distribution of the sample between weighted and

unweighted versions of the sample is very similar. There is, however, a < 2% reduction in the

representation of male and female cohort members in the lowest income quintile in the

weighted thesis sample.

Table 2.5

Family Income Groups of Female Cohort Members in the Weighted MCS1 Sample from
England, Compared with the Unweighted and Weighted Thesis Sample.

OECD
Income
Quintile

MCS1 Sample (England) Thesis Sample
MCS4 MCS6

Unweighted Weighted Unweighted Unweighted Weighted
n % nw % n % n % nw %

1 (Lowest) 1428 25.0% 56 1.9% 600 20.3% 484 16.4% 398 15.1%
2 1276 22.3% 278 9.7% 586 19.9% 504 17.1% 472 17.9%
3 1045 18.3% 685 23.8% 573 19.4% 573 19.5% 519 19.7%
4 982 17.2% 928 32.2% 630 21.4% 677 23.0% 593 22.5%
5 (Highest) 958 16.8% 935 32.4% 559 19.0% 710 24.1% 653 24.8%
No data 24 0.4% – – – – – – – –

Note. Observed n’s are suppressed where n < 10 in the unweighted samples, and merged into the
3rd income quintile. – indicates observations excluded when using the sample weights, or otherwise
merged.

Applying the complex survey weights to account for the sampling design and attrition

between survey waves resulted in a lower weighted sample size for analysis, and the sample

remained biased. The sample remained unrepresentative of the population’s ethnic group

distribution, and additional income-related and SEN status bias was introduced. For Study 1

(Chapter 3), changes to the income distribution and a reduced sample size would further reduce

the number of optional subjects that can be analysed, particularly where choices are influenced

by family disposable income. For example, lower-income students are less likely to go to

university, and this choice/decision will influence subject choice at age 14 in the UK (e.g.,

Anders, 2012; Department for Education, 2019). Applying survey weights to the thesis sample

also further increased the already high proportion of SEN students in the sample, more so for
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boys than for girls. Using the weighted sample for analysis would increase the proportion of

male SEN cohort members represented in the thesis sample from 30.6% to 32.3%.

Table 2.6

Family Income Groups of Male Cohort Members in the Weighted MCS1 Sample from
England, Compared with the Unweighted and Weighted Thesis Sample.

OECD
Income
Quintile

MCS1 Sample (England) Thesis Sample
MCS4 MCS6

Unweighted Weighted Unweighted Unweighted Weighted
n % nw % n % n % nw %

1 (Lowest) 1469 24.6% 42 1.4% 509 17.9% 440 15.5% 366 14.1%
2 1357 22.8% 291 9.8% 529 18.6% 426 15.0% 410 15.8%
3 1106 18.5% 741 24.8% 624 21.9% 552 19.4% 521 20.1%
4 1023 17.2% 936 31.3% 608 21.4% 713 25.1% 645 24.9%
5 (Highest) 983 16.5% 981 32.8% 574 20.2% 713 25.1% 652 25.1%
No data 25 0.4% – – – – – – – –

Note. Observed n’s are suppressed where n < 10 in the unweighted samples, and merged into the
3rd income quintile. – indicates observations excluded when using the sample weights, or otherwise
merged.

In summary, applying the MCS6 sample weights to the thesis samples does not meet the

aim of achieving a population-representative sample from an ethnic background perspective,

and the sample is, through observed change, tending to become more affluent over time.

Applying the sample weights to the MCS6 sample restricted by the available educational data

further reduces the representation from the lowest income quintile and increases the proportion

of SEN cohort members in the sample, introducing further bias to educational outcomes. Given

that this thesis examines sex differences between boys and girls, which persist across ethnic

groups (e.g., Strand, 2014), there appears to be little benefit to analysing these data using the

MCS6 sampling weights - even if this were practically achievable for Study 2. Knowing that

the use of sampling weights will reduce efficiency and statistical power (Miratrix et al., 2018),

their use in educational-related analyses should be driven by whether the sampling weights

achieve a sample that fully reflects the population’s demographic, income, and SEN profile -
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important influences on educational outcomes (Strand, 2011, 2014). This is not achieved for

this sample. Therefore, the use of weights for these analyses is not justified for this thesis.

2.7 Measures

The first study chapter of this thesis tested how sex differences in school achievement

between girls and boys, by subject and age group, changed during compulsory education

within England’s education system. The second study chapter examines associations of

puberty, income, special educational needs status, parental education, and English and

mathematics self-concepts on school engagement. The following section provides an overview

of the measures used in each study chapter.

2.7.1 Study 1 Measures Overview

Chapter 3 quantifies how sex differences in English, mathematics, and science change

during compulsory education. Each measure of school achievement is the result of an

age-specific, curriculum-based national assessment. Teachers assess their students’

achievement when students are aged 6-7 years old using detailed national assessment criteria

(Testing and Standards Agency, 2018). These teacher assessments are then internally and

externally moderated to ensure consistency between schools. At age 10-11 years old, towards

the end of primary education, students are assessed using national, standardised curriculum

tests in English and mathematics and by their teachers in science, again using national

assessment criteria (GOV.UK, n.d.; Testing and Standards Agency, 2025). At the end of

compulsory school-based education (15-16 years old), students sit national, standardised

curriculum examinations (GOV.UK, n.d.). Chapter 3, therefore, tests sex differences in

achievement in each of these national assessments. In addition to sex differences in

mathematics, English, and science, we also examined sex differences in the optional subjects

that students study from the age of 14-15 years old, and they are then tested at the age of 15-16

years old.
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2.7.2 Study 2 Measures Overview

Chapter 4 examined how school engagement changes between the end of primary

education, 10-11 years old, and mid-adolescence, 14-15 years old, and whether there was an

association between puberty (Puberty Development Scale (PDS): Petersen et al., 1988) and

school engagement. An association between puberty hormone levels and school engagement

has been reported previously (Martin et al., 2022). The early to middle adolescence period

corresponds with MCS waves 5 and 6. This chapter, therefore, tested whether changes in

school engagement were associated with changes in pubertal development between the Age 11

and Age 14 MCS survey waves. Six questions measuring school engagement were available in

MCS5 and MCS6. As this set of questions did not match a full published scale, the literature

was searched to identify which dimensions of school engagement the items aligned with.

Using Wang et al. (2019), three of the items were identified as measuring emotional and

behavioural engagement and behavioural disengagement. The remaining three questions

measured the emotional disengagement. These measures represent two of the three originally

identified dimensions of school engagement (Fredricks et al., 2004). Confirmatory factor

analysis (CFA) was used to clarify how best to structure school engagement for analysis (see

Study 2 and Appendix C for details). There is some debate in the literature on whether school

engagement should be treated as a single measure of school engagement, a dichotomised

measure of school engagement and disengagement, or as two (or more) dimensions of

behavioural and emotional (dis)engagement (Fredricks & McColskey, 2012; Skinner et al.,

2008, 2009; Wang et al., 2017). This thesis followed Wang et al. (2017), dichotomising each

dimension as emotional engagement and emotional disengagement, behavioural engagement

and behavioural disengagement. The CFA results (see Appendix C) indicated that this was the

most appropriate approach for each survey wave. As a result of the available items, emotional

and behavioural engagement and behavioural disengagement were operationalised as

single-item measures and emotional disengagement as a three-item measure. The internal
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consistency of emotional disengagement in MCS5 and MCS6 was tested by calculating

Cronbach’s α and McDonald’s ω (Dunn et al., 2014; McDonald, 2013; Revelle, 2024). The

internal consistency results were at the lower end of the acceptable range (MCS5: α = 0.62, ω

= 0.63; MCS6: α = 0.62, ω = 0.61), with a lower bound of 0.6 - 0.7 suggested in the

methodological literature (Hulin et al., 2001; Tavakol & Dennick, 2011). The alpha coefficient

is influenced by the number of test items, item interrelatedness, and heterogeneity (Tavakol &

Dennick, 2011). While the individual items are weakly correlated (MCS5: r = 0.31 - 0.43;

MCS6: r = 0.31 - 0.38), correlations of each item with the total score are stronger (MCS5: r =

0.68 - 0.79; MCS6: r = 0.75 - 0.79), indicating that all items should be retained (Tavakol &

Dennick, 2011).

Control Variables. In addition to the main variables being examined in this chapter -

puberty development status and its association with school engagement, the following

variables were included in the Bayesian Growth Models to understand whether puberty

associations are still found when controlling for known associations with school engagement

(Skinner & Raine, 2022, e.g., ).

1. Age (time-varying). The age of the cohort member on the day they were

interviewed/surveyed in each survey wave.

2. Special Educational Needs (SEN) (time-invariant). Whether the cohort member’s

parent had reported a SEN diagnosis in one of the school-age survey waves (MCS4

through MCS6).

3. Prior Achievement (time-invariant). Mean achievement in language and mathematics

at the end of primary education. This was calculated using the Age 11 educational data

reported in Study 1.

4. Parental Educational Qualifications (time-invariant). The highest educational
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qualifications level reported by either of the parents of the cohort member in MCS4,

MCS5, or MCS6.

5. Family Income (time-varying). The OECD UK Income Quintile - an equivalised

measure of family disposable income measured in each survey wave. This measure is

derived from the economic data reported by the main and partner parents in the study. It

is pre-calculated and forms part of the available MCS datasets.

6. Mathematics Self-Concept (time-varying). Cohort members’ self-belief in their

mathematics ability reported in MCS5 and MCS6.

7. Language Self-Concept (time-varying). Cohort members’ self-belief in their language

ability reported in MCS5 and MCS6.

8. Educational Expectations (time-varying). Parental educational expectations of their

child, reported in MCS5, and the cohort members’ educational expectations, reported in

MCS6.

2.8 Ethical Considerations

The MCS surveys collect a range of personal data for each cohort member and their

immediate family members. These data include detailed information on family income,

cognitive assessments, and physical measurements of the cohort members, and a broad set of

attitudinal and behavioural measures (UCL Centre for Longitudinal Studies, 2020).

Additionally, other linked administrative data are available for research use that extend the

available data further, for example, into the educational measures used in this thesis. This

section outlines the ethical considerations and approvals obtained to enable these studies to

proceed, outlining the approach taken by the MCS team and considerations specific to this

thesis.
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2.8.1 MCS Ethical Approvals

The MCS ethical approval process is consistent for each MCS survey wave. Approval for

each wave is given by NHS multicentre Research Ethics Committees (MRECs), who are

appointed by the Strategic Health Authorities, or their equivalents in Scotland, Northern

Ireland, and Wales (Shepherd & Gilbert, 2019). For the data accessed in this thesis, the MREC

ethical approvals given are outlined in Table 2.7.

Table 2.7

MCS Ethical Approvals Relevant to this Thesis

Survey Wave Age Survey Year MREC Approval

MCS1 9 months 2000/1 South West MREC MREC/01/6/19
MCS4 7 years 2007/8 Yorkshire MREC 07/MRE03/32
MCS5 11 years 2011/12 Yorkshire and The Humber – Leeds East 11/YH/0203
MCS6 14 years 2015/16 London – Central MREC 13/LO/1786

Note. MREC - Multicentre Research Ethics Committee. Sourced from Shepherd and Gilbert (2019).

2.8.2 Consent

The MCS survey approach to getting consent is also consistent across survey waves. At

each wave, explicit written consent is obtained for each survey administered, with separate

permissions obtained for any requests for data linkages, for example, to the National Pupil

Database for educational data (Shepherd & Gilbert, 2019). Letters and leaflets are sent in

advance of the surveys to ensure informed parental consent. Written consent is obtained from

parents for their participation and the participation of their child(ren). Siblings may also be

surveyed in addition to the child subjects of the study. While parents may give consent for

their children to participate, written consent was also obtained from the children when

practical to do so, with interviewers asked to ensure child subjects were as fully informed as

possible, with the support of child-focused leaflets. In line with other cohort studies,
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individuals can refuse to participate in individual elements of the survey, or withdraw from the

study, at any time (Shepherd & Gilbert, 2019).

Table 2.8

Summary of Consents for MCS Survey Waves Applicable to Thesis.

Wave Obtained From Purpose

MCS1 Parent(s) Administer survey (main & partner parents)
MCS4 Parent(s) Administer survey (main & partner parents). Permission to

link to the main parent’s economic records and the child’s
educational records, and to contact the child’s teacher.
Administer child survey and cognitive assessments

MCS5 Parent(s) Administer survey (main & partner parents). Permission to
link to the main parent’s economic records and contact the
child’s teacher. Obtain consent from the cohort member to
administer the child survey and cognitive assessments.

MCS5 Cohort Member(s) Administer complete self-completion questionnaire and
cognitive assessments. Consent to be physically measured
and to contact their class teacher.

MCS6 Parent(s) Administer survey (main & partner parents), permission to
link to main parent economic data, and obtain consent
from the child subject(s) to administer child survey and
cognitive assessments.

MCS6 Cohort Member(s) Administer complete self-completion questionnaire and
cognitive assessments.

Note. Sourced from Shepherd and Gilbert (2019), where further details of the consent process for
each wave are also provided.

2.8.3 Data Access Protocols

Access to the MCS datasets is managed under two different access protocols. The main

data collected in the MCS surveys is designated as "safeguarded" data. These data are accessed

through a registration process, including a licensing agreement that defines the terms and

conditions for using these data. More sensitive data is designated as "controlled" and managed

under more stringent secure access protocols. The NPD data used in this thesis is designated as

controlled data. These sensitive or confidential data are only accessible through a secure

environment - the UK Data Service Secure Lab (see
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https://ukdataservice.uk/find-data/access-conditions, for further details). Data analyses must be

published from the Secure Lab in the form of written reports and checked by two UKDS

researchers prior to approval for release and onward publishing. This process is in place to

ensure the confidentiality and anonymity of cohort members are maintained.

2.8.4 Thesis Ethical Considerations and Approvals

While all MCS data are stored in an anonymised form, with consistent personal identifiers

for cohort members across survey waves, additional measures are put in place to ensure that

individual cohort members cannot be identified. Where low numbers of cohort members in a

subgroup analysis could lead to possible identification of an individual, data is suppressed in

published outputs. Examples of this can be seen throughout Chapters 3 and 4, for example, in

Table 3.2.

In addition to the ethical approvals sought as part of the data collection for the Millennium

Cohort, the research encompassed within this thesis received ethics approval ETH2021-0417

from Ethics Sub Committee 3 of the University of Essex.

2.9 Chapter Summary

This thesis takes a secondary data analysis approach to answer two main research

questions: How do sex differences in subject-specific school achievement change during

compulsory education, and does puberty influence school engagement during the early

adolescence period, contribute to the reported link between puberty and educational

achievement and the widening female advantage in secondary education? Using large-scale

panel data from the Millennium Cohort Study, this thesis gathered together multiple data files

from three survey waves. Once this process was completed, these data were then combined

with the available educational records previously extracted from the National Pupil Database.

The educational data had been extracted based on consent given in the Age 7 wave, which was

given for 60% of cohort members at that time. Our resulting sample represents 57% of the
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Age 14 cohort, which aligns well with the Age 7 sample’s proportion with consent. In the next

chapter, Study 1, this thesis examined sex differences in achievement and how these changed

with age for this cohort.
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3 Sex Differences of School Grades in Childhood and Adolescence.

A version of this chapter is published as: Oakley, C. M., Pekrun, R., & Stoet, G. (2024). Sex

Differences of School Grades in Childhood and Adolescence: A Longitudinal Analysis.

Intelligence. https://doi.org/10.1016/j.intell.2024.101857.

3.1 Abstract

We studied trajectories of school achievement in England to determine sex differences in

performance and changes in these differences throughout students’ development. Using a

sample of 5795 children from England born in 2000–2001, this secondary data analysis

examined sex differences across a range of school subjects, including differences at the upper

and lower tails of the distribution of performance grades. We expected trajectories to differ by

subject and to find support for greater male variability in each subject. We found a small male

advantage in mathematics at age 11 but no sex differences at ages 7 and 16. Girls achieved

higher language grades at each age, but this advantage was notably wider at age 16. Unlike

other educational data, there were no sex differences in science achievement at ages 7 and 11

and a small female advantage in science, biology, and chemistry at age 16. Boys’ school

grades were more variable than girls’ in English, reading, and writing at each age. Boys’

STEM grades were not consistently more variable than girls’ STEM grades. Sex differences

were larger at the lower tail in English and the upper tail in mathematics and more balanced in

science after age 7. Trajectories of sex differences are age- and subject-specific. By age 16,

fewer boys achieved the upper grades, and more boys achieved the lower grades in
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mathematics and language than at age 11, and we found a female advantage in most school

subjects. Implications for practice and directions for future research are discussed.

3.2 Introduction

Meta-analyses of gender differences in teacher-assigned school grades and multi-year

cross-sectional analyses report that girls, on average, outperform boys across most subjects

throughout compulsory education. The female advantages reported for mathematics and

science grades are smaller than those reported for language subjects (Voyer & Voyer, 2014).

These female advantages are, however, contrary to the expected influence of gender

stereotypes, lower mathematics or science self-concepts, and less positive mathematics

emotions in girls (Eccles et al., 1983; Frenzel et al., 2007). The female advantage in

mathematics and science school grades also opposes the male advantage reported in

international and national, standardised, large-scale educational assessments (Baye &

Monseur, 2016; Reilly et al., 2015, 2019). These large-scale assessments differ from school

grades in that they measure point-in-time achievement in aptitude tests. In contrast, school

grades also reflect engagement, persistence, and effort over longer periods (Voyer & Voyer,

2014). School grade achievement differences in language, mathematics, and science subjects

widen during early to middle adolescence (Cavaglia et al., 2020; O’Dea et al., 2018; Voyer &

Voyer, 2014). Similarly, in international assessments, the female advantage in reading is larger

in tests of secondary school students than in primary school students (Baye & Monseur, 2016).

Depending on the features of an education system, widening achievement gaps during

adolescence may influence long-term outcomes in different ways.

National education systems differ in how and when students are channelled from general

education to increasingly specialised opportunities. Some countries, such as Germany, Austria,

and Hungary, feature early selection (often at the end of primary education) into academic or

vocational pathways (van Elk et al., 2011). Others, such as the US and Canada, Denmark, and
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Finland, emphasise general education and a later choice between academic or vocational

options (Burgess et al., 2022; Pekkarinen, 2008; van Elk et al., 2011). The UK’s educational

systems are general until age 16, after which vocational options are offered as an alternative to

the academic track, with further vocational paths available at or after university (Cavaglia

et al., 2020).

The UK education systems feature high-stakes examinations at age 16, which are key

determinants of the choice between academic or vocational pathways (Cavaglia et al., 2020).

Therefore, learning and preparation for these examinations is an important focus during

mid-adolescence. Due to the importance of these examinations in the UK context,

understanding and mitigating factors that underlie widening achievement gaps in this age

group is especially important. However, in the context of other education systems, particularly

where students are making elective subject choices, outcomes are likely to influence the

choices made. Here, we extend the literature by establishing the longitudinal pattern of change

in a single cohort of subject-specific mean-level and variability achievement differences

between girls and boys at year 2 (equivalent to US grade 1, age 7), year 6 (US grade 5, age 11)

and year 11 (US grade 10, age 16) focusing on mathematics, language, and science. We sought

to establish how subject-specific sex differences change with age (Research Question RQ1),

and whether a widening female advantage is observed in secondary education (RQ2). We also

aimed to clarify sex differences in STEM subjects, given that these remain unclear in the

literature to date (RQ3), and how the conclusions drawn differ when comparing outcomes

from school grades with teacher-assessed grades (RQ4), international standardised tests

(RQ6). Finally, we examined sex differences at the upper and lower extremes of grade

distributions to clarify how the variability of boys’ and girls’ school grades contributes to sex

differences and how variability changes with age (RQ5).

In the current study, we evaluate changes in subject achievement trajectories in the context

of the biopsychosocial model (Halpern, 2012; Halpern et al., 2004; Miller & Halpern, 2014).
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This model describes how social or environmental factors interact with biological advantages

and developmental change to explain sex differences in mathematics, science achievement, and

cognitive abilities (Halpern, 2012; Miller & Halpern, 2014). Focusing on dynamic, reciprocal

associations between biological and social/environmental factors, the biopsychosocial model

emphasises the interdependency of nature and nurture but also the potential opportunity to

change learning environments to address the impact of social factors on outcomes (Halpern,

2012; Miller & Halpern, 2014). Small biological advantages can be amplified or dampened

through approach or avoidance, depending on whether an individual is encouraged or

discouraged from engaging in a subject or skill due to social approval or disapproval (Halpern

et al., 2004). As such, cultural and environmental factors, social roles, and gender stereotypes

will each influence engagement with school subjects and school in general, but biological

differences in underlying cognitive abilities, greater male variability, and developmental

changes will also contribute to outcomes (Halpern, 2012; Miller & Halpern, 2014).

While there is a female advantage in school grades during compulsory schooling in

combined multiple-subject achievement measures such as grade point average, the female

advantage varies by subject area or type. Furthermore, effect sizes vary across countries,

indicating the influence of cultural, societal, and educational system differences (Voyer &

Voyer, 2014; Wu, 2010). The female advantage in language achievement is persistent and

well-established across most nations and found consistently across international assessments

and school grades (Baye & Monseur, 2016; Stoet, 2015; Stoet & Geary, 2013; Voyer & Voyer,

2014). Multi-year analyses of reading achievement in international assessments report a

female advantage at age 10 that is wider in secondary school-age students (Baye & Monseur,

2016). The effect sizes of sex differences reported in international reading assessments are

comparable to those reported for school grades in language subjects (Voyer & Voyer, 2014).

The female advantage in language and reading achievement is clear, but differences in

mathematics and science are less clear.



Chapter 3. Sex Differences of School Grades in Childhood and Adolescence. 65

Boys achieve higher scores than girls in international mathematics assessments, although

not in all countries, and there is no clear sex difference in mathematics school grades (Stoet,

2015; Voyer & Voyer, 2014). The Voyer and Voyer (2014) meta-analysis of school grades

reported a significant female advantage in mathematics in junior/middle school, high school,

and college. Sex differences in elementary school and graduate students were not statistically

significant, and there were no significant sex differences in scholastic mathematics

achievement across studies outside North America at all school levels (Voyer & Voyer, 2014).

In contrast, the OECD Programme for International Student Assessment (PISA) reported a

male advantage in OECD countries, while sex differences vary widely across non-OECD

countries (Stoet & Geary, 2013). Importantly, PISA results show that sex differences in

international mathematics assessments are larger at the right tail of the distribution (Baye &

Monseur, 2016; Stoet & Geary, 2013). In science school grades, female advantages have been

reported during adolescence, although there were relatively few studies of sex differences in

science achievement included in the meta-analysis (Voyer & Voyer, 2014). Other reports found

that sex differences vary between science disciplines (e.g., Deary et al., 2007; Reilly et al.,

2015; Stoet, 2015). However, in international science assessments, male advantages are

consistently found at higher achievement levels despite mean sex differences being close to

zero (Baye & Monseur, 2016). Together, these results highlight a lack of consistency when

comparing school grades and international assessments in mathematics and science. The

overrepresentation of North American studies in the Voyer and Voyer (2014) meta-analysis

may contribute to these inconsistencies - there may be closer alignment between school grades

and international assessments within countries. Additionally, the focus on mean sex

differences has been criticised, arguing that this focus ignores the contribution of sex

differences in the distribution of scores to educational and other outcomes, such as future

careers (Baye & Monseur, 2016).

The biopsychosocial model proposes that biological differences in specific abilities and
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greater male variability (GMV) of intelligence will contribute to mathematics and science

achievement, with psychological and social processes potentially amplifying these differences

(Halpern, 2012; Halpern et al., 2004; Miller & Halpern, 2014). The GMV hypothesis asserts

that males are more variable in many measures of physical and psychological traits, such as

intelligence. As a result, male scores are more dispersed, and men/boys are more frequently

represented at the tails of the intelligence distribution (Baye & Monseur, 2016; Stoet & Geary,

2013). Several population-sized studies have reported GMV in intelligence. Boys/men are

reported to be overrepresented at the upper and lower tails of the intelligence distribution, with

girls/women overrepresented around population means (Deary et al., 2003; Johnson et al.,

2008; Strand et al., 2006). Baye and Monseur (2016) argued that due to the focus on mean sex

differences, the literature has neglected to consider that gifted boys may still outperform gifted

girls. Differences in the upper portions of the achievement distribution may matter for STEM

fields.

The GMV hypothesis is commonly cited as a possible explanation for the significant male

majority in STEM careers and at senior levels in tertiary education and academic research

(Baye & Monseur, 2016; Hedges & Nowell, 1995; Stoet & Geary, 2013). Proponents of this

perspective argue that more men meet the threshold for success in these fields (O’Dea et al.,

2018; Spelke, 2005). Some support for this comes from analyses of international assessment

scores, which find that sex differences vary across the distribution, being larger in the upper

tail in mathematics and science and the lower tail in reading (Baye & Monseur, 2016; Stoet &

Geary, 2013). Also, among gifted students taking standardised mathematics aptitude tests

(SAT Math), the ratio of boys to girls in the 95th percentile of the mathematics distribution,

which is reported to have reduced over time, was most recently reported as 2.5:1 (Benbow,

1988; Makel et al., 2016; Wai et al., 2010). However, it should be highlighted that the use of

standardised aptitude tests, from which conclusions about the overrepresentation of men at

upper achievement levels are drawn, are often criticised within the literature as being biased
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against some groups (Mattern & Patterson, 2014; Willingham & Cole, 2013). For example,

while SAT scores are good predictors of eventual college grades, a sex difference is observed

when examining how well SAT scores predict male and female students’ outcomes (Mattern &

Patterson, 2014). Men tend to achieve higher scores on the SAT test, but do not achieve higher

grades. This sex difference is documented in several studies, sometimes referred to as the

female underprediction effect, under which aptitude scores overpredict men’s grades and

underpredict women’s grades (e.g., Duckworth & Seligman, 2006; Kling et al., 2013). In

addition to these concerns about the conclusions drawn from standardised aptitude tests, the

variability of international standardised assessments is not stable over time. Sex differences in

variability in international assessments are reported to increase with age and differ between

countries and test providers (Baye & Monseur, 2016; Gray et al., 2019). Also, greater sex

differences in variability occur in countries with greater cultural, economic, and political

female participation (Gray et al., 2019). In contrast, sex differences in the variability in school

grades tend to reduce with age (O’Dea et al., 2018). Boys’ grade variability is similar across

subjects, and girls’ grade variability is greater in non-STEM than in STEM subjects (O’Dea

et al., 2018). To our knowledge, GMV in school grades or educational assessments has not

been examined longitudinally, and we were unable to identify any studies examining sex

differences at the tails of school grade distributions beyond O’Dea et al.’s (2018) meta-analytic

comparison.

3.2.1 Present Study

This study sought to better understand the longitudinal pattern of change in sex differences

in a single cohort at ages 7, 11, and 16. We extended the literature by examining differences in

science alongside sex differences in mathematics and English and in a range of optional

subjects at age 16. We included the optional subjects in lieu of a GPA equivalent measure to

indicate the broader trend in male/female school achievement differences. We examined a

single, consistent sample across age groups to isolate how sex differences develop. In this way,
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sex differences cannot be explained or contributed to by changes in sample membership

between age groups. We examined teacher-assessed school grades and standardised school

grades from national school tests, reporting mean sex differences. As analyses of international

educational assessments indicated sex differences can be larger at the tails of the distribution,

we examined sex differences at the upper and lower tails of school grade distributions to

determine if the same patterns are observed. Based on the empirical research reviewed above,

we hypothesised that:

H1. There are subject-specific trajectories in school grades from age seven to sixteen.

We expected sex differences to align with findings from the Voyer and Voyer (2014)

school grades meta-analysis, reflecting the observation of no sex differences in school

mathematics achievement in countries outside of North America. While these data are a

mix of teacher-assigned school grades and standardised school grades, despite differing

marking processes, both measure curriculum learned over extended periods. The

expectation that sex differences will align with the school grades meta-analysis is also

supported by prior results from UK samples (Deary et al., 2007; Haworth et al., 2010;

Voyer & Voyer, 2014).

H1a. There is a significant female advantage in English grades at ages 7 and 11, which

widens by age 16.

H1b. There are no significant sex differences in mathematics grades at any age.

H1c. There are no significant sex differences in science grades at ages 7 and 11, and a

significant female advantage by age 16.

We do not provide subject-specific hypotheses for mean differences in the optional

subjects studied from ages 14–16 years old, as these are often chosen by students from

different achievement levels. However, we expected that sex differences in sufficiently

powered samples would align with those reported by (Deary et al., 2007).
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H2. Boys’ school grades are more variable than girls’ school grades at all ages.

H3a. Sex differences in variability are larger in non-STEM subjects and smaller in

STEM subjects.

H3b. Girls’ STEM grades are more variable than their non-STEM grades. The

variability of boys’ grades is similar in STEM and non-STEM subjects.

3.3 Methods

This study is a secondary data analysis of educational outcomes extracted from the UK

Department for Education’s National Pupil Database (NPD) of learners in England that has

previously been matched to survey data from the Millennium Cohort Study (MCS). The NPD

records had been matched and extracted for MCS cohort members whose parents had

permitted access to educational records. These extracted NPD data are available for use with,

but are distinct from, the MCS survey data (Department for Education, 2021). The NPD

contains detailed information on the school achievement of all students throughout their

formal education. The educational outcomes collated in the NPD are school grades measuring

performance in national assessments of students’ learning of the school curriculum. Some are

teacher-assessed school grades using a national framework, others are externally-marked,

standardised test grades, and the remainder are standardised examination (qualification)

grades. The subjects taught from age 14–18 are either vocational (practical or applied subjects)

or academic (traditional subjects including languages, mathematics, sciences, and humanities).

We focused on achievement trajectories to age 16; age 18 achievement data for the MCS

cohort are currently unavailable.

The MCS is a UK-wide, longitudinal cohort study. We analyzed the school grades of MCS

cohort members who had responded to each of three school-age MCS survey waves

undertaken when cohort members were seven years old (Department for Education, 2021),

eleven years old (MCS5: UCL Centre for Longitudinal Studies, 2021a) and fourteen years old
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(MCS6: UCL Centre for Longitudinal Studies, 2021b). While there is an additional school-age

wave, known as MCS Age 17, these data were collected after the last available educational

achievement data at age 16. Prior MCS waves are available at nine months and three years old.

The MCS surveys and school grades align at ages 7 and 11, but there is a lag between the MCS

Age 14 survey and the next set of school grades achieved at age 16.

The MCS study used stratified random sampling of children born between September 1,

2000, and January 11, 2002, and resident in England, Scotland, Wales, and Northern Ireland at

nine months old, clustered by the characteristics of electoral wards. Electoral wards are

national electoral subdivisions. In 2018, the average population in an electoral ward was 7065.

However, there is a wide variation, with some wards having a population of less than two

hundred and others having more than forty thousand (Office for National Statistics, 2018).

Electoral wards were divided into three strata for sampling: wards with an ethnic minority

population of at least 30%, wards from the poorest 25% group (not previously categorised as

an ethnic minority), and the remainder, which were designated as advantaged wards (Plewis,

2007). Children were randomly sampled from these strata, with intentional oversampling from

ethnic minority and disadvantaged wards. This oversampling enables analyses of ethnic

differences, neighbourhood, and disadvantage effects.

3.3.1 Procedure

The sample comprises MCS cohort members who responded to all three survey waves

(Ages 7, 11, and 14) and for whom linked educational achievement data were available at ages

7, 11, and 16. We constrained the sample to ensure that we analysed the outcomes of the same

cohort members at each age. The data merging process automatically excludes Scottish,

Welsh, and Northern Irish cohort members, as the educational data was for MCS cohort

members from England only. We excluded data relating to MCS cohort members who attended

non-mainstream schools focusing on educating pupils with more complex educational support
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needs; the sample contains cohort members who attended mainstream educational settings

only. We report demographic information from the MCS and educational outcomes from the

NPD.

Data cleaning, transformation, and analyses were undertaken using R version 4.1.1 with

RStudio Team, 2021.09.1 for Windows (R Core Team, 2021; RStudio Team, 2020).

3.3.2 Participants

Educational achievement data were available for 7975 students for whom there were

performance assessments from school year 2 (aged 6–7 years old), year 6 (10–11 years old),

and year 11 (15–16 years old). Participants were excluded if they did not attend mainstream

school settings (n = 163). The resulting matched sample consisted of n = 5795 MCS cohort

members (2846 boys, 2949 girls). The sex of children was identified from the MCS parental

survey entry.

As intended in the survey design, the sample is more ethnically diverse than the UK

population was when the cohort members were born (for details, see Table 1).

The MCS classifies each cohort member’s family income under five equivalised income

categories. Family income was adjusted to account for the number and age of dependents

supported by that income, in accordance with OECD equivalence scales (UCL Centre for

Longitudinal Studies, 2020). Using family income as reported in the MCS Age 7 wave, we

find that the sample is distributed across the five income categories (1 - lowest to 5 - highest),

with 19–21% of cohort members classified under each group, with a slight 1–2% bias towards

categories 3 and 4. 28% of the cohort members live in low-income households as indicated by

the OECD 60% of median income indicator. For comparison, the distribution by disposable

income of the UK population is positively skewed, and approximately 20% of children live in

low-income households (ONS, 2022).
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Table 3.1

Ethnic Background of the Sample Compared to UK Census 2001 Results.

UK Census 2001 Sample
Ethnic Grouping % Ethnic background n %

White 91.2% White 4450 77.0%

Asian ethnic groups 4.8%
Pakistani 393 6.8%
Indian 220 3.8%
Bangladeshi 165 2.9%
Other Asian incl. Chinese 73 1.3%

Black ethnic groups 2.2% Black African 124 2.1%
Black Caribbean 79 1.4%
Other Black 20 0.3%

Mixed/Multiple 1.4% Mixed 205 3.5%

Other 0.4%
Other ethnic group 41 0.7%
Not specified 10 0.2%

Note. UK Census 2001 (ONS, 2022).

Additional educational needs, such as dyslexia, ADHD, and Autism, are referred to as

Special Educational Needs (SEN) under the UK system. This broad term covers many

intellectual, physical, and behavioural support needs. We created a single SEN indicator (Yes

= 1) for cohort members with support needs indicated in at least one of the three data

collections. SEN diagnoses were reported by teachers or parents of 1408 (24.3%) cohort

members (872 male, 536 female). SEN diagnosis was more prevalent among boys than girls

(30.6% vs. 18.2%). The proportion of cohort members with SEN is higher than in this cohort’s

overall population of learners (14.1%: Department for Education, 2018).

3.3.3 Measures

The school grades analysed are the results of national assessments, which take place in the

summer term of UK school years 2, 6, and 11 when most students are aged 7, 11, and 16. For
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the remainder of the paper, we refer to these assessments by age. These assessments are

teacher-assessed at age 7, a mix of teacher-assessed and standardised curriculum test grades at

age 11, and standardised curriculum test grades only at age 16.

Achievement at Age 7. Age 7 educational assessments are teacher-assessed using a

detailed national assessment framework. Students are graded “Below 1” or from 1 to 4. In

addition, grade 2 is split into three sub-grades: a-c, where ‘a’ is high, for mathematics, reading,

and writing but not science. A combined grade for reading and writing, which we refer to as

English for the remainder of this paper, is available for each student. We converted these

grades to numeric values 0–4, with the sub-grades converted to 2c = 2.25, 2b = 2.5, and 2a =

2.75. Grade 2b is the expected level of achievement in this age group. A grading of 2a

indicates students working at the top of grade 2, and 2c indicates those working at the bottom

of grade 2. Grades were converted to z-scores.

Achievement at Age 11. Age 11 educational assessments comprise both

teacher-assessed grades and standardised curriculum test grades marked anonymously by

external examiners. These assessments are reported separately and are not combined. Teacher

assessments are graded from 1 to 6, where 6 is the highest level of achievement.

Teacher-assessed grades are provided for mathematics, English, writing, and science. Test

outcomes, available for English and mathematics only, are graded from 1 to 6. In addition, test

grades 3 to 5 are further split into three sub-grades: a – c, where a is high. We converted these

grades to numeric values 1–6, with the sub-grades converted to c = 0.25, b = 0.5, and a = 0.75.

The expected level of achievement in this age group is grade 4b in English and mathematics

and grade 4 in science. Below, in Table 2, we report sex differences in age 11 standardised

school test grades for reading, writing, English, and mathematics, and teacher-assessed grades

for writing and science. We report age 11 teacher-assessed grades for English and mathematics
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separately (see Appendix A, Tables A.9-A.10, pg. 150-151).

Achievement at Age 16. The achievement scores for the core subjects of mathematics

and English language (reading, writing, and grammar), the results from standardised

curriculum tests, were graded using 1–9 grades, which we then converted to z-scores using the

population data by subject from the 2017 cohort (Department for Education, 2018). The age

16 achievement data for the remaining subjects are alphanumeric grades G - A*, also the

results from standardised curriculum tests. We converted the alphanumeric grades to numeric

values for analysis: 1–8, where 8 = A*.

Under England’s education system, pupils either study science – a combination of physics,

biology, and chemistry – or study physics, biology, and chemistry as separate subjects.

Physics, biology, and chemistry are most often studied by the upper third of students, who are

less likely to obtain lower grades. Two compulsory options are available for the remaining

two-thirds of students: science single-award or science double-award. Students studying for

the science double-award learn two-thirds of the content from the physics, biology, and

chemistry courses (Ofqual, 2018). Students opting for science single-award learn one-third of

the physics, biology, and chemistry content. There is also an optional additional science award.

As the students choosing to study science mostly come from the lower two-thirds of achievers

at age 11, as a group, they are underrepresented at the upper achievement levels. Double

awards are graded as A*A*, A*A, AA, AB, BB, etc. These were converted to numeric grades

by converting each grade individually, summing the two numeric grades, and calculating the

mean result. For example, A*A*: (8 + 8)/2 = 8; BC: (6 + 5)/2 = 5.5. The double-award and

single-award science results were combined for analysis, as very few cohort members studied

for the double-award. Grades for each subject were converted to z-scores. To facilitate

comparison across the full distribution for science at age 16, we calculated an average science

grade. This measure averaged each student’s achievement across science and the optional
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additional science course or across physics, biology, and chemistry.

A minority of participants sat their mathematics or English examinations earlier than the

remainder of their cohort and were therefore awarded G-A* grades for these subjects. The

alphanumeric and numeric grading systems are not directly comparable due to changes in the

content, method of assessment, and grade distributions, so they are excluded from the main

analyses.

3.3.4 Analyses

We analysed mean differences in school grades between boys and girls assessed in

mathematics, science, and language subjects at ages 7, 11, and 16. We employed independent

sample t-tests to test group differences and used the Welch modification to estimate degrees of

freedom where variances are not similar. We tested sex differences in variability using

Levene’s test (Delacre et al., 2017). We also calculated Cohen’s d statistic (Cohen, 1988).

Cohen’s guidelines for interpreting effect sizes have been reexamined empirically, and

revisions have been suggested (e.g., Gignac & Szodorai, 2016; Hemphill, 2003;

Rubio-Aparicio et al., 2018). Following a more recent examination of effect sizes across

psychological disciplines and study designs, we describe effect sizes using lower, grand, and

upper medians reported for between-subjects designs in educational psychology (Schäfer &

Schwarz, 2019). Consequently, we describe d = 0.20, d = 0.36, and d = 0.62 as small, medium,

and large effects, respectively. We compared male achievement against female results (Female

= 1, Male = 0). The sample size for mathematics, English at all ages, and science at ages 7 and

11 provides 98% power to detect mean differences of d = 0.10, or 84.5% power in detecting a

mean difference as low as d = 0.07 (Champely, 2020). Post-hoc achieved power is calculated

where elective subject choice results in smaller sample sizes.

We examined the tails of the grade distributions for each subject, using Pearson chi-square

tests to report the significance of the observed numbers of boys and girls achieving grades at
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the upper and lower tails. We selected those grades that accounted for the closest to 10% of the

cohort at each tail for mathematics, science, and English – the upper and lower achievement

levels. Similarly, we also examined the upper and lower 5% in each subject – the highest and

lowest achievement levels. We applied these science grade groupings to define the upper and

lower tails in each elective subject, where choice may influence outcomes and skew grade

distributions.

3.4 Results

Figure 3.1

Effect Size of Sex Differences at the Mean and at the Tails of the English, Mathematics, and
Science Distributions by Age.

Note. Each datapoint represents the observed percentile in the sample by subject and age (see Tables A.2–3 for
the percentage of cohort members observed at each achievement level). Science outcomes at age 16 are
represented by an average grade across science options studied: science and additional science, or biology,
chemistry, and physics. Positive values (pink section) indicate an overrepresentation of girls and negative values
(blue section) an overrepresentation of boys. Areas of increasing opacity indicate negligible, small, and medium
effect sizes, respectively. Age 11 science outcomes are teacher-assessed (TA), all other age 11 and age 16
outcomes are standardised grades. *** p < .001, ** p < .01, * p < .05.

3.4.1 Longitudinal Changes in Mean School Grades

As expected (H1), the achievement gap between boys and girls changed with age and

differed by subject (see Figure 3.1). Mean sex differences in English were stable during
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Table 3.2

Standardised Means, Standard Deviations, and Percentages of Boys and Girls
Observed at the Upper and Lower Tails of the Grade Distributions in English,
Reading, and Writing.

Subject Age Sex N M SD Percentage of Girls/Boys
(Cohen’s d [CI]) (σ2

k p) (χ2 p)

Lowest Lower Upper Highest
Level Level Level Level

English 7 F 2948 0.15 0.94 0.6% 10.5% 34.6% –
TA 0.31[0.25, 0.36] <.001 <.001 <.001 <.001

M 2846 -0.15 1.04 1.8% 17.4% 25.8% –

11 F 2929 0.14 0.94 4.1% 6.2% 12.1% –
0.29 [0.24, 0.35] <.001 <.001 <.001 <.001

M 2825 -0.15 1.03 7.7% 11.1% 7.5% –

16 F 2900 0.30 0.96 1.1% 5.3% 11.7% 3.9%
0.41[0.36, 0.47] .005 <.001 <.001 <.001 <.001

M 2763 -0.10 0.99 4.2% 13.0% 6.2% 1.7%

Reading 7 F 2949 0.13 0.93 0.7% 7.9% 34.1% –
TA 0.26[0.21, 0.32] <.001 <.001 <.001 <.001

M 2846 -0.13 1.05 2.2% 13.6% 26.1% –

11 F 2937 0.11 0.94 4.3% 6.1% 10.4% –
0.23[0.18, 0.28] <.001 <.001 <.001 <.001

M 2836 -0.12 1.05 7.7% 10.1% 6.7% –

Writing 7 F 2949 0.16 0.95 1.1% 10.4% 17.7% –
TA 0.32[0.27, 0.37] <.001 <.001 <.001 <.001

M 2846 -0.16 1.03 3.1% 17.8% 11.4% –

11 F 2945 0.16 0.97 1.0% 8.9% 40.1% 1.7%
TA 0.32[0.27, 0.37] <.001 .005 <.001 <.001 <.009

M 2846 -0.16 1.01 1.9% 16.6% 26.9% 0.9%

Note. Sex differences are nested between boys and girls means, standard deviations and percentage
representation at each achievement level: Cohen’s d [95% CI], Levene’s (σ2

k) test p-value, and Pearson
chi-square (χ2) test p-value for each achievement level. Statistically significant differences are indi-
cated in bold typeface. Data are excluded (–) where the observed count of boys or girls <10. Observed
frequencies at the lowest, lower, upper, and highest achievement levels, and which grades each level
encompasses, are detailed in Appendix A, Table A.2. TA indicates teacher-assessed grades.

primary school and widened from small to moderate during secondary school (age 7: d = 0.31;

age 11: d = 0.29; age 16: d = 0.41), supporting Hypothesis H1a (see Table 3.2). Sex

differences in reading and writing were small and stable (reading, age 7: d = 0.26; age 11: d =
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Table 3.3

Standardised Means, Standard Deviations, and Percentages of Boys and Girls Observed at
the Upper and Lower Tails of the Grade Distributions in Mathematics.

Subject Age Sex N M SD Percentage of Girls/Boys
(Cohen’s d [CI]) (σ2

k p) (χ2 p)

Lowest Lower Upper Highest
Level Level Level Level

Mathematics 7 F 2949 0.02 0.93 0.7% 5.3% 22.4% –
TA -0.05[-0.10, 0.01] .<.001 .160 <.001 <.001

M 2846 -0.02 1.06 1.1% 7.7% 29.7% –

11 F 2940 -0.08 0.97 6.6% 10.6% 11.4% 3.3%
-0.16[-0.21, -0.11] .017 .161 .018 <.001 <.001

M 2836 0.08 1.02 5.7% 8.7% 17.0% 5.6%

16 F 2884 0.13 0.97 5.4% 12.1% 12.0% 3.7%
-0.01 [-0.07, 0.04] .051 .593 .401 .109 .049

M 2773 0.14 1.01 5.8% 12.8% 13.5% 4.8%

Note. Sex differences are nested between boys’ and girls’ means, standard deviations and percentage repre-
sentation at each achievement level: Cohen’s d [95% CI], Levene’s (σ2

k) p-value, and Pearson chi-square (χ2)
test p-value for each achievement level. Statistically significant differences are indicated in bold typeface.
Data are excluded (–) where the observed count of boys or girls <10. Observed frequencies at the lowest,
lower, upper, and highest achievement levels, and which grades each level encompasses, are detailed in Ap-
pendix A, Table A.1. TA indicates teacher-assessed grades.

0.23; writing, age 7: d = 0.32; age 11: d = 0.32). However, we observed significant changes in

the overrepresentation of boys at the lower achievement levels in English and reading between

ages 7 and 11, despite the stability of mean sex differences observed in these subjects during

primary school. We also highlight that the age 11 assessments in reading are standardised

school grades, while writing grades are teacher-assessed. We find teacher-assessed grades to

be less reliable for examining sex differences at the upper and lower tails of the distribution

(see Appendix A, pg. 148–153, for an analysis of teacher-assessed vs. standardised school

grades and further discussion in the Limitations section). There were no significant sex

differences in mathematics achievement at ages seven and sixteen and a very small, significant

male advantage at age eleven (age 7: d = -0.05; age 11: d = -0.16; age 16: d = -0.01), in partial

support of Hypothesis H1b (see Table 3.3). Boys may have made more progress than girls

overall, given the higher achievement of boys compared to girls in mathematics and the
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reduced overrepresentation of boys at the lower achievement levels. For detailed results for

mathematics, English, reading, and writing, see Table 2. There were no significant mean

differences in science achievement at ages 7 and 11 (age 7: d = -0.01; age 11: d = -0.01, which

was as expected. We found very small female advantages in science (d = 0.19), chemistry (d =

0.12), and biology (d = 0.15), and no significant sex differences in physics (d = -0.04), in

partial support of our Hypothesis H1c (for details, see Tables 3.4 and 3.5).

Table 3.4

Standardised Means, Standard Deviations, and Percentages of Boys and Girls Observed
at the Upper and Lower Tails of the Grade Distributions in Combined Science Subjects.

Subject Age Sex n M SD Percentage of Girls/Boys
(Cohen’s d [CI]) (σ2

k p) (χ2 p)

Lowest Lower Upper Highest
Level Level Level Level

Science 7 F 2947 -0.00 0.95 0.4% 5.8% 24.5% –
TA -0.01[-0.06, 0.04] < .001 .896 <.001 .001

M 2845 0.00 1.05 0.4% 9.2% 28.2% –

11 F 2945 -0.01 0.99 0.6% 7.6% 42.8% –
TA -0.01[-0.06, 0.04] .152 .240 .817 .334

M 2846 0.01 1.01 0.9% 7.8% 44.1% –

16 F 2062 0.09 0.98 4.3% 11.4% 6.9% 0.8%
0.19[0.13, 0.25] .140 .032 < .001 .005 .186

M 1972 -0.10 1.01 5.6% 14.5% 5.1% 0.7%

Additional
Science

16 F 1955 0.09 0.98 4.7% 14.0% 13.5% 2.6%
0.19 [0.12, 0.25] .663 .006 .002 .001 .098

M 1815 -0.10 1.01 6.8% 17.7% 9.7% 1.6%

Average
Science
Grade

16 F 2850 -0.03 0.99 5.0% 9.6% 15.9% 5.4%
0.14 [0.10, 0.17] .096 .002 .001 .021 .362

M 2715 -0.19 1.05 7.0% 12.4% 13.7% 4.9%

Note. Sex differences are nested between boys and girls means, standard deviations and percentage rep-
resentation at each achievement level: Cohen’s d [95% CI], Levene’s (σ2

k) test p-value, and Pearson chi-
square (χ2) test p-value. Achieved power at age 16 – science: 0.99, biology: 0.91, chemistry: 0.77,
physics: 0.20 (Champely, 2020). Data are excluded (–) where n < 10. Averaged science grade combines
individual outcomes across science and additional science, or across biology, chemistry, and physics (see
Table 3.5). Observed frequencies at the lowest, lower, upper, and highest achievement levels, and which
grades each level encompasses, are detailed in Appendix A, Table A.3. TA indicates teacher-assessed
grades.

We also analysed mean differences across a broad range of optional subjects studied in
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Table 3.5

Standardised Means, Standard Deviations, and Percentages of Boys and Girls Observed
at the Upper and Lower Tails of the Grade Distributions in Single Science Subjects.

Subject Age Sex n M SD Percentage of Girls/Boys
(Cohen’s d [CI]) (σ2

k p) (χ2 p)

Lowest Lower Upper Highest
Level Level Level Level

Biology 16 F 826 0.18 0.97 – – 13.8% 4.8%
0.15[0.05, 0.25] .629 .006 .115

M 779 0.03 1.01 – – 11.7% 3.9%

Chemistry 16 F 810 0.10 0.96 – – 13.4% 4.8%
0.12[0.03, 0.22] .748 . .021 .542

M 780 -0.02 1.03 – – 11.8% 4.5%

Physics 16 F 817 0.02 0.98 – – 12.0% 4.8%
-0.04 [-0.14, 0.06] .303 . .271 .480

M 774 0.06 1.02 – – 12.7% 5.2%

Note. Sex differences are nested between boys and girls means, standard deviations and percentage
representation at each achievement level: Cohen’s d [95% CI], Levene’s (σ2

k) test p-value, and Pearson
chi-square (χ2) test p-value. Achieved power at age 16 – science: 0.99, biology: 0.91, chemistry: 0.77,
physics: 0.20 (Champely, 2020). Data are excluded (–) where n < 10. We combined the age 16 science
and individual science cohorts to calculate a representative percentage at each grade in the sciences:
science: n = 5639; biology: n = 5639; chemistry n = 5624, physics n = 5525. Observed frequencies at
the lowest, lower, upper, and highest achievement levels, and which grades each level encompasses, are
detailed in Appendix A, Table A.3. TA indicates teacher-assessed grades.

secondary school. Some subjects were grouped due to the low numbers of students enrolled in

these subjects. Girls achieved better results, on average, in most optional subjects (for details,

see Tables 3.6 and 3.7). Design and technology (D&T) is a broad subject that can be taught at

a general level or can be more specialized, so multiple different options are available. Due to

the breadth of individual D&T subjects offered, we grouped the options into female and male

majority groups to examine whether mean differences were similar depending on male or

female participation preferences. We found a large female advantage in the D&T male and

female majority groupings (female majority D&T: d = 0.75; male majority D&T: d = 0.61);

these groupings are combined in Table 3.7 due to comparatively few upper grades achieved by

the cohort members who studied these subjects (for details, see Appendix A, Table A.4-A.5).

Together with the results in the core subjects of mathematics, English, and science, these
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findings indicate a general female advantage in secondary education across most subjects.

Table 3.6

Standardised Means, Standard Deviations, and Percentages of Boys and Girls Observed
at the Upper and Lower Tails of the Grade Distributions in Age 16 Optional Subjects:
STEM and Modern Foreign Languages.

Subject Sex n M SD Percentage of Girls/Boys
(Cohen’s d [CI]) (σ2

k p) (χ2 p)

Lowest Lower Upper Highest
Level Level Level Level

Additional
Science

F 1955 0.09 0.98 4.7% 14.0% 13.5% 2.6%
0.19 [0.12, 0.25] 0.99 .663 .006 .002 .001 .098

M 1815 -0.10 1.01 6.8% 17.7% 9.7% 1.6%

Computing F 158 0.30 0.88 7.0% 10.1% 32.9% 10.1%
0.39 [0.21, 0.57] 0.99 .019 <.001 < .001 .001 .007

M 584 -0.08 1.02 15.4% 21.0% 20.9% 4.5%

Geography F 1202 0.12 0.97 6.4% 13.2% 29.5% 9.3%
0.23 [0.15, 0.31] 1.00 .805 .013 < .001 < .001 .036

M 1309 -0.11 1.01 9.2% 19.6% 21.2% 7.0%

Social
Sciences

F 410 0.10 0.97 6.1% 14.3% 29.1% –
0.32 [0.15, 0.49] 0.95 .842 .284 .209 < .001

M 192 -0.21 1.01 8.8% 18.7% 14.5% –

French F 899 0.10 0.98 2.7% 8.0% 26.6% 11.4%
0.25 [0.15, 0.35] 0.99 .260 .022 .002 < .001 .064

M 637 -0.15 1.01 5.0% 12.9% 18.5% 8.3%

German F 260 0.12 0.95 1.5% 4.2% 25.4% 8.1%
0.25 [0.08, 0.43] 0.86 .414 .586 .011 .333 .667

M 226 -0.14 1.04 2.7% 10.6% 21.2% 6.6%

Spanish F 520 0.14 0.97 3.1% 7.3% 31.4% 14.0%
0.34 [0.21, 0.48] 1.00 .824 .167 .001 .002 .013

M 370 -0.20 1.01 5.1% 14.6% 21.6% 8.4%

Note. Sex differences are nested between boys and girls means, standard deviations and percentage rep-
resentation at each achievement level: Cohen’s d [95% CI], Levene’s (σ2

k) test p-value, and Pearson chi-
square (χ2) test p-value for each achievement level. P indicates achieved power (Champely, 2020). Data are
excluded (–) where the observed count of boys or girls <10. Subject groups: Social Sciences - Sociology,
Psychology. Observed frequencies at the lowest, lower, upper, highest achievement levels, and which grades
each level encompasses, are detailed in A.4.
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Table 3.7

Standardised Means, Standard Deviations, and Percentages of Boys and Girls Observed at the
Upper and Lower Tails of the Grade Distributions in Age 16 Optional Subjects: Humanities,
Arts, Sport, and Applied Subjects.

Subject Sex n M SD Percentage of Girls/Boys
(Cohen’s d [CI]) (σ2

k p) (χ2 p)

Lowest Lower Upper Highest
Level Level Level Level

History F 1458 0.11 0.97 8.1% 15.2% 31.9% 11.3%
0.24 [0.16, 0.31] 1.00 .063 .005 < .001 < .001 < .001

M 1266 -0.13 1.02 11.4% 20.5% 23.8% 6.9%

Religious
Studies

F 1780 0.19 0.92 5.6% 11.6% 37.0% 12.8%
0.41 [0.34, 0.48] 1.00 < .001 < .001 < .001 < .001 < .001

M 1546 -0.21 1.04 12.8% 22.3% 22.2% 6.9%

Design &
Technology

F 728 0.35 0.91 3.7% 9.3% 28.3% 9.6%
0.61 [0.47, 0.75] 1.00 .140 < .001 < .001 < .001 < .001

M 959 -0.26 0.98 10.7% 24.9% 10.3% 2.9%

Film, TV, Media
& Office

F 532 0.22 0.91 5.3% 10.3% 24.4% 7.3%
0.40 [0.28, 0.51] 0.98 .017 < .001 < .001 < .001 < .001

M 672 -0.17 1.03 11.5% 20.4% 14.9% 2.8%

Physical
Education /
Sports Studies

F 433 0.18 0.98 – 7.2% 28.6% 9.5%
0.29 [0.17, 0.41] 0.99 .105 .014 < .001 .085

M 708 -0.11 1.01 – 11.9% 15.3% 6.5%

Art &
Design

F 1108 0.16 0.95 2.1% 6.1% 28.2% 11.7%
0.53 [0.42, 0.64] 1.00 .580 < .001 < .001 < .001 < .001

M 488 -0.36 1.01 5.5% 14.8% 14.0% 4.7%

Note. Sex differences are nested between boys and girls means, standard deviations and percentage representation
at each achievement level: Cohen’s d [95% CI], Levene’s (σ2

k) test p-value, and Pearson chi-square (χ2) test p-
value for each achievement level. P indicates achieved power (Champely, 2020). Data are excluded (–) where the
observed count of boys or girls <10. Subject groups: Female majority D&T subjects - Food Technology, Textiles
Technology. Male majority D&T subjects - Electronic Products, Product Design, Resistant Materials, Systems&
Control, Graphic Products, Design& Technology. Film, TV, Media& Office - Office Technology, Film Studies,
Information& Communications Technology. Performing Arts including Drama& Theatre Studies, Dance, Music.
Tourism, Catering, Home Economics& Care - Catering Studies, Child Development, Food. Observed frequencies
at the lowest, lower, upper, and highest achievement levels, and which grades each level encompasses, are detailed
in A.5.

3.4.2 Longitudinal Changes in Grade Variability

Boys’ school grades were always significantly more variable than girls’ in English,

reading, and writing (see Figures 3.1, 3.2 and Tables 3.2-3.5). Science grades were



Chapter 3. Sex Differences of School Grades in Childhood and Adolescence. 83

Figure 3.2

Implied Density Distributions, Mode, Mean, and Percentile Intervals of Boys’ and Girls’
English, Mathematics, and Science Achievement by Age Group.

Note. Implied distributions generated from means and standard deviations reported in Tables 2 and 3. Mode is
indicated as a dotted line and point on each density distribution, with percentile intervals and group means
illustrated below these.

significantly more variable at age 7 but not at ages 11 and 16. Mathematics grades were

significantly more variable at ages 7 and 11 but not at age 16. Our Hypothesis H2 was,

therefore, partially supported (see Figures 3.1, 3.2 and Tables 3.2-3.5). Sex differences in

grade variability were smaller in STEM subjects in support of Hypothesis H3. Hypothesis H3a

was partially supported: girls’ grades were more variable in mathematics and science than in

English and reading at age 11, but there was no clear pattern at age 16. Boys’ grades were

most variable in reading and least variable in science at age 11. In general, boys’ grades were

less variable in English at age 16 than at age 11, whereas girls’ grades were more variable.

Girls’ and boys’ grade variability did not significantly differ for most optional subjects studied

at age 16 (see Tables 3.6, 3.7 and Appendix A, Tables A.4-A.5). In summary, we find that

grade variability tended to change with age, but changes were sex and subject-specific. Girls’
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grades tended to become more variable with age, and boys’ grades became less variable with

age, so that sex differences in grade variability reduced, or were no longer significant. There

were subject differences in how quickly grade variability converged.

The percentage of cohort members at the upper and lower tails differed between subjects

at age 16 (see Appendix A, Tables A.2 – A.3). More students were observed at the tails of the

distribution in mathematics and science than in English. Grade distributions for mathematics

and science were quite similar, with approximately 5% of students observed at the highest and

lowest achievement levels and 13% at the upper and lower levels. In English, 3% of students

achieved the highest and lowest achievement levels, and 9% achieved the upper and lower

levels. A higher percentage of students were observed at the upper and lower tails in the

optional subjects at age 16 compared to mathematics, English, and science. In the optional

subjects, the proportion of students observed at the upper achievement levels ranged from 19

to 30%, with 9 to 20% observed at the lower levels. The grade distributions of the optional

subjects often substantially differed, likely indicating that the profiles of students who chose

each subject differed between subjects, and sometimes between girls and boys.

The percentage of students assessed at the lowest achievement levels in science at ages 7

(0.4%) and 11 (0.8%) was substantially lower than at age 16 (5.0%). The reliance on

teacher-assessed grades for science assessments in primary school contributes to this

difference. Teachers’ lesser use of the lowest grades is found consistently across all

teacher-assessed grades in all subjects. Similarly, very few students are assessed at the highest

available teacher-assessed grade at age 7 (<10). The distribution of teacher-assessed grades is

compressed around the median grade. At age 11, in test outcomes, an increased percentage of

students are observed at the lowest achievement levels and a reduced percentage of students at

the upper levels.

In English, boys were significantly overrepresented in the lower tail (age 7: d = -0.63, age
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11: d = -0.37, age 16: d = -0.77) and girls in the upper tail at each age (age 7: d = 0.23, age 11:

d = 0.29, age 16: d = 0.38), indicating stronger female performance in this subject throughout

(see Figure 3.2). The same pattern was evident in reading and writing at ages 7 and 11. As

teacher-assessed grades are less granular than test grades (see Measures section for details), it

is impractical to contrast the representation of boys and girls at the upper tail between ages 7

and 11. Similarly, changes at the lower tail may, in part, be due to the change from

teacher-assessed grades to test assessments. Among the lower 9% at age 16 in English, there

were fewer girls and more boys than in the age 11 tests. At the lowest levels of English

achievement, the proportion of boys to girls increased from nearly 2:1 to 4:1 between ages 11

and 16. This pattern may indicate some improvement for boys at the lower achievement levels

in English between ages 7 and 11, which is not subsequently maintained between ages 11 and

16.

In mathematics, boys were significantly overrepresented in the upper (d = -0.22) and lower

tails (d = -0.22) at age 7 only. At age 11, boys were significantly overrepresented among the

upper 13% (d = -0.26) and 5% (d = -0.31), girls in the lower 13% (d = 0.12), and there was

parity in the lower 5%. Effect sizes were small in the upper and highest grades and very small

in the lower grades. At age 16, boys were significantly overrepresented at the highest grade

only (d = -0.15), a very small effect among these top 5% achievers. Neither sex was

significantly overrepresented in the upper 13% in mathematics nor at the lower 13% or 5%.

These changes suggest that more girls achieved lower achievement levels in the age 11

mathematics tests than had been assessed at that level at age 7, resulting in a substantial

increase in the proportion of girls in the lower 13% of the mathematics grade distribution. At

age 16, though, more boys were observed in the lower achievement levels, so that girls were no

longer overrepresented here. At the same time, fewer boys were observed at the upper

achievement levels at age 16 than at age 11.

In science, at age 7, boys were significantly overrepresented at the upper (d = -0.11) and
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lower tails (d = -0.27). As science is teacher-assessed at ages 7 and 11, we observe the same

reduced differentiation between students and lesser use of the lowest grades by teachers, and

we can compare changes between the two assessments. We find that teachers had allocated

upper (d = -0.02) and lower grades (d = -0.03) as frequently for boys as for girls at age 11.

However, there is a small, but not statistically significant, overrepresentation of boys in the

lowest achievement level (d = -0.22). At age 16, in science and biology, we find a very small,

significant female overrepresentation in the upper tail (upper 13% in science (d = 0.18) and

biology (d = 0.15)). Otherwise, differences in the upper 13% and 5% in chemistry and physics

and the upper 5% in biology were not significant. At the lower tail, indicated by achievement

in science only, there was a very small, significant overrepresentation of boys in the lower 13%

(d = -0.16) and 5% (d = -0.15).

Among the optional subjects, GMV was supported in computing and religious studies but

not in most other subjects. Girls achieved a greater share of the highest grade (the upper

5–12%) in most subjects, except physical education/sports studies, additional science, French,

and German, where there was parity. Significant effect sizes at the upper tail were small in the

natural sciences, computing, history, and modern foreign languages, and moderate in the social

sciences, religious studies, and applied subjects. Girls were overrepresented in the upper

achievement level in all subjects except German. Similarly, boys were overrepresented in the

lower achievement level in most subjects except for the social sciences (psychology and

sociology) and modern foreign languages, with effect sizes ranging from small to moderate.

3.5 Discussion

Overall, our results were consistent with our hypothesis (H1) that trajectories of changes

in sex differences differ by subject and provided support for greater male variability in

language subjects at all ages. However, there were no sex differences in science grade

variability after age 7 or mathematics grade variability at age 16.
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3.5.1 Longitudinal Changes of Sex Differences in Mean School Grades

Girls achieved significantly higher school grades in English, reading, and writing at each

age. The difference was of small magnitude during primary education and moderate during

secondary school. In mathematics, we found a very small male advantage at age 11, but there

were no significant sex differences in mathematics at ages 7 and 16. There were no significant

sex differences in science achievement at ages 7 and 11, but at age 16, a very small female

advantage in science, biology, and chemistry. The English and science results fully support our

hypotheses H1a and H1c, which state that there will be a significant female advantage in

language subjects at all ages, that this will be wider at age 16, and that a female advantage will

emerge in science at age 16 despite parity in primary education. Our Hypothesis H1b is

partially supported, as the significant male advantage at age 11 was unexpected, but the

expectation of parity in mathematics at ages 7 and 16 was supported.

In each subject, across the three age levels, sex differences varied - either the mean

difference or at the tails of the achievement distribution. Between ages 7 and 11, there were no

significant changes in mean sex differences in English, reading, science, and writing, and a

significant male advantage opened in mathematics. There was a non-significant trend of

reducing mean sex differences with age in English and reading, as sex differences reduced at

the lower achievement levels. In contrast, science and writing remained stable despite apparent

changes in the distribution of grades. By age 16, the female advantage in English widened, the

very small age 11 male advantage in mathematics was no longer evident, and there were very

small female advantages in science, biology, and chemistry. In addition, we found female

advantages in most optional subjects at age 16, indicating a broad female advantage in

education in this age group.

The magnitude and direction of change in sex differences in English and reading align with

analyses of international assessments, the Voyer and Voyer (2014) meta-analysis of school
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grades, and US results from national assessments (Baye & Monseur, 2016; Reilly et al., 2019;

Voyer & Voyer, 2014). Like analyses from US national assessments, we find that the female

advantage in writing is larger than in reading. The small effect sizes we report in writing are

smaller than those reported in the US (Reilly et al., 2019). The reliance on teacher-assessed

grades at age 11 for writing may influence our results. We found that sex differences in

teacher-assessed school grades are similar to sex differences in standardised test grades.

Given the results from the Voyer and Voyer (2014) meta-analysis and national outcomes in

the UK for the population cohort from which the MCS participants have been sampled (see

Appendix A, Table A.8), the male advantage in mathematics at age 11 was unexpected.

Despite this, our results align with prior reports from analyses of nationally representative US

datasets of a male advantage in mathematics emerging by the end of elementary school despite

no mean differences at school entry (Cimpian et al., 2016; Fryer Jr. & Levitt, 2010;

Robinson-Cimpian et al., 2014). As our sample is more ethnically diverse and has a higher

proportion of SEN students than the population cohort, this finding may support accounts of

sex differences in mathematics varying across student characteristics, such as ethnic group

membership (Hsieh et al., 2021; Strand, 2010). Also, Strand (2010) reported that boys made

more progress than girls between ages 7 and 11 in the UK context; male progress in

mathematics, along with the reduced overrepresentation of boys at the lower achievement

levels, may underlie this finding.

As the age 11 male advantage is eliminated by age 16, and overrepresentation of either sex

at the tails is reduced, the relative contribution of the factors influencing mathematics

achievement at age 11 may change, or other factors may become more important in this period.

For example, children’s endorsement of gender stereotypes may develop based on perceptions

of adults’ beliefs in primary-age children, such as teachers underrating girls’ abilities in

mathematics, which has been linked with the widening male advantage in mathematics

(Kurtz-Costes et al., 2014; Robinson-Cimpian et al., 2014). However, gender stereotypes may
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be perceived and endorsed differently by younger and older children (Kurtz-Costes et al.,

2014). Adolescents are increasingly influenced by their peers and their alignment with social

groups that may conform with or reject gendered roles (Ahmed et al., 2022; Santos et al.,

2013; Smyth, 2020). The increased importance and orientation toward peers may influence

adolescents’ endorsement of gender stereotypes, as adolescents may become increasingly

influenced by the observed achievement of their peers, and self-appraisals of ability in

comparison to their peers, rather than the stereotypes (Kurtz-Costes et al., 2014; Marsh & Hau,

2003). Additionally, future educational or career plans develop and crystallise during

secondary school, with girls reporting higher educational expectations, which may have an

important influence on educational outcomes (Platt & Parsons, 2017).

In the UK, all students study science until age 16. The choice between studying science

vs. studying biology, chemistry, and physics as individual subjects is influenced by prior

achievement. The individual science subjects tend to be studied by more able pupils, most

often those who had exceeded the benchmark standard at age 11. Science is studied more often

by cohort members from the middle and lower tail of the achievement distribution. Other than

mathematics, the smallest sex differences at age 16 are found in the sciences, including

biology and chemistry. There were no sex differences in physics. Few studies have examined

sex differences in science achievement, and even fewer examined differences in biology,

chemistry, and physics. Yet, important gender differences exist in the uptake of the life

sciences and physical sciences in higher education. Our age 16 physics and science results

align with prior reports from a larger UK sample, although the female advantage we report for

chemistry is smaller (Deary et al., 2007). Our finding of no sex differences in science

achievement at ages 7 and 11 aligns with prior reports in children (aged 9–12) (Haworth et al.,

2010). Our science results align with the Voyer and Voyer (2014) school grades meta-analysis

but are inconsistent with a US report of a male advantage at grade 8 in NAEP (National

Assessment Educational Progress) science assessments (Reilly et al., 2015) and international
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assessments (Baye & Monseur, 2016).

Across the optional subjects assessed at age 16, a female advantage was found in all

subjects except economics. The economics result lacked statistical power, indicating that this

may have been statistically significant in a larger sample. Our reported mean differences for

history and religious studies align with those reported previously (Deary et al., 2007). Our

effect sizes are slightly larger in geography and smaller in Spanish and Art& Design, although

Deary and colleagues’ results sit within the confidence intervals we report. Our effect sizes for

French and German are smaller, and our effect size for physical education is larger than those

previously reported (Deary et al., 2007). There are also some differences between the studies

for design and technology and the performing arts vs. drama and music, which we have had to

group differently due to our smaller sample size compared with the much larger prior study

(Deary et al., 2007). We conclude that despite this sample being intentionally more ethnically

diverse than England’s population, having a larger proportion of students with SEN, and being

unrepresentative of the income distribution in England, our results, for the most part, align with

those of the larger representative sample from age 16 achievement in England, 2002 (Deary

et al., 2007). The lack of any substantial variation in a non-representative sample highlights the

consistency of the female advantage reported in most school subjects in secondary school.

3.5.2 Longitudinal Changes of Sex Differences in Grade Variability

We find greater male variability in school grades in English at all ages, but in mathematics

at ages 7 and 11 only, and in science at age 7 only. Hypothesis H2 was, therefore, partially

supported as we expected that boys’ grades would be more variable than girls’ grades at all

ages. In line with prior reports and our Hypothesis H3a, sex differences were smaller in

science and mathematics than in English, reading, and writing. Hypothesis H3b was partially

supported. Girls’ grades were more variable in mathematics and science than in English at age

11, but girls’ STEM grades were not consistently more variable than their non-STEM grades at
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age 7. Boys’ grades were more variable in English and reading at age 11 than in mathematics,

whereas we expected boys’ grade variability to be similar across subjects. At age 16, boys’

grades were more variable in STEM subjects, but the pattern for girls was unclear.

Our results in English and mathematics support prior findings from analyses of

international assessments that sex differences in variability are larger at the tails of the

distribution - the upper tail in mathematics and the lower tail in reading (Baye & Monseur,

2016; Stoet & Geary, 2013). However, the distribution of our science results does not follow a

pattern like that of mathematics, which is inconsistent with the Baye and Monseur (2016)

findings. The trend in science is of female overrepresentation in the upper 10% and 5% in

science, biology, and chemistry at age 16. This sex difference is significant in science and

biology in the upper 10%. Boys were significantly overrepresented at the lower tail in science

at age 16.

The ratio of boys to girls in English achievement at age 16 in the upper grades aligns with

those reported for age 15 students based on PISA tests (Stoet & Geary, 2013). Converting

between odd ratios and Cohen’s d, we find that our reported sex differences in the lower grades

(the lower 10% of students) align with analyses of PIRLS and PISA data (Baye & Monseur,

2016; Ben-Shachar et al., 2020). While our lowest grades in English represent the lowest 3%

of students and are not directly comparable with the results reported from international

assessments, we can draw some conclusions here. We find a greater overrepresentation of boys

in the lowest grades than in the lower 5% in PIRLS and PISA assessments (Baye & Monseur,

2016; Stoet & Geary, 2013). Compared to the lower 1% in PISA tests, we report an

overrepresentation of males of similar magnitude, noting that the ratio of boys to girls

increased between the PISA surveys reported (Stoet & Geary, 2013). Together, our results and

those from international assessments indicate an increasing overrepresentation of boys at the

lower tail in reading and English, and the effect size of this difference is moderate to large.
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The sex differences at the tails of the mathematics school grades distribution partially

align with some reported differences at the tails in international assessments. However,

patterns and magnitudes differ between tests and age groups. We find alignment at the lower

tail at age 16 with PISA results that boys are marginally overrepresented here (Baye &

Monseur, 2016; Stoet & Geary, 2013). The very small effect size we report in the highest

grade, the upper 5% of achievers in age 16 mathematics, is larger than the negligible effect size

reported for TIMSS tests from 2000 onwards and smaller than the effect in PISA and SAT-M

tests (Baye & Monseur, 2016; Stoet & Geary, 2013; Wai et al., 2010). At the lower tail, the

marginal sex differences in mathematics we report at age 16 align with PISA test outcomes but

oppose TIMSS secondary age tests that tend to find more girls in the lower scores, where we

observe more boys (Baye & Monseur, 2016; Stoet & Geary, 2013). Like the primary age

TIMSS findings, we find more girls at the lower tail at age 11, although our difference is of

small magnitude at the lower 10% vs a negligible male overrepresentation in TIMSS. We find

a moderate male advantage at the upper tail, which is negligible in TIMSS (Baye & Monseur,

2016).

In science, there is little alignment between sex differences at the tails of school grade

distributions and international assessments. Particularly, international assessments often report

more girls at the lower tail and more boys at the upper tail, whereas we find the opposite. We

observe more boys in the lower grades across science, biology, chemistry, and physics at age

16. The difference is of small magnitude, except among the higher achievers in the individual

science subjects, where the difference is negligible and not significant. Our results at the lower

tail align with the earlier TIMSS (1995) data, but this trend was reversed in TIMSS over time,

with more girls reported at the lower tail in the 2007 tests. PISA always finds more girls at the

lower tail, and the difference is most commonly of small magnitude (Baye & Monseur, 2016).

We found more girls at the upper tail in science, biology, and chemistry but not in physics,

where there are marginally more boys. Our results at the upper tail are inconsistent with both
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PISA and TIMSS, in which male advantages are reported throughout (Baye & Monseur,

2016). The negligible female overrepresentation in the lower 8% aligns with the primary

TIMSS outcomes at the lower tail in science (Baye & Monseur, 2016). However, the age 11

variability results we report in science are less reliable as these are teacher-assessed (see

Appendix A, pg. 148–153).

3.5.3 Implications

The biopsychosocial model outlines the contribution of developmental and cognitive

differences, including GMV, to differences in mathematics and science achievement. The

model also highlights that psychosocial factors are particularly important and, therefore, will

influence any biological differences (Halpern et al., 2007; Miller & Halpern, 2014). Gender

stereotypes, lower expectancies and values, and less positive emotions are each predicted to

negatively influence girls’ outcomes in mathematics and science. The general pattern of

achievement in mathematics from ages 7 to 11 would align with this account, as despite parity

in achievement at age 7, there is a small gap favouring males at age 11. As reported elsewhere,

this gap could result from lower female mathematics self-concept, interest, and less positive

emotions (Frenzel et al., 2007; Jacobs et al., 2002; Wilkins, 2004). However, the age 7 results

may also be influenced by teacher grading biases, which have been reported to align with

gender, ethnicity, SEN, and socioeconomic stereotypes (Burgess & Greaves, 2013; Carlana,

2019; Lavy & Megalokonomou, 2019; Lavy & Sand, 2018; Terrier, 2020). The age 7 grades

are wholly teacher-assessed, whereas the age 11 and age 16 grades are the results of

anonymised, standardised, curriculum tests that are marked externally. It is therefore plausible

that stereotypes influence the grades reported by teachers at age 7. Prior reports from this

cohort have reported teacher bias effects when comparing the cohort members’ scores on

cognitive ability tests with teachers’ subjective judgements of their ability (Campbell, 2015).

Teacher biases have been reported in teacher-assessed grades when compared with

standardised curriculum test grades in other samples (Burgess & Greaves, 2013; Lavy &
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Megalokonomou, 2019; Lavy & Sand, 2018). In Appendix A, Section A.3, we compared the

teacher-assessed grades with the standardised curriculum test grades at age 11, concluding that

while there may be some evidence of teacher bias, effects were small, the evidence was not

conclusive, and that the conclusions drawn from teacher-assessed grades did not substantively

differ from those drawn from the test grades. However, given prior evidence, we cannot

discount that teacher grading biases may influence the age 7 grades reported here.

The fact that girls close the male advantage in mathematics school grades and open a

female advantage in most science subjects between ages eleven and sixteen opposes the

influence of the negative predictors of female outcomes in these subjects. No evidence

suggests that girls’ mathematics or science self-concepts improve during adolescence. In fact,

both male and female mathematics self-concepts have been found to reduce during this period,

although the male advantage is maintained (Jacobs et al., 2002; Wilkins, 2004). Therefore, we

consider whether other factors may be more influential in adolescence, which may explain

why girls’ achievement is, on average, better than that of boys across most subjects at age 16.

We highlight that there is substantial within-sex variation in achievement. We do not find

that all boys underachieve or that all girls do well. At age 16, boys and girls are equally

represented at the highest grades in biology, physics, and chemistry, for example. In secondary

school mathematics, only in the upper 5% of achievers were girls underrepresented.

Otherwise, a similar percentage of boys and girls are represented in the upper and lower grades

in mathematics. However, certain groups do less well, as evidenced by the increased

representation of girls in the lower grades in mathematics at age 11, and the substantial

increase in the overrepresentation of boys in the lower grades in English at age 16. Our finding

that the overrepresentation of boys in the upper grades in mathematics reduces between ages

11 and 16 suggests that some boys who do very well at the end of primary school do not

maintain this level of achievement at age 16.
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One proposal that attempts to explain the underachievement of some groups of boys and

girls is conformity to gendered social roles linked to patterns of motivation, engagement, and

achievement, which are pertinent during adolescence (Santos et al., 2013; Yu et al., 2020). The

influence of gendered social roles is encompassed within the biopsychosocial account,

although it does not address how the influence of these may change with age or in the context

of peer groups (Gallagher et al., 2020; Halpern et al., 2007). The recently outlined

developmental cascades model of educational attainment proposes that the influence of social

and environmental factors will change during adolescence as the home environment becomes

less influential and peers, school, and the wider neighborhood become increasingly important

as individuals spend less time at home (Ahmed et al., 2022) Peers are a particularly important

source of influence on motivation and achievement during adolescence (Ryan, 2001; Santos

et al., 2013; Yu et al., 2020).

An alternate but not mutually exclusive factor may be the influence of educational

expectations and career plans on outcomes. While continuing education is compulsory in the

UK from sixteen to eighteen years old, this may take the form of remaining in full-time

education to study for academic or vocational qualifications or enrolling in an apprenticeship

or traineeship. A good grade (grade 4 or above) in mathematics and English is a prerequisite

for many post-16 opportunities in the UK, so the influence of post-16 plans may be a potential

source of motivation to improve grades. Post-16 opportunities may provide an additional

focus, resulting in individuals employing extra effort to ensure they achieve the grades they

need in the important subjects for their future. The influence of post-16 opportunities would be

expected to apply equally to both sexes. However, boys have been reported to have lower

educational expectations than girls (Platt & Parsons, 2017). The higher rates of girls choosing

academic options or attending university are well established in the UK and in many other

Western countries (Broeke & Hamed, 2008; Cavaglia et al., 2020; Lundberg, 2020; Rampino

& Taylor, 2013; Wiseman & Zhao, 2020). Not all educational systems feature high-stakes tests



96 Chapter 3. Sex Differences of School Grades in Childhood and Adolescence.

at age 16 that influence future options, and the widening of achievement gaps in adolescence is

not peculiar to countries where post-16 options are contingent on achievement at age 16.

However, even in those countries without high-stakes examinations, many education systems

measure consistency of achievement through combined measures such as grade point averages,

requiring focused effort across a broad range of subjects. If, in addition, boys prioritise

male-stereotyped subjects, including mathematics and physics, then the overall lower

achievement of boys may, therefore, result from lower engagement and expectations in some

subjects and selective de-prioritisation of these subjects (Wirthwein et al., 2020).

The developmental cascades model also highlights the contribution of biological cascades,

which include pubertal maturation, to educational achievement (Ahmed et al., 2022). Several

studies have linked puberty timing, often late puberty in boys and early puberty in girls, with

underachievement in education and a reduced likelihood of boys choosing to continue in

education after age sixteen (Cavanagh et al., 2007; Koerselman & Pekkarinen, 2018;

Koivusilta & Rimpelä, 2004; Pekkarinen, 2008, 2012). The effects of puberty on achievement

are likely to be indirect, possibly resulting from an association with academic motivation, and

may differ depending on which measure of maturation is used (Martin et al., 2017, 2022;

Torvik et al., 2021). Pekkarinen (2008, 2012) argued that the change in the Finnish education

systems from an early (pre-puberty) to a late (post-puberty) choice between vocational or

academic options has contributed to the lower educational achievement of boys compared to

girls due to the later maturation of boys. An association between pubertal status and academic

motivation has also been reported, finding that higher levels of pubertal hormones predict

increased academic disengagement, particularly for boys (Martin et al., 2017, 2022). Evidence

in this area is sparse and requires further investigation to establish how puberty may be linked

to educational outcomes.
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3.5.4 School Grades vs. International Assessments

The discrepancies between sex differences in school grades, TIMSS, and PISA scores in

mathematics and science tests and other standardised aptitude tests such as SAT-M are poorly

understood. Comparisons of the 2003 TIMSS and PISA mathematics assessments report that

sex differences in mathematics, like sex differences in school grades, vary across countries and

between test providers (Voyer & Voyer, 2014; Wu, 2010). Students from Western countries

perform better in PISA tests, and students from Asian and Eastern European countries perform

better in TIMSS tests, for example. Differences in curricula and the number of schooling years

between countries are thought to contribute to country differences in performance in

standardised tests (Wu, 2010). There are also notable differences in the balance of content

between different standardised tests. Girls and boys perform better in some mathematics

content areas within the TIMSS tests, but the male advantage is found across all mathematics

content areas of the PISA test in most countries (Wu, 2010). For example, girls perform

equally or better in algebra content, but this accounts for a much lower proportion of PISA

tests. Other research indicates that the format of the tests may also contribute to sex

differences, with boys achieving higher scores in multiple-choice questions and girls in

constructed response items (Reardon et al., 2018; Shear, 2023).

One explanation of the inconsistency of mathematics achievement gaps between

international assessments and school grades proposes a female disadvantage when tests

contain novel problems versus problems that reflect content learned at school (Kimball, 1989;

Willingham & Cole, 2013). It is highlighted that TIMSS tests are oriented towards school

mathematics, whereas PISA tests are oriented towards basic mathematical competencies (Wu,

2010). An alternate explanation centres around sex differences in learning styles

(Kenney-Benson et al., 2006). Girls prioritise mastery over performance achievement goals

and are less disruptive in classroom settings, resulting in better school grades. However,

mathematics self-concept is a better predictor of outcomes in standardised aptitude tests,
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contributing to the male advantage (Kenney-Benson et al., 2006). Finally, we must consider

whether PISA and other international standardised tests exhibit similar female underprediction

effects as observed in other standardised aptitude tests (Kling et al., 2013; Mattern &

Patterson, 2014). PISA has been shown to predict school exam grades, those at risk of

dropping out of school, and future earnings (Fischbach et al., 2013; Pulkkinen & Rautopuro,

2022). PISA scores have also been shown to have similar predictive ability as the SATs, even

when controlling for the socioeconomic circumstances (SES) of individuals (Fischbach et al.,

2013; Mattern & Patterson, 2014). However, when predicting outcomes using PISA scores,

SES, and ethnic background, girls are more likely to achieve the top grades in mathematics

than boys, highlighting that PISA data may also underpredict female achievement (Matějů &

Smith, 2015; Pulkkinen & Rautopuro, 2022). If this finding holds for UK PISA scores when

compared to school grades, then the inconsistencies reported here may, in part, reflect a female

underprediction effect. Facets of the Big Five personality trait conscientiousness (Costa et al.,

2001) are reported to contribute to the female underprediction effect (e.g., self-discipline:

Duckworth & Seligman, 2006). However, some facet-level sex differences in

conscientiousness do not appear until emerging adulthood (e.g., self-discipline Soto et al.,

2011), which is after the achievement of these school grades. In contrast, analyses of

observer-reported personality traits find small female advantages in trait-level

conscientiousness at ages 15 and 16 years old, which is driven by the facets order, dutifulness

at both ages, and self-discipline and deliberation at age 15 only (De Bolle et al., 2015).

Despite our finding of no sex differences in achievement in school mathematics at age 16,

there remains an overrepresentation of boys in the upper 5%, although this is smaller than we

reported at age 11. While individual tests and school grades in each country may disagree on

the size of the male overrepresentation among the highest achievers, this is often found across

many different types of tests but seems to vary depending on the focus and mathematical

content tested (Baye & Monseur, 2016; Benbow, 1988; Stoet & Geary, 2013; Wu, 2010).
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Benbow and colleagues’ research, focused on the upper 3% of gifted US students, reports that

there are no sex differences in attitudes towards mathematics among talented populations

(Benbow, 1988). Across a multitude of studies of this population, the authors conclude that

biological factors, lower female self-confidence, sex-differentiated socialisation, and greater

male variability contribute to the overrepresentation of boys at the highest levels of

mathematical reasoning ability (Benbow, 1988). There is little evidence here that differences

in mathematics or science ability justify the underrepresentation of girls at increasingly higher

levels of mathematics after age 16. In mathematics and science at age 16, boys’ grades are not

significantly more variable than girls’ grades. The underrepresentation of girls in the highest

grades in mathematics is very small, and girls are equally represented across the highest levels

in science. The more substantial overrepresentation of girls in the upper grades in English and

larger female advantages in most non-STEM subjects would support accounts of female

abilities being more balanced or perhaps tilted towards non-STEM subjects (Valla & Ceci,

2014; Wang et al., 2013).

3.5.5 Strengths and Limitations

The use of the MCS cohort for longitudinal outcomes analysis has clear strengths; the

sample size is large, diverse, and spread across socioeconomic groups. While there has been

attrition between waves, and permission to access educational data is optional, the final sample

size remains large. However, selection biases may limit our ability to generalise these findings

to the wider population, as may our decision to exclude those cohort members attending

special educational settings, which may exclude some individuals with moderate to severe

intellectual disabilities. The resulting sample is almost equally split across the OECD family

income quintiles, so it is not unduly biased towards a particular family income group, but also

does not reflect the population’s income distribution. The sample has slightly higher rates of

cohort members from disadvantaged backgrounds than the national cohort: 34% were eligible

for free school meals in at least one of the three surveys vs. 27% of the national cohort were
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categorized as disadvantaged (Department for Education, 2018). The disadvantaged

categorisation identifies those pupils eligible for free school meals (FSM) at some point during

the prior six years of schooling, so it will exclude those receiving FSM before age ten but not

since. Our FSM indicator will reflect those who met the criteria at any time between the ages

of seven and fourteen. Therefore, some variation in the percentage of FSM in this sample

compared to the national cohort would be expected. However, this sample also has a higher

percentage of financially disadvantaged cohort members. Finally, as highlighted in Table 1, the

sample has more cohort members from UK ethnic minority groups. Despite these limitations,

the overall trends identified are mostly consistent with findings reported elsewhere, and results

at age sixteen do not substantially deviate from those of the representative sample who sat their

age 16 examinations in 2002 (Deary et al., 2007).

A further limitation is that all assessments at age 7 and the science and writing

assessments at age 11 are teacher-assessed. Our analyses in Table 3.2 (see also Appendix A,

Tables A.9-A.10) demonstrate that at age 7 teacher-assessed grades are less reliable than

standardised test grades. The teacher-assessed grades were systematically less granular than

test grades, reducing differentiation between students. However, there is also evidence that

they are less reliable at the upper and lower tails. Students are rarely assessed at the highest

available grades, and comparatively few are assessed at the lowest. For example, in reading at

age 11, 4.0% of students were assessed in the lowest grades through externally marked tests,

whereas in teacher-assessed writing, only 1.4% were assessed at the lowest grades. The

percentage of students assessed in the lowest grades in writing at age 11 is similar to the

percentage of students assessed at the lowest grades at age 7 in reading and writing, indicating

that this trend is independent of age group - substantially fewer students are assessed at the

lower grades by their teachers. Even fewer students were assessed at the lowest grades in

mathematics. However, it can be argued that other factors contribute to the difference at the

lower tails, such as standardised school test outcomes not reflecting performance and
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achievement in class. In supplementary analyses (see Appendix A, Tables A.9-A.10, pg.

150-151), we compared age 11 teacher-assessed grades and standardised school grades in

English and mathematics. Like the age 7 assessments, fewer students were observed at the tails

of the grade distribution in teacher-assessed grades, and more students were observed at the

tails in standardised school grades.

Finally, we highlight that attrition between survey waves, separate permission to access

educational records, and our exclusion of cohort members from non-mainstream educational

settings may have resulted in some portions of the distribution being over- or undersampled.

Selection biases may, therefore, limit the generalizability of age-based conclusions regarding

representation at the upper and lower tails. Similarly, the comparison of grades rather than test

scores limits the ability to differentiate at percentiles above that represented by the highest

achievement level. Upper grade boundaries may also be high, resulting in ceiling effects.

However, there is no evidence that this applies in the age 16 examinations; for example, there

is a 25% total marks gap above the grade 9 mathematics boundary and a 23% gap for English

(AQA Education, 2017). Despite these limitations, we highlight how the representation at the

tails changes over time. There is instability between age groups, particularly in STEM

subjects, but also at the lower tail in language domains. We conclude that the composition at

the upper and lower tails is unstable, and the group of students at the extremes can change

markedly over time in school grades.

3.6 Conclusion

Sex differences in school grades change with age, and they are subject-specific.

Interventions must, therefore, be targeted accordingly. Sex differences at the lower tail in

English are especially problematic and suggest a disproportionate number of boys leave school

with low literacy levels (4% of boys vs. 1% of girls). Focused attention is needed to ensure that

all students leaving mainstream education are able to read and write effectively. Interventions
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to improve boys’ achievement in language subjects must be broadly applied to reduce the size

of the language achievement gap that persists throughout compulsory education. Girls’ math

achievement at age 16, given prior achievement at age 11, is inconsistent with the expected

effects of expectancy-value beliefs and lower emotions in male-stereotyped subjects. Girls

achieve a greater share of upper grades, and boys the lower grades, in most subjects studied,

including male-stereotyped subjects such as science and chemistry, despite no sex differences

in science at age 11. More nuanced theoretical explanations are required to explain the general

pattern of girls’ and boys’ achievement in early to middle adolescence.
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4 Puberty and Age Associations with School Engagement.

4.1 Abstract

Previous work has identified puberty as a risk factor for academic underachievement. The

mechanisms through which puberty and achievement are linked are not well understood.

Building on two previous studies linking puberty to changes in achievement motivation and

school engagement, this study examined the longitudinal association between parent and

self-reported pubertal status with emotional and behavioural engagement and disengagement.

This secondary data analysis examined how changes in perceived pubertal maturation,

self-concepts, and educational expectations predicted school engagement for 5,617

Millennium Cohort Study cohort members (2,752 boys and 2,865 girls) between early and

middle adolescence. Previous results indicated that biological puberty was more strongly

associated with disengagement, especially in boys. We found that advanced perceived puberty

was associated with decreased behavioural engagement in boys and increased emotional and

behavioural disengagement in girls. High mathematics and language self-concepts were

protective against losses in behavioural and emotional engagement and, to a lesser extent,

against increases in behavioural and emotional disengagement. Higher educational

expectations were also protective. Correlational analyses indicated that behavioural

disengagement was more strongly associated with later achievement in mathematics and

language school grades. SEN and low-income-specific associations with school engagement

were also observed. For highly motivated individuals, small puberty associations may be

outweighed by high self-concepts and educational expectations. Perceived puberty

associations may indicate a socioemotional risk factor for students with low self-concepts,
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special educational needs (SEN) or from low-income backgrounds during adolescence.

4.2 Introduction

Sex differences in academic achievement change during the adolescent years (Voyer &

Voyer, 2014). Although girls continue to achieve higher grades on combined measures, such as

grade point average (GPA) and language subjects, they also achieve higher grades, on average,

in the sciences, despite no differences in primary school (Oakley et al., 2024; Voyer & Voyer,

2014). Voyer and Voyer’s (2014) meta-analysis reports a similar trend in mathematics as in

science. Our Study 1 results indicate a male advantage in mathematics at the end of primary

education, but no differences at age 16 (Oakley et al., 2024). Despite the varying findings for

primary school mathematics, the direction and magnitude of change in mathematics and

science are similar. Together, these reports suggest an increasing female advantage in

educational outcomes from the end of primary school to mid-secondary school. Currently, it is

unclear why this occurs, particularly in subjects such as mathematics and science where boys

typically are more confident, have more positive emotions, and achieve better results in

standardised tests of mathematics and science skills (Baye & Monseur, 2016; Frenzel et al.,

2007).

Girls are generally reported to be more engaged and conscientious learners, and these

attributes each predict higher achievement (De Fruyt et al., 2008; Lam et al., 2012; Poropat,

2009; Van Houtte, 2023). These sex differences in engagement and conscientiousness are

apparent throughout later childhood and into adulthood, although the differences between boys

and girls may reduce during middle adolescence (De Bolle et al., 2015; Lam et al., 2012; Soto

et al., 2011). Some evidence points to links between pubertal maturation and educational

outcomes, indicating that early-maturing girls and late-maturing boys are at risk of lower

achievement. Few studies have identified the mechanism(s) through which pubertal maturation

may influence educational achievement. This study builds on two recent reports linking
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puberty with achievement motivation and school engagement, using longitudinal panel study

data collected in early and mid-adolescence (Martin et al., 2017, 2022). This study examines

the longitudinal association between adolescent development and school engagement, asking

whether puberty and school engagement are related and whether this association differs

between boys and girls. Academic self-concepts and educational goals are theorised as

predecessors of school engagement. Therefore, this study asks how changes in mathematics

and language self-concept influence changes in school engagement. Finally, this study also

asks whether the association between puberty and school engagement contributes to the

widening female advantage observed during secondary education.

Early pubertal development in girls has been linked with academic underachievement and

fewer years in education (Gill et al., 2017; Mendle et al., 2007; Stattin & Magnusson, 1990).

Some researchers suggest that this may be due to a connection between maturation and

problem behaviour or psychosocial mechanisms linked to socioeconomic factors (Cavanagh

et al., 2007; Goering et al., 2023; Koivusilta & Rimpelä, 2004; Martin et al., 2017; Mendle

et al., 2007; Simmons & Blyth, 1987; Stattin & Magnusson, 1990). Early maturing girls report

less interest in academic subjects and are less likely to continue in education after compulsory

schooling ends (Cavanagh et al., 2007; Gill et al., 2017; Stattin & Magnusson, 1990).

However, the association between early maturation and low achievement is not consistently

found across studies (Dubas et al., 1991; Graber et al., 1997; Senia et al., 2018; Stattin &

Magnusson, 1990). Other studies have linked later maturation in girls with higher grades,

suggesting that this may be explained by late-maturing girls achieving higher results in spatial

reasoning tasks (Dubas et al., 1991; Suutela et al., 2022; Torvik et al., 2021). Koerselman and

Pekkarinen (2018) associated later puberty with the slower growth of cognitive skills in boys

and girls, but Paus et al. (2017) concluded that, in general, cognitive differences in boys and

girls matured but remained stable during adolescence. While there is some disagreement

between some studies for girls, most point to lower achievement for early maturing girls.
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There is less evidence for boys and less agreement between studies.

The relationship between male puberty and achievement is not as well documented, partly

due to measurement difficulties; the current evidence is inconclusive (Goering et al., 2023;

Mendle & Ferrero, 2012; Suutela et al., 2022; Torvik et al., 2021). Some studies find that

late-maturing boys are at risk of underachievement (Dubas et al., 1991; Koivusilta & Rimpelä,

2004; Mendle & Ferrero, 2012; Torvik et al., 2021). In contrast, other research finds no

association (Graber et al., 2004; Graber et al., 1997; Senia et al., 2018; Simmons & Blyth,

1987; Suutela et al., 2022) or reports lower achievement among early and late maturing boys

(Goering et al., 2023). While the findings linking advanced puberty and achievement are

somewhat mixed for boys, and girls to a lesser extent, there is substantial evidence linking

early puberty to adverse outcomes that include substance use, psychological distress, and

delinquency (Ge et al., 1996, 2001; Goering & Mrug, 2022; Mendle & Ferrero, 2012; Mendle

et al., 2007; Senia et al., 2018), which may be exacerbated for those with pre-existing problems

before reaching puberty (Caspi & Moffitt, 1991; Torvik et al., 2021). Many of these negative

outcomes are themselves associated with poor educational achievement (e.g., Bugbee et al.,

2019; Gottfried, 2009; Hoffmann, 2020; van Tetering et al., 2022), therefore it is likely that the

association between puberty and academic achievement may be indirect rather than direct.

Few studies have attempted to explain why puberty and school achievement may be

related more generally, beyond the explanations offered by puberty links to poor mental health,

substance use, and problem behaviours. Puberty is one aspect of the physical maturation

process that takes place during adolescence, which is itself a set of interrelated and interacting

processes encompassing physical, cognitive, and socioemotional change (Peper & Dahl, 2013;

Sisk & Foster, 2004). Adolescence is an important, adaptive developmental period during

which changes in social behaviour and developing self-identity influence decision-making and

self-appraisals (Crone & Dahl, 2012). Adolescents are especially oriented towards their peers

and influenced by others’ perceptions of them. Adolescence is also an important period of
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brain reorganisation that does not complete until several years into adulthood. During this

period, reward regions of the brain are more highly activated, while cognitive control systems

develop linearly with age (Crone & Dahl, 2012; Spear, 2000; Spear, 2013). Dual systems

theories of adolescence highlight a gap between the development of cognitive control systems

and a tendency toward increased sensation seeking - the tendency to seek out and take risks to

try new experiences - during early to mid-adolescence (Shulman et al., 2014; Shulman et al.,

2016; Steinberg et al., 2018; Zuckerman, 1994). As a result, early maturers are at an increased

risk of engaging in risky behaviours, with risky behaviours more likely to take place in the

presence of peers.

While dual systems theories explain a propensity towards risky behaviour during

adolescence, they do not account for processes related to self-identity development - an

important task of adolescence - and how these may influence and motivate behaviour (Klimstra

et al., 2010; Pfeifer & Berkman, 2018). Pfeifer and Berkman (2018) propose that, in addition

to the developmental changes resulting in increased sensitivity to rewards and the social

context, evolving self-identity also drives motivated behaviour. Pfeifer and Berkman (2018)

describes adolescent decision-making as taking a value-based approach, in which gains and

costs are weighed to make choices, whereby behaviours related to self-identity are more highly

valued (Identity-Value Model: Berkman et al., 2017). Pfeifer and Berkman (2018) illustrates

this mechanism using the example of an adolescent with a strong academic identity, who may

increase the value of studying, vs. the adolescent who more highly values their peer group

identity, who may increase the value of socialising when making decisions. Supporting this

proposal, self-referencing information is remembered more accurately than other information

due to increased encoding of information related to the self in memory during adolescence.

Further, neural activity associated with social self-evaluations may increase with both age and

perceived puberty status (Dégeilh et al., 2015; Pfeifer et al., 2013).

Recent evidence finds that advanced puberty is associated with lower achievement
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motivation and higher school disengagement (Martin et al., 2017, 2022). In addition, Martin

et al. (2017) reported that the link between puberty and academic achievement was indirect via

achievement motivation (academic self-efficacy and valuing). Educational achievement

motivation is an important predecessor to school engagement, as described by the self-system

model of motivational development (Green et al., 2012; Schnitzler et al., 2021; Skinner, 2023;

Skinner et al., 2008, 2009; Veiga et al., 2015). The self-systems model emphasises that school

engagement, which directly predicts educational outcomes, results from a set of perceptions

and cognitions about the self, which are formed through socialisation processes (Skinner et al.,

2008, 2009). These self-appraisals include evaluations of competency (self-concepts), school

connectedness, perceptions of autonomy, valuing of school, and educational or career

aspirations/goals (Green et al., 2012; Skinner & Raine, 2022; Skinner et al., 2008, 2009).

During adolescence, self-appraisals are influenced by increased social and peer awareness

(Huguet et al., 2009; Jansen et al., 2022; Marsh et al., 2005; van Tetering et al., 2020).

Emotions and behaviours are, therefore, influenced during adolescence as a result of

socioemotional changes, maturing self-identity and self-appraisals, heightened sensitivity to

rewards, and the heightened risk-taking behaviours (Crone & Dahl, 2012; Galván, 2013;

Mendle, 2014; Nelson et al., 2016; Pfeifer & Berkman, 2018; Shulman et al., 2016).

Neuroscience evidence has linked perceived puberty status with social self-evaluation-related

neural activity, and hormone levels with increased neural activity when envisaging social

emotion-inducing scenarios (Klapwijk et al., 2013; Pfeifer et al., 2013). Given this evidence, it

is plausible that socially-influenced self-appraisals, which include self-concepts, educational

goals, and perceptions of school connectedness and autonomy, may each be predicted by

puberty in addition to age, leading to direct and indirect associations between puberty and

school engagement (Marsh et al., 2005; Skinner & Raine, 2022; van Tetering et al., 2020).

From the current literature, we know that school engagement declines with age,

particularly close to school transitions in early adolescence (Wang et al., 2015). According to
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stage environment fit theory, closely related to the self-system model of motivational

development, this decline is due to a mismatch between a student’s developing needs and

reduced opportunities to support these needs within the school environment (Eccles & Roeser,

2013; Eccles et al., 1993; Reeve, 2012; Skinner et al., 2009). Adolescents’ increasing need for

autonomy, involvement in decision-making, orientation toward their peers (and away from the

home environment), and ongoing self-identity development often conflict with the increasing

emphasis on academic performance. How students perceive their interactions with teachers

and other students and their ability to succeed provides adolescents with insight into how

connected, accepted, competent, and autonomous they perceive themselves to be in the school

setting. In combination with a school environment featuring fewer individualistic teaching

practices, opportunities for autonomy, and more interactions with more teachers who know

students less well, these self-appraisals lead to patterns of engagement or disengagement

(Eccles et al., 1993; Reeve, 2012; Skinner et al., 2008, 2009).

Originally conceptualised as three dimensions - behavioural, emotional, and cognitive -

the structure of school engagement remains under discussion in the literature. In the original

conceptualisation, school engagement encompassed a student’s active participation in learning

or related activities and reflected their emotions toward school (Fredricks et al., 2004). Since

then, agentic and social dimensions have been added, and emotional engagement has been

critiqued (Eccles & Wang, 2012; Fredricks et al., 2004; Pekrun & Linnenbrink-Garcia, 2012;

Reeve, 2012; Wang et al., 2011, 2017). Behavioural engagement refers to participation in

school-based learning and activities, and emotional engagement refers to positive and negative

emotions related to school, teachers, and peers (Fredricks et al., 2004). Cognitive engagement

is defined as the willingness to invest time and effort to understand or master concepts or skills

(Fredricks et al., 2004). Agentic engagement measures an individual’s contribution to their

learning, while social engagement assesses social behaviours and participation within and

outside the classroom (Reeve, 2012; Wang et al., 2017). More recent theoretical perspectives
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separate emotional responses from the core tenets of school engagement, as they represent

emotional reactions to experiences rather than the action of being invested and engaged at

school, and are therefore motivational (Eccles & Wang, 2012; Pekrun & Linnenbrink-Garcia,

2012). Others have argued that the emotional evaluations of school encompassed within

emotional engagement should be retained, as they represent a level of investment in school

(Symonds & Hargreaves, 2016).

More recent work has concluded that engagement and disengagement are different

constructs within each dimension of school engagement (Fredricks et al., 2019; Skinner et al.,

2008, 2009; Wang et al., 2017). Despite this, it is less common to find engagement and

disengagement measured as different constructs in the literature, except for work that

dichotomises school engagement/disengagement without distinguishing between dimensions

(e.g., Martin et al., 2022). Most studies examine engagement/disengagement on a single

continuum with lower engagement scores indicating disengagement (Fredricks et al., 2019;

Wang & Degol, 2014). Engagement, defined as active, sustained, and directed action toward

learning, is associated with higher achievement and better psychological adjustment.

Conversely, disengagement, described as a withdrawal from learning, is linked with truancy,

problem behaviour, and dropping out of education (Li & Lerner, 2011; Skinner et al., 2009;

Wang & Peck, 2013). When engagement and disengagement are examined as separate

constructs, engagement is more strongly associated with achievement than disengagement

(Wang et al., 2017). However, few studies have examined changes in school engagement

during secondary education after the initial transition from primary school (Fredricks et al.,

2019).

There is some discussion on the relative importance of each dimension of school

engagement to school achievement. Behavioural engagement is reported to be more strongly

associated with achievement in secondary education than emotional engagement, despite

larger declines in emotional engagement during adolescence (Wang et al., 2011; Wong et al.,
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2024). The relative importance of each dimension may also change depending on the age of

the students, but there is less evidence in primary age samples (Bae & DeBusk-Lane, 2019).

There are also group differences in behavioural and emotional engagement between girls and

boys, ethnic groups, high and low income groups and students with identified special

educational needs (SEN) (O’Donnell & Reschly, 2020; Tomaszewski et al., 2020; Wang et al.,

2011). The relative importance of each dimension also differs between Eastern and Western

samples (Lei et al., 2018; Wang & Peck, 2013). Profiles and trajectories of school engagement

can vary between individuals, while school engagement and educational achievement are

reciprocally related (Chase et al., 2014; Li & Lerner, 2011).

4.2.1 Present Study

This study builds on prior work that associated adolescent development with changes in

achievement motivation and school engagement (Martin et al., 2017, 2022). By examining

how parent and self-reported pubertal development influences school engagement during early

to middle adolescence, this study aims to clarify the association between perceived puberty

and school engagement. As prior work has reported different associations between puberty

measures and school achievement, motivation and engagement, the puberty-school

engagement associations are examined separately for girls and boys (Martin et al., 2017,

2022). Using the self-systems model of motivational development as a theoretical foundation,

we examine the influence of self-appraisals on school engagement, here in the form of

self-concepts at ages 11 and 14 and educational expectations at age 14.

Prior research has demonstrated that self-concepts can explain additional variance, beyond

motivational factors, in predicting school engagement (Green et al., 2012). Sex differences in

mathematics and language self-concepts are established within the literature, with girls

reporting higher language self-concepts and boys reporting higher mathematics self-concepts

(Huang, 2013). Associations between self-concepts and achievement are gender invariant, and
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self-concepts are influenced by prior achievement (Huang, 2011; Kriegbaum et al., 2018). A

student’s educational expectations, as opposed to educational aspirations, represent an assessed

likelihood of achieving an educational goal or outcome (Pinquart & Ebeling, 2020).

Educational expectations are influenced by self-concepts of ability and their parents’

expectations of them (Buchmann et al., 2022). Educational expectations are sometimes

reported to differ between boys and girls - SEN status and parental occupations can contribute

to these differences (Dockery et al., 2022; Koshy et al., 2019; Ortiz-Gervasi, 2020; Rampino &

Taylor, 2013). To date, the literature is divided on whether educational expectations are more

influential for boys or girls (Flouri & Hawkes, 2008; Pinquart & Ebeling, 2020; Zhang et al.,

2011). Parental educational expectations influence their child’s educational expectations, can

tend towards being slightly higher than their child’s educational expectations, and are more

strongly associated in families from higher socioeconomic groups (Pinquart & Ebeling, 2020).

Parents from lower socioeconomic groups often report lower educational expectations of their

children (e.g., Pingault et al., 2015). This study examines the expectation of going to

university in the future, which will be a motivational factor for some, but not all, students. For

other students, it will represent a discarded option due to lower self-appraisal of the ability to

succeed or due to social or financial barriers (e.g., Fagence & Hansom, 2018).

As there is limited evidence to date linking school engagement with pubertal maturation,

this study tests the association between perceived puberty and school engagement against the

prior findings for puberty hormones, hypothesising that similar results will be found while

bearing in mind that perceived puberty and biological puberty measures (e.g., hormone levels)

may elicit different results (Martin et al., 2017, 2022; Torvik et al., 2021). The survey

measures used in the MCS also predate much of the debate on the structure and composition of

school engagement. Necessarily, the study continues with the original conceptualisation of

school engagement, bearing in mind that engagement and disengagement are more recently

examined as separate constructs (Fredricks et al., 2004, 2019; Wang et al., 2017). This study,
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therefore, examines the influence of pubertal development on behavioural and emotional

engagement and disengagement between ages 11 and 14 years old, hypothesising that:

H1. Perceived puberty is associated with greater decreases in engagement and greater

increases in disengagement, over and above the association with age.

H2. Perceived puberty status is a stronger predictor of school disengagement than

engagement.

H3. There will be a stronger association between puberty and school disengagement for

boys than for girls.

H4. Higher mathematics and language self-concepts, as well as educational

expectations, will positively influence school engagement and disengagement.

H5. School engagement will be negatively associated with a student’s SEN status and

positively predicted by higher income, parental educational level, and prior academic

achievement.

4.3 Methods

This study uses data collected in two survey waves of the Millennium Cohort Study

(MCS) combined with linked data from the National Pupil Database (NPD: Department for

Education, 2021). The NPD contains detailed information on the school achievement of all

pupils in England, Wales and Northern Ireland throughout their formal education. The extract

used here is for students educated in England only (Department for Education, 2021). The

MCS data analysed here is survey data collected at eleven years old (Age 11, MCS5: UCL

Centre for Longitudinal Studies, 2021a) and fourteen years old (Age 14, MCS6: UCL Centre

for Longitudinal Studies, 2021b), referred to as the Age 11 and Age 14 waves for the

remainder of this paper.
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Data files from the Age 11 and 14 MCS survey waves were merged to produce a single,

wide-format row per cohort member for each age group: Age 11 and Age 14. Similarly,

NPD-linked data files were merged to create a long-format data set with one row for each

cohort member, subject and assessment type (Key Stage 2 - Age 11, GCSE - Age 16). Finally,

survey and educational data were merged, matching Age 11 achievement with Age 11 survey

data and combining Age 14 survey data with Age 16 educational outcomes data. Chapter 2

describes each dataset further and provides details of the data merging and cleaning processes

that took place prior to commencing data analysis.

Data cleaning, transformation, and analyses were performed using R version 4.3.6 with

RStudio 2024.04.1 for Windows (R Core Team, 2021).

4.3.1 Participants

The sample consisted of 5,617 members of the Millennium cohort study (2,752 male,

2,865 female). As intended in the survey design, the sample is more ethnically diverse than the

UK population was when the cohort members were born, as reported in Chapter 3 (Table 3.1).

Due to a combination of the sampling age of the cohort members and the logistics of the

survey, the cohort member age range when interviewed varied by up to 22 months (Age 11: M

= 11.2, SD = 0.33; Age 14: M = 14.3, SD = 0.34). Similarly, parent-reported school year

(grade) also varied. Most cohort members were in school year 6 (n = 5,446, Age 11 wave) or

year 9 (n = 5036, Age 14 wave) when surveyed however some cohort members were in years 7

(n = 137) at the time of the Age 11 wave and year 10 (n = 518) when surveyed for the Age 14

wave. Age was centred at ten years old for the analyses.

4.3.2 Measures

Puberty Score. Pubertal development was reported by the parents of cohort members in

the Age 11 wave and by the cohort members in the Age 14 wave, using the Pubertal

Development Scale (PDS: Carskadon & Acebo, 1993; Petersen et al., 1988). The scale
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Table 4.1

Distribution of Puberty Stage by Sex for each Survey Wave

Wave Sex Pre Early Mid Late Post NR

Age 11 M 1647 (59.8%) 599 (21.8%) 381 (13.8%) 20(0.7%) 105 (3.8%)
F 458 (16.0%) 481 (16.8%) 1469 (51.3%) 288 (10.1%) 169 (5.9%)

Age 14 M 27 (1.0%) 230 (8.4%) 1440 (52.3%) 900 (32.7%) 20 (0.7%) 135 (4.9%)
F 12 (0.4%) 13 (0.5%) 244 (8.5%) 2261 (79.9%) 219 (7.6%) 116 (4.0%)

Note. Each individual’s puberty stage was calculated as described in Petersen et al. (1988). Individuals are
categorised as pre-pubertal, early pubertal, mid-pubertal, late pubertal, or post-pubertal. NR = nil response,
or categorisation could not be calculated from the responses given.

consists of five items, which differ for boys and girls. Three items are common to boys’ and

girls’ pubertal development: pubic hair, skin changes, and the growth spurt. The remaining

two items are sex-specific: facial hair and voice change for boys, breast growth and the start of

menstruation for girls. In the Age 11 survey, parents were asked whether these features had

started to change, with responses recorded using a 1-3 ordinal scale (1 - not started, 2 - barely

started, 3 - definitely started). Cohort members were asked for their responses using a 1-4

ordinal scale in the Age 14 survey (1 - not yet begun, 2 - barely started, 3 - definitely started, 4

- changes seem completed). For girls, menstruation is reported as a yes / no question (No = 1,

Yes = 4). The puberty (PDS) score was calculated by averaging the responses to the items. The

original PDS scale was reported to have good reliability (parent: α = 0.68 - 0.78; student: α =

0.67 - 0.70 Carskadon & Acebo, 1993) and has been evaluated as a valid measure of physical

development when more objective measures are unavailable, that correlates with hormone

levels (Brooks-Gunn et al., 1987; Schmitz et al., 2004; Shirtcliff et al., 2009). Large mean sex

differences in pubertal status were reported in each survey wave, with boys’ pubertal status

being less variable in the Age 11 survey and more variable in the Age 14 survey, when

compared to girls (Age 11: boys’ M = 1.45, SD = 0.42, girls’ M = 1.93, SD = 0.64; Age 14:

boys’ M = 2.56, SD = 0.53, girls’ M = 3.09, SD = 0.45). For an alternate comparison, the

distribution by puberty stage is provided in table 4.1. Each cohort member’s puberty stage was

calculated as described by Carskadon and Acebo (1993) using the method originally proposed
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by Crockett (1988). These categories were not used in the analyses. The use of continuous

measures of pubertal status is preferred, as statistical models can more accurately capture

individual differences in (perceptions of) maturation tempo over time (Mendle & Koch, 2019).

Their calculation is described in Appendix D, Section C.1.

Table 4.2

School Engagement Measures following Confirmatory Factor
Analysis

Measure
How much do you? Dimension

Try your best at school Behavioural engagement
Misbehave in class Behavioural disengagement
Find school interesting Emotional engagement
Feel school is a waste of time Emotional disengagement
Feel unhappy at school Emotional disengagement
Feel tired at school Emotional disengagement

Note. Factor dimensions were identified using Wang et al. (2017).

School Engagement. Six measures of school engagement were available across the two

MCS waves. The set of questions did not match a complete published scale. The school

engagement questions were compared to published school engagement scales to identify

which school engagement dimensions were measured (see Table 4.2). From comparing the

MCS questions to those used in other studies, it was evident that not all dimensions were

measured and that three of the six questions measured emotional disengagement. With the aim

of avoiding the use of single-item measures, confirmatory factor analysis (CFA) was used to

clarify how best to structure the school engagement measures in the analyses. The CFA is

described further in Appendix C, Section C.1. As the CFA results indicated that the measures

could not be combined reliably into either a dual-factor model representing behavioural and

emotional dimensions, or engagement and disengagement, the six measures were therefore

retained. Behavioural engagement, behavioural disengagement, and emotional engagement
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were operationalised as single-item measures. Emotional disengagement was operationalised

as three items, which were analysed as correlated, multivariate outcomes in the analyses.

Cohort members were asked to respond to each question using an ordinal 1-4 scale: 1 - All of

the time, 2 - Most of the time, 3 - Some of the time, 4 - Never. The measures were reversed so

that a higher numeric value indicated higher engagement or disengagement. Descriptive

statistics for the six school engagement measures are provided in Table 4.3.

Table 4.3

Descriptive Statistics for Boys and Girls: School Engagement.

Measure Wave Sex n M SD

Emotional Engagement 11 M 2752 2.78 0.68
F 2865 2.93 0.66

14 M 2752 2.50 0.67
F 2865 2.47 0.67

Emotional Disengagement:
Tired at School

11 M 2752 2.07 0.79
F 2865 1.97 0.72

14 M 2752 2.33 0.78
F 2865 2.55 0.82

Emotional Disengagement:
Unhappy at School

11 M 2752 1.81 0.65
F 2865 1.76 0.63

14 M 2752 1.72 0.68
F 2865 1.90 0.73

Emotional Disengagement:
Waste of Time

11 M 2752 1.69 0.81
F 2865 1.41 0.66

14 M 2751 1.75 0.77
F 2865 1.76 0.79

Behavioural Engagement 11 M 2752 3.47 0.59
F 2865 3.63 0.53

14 M 2752 3.17 0.59
F 2865 3.28 0.62

Behavioural Disengagement 11 M 2752 1.66 0.63
F 2862 1.34 0.52

14 M 2688 1.69 0.62
F 2867 1.54 0.63

Note. Responses were recorded using an ordinal 1-4 scale.
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Academic Self-Concept. At ages 11 and 14, cohort members were asked to rate their

ability (“I am good at”) in mathematics and language (English) using a 1-4 Likert-type scale: 1

- Strongly disagree, 2 - Disagree, 3 - Agree, 4 - Strongly agree.

Educational expectations. In the age 11 survey, parents of cohort members were asked

to indicate the likelihood that their child will attend university in the future. The answers were

given on an ordinal scale (1 - 4): 1 - Very likely, 2 - Fairly likely, 3 - Not very likely, and 4 -

Not at all likely. The parental response was reverse-coded. In the age 14 survey, the cohort

members indicated how likely they were to attend university in the future as a percentage. The

cohort member percentage likelihood was converted to a 1-4 scale for consistency between

measures - responses were divided by 331
3
, adding 1 to each resulting score.

Descriptive statistics for academic self-concepts and educational expectations are provided

in Table 4.6.

Covariates. As sex, socioeconomic, and SEN status group differences in school

engagement, self-concepts, and educational expectations have been reported, and achievement

and self-concepts are reciprocally related, this study examines the influence of these variables -

with family income and parental educational qualifications representing socioeconomic status -

on changes in school engagement over time (Huang, 2011; Martin et al., 2017).

Prior Achievement. Prior achievement was calculated as the average of mathematics and

language (English) fine grades in national, standardised curriculum tests taken at the end of

primary education (boys’ M = 4.86, SD = 0.68, girls’ M = 4.89, SD = 0.64, d = 0.05[0.00,

0.10]). Raw test scores were standardised (M = 100, SD = 10). From these standardised scores,

grade boundaries are set (range 0 - 6). For those scores within the boundaries of grades 3, 4, or

5, a fine grade is calculated as the grade plus a proportion of the standardised score within the
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upper the lower grade boundaries. For scores at grade 2 or below, teacher-assessed grades are

used to set the fine grade. If the teacher-assessed grade is greater than 2, then the fine grade is

calculated as grade 3 less a proportion of the standardised score within the upper and lower

grade 3 boundaries. Further details of this calculation can be accessed in the UK’s Digital

Education Resource Archive (Department for Education, 2016).

Table 4.4

Sample Distribution by Parent Educational Qualifications

NVQ Level n Proportion Description

1 158 2.8% 3-4 GCSE grades D-G
2 893 15.9% 4-5 GCSE grades A*-C
3 648 11.5% 2 A Levels
4 1972 35.1% 3+ A Levels, BTEC, Higher Educational Certificate
5 862 15.3% Foundation Degree or higher

1084 19.3% Not provided or other overseas qualification

Parent Educational Qualifications. Parental educational qualifications were provided

for both the main and partner-parent; therefore, the highest of these was calculated. The main

parent, who was usually the mother of the cohort member, was the parent who completed two

detailed surveys on their personal and family circumstances and a survey about the cohort

member in each MCS wave. The partner parent completed a shorter survey that was limited to

their personal circumstances, although often the partner parent survey was completed by the

main parent by proxy. Parental qualifications were derived from detailed parent responses in

the parent interviews and categorised by derived national vocational qualification (NVQ) levels

1 - 5, where 5 is the highest level. Parent responses of "none of these" and overseas

qualifications that could not be matched back to an NVQ equivalent level were coded

separately, but not used in these analyses.
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Table 4.5

Sample Distribution by Disposable Family Income

OECD UK Quintile n Proportion of Sample

1 969 17.3%
2 984 17.5%
3 1107 19.7%
4 1257 22.4%
5 1282 22.8%

18 0.3%

Family Income. Detailed family income data was reported by the main parent in each

survey wave, from which the data owner calculated a derived OECD UK Income Quintile

(ordinal 1-5, where 5 is the highest) for each family for each wave. The calculation was

adjusted for the number of family members supported by the total family income. There was a

statistically significant, but negligible, improvement in family disposable income between

survey waves (MCS5: M = 3.16, SD = 0.66; MCS6: M = 3.24, SD = 0.66, d = 0.06[0.02,

0.09]). Despite MCS oversampling from lower socioeconomic geographic areas, due to

attrition between waves and separate parental permission required to access and match

educational records, the resulting sample has slightly more cohort members from the upper

two income quartiles (see Table 4.5.

Special Educational Needs. These data include a relatively high proportion of students

with identified special educational needs being taught in mainstream education (boys: 30.4%,

n = 836; girls: 18.2%, n = 520), when compared to national statistics for the population sample

(14.1% Department for Education, 2018). Due to this oversampling of SEN students and that

SEN students are at risk of underachievement, we control for SEN status in these analyses and

report how SEN status is associated with school engagement and achievement.



Chapter 4. Puberty and Age Associations with School Engagement. 121

Age 16 Achievement Mathematics and language achievement in national, standardised,

school achievement tests in which students were graded on a 1 - 9 scale, where 9 is the highest

grade.

Table 4.6

Descriptive Statistics for Boys and Girls: Mathematics and
Language Self-Concepts and Educational Expectations.

Measure Wave Sex n M SD

Language Self-Concept 11 M 2680 3.05 0.68
F 2815 3.20 0.67

14 M 2691 2.97 0.71
F 2823 3.07 0.69

Mathematics Self-Concept 11 M 2674 3.44 0.68
F 2812 3.17 0.76

14 M 2689 3.16 0.76
F 2823 2.90 0.79

Educational Expectations 11 M 2791 3.05 0.85
F 2814 3.21 0.79

14 M 2566 2.97 0.86
F 2892 3.18 0.81

Note. Self-concepts were reported using an ordinal 1-4 scale. Ed-
ucational expectations are reported by the cohort member’s parent
in the Age 11 wave and by the cohort member in the Age 14 wave.
Parents reported educational expectations of their child on an ordi-
nal 1-4 scale. Cohort members reported educational expectations
as a percentage likelihood, which was rescaled as described in the
educational expectations paragraph. The rescaled value is reported
here.

4.3.3 Analyses

Confirmatory factor analyses preceded the main analyses to clarify the factor structure of

the available school engagement measures. These initial analyses were implemented using the

lavaan R package and are described further in Appendix C, Section C.1 (Rosseel, 2012).

The main analyses consisted of three univariate and one multivariate, multilevel ordinal

logistic growth models implemented under the Bayesian framework, clustered by individuals.
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The models implemented were based on multilevel linear growth models implemented using

the nlme R package as outlined by Grimm et al. (2016), but constructed instead using the brms

R package (Bürkner, 2017; Bürkner & Vuorre, 2019). The multivariate outcome was fit using a

Bayesian item response theory (IRT) growth model (Bürkner, 2021; Kurz, 2021). Growth

modelling refers to statistical methods that aim to separate between and within-person change

over time (Curran et al., 2010; Grimm et al., 2016). Individuals may have different trajectories;

trajectories may be flat (no change over time), or systematically increasing or decreasing.

There are two main approaches to fitting growth models to data: using a multilevel framework,

as implemented here, or using structural equation modelling (Curran et al., 2010; Duncan

et al., 2013; Grimm et al., 2016; McArdle & Epstein, 1987). The SEM package in R allows for

fitting of growth models, but assumes that time points between surveys are equally spaced

(Rosseel, 2012). This option is available in Mplus, as an alternative to lavaan in R. However,

Mplus is not currently available in the secure environment where these analyses were

implemented (Muthén & Muthén, 1998). As the constraint for equal time points between

survey waves is not met in these data, a multilevel approach is appropriate. The choice to take

a Bayesian approach through using the brms R package was made for pragmatic reasons. The

brms package allows for a wide variation of models to be specified using the same framework,

given the ordinal measures of school engagement with skewed response distributions

(Bürkner, 2017, 2018, 2021; Bürkner & Vuorre, 2019). Multiple packages with different

constraints would need to have been used to implement the multivariate and univariate ordinal

regressions reported here under the frequentist framework within R. The Bayesian priors used

in the analyses are described in Appendix D, Section D.2.

After clarifying puberty and age associations in unconditional models (see Appendix D,

Section D.3), this study examines puberty and age associations with each measure of school

engagement using two multilevel, longitudinal regression models. Model 1 examined the

influence of puberty and age on school engagement when controlling for time-invariant SEN
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status, parental educational qualifications, and prior achievement, alongside time-varying

family income. Model 2 examined how time-varying mathematics and language self-concepts

and educational expectations were associated with the trajectories of school engagement from

early to middle adolescence.

Separate models were implemented for boys and girls to examine whether the associations

between puberty and school engagement measures differed between the sexes. There is a

relatively small fraction of missingness (λ) among the variables used here across the two

waves, which was lowest for the school engagement and achievement motivation variables

(λ ≤ 0.01) but was slightly higher for the puberty variables (λ ≤ 0.03). As shown in Table 4.4,

there was a substantial proportion of missingness in the parental qualifications variable (λ ≤

0.1). Imputed datasets were created using two-level multivariate imputation by chained

equations (MICE) r package, with m = 10 iterations for the univariate models (mice:

van Buuren & Groothhuis-Oudshoorn, 2011). The number of iterations needed to optimise

both point estimates and standard errors has been discussed in the methodological literature.

Previously, a common guideline was that m = 2 - 10 imputed datasets should be sufficient to

optimise point estimates, although m may need to be increased when λ is very large (Bodner,

2008; von Hippel, 2020). Since then, Bodner (2008) examined how increasing λ influenced

imputation variability - variance in confidence intervals half widths between independent

imputed datasets - reporting that increasing m could counteract this effect. Bodner (2008)

proposed a linear rule to calculate how many imputations would be required. Using the

reported table specifying numbers of imputations required given a max λ = 0.1 among these

data items, then the recommendation from this work is that m = 6 - 9 imputations should be

sufficient (Table 4: Bodner, 2008). More recently, von Hippel (2020) countered that a

quadratic rule is more appropriate, so that at λ ≤ 0.5, the linear equation overestimates m,

whereas at λ ≥ 0.5, the linear equation underestimates m. Given the low level of missingness

in these data (λ < 0.1 for all data items), m = 10 should be more than sufficient to ensure both



124 Chapter 4. Puberty and Age Associations with School Engagement.

point estimates and standard errors are optimised.

The male and female data were imputed separately, and the puberty development score

was calculated after imputation. The MICE procedure imputes m versions of each missing data

item based on the observed values for the individual and other participants in the dataset (Azur

et al., 2011). Standard errors among the imputations will be smaller in samples where the

observed data are strongly correlated with the missing values (Greenland & Finkle, 1995).

While procedures can be used to prevent imputation of missing data where the data are not

appropriate in some circumstances (for example, some puberty measures are sex-specific), as

the literature predicts some sex-specific associations between some of the variables of interest

(Martin et al., 2022), and the intention to analyse girls and boys data separately to examine

sex-specific associations, the choice was made to impute boys and girls data separately.

An IRT model was used to analyse the predictors of emotional disengagement (Bürkner,

2021). These multivariate models required the data to be in a three-level structure, as the three

emotional disengagement items are nested within each survey wave. Due to the higher

computational processing cost for both the imputation and running the subsequent models, m =

5 iterations were imputed for the emotional disengagement imputed dataset using the ml.lmer

extension to the mice package, enabling three-level imputation (miceadds: Robitzsch &

Grund, 2022). As Bodner (2008) suggested m = 6 - 9 imputations for λ ≤ 0.1, and von Hippel

(2020) concluded that this was an overestimate, m = 5 imputations appears to be a reasonable

compromise given the large increase in computing cost when running three-level Bayesian

growth models on large datasets. Three-level emotional disengagement imputations were

successfully carried out and tested for the boys. However, a technical issue arose before the

imputations could be generated for girls, and subsequent attempts to impute the female data for

emotional disengagement or repeat the imputation of the male data proved unsuccessful. The

results reported below are, therefore, from the imputed datasets for emotional engagement,

behavioural engagement, and behavioural disengagement, as well as the missing data dataset



Chapter 4. Puberty and Age Associations with School Engagement. 125

for emotional disengagement. The results from the datasets with missing data to coincide with

the imputed alternatives are reported in Appendix D, Tables D.7-D.8.

Parental educational qualifications did not converge in the imputed models. As parental

qualifications did not make a significant contribution to behavioural engagement, behavioural

disengagement and emotional disengagement in the analyses with missing data, parental

qualifications were excluded from the imputed models, and the models were re-run. Parental

educational qualifications were a significant predictor of emotional engagement for girls only

in the covariates-only model. However, the cohort members’ parents’ educational level was no

longer a significant predictor in Model 2, which included educational expectations and

domain-specific self-concepts. This may simply reflect the positive relation between parents’

level of education and their income, and as such, parental educational level was less influential

(Erola et al., 2016). Full results that include parental educational expectations are reported in

the main text and Table C.4 for emotional disengagement, and in Appendix C, Tables D.7-D.8

for the remaining school engagement variables.

The Bayesian leave-one-out cross-validation (LOO) estimate of the log point-wise

predictive density (ELPD) and pareto-smoothed importance sampling (PSIS) criteria are used

for model fit assessment and comparison, as these assessments are more robust when priors are

weak or in the case of influential observations (Vehtari et al., 2017). ELPD differences

between models of less than 4 are considered small, and therefore, model predictions similar

(McLatchie & Vehtari, 2023; Sivula et al., 2020). When ELPD differences between models are

greater than 4, then the difference is compared to the standard error of the ELPD difference,

which is assessed using pseudo-BMA (Bayesian Model Averaging) weights of the ELPD of

each model (McLatchie & Vehtari, 2023). The ELPD difference 95% confidence interval is

calculated to indicate the range of values for the difference between the ELPD value of each

model (Sivula et al., 2020).
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The Sequential Effect eXistence and sIgnificance Testing (SEXIT) guidelines are followed

for describing Bayesian statistical results (Makowski et al., 2019). The SEXIT framework

describes three criteria for evaluating regression model results. The medians of the posterior

distributions of each fitted model were examined to understand the contribution of each

predictor. A 95% HDPI (highest density probability interval) was calculated for each predictor,

indicating the smallest interval in which there is a 95% probability that the population

coefficient falls within this interval; therefore, it is a measure of uncertainty of an effect’s true

value. The probability of direction (pd) and significance are used to assess whether an effect is

of sufficient size to be considered further, i.e., the effect is not negligible (Makowski et al.,

2019). Ranging from 50 - 100%, the pd indicates the certainty of the direction of an effect as

the proportion of the distribution that is in the same direction as the median. Significance

indicates the probability that an effect is greater than the threshold of 0.05, below which an

effect is considered negligible. Heuristics for the probability of direction are not yet fully

evidenced. Therefore, the suggested 95%, 97%, and 99% reference points are used here

(Makowski et al., 2019). As curvilinear associations with ordinal categorical predictor

variables are automatically reported, to simplify results tables, curvilinear associations are

only reported where they represent a non-negligible contribution to the outcome in at least one

of the models for either boys or girls, as far as practical. The convergence and stability of

Bayesian sampling were evaluated using R̂, which should be less than 1.01, and effective

sample size (ESS), which should be greater than 1000 (Bürkner, 2017; Vehtari et al., 2021).

Post hoc conditional/marginal effects were calculated and plotted to visualise and compare the

associations of puberty and age on school engagement (see Figures 4.1 and 4.2) and the

associations of mathematics and language self-concepts, and educational expectations, on

school engagement (see Figures 4.3 and 4.4) (Bürkner, 2017).

Bivariate correlations are also reported between Age 14 school engagement, self-concepts,

and educational expectations with subsequent achievement at age 16 in standardised
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mathematics and language school grades (Makowski et al., 2022). Concurrent Age 11

correlations are also briefly reported in the main text below, with reference to Appendix C.

Similarly, transition effects are examined in simple post-hoc analyses reported below in

Appendix C.

4.4 Results

4.4.1 Unconditional Model Testing

Initial unconditional multilevel growth models tested whether linear or quadratic functions

of age or puberty best explained changes in school engagement. These models were tested on a

random sub-sample of n = 1500 cohort members (735 boys, 766 girls) in unconditional models

predicting emotional engagement, as larger differences in emotional engagement are reported

during secondary education (Wang et al., 2011). The ELPD difference between the quadratic

and linear models for age was lower than the threshold of 4, indicating that the quadratic

model did not significantly improve model fit over the simpler linear models. For puberty, the

ELPD difference was larger than the threshold, and the 95% CI did not cross zero, indicating

that the model with the quadratic function for puberty provided a better fit for the data.

Given the strong correlations between age and puberty and the quadratic association

between puberty and emotional engagement, it was hypothesised that the curvilinear

association may result from an interaction between puberty and age. Four models were tested

with random intercepts for cohort members as follows:

• Model A: Main effect of Age with Puberty/Age Interaction.

• Model B: Main effect of Puberty with Puberty/Age Interaction.

• Model C: Main effects of Puberty and Age with Puberty/Age Interaction.

• Model D: Main effects of Puberty and Age.
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Comparisons of these four models using ELPD LOO indicated that there were significant

differences between the models for the disengagement measures but not for the engagement

measures (see Appendix D, Tables D.1 and D.2. For emotional disengagement, there was a

clear preference for Model C. For behavioural engagement, the best model fit resulted from

Model B. However, the fit was not significantly better than the simpler Model D. For

emotional engagement, the preferred model was Model A. The fit for Model A and the other

three models for emotional engagement did not significantly differ. Model C was discarded for

emotional engagement as it resulted in no significant associations between age, puberty, or the

puberty/age interaction. Behavioural engagement preferred Model C, but the Model C fit was

not significantly better than the other alternatives.

Model C was chosen for emotional disengagement. Model B was initially selected for

behavioural disengagement. However, when the models were fit separately for boys and girls,

neither puberty nor its interaction with age made a significant contribution to changes in

behavioural engagement. Given that the Model D fit did not significantly differ from the fit for

Model B, this study reverted to the simpler Model D for behavioural engagement. Overall, the

unconditional models indicated a stronger role for puberty in both disengagement measures

and a stronger role for age in both engagement measures. In sex-specific models, these initial

conclusions did not always persist.

4.4.2 Puberty, Age, and School Engagement

When examining the results of the two conditional models (Model 1 - Covariates only and

Model 2 - Covariates + Self-Concepts + Educational Expectations; see Appendix C, Tables

C.1 - C.4) for all four measures of school engagement, separately for boys and girls, there were

different associations between puberty score and school engagement between the sexes. In

partial support of the first hypothesis (H1) and full support of H2, girls’ perceived puberty

status was associated with increases in behavioural (Model 2, Mdn: 0.13 [0.05, 0.21]) and
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emotional disengagement where puberty and age interacted (Model 2, Mdn: 0.08 [0.05, 0.11]).

Perceived puberty did not significantly influence girls’ emotional or behavioural engagement.

Increasing age predicted higher emotional (Model 2, Mdn: -0.23 [-0.26, -0.19]) and

behavioural engagement (Model 2, Mdn: -0.12 [-0.22, -0.01]). Age did not significantly

predict girls’ emotional disengagement, and age and puberty contributed equally to girls’

behavioural disengagement (Model 2, Age, Mdn: 0.12 [0.08, 0.16]). For behavioural

disengagement, the association with puberty, beyond age, was additive, whereas the

associations of puberty and age were multiplicative for emotional disengagement. As girls

aged, puberty was associated with increasingly higher emotional disengagement from school.

Increasing age was associated with declines in behavioural disengagement, and the association

between age and emotional engagement was minimal.

For boys, the contribution of perceived puberty was practically significant for behavioural

engagement only, where puberty interacted with age (Model 2, Mdn: -0.06 [-0.11, -0.02]). H1

was, therefore, partially supported, and H2 was unsupported for boys (see Appendix C, Tables

C.1 - C.4 and D.7, and Figure 4.2 below, for details). There was an association between

puberty and behavioural disengagement in the models with missing data (see Appendix D,

Table D.7), but not in the results from the imputed datasets reported here. The association of

puberty and behavioural engagement varied with age (see Figure 4.1). In the Age 11 survey,

the association between puberty and behavioural engagement was minimal, with a tendency

towards higher behavioural engagement for more mature boys with higher puberty scores. In

the Age 14 survey, being less mature was linked to declines in behavioural engagement. There

were significantly stronger declines for the older, more mature boys. Puberty was not a

significant predictor of boys’ emotional disengagement. Like girls, boys’ emotional

engagement decreased with age, but to a lesser extent (Model 2, Mdn: -0.12 [-0.16, -0.09]).

However, age did not predict boys’ behavioural engagement or school disengagement.

In sum, across the models for boys and girls, H1 was partially supported. Perceived
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Figure 4.1

Conditional Main Effects of Puberty and Age on the Behavioural Disengagement and
Emotional Engagement of Boys and Girls.

Note. Visualises conditional main effects extracted from fitted Model 2 using imputed datasets are shown on the
same plot to allow for easier comparison. The x-axis indicates chronological age for age associations and puberty
status category for puberty associations.

puberty was associated with greater increases in disengagement for girls, but puberty status did

not significantly predict disengagement for boys. Perceived puberty was associated with

greater declines in behavioural engagement (only) for boys, especially in mid-adolescence, but

puberty status did not predict girls’ school engagement. Perceived puberty was a stronger

negative predictor of girls’ disengagement only. Therefore, H2 was fully supported for girls

and unsupported for boys. As perceived puberty did not predict boys’ disengagement, but did

predict girls’ disengagement, H3 was not supported.
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Figure 4.2

Conditional Interaction Effects of Puberty and Age on the Behavioural Engagement and
Emotional Disengagement of Boys and Girls.

Note. Visualises conditional interaction effects extracted from fitted Model 2 using imputed datasets are shown
on the same plot to allow for easier comparison. The x-axis indicates chronological age for age associations and
puberty status category for puberty associations

4.4.3 Academic Self-Concepts, Educational Expectations, and School Engagement

Higher mathematics and language self-concepts, and educational expectations, were

protective against declines in emotional and behavioural engagement and increases in

emotional and behavioural disengagement for boys and girls, in full support of H4 (see

Appendix C, Tables C.1 - C.4 and Figures 4.3, 4.4 below). Associations between self-concepts

and school engagement were often curvilinear.

For boys, the associations between mathematics and language self-concepts with
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emotional and behavioural disengagement were similar and curvilinear, except for the

association between mathematics self-concept and emotional disengagement, which was

linear. For example, behavioural engagement: Model 2, mathematics self-concept, quadratic

Mdn: 0.34 [0.21, 0.48]; language self-concept, quadratic Mdn: 0.23 [0.10, 0.35]; educational

expectations: 0.16 [0.11, 0.21]). The curvilinear associations indicated that while there was a

tendency for boys with higher self-concepts to report higher engagement, boys with the highest

self-concepts did not always report higher behavioural or emotional engagement than boys

with the lowest self-concepts, except for the association between language self-concept and

emotional engagement (see Figures 4.3 and 4.4). There was even less evidence of

incrementally lower school disengagement with higher self-concepts. Boys’ educational

expectations were more strongly related to their reported emotional engagement (Mdn: 0.30

[0.25, 0.34]) than their reported emotional disengagement (Mdn: -0.19 [-0.22, 0.15]),

behavioural engagement (Mdn: 0.16 [0.11, 0.21]) or behavioural disengagement (Mdn: -0.13

[-0.19, -0.08]).

For girls, the associations between self-concepts and engagement measures were stronger

than the association between educational expectations and engagement measures, particularly

for emotional engagement. For example, for emotional engagement: mathematics

self-concept, linear Mdn: 0.67 [0.56, 0.79]; language self-concept, linear Mdn: 0.63 [0.49,

0.77]; educational expectations Mdn: 0.29 [0.24, 0.34]). Girls’ educational expectations were

more strongly related to their reported emotional engagement than their reported emotional

disengagement (Mdn: -0.15 [-0.19, 0.12]) or behavioural disengagement (Mdn: -0.16 [-0.22,

-0.11]). Similar to the findings for boys, curvilinear associations were often found between

girls’ school engagement and self-concepts. This meant that while self-concepts were

negatively related to emotional and behavioural disengagement, there was little evidence that

the emotional or behavioural disengagement of girls with low self-concepts differed

significantly from girls with high self-concepts. In contrast, for both engagement measures, the
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post hoc comparisons (see Figures 4.3 and 4.4) revealed that where the associations with

self-concepts were stronger, girls with high self-concepts reported higher emotional and

behavioural engagement than girls with low self-concepts.

In sum, the positive association between mathematics and language self-concepts and

emotional engagement were stronger for girls than for boys, evidenced by stronger median

estimates from the models and post hoc comparisons indicating that both self-concepts were

more strongly associated with emotional engagement than educational expectations. However,

the stronger associations meant that while girls with the highest self-concepts reported similar

levels of emotional and behavioural engagement as boys with the highest self-concepts, girls

with the lowest self-concepts reported lower emotional engagement than boys with the lowest

self-concepts. It was not the case that boys with the lowest self-concepts reported the lowest

emotional or behavioural engagement with school, but for girls only, having the lowest

self-concepts meant significantly lower reported emotional and behavioural engagement than

girls with the highest self-concepts, and most boys in the sample had higher emotional

engagement with school. The negative associations between self-concepts and educational

expectations with school disengagement were similar for boys and girls.

4.4.4 Covariates Predicting School Engagement

The covariate inconsistently predicted measures of school engagement, so H5 was

partially supported. Boys with identified SEN reported higher decreases in emotional

disengagement compared to typically developing (TD) boys (Model 2, Mdn: 0.15[0.07, 0.23]),

in partial support of H5 for SEN status. SEN status appeared to also be related to emotional

engagement, but this was only evident in Model 1 (Mdn: -0.14[-0.24, -0.05]), suggesting that

low educational expectations and/or self-concepts may explain this association. Otherwise,

there was no association between SEN status and behavioural engagement or disengagement

for boys and SEN status was not related to girls’ school engagement.
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Figure 4.3

Conditional Mean Effects of Self-Concepts and Educational Expectations on the Behavioural
and Emotional Engagement of Boys and Girls.

Note.
Conditional effects extracted from the Model 2 regression models. Presents the average response and standard
error bars for each reported level of mathematics and language self-concept, while other predictors are held at
mean values. For educational expectations, the plot presents an average continuous response and standard error
ribbon for the percentage likelihood of going to university in the future. Educational expectations and
self-concepts are represented together on the x-axis.

Higher family income was associated with higher behavioural and emotional engagement

and lower behavioural disengagement for girls and boys. There was no association with

emotional disengagement. The association between girls’ and boys’ behavioural engagement

and disengagement were similar. For example, the median associations in Model 2 for

behavioural disengagement were (Mdn: -0.24[-0.35, -0.14]) for boys and (Mdn: -0.30[-0.40,

-0.19]) for girls. Parental educational level was removed from the imputed data models but is
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Figure 4.4

Conditional Mean Effects of Self-Concepts and Educational Expectations on the Behavioural
and Emotional Disengagement of Boys and Girls.

Note. Conditional effects extracted from the Model 2 regression models. Presents the average response and
standard error bars for each reported level of mathematics and language self-concept, while other predictors are
held at mean values. For educational expectations, the plot presents an average continuous response and standard
error ribbon for the percentage likelihood of going to university in the future. Educational expectations and
self-concepts are represented together on the x-axis.

reported in full in the results for emotional disengagement (Appendix C, Table C.4, and in the

Appendix D, Tables D.6 - D.8) In general, across the results from the missing datasets, there

was little evidence of an association with parental educational qualifications. H5 was therefore

partially supported for socioeconomic status, but only for family income.
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Associations between prior achievement and school engagement were inconsistent, and

either not significant or reversed in Model 2 when compared with Model 1. H5 was, therefore,

unsupported for prior achievement. There was a protective association between prior

achievement and school engagement observed in Model 1 for behavioural disengagement

(boys, Mdn: -0.12[-0.20, -0.04]; girls, Mdn: -0.22[-0.30, -0.14]), emotional disengagement

(boys, Mdn: -0.12[-0.18, -0.06]; girls, Mdn: -0.16[-0.22, -0.09]) and girls only for emotional

engagement (0.19[0.12, 0.26]), but no association with behavioural engagement. In Model 2,

which included self-concepts and educational expectations, there was a negative association

with prior achievement that was the same for boys’ and girls’ behavioural engagement (Mdn:

-0.19[-0.27, -0.12]) and differed for emotional engagement (boys, (Mdn: -0.24[-0.31, -0.17]);

girls, Mdn: -0.11[-0.18, -0.04]). Prior achievement and emotional and behavioural

disengagement were not related in Model 2. This may indicate an inconsistency or change in

self-concepts or educational expectations occurs either resulting from the Age 11 achievement

tests or subsequent to these tests, perhaps as a result of the transition to secondary school

(Coelho & Romão, 2017). Also, educational expectations, once set, can be persistent,

especially among high-SES students and are less influenced by prior achievement (Bernardi &

Valdés, 2021).

In sum, H5 was partially supported for the deleterious association between SEN status and

emotional disengagement for boys only, and a protective association between family income

and behavioural engagement and disengagement, and emotional engagement for girls. Prior

achievement was an inconsistent positive predictor of school engagement, and the association

was negative once changes in self-concepts and educational expectations were accounted for in

the Bayesian models. Parental educational qualifications were not related to school

engagement.
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4.4.5 Correlational Analyses

The longitudinal correlational analyses between Age 14 measures and mathematics and

language achievement at age 16 (see Figure 4.5) revealed moderate correlations between

self-concepts and educational expectations with grades for boys and girls (Gignac & Szodorai,

2016). Correlations were stronger for concordant domain-specific self-concepts and grades

than for self-concepts from the discordant domain. For example, for boys, the correlation

between mathematics self-concept and language grade (r = 0.21) was weaker than the

correlation between mathematics self-concept and mathematics grade (r = 0.41). Educational

expectations were similarly related to mathematics and language grades. For example, for

boys, the correlation between educational expectations and language grades (r = 0.39) was

almost identical to the correlation with mathematics grades (r = 0.40).

Longitudinal correlations between age 14 puberty status and age 16 achievement were

negligible. Longitudinal correlations between school engagement measures and grades were

generally small or very small, although moderate for behavioural disengagement measures.

The correlations between behavioural disengagement measures and grades were similar

between subjects and between girls and boys (boys, mathematics: r = -0.22, language: r =

-0.19; girls, mathematics: r = -0.24, language: r = -0.21). Small correlations were found

between age 16 language and mathematics grades and emotional engagement (boys, language:

r = 0.12; mathematics: r = 0.13; girls, language: r = 0.16; mathematics: r = 0.17) and feeling

that school is a waste of time (boys, language: r = -0.14; mathematics: r = 0.12; girls,

language: r = -0.16; mathematics: r = - 0.17). There was also a small correlation between

girls’ grades and behavioural engagement (language: r = 0.10; mathematics: r = 0.12). All

other correlations with school engagement measures were negligible.

Correlations between age and puberty score with self-concepts, educational expectations,

and grades were also examined. For boys, only language self-concept correlated with age (r =
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0.04). Boys’ puberty scores negatively correlated with mathematics self-concept (r = -0.04),

and positively correlated with language grades (r = 0.04). For girls, there were no correlations

of age with self-concepts or grade. Girls’ puberty score positively correlated with language

self-concept (r = 0.04), mathematics grade (r = 0.08), and language grade (r = 0.10).

Self-reported educational expectations did not significantly correlate with puberty or age for

boys or girls.

For completeness, correlations between Age 11 measures and concurrent Age 11 school

grades are reported in Appendix C, Figure C.1. For girls, both age and puberty were positively

correlated with age 11 school grades but not self-concept (language grade, age: r = 0.08;

puberty: r = 0.06; mathematics grade, age: r = 0.09; mathematics: r = 0.05). For boys, age 11

school grades and language self-concepts were positively correlated with age and age 11

grades were negatively correlated with puberty scores while language self-concept was

positive correlated (language grade, age: r = 0.06; puberty: r = -0.04; language self-concept,

puberty: r = 0.04; mathematics grade, age: r = 0.05; puberty: r = -0.10). Parent-reported

educational expectations were positively correlated with their child’s age for boys (r = 0.08)

and girls (r = 0.05).

4.4.6 Primary to Secondary School Transition

Comparisons of year 6 and year 7 students find that cohort members who were interviewed

after the transition to secondary education reported higher school engagement than those in

primary school (see Appendix C, Table C.6). In general, in the Age 11 wave, year 7

secondary-school boys reported lower behavioural disengagement than the year 6

primary-school boys (Year 6: M = 1.66, SD = 0.63; Year 7: M = 1.48, SD = 0.60, d = -0.29

[-0.54, -0.03]). The boys who had transitioned to secondary school also reported significantly

lower mathematics self-concept than those who had not transitioned, but this association was

not significant (Year 6: M = 3.44; Year 7: M = 3.32, SD = 0.71, SD = 0.68, d = -0.17 [-0.43,
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0.08]).

Year 7 girls reported higher emotional engagement (Year 6: M = 2.93, SD = 0.66; Year 7:

M = 3.12, SD = 0.70, d = 0.29 [0.06, 0.52]) and were less unhappy at school than year 6 girls

(Year 6: M = 1.77, SD = 0.63; Year 7: M = 1.52, SD = 0.60, d = -0.39 [-0.63, -0.16]).

Otherwise, reported behavioural engagement and disengagement, mathematics and language

self-concepts, and feeling tired at school and that school is a waste of time, were similar for

year 6 and year 7 girls in the Age 11 wave.
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Figure 4.5

Bayesian Correlations for Boys and Girls of Age 14 Measures and Age 16 Achievement

Note. Correlations that are not practically significant (pd < 0.95) are excluded.
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4.5 Discussion

In partial support of hypothesis H1, perceived puberty predicted the school disengagement

of girls and the school engagement of boys. For boys, advanced puberty was associated with

lower behavioural engagement. For girls, advanced puberty was associated with increased

emotional and behavioural disengagement. Perceived female puberty was not related to girls’

behavioural and emotional engagement. Perceived male puberty was not related to the

emotional engagement or emotional and behavioural disengagement of boys. Hypothesis H2

was supported for girls only due to the association between puberty and emotional and

behavioural disengagement. The association between perceived puberty and emotional

disengagement increased in older girls. The effect of puberty on male behavioural engagement

was also dependent on the age group being examined. Advanced perceived puberty negatively

predicted male behavioural engagement at ages 14-15 years old. These results also suggested

that being more mature may tend towards being protective at earlier ages. As H2 is only

supported for girls, H3 was unsupported, as there was no association between boys’ perceived

puberty and school disengagement. The results fully supported hypothesis H4. Higher

mathematics and language self-concepts were associated with higher behavioural and

emotional engagement and lower behavioural and emotional disengagement. For girls, the

strength of the association between mathematics and language self-concepts and emotional

engagement would be considered of large magnitude (Gignac & Szodorai, 2016; Schäfer &

Schwarz, 2019). The association between mathematics self-concept and girls’ emotional

engagement was stronger than for boys, and language self-concept was more strongly

associated with boys’ emotional engagement with school than mathematics self-concept.

Finally, H5 was partially supported. SEN status increased emotional disengagement for boys

only. Parental educational qualifications were not associated with changes in school

engagement, and the positive associations between prior achievement and school engagement

were reversed when self-concepts and educational expectations were included in the statistical



142 Chapter 4. Puberty and Age Associations with School Engagement.

models. Cohort members who came from higher-income families reported less decline in

school engagement compared to lower-income cohort members.

This study supports recent reports of an association between puberty and school

disengagement; although this association was found for girls only, despite hormone levels

predicting puberty status (Martin et al., 2017, 2022). Contrary to Martin et al. (2022), we find

that perceived male puberty is more strongly associated with declines in behavioural

engagement, especially in middle adolescence. Different relationships between biological

measures and self-reported, perceived measures of maturation have been reported previously

(Martin et al., 2017; Torvik et al., 2021). For example, Martin et al. (2017) found that

perceived puberty predicted achievement motivation, but puberty hormones did not.

Additionally, Torvik et al. (2021) reported that an earlier growth spurt was associated with

higher academic achievement, whereas an earlier onset of menstruation was linked to lower

academic achievement. Both of these physical maturation events are associated with rising

hormone levels (Mendle & Koch, 2019). The underlying mechanisms that explain why

different results are elicited depending on the measures of maturation are unclear and require

further evidence. Advanced pubertal maturation has been linked to improvements in IQ,

cognitive skills growth, and executive function gains, which indicates that biological cognitive

change may underlie some findings (Chaku & Hoyt, 2019; Koerselman & Pekkarinen, 2018;

Newcombe, 1989). The maturation measures may also represent a social reaction to biological

change. The growth spurt is a change that is externally salient and has been linked to wellbeing

(Rees et al., 2009). For example, there are additional psychological benefits from being taller

as an adolescent for boys, although whether these benefits contribute to achievement has been

questioned (Rees et al., 2009). Self-reported puberty measures may also encompass social

comparison processes, as individuals respond based on their perceptions of their development

in comparison to their peers. Therefore, self-reported perceived measures capture biological,

cognitive, and social change (Mendle & Koch, 2019). Individuals tend to socially compare
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themselves upwards, which can result in negative affect and lower self-appraisals (Dijkstra

et al., 2008; Jansen et al., 2022).

The lower educational achievement of more mature, or earlier maturing girls, is commonly

reported (Cavanagh et al., 2007; Dubas et al., 1991; Goering et al., 2023; Koivusilta &

Rimpelä, 2004; Mendle et al., 2007; Simmons & Blyth, 1987; Suutela et al., 2022). Although

other research does not support this conclusion (Graber et al., 2004; Graber et al., 1997; Senia

et al., 2018; Stattin & Magnusson, 1990). In line with the majority, we found that more

advanced female puberty was associated with increased girls’ emotional and behavioural

disengagement, and these measures are negatively correlated with mathematics and language

grades at age 16. The current literature on the association between male puberty and

educational achievement remains inconclusive (Goering et al., 2023; Mendle & Ferrero, 2012;

Senia et al., 2018). This study finds that advanced male perceived puberty was associated with

declines in behavioural engagement, with behavioural engagement making a very small

positive contribution to mathematics grades and language. Together, these associations would

predict very small negative associations with later achievement for boys, which we find in

correlational analyses for mathematics, but not for language grades, which were positively

associated with puberty scores. These changes would provide some support for findings that

more mature boys are at risk of lower academic achievement, but these very small associations

do not provide enough evidence to substantively link puberty to the lower achievement of boys

during early to middle adolescence through its association with school engagement (Dubas

et al., 1991; Goering et al., 2023; Torvik et al., 2021). Neither would the negative association

between advanced puberty and school disengagement explain the general female advantage

during secondary education (Oakley et al., 2024; Voyer & Voyer, 2014). Indeed, while at age

14-15, girls significantly advanced through their maturation period compared to boys, the

negligible association with age 16 does not suggest that this sex difference substantially

influences outcomes.
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Different maturation measures elicit different associations with achievement and

motivation and therefore account for some differences between studies (Martin et al., 2017;

Torvik et al., 2021). Where direct associations between puberty and achievement are

examined, the achievement measures used may also contribute. For example, some studies that

reported no association with puberty used self-reported grades, which tend to be

overestimated, more often by boys, and are less reliable in less-able students (Crockett et al.,

1987; Dubas et al., 1991; Graber et al., 1997; Kuncel et al., 2005; Senia et al., 2018). Some

studies have examined combined measures of achievement, such as grade point average or

averages across all UK GCSE subjects, and others have focused on individual subjects and

found different associations between school subjects and between the sexes (Simmons &

Blyth, 1987; Suutela et al., 2022; Torvik et al., 2021). This study found consistent

subject-specific correlations with school engagement measures. However, the correlational

analyses revealed some sex-specific associations between age and perceived puberty with age

14 self-concepts and age 16 grades. For boys, being older was correlated with higher language

self-concept, whereas the association was with perceived maturation, not age, for girls.

However, being more mature at age 14 was positively associated with later language grades for

girls and boys, and mathematics grades for girls only. These correlational results partially

align with Suutela et al. (2022), who reported that earlier age of peak height velocity in girls

was positively associated with mathematics grades at age 14/15 years old, but did not find an

association with language grades for either sex. Like Torvik et al. (2021), there was a very

small correlation between perceived puberty and school grades, although Torvik et al. (2021)

examined concurrent teacher-assessed grades rather than longitudinal correlations, and they

used a combined measure of achievement. To my knowledge, puberty correlations with

domain-specific self-concepts have not been reported previously.

The correlations of emotional engagement (small) and emotional disengagement

(negligible) with Age 16 mathematics and language grades mostly align with those reported by



Chapter 4. Puberty and Age Associations with School Engagement. 145

Wang et al. (2019), except that feeling school is a waste of time had a stronger negative

association with school grades. The correlation between behavioural engagement and

disengagement with Age 16 achievement is stronger than that previously reported. The

correlations for behavioural engagement and disengagement reported here at age 11 with age

11 prior achievement are smaller/negligible and align with those reported by (Wang et al.,

2019). The stronger correlations with achievement in the older age group may indicate that the

association between behavioural engagement and disengagement with school achievement

changes with age, and support reports of a lesser role of the emotional dimension of school

engagement in secondary education (Chang et al., 2016; Lei et al., 2018; Wang et al., 2017).

Interestingly, the correlations suggest that only the role of emotional disengagement here is

consistent across both age groups.

The brief supplementary exploration of pre- and post-school-transition cohort members

revealed some positive and negative associations. Boys who had transitioned to secondary

school were more behaviourally engaged than those boys in the last year of primary education,

and the difference was of moderate magnitude. However, the secondary school boys also

reported lower mathematics self-concepts of small magnitude. This finding was not

significant, but may be influenced by the comparatively very small sample of post-transition

boys. The results were mixed for post-transition girls, who were more emotionally engaged

and were also less unhappy at school than pre-transition girls. The positive changes in school

engagement findings align with reports that transition effects are not always consistently

negative and that there are some perceived benefits to transition (Jindal-Snape et al., 2020;

Symonds & Galton, 2014). It is plausible that some of the older pupils at the end of primary

school may be more developmentally ready than others for transition, and primary school may

no longer meet their developmental needs, for example. The high-stakes exams at the end of

UK primary education may also influence school engagement in year 6. Symonds and Galton

(2014) highlighted that students might appreciate new subjects, lessons, better equipment, and
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a wider range of friendships associated with secondary school, but that teacher-relatedness can

decrease. The negative association between boys’ mathematics self-concept and the transition

to secondary school may result from the end of primary school tests, although boys’

comparative performance in mathematics was, on average, good (Oakley et al., 2024). Instead,

this change may reflect a change specifically associated with the transition, possibly as a result

of social comparison, for example, the big-fish-little-pond effect (Marsh & Hau, 2003).

Secondary schools are generally much larger than primary schools, with multiple primary

schools feeding into a single secondary school. Mathematics self-concepts may therefore be

adjusted when faced with a much larger comparison group, or alternatively, the lower

self-concepts may result from the academic streaming of pupils, which has been shown to be

negatively linked in (at least) the short-term (e.g., Liu et al., 2005).

4.5.1 Self-Concepts and Educational Expectations

We found that self-concepts and educational expectations opposed declines in school

engagement, in line with H4, and these associations were of stronger magnitude than perceived

puberty associations, similar to the prior findings for achievement motivation (valuing and

self-efficacy: Martin et al., 2022). Mathematics and language self-concepts were each

positively associated with engagement and negatively associated with disengagement to a

lesser degree. Educational expectations were also protective against declines in engagement

and increases in disengagement. The strength of the associations between self-concepts and

emotional engagement and disengagement sometimes differed between boys and girls. The

associations between educational expectations and school engagement were gender-invariant.

The associations between self-concepts and changes in school engagement were often

curvilinear. Mathematics self-concept was more protective of girls’ emotional engagement and

behavioural engagement than boys’. Boys with the lowest self-concepts did not report lower

school engagement than boys with higher self-concepts. This finding that low self-concepts
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were not necessarily detrimental for school engagement may align with reports of

identity-based decisionmaking during adolescence (Berkman et al., 2017; Pfeifer & Berkman,

2018). Under this proposal, decision-making is identity-related and, therefore, influenced by

group affiliations and positive subjective value. For example, effort and engagement in school

are often associated with a feminine gender identity. Boys may gain socially from being seen

to be less engaged and put less effort into school; having low self-concepts may therefore not

be detrimental to self-identity (Berkman et al., 2017; Kessels et al., 2014; Yu et al., 2020).

Nevertheless, Martin et al. (2017) proposed that achievement motivation was an enabling or

protective factor through which school engagement could be improved. This study aligns with

this conclusion, finding similar associations for educational expectations and domain-specific

self-concepts. These results also align with a prior study demonstrating that academic

self-concepts are predictive of school engagement and support the role of self-concepts as

important components of the self in an educational context, as described by the self-systems

model of motivational development (Green et al., 2012; Skinner, 2023; Skinner et al., 2008,

2009).

4.5.2 Family Income and Special Educational Needs

Higher family income was associated with higher behavioural and emotional engagement

and lower behavioural disengagement, and so opposed the negative age and puberty

associations. The association of family income with behavioural engagement was the strongest

of these. School engagement has been previously identified as a mediator of the association

between socioeconomic status and school achievement (Tomaszewski et al., 2020).

Tomaszewski et al. (2020) found lower school engagement in lower-SES students, particularly

behavioural engagement, and highlighted that school engagement profiles differed in students

from different backgrounds. Socioeconomic associations with school engagement are less well

studied and are an area for future research (Reschly & Christenson, 2012; Tomaszewski et al.,

2020). This study provides further evidence that family income predicts school engagement,
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resulting in higher behavioural disengagement and lower emotional and behavioural

engagement for students from low-income backgrounds.

SEN status was associated with increases in emotional disengagement. SEN status was

associated with declines in boys’ emotional engagement, although this effect was no longer

significant in the model accounting for changes in self-concepts and educational expectations.

The inconsistency across both models for emotional engagement may indicate that the SEN

association with male emotional engagement is linked to lower self-concepts and educational

expectations, which have been reported elsewhere (Frawley et al., 2014). However, the

association with emotional disengagement was persistent, and the descriptive statistics

indicated that while many of the differences between SEN and TD students decreased between

the surveys, feeling tired at school was the only difference that increased (see Appendix C,

Table C.5). The lower achievement of students with SEN in the UK education system and the

higher prevalence of SEN diagnoses among boys are well-documented (Daniel & Wang, 2023;

Department for Education, 2023). However, few studies have examined SEN status and school

engagement, and to date, the results are mixed (O’Donnell & Reschly, 2020). A recent PhD

thesis reported no sex or SEN differences in affective engagement towards the end of primary

education, but that students with SEN were more likely to report feeling unsafe at school, that

school rules were unfair, and that school was a waste of time (Veater, 2022). Given that we

report emotional engagement and disengagement measures separately, these results align but

in an older sample, indicating that at least some of these school emotions likely persist into

secondary education. Similarly, Frawley et al. (2014) reported lower affective engagement for

students from low-income circumstances and students with SEN, and this is related to lower

self-appraisals and self-concepts (see also Murray & Greenberg, 2001, 2006). School

engagement profiles may also differ between individual diagnoses or symptom severity

(Moreira et al., 2015). Other evidence reports no association, particularly in the context of

inclusive schools where SEN pupils are attended to more than typically developing students,
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indicating that these group differences can be reduced or gaps closed (Svetaz et al., 2000;

Szumski et al., 2017; Wallace et al., 2002). How school engagement differs for SEN students

is an important area for future research given the continuing under-performance of SEN

students in education and the reported protective association of school connectedness against

the increased risk of emotional distress in adolescents with SEN (Svetaz et al., 2000; Veater,

2022). However, given that male and SEN cohort members both exhibited similar lower school

engagement profiles at the end of primary school, as well as distinguishing between types of

diagnosis, it may also be important to differentiate between girls and boys with SEN.

4.5.3 Implications

In line with Martin et al. (2022), these results indicate a role for adolescent development in

the observed changes in school engagement reported during early to middle adolescence. As

this study uses a perceived measure of puberty, this likely points to the role of social processes

related to maturity rather than the biological processes that underlie at least some of the

changes in school engagement during adolescence, for example, as suggested by the

identity-value model (Berkman et al., 2017; Mendle & Koch, 2019). The use of a self-reported

puberty measure may therefore indicate that it is social processes related to maturity, rather

than the underlying, linked biological processes, that underlie girls’ increasing disengagement

from school during early to middle adolescence. While these associations differ from the

biological associations reported with disengagement, emotional and behavioural engagement

and disengagement are not distinct, unrelated constructs (Martin et al., 2022). There is

evidence of dynamic associations between each measure, such that declines in one construct

will influence changes in the other three constructs, in a dynamic, reciprocal relationship over

time (Green et al., 2012; Skinner et al., 2008, 2009).

In general, as reported elsewhere, while puberty predicted school engagement, the

associations were small and likely only evident when comparing the least and most mature
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students within a school year group (Koerselman & Pekkarinen, 2018; Smith-Woolley et al.,

2017). Teaching professionals should expect and account for maturity-related changes to occur

during this period as a normative part of adolescent development. In particular, steeper

declines in girls’ school engagement during this early-middle adolescent period should be

expected, and steps taken to minimise these declines. While the declines reported in school

engagement, self-concepts, and self-esteem may be steeper for girls, advanced male puberty is

also associated with declines in school engagement from their lower level on entry to

secondary education (Martin et al., 2022; Schaffhuser et al., 2017). A focus on those students

with lower self-appraisal may be appropriate, as high self-concepts and educational

expectations support school engagement.

School engagement is susceptible to change and, therefore, is a promising avenue for

practical interventions to improve outcomes for a range of students at risk of

underachievement (e.g., Wallace et al., 2002; Wang & Degol, 2014). Targeting interventions at

self-concepts may be one approach to achieve this through raising existing self-concepts and

minimising age or maturity-related declines (O’Mara-Eves et al., 2006). Raising educational

expectations directly is another approach, but is more complex due to the influence of social

norms, financial barriers, and other influencing factors (Fumagalli, 2019; Kremer et al., 2018;

Wilson et al., 2018). Raising self-appraisals may also have benefits for educational

expectations, and vice versa (Buchmann et al., 2022; Pinquart & Ebeling, 2020). For boys and

SEN students, a focus on primary education may be necessary to close engagement gaps prior

to entering secondary education.

4.6 Limitations

While interpreting these results, there are some important limitations to address that

provide avenues for future research. The use of single-item measures for emotional and

behavioural engagement and behavioural disengagement may limit this study, as well as how
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well the measures represent each school engagement concept. As CFA indicated that these

measures could not be reliably combined into either engagement and disengagement or

otherwise behavioural and emotional dimensions, the use of single-item measures was

unavoidable - although single-items are often an acceptable alternative (e.g., Castro et al.,

2023). Notably, the correlations between each emotional disengagement measure indicate that

some measures are more strongly associated with puberty (school is a waste of time) than

others (unhappy at school and tired at school). As we have found sex-specific associations

between puberty and engagement and disengagement within the dimensions of school

engagement, this finding warrants further research to understand whether the sex-specific

associations replicate in a sample with additional measures for each dimension and whether

the associations are item-specific. For example, sex-specific associations between age and

facets of personality dimensions during adolescence have been reported (De Bolle et al., 2015).

Puberty was measured in two MCS survey waves, and there was, on average, a three-year

gap between measurements. Correspondingly, there are substantial changes to the distribution

of pubertal status of boys and girls between the two occasions. In the Age 11 wave, there was

more variability in girls’ pubertal status than boys’ pubertal status, which is unsurprising given

the earlier start for female puberty. By the second Age 14 wave, boys’ pubertal status was

more variable and girls’ less so. It is plausible, therefore, that girls by middle adolescence have

reached the lowest point of the decline in self-concepts and school engagement and that each

of these improves after this point. For boys, whose puberty lags behind girls, this lowest point

may come later and closer to the age 16 outcomes examined here. Curvilinear changes have

been reported previously for some measures, but other than age-related changes in the

five-factor model of personality, competence beliefs, and self-esteem, separate trajectories for

girls and boys are not often reported (De Bolle et al., 2015; Jacobs et al., 2002; Soto et al.,

2011). For example, Soto et al. (2011) reported negative trends for girls’ and boys’

conscientiousness and self-discipline in early to middle adolescence when trajectories
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converged. After middle adolescence, the positive trend for girls was more pronounced, with

girls reaching an adult profile earlier. However, this would likely benefit girls in older age

groups, and after the educational outcomes that are measured here. De Bolle et al. (2015)

reported the convergence of some male and female personality traits later in adolescence /

towards adulthood, but sex differences in some personality facets changed with age. Similarly,

Huang et al. (2022) reported age 14 as a turning point in self-esteem trajectories. As the MCS

did not measure puberty after the Age 14 survey wave, this hypothesis cannot be tested. Prior

analyses using puberty measured at age 16 have reported less variation in girls’ puberty than

boys’ and less influence on girls’ later outcomes, and a stronger association between age 16

pubertal status with achievement at age 16 (Koerselman & Pekkarinen, 2018; Torvik et al.,

2021). The change between using a parent-reported and self-reported perceived puberty will

also influence results (Dorn et al., 2003). Future research should aim to measure puberty more

often and later into adolescence while maintaining consistency of raters across waves when

perceived puberty measures are used, particularly as self-reported puberty likely encompasses

social processes (Mendle & Koch, 2019).

Like the puberty measures, educational expectations were parent-reported at Age 11 and

self-reported at Age 14. While parents’ educational expectations of their children influence

their child’s educational expectations, there can be discrepancies, and children can tend to

report lower educational expectations than their parents (Pinquart & Ebeling, 2020; Zhang

et al., 2011). Any change or difference between the Age 11 and Age 14 surveys for individuals

could represent a difference in opinion by parents and children or could represent a real change

in expectations of the child based on their socially influenced, maturing self-appraisals, or a

combination of these. For both sexes, cohort members’ educational expectations were lower

than parents’ educational expectations, who were influenced by their child’s age (see Table 4.6

for details). The difference between surveys was larger for boys than for girls. Future research

should aim to clarify whether boys’ educational expectations decline over adolescence or
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whether this represents a larger difference between parent and child expectations for boys.

4.7 Conclusion

Early to middle adolescence is an important period for school achievement. Outcomes

during this period influence later subject choice and achievement in secondary school and the

decision to continue in full-time education after compulsory schooling ends. As had been

previously reported, boys ended primary education less engaged and more disengaged than

girls across both dimensions of school engagement. The adolescent development period may

serve to accentuate the already lower school engagement of some groups, which include boys,

students with SEN, and low-income groups. This accentuation results in substantial declines in

behavioural engagement and increases in behavioural and emotional disengagement.

Advanced puberty increases the risk of lower school engagement for students who do not

benefit from the protective factors of high self-concepts, especially language self-concepts for

boys, and educational expectations. High self-concepts and educational expectations outweigh

very small negative associations with puberty. While puberty, self-concepts and achievement

are correlated, the associations were very small and are unlikely to contribute substantially to

the widening female educational advantage reported during mid-adolescence.
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5 General Discussion

5.1 Overview and Aims of this Thesis

While the empirical chapters in this thesis addressed several research gaps, the

predominant aims of this thesis were twofold. Firstly, to clarify how achievement gaps change

with age in a single, longitudinal sample, re-examining the reported general female advantage

in early to late-middle secondary education (Research Questions (RQs) 1-2). Secondly, this

thesis took steps to examine associations between puberty and school engagement (RQs 7-8)

and, therefore, the widening female advantage in school grades during this early to middle

adolescent period (Cavaglia et al., 2020; Voyer & Voyer, 2014). In addition to these two main

themes of this thesis, taking a data-driven approach, this thesis was also able to examine a set

of additional research questions due to the size of the thesis sample and the available

educational data.

The UK educational system features standardised curriculum tests at ages 11 and 16, and

dual teacher-assessed and standardised grades at age 11. The thesis sample, with its linked

educational outcomes data, is therefore well suited to an examination of whether the reported

changes reflect actual achievement differences between boys and girls or, in part, reflect

stereotype-driven biased (RQ4) opinion (e.g., Burgess & Greaves, 2013; Lavy & Sand, 2018;

Terrier, 2020). The breadth of subjects tested in the UK system, particularly at age 16, allowed

this thesis to examine how sex differences in STEM subjects evolve from primary school to

mid-secondary school (RQ3). The large number of sample cohort members enabled this thesis

to examine sex differences at the upper and lower achievement levels and, therefore, how

greater male variability (GMV) contributes to school achievement (RQ5). This thesis also
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examined whether the representation of boys and girls at the upper and lower tails of grade

distributions aligns with findings from international standardised tests (RQ6). The Millennium

Cohort Study, with its linked educational data and a broad range of socioeconomic and

attitudinal data, is one of a relatively few datasets in which several of these research questions

can be investigated.

Several reports have highlighted that a substantial proportion of students who do well at

the end of primary education fail to make expected progress during secondary education.

These students are more likely to be male, of lower socioeconomic status, or have an identified

special educational need (Montacute, 2018; Sutton et al., 2018). As the focus of Study 1 is on

how sex differences in academic achievement change with age, the study contributes to our

understanding of several broader issues, including the boy crisis in education, gender

stereotypes, and the underrepresentation of women in STEM fields, as well as the

underrepresentation of men in non-STEM fields. The boy crisis in education refers to the fact

that boys earn lower grades, are more likely to drop out of school, and are less likely to attend

university than girls (Cappon, 2011; Carroll, 2024; Cavaglia et al., 2020; Welmond & Gregory,

2021). Prior to the mid-1990s, women were underrepresented in tertiary education in the UK.

Other OECD countries achieved enrolment parity earlier, while some achieved parity later;

however, by the mid-2000s, most OECD countries had reversed male overrepresentation in

tertiary education, and since then, female tertiary participation rates have continued to rise

while male participation rates have fallen behind (Cappon, 2011; Welmond & Gregory, 2021).

In addition to poorer academic performance, boys are more likely to be suspended or excluded

from school, and are more likely to exhibit behavioural problems or learning disabilities

(Daniel & Wang, 2023; Department for Education, 2022; Mead, 2006). The boy crisis is

reported in many countries both within and outside of the OECD. For example, the relative

underachievement of boys in education is reported in China, where the top male scorers in

China’s college entrance exam (the Gaokao) fell from over 65% to under 40% between 1999
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and 2008 (Jing et al., 2021). Commonly, the low proportion of male teachers (especially in

primary education), a lack of male role models at home, co-educational settings, the earlier

maturation of girls (in early childhood and also pubertal maturation), cultural gendered roles,

expectations and stereotypes, distractions that are more common in boys such as video

gaming, gender differences in labour market opportunities, and the higher prevalence of SEN

diagnoses are widely attributed as causes of, or as contributing to, the boy crisis (APPG, Men

& Boys, 2023; Cappon, 2011; Jing et al., 2021; Stoet & Geary, 2018; Stoet & Yang, 2016).

The following sections, therefore, discuss the results of Study 1 and Study 2 in the context of

the theory and literature, as well as how this thesis contributes to these wider societal issues

and discussions.

5.2 Study 1: Sex Differences of School Grades in Childhood and Adolescence

5.2.1 Contribution to Theory and the Literature

Study 1 examined the evolution of sex differences in mathematics, language, and science

school grades from age 7 to age 16, by examining how mean sex differences and sex

differences at the upper and lower tails of the achievement distribution changed with age.

While numerous studies have reported sex differences in language and mathematics school

grades, fewer studies have examined sex differences in science grades (O’Dea et al., 2018;

Voyer & Voyer, 2014). Of the few studies that have examined sex differences in science

achievement, a small number have reported that sex differences can vary between science

disciplines, making it important to investigate sex differences in each available science

discipline in addition to overall differences in science (Deary et al., 2007; Reilly et al., 2015;

Stoet, 2015; Wirthwein et al., 2020). Large-scale analyses of sex differences in international

and national assessments have examined sex differences at the mean and the upper and lower

tails of achievement distributions in language, mathematics, and science skills (Baye &

Monseur, 2016; Gray et al., 2019), and the O’Dea et al. (2018) meta-analysis examined sex
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differences in grade variability. To the best of my knowledge, this study is the first to directly

explore sex differences in school grades at the upper and lower tails of the distribution, and it

is also the first to investigate how sex differences evolve from primary to secondary education

in curriculum assessments and test grades within a single longitudinal sample. This study also

adds to the limited evidence on how sex differences differ between science disciplines.

The results for language achievement aligned well with Voyer and Voyer’s (2014) school

grades meta-analysis, prior reports from UK samples, and reports from large-scale

international standardised assessments at the mean and the tails of the distribution (Baye &

Monseur, 2016; Deary et al., 2007; Haworth et al., 2010; Stoet & Geary, 2013). A substantial

overrepresentation of boys at the lower tail of the language and reading is highlighted, as also

found in large-scale standardised reading and writing assessments at all ages (Baye &

Monseur, 2016; Reilly et al., 2019; Stoet & Geary, 2015). Between the ages of 11 and 16,

while the number of students observed at the lowest levels of achievement decreased, the

proportion of boys to girls observed at these lower achievement levels increased. These results

indicate that at the lower achievement levels, more girls than boys had maintained or improved

their literacy achievement level between early and middle adolescence. Female advantages

also widened at the highest levels of language achievement between ages 11 and 16. While

fewer boys and girls were observed at these highest achievement levels at age 16 than at age

11, more boys failed to maintain their prior level of achievement in language.

Sex differences in writing are larger at the lower achievement level than they are in reading

at age 11, despite being similar to reading at age 7. Much of the literature focuses on reading

differences between boys and girls. However, Study 1 and earlier work by Reilly et al. (2019)

suggest that sex differences in writing skills may be larger than reading differences.

Interestingly, the sex differences reported at the lower tail in Study 1 are larger than those

reported from the US analyses (Reilly et al., 2019). Sex differences in teacher-assessed writing

in Study 1 are smaller at the upper achievement levels and are similar at lower achievement
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levels (Reilly et al., 2019). It is plausible that some differences between the US and these

analyses may result from the UK writing assessments being teacher-assessed. We find that

teachers make less use of the highest and lowest grades, for example. Still, there is little

evidence in Study 1 that teacher-assessed grades significantly alter the proportions of males

and females observed at different points in the distribution. Therefore, it does not appear that

teacher-assessed grades significantly influence the conclusions drawn; however, they do

underestimate within-group variability, a matter discussed further below. At age 11, sex

differences in reading and writing were larger at the lower tail at age 11 than at age 7, and

significantly larger at the lower tail in writing than in reading. Reilly et al. (2019) reported that

sex differences in reading and writing are wider in secondary education and that sex

differences in writing are substantial. As there are no separate assessments of writing in the

UK education system after age 11, it remains an open question and an area for future research

to examine how sex differences in writing skills change during adolescence. The predominant

focus in the literature has been on sex differences in reading or, more broadly, language skills.

If sex differences in writing widen during adolescence, these would likely contribute to wider

sex differences in the age 16 examinations.

While standardised tests and school grades in language and reading skills largely agree,

there are important differences between the conclusions drawn when comparing school grades

and large-scale standardised assessments in mathematics and science, as well as between

different standardised assessments in these subjects (Baye & Monseur, 2016; Stoet & Geary,

2018). Our findings for science, chemistry, biology, and mathematics align with those reported

by Voyer and Voyer (2014) in their school grades meta-analysis, confirming that sex

differences in mathematics are smaller outside of North America. Both our small female

advantage in biology, chemistry, and no sex difference in physics at age 16, and Voyer and

Voyer’s (2014) results, contrast with Reilly et al. (2015), who reports no difference in life

sciences, and a male advantage in physical science at grades 8 and 12 in a US. The
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disagreement between school grades and international large-scale assessments is most apparent

in science. For example, at age 15, more girls were observed at the lower tail in science in

PISA assessments, and more boys were observed at the upper tail (Baye & Monseur, 2016). In

contrast, Study 1 reports the opposite when examining the tails of the age 16 science,

chemistry, and biology school grades distributions. Only in physics was a non-significant

tendency for more boys to be observed, and only in the upper 5% of achievers. Similarly, in

mathematics, an overrepresentation of boys at the highest levels of mathematics achievement is

reported in the PISA and SAT-M tests, which is larger than we found in school grades (Baye &

Monseur, 2016; Wai et al., 2010). Study 1 reported an overrepresentation of boys in the upper

5% - the magnitude of the difference was very small. There was no evidence of a ceiling effect

for the most able achievers in mathematics, and the study sample tended to be overrepresented

in the upper income quintile. Applying the MCS sample weightings to the analyses reduced

the overall percentage of cohort members observed at the highest grade in mathematics to

3.6%; however, the ratio of boys to girls remained unchanged (AQA Education, 2017;

Department for Education, 2018). There is, therefore, little reason to suspect that this result is

not representative of the proportion of boys to girls in the 2017 population cohort. Hence, this

thesis highlights that the conclusions drawn when examining sex differences in science and

mathematics differ between school grades and international standardised tests.

Beyond sex differences in language, mathematics, and science subjects, Study 1

highlighted a general female advantage in achievement at age 16 across most subjects,

including many traditionally male-stereotyped subjects. Together, these results confirm the

widening female educational advantage between early and middle adolescence in a single

sample (Cavaglia et al., 2020; Deary et al., 2007; Voyer & Voyer, 2014). The increasing

female advantage resulted from more girls than boys maintaining or improving on their prior

achievement levels. As the grades at ages 11 and 16 are the results from standardised

curriculum tests, not teacher-assessed grades, this study demonstrates that the widening female
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advantage in this age group is found in both teacher-assessed and anonymously marked grades,

which indicates that the female advantage widens irrespective of teacher grading biases (Lavy

& Megalokonomou, 2019; Lavy & Sand, 2018). Indeed, recent evidence from the COVID-19

pandemic indicates that when grades are wholly teacher-assessed based on observations of

engagement in class and in-class assessments, then the female advantage is wider still (Lee,

2021). While the widening female advantage in language-related courses may be predicted by

current educational theories, the closing of the prior male advantage in mathematics and

opening of a small female advantage in the sciences challenge theories that predict boys’

achievement in mathematics and science to increase during this period (e.g., Ceci & Williams,

2010; Halpern et al., 2007). Currently, educational theories do not fully explain or predict a

female advantage in science or parity in mathematics in these age groups. In particular, these

theories are often based on observations from standardised aptitude tests and international

standardised assessments, which have been reported to underpredict female achievement

(Halpern et al., 2007; Kling et al., 2013; Matějů & Smith, 2015; Mattern & Patterson, 2014;

Pulkkinen & Rautopuro, 2022; Wai et al., 2010). Study 1, along with several other large-scale

studies, makes observations that are not yet fully explained (Cavaglia et al., 2020; Deary et al.,

2007; Voyer & Voyer, 2014).

Sex differences in international tests are often conflated as sex differences in school

performance (e.g., Kollmayer et al., 2018), despite that school grades are better predictors of

longitudinal outcomes, such as graduating and earnings, than standardised tests (e.g., Starr

et al., 2024; van Hoogdalem & Bosman, 2024). Schools, in general, are focused on delivering

their country’s or other jurisdictions’ curriculum. International standardised tests are taken by

a sample of students within each country, with some parts of countries undersampled (e.g.,

Jerrim, 2021). Schools are unlikely to be focused on teaching their students how to do well in

international tests, and PISA tests are not directly related to what is taught in school; therefore,

describing results in PISA tests as school performance is incorrect. The relative performance
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in international standardised tests is more likely to identify strengths and weaknesses within

education systems in teaching students to apply what they have learned in new contexts. How

students apply what they have learned will ultimately depend on the teaching approach taken.

Therefore, some education systems will do better than others at closing the gender gaps in

international test performance (Wu, 2010). In the UK context, girls achieve results that match

or better those of boys at age 16 in mathematics and science taught in the UK curriculum, and

some male-dominated subjects such as physics and computing at age 18, but the societal

narrative and perceptions remains closer to the results from the international standardised tests

(Carroll, 2024).

Finally, Study 1 concluded that greater male variability was unlikely to substantially

contribute to sex differences in the uptake of STEM subjects after age 16. In line with O’Dea

et al. (2018) ’s findings, Study 1 reports lower variance in STEM subjects than language,

reading and writing. Study 1 also found that girls and boys were equally represented in the

upper 5% in science subjects, and the upper 12.5% in mathematics and the sciences, except

biology and computing, where there were more girls. From simulated distributions, O’Dea

et al. (2018) predicted that girls and boys would be equally represented in the upper 10% of

STEM achievement, which is similar to what we observe. However, our results are by subject

rather than grouped, and we do not find this to be true for all STEM subjects. Although it

cannot be discounted that more boys are observed at percentiles above the 95th, from the

analyses in Study 1, it is difficult to support the argument that the increasing representation of

men at higher levels of mathematics and science achievement is due to the greater availability

of high-achieving boys in STEM subjects at school (Baye & Monseur, 2016). In this age

group, there are few differences between boys and girls in the upper 5% of achievers to justify

the argument that ability underlies the underrepresentation of girls in these subjects based on

school achievement.
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5.2.2 Contribution to Wider Debates and Societal Concerns

The Boy Crisis. Study 1 supported the general narrative of the underachievement of

boys relative to girls in education and a widening female advantage in early to middle

adolescence, highlighting that this finding holds irrespective of whether school grades are

teacher-assessed or not (Lavy & Megalokonomou, 2019; Lavy & Sand, 2018; Voyer & Voyer,

2014). Boys’ lower average results compared with girls are likely to lead to more boys

choosing not to continue in full-time education after age 16 (Carroll, 2024; Cavaglia et al.,

2020; Stoet, 2015; Voyer & Voyer, 2014). A female advantage was observed in most subjects

at the age of 16. Only in mathematics, physics, and economics did boys achieve similar or

better grades than girls (see also: Carroll, 2024; Deary et al., 2007). As the UK Age 16 test

results reported here directly contribute to the decision to stay in full-time education, or to

leave to take a vocational pathway, the general female advantage in this age group will

contribute to the university enrolment gap (Cavaglia et al., 2020; Stoet, 2015). Study 1 also

supports reports of a substantial proportion of high-achieving students at age 11 not

maintaining that level of performance at age 16, and these students are more likely to be boys,

have an identified SEN, or come from lower-income groups (Montacute, 2018). However, it

should also be highlighted that after both the age 16 and age 18 examinations, approximately

2% more boys choose to take apprenticeship opportunities than girls, which can offer a

well-paid alternative to continuing into tertiary education, and so avoid accumulating

university-related debt (Carroll, 2024; Fagence & Hansom, 2018). Therefore, at least some of

the university enrolment gaps result from boys choosing viable options for their future careers

and earning potential. There may be fewer available options, or gender stereotypes hamper

access to available options, leading to a stronger incentive to obtain educational qualifications

for girls (Blossfeld et al., 2015; Cappon, 2011; Carroll, 2024).

Boys were overrepresented at the lowest levels of reading achievement in school grades as

previously reported in PISA data, which should be of concern to all (Baye & Monseur, 2016;
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Stoet, 2015; Stoet & Geary, 2013). The UK’s GCSE grades (Age 16 achievement in this

thesis) have been compared with PISA scores and with OECD reading proficiency levels

(Jerrim, 2019; National Literacy Trust, 2011). From these comparisons, it is concluded that the

lower levels of achievement reported in Study 1 align with PISA reading proficiency level 1a,

at which readers may be unable to spot fake news or bias and may have difficulties carrying

out everyday tasks that require reading skills, both of which have societal implications

(Department for Business, Innovation and Skills, 2011). Low literacy and low educational

achievement have been linked to criminality, a lack of cohesion in family structures and

communities, and health outcomes (Welmond & Gregory, 2021). In general, reading

proficiency is as important for achievement in the sciences and mathematics as it is for

achievement in language and art subjects. It has been shown to contribute to the university

entry gap that favours women (GL Assessment, 2020; Stoet & Geary, 2020a). There are wide

benefits to improving literacy for all that go beyond the aims of improving school achievement

and closing achievement and university entry gaps, as there are health and wealth-related

benefits to spending more years in education (OECD, 2023). However, this is also not just an

issue for boys, which at 4.1% at this lowest level of achievement would suggest > 21,000 boys

from the 2017 population cohort left school with very low literacy. It is also of concern for the

1.1% (> 5,500) girls who also left school after eleven years of education with similarly low

literacy. More needs to be done to address this for all students. Nevertheless, while there are

small gaps in reading achievement between boys and girls, as we highlight in Study 1, writing

gaps may be larger (Reilly et al., 2019).

Gender Roles and Stereotypes: Lack of Girls in STEM and Boys in HEAL. The

results from Study 1 do not support the proposal that fewer girls than boys are capable of

studying STEM subjects at age 18 and beyond. Study 1’s conclusions align with previous

reports from examination of standardised tests, which indicate that fewer girls enrol in STEM
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subjects than are capable of studying them (Stoet & Geary, 2018; Wang et al., 2013). Large

sex differences in the uptake of STEM subjects persist after age 16 (Carroll, 2024; Stoet,

2015), and sex differences in the upper achievement levels in school grades at age 16 do not

explain this phenomenon. While group-level sex differences in age 16 achievement do not

provide support for the under-enrolment of girls in STEM subjects in older age groups, or at

university, several authors have suggested that individual girls’ and boys’ abilities in

language-related subjects, compared to their ability in mathematics/science subjects influences

later subject choice (Stoet & Geary, 2018, 2020b; Valla & Ceci, 2014; Wang et al., 2013).

These authors argue that for most girls, their abilities and self-concepts tend to be tilted toward

non-STEM subjects. In contrast, for most boys, their abilities and self-concepts tend to be

tilted toward STEM subjects (Stoet & Geary, 2018, 2020b; Valla & Ceci, 2014; Wang et al.,

2013). That is, individually, more girls are more confident and more likely to achieve better

results in language-related subjects when compared with their confidence and achievement in

STEM subjects. Conversely, more boys are more confident and more likely to achieve better

results in STEM subjects than in non-STEM subjects (Stoet & Geary, 2018, 2020b; Valla &

Ceci, 2014; Wang et al., 2013). There may also be more girls than boys who have both high

verbal and mathematics skills, and these girls may not choose to study STEM subjects, despite

being capable of doing so (Ceci, 2017; Stoet & Geary, 2018; Wang & Degol, 2017; Wang

et al., 2013). Wang et al. (2013) argue that girls with high mathematics and verbal ability have

more choices, with a wider range of occupations open to them, than boys with high

mathematics skills but moderate verbal abilities. Further, girls with balanced abilities may rely

on their interests, values, and are guided by subject-stereotypes when both STEM and

non-STEM choices are an option for them (Ceci, 2017; Stoet & Geary, 2018; Wang & Degol,

2017). Study 1 did not examine the patterns of individual achievement and self-beliefs across

subjects, as has been done previously using PISA and SAT data (Stoet & Geary, 2018, 2020b;

Wang et al., 2013). It may be here that smaller sex differences are observed at the upper tail in
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combined measures of achievement. Sex differences in the distribution of combined measures

of achievement are an area where the current evidence could be extended to examine how

mathematics, science, and language achievement, when combined, may be distributed between

boys and girls, rather than focusing solely on sex differences in individual subjects.

Additionally, once the Age 18 achievement data is made available for this cohort, then future

research could examine how sex differences change among the more motivated students who

continue in full-time education until 18 years old and how Age 16 achievement and prior

self-beliefs influence subject choice at the end of secondary education.

Observing the grade distribution patterns at age 16 in optional subjects, it is plausible that

the students who chose counterstereotypical subjects were, on average, more able than those

who decided to study stereotypical optional subjects. Although Study 1 did not examine the

reasons why fewer girls enrolled in optional STEM subjects or boys in non-STEM subjects,

the male and female grade distributions in some subjects were very different. The disparity

between the male and female distributions in optional subjects indicated that very different

profiles of boys and girls chose those subjects. For example, despite computing being a

male-stereotyped subject and that more than 3.5x more boys enrolled, 12 percentage points

(pp.) more girls were observed at the upper and highest levels of achievement, and there were

fewer than half as many girls as boys observed at the lower achievement levels. A similar

observation is made when computing results are examined at the age of 18. Substantially more

boys enrolled to study computing, but more girls have achieved the highest two grades over

twelve years of results (Carroll, 2024). Interestingly, the opposite pattern is seen in language

courses at age 18, in which more girls enrolled in the German, Spanish and French courses, but

more boys achieved the top two grades (Carroll, 2024). In Study 1, at age 16, we found no sex

differences at the upper achievement levels in German and no sex differences in the highest

grade in French, which differed from the findings for most humanities and language-related

subjects. However, at age 18, the male advantage in the top two grades of these modern
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foreign languages (German 3.4pp., Spanish 1.5pp., French, 1.6pp.), and small male advantages

in the top two grades in chemistry (1.7pp.) and mathematics (0.5pp. - but not further

mathematics), and other science (1.4pp.), are the only subjects in which boys achieved a

slightly higher proportion of the highest grades at age 18 over the last twelve years (Carroll,

2024). From these observations, it is possible that those students who choose

counterstereotypical subjects may be those who are more confident in their abilities than,

perhaps, the average level of confidence of those students choosing stereotypical subjects. In

general, students demonstrate more motivation in subjects where their gender identity and the

subject-stereotypes match (Wirthwein et al., 2020). Therefore, it may be the highest-achieving

and most confident students in a given subject who are choosing to study against the gender

stereotypes. Choosing to defy gender stereotypes can come at a social cost, which may

therefore prevent many students from choosing counterstereotypical subjects that they are very

capable of doing well in, with some reports suggesting it may be more difficult for boys to

challenge stereotypes (Mulvey & Killen, 2015; Rudman & Fairchild, 2004; Rudman et al.,

2012; Skipper & Fox, 2022). Other research has found that counterstereotypical students can

be perceived as more competent, particularly among higher-SES students, which would

suggest a social gain from making counterstereotypical choices for some students (Meimoun

et al., 2024). Again, this is an area where the current evidence could be extended further. If

there is a higher social cost for low-SES students when challenging the stereotypes, this may

contribute to less optimal decision-making when making subject choices. This social cost may

be heavier for those students who are more susceptible to the influence of their peers or are

more likely to align with the views of influential adults in their social network (Kollmayer

et al., 2018; Skipper & Fox, 2022; Yu et al., 2020).

Gender Roles and Stereotypes: Teacher Bias. Some disparities between

teacher-assessed and standardised curriculum test grades found in Study 1 could be interpreted



168 Chapter 5. General Discussion

as support for a teacher bias account. However, the evidence was not conclusive, and where

differences were found, they were small. Teachers form expectations of students that are

influenced by student demographics, behaviours and engagement, teacher beliefs, class and

school factors, and the student-teacher relationship (Wang et al., 2018). Once formed, teachers

interact with their students according to their expectations of them. There is consistent

evidence pointing to teachers forming lower expectations of low-SES and SEN students, with

the latter of these disproportionality influencing teachers’ expectations of boys (Kashikar et al.,

2023, 2024). Many other studies have found evidence for ethnicity and gender biases in

teacher expectations, although not in all studies (Wang et al., 2018). Teacher grading bias was

particularly highlighted during the recent COVID-19 pandemic, when many standardised

curriculum tests were replaced with teacher grades as examinations were cancelled, and the

female advantage substantially widened (Lee & Shi, 2021).

Teacher bias was not a primary focus of this empirical chapter or this thesis. Nevertheless,

it is an important consideration within the academic field, and the linked educational data

provides a suitable mechanism for examining teacher bias (Burgess & Greaves, 2013). Study 1

examined sex differences at the mean and in the upper and lower achievement levels in the

teacher-assessed grades in supplementary analyses and compared the results with the

outcomes from the standardised curriculum tests. When comparing sex differences, if teachers

endorse gender stereotypes, one might expect to find that teachers generally award higher

grades to girls or otherwise find that subject grades are biased in line with gender-based

subject stereotypes (Campbell, 2015; Harlen, 2005; Malouff & Thorsteinsson, 2016; Terrier,

2020). Teacher endorsement of gender-based subject stereotypes when assessing students

would predict teacher grades favouring boys in mathematics and girls in English. Teacher bias

has been reported previously in this cohort, comparing cognitive ability test results with

teacher survey responses using the Foundation Stage Profile — a measure of general school

readiness at age 5 (Hansen & Jones, 2011), and comparing teacher subjective judgement of
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ability (e.g., ability in maths: above or below average) with cognitive ability test results

(Campbell, 2015). However, intelligence and cognitive ability tests are criticised for being

biased against some ethnic and lower-income groups, and neurodiversity can influence an

individual’s performance on some aspects of the tests (e.g., van Hoogdalem & Bosman, 2024;

Woods & Patterson, 2024). The measurement of cognitive ability through tests is less stable in

younger children, less stable in lower ability groups, and there is a period of change in verbal

and non-verbal IQ during adolescence related to brain changes during that period (Breit et al.,

2024; Ramsden et al., 2011). Comparing teacher and test-assessed grades that measure the

same or similar learning is an alternative approach to examining teacher bias (Burgess &

Greaves, 2013; Lavy & Megalokonomou, 2019; Lavy & Sand, 2018). Previous comparisons in

the UK context have reported support for bias in teacher assessment for SEN students, some

ethnic groups, and pupils from lower SES groups (Burgess & Greaves, 2013). In the Greek

context, teacher bias is reported to vary between teachers, differing between more and less

effective teachers. Teacher biases were reported to favour either boys or girls (Lavy &

Megalokonomou, 2019; Lavy & Sand, 2018). However, comparing the teacher-assessed and

standardised curriculum test grades has also been criticised as a teacher’s performance is

assessed based on their class’s performance, and therefore it is in each teacher’s interest to

present a positive set of class results (Campbell, 2015).

Study 1 found that teachers assessed students less often in the lowest grades, which may

reflect other motivations influencing teacher grades or differences between performance in

tests vs. performance over time in class (Burgess & Greaves, 2013; Campbell, 2015). We

observed that teacher-assessed grades were less granular than test grades, allowing teachers

fewer opportunities to differentiate between students. The impact of less granularity in grade

structures was particularly evident at age 7, such that the results at the highest achievement

level represented a very broad indication of the differences in achievement between students.

More students were observed in the lower grades in the mathematics and English tests than
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were assessed at that level by their teachers. Further, no students achieved the highest available

grade in the English test, despite some cohort members being teacher-assessed at that grade,

which would be more likely to support an account highlighting differences between test and

class performance (Burgess & Greaves, 2013). More boys were teacher-assessed at the lower

grades in mathematics, while more girls achieved these grades in the tests. This pattern might

suggest lenient teacher assessment of girls in mathematics at the lower tail in line with prior

reports of a bias towards girls (Malouff & Thorsteinsson, 2016; Terrier, 2020). Nevertheless,

there may be other plausible explanations for why achievement in tests may be lower than

teacher-assessed grades. These explanations may include the influence of text or mathematics

anxiety, which is higher in girls but may be related to girls’ lower perceived competence in

mathematics (Devine et al., 2012; Goetz et al., 2013; Putwain & Wood, 2023). There is also

the potential impact of teaching to the test, and some students may have received additional

support or tutoring in preparation for the tests (Burgess & Greaves, 2013). Another possibility

may be that observed differences between test and teacher-assessed grades result from other

group biases rather than reflect gender biases. For example, teacher bias against SEN students

- a group in which boys are overrepresented - or related to ethnic group membership (Burgess

& Greaves, 2013; Daniel & Wang, 2023; Hansen & Jones, 2011; Perinetti Casoni & Barg,

2023). It is also possible that biases are minimised due to the use of detailed assessment

criteria and moderation processes (Harlen, 2005; Testing and Standards Agency, 2018).

5.3 Study 2: Puberty and Age Associations with School Engagement

5.3.1 Contribution to Theory and the Literature

Study 2 examined whether the earlier maturation of girls may contribute to the widening

female advantage between the ages of 11 and 16, as measured by standardised curriculum

tests, by investigating the reported association between puberty and school engagement

(Martin et al., 2022). The earlier maturation of girls is commonly highlighted as contributing
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to the female advantage in secondary education (APPG, Men & Boys, 2023; Torvik et al.,

2021; Woolcock, 2024). Study 2 examined associations between puberty status and changes in

school engagement between early and mid-adolescence. School engagement is predicted by

academic self-concepts and, more broadly, achievement motivation, including educational

expectations, leading to changes in achievement (Huang, 2011; Skinner & Raine, 2022).

School engagement is theorised to be influenced by how well the school environment is

perceived to meet the changing psychological needs of individual students as they develop

(Eccles et al., 1993). Study 2 found that changes in perceived puberty status were associated

with increased emotional and behavioural disengagement in girls and decreased behavioural

engagement in boys. The results align with prior reports that perceived puberty influences

achievement motivation (Martin et al., 2022), where achievement motivation is theorised as a

predecessor of school engagement and disengagement (Skinner & Raine, 2022), but differed

from Martin et al. (2022) as the association was stronger for girls. In general, Study 2’s results

would point to an association between more advanced perceived puberty status and decreasing

school engagement, more so for girls.

Study 2 supports earlier findings of an association between puberty and school

engagement during early to middle adolescence, and steeper declines for girls in language

self-concept, which we also find for school engagement (Martin et al., 2022; Schaffhuser et al.,

2017). To my knowledge, this is the first study to explore how puberty relates to both

behavioural and emotional dimensions of school engagement. Among girls, increases in

perceived pubertal status were associated with greater emotional and behavioural

disengagement. Although a similar trend was observed for behavioural engagement, the

additional effect of puberty, beyond the stronger association with age, was minimal. These

findings align with previous research indicating that early-maturing girls are at greater risk of

lower academic achievement (Goering et al., 2023; Mendle et al., 2007; Senia et al., 2018;

Stattin & Magnusson, 1990). Sharper declines in school engagement may contribute to these
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findings, particularly as school engagement may not begin to increase until late adolescence,

for girls only (Martin, 2012). However, some students will have chosen to leave full-time

education before late adolescence (Carroll, 2024). Behavioural disengagement, in particular,

showed a stronger correlation with later academic outcomes than other engagement measures

for both sexes. For boys, perceived pubertal changes were linked to reduced behavioural

engagement, though the connection between behavioural engagement and academic

performance was weak. Interestingly, small positive correlations were found between

behavioural engagement and both mathematics and language self-concepts. At the same time,

puberty was associated with lower mathematics self-concepts but higher language

self-concepts in boys. These patterns may reflect the growing influence of self-identity and

social comparison as adolescents mature (Marsh, 1987). For instance, the transition from

smaller primary schools to larger secondary schools in the UK often involves academic

streaming based on prior achievement. The big-fish-little-pond effect (Marsh, 1987), for

example, proposes that students’ self-concepts are shaped by the average performance of their

peers, positively when surrounded by lower-achieving peers, and negatively when surrounded

by higher-achieving students (Liem et al., 2013; Marsh & Hau, 2003; Marsh et al., 2008). The

transition from primary to secondary school may trigger a different understanding of an

individual’s relative achievement in comparison to a larger sample of peers.

Contrary to earlier findings, Study 2 found stronger associations between perceived

puberty and disengagement in girls, whereas puberty hormones were more strongly linked to

disengagement in boys (Martin et al., 2022). This discrepancy may stem from differences

between self-reported and biological measures of puberty (e.g., Martin et al., 2017). While

these measures are correlated, they may capture distinct social processes associated with how

adolescents perceive their maturity relative to their peers (Balzer et al., 2019; Carter et al.,

2017, 2018; Mendle, 2014; Torvik et al., 2021). Although the associations between puberty

and school engagement were generally small, they contribute beyond age and changes in
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self-concept or educational expectations. Among boys, puberty and age had opposing effects

on behavioural engagement: lower levels of maturation appeared protective in

mid-adolescence, while increasing age was linked to declines. There was also a tentative

suggestion that early maturation might be beneficial earlier in adolescence, though this was not

conclusive. The use of parent-reported puberty measures in younger participants may have

underestimated these effects, as such reports are likely to miss the social processes captured by

self-reports (Dorn et al., 2003).

The steeper declines in school engagement and language self-concept coincided with a

faster rate of average perceived pubertal change for girls than for boys. While there are

inaccuracies in perceived measures, especially in the earlier pubertal stages, when compared

with biological measures of pubertal development, the change between parent-reported

puberty status at age 11 and self-reported puberty status at age 14 was larger for girls (Dorn

et al., 2003). The speed of girls’ perceived pubertal change and steeper declines in school

engagement and language self-concept, when compared with boys, would provide support for

proposals of the stressful change hypothesis for girls (Simmons & Blyth, 1987). While the

puberty associations with school engagement were mostly negative for boys, they were

sometimes positive and sometimes negative, and there was some support for opposing effects

in different age groups. In general, there is less evidence examining boys’ puberty and

educational outcomes, and the results remain inconclusive at present, indicating a clear gap in

our understanding of how male puberty may be associated with school achievement (Mendle

& Ferrero, 2012; Mendle & Koch, 2019). Some studies examining the effects of male puberty

find support for lower achievement in early maturers, some find support for lower achievement

in later maturers, some report lower achievement for both early maturers and late maturers and

some report no association (Goering et al., 2023; Mendle & Ferrero, 2012; Senia et al., 2018;

Torvik et al., 2021). The mixed results, especially as there is limited support for an association

between cognitive development and puberty, may point to psychosocial mechanisms



174 Chapter 5. General Discussion

underlying associations with achievement (Herlitz et al., 2013; Mendle & Koch, 2019; Paus

et al., 2017). For example, late-maturing boys report lower self-esteem and being less popular

than early-maturing boys, and can be subjected to victimisation and bullying (Jormanainen

et al., 2014; Mendle & Ferrero, 2012; van Rijn et al., 2023). These associations would predict

a negative effect on achievement in older age groups for late maturing boys, whereas here we

find a negative association between achievement and early maturation. Links between early

maturation and lower achievement support the proposal that there is a mismatch between

physical and cognitive development during mid-adolescence that places some individuals at

risk of poor outcomes through being exposed to situations that they are not developmentally

ready to manage (Mendle & Ferrero, 2012). Associations between puberty and achievement

may also be indirect (Martin et al., 2017; Stattin & Magnusson, 1990).

Study 2 provides evidence of an association between perceived puberty and declines in

school engagement, especially for girls. There was, however, less evidence to suggest that

within an age group, perceived puberty status would result in significant differences between

the most mature and least mature girls. It is plausible, though, that there may be differences

between the oldest, most mature girls and the youngest, least mature girls within a particular

year group. One exception to this may be emotional disengagement, for which puberty was

more influential than age. Within-year-group effects were not tested, and this remains an open

question, particularly one that should focus on girls with lower self-concepts and educational

expectations who do not benefit from the protective effects of higher self-appraisals and

educational expectations, which I discuss further below. These results would suggest that

higher school disengagement contributes to underachievement in more mature girls.

Potentially, the higher disengagement of more mature girls contributes to findings that

early-maturing girls spend less time in education, as enjoyment of school is needed to motivate

individuals to continue in education, (Gill et al., 2017; Stattin & Magnusson, 1990; Wang &

Eccles, 2012). Still, more mature girls do not necessarily do less well at school (Gill et al.,
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2017; Stattin & Magnusson, 1990). Perceived puberty associations for boys were limited to

behavioural engagement, for which puberty associations were stronger than age associations.

The results suggested that early maturers among younger boys and less mature, older boys

reported higher school engagement than their peers. Again, the difference between boys of the

same age was not substantial.

School Transitions. Students in early secondary school often reported similar or higher

school engagement, which opposed the directional associations of puberty with school

engagement. Study 2 briefly explored school engagement and self-concepts in the context of

school transitions. Declines in engagement are often reported during school transitions, so this

study examined the impact of moving from primary to secondary school on students’

engagement and self-concepts (Wang et al., 2015). At the Age 11 survey wave, fewer than

2.5% of boys and girls had already transitioned to secondary school. Post-hoc exploratory

analyses, therefore, compared those who had transitioned and those who had not, analysed

separately by sex. Interestingly, the transition appeared to have a generally positive effect, in

line with other reports that school transitions are not always negative (Jindal-Snape et al.,

2020; Symonds & Galton, 2014). Boys in their first year of secondary school reported higher

school engagement than boys still in primary school. Although their mathematics self-concept

was lower, the difference was not statistically significant. For girls, self-concepts remained

consistent across both groups. However, girls in secondary school reported significantly higher

emotional engagement and were less unhappy at school than their primary school counterparts.

These findings suggest that the effects of puberty on engagement, which were largely negative,

are distinct from the changes associated with school transition. Due to the small number of

students who had transitioned, combined models accounting for both puberty and school

transition effects were not tested. However, it is plausible that puberty may intensify the

impact of school transitions, particularly for students who are already at risk from negative
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school transitions, such as students with special educational needs (SEN), lower academic

ability, or from disadvantaged socioeconomic or ethnic backgrounds (Bagnall et al., 2021;

Schaffhuser et al., 2017; Sutton et al., 2018; West et al., 2010). This proposal would align with

the accentuation hypothesis (Caspi & Moffitt, 1991), which proposes that stressful transitions

amplify existing vulnerabilities. Future research should explore these interactions

longitudinally to understand better how puberty and school transitions are differentially

associated with school engagement.

Self-Concepts and Educational Expectations. Puberty associations with school

engagement were less influential than those of self-concepts and educational expectations. The

stronger association with these motivational variables supports previous findings on the

importance of achievement motivation (Martin et al., 2022). Notably, a curvilinear pattern

emerged for boys: those with the lowest self-concepts were not significantly less engaged than

their peers, except for boys with the highest self-concepts, who reported markedly higher

emotional and behavioural engagement. One plausible explanation is that boys with low

self-concepts may receive targeted learning support, and positive relationships with support

teachers could foster emotional engagement (Bakadorova et al., 2020). However, this pattern

was not observed in girls, which undermines this as an explanation or may indicate that

supportive relationships with teachers operate differently for girls. For example, students with

ADHD, who may be overrepresented in lower ability groups, often have poorer relationships

with teachers, and this is especially the case for girls with ADHD (Rogers et al., 2015).

Alternatively, subgroup differences may underlie these findings. For instance, boys with low

self-concepts but relatively stable emotional engagement may resemble the "cool guys"

identified by Yu et al. (2020). Cool guys self-handicap, show low perseverance, and perform

poorly academically, yet maintain high social status and visibility. This social standing may

buffer their sense of school connectedness despite low academic motivation. Yu et al. (2020)
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also identified "wild girls" and "modern girls," who made up half of their sample and showed

similar patterns of low perseverance, high self-handicapping, and lower achievement in

English. These groups, like the "cool guys," may prioritise peer approval over academic effort.

While low academic self-concepts can hinder achievement, they may not reduce social

connectedness, especially for students who align with gender-normative behaviours and

popularity dynamics (Heyder et al., 2017; Yu, 2019). On the other hand, Yu et al. (2020)

proposed that ’relational girls’ with highly adaptive engagement profiles across mathematics

and language may underlie the general female advantage found in secondary education. With

the current data, it would be feasible to examine whether students who improved their

academic performance between ages 11 and 16 shared similar engagement profiles to those

identified by Yu et al. (2020).

Associations of Self-Concepts and Educational Expectations with School

Engagement. Associations between self-concepts and school engagement differed for boys

and girls. In general, self-concepts were often more predictive of engagement than

disengagement, with notable differences between sexes. Girls’ ability beliefs in both core

subjects were more predictive of their school engagement than those of boys. Boys’ school

engagement was more strongly associated with language self-concept than mathematics

self-concept, and their engagement was less influenced by ability beliefs overall. Nevertheless,

educational expectations remained equally protective for both genders. Overall, these findings

echo earlier research by Martin et al. (2022), which reported sex differences in the relationship

between valuing school and disengagement, particularly for boys. However, direct

comparisons are limited, as educational expectations in this study encompass broader

considerations, such as the perceived feasibility of attending university, which in turn would

place a higher or lower value on achievement in mathematics and language. Educational

expectations are shaped not only by self-beliefs and prior achievement but also by
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socioeconomic and familial factors (Dockery et al., 2022; Koshy et al., 2019; Rampino &

Taylor, 2013). The stronger positive association of ability-beliefs and school engagement, in

the context of a generally declining trend, mirrors previous findings on the importance of

self-efficacy in fostering school engagement (Martin et al., 2022).

Special Educational Needs. Students with an identified SEN reported lower school

engagement than typically developing (TD) students at the end of primary school. Group

differences in school engagement were smaller in mid-secondary school. Students with SEN

also reported persistently lower mathematics self-concepts and language self-concepts across

survey waves. Relatively few studies have directly examined school engagement in students

with SEN (Moreira et al., 2015; O’Donnell & Reschly, 2020). Study 2, therefore, adds to the

limited evidence to date. Similarly, relatively few studies have examined school transitions for

students with SEN (Bagnall et al., 2021; Jindal-Snape et al., 2020). The MCS sample used for

these secondary data analyses has a high proportion of students with an identified SEN, which

enabled a brief exploration of SEN and TD differences in the four measures of school

engagement and self-concepts. In line with other reports, substantially more boys in this

sample have an identified SEN (e.g., Daniel & Wang, 2023; Department for Education, 2023;

Mead, 2006). Students with SEN ended primary school reporting lower school engagement

than TD students, aligning with reports of lower school connectedness and poorer relationships

with teachers among primary age children with SEN (Murray & Greenberg, 2001). School

engagement differences between students with SEN and TD students had declined by 14-15

years old, with the exception of feeling tired at school, where the difference had increased.

This finding of similar school engagement for TD and SEN students in mid-adolescence may

align with Moreira et al. (2015), who reported that the lower school engagement reported by

ADHD students did not differ significantly from TD at age 13. However, I did not examine

which diagnoses were prevalent among the students with SEN diagnoses in this sample. In
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general, differences in school engagement may depend on diagnosis or area of disability. For

example, larger differences for students with visual impairments were reported (Moreira et al.,

2015). Feeling tired at school increased between the end of primary school and mid-secondary

school and likely underlies the persistent SEN association with emotional disengagement for

boys reported in the main analyses (see Study 2 for details). For most of the school

engagement measures, the smaller gaps resulted from steeper declines in TD school

engagement trajectories. Given the higher prevalence of girls in the TD sub-sample, this

observation may reflect that the TD trajectories were influenced more by decreases in girls’

school engagement. In contrast, school engagement trajectories for students with SEN were

influenced more by boys’ school engagement, which declined less than girls. Hence, it is

important to distinguish between male and female students with SEN in future studies, as

trajectories differ between the sexes and between TD and SEN students. Some SEN diagnoses

can present differently in girls and boys, for example, ADHD and Autism/ASD, and girls’ and

boys’ school engagement profiles and trajectories differ (Mayes et al., 2020; Santos et al.,

2022). Future studies should examine how students with SEN are influenced by transitions and

puberty, perhaps using a transdiagnostic-style approach (e.g., McDougal et al., 2020), as there

may be sex-specific effects within SEN groups, particularly during the early-middle adolescent

period.

5.3.2 Contribution to Wider Debates and Societal Concerns

Puberty, Educational Achievement, and Widening Achievement Gaps. Study 2 does

not provide support for the proposal that the early pubertal maturation of girls, as measured at

ages 11 and 14, contributes to the wider sex achievement gaps observed at age 16. Correlations

between age 14 perceived pubertal status and later achievement at age 16 were negligible, in

line with other reports (Torvik et al., 2021), and school engagement and self-concepts declined

during this period. However, other reports have associated puberty status measured at later

ages (e.g., age 16: Torvik et al., 2021) with the female advantage in education at this age 16. It
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is plausible that developmental trajectories of some psychological measures are curvilinear

(e.g., conscientiousness, self-discipline, school engagement: Martin, 2012; Soto et al., 2011).

For example, despite the observed declines in early to middle adolescence, there may be some

recovery or increases later, or the lowest point or recovery for boys’ school engagement occurs

later than for girls (e.g., De Fraine et al., 2007; Jacobs et al., 2002; Martin, 2012; Soto et al.,

2011). Other psychological measures may offer alternate explanations for the association

between puberty and achievement at age 16, and this remains an area for further research. For

example, (De Bolle et al., 2015) reports a female advantage in conscientiousness between ages

12 and 17 years old, and that the gap between boys and girls is larger during early to middle

adolescence. Some studies that examine girls’ and boys’ trajectories over time often report that

mean scores for boys and girls are similar at ages 15-16 years old (e.g., conscientiousness,

self-discipline: Soto et al., 2011). Conscientiousness has been shown to predict achievement

beyond the influence of intelligence, and girls’ higher self-discipline, a facet of the

conscientiousness personality construct, has been associated with girls’ higher achievement at

school, and as an explanation for why standardised tests score under-predict girls’ school

achievement (Duckworth & Seligman, 2006; Poropat, 2009). Here, despite the observed

declines in school engagement and language self-concept between the two survey waves, girls

remained more behaviourally engaged and less behaviourally disengaged than boys, retaining

a very small advantage in language self-concept. Correlations between school engagement

measures and longitudinal mathematics and language grades did not significantly differ

between boys and girls. The negative correlations between behavioural disengagement and

school grades were slightly stronger than the other measures, in line with previous reports

(Wang et al., 2017). Therefore, girls retained a small school engagement advantage despite the

evident declines.

In addition to retaining a small school engagement advantage at age 14, girls also reported

higher educational expectations that were moderately associated with later achievement at age
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16, which likely contributes to the female advantage. Girls’ and their parents reported higher

educational expectations, of small magnitude, than boys and their parents, as also reported

elsewhere (e.g., Dockery et al., 2022; Koshy et al., 2019). The moderate correlation between

educational expectations and later achievement at age 16 aligns with the findings from the

meta-analysis of parental educational expectations and achievement (Pinquart & Ebeling,

2020). The widening female advantage in secondary school may in part reflect the influence of

differences in (perceived) labour market opportunity differences for boys and girls, and the

lower availability of viable options with good earning potential for girls at lower achievement

levels (Blossfeld et al., 2015; Cappon, 2011; Carroll, 2024). This account would suggest that

the available options, or lack thereof, create a stronger incentive for girls to continue in

education and gain further qualifications. The fact that boys are more likely to take

apprenticeship opportunities may be indicative of this (Blossfeld et al., 2015). In addition,

other reports find that fathers in trade occupations often report lower educational expectations

of their sons, perhaps because these are seen as well-paying alternatives to continuing in

education (Dockery et al., 2022; Koshy et al., 2019). Sons following in the footsteps of their

fathers has a longstanding tradition in many countries, and is associated with a higher

likelihood of finding a job (Lo Bello & Morchio, 2022). However, it is also associated with

lower wages. Choosing your father’s occupation may make finding a job easier due to access

to parental networks and information, offering a comparative advantage over other choices.

However, this may not necessarily be where the son’s interests and talents lie (Lo Bello &

Morchio, 2022). Pekkarinen (2008) observed that changing the timing of educational

streaming between vocational and academic options from the end of primary (early-selection)

to later in secondary education (late-selection) was associated with lower academic

achievement for boys. The author went on to suggest that this may result from the influence of

sex differentiated maturational processes during adolescence, meaning that under the

late-selection, boys were less mature and this influenced their decision-making. However,
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these explanations are less likely to explain the underrepresentation of boys at the upper

achievement levels, except, perhaps, less optimal subject choice or career decisions having a

potential link with later achievement (e.g., Cuff, 2017; Lo Bello & Morchio, 2022).

The SEN Crisis. The underachievement of students with SEN within the UK’s

educational systems is longstanding. Despite political recognition and governmental enquiries

- the most recent call for evidence was made in December 2024 (Education Select Committee,

2024) - little progress has been made. Education systems are observing increased demand for

support, and therefore cost, as the proportion of students diagnosed with support needs has

risen to around 18% of students within the school system (Roberts & Long, 2025). In the 2017

GCSE cohort from which this sample is taken, approximately 14% students had an identified

SEN (Department for Education, 2018). In this context, the paucity of research into school

engagement and school transitions for students with SEN is of concern. This thesis adds to this

limited evidence, highlighting that future studies may need to differentiate between boys and

girls with SEN in their analyses. It is widely recognised that students with SEN are at risk of

lower achievement, poor psychosocial outcomes, and are at increased risk of finding school

transitions more challenging (Bagnall et al., 2021; Hannah & Topping, 2013; Hannah &

Topping, 2012; Hughes et al., 2013; Jindal-Snape et al., 2020). The evidence to date suggests

that children with SEN can be at risk of peer problems, including victimisation and bullying,

teacher alienation, and lower school connectedness, with notable individual differences and

differences between diagnostic groups (Bear et al., 2015; Murray & Greenberg, 2001, 2006).

Lower school connectedness is associated with perceptions of lower competence, and social

problems are associated with poorer social, emotional, and behavioural adjustment (Murray &

Greenberg, 2006). The higher proportions of boys diagnosed with SEN will therefore very

likely contribute to sex differences in achievement and the boy crisis in education. Improving

our understanding of which students with SEN are most at risk, and when, is crucial to
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understanding how best to support students with SEN throughout their education to enable

them to meet their potential.

5.4 Limitations and Future Directions

The use of a large, longitudinal panel study has substantial benefits when examining

achievement trajectories in education. They allow researchers to test theoretical predictions

against the life trajectories of a large cohort over longer periods than is practical for most

research (Gorard, 2003). Often, however, these panel studies are designed to cover a broad

range of outcomes and, as such, can overly simplify the measurement of some psychological

constructs. This oversimplification can limit the extent to which the measures used truly

represent the psychological construct of interest (Allen et al., 2022). For example, the school

engagement measures used here are biased towards emotional disengagement. Single items

measured the other engagement dimensions and self-concepts, and these constructs may be

more nuanced than the single items can truly capture, which may increase measurement error.

Other research asserts that single-item measures are a good alternative (e.g., Castro et al.,

2023). Additionally, the school engagement items do not capture the full breadth of the school

engagement construct and are not closely linked to more recent discussions on this concept.

Nevertheless, single-item measures are not uncommon in the literature. They have benefits

including being accessible for a wider range of individuals, being faster to complete, and

reducing data processing costs (Bergkvist & Rossiter, 2007; Castro et al., 2023; Wanous et al.,

1997). Time to complete and data processing costs are important considerations in the context

of large panel studies sampling widely from the population, and in which the surveys

completed measure many constructs of interest. Shorter surveys can also increase participants’

willingness to complete and submit their responses (e.g., Wanous et al., 1997). Despite these

limitations, the trajectories of single items should broadly match those predicted by the

psychological theories being examined, or at least identify some potential contradictions or
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inconsistencies, and have often been shown to be as reliable and valid as multi-item constructs

(Ahmad et al., 2014; Allen et al., 2022; Ang & Eisend, 2018).

The technical challenges encountered with the multiple imputations in Chapter 4 will also

need to be addressed. The missing imputation of the emotional disengagement data for girls,

and therefore, reliance on listwise deletion, will likely limit the accuracy of the coefficients

reported. Nonetheless, when comparing the regression models with and without imputed data

for boys, the imputed result does not substantively alter the conclusions drawn. How best to

resolve this is a matter for further consideration. The issues encountered pointed to an internal

package coding error and, therefore, may require further investigation and potentially the

support of the developer and a subsequent software release to be able to complete the

imputations. An alternate approach would be to investigate using an alternate statistical

software, such as MPlus (Muthén & Muthén, 1998). Using MPlus would avoid the need for

multiple imputation as full information maximum likelihood (FIML) could be used instead

(Muthén & Muthén, 1998). However, there can be convergence issues with FIML when data is

skewed, which is a feature of these data (Lim & Cheung, 2022). Currently, though, Mplus is

not available in the UK Data Service Secure Lab environment where these data were analysed.

An alternate option is to modify the current Bayesian regression models to impute the data

during model fitting (Bürkner, 2024; McElreath, 2020). Imputing missing data during model

fitting would further increase the processing requirements.

Throughout this chapter, I have highlighted several potential areas in which this research

could be further developed. From Study 1, once the Age 18 achievement data is available, the

evidence could be extended to examine achievement trajectories among the more motivated

students who continue in full-time education until 18 years old. Access to the Age 18 data

would enable an investigation into how combinations of achievement and self-concepts

contribute to subject choice at age 18 (e.g., Wang et al., 2013). The evidence could be further

extended to examine sex differences in subject combinations at the upper tail and whether
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these contribute to sex differences in career or subject choice. The widening sex difference in

writing achievement during adolescence, which is not measured separately in the UK

education system, warrants further investigation to determine whether this phenomenon is

observed in the UK system, and if it continues to grow as reported in the US analyses (Reilly

et al., 2019). Ideally, future work here would clarify how writing gaps might influence overall

academic outcomes in comparison to the reading gap. From Study 2, the influence of puberty

on school achievement, especially among boys, remains underexplored, and studies using

continuous measures of both biological and perceived puberty across diverse populations are

needed to clarify how puberty is differentially associated with boys’ and girls’ achievement in

school (Mendle & Koch, 2019). Clarifying exactly how or why adolescent development and

achievement may be related opens the door for interventions to address risks to students

achieving in line with their potential. Additionally, the social costs and motivations behind

counterstereotypical subject choices, particularly among students from lower socioeconomic

backgrounds, should be investigated to understand how peer and societal influences shape

educational trajectories (e.g., Cuff, 2017; Skipper & Fox, 2022). The supplementary analyses

on teacher bias could be examined more systematically at an individual level, ensuring that a

broader set of student characteristics is included. Teacher subjective assessments, teacher

grades that utilise detailed evaluation criteria, and outcomes in standardised tests could be

compared, comparing differences to long-term outcomes. Finally, future work should

disaggregate findings by sex within special educational needs (SEN) populations to better

understand how transitions and engagement differ across diagnostic groups and genders. These

directions will help clarify the complex mechanisms underlying sex and SEN differences in

educational outcomes and inform more equitable educational policies and practices.

5.5 Thesis Summary

This thesis examined sex differences in educational outcomes in a single longitudinal

sample. It went on to investigate whether the association between puberty and school
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engagement may support the claim that the earlier pubertal maturation of girls contributes to

widening sex achievement gaps during adolescence. Study 1 contributed to the academic

literature and societal discourse by offering a detailed, longitudinal analysis of sex differences

in school achievement across core subjects from childhood to adolescence (RQ1). It confirmed

that the widening female advantage is observed in most subjects during adolescence (RQ2). It

demonstrated that during adolescence, sex differences in STEM subjects are either null or

favour girls, despite earlier male advantages in mathematics (RQ3). This thesis, therefore,

challenges assumptions that the male majority in STEM careers is due to the higher

availability of boys at high levels of school achievement at age 16, and found limited support

for greater male variability in school grades in older age groups (RQ5). Study 1 also highlights

the different conclusions that may be drawn when assessing sex differences in STEM subjects

using international standardised tests or school grades (RQ6). The study also underscores the

societal implications of male underachievement, particularly in literacy, and the persistent

gender imbalances in subject choices, which are likely shaped by stereotypes and

self-concepts. While evidence of teacher bias was limited (RQ4), the findings call for further

investigation into how teachers may influence educational outcomes and whether teacher bias

is associated with other groups, such as having low expectations of SEN students. The study

advocated for a more nuanced understanding and explanation of gendered educational

trajectories in STEM subjects and supports the need for targeted interventions to promote

equity and informed subject choice for all students. Having confirmed the widening female

advantage during adolescence, Study 2 examined how puberty, self-concepts, and educational

expectations interact to shape school engagement during adolescence (RQ7). While perceived

puberty associations with engagement were generally modest, they were more pronounced for

girls and added explanatory value beyond age, self-concepts, and educational expectations.

Girls experienced steeper declines in school engagement and language self-concept,

supporting the stressful change hypothesis, which did not support the proposal that girls’
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earlier maturation is beneficial, at least between ages 11 and 14 (RQ8). Study 2 was unable to

test this proposal after age 14, so this remains an open question for future research. In contrast,

during early to middle-adolescence, boys showed more variable patterns, with language

self-concept playing a more protective role than mathematics self-concept. Students who had

transitioned to secondary school reported higher school engagement on some measures,

suggesting that school transition can be beneficial for some students. Ultimately, self-concepts

and educational expectations emerged as stronger predictors of school engagement than

puberty alone, underscoring the importance of fostering positive academic self-beliefs and

educational aspirations to support students through developmental transitions and throughout

secondary education.

5.6 Final Remarks

Recently, several researchers have proposed integrated motivational models incorporating

several disparate branches within educational psychology into broader frameworks in an effort

to consolidate and reduce complexity and fragmentation within the field (see Pekrun, 2024, for

a review and commentary). As highlighted by Pekrun (2024), there are significant challenges

to this endeavour. This thesis did not set out to test the predictions of these integrated

theoretical models - some of these have been published late into this overall exercise, and this

secondary data analysis is, necessarily, partly driven by the available data. Notably, stage

environment fit theory was highlighted by Skinner (2023) as an important model through

which an integrated motivational theory can encompass developmental change and, therefore,

explain the trajectory changes that are observed as individuals develop. Adolescence is a

period of substantive change as individuals refine their perceptions of the self, and their

self-appraisals become increasingly influenced by reality and achievability (Marsh & Hau,

2003). The existing theories of adolescent development have been aimed at explaining the

onset of mood and anxiety disorders and increased risk-taking and sensation-seeking during

middle adolescence (Nelson et al., 2005; Nelson et al., 2016; Shulman et al., 2016). Many of
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the outcomes associated with these processes are associated with underachievement in

education (Becherer et al., 2021; Dimler & Natsuaki, 2015; Hallfors et al., 2002; Ullsperger &

Nikolas, 2017). These theories are, however, limited in their ability to explain the broader

educational changes observed during adolescence and, as highlighted by Pfeifer and Berkman

(2018), they do not account for self-identity formation, a key developmental task associated

with adolescence. Pfeifer and Berkman (2018) addresses this by proposing that during

adolescence, behaviour is motivated by value-based choices; however, choices are weighted

according to each adolescent’s priorities, and these priorities may differ from the adult

perspective on what should be prioritised. Adolescent decision-making and prioritisation, and

how these decisions differ between groups, are areas for future research in the context of sex

differences in educational achievement.
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Materials

A.1 School Grades: Mean and Variability.

Table A.1

Observed vs. Expected Observations Between Boys and Girls. Odds Ratios and Cohen’s d
at the Upper and Lower Tails in Mathematics by Age Group

Subject Age Sex Observed Frequencies (vs. Expected Frequencies)

Lowest Level Lower Level Upper Level Highest Level

%
Cohort

%
Cohort

%
Cohort

%
Cohort

Maths 7 F 20 (25) 156 (190) 661 (766)
TA 1.56 0.9% 1.49 6.5% 1.46 26.0%

(d = -0.25) (d = -0.22) (d = -0.22)
M 30 (25) 218 (184) 844 (739) –

11 F 192 (174) 311 (284) 334 (415) 96 (130)
0.85 6.2% 0.81 9.7% 1.60 14.1% 1.76 4.4%

(d = 0.09) (d = 0.12) (d = -0.26) (d = -0.31)
M 161 (174) 247 (274) 482 (401) 159 (125)

16 F 156 (161) 347 (358) 345 (366) 106 (121)
1.07 5.6% 1.07 12.5% 1.14 12.7% 1.31 4.2%

(d = -0.04) (d = -0.04) (d = -0.07) (d = -0.15)
M 160 (155) 355 (344) 372 (351) 132 (117)

Note. The percentage of cohort members, odds ratios (OR), and Cohen’s d (in parentheses) are nested be-
tween male and female observed and expected frequencies for each subject/age group. Statistically significant
overrepresentation is indicated in bold typeface. OR > 1 and d < 0 indicates more males achieving or being
assessed at that level. Grade groupings by age: Age 7: lowest – Below 1; lower – Below 1, 1; upper – 3,
4. Age 11: lowest – 1, 2, 3c, 3b; lower – 1, 2, 3c, 3b, 3a; upper – 5a, 6; highest: 6. Age 16: lowest – U
(unclassified), 1; lower – U, 1, 2; upper – 8, 9; highest – 9. Data are excluded (–) where the observed count
of boys or girls < 10. TA indicates teacher-assessed grades.



190
Appendix A. Sex Differences of School Grades in Childhood and Adolescence.

Supplementary Materials

Table A.2

Observed vs. Expected Observations Between Boys and Girls. Odds Ratios and Cohen’s
d at the Upper and Lower Tails in Reading, Writing, and English by Age Group.

Subject Age Sex Observed Frequencies (vs. Expected Frequencies)

Lowest Level Lower Level Upper Level Highest Level

%
Cohort

%
Cohort

%
Cohort

%
Cohort

English 7 F 17(35) 308(409) 1019(862) -
TA 3.15 1.2% 1.81 13.9% 0.66 30.3%

(d=-0.63) (d=-0.33) (d=0.23)
M 51(33) 496(395) 735(892) –

11 F 121(173) 181(252) 355(289) -
1.94 5.9% 1.91 8.6% 0.59 9.9%

(d=-0.37) (d=-0.36) (d=0.29)
M 218(166) 315(244) 212(278) -

16 F 31(75) 153(262) 338(261) 114(82)
4.02 2.6% 2.68 9.1% 0.50 9.0% 0.41 2.8%

(d=-0.77) (d=-0.54) (d=0.38) (d=0.49)
M 115(71) 359(250) 171(248) 46(78)

Reading 7 F 20(42) 232(316) 1004(889) -
TA 3.26 1.4% 1.85 10.7% 0.68 30.1%

(d=-0.65) (d=-0.34) (d=0.21)
M 62(40) 388(304) 742(857) -

11 F 125(173) 179 236) 297(246) -
1.86 6.0% 1.72 8.1% 0.62 8.6%

(d=-0.34) (d=-0.29) (d=-0.26)
M 216(168) 285(228) 186(237) -

Writing 7 F 33(62) 306(414) 523(432) -
TA 2.85 2.1% 1.87 14.0% 0.60 14.6%

(d=-0.58) (d=-0.35) (d=0.28)
M 89(60) 507(399) 325(416) -

11 F 29(42) 261(373) 1181(990) 51(39)
TA 1.94 1.4% 2.04 12.7% 0.55 33.6% 0.52 1.3%

(d=-0.37) (d=-0.39) (d=0.33) (d=0.36)
M 54(41) 472(360) 766(957) 26(38)

Note. The percentage of cohort members, odds ratios (OR), and Cohen’s d (in parentheses) are nested
between male and female observed and expected frequencies for each subject/age group. Statistically
significant overrepresentation is indicated in bold typeface. OR > 1 and d < 0 indicates more males
achieving or being assessed at that level. Grade groupings by age: Age 7: lowest – Below 1; lower –
Below 1, 1; upper – 3, 4. Age 11: lowest – 1, 2, 3c, 3b; lower – 1, 2, 3c, 3b, 3a; upper – 5a, 6; highest:
6. Age 16: lowest – U (unclassified), 1; lower – U, 1, 2; upper – 8, 9; highest – 9. Data are excluded (–)
where the observed count of boys or girls < 10. TA indicates teacher-assessed grades.
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Table A.3

Observed vs. Expected Observations Between Boys and Girls. Odds Ratios and Cohen’s d at
the Upper and Lower Tails in Science by Age Group.

Subject Age Sex Observed Frequencies (vs. Expected Frequencies)

Lowest Level Lower Level Upper Level Highest Level

% Cohort % Cohort % Cohort % Cohort

Science 7 F 12 (11) 171 (220) 722 (776) –
TA 0.86 0.4% 1.64 7.5% 1.21 26.3%

d =-0.08) d =-0.27) d =-0.11)
M 10 (11) 261 (212) 803 (749) –

11 F 18 (22) 224 (227) 1260 (1279) –
TA 1.50 0.8% 1.03 7.7% 1.05 43.4%

d =-0.22) d =-0.02) d =-0.03)
M 26 (22) 222 (219) 1254 (1235) –

16 F 125 (143) 330 (373) 199 (173) 24 (19)
1.32 5.0% 1.33 13.0% 0.72 6.0% 0.61 0.7%

(d = -0.15) d =-0.16) d =0.18) d =0.27)
M 154 (136) 398 (355) 140 (166) 14 (19)

Additional
Science

16 F 91 (111) 273 (308) 261 (227) 51 (43)
1.49 5.7% 1.31 15.8% 0.66 11.6% 0.62 2.2%

d =-0.22) (d =-0.15) d =0.23) d =0.26)
M 123 (103) 321 (286) 176 (210) 32 (40)

Biology 16 F – – 398 (370) 139 (127)
0.75 12.8% 0.80 4.4%

d =0.15) d =0.12)
M – – 321 (349) 108 (120)

Chemistry 16 F – – 385 (362) 139 (134)
0.79 12.6% 0.91 4.7%

d =0.13) d =0.05)
M – – 325 (348) 124 (129)

Physics 16 F – – 345 (356) 137 (144)
1.12 12.4% 1.12 5.0%

d =-0.06) d =-0.06)
M – – 349 (338) 143 (136)

Average
Science
Grade

16 F 142 (171) 274 (312) 454 (423) 155 (147)
1.43 6.0% 1.33 11.0% 0.84 14.8% 0.89 5.2%

d =-0.20) d =-0.16) d =0.10) d =0.06)
M 191 (163) 336 (298) 372 (403) 132 (140)

Note. The percentage of cohort members, odds ratios (OR), and Cohen’s d (in parentheses) are nested between
male and female observed and expected frequencies for each subject/age group. We combined the age 16 science
and individual science cohorts to calculate a representative percentage at each grade in the sciences: science: n
=5639; biology: n =5639; chemistry n =5624, physics n =5525. Statistically significant overrepresentation is
indicated in bold typeface. OR > 1 and d < 0 indicates more males achieving or being assessed at that level. Grade
groupings by age: Age 7: lowest – Below 1; lower – Below 1, 1; upper – 3, 4. Age 11: lowest – 1, 2, 3c, 3b;
lower – 1, 2, 3c, 3b, 3a; upper – 5a, 6; highest: 6. Age 16: lowest - F, G, U (unclassified); lower - E, F, G, U;
upper - A, A*, highest - A*. Data are excluded (–) where the observed count of boys or girls < 10. TA indicates
teacher-assessed grades.
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Table A.4

Observed vs. Expected Observations Between Boys and Girls. Odds Ratios and
Cohen’s d at the Upper and Lower Tails in Optional Subjects at Age 16. STEM,
Humanities, and Modern Foreign Languages.

Subject Sex Observed Frequencies (vs. Expected Frequencies)

Lowest Level Lower Level Upper Level Highest Level

%
Cohort

%
Cohort

%
Cohort

%
Cohort

Computing F 11 (22) 16 (33) 52 (37) 16 (9)
2.43 13.6% 2.79 21.0% 0.54 23.5% 0.51 5.7%

d =-0.48) d =-0.57) d =0.33) d =0.37)
M 90 (79) 140 (123) 122 (137) 26 (33)

Geography F 77 (94) 159 (199) 354 (303) 112 (97)
1.48 7.9% 1.60 16.5% 0.65 25.2% 0.73 8.1%

(d =-0.21) d =-0.26) d =0.23) d =0.17)
M 120 (103) 256 (216) 278 (329) 91 (106)

Social
Sciences

F 25 (29) 59 (65) 120 (101) –
1.50 7.0% 1.37 15.7% 0.42 24.4%

d =0.22) d =0.17) d =0.48)
M 17 (13) 36 (30) 28 (47) –

French F 25 (33) 72 (90) 239 (209) 102 (91)
1.66 3.7% 1.70 10.0% 0.63 23.2% 0.71 10.1%

d =0.28) d =0.29) d =0.25) d =0.19)
M 32 (23) 82 (64) 118 (148) 53 (64)

German F – 11 (19) 66 (61) 21 (19)
2.69 7.2% 0.79 23.5% 0.81 7.4%

d =-0.54) d =0.12) d =0.11)
M – 24 (16) 48 (53) 15 (17)

Spanish F 16 (20) 38 (54) 163 (142) 73 (61)
1.71 3.9% 2.17 10.3% 0.60 27.3% 0.56 11.7%

d =-0.30) d =-0.43) d =0.28) d =0.32)
M 19 (15) 54 (38) 80 (101) 31 (43)

History F 118 (140) 222 (258) 465 (410) 165 (135)
1.46 9.6% 1.43 17.7% 0.67 28.1% 0.58 9.3%

d =-0.21) d =-0.20) d =0.22) d =0.30)
M 144 (122) 260 (224) 301 (356) 87 (117)

Religious
Studies

F 100 (159) 207 (295) 660 (537) 227 (178)
2.55 9.0% 2.22 16.6% 0.49 30.2% 0.49 10.0%

d =-0.52) d =-0.44) d =0.39) d =0.39)
M 198 (139) 345 (257) 343 (466) 106 (155)

Note. The percentage of cohort members, odds ratios (OR), and Cohen’s d (in parentheses) are nested
between male and female observed and expected frequencies for each subject/age group. Statistically
significant overrepresentation is indicated in bold typeface. OR > 1 and d < 0 indicates more males
achieving or being assessed at that level. Grade groupings: lowest - F, G, U (unclassified); lower - E, F,
G, U; upper - A, A*, highest - A*. Data are excluded (–) where the observed count of boys or girls < 10.
TA indicates teacher-assessed grades.
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Table A.5

Observed vs. Expected Observations Between Boys and Girls. Odds Ratios and Cohen’s
d at the Upper and Lower Tails in Optional Subjects at Age 16. Applied Subjects, Sports,
and the Arts.

Subject Sex Observed Frequencies (vs. Expected Frequencies)

Lowest Level Lower Level Upper Level Highest Level

%
Cohort

%
Cohort

%
Cohort

%
Cohort

Design &
Technology

F 27 (56) 68 (132) 206 (132) 70 (42)
3.54 7.7% 1.89 18.2% 0.33 18.1% 0.32 5.8%

(d = -0.70) (d = -0.35) (d = 0.61) (d = 0.63)
M 103 (74) 239 (175) 99 (173) 28 (56)

Film, TV,
Media &
Office

F 28 (46) 55 (84) 130 (102) 39 (26)
2.33 8.7% 2.18 15.9% 0.54 19.1% 0.37 4.8%

(d = 0.34) (d = -0.47) (d = -0.43) (d = 0.55)
M 77 (59) 136 (107) 100 (128) 19 (32)

Physical
Education /
Sports
Studies

F – 31 (44) 124 (88) 41 (33)
1.73 10.1% 0.45 20.3% 0.67 7.6%

(d = -0.30) (d = 0.44) (d = 0.22)
M – 84 (71) 108 (144) 46 (54)

Art &
Design

F 23 (35) 69 (98) 312 (264) 130 (106)
2.77 3.1% 2.65 8.8% 0.41 23.8% 0.37 9.6%

(d = -0.56) (d = -0.54) (d = 0.49) (d = 0.55)
M 27 (15) 72 (43) 68 (116) 23 (47)

Performing
Arts

F 19 (24) 57 (69) 227 (216) 59 (54)
1.72 3.0% 1.62 8.7% 0.84 27.3% 0.75 6.8%

(d = 0.30) (d = -0.26) (d = 0.10) (d = 0.16)
M 20 (15) 55 (43) 124 (135) 28 (33)

Note. The percentage of cohort members, odds ratios (OR), and Cohen’s d (in parentheses) are nested
between male and female observed and expected frequencies for each subject/age group. Statistically sig-
nificant overrepresentation is indicated in bold typeface. OR > 1 and d < 0 indicates more males achieving
or being assessed at that level. Grade groupings: lowest - F, G, U (unclassified); lower - E, F, G, U; upper
- A, A*, highest - A*. Data are excluded (–) where the observed count of boys or girls < 10. TA indi-
cates teacher-assessed grades. Subject groups: Female majority D&T subjects - Food Technology, Textiles
Technology. Male majority D&T subjects - Electronic Products, Product Design, Resistant Materials, Sys-
tems & Control, Graphic Products, Design & Technology. Film, TV, Media & Office - Office Technology,
Film Studies, Information & Communications Technology. Performing Arts including Drama & Theatre
Studies, Dance, Music.
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Table A.6

Standardised Means, Standard Deviations, and Percentages of Boys and Girls Observed
at the Upper and Lower Tails of the Grade Distributions in for Age 16 Subjects with
Insufficient Statistical Power or Combined Due to Skewed Distributions.

Subject Sex n M SD Percentage of Girls/Boys
(Cohen’s d [CI]) (σ2

k p) (χ2 p)

Lowest Lower Upper Highest
Level Level Level Level

Other Mathematics F 221 0.06 0.99 – 10.4% 33.5% 14.2%
0.11 [-0.06, 0.28] 0.34 .518 .932 .575 .284

M 299 -0.05 1.01 – 11.0% 30.7% 10.7%

Economics F 27 -0.18 1.24 – – – –
-0.25 [-0.69, 0.20] 0.004 .150

M 69 0.07 0.89 – – – –

Engineering F 14 0.29 1.11 – – – –
0.35 [-0.23, 0.93] 0.37 .925

M 66 -0.06 0.97 – – – –

Design & Technology (F) F 451 0.16 0.95 3.5% 8.7% – –
0.75 [0.55, 0.95] 1.00 .244 .013 < .001

M 128 -0.56 0.98 9.4% 29.7% – –

Design & Technology (M) F 277 0.44 0.93 3.6% 8.7% 27.7% 9.5%
0.61 [0.47, 0.75] 1.00 .140 .001 < .001 < .001 < .001

M 831 -0.15 0.98 9.4% 29.2% 10.8% 2.3%

Note. Sex differences are nested between boys and girls means, standard deviations and percentage
representation at each achievement level: Cohen’s d [95% CI], Levene’s (σ2

k) test p-value, and Pearson
chi-square (χ2) test p-value for each achievement level. P indicates achieved power (Champely, 2020).
Data are excluded (–) where the observed count of boys or girls < 10. Grade groupings: lowest - F,
G, U (unclassified); lower - E, F, G, U; upper - A, A*, highest - A*. Data are excluded (–) where
the observed count of boys or girls < 10. TA indicates teacher-assessed grades. Subject groups: Other
Mathematics – Application of Mathematics, Mathematics (sat a year earlier than would be usual for these
cohort members, under the prior A*-G grading system), Methods in Mathematics, Statistics. Design &
Technology (F) - Food Technology, Textiles Technology. Design & Technology (M) - Electronic Products,
Product Design, Resistant Materials, Systems & Control, Graphic Products, Design & Technology.
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Table A.7

Observed vs. Expected Observations Between Boys and Girls. Odds Ratios and Cohen’s
d at the Upper and Lower Tails for Age 16 Subjects with Insufficient Statistical Power or
Combined Due to Skewed Distributions.

Subject Sex Observed Frequencies (vs. Expected Frequencies)

Lowest Level Lower Level Upper Level Highest Level

%
Cohort

%
Cohort

%
Cohort

%
Cohort

Other
Mathematics

F – 23 (24) 74 (71) 31 (27)
1.07 10.7% 0.88 31.9% 0.72 12.2%

(d = -0.11) (d = 0.08) (d = 19.7)
M – 33 (32) 92 (95) 32 (36)

Design &
Technology
(F)

F 16 (22) 39 (60) – –
2.81 4.8% 4.46 13.3%

(d = -0.57) (d = -0.82)
M 12 (6) 38 (17) – –

Design &
Technology
(M)

F 11 (26) 29 (58) 81 (43) 27 (13)
2.97 9.2% 2.73 20.8% 0.29 15.4% 0.29 4.7%

(d = -0.60) (d = -0.55) (d = 0.68) (d = 0.68)
M 91 (76) 201 (172) 90 (128) 25 (39)

Note. The percentage of cohort members, odds ratios (OR), and Cohen’s d (in parentheses) are nested
between male and female observed and expected frequencies for each subject/age group. Statistically
significant overrepresentation is indicated in bold typeface. OR > 1 and d < 0 indicates more males
achieving or being assessed at that level. Grade groupings: lowest - F, G, U (unclassified); lower - E, F, G,
U; upper - A, A*, highest - A*. Data are excluded (–) where the observed count of boys or girls < 10. TA
indicates teacher-assessed grades. Subject groups are detailed in Table A.6.
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A.2 Alternate and Other Educational Outcomes

Table A.8

Percentage Point Achievement Gap Between Boys and Girls
Meeting or Exceeding the Benchmark Standards at each
Age: National Results vs. Sample Cohort Members.

Subject Achieved Benchmark Exceeded Benchmark

National Sample National Sample

Age 7
English 9.5% 7.0% NP 8.8%
Mathematics 2.9% 2.4% NP -7.3%
Science 3.2% 3.4% NP -3.7%

Age 11
English 9% 5.0% 10% 11.8%
Mathematics 0% 1.8% 6% -7.9%
Science 1% 0.2% NP -1.3%

Age 16
English 16% 13.2% NP 10.1%
Mathematics 1% 1.1% NP -1.4%

Note. NP – data not published. National assessment results at age
7, 11, and 16 years old (Department for Education, 2010, 2012, 2017).
Exceeded benchmark at age 16: achieved grade 7, 8 or 9 in mathematics
or English. Achieved the benchmark at age 16: achieved grades 4 – 9 in
mathematics or English. All comparisons are the percentage of female
members minus the percentage of male members of the national cohort
or sample: negative values indicate a male advantage.

A.3 Comparing teacher-assessed grades and test outcomes.

The age 11 in mathematics and English, as analysed in the main text (see Table 2) and

detailed in tables SM.A.1 - 2 above, are national, standardised tests, as are all the age 16

educational outcomes. Efforts have been made to minimise the impact of possible bias in these

assessments through anonymised, electronic marking. Each paper is marked by multiple

examiners; individual examiners only mark certain questions and do not see the entire paper.

The age 7 educational assessments are teacher-assessed against a detailed national framework.

Science and writing at age 11 are also teacher-assessed. Under England’s education system,
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each cohort member has two reported outcomes in mathematics and English at age 11 – the

national standard tests and teacher-assessed grades. This dual assessment offers the

opportunity to examine teacher bias on educational outcomes. Prior research points to

potential bias in teacher assessments in this cohort, comparing subjective teacher assessments

of ability with outcomes from cognitive ability tests, and in the analysis of age 11 assessments

of earlier cohorts (Burgess & Greaves, 2013; Campbell, 2015; Hansen & Jones, 2011).

Burgess and Greaves (2013) reported evidence of bias in favour of and against students from

ethnic minority groups in the age 11 school assessments we have analysed here. Campbell

(2015) reported evidence of bias in the MCS, based on family income, sex, SEN status, and

ethnicity at age 7, by comparing the British Ability Scale (BAS) test results and teacher

subjective judgements. Hansen and Jones (2011) report larger gender gaps favouring females

in teacher assessments, using the Foundation Stage Profile, a school-based assessment of

development and learning, than in BAS tests at age 5. Teacher bias is also found in

experimental research and other reports from other countries/ education systems (Harlen,

2005; Malouff & Thorsteinsson, 2016; Terrier, 2020). We examined how the teacher-assessed

grades compared with test outcomes and therefore influence the results reported here (for

details, Tables A.9, A.10).

We find that grade variability differs between age 11 teacher-assessed grades and test

grades, and that mean sex differences do not significantly differ. There is less dispersion in

teacher-assessed English grades - many more cohort members achieved the lowest test grades

in English than were teacher-assessed at that level, and more students were assessed at the

highest grades than achieved these grades in the test. Our findings of less dispersion in English

grades are consistent with prior reports (Burgess & Greaves, 2013). There was slightly more

dispersion in teacher-assessed mathematics grades, which is inconsistent with the prior

analysis (Burgess & Greaves, 2013). Like English, more students achieved the lowest grades

in mathematics than were assessed at that level by their teachers. However, there was closer
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Table A.9

Standardised Mean, Standard Deviation, and Observed Percentages at the Upper and Lower Tails
of the Grade Distributions for Age 11 Teacher-Assessed English and Mathematics Grades.

Subject Sex N M SD Observed Percentages

Lowest Level Lower Level Highest Level

English F 2946 0.13 0.96 0.9% 6.4% 1.6%
(TA) 0.27 [0.22, 0.32] < .001 .020 < .001 .008

M 2846 -0.14 1.02 1.6% 11.1% 0.8%

Mathematics F 2948 -0.06 0.97 1.1% 9.1% 3.5%
(TA) -0.12 [-0.17, -0.07] < .001 .387 1.000 < .001

M 2846 0.06 1.03 1.4% 9.1% 6.0%

Note. Sex differences are nested between boys and girls means, standard deviations and percentage representation at
each achievement level: Cohen’s d [95% CI], Levene’s (σ2

k) test p-value, and Pearson chi-square (χ2) test p-value for
each achievement level: lowest – 2, 1; lower – 3, 2, 1; highest - 6. OR > 1 and d < 0 indicates more males achieving or
being assessed at that level. Data are excluded (–) where the observed count of boys or girls < 10.

alignment of teacher-assessed grades and test grades at the highest achievement level in

mathematics. Changes in the grading structure implemented for this cohort - grade 6

achievement was not available at age 11 in the prior analysis – will account for some

differences. Among the most able students in English, a small percentage of students were

assessed at the highest achievement level, but fewer than 10 cohort members achieved this

grade in the test, for example.

We compared the percentage of boys and girls assessed at each grade in the test vs. the

percentage teacher-assessed at that grade (for details, see Supplementary Materials, Figure

A.1). In general, the percentage of students whose teacher-assessed and test grades differed in

mathematics was less than 1.5 percentage points (pp.) at each grade level, and most differences

were less than 1 pp. The larger of these was 1.3 pp. of girls overassessed, and 1.4% pp. of

boys underassessed, at grade 5 in mathematics. There were larger differences between

teacher-assessed grades and test grades in English, particularly at grades 4 and 5. More boys

and girls achieved a grade 5 (3 pp. each) in the test than were teacher-assessed at that level.

For boys, most were likely underassessed at grade 4 (2.3 pp.) and the remainder overassessed
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Table A.10

Observed vs. Expected Observations at the Upper and Lower Tails of the Grade
Distributions for Age 11 Teacher-Assessed Grades.

Subject Sex Observed (vs. Expected) Frequencies

Lowest Level Lower Level Highest Level

% Cohort % Cohort % Cohort

English F 25 (35) 189 (257) 46 (35)
(TA) 1.83 1.1% 1.82 8.5% 0.49 1.2%

d =-0.33) d =-0.33) d =0.39)
M 44 (34) 316 (248) 22 (33)

Mathematics F 32 (36) 268 (268) 102 (138)
(TA) 1.27 1.2% 1.00 9.1% 1.76 4.7%

d =-0.13) d =0.00) d =0.32)
M 39 (35) 258 (258) 169 (133)

Note. The percentage of cohort members, odds ratios (OR), and Cohen’s d (in parentheses) are nested
between male and female observed and expected frequencies for each subject/age group. Statistically sig-
nificant overrepresentation is indicated in bold typeface. OR > 1 and d < 1 indicates more males achieving
or being assessed at that level. Data are excluded (–) where the observed count of boys or girls < 10.

at grade 6, although this is based on observation only; we have not tested by individual, only

by group/sex. On the other hand, equal proportions of girls were under- or overassessed in

grades 4 and 6. These patterns of greater teacher-assessed vs test grades differences in English,

particularly more underassessment, more accuracy in mathematics with similar percentages of

under and over-assessment, are in line with prior reports (Burgess & Greaves, 2013).

Our results may offer some support for a teacher gender bias account; however, the

differences at a group level are very small. Teachers assessed more boys at grades 4 and below

in mathematics, whereas more girls achieved these grades in the tests. More girls were

over-assessed at grade 6 and more boys were underassessed at grade 4 in English. In

mathematics, more girls were overassessed at grade 4, and more boys were underassessed at

grade 5. Once tests were introduced at age 11, proportionally more girls were assessed at the

lowest achievement level, and the effect size of male overrepresentation reduced in English

and reading. Together, these could be interpreted as teacher grades favouring girls; however, in
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Figure A.1

Difference in the Percentage of Boys and Girls Assessed at each Grade in English and
Mathematics.

English Mathematics

each of these, the proportion of students is very small (Gortazar et al., 2022; Hansen & Jones,

2011). There is more under and overassessment in English than in mathematics, and

proportionally more girls achieved grade 5 in the test than were teacher-assessed at grade 5.

However, test outcomes may naturally, through additional support or tutoring, or through test

anxiety, be lower or higher than engagement or achievement in class as represented by

teacher-assessed grades. For example, in writing (see Table 3.2), which is teacher-assessed in

both age groups, there was a reduction in the percentage and effect size of male

overrepresentation at the lowest achievement level, which may indicate a perception of

improvement, more so for boys, which would not support a teacher bias account. It is also

possible that test scores may be boosted by teaching to the test, or that the differences we find

result from other stronger teacher biases that have been reported, such as SEN status, receiving

free school meals, or ethnicity (Burgess & Greaves, 2013). Some research has questioned the

impact of teacher bias on outcomes, and yet others have reported long-term impacts on school

achievement and access to higher-paying career options (Burgess et al., 2022; Carlana, 2019;

Lavy & Megalokonomou, 2019; Lavy & Sand, 2018; Terrier, 2020). Teacher bias effects may

be more prevalent in less effective teachers and can benefit boys and girls depending on which
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gender is favoured by an individual teacher (Lavy & Megalokonomou, 2019). Further research

is required to clarify when and how the discrepancies between teacher assessment and test

grades influence outcomes.

A.4 Age 7 Science Assessments

In the main text, we have analysed sex differences in science at age 7, which is

teacher-assessed. In addition to an overall science assessment, students are separately assessed

on four strands of the national curriculum in this age group, and outcomes for these are

available for analysis. Here we provide the same analyses as reported in the main text, for these

four separate assessments – Life and Living Processes, Materials and their Properties, Physical

Processes, and Scientific Enquiry - that underlie the overall science grade in this age group

(Department for Education, 2015). The content of these strands of the science curriculum are:

Life and Living Processes. Identifying and naming a variety of common plants and

animals, including humans, and being able to identify and describe the structure and

basic parts of these. Understanding of differing habitats and how plants and animals

obtain food and nutrients.

Materials and Their Properties. Distinguishing between objects and the materials they

are made from. Being able to identify everyday materials and describe their physical

properties and their uses.

Physical Processes. Describe and understand changes in the environment and

understand the natural processes that cause these.

Scientific Enquiry. Practical scientific skills, methods and processes, including

observation, using simple equipment, performing simple tests, gathering, and recording

data.
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In the main text, we report no sex differences in science at age 7. Underlying the science

assessment, we also find no sex differences in Life and Living Processes, Materials and their

Properties, and Scientific Enquiry. Our sample is large enough to find a negligible, significant

difference in Physical Processes, favouring boys. These results partially align with prior

reports in UK students, except for the significant differences found in the Physical Processes

domain (Haworth et al., 2010). Like science, we find that boys are significantly

overrepresented in the upper and lower tails of Materials and their Properties, Physical

Processes, and Scientific Enquiry, and in the lower tail only in Life and Living Processes.

Table A.11

Standardised Mean, Standard Deviation, and the Percentage of Boys and Girls Observed at the Upper
and Lower Tails of the Grade Distributions for Age 7 Assessments in Science components.

Subject Sex N M SD Observed Percentages

Lowest Level Lower Level Highest Level

Life &
Living
Processes

F 2949 0.01 0.96 – 5.0% 28.5%
0.03 [-0.02, 0.08] .003 – < .001 .356

M 2846 -0.01 1.04 – 7.7% 29.7%

Materials &
their
Properties

F 2948 0.001 0.95 0.4% 6.4% 23.8%
-0.002 [-0.05, 0.05] < .001 .624 <.001 .016

M 2845 -0.001 1.05 0.5% 9.2% 26.6%

Physical
Processes

F 2948 -0.03 0.94 0.4% 7.4% 22.3%
-0.05 [-0.11, -0.01] < .001 .907 < .001 < .001

M 2845 0.03 1.05 0.4% 10.0% 28.0%

Scientific
Enquiry

F 2949 -0.01 0.95 0.5% 7.8% 22.2%
0.008 [-0.04, 0.06] < .001 1.000 < .001 .001

M 2846 0.01 1.05 0.5% 11.1% 26.0%

Note. Sex differences are nested between boys and girls means, standard deviations and percentage representation at
each achievement level: Cohen’s d [95% CI], Levene’s (σ2

k) test p-value, and Pearson chi-square (χ2) test p-value for
each achievement level: lowest – Below 1; lower – Below 1, 1; upper – 3, 4. Data are excluded (–) where the observed
count of boys or girls < 10.
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Table A.12

Observed vs. Expected Frequencies of Boys and Girls Observed at the Upper and
Lower Tails of the Grade Distributions for Individual Components of the Age 7 Science
Assessments.

Subject Sex Observed (vs. Expected) Frequencies

Lowest Level Lower Level Highest Level

% Cohort % Cohort % Cohort

Life &
Living
Processes

F – 147 (186) 840 (856)
1.58 6.3% 1.06 29.0%

(d = -0.25) (d = -0.03)
M – 218 (179) 843 (827)

Materials &
their
properties

F 11 (13) 189 (230) 702 (742)
1.32 0.4% 1.46 7.8% 1.16 25.2%

(d = -0.15) (d = -0.21) (d = -0.08)
M 14 (12) 262 (230) 757 (717)

Physical
Processes

F 13 (12) 217 (235) 658 (740)
0.88 0.4% 1.38 8.6% 1.35 25.1%

(d = 0.07) (d = -0.18) (d = -0.17)
M 11 (12) 285 (247) 796 (714)

Scientific
Enquiry

F 14 (14) 231 (278) 654 (708)
0.96 0.5% 1.47 9.4% 1.23 24.0%

(d = 0.02) (d = -0.21) (d = -0.11)
M 13 (13) 316 (269) 736 (684)

Note. The percentage of cohort members, odds ratios (OR), and Cohen’s d (in parentheses) are nested between
male and female observed and expected frequencies for each subject. Statistically significant overrepresenta-
tion is indicated in bold typeface. OR > 1 and d < 0 indicates more males achieving or being assessed at that
level. Grade: lowest – Below 1; lower – Below 1, 1; upper – 3, 4. Data are excluded (–) where the observed
count of boys or girls < 10.
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B.1 Testing the Millennium Cohort Study Sampling Weights

The Millennium Cohort Study (MCS) provides sampling weights to adjust for attrition

between the current sample and the original sample of cohort members recruited at nine

months old (see Chapter 2 for further discussion). The sampling weights also adjust for the

sampling approach - clustered, random sampling by electoral wards, as described in the

Methods section for this study. These weights aim to remove bias in analytical models,

particularly when aiming to calculate population coefficients and make inferences about the

population of interest (UCL Centre for Longitudinal Studies, 2020).

As discussed in Chapter 2, the sampling weights are not applied to the Study 1 analyses.

This decision was made because the Study 1 sample is a sub-sample of the Age 14 sample, for

whom educational achievement data were available. Sampling weights are provided for the

Age 14 sample but not for the educational data. The educational data were extracted from the

NPD based on parental permission given in the Age 7 survey, two waves before the Age 14

wave. As detailed in Chapter 2, parental permission was given for 60% of the Age 7 sample.

The educational data was successfully matched for this thesis for 57% cohort members present

in the Age 14 sample.

The demographics of the Age 7 and Age 14 samples will differ due to attrition between

waves (UCL Centre for Longitudinal Studies, 2020). The educational data is more closely

related to the Age 7 sample than the Age 14 sample. As demonstrated in Chapter 2, the Age 14
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sampling weights provided when applied to these data do not achieve the intention of

weighting the sample back to the demographic profile of the weighted full sample - those

cohort members recruited and surveyed in the nine-month-old wave. Extending the

demographics comparisons of Chapter 2, this thesis section re-examines the Study 1 results for

English, mathematics, and average science grade at Age 16 and English and mathematics at

Age 11 to understand whether applying the sampling weights alters the conclusions drawn in

the main study.

B.2 Demographics of the Weighted Sample

As described in Chapter 2, the weighted sample represented nw = 5529 cohort members

(nw = 2594 boys and nw = 2635 girls). Of these 83.7% of the sample represented White ethnic

groups, 8.8% South Asian or South-East Asian ethnic groups (Pakistani: 4.2%, Indian: 2.3%,

Bangladeshi 1.5%, Other Asian including Chinese 0.8%), and 3.2% from Black ethnic groups

(Black African: 1.7%, Black Caribbean & Other Black: 1.5%). The remaining sample

represented 3.4% Mixed and 0.8% Other ethnic groups. The weighted sample was negatively

skewed towards the upper-income quintiles (Quintile 1: 14.6%, Quintile 2: 16.9%, Quintile 3:

19.9%, Quintile 4: 23.7%, Quintile 5: 25.0%). Demographics by sex are reported in Chapter 2.

B.3 Weighted Sample Analyses

The MCS weights can be applied and used in complex survey analyses, with detailed

documentation provided on how to use the survey weights in SPSS or STATA, provided for

researchers (Jones & Ketende, 2010; Ketende & Jones, 2011). Complex survey functionality is

also available in the R environment (Lumley, 2010, 2024). The functionality allows for

independent samples t-tests to be calculated with the survey weights applied, and also enables

the calculation of weighted sample size, grouped as needed. Here, I used these R functions to

apply the sampling weights to the sample analysed in the main, published body of Study 1 to

understand whether the results differ under weighted analyses.
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Table B.1

Weighted Sample: Standardised Means, Standard Deviations, and Percentages of Boys
and Girls Observed at the Upper and Lower Tails of the Grade Distributions in
Mathematics, English, and Average Science Grade by Age Group

Age Group Sex Nw Mw [CI] SD Weighted Percentage of Girls/Boys
Subject (Cohen’s dw [CI]) (χ2

w p)

Lowest Lower Upper Highest
Level Level Level Level

Age 11
English F 2667 0.11[0.07, 0.15] 0.96 4.4% 6.7% 11.4% –

0.29[0.23, 0.35] <.001 <.001 <.001
M 2632 -0.18[-0.22, -0.13] 1.04 8.2% 11.7% 6.8% –

Mathematics F 2677 -0.10[-0.14, -0.07] 0.97 6.7% 10.9% 10.8% 3.0%
-0.15[-0.21, -0.09] .474 .065 <.001 <.001

M 2643 0.05[0.01, 0.09] 1.02 6.2% 9.4% 16.2% 5.0%

Age 16
English F 2634 0.24[0.21, 0.28] 0.97 1.4% 6.4% 10.9% 3.5%

0.40[0.34, 0.46] <.001 <.001 <.001 <.001
M 2574 -0.16[-0.20, -0.11] 0.99 4.5% 14.5% 5.6% 1.5%

Mathematics F 2624 0.08[0.04, 0.12] 0.96 5.6% 12.9% 10.7% 3.1%
-0.01[-0.07, 0.04] .434 .365 .214 .070

M 2585 0.09[0.05, 0.13] 1.00 6.2% 13.8% 11.9% 4.1%

Average F 2495 0.02[-0.02, 0.06] 0.97 3.4% 10.6% 18.2% 6.1%
Science 0.17[0.10, 0.23] .001 .001 .001 .044
Grade M 2399 -0.14[-0.19, -0.10] 1.03 5.3% 13.9% 14.7% 4.7%

Note. Sex differences are nested between boys’ and girls’ weighted means (Mw [95% CI]), standard devia-
tions and percentage representation at each achievement level: Cohen’s dw [95% CI] and Pearson chi-square
(χ2

w) test p-value for each achievement level. As the mean values are calculated from complex survey data
with weights applied, confidence intervals (CIs) for group means are also provided. Statistically significant
differences are indicated in bold typeface. Data are excluded (–) where the observed count of boys or girls
<10. Observed frequencies at the lowest, lower, upper, and highest achievement levels, and which grades
each level encompasses are detailed in Appendix A, Tables A.1 - A.3.

Sex differences in English, mathematics, and average science grades at Age 16 and

English and mathematics at Age 11 were calculated using survey design-based independent

sample t-tests. Mathematics, English and science are studied by all students at Age 11 and 16,

however the Age 11 science grades are teacher-assessed, and as discussed in Appendix A, we
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found these to be less reliable than the standardised curriculum tests. I therefore do not apply

the sample weights to the Age 11 science outcomes. Other Age 16 subjects are increasingly

smaller sub-samples of the Study 1 sample. Often, the choice of studying each of these

subjects is influenced by factors such as general achievement level (e.g., individual science

subjects) and the school the cohort member attends - not all Age 16 subjects are offered by all

schools, for example. I also examined sex differences at the upper and lower tails of the

distribution by extracting the number of cohort members achieving each grade, using

Chi-squared tests to test the observed number of boys and girls at the upper and lower

achievement levels.

B.4 Weighted Results

B.4.1 Age 11 Weighted Results

Weighted mean sex differences in mathematics (dw = -0.15) and English (dw = 0.29) at

Age 11 do not differ from those reported in the main study chapter (Chapter 3: English d =

0.29, mathematics d = -0.16). Effects sizes and odds ratios are very similar at the upper and

lower tails of the distribution (see Tables B.1, B.2). However, the very small (d = 0.12)

overrepresentation of girls at the lower achievement level in mathematics is significant in the

larger Study 1 results but not significant (dw = 0.10) in the smaller weighted sample. In

summary, the weighted analyses support and confirm the conclusions in the larger unweighted

sample. Still, the loss of statistical power at the distribution tails in the weighted sample has

influenced the results.

B.4.2 Age 16 Weighted Results

Weighted mean sex differences in English (dw = 0.40), mathematics (dw= -0.01) and

average science grade (dw = 0.17) at Age 16 do not differ from those reported in the main

survey chapter (Chapter 3: English d = 0.41, mathematics d = -0.01, average science grade d =

0.14). For the most part, the odd ratios at the upper and lower tails of the achievement
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Table B.2

Weighted Sample: Weighted Observations vs. Expected Frequencies Between Boys and
Girls. Odds Ratios and Cohen’s d at the Upper and Lower Tails in English, Mathematics
and Average Science Grade by Age Group

Subject Sex Weighted Observations (vs. Expected Frequencies)

Lowest Level Lower Level Upper Level Highest Level

%
Cohort

%
Cohort

%
Cohort

%
Cohort

Age 11
English F 118 (169) 178 (245) 303 (242) –

1.94 6.3% 1.86 9.2% 0.57 9.8%
(d = -0.37) (d = -0.34) (d = 0.31)

M 217 (166) 309 (242) 178 (239) –

Maths F 179 (172) 292 (271) 288 (360) 80 (106)
0.92 6.4% 0.84 10.1% 1.60 13.4% 1.70 4.0%

(d = 0.05) (d = 0.10) (d = -0.26) (d = -0.29)
M 163 (170) 247 (268) 427 (355) 131 (105)

Age 16
English F 38 (78) 168 (274) 288 (218) 92 (66)

3.22 3.0% 2.50 10.4% 0.48 8.3% 0.41 2.5%
(d = -0.64) (d = -0.51) (d = 0.40) (d = 0.49)

M 116 (76) 374 (268) 143 (213) 38 (64)

Maths F 148 (155) 338 (350) 282 (297) 82 (95)
1.11 5.9% 1.08 13.3% 1.12 11.3% 1.33 3.6%

(d = -0.06) (d = -0.04) (d = -0.06) (d = -0.16)
M 160 (153) 356 (344) 307 (292) 106 (93)

Average F 84 (108) 265 (305) 455 (412) 151 (135)
Science 1.60 4.3% 1.36 12.2% 0.77 16.5% 0.77 5.4%
Grade (d = -0.26) (d = -0.17) (d = 0.14) (d = 0.14)

M 127 (103) 333 (293) 353 (396) 113 (129)

Note. The weighted percentage of cohort members, odds ratios (ORw), and Cohen’s dw (in parentheses)
are nested between male and female observed and expected weighted frequencies for each subject group.
Statistically significant overrepresentation is indicated in bold typeface. ORw > 1 and dw < 0 indicates
more males achieving at that level. Grade groupings English & mathematics: lowest – U (unclassified), 1;
lower – U, 1, 2; upper – 8, 9; highest – 9. Achievement level boundaries were calculated for the average
science grade, average grade encompassing the 5th, 10th, 90th and 95th percentile boundary scores. Science
is analysed at Age 16 only, as Age 11 Science is teacher-assessed and less reliable (see Appendix A for a
detailed discussion).

distributions differ little (see Tables B.1, B.2). In mathematics, the results for the weighted

sample (ORw = 1.33, d = -0.16) are the same as reported for the main study in Appendix A

(OR = 1.31, d = -0.15), but this difference is significant in the main sample and not significant
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in the weighted sample. While slightly more boys are reported at the lowest, lower or upper

levels of mathematics achievement, these differences are negligible and not significant. In

English, the results at the lower, upper and highest achievement levels are the same in both

samples. There are some differences at the lowest achievement level (Study 1: OR = 4.02, d =

-0.77; weighted sample: ORw = 3.22, dw = -0.64) - the weighted sample reduces the

overrepresentation of boys and the lowest level of language achievement.

There are more differences in the comparisons of the composite average science grade

between Study 1 and the weighted sample. The overrepresentation of girls at the highest

achievement level across science subjects is significant in the weighted sample but not in the

Study 1 sample (Study 1: OR = 0.89, d = 0.06; weighted sample: ORw = 0.77, dw = 0.14).

Applying the weightings decreased the weighted count of boys at the lowest, upper, and

highest achievement levels in science, whereas the weightings reduced the count of girls at the

lower and lowest achievement levels, thereby increasing the sex differences at the upper,

highest and lower achievement levels, and the mean difference.

B.5 Weighted Sample Discussion

The conclusions from the weighted sample support those from the Study 1 sample, except

for a very small, significant overrepresentation of girls at the highest achievement level in

science found in the weighted sample but not in the unweighted sample. There was also a

smaller overrepresentation of boys at the lowest achievement level in English, from 4x more

boys to 3.2x more boys. Weighting the sample has a more substantive effect on the relative

distribution of girls and boys at the upper and lower tails in science than it does in mathematics

and English. Weighting the sample results in a higher weighted count of White cohort

members and reduces the counts for other ethnic groups, particularly South Asian groups.

White students are less likely to go to university compared to all other ethnic minority groups

in the UK, and boys are less likely to go to university than girls (Cavaglia et al., 2020;
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Ethnicity Facts and Figures Service, 2023a). Given that the individual sciences tend to be

studied more often by students planning to go to university in the future, ethnic background

and being a boy may alter the choice of which science subjects will be studied at Age 16 and

sex differences at the upper tail of the distribution (Department for Education, 2019; Ethnicity

Facts and Figures Service, 2023a). However, despite the distribution of the combined science

measure being more influenced by ethnic background, the weighted analyses support the

overall conclusions reported in Study 1 (Chapter 3).
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C.1 School Engagement Confirmatory Factor Analysis

The initial face assessment of the available school engagement measures collected by the

MCS indicated a bias towards emotional disengagement among the measures. Confirmatory

factor analysis (CFA) was used to determine the most appropriate factor structure to be used

for the subsequent main analyses. Models were compared using goodness of fit measures,

comparative fit index (CFI), and root mean square error of approximation (RMSEA). An

adequate model fit is indicated by CFI ≥ 0.90 and RMSEA ≤ .08, and excellent fit by CFI ≥

0.95 and RMSEA ≤ .05 (Kline, 2016). Two-factor models were proposed utilising the

measures (see Table 4.2) as follows:

• Model 1: Two-factor model of engagement and disengagement comprising 2 measures

of engagement and 4 measures of disengagement.

• Model 2: Two-factor model of behavioural and emotional (dis)engagement comprising 2

measures of behavioural and 4 measures of emotional dis(engagement), with the

disengagement measures reversed.

The CFI values for each model were promising (Age 11. Model 1 CFI = .92, Model 2 CFI

= .95; Age 14. Model 1 CFI = .96, Model 2 CFI = .91), although the best fit according to CFI

was Model 2 at Age 11 and Model 1 at Age 14. However, the RMSEA values for each model

were poor, with each being > .08 (Age 11. Model 1 RMSEA = .13[.12, .14], Model 2 RMSEA

= .11[.10, .12], Model 1 RMSEA = .11[.10, .11], Model 2 RMSEA = .14[.13, .14]). As a

result, the main analyses tested the effects of puberty and chronological age on behavioural
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engagement, emotional engagement, and emotional disengagement, measured using a single

item at each wave. Emotional disengagement was measured using three items at each wave, as

described in Chapter 4, Table 4.2.

C.2 Main Results, Imputed Datasets

Table C.1

Bayesian Ordinal Logistic Regression Results for Girls and Boys: Behavioural Engagement.

Median [95% HDPI]
Model 1 Model 2

Measure Male Female Male Female

Age -0.05[-0.13, 0.04] -0.15[-0.26, -0.04] -0.03[-0.12, 0.05] -0.12[-0.22, -0.01]
Puberty 0.15[-0.01, 0.31] 0.02[-0.10, 0.14] 0.10[-0.05, 0.26] 0.03[-0.01, 0.14]
Puberty*Age -0.08[-0.12, -0.03] -0.04[-0.08, 0.00] -0.06[-0.11, -0.02] -0.04[-0.08, 0.00]

Covariates
SEN Status -0.03[-0.13, 0.07] 0.03[-0.08, 0.15] 0.01[-0.09, 0.11] 0.07[-0.04, 0.18]
Income 0.06[-0.04, 0.16] 0.05[-0.05, 0.14] 0.11[0.01, 0.20] 0.09[0.00, 0.18]
Prior Ach 0.07[-0.02, 0.16] 0.06[-0.01, 0.13] -0.19[-0.27, -0.11] -0.19[-0.27, -0.12]

Maths Self-concept 0.34[0.18, 0.49] 0.55[0.43, 0.67]
Maths Self-concept2 0.34[0.21, 0.48] 0.11[0.01, 0.21]
Maths Self-concept3 -0.15[-0.25, -0.05] -0.06[-0.14, 0.01]
Language Self-concept 0.42[0.27, 0.58] 0.53[0.38, 0.68]
Language Self-concept2 0.23[0.10, 0.35] 0.15[0.02, 0.27]
Educational Expectations 0.16[0.11, 0.21] 0.22[0.17, 0.27]

Note. Imputed sample size: n = 2864 girls, n = 2749 boys. Educational expectations, mathematics and language
self-concept, and family income are time-varying. The remaining covariates are time-invariant. The median of
the posterior distribution is reported with its 95% HDPI (highest density probability interval). Bold typeface
highlights effects with a probability of direction > 95% that make a practically significant contribution to the
outcome (Median ≥ 0.05). 2 quadratic and 3 cubic associations are reported where they make a non-negligible
contribution in at least one of the two models for either boys or girls.
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Table C.2

Bayesian Ordinal Logistic Regression Results for Girls and Boys: Behavioural
Disengagement.

Median [95% HDPI]
Model 1 Model 2

Measure Male Female Male Female

Age 0.01[-0.03, 0.05] 0.14[0.10, 0.17] -0.01[-0.05, 0.03] 0.12[0.08, 0.16]
Puberty 0.04[-0.05, 0.13] 0.14[0.06, 0.22] 0.05[-0.04, 0.14] 0.13[0.05, 0.21]

Covariates
SEN Status 0.07[-0.04, 0.19] -0.04[-0.17, 0.08] 0.04[-0.08, 0.15] -0.07[-0.20, 0.05]
Income -0.22[-0.33, -0.11] -0.27[-0.38, -0.17] -0.24[-0.35, -0.14] -0.30[-0.40, -0.19]
Prior Ach -0.12[-0.20, -0.04] -0.22[-0.30, -0.14] 0.02[-0.06, 0.11] -0.08[-0.16, 0.01]

Maths Self-concept -0.19[-0.35, -0.03] -0.33[-0.46, -0.20]
Maths Self-concept2 -0.15[-0.28, -0.01] 0.02[-0.08, 0.13]
Maths Self-concept3 0.11[0.01, 0.22] 0.09[0.00, 0.17]
Language Self-concept -0.37[-0.53, -0.21] -0.24[-0.39, -0.07]
Educational Expectations -0.13[-0.19, -0.08] -0.16[-0.22, -0.11]

Note. Imputed sample size: n = 2863 girls, n = 2748 boys. Educational expectations, mathematics and
language self-concept, and family income are time-varying. The remaining covariates are time-invariant.
The median of the posterior distribution is reported with its 95% HDPI (highest density probability interval).
Bold typeface highlights effects with a probability of direction > 95% that make a practically significant
contribution to the outcome (Median ≥ 0.05). 2 quadratic and 3 cubic associations are reported where they
make a non-negligible contribution in at least one of the two models for either boys or girls.
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Table C.3

Bayesian Ordinal Logistic Regression Results for Girls and Boys: Emotional Engagement.

Median [95% HDPI]
Model 1 Model 2

Measure Male Female Male Female

Age -0.16[-0.20, -0.13] -0.26[-0.29, -0.23] -0.12[-0.16, -0.09] -0.23[-0.26, -0.19]
Puberty -0.02[-0.09, 0.06] -0.07[-0.14, 0.00] -0.03[-0.11, 0.04] -0.07[-0.13, 0.00]

Covariates
SEN Status -0.14[-0.24, -0.05] -0.03[-0.13, 0.08] -0.07[-0.16, 0.02] 0.02[-0.08, 0.12]
Income -0.05[-0.15, 0.04] -0.05[-0.14, 0.04] 0.00[-0.09, 0.09] 0.00[-0.09, 0.08]
Income2 0.13[0.04, 0.21] 0.14[0.06, 0.23] 0.06[-0.02, 0.14] 0.08[0.01, 0.16]
Prior Ach. 0.06[-0.01, 0.13] 0.19[0.12, 0.26] -0.24[-0.31, -0.17] -0.11[-0.18, -0.04]

Maths Self-concept 0.35[0.21, 0.50] 0.67[0.56, 0.79]
Maths Self-concept2 0.33[0.20, 0.45] 0.06[-0.03, 0.15]
Maths Self-concept3 -0.20[-0.30, -0.11] -0.10[-0.17, -0.03]
Language Self-Concept 0.54[0.40, 0.69] 0.63[0.49, 0.77]
Language Self-Concept2 0.18[0.06, 0.29] 0.07[-0.04, 0.19]
Language Self-Concept3 -0.12[-0.20, -0.04] -0.06[-0.14, 0.03]
Educational Expectations 0.30[0.25, 0.34] 0.29[0.24, 0.34]

Note. Imputed sample size: n = 2864 girls, n = 2749 boys. Educational expectations,
mathematics and language self-concept, and family income are time-varying. The remain-
ing covariates are time-invariant. The median of the posterior distribution is reported with
its 95% HDPI (highest density probability interval). Bold typeface highlights effects with
a probability of direction > 95% that make a practically significant contribution to the out-
come (Median ≥ 0.05). 2 quadratic and 3 cubic associations are reported where they make
a non-negligible contribution in at least one of the two models for either boys or girls.
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Table C.4

Bayesian IRT Ordinal Logistic Regression Results for Girls and Boys: Emotional
Disengagement.

Median [95% HDPI]
Model 1 Model 2

Measure Male Female Male Female

Age 0.01[-0.05, 0.07] 0.01[-0.09, 0.07] 0.00[-0.06, 0.06] -0.04[-0.11, 0.04]
Puberty 0.04[-0.07, 0.16] -0.12[-0.20, -0.04] 0.10[-0.02, 0.21] -0.13[-0.21, -0.05]
Puberty*Age 0.01[-0.02, 0.03] 0.08[0.05, 0.10] 0.00[0.03, 0.03] 0.08[0.05, 0.11]

Covariates
SEN Status 0.19[0.11, 0.27] 0.09[0.00, 0.19] 0.15[0.07, 0.23] 0.06[-0.03, 0.16]
Income -0.03[-0.05, 0.00] 0.00[-0.03, 0.03] -0.04[-0.07, -0.01] -0.01[-0.04, 0.02]
Parent Ed 0.01[-0.02, 0.05] -0.04[-0.08, 0.00] 0.05[0.02, 0.08] -0.01[-0.05, 0.03]
Prior Ach -0.12[-0.18, -0.06] -0.16[-0.22, -0.09] 0.05[-0.02, 0.11] 0.01[-0.05, 0.08]

Maths Self-concept -0.23[-0.35, -0.11] -0.44[-0.53, -0.35]
Maths Self-concept3 0.09[0.02, 0.16] 0.12[0.07, 0.18]
Language Self-concept -0.37[-0.50, -0.24] -0.57[-0.69, -0.45]
Language Self-concept2 -0.05[-0.14, 0.05] 0.16[0.06, 0.25]
Language Self-concept3 0.10[0.03, 0.16] -0.03[-0.10, 0.04]
Educational Expectations -0.19[-0.22, -0.15] -0.15[-0.19, -0.12]

Note. Sample size: n = 2228 girls, n = 2257 boys. Educational expectations, mathematics and language self-
concept, and family income are time-varying. The remaining covariates are time-invariant. The median of
the posterior distribution is reported with its 95% HDPI (highest density probability interval). Bold typeface
highlights effects with a probability of direction > 95% that make a practically significant contribution to the
outcome (Median ≥ 0.05). 2 quadratic and 3 cubic associations are reported where they make a non-negligible
contribution in at least one of the two models for either boys or girls.
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C.3 Descriptive Statistics for SEN vs. TD Students

Table C.5

Descriptive Statistics for TD and SEN Students. School Engagement
and Self-Concepts

Measure Wave SEN / TD n M SD

Behavioural Engagement 11 SEN 1356 3.49 0.63
TD 4261 3.57 0.55

14 SEN 1356 3.24 0.65
TD 4216 3.23 0.60

Behavioural Disengagement 11 SEN 1356 1.59 0.67
TD 4261 1.46 0.58

14 SEN 1307 1.66 0.68
TD 4204 1.60 0.61

Emotional Engagement 11 SEN 1356 2.74 0.75
TD 4261 2.89 0.65

14 SEN 1356 2.47 0.71
TD 4261 2.49 0.66

Emotional Disengagement 11 SEN 1309 2.18 0.85
Tired at School TD 4185 1.97 0.71

14 SEN 1309 2.43 0.85
TD 4203 2.45 0.80

Emotional Disengagement 11 SEN 1313 1.96 0.72
Unhappy at School TD 4187 1.73 0.60

14 SEN 1309 1.87 0.71
TD 4203 1.80 0.69

Emotional Disengagement 11 SEN 1308 1.71 0.88
Waste of Time TD 4186 1.50 0.70

14 SEN 1308 1.83 0.84
TD 4202 1.73 0.76

Language Self-Concept 11 SEN 1311 2.94 0.76
TD 4184 3.18 0.65

14 SEN 1309 2.85 0.73
TD 4205 3.07 0.69

Mathematics Self-Concept 11 SEN 1307 3.22 0.80
TD 4179 3.33 0.71

14 SEN 1307 2.91 0.82
TD 4205 3.06 0.78

Note. SEN - Special Educational Needs. TD - Typically Developing.
Measures were reported on an ordinal 1-4 scale.

C.4 Age 11 Correlation Plots
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Figure C.1

Bayesian Correlations for Boys and Girls of Age 11 Measures and Age 11 Achievement.

Note. Correlations that are not practically significant (pd < 0.95) are excluded.
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C.5 Primary to Secondary Transitions

Table C.6

Descriptive Statistics for Year 6 and Year 7 Girls and Boys. School
Engagement and Self-Concepts

Measure Sex Year Group n M SD

Behavioural Engagement M 6 2606 3.47 0.60
7 59 3.51 0.54

F 6 2733 3.63 0.59
7 74 3.62 0.59

Behavioural Disengagement M 6 2607 1.66 0.63
7 60 1.48 0.60

F 6 2726 1.33 0.53
7 74 1.39 0.57

Emotional Engagement M 6 2612 2.77 0.68
7 60 2.83 0.69

F 6 2728 2.93 0.66
7 74 3.12 0.70

Emotional Disengagement M 6 2606 2.07 0.79
Tired at School 7 59 2.00 0.79

F 6 2723 1.97 0.72
7 73 1.99 0.79

Emotional Disengagement M 6 2613 1.82 0.65
Unhappy at School 7 58 1.67 0.63

F 6 2723 1.77 0.63
7 73 1.52 0.60

Emotional Disengagement M 6 2602 1.69 0.82
Waste of Time 7 59 1.59 0.67

F 6 2726 1.41 0.66
7 74 1.46 0.67

Language Self-Concept M 6 2609 3.05 0.68
7 59 3.07 0.58

F 6 2720 3.20 0.67
7 74 3.19 0.73

Mathematics Self-Concept M 6 2604 3.44 0.68
7 59 3.32 0.71

F 6 2719 3.17 0.76
7 74 3.14 0.78

Note. Measures were reported on an ordinal 1-4 scale. School year 6 is
the last year of primary education, year 7 is the first year of secondary
education.
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D.1 Puberty Stage Calculation

Each cohort member’s puberty stage was calculated at each wave to provide an alternate

view of how girls’ and boys’ pubertal development differed over time. While originally

proposed by Crockett (1988), the method was described and published by Carskadon and

Acebo (1993). Puberty categorical scores use only three of the PDS measures. For boys, the

responses for body hair, voice changes, and facial hair are used. For girls, the responses for

body hair, breast growth, and menstruation are used. Scores are totalled and categorised as

follows:

Boys

Pre-Pubertal: Score = 3.

Early Pubertal: Score = 4 - 5, no 3-point responses.

Mid-Pubertal: Score = 6 - 8, no 4-point responses.

Late Pubertal: Score = 9 - 11.

Post-Pubertal: Score = 12.

Girls

Pre-Pubertal: Score = 3.

Early Pubertal: Score = 3, no menstruation
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Mid-Pubertal: Score = 4, no menstruation.

Late Pubertal: Score ≤ 7, and menstruation.

Post-Pubertal: Score = 8, and menstruation.

D.2 Bayesian Priors

Informative priors were set as indicated below for all Model 1 and 2 ordinal logistic

regressions. Weak priors, assuming an equal likelihood of choosing each of the four ordinal

responses, were set for the thresholds (τn) between ordinal responses for each school

engagement outcome (Kurz, 2021, e.g., ). Priors for βx were set reflecting the range of

correlations in the literature for in which few correlations exceed 0.3 or 0.4, and some will be

close to zero (Hattie, 2009). Also considered were the results of the two prior studies linking

puberty with achievement motivation and school engagement (Martin et al., 2017, 2022). An

exponential prior is used for the standard deviation (McElreath, 2020).

D.2.1 Bayesian Priors for Univariate Models

p(school engagement = k|{τk}, µi) = Φ(τk-µi) - Φ(τk−1-µi)

µi = βxi + ui

ui ∼ N (0, σu)

τ1 ∼ N (-0.674, 1)

τ2 ∼ N (0, 1)

τ3 ∼ N (0.674, 1)

βx1−5 ∼ N (0, 0.2)

βx6−7 ∼ N (0, 0.3)

σu ∼ Exponential(1)
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where

school engagement indicates the univariate outcomes: behavioural and emotional

engagement and behavioural disengagement

τk are the thresholds between responses on the 1-4 ordinal scale

µi is the random mean for the ith cohort member.

σu is the random standard deviation for the ith cohort member.

βx1−5 are the estimates for the covariates and educational expectations.

βx6−7 are the estimates for self-concepts

D.2.2 Bayesian Priors for the Multivariate (IRT) Models

p(response = k|{τk}, µij) = Φ(τk-µij) - Φ(τk−1-µij)

µij = βxi + ui + vj

ui ∼ N (0, σu)

vj ∼ N (0, σv)

τ1 ∼ N (-0.674, 1)

τ2 ∼ N (0, 1)

τ3 ∼ N (0.674, 1)

βx1−5 ∼ N (0, 0.2)

βx6−7 ∼ N (0, 0.3)

σu ∼ Exponential(1)

σv ∼ Exponential(1)

where
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response is the item-specific response for each measure of emotional disengagement

τk are the thresholds between responses on the 1-4 ordinal scale

µij is the random mean for the ith cohort member and the jth item.

ui are person level parameters

vi are item level parameters

σu is the random standard deviation for the ith cohort member.

σv is the random standard deviation for the jth item.

βx1−5 are the estimates for the covariates and educational expectations.

βx6−7 are the estimates for self-concepts

D.3 Unconditional Model Selection for Time Measures

Models A and B were also tested with unstructured residuals, allowing variances to differ

between boys and girls and between survey waves. Allowing for variances to differ resulted in

a significantly poorer model fit. The simpler models were, therefore, retained.
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Table D.1

Bayesian Ordinal Logistic Regression Predicting Behavioural Engagement with Cohort
Member Random Intercepts: Age, Puberty, and their Interaction

Median [95% HDPI]
Measure Model A Model B Model C Model D

Age -0.24[-0.33, -0.15] -0.14[-0.25, -0.03] -0.27[-0.32, -0.22]
Puberty 0.35[0.22, 0.48] 0.24[0.09, 0.40] 0.08[-0.01, 0.17]
Puberty*Age 0.00[-0.03, 0.03] -0.11[-0.13, -0.09] -0.06[-0.10, -0.01]

ELPD LOO
Difference -5.2[-11.6, 1.2] -3.0[-8.0, 2.0] 0.0 -2.8[-8.0, 2.4]
Difference SE 3.2 2.5 0.0 2.6
Pareto-k > 0.7 13 13 15 10

Note. The median of the posterior distribution is reported with its 95% HDPI (highest den-
sity probability interval). Bold typeface highlights effects with a probability of direction ≥
0.95 that make a practically significant contribution to the outcome (significance ≥ 0.90)
(Makowski et al., 2019). R̂ = 1.00 for all estimates, indicating successful convergence, and
all ESS > 1000, indicating estimates are reliable (Bürkner, 2017; Vehtari et al., 2017, 2021).
ELPD LOO is used for model comparison, reporting ELPD differences and standard error in
comparison to the preferred model (difference = 0.0) (Vehtari et al., 2017).

Table D.2

Bayesian Ordinal Logistic Regression for Emotional Engagement with Cohort Member
Random Intercepts: Age, Puberty, and their Interaction

Median [95% HDPI]
Measure Model A Model B Model C Model D

Age -0.18[-0.26, -0.09] -0.13[-0.23, -0.03] -0.22[-0.26, -0.18]
Puberty 0.21[0.09, 0.33] 0.11[-0.03, 0.25] 0.01[-0.08, 0.09]
Puberty*Age -0.01[-0.04, 0.01] -0.09[-0.10, -0.07] -0.04[-0.08, 0.00]

ELPD LOO
Difference 0.0 -3.4[-10.8, 4.0] -1.7[-5.3, 1.9] -1.3[-4.1, 1.5]
Difference SE 0.0 3.7 1.8 1.4
Pareto-k > 0.7 7 5 10 6

Note. The median of the posterior distribution is reported with its 95% HDPI (highest den-
sity probability interval). Bold typeface highlights effects with a probability of direction ≥
0.95 that make a practically significant contribution to the outcome (significance ≥ 0.90)
(Makowski et al., 2019). R̂ = 1.00 for all estimates, indicating successful convergence, and
all ESS > 1000, indicating estimates are reliable (Bürkner, 2017; Vehtari et al., 2017, 2021).
ELPD LOO is used for model comparison, reporting ELPD differences and standard error in
comparison to the preferred model (difference = 0.0) (Vehtari et al., 2017).
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Table D.3

Bayesian Ordinal Logistic Regression Predicting Behavioural Disengagement with Cohort
Member Random Intercepts: Age, Puberty, and their Interaction

Median [95% HDPI]
Measure Model A Model B Model C Model D

Age 0.16[0.06, 0.26] 0.15[0.07, 0.23] 0.16[0.11, 0.21]
Puberty -0.36[-0.50, -0.23] -0.24[-0.57, 0.08] -0.19[-0.29, -0.09]
Puberty*Age -0.02[-0.05, 0.01] 0.07[0.05, 0.09] 0.00[-0.02, 0.03]

ELPD LOO
Difference -15.1[-23.9, -6.3] 0.0 -4.2[-7.6, -0.8] -6.0[-12.0, 0.0]
Difference SE 4.4 0.0 1.7 3.0
Pareto-k > 0.7 45 33 52 29

Note. The median of the posterior distribution is reported with its 95% HDPI (highest
density probability interval). Bold typeface highlights effects with a probability of direction
≥ 0.95 that make a practically significant contribution to the outcome (significance ≥ 0.90)
(Makowski et al., 2019). R̂ = 1.00 for all estimates, indicating successful convergence, and
all ESS > 1000, indicating estimates are reliable (Bürkner, 2017; Vehtari et al., 2017, 2021).
ELPD LOO is used for model comparison, reporting ELPD differences and standard error
in comparison to the preferred model (difference = 0.0) (Vehtari et al., 2017).

Table D.4

Bayesian IRT Ordinal Logistic Regression Predicting Emotional Disengagement with
Cohort Member Random Intercepts: Age, Puberty, and their Interaction

Median [95% HDPI]
Measure Model A Model B Model C Model D

Age -0.05[-0.11, 0.01] -0.16[-0.23, -0.09] 0.10[0.07, 0.12]
Puberty -0.14[-0.23, -0.06] -0.27[-0.37, -0.18] 0.04[-0.02, 0.10]
Puberty * Age 0.05[0.03, 0.07] 0.05[0.04, 0.06] 0.11[0.09, 0.14]

ELPD LOO
Difference -47.6[-59.2, -36.0] -34.3[-44.1, -24.5] 0.0 -26.4[9.6, 43.2]
Difference SE 5.8 4.9 0.0 8.4
Pareto-k > 0.7 5 17 8 15

Note. The median of the posterior distribution is reported with its 95% HDPI (highest
density probability interval). Bold typeface highlights effects with a probability of direction
≥ 0.95 that make a practically significant contribution to the outcome (significance ≥ 0.90)
(Makowski et al., 2019). R̂ = 1.00 for all estimates, indicating successful convergence, and
all ESS > 1000, indicating estimates are reliable (Bürkner, 2017; Vehtari et al., 2017, 2021).
ELPD LOO is used for model comparison, reporting ELPD differences and standard error
in comparison to the preferred model (difference = 0.0) (Vehtari et al., 2017).
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D.4 Imputed Boys Dataset for Emotional Disenagement

Table D.5

Bayesian IRT Ordinal Logistic Regression Results for Girls
and Boys: Emotional Disengagement.

Median [95% HDPI]
Model 1 Model 2

Age 0.02[-0.04, 0.07] 0.01[-0.04, 0.06]
Puberty 0.04[-0.06, 0.15] 0.07[-0.02, 0.17]
Puberty*Age 0.00[-0.02, 0.03] 0.00[-0.03, 0.02]

Covariates
SEN Status 0.21[0.15, 0.28] 0.16[0.09, 0.23]
Income -0.02[-0.08, 0.05] -0.04[-0.10, 0.03]
Prior Ach. -0.08[-0.13, -0.03] 0.05[-0.02, 0.11]

Maths Self-concept -0.20[-0.30, -0.11]
Maths Self-concept3 0.09[0.03, 0.15]
Language Self-concept -0.37[-0.47, -0.28]
Language Self-concept2 -0.02[-0.09, 0.06]
Language Self-concept3 0.08[0.03, 0.13]
Educational Expectations -0.17[-0.20, -0.14]

Note. Imputed sample size: n = 2752 boys. Educational expectations,
mathematics and language self-concept, and family income are time-
varying, and the remaining covariates are time-invariant. The median
of the posterior distribution is reported with its 95% HDPI (highest
density probability interval). Bold typeface highlights effects with a
probability of direction > 95% that make a practically significant con-
tribution to the outcome (Median ≥ 0.05). 2 quadratic and 3 cubic
associations are reported where they make a non-negligible contribu-
tion in at least one of the two models for either boys or girls.

D.5 Main Results without Imputation
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Table D.6

Bayesian Ordinal Logistic Regression Results for Girls and Boys: Behavioural Engagement.

Median [95% HDPI]
Model 1 Model 2

Measure Male Female Male Female

Age 0.00[-0.10, 0.10] -0.14[-0.26, -0.02] 0.02[-0.08, 0.12] -0.10[-0.23, 0.03]
Puberty 0.17[0.00, 0.35] 0.05[-0.07, 0.18] 0.11[-0.06, 0.29] 0.06[-0.07, 0.19]
Puberty*Age -0.09[-0.14, -0.05] -0.04[-0.09, 0.00] -0.08[-0.13, -0.04] -0.05[-0.10, -0.01]

Covariates
SEN Status -0.01[-0.13, 0.10] 0.02[-0.11, 0.15] 0.02[-0.10, 0.14] 0.05[-0.08, 0.18]
Income 0.09[-0.04, 0.22] 0.10[-0.03, 0.23] 0.13[-0.01, 0.26] 0.14[0.01, 0.27]
Parent Educ -0.09[-0.26, 0.08] 0.10[-0.07, 0.28] -0.16[-0.33, 0.01] 0.02[-0.16, 0.20]
Prior Ach 0.07[-0.02, 0.16] 0.08[-0.01, 0.17] -0.21[-0.30, -0.12] -0.16[-0.25, -0.07]

Maths Self-concept 0.35[0.18, 0.53] 0.50[0.36, 0.64]
Maths Self-concept2 0.31[0.16, 0.45] 0.09[-0.03, 0.21]
Maths Self-concept3 -0.15[-0.26, -0.03] -0.07[-0.16, 0.03]
Language Self-concept 0.42[0.24, 0.60] 0.47[0.29, 0.64]
Language Self-concept2 0.26[0.11, 0.40] 0.16[0.01, 0.30]
Educational Expectations 0.18[0.12, 0.24] 0.21[0.15, 0.28]

Note. Educational expectations, mathematics and language self-concept, and family income are time-varying;
the remaining covariates are time-invariant. The median of the posterior distribution is reported with its 95%
HDPI. Bold typeface highlights effects with a probability of direction > 95% that make a practically significant
contribution to the outcome (Median ≥ 0.05, and significance ≥ 90%). 2 quadratic and 3 cubic associations
are reported where they make a non-negligible contribution in at least one of the two models for either boys or
girls. R̂ < 1.01 for all estimates, indicating successful convergence and all ESS > 1000, indicating estimates are
reliable (Bürkner, 2017; Vehtari et al., 2017, 2021).
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Table D.7

Bayesian Ordinal Logistic Regression Results for Girls and Boys: Behavioural
Disengagement.

Outcome: BEHAVIOURAL DISENGAGEMENT
Median [95% HDPI]

Model 1 Model 2
Measure Male Female Male Female

Age -0.01[-0.06, 0.03] 0.16[0.12, 0.20] -0.06[-0.10, -0.01] 0.14[0.10, 0.18]
Puberty 0.07[-0.03, 0.17] 0.08[-0.01, 0.17] 0.12[0.02, 0.22] 0.08[-0.01, 0.17]

Covariates
SEN Status 0.07[-0.06, 0.20] -0.05[-0.19, 0.09] 0.03[-0.10, 0.16] -0.09[-0.23, 0.05]
Income -0.27[-0.42, -0.13] -0.36[-0.50, -0.22] -0.30[-0.46, -0.16] -0.37[-0.51, -0.23]
Parent Educ 0.10[-0.09, 0.28] -0.04[-0.22, 0.15] 0.15[-0.04, 0.35] 0.01[-0.18, 0.20]
Prior Ach -0.11[-0.21, -0.02] -0.25[-0.34, -0.16] 0.08[-0.03, 0.18] -0.11[-0.21, -0.01]

Maths Self-concept -0.28[-0.46, -0.09] -0.31[-0.46, -0.16]
Language Self-concept -0.31[-0.50, -0.12] -0.27[-0.44, -0.10]
Language Self-concept2 -0.24[-0.39, -0.09] -0.11[-0.25, 0.04]
Language Self-concept3 0.11[0.01, 0.21] 0.12[0.01, 0.23]
Educational Expectations -0.14[-0.20, -0.07] -0.16[-0.23, -0.10]

Note. Educational expectations, mathematics and language self-concept, and family income are time-varying;
the remaining covariates are time invariant. The median of the posterior distribution is reported with its 95%
HDPI. Bold typeface highlights effects with a probability of direction > 95% that make a practically significant
contribution to the outcome (Median ≥ 0.05, and significance ≥ 90%). 2 quadratic and 3 cubic associations
are reported where they make a non-negligible contribution in at least one of the two models for either boys or
girls. R̂ < 1.01 for all estimates, indicating successful convergence and all ESS > 1000, indicating estimates
are reliable (Bürkner, 2017; Vehtari et al., 2017, 2021).
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Table D.8

Bayesian Ordinal Logistic Regression Results for Girls and Boys: Emotional Engagement.

Median [95% HDPI]
Model 1 Model 2

Measure Male Female Male Female

Age -0.14[-0.18, -0.10] -0.27[-0.30, -0.23] -0.10[-0.14, -0.06] -0.24[-0.28, -0.20]
Puberty -0.06[-0.14, 0.03] -0.04[-0.12, 0.03] -0.09[-0.18, 0.00] -0.04[-0.11, 0.03]

Covariates
SEN Status -0.09[-0.20, 0.02] -0.03[-0.15, 0.09] -0.05[-0.15, 0.06] 0.01[-0.10, 0.14]
Income -0.08[-0.21, 0.05] -0.05[-0.17, 0.07] -0.01[-0.14, 0.11] 0.01[-0.11, 0.13]
Income2 0.11[0.01, 0.22] 0.15[0.05, 0.25] 0.09[-0.02, 0.19] 0.10[0.00, 0.02]
Parent Educ. 0.14[-0.02, 0.30] 0.26[0.10, 0.43] 0.04[-0.11, 0.19] 0.13[-0.03, 0.30]
Prior Ach. 0.08[0.00, 0.15] 0.23[0.15, 0.31] -0.25[-0.34, -0.17] -0.07[-0.15, 0.01]

Achievement Motivation
Maths Self-concept 0.28[0.11, 0.46] 0.65[0.52, 0.79]
Maths Self-concept2 0.37[0.23, 0.51] 0.05[-0.06, 0.16]
Maths Self-concept3 -0.19[-0.30, -0.08] -0.12[-0.21, -0.03]
Language Self-Concept 0.52[0.35, 0.70] 0.66[0.49, 0.82]
Language Self-Concept2 0.24[0.10, 0.38] 0.01[-0.12, 0.14]
Language Self-Concept3 -0.15[-0.24, -0.05] 0.01[-0.09, 0.11]
Educational Expectations 0.28[0.23, 0.34] 0.29[0.23, 0.34]

Note. Educational expectations, mathematics and language self-concept, and family income
are time-varying; the remaining covariates are time invariant. The median of the poste-
rior distribution is reported with its 95% HDPI (highest density probability interval). Bold
typeface highlights effects with a probability of direction > 95% that make a practically sig-
nificant contribution to the outcome (Median ≥ 0.05, and significance ≥ 90%). Effects that
are close but do not meet these criteria are highlighted in the text. 2 quadratic and 3 cubic
relationships associations are reported where they make a non-negligible contribution in at
least one of the two models for either boys or girls. R̂ < 1.01 for all estimates, indicating
successful convergence and all ESS > 1000, indicating estimates are reliable (Bürkner, 2017;
Vehtari et al., 2017, 2021).
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D.6 Discarded Model B, Behavioural Disengagement

Model B regression results with missing-data datasets. Main analyses reverted to Model

D, with simple main effects for puberty and age following these results. See the Analyses

section in the main text for further details.

Table D.9

Bayesian Ordinal Logistic Regression Results for Girls and Boys: Behavioural Disengagement
with puberty/age interaction

Median [95% HDPI]
Model 1 Model 2

Measure Male Female Male Female

Puberty 0.04[-0.12, 0.18] -0.04[-0.16, 0.07] 0.14[-0.02, 0.30] -0.03[-0.15, 0.09]
Puberty*Age 0.00[-0.02, 0.02] 0.06[0.04, 0.07] -0.02[-0.04, 0.00] 0.05[0.04, 0.07]

Covariates
SEN Status 0.07[-0.06, 0.19] -0.05[-0.19, 0.09] 0.03[-0.01, 0.16] -0.09[-0.24, 0.05]
Family Income -0.10[-0.15, -0.05] -0.13[-0.17, -0.08] -0.11[-0.16, -0.06] -0.13[-0.18, -0.08]
Parent Educ. 0.00[-0.01, 0.10] 0.00[-0.06, 0.05] 0.08[0.02, 0.14] 0.02[-0.04, 0.08]
Prior Ach. 0.11[-0.20, -0.02] -0.25[-0.35, -0.15] 0.08[-0.02, 0.18] -0.11[-0.21, -0.01]

Achievement Motivation
Maths Self-concept -0.28[-0.47, -0.09] -0.31[-0.46, -0.16]
Maths Self-concept2 -0.11[-0.27, 0.04] 0.06[-0.07, 0.18]
Maths Self-concept3 0.12[0.00, 0.25] 0.07[-0.03, 0.16]
Language Self-concept -0.31[-0.50, -0.12] -0.26[-0.44, -0.08]
Language Self-concept2 -0.24[-0.39, -0.08] -0.10[-0.26, 0.06]
Language Self-concept3 0.11[0.00, 0.21] 0.12[0.01, 0.23]
Educational Expectations -0.13[-0.20, -0.07] -0.16[-0.22, -0.10]

Note. Educational (Ed.) expectations, mathematics and language self-concept and family in-
come are time-varying; the remaining covariates are time-invariant. The median of the poste-
rior distribution is reported with its 95% HDPI (highest density probability interval). R̂ = 1.00
for all estimates, indicating successful convergence and all ESS > 2900 indicating estimates
are reliable (Bürkner, 2017; Vehtari et al., 2017, 2021). Bold typeface highlights significant
effects.
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