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Abstract 

 The underrepresentation of women in Science, Technology, Engineering and Maths (STEM) occupations is a 

world-wide phenomenon and a concern for policy makers. This is the case in the UK where a shortage of 

STEM skills is also being encountered. Marked gender imbalances in STEM study in higher education and A-

level study and have been widely documented. Gender gaps are also apparent in vocational post-16 education 

though the existence and causes of these imbalances have, to date, received little attention in existing research 

and public policy. This paper uses administrative data on a full cohort of school leavers in 2005/06 to explore 

the extent of gender imbalances in STEM qualifications attempted and achieved in both academic and 

vocational post-16 education routes in England. We find that gender differentials in the uptake of STEM 

subjects in vocational qualifications are much starker than they are in A-Levels and that while the roles of 

ability, socio-economic status and school characteristics in explaining gender differentials differ with the 

education route taken, their power in explaining these gaps is limited.    
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Executive summary 

It is widely acknowledged that women are underrepresented in STEM study in Higher Education and A-level 

study in the UK. Gender gaps in vocational education are seldom addressed in the literature or recognised by 

policy makers, though it is apparent that males dominate STEM study in post-16 vocational education. We 

explore the gender differentials in STEM study in post-16 education, paying particular interest to vocational 

education, and explore the contributing factors to the gender gaps that exist in both academic and vocational 

post-16 education routes. We use administrative data on a full birth cohort of young people from England in 

the National Pupil database (NPD) and the Individualised Learner Record (ILR) to observe the cohort who 

leave school in 2005/06 and go on to post-16 education.  

We address a number of research questions related to the decision to study STEM subjects in post-16 

education, with a particular focus on STEM subjects in vocational qualifications on which there is much less 

evidence: 

1. Do gender differentials exist in participation and attainment in STEM subjects? 

2. To what extent do observable characteristics explain gender differentials in STEM choice? 

3. What role does socio-economic status play in STEM choice and attainment for males and females? 

4. Does the gender mix of secondary schools influence the likelihood of females taking STEM subjects? 

 

We find that gender gaps in STEM vocational education are more prominent than in A-level STEM study; on 

average, gaps are also more persistent. Prior attainment plays a much more limited role in explaining gender 

gaps in vocational education relative to A-levels, where gender differentials in ability already fail to fully 

explain the gender gaps that exist in STEM study. The exception to this is in the study of maths and science 

subjects in vocational education where the small gap that remains after conditioning on individual and school 

characteristics can be explained by prior attainment. Further, we find evidence that the gender composition of 

the individual’s secondary school impacts the decision to study vocational STEM qualifications but does not 

explain large gender differences; a positive relationship is identified between the proportion of females and 

vocational STEM uptake. We also find that gender imbalances in STEM study are apparent across every SES 

group and that SES background is not associated with the probability of taking STEM qualifications. Finally, 

we identify that females are more likely to achieve their attempted qualification, than males, in the majority of 

STEM subjects; these findings therefore provide no support for the theory that the underachievement of 

females who select into in vocational STEM drive the gender participation gaps.  
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1. Introduction and Background 

Marked gender imbalances exist in occupations in Science, Technology, Engineering and Mathematics 

(STEM) fields in the UK. Much of this imbalance in STEM representation is explained by gender differentials 

in educational choices in higher education (HE). Women are underrepresented in STEM degree subjects; only 

42% of female undergraduates in England enrolled in a science subject area in 2017/18 compared with 52% 

of male undergraduates (HESA, 2019). These gender imbalances arise from and are apparent in earlier 

educational choices in post-16 education, with females receiving only 43% of awarded STEM A-levels in 2018 

(IFS, 2018). Smith (2011) finds that the attainment of STEM A-Levels is gender neutral, but participation in 

STEM A-Level subjects is not. Thus, gaps arise in educational choices and participation rather than 

performance. A substantial gender gap is apparent in vocational education (VE) though the A-level route of 

post-16 education occupies much of the focus in this literature; only 10% of engineering and manufacturing 

vocational qualifications were gained by women in 2012/13 (WISE, 2014).  

Prior attainment is the strongest predictor of maths and science subject choice in post-16 study in England 

(The Royal Society, 2008). Gender differences in attainment, particularly in maths, emerge and are apparent 

as early as during the primary school years (Ceci et al. 2014; Fryer and Levitt 2010; Hannay, 2018)2; thus, 

differences in prior attainment can be responsible for gender gaps in subject choice during post-16 education. 

However, existing studies that have attempted to explain the causes of the STEM participation gap 

(predominantly in HE) have generally identified a minor role of gender differences in ability in maths and 

science (Justman and Mendex, 2018; Friedman-Sokuler and Justman, 2016). Gender remains a strong predictor 

of STEM uptake, even after conditioning on prior attainment (Noyes, 2009). Evidence suggests that a gender 

differential exists in the sensitivity of participation decisions to grades (Ost 2011; Rask 2011). Justman and 

Mendez (2018) for instance, find that females require higher levels, or signals, of mathematical ability in order 

to choose STEM subjects.  Furthermore, Cassidy et al. (2018) identify that low subject confidence is one factor 

which results in females’ reluctance to study maths and physics A-levels.  

Very few studies have paid attention to VE, often focusing on subject choice in A-levels or in HE only. One 

third of students go on to HE by the age of 20 (Hupkau et al. 2016). VE accounts for approximately half of all 

post-16 students in a cohort, thus accounting for a substantial proportion of learners who have the option to 

choose STEM study. Using administrative data on a full cohort of school leavers in 2005/06 England, this 

paper investigates the existence of gender imbalances in STEM subject uptake (in maths/science, technology 

and engineering fields) in both A-levels and vocational post-16 education routes in England. It is currently 

unclear whether STEM gender gaps in participation are more prevalent in A-levels or vocational education 

and whether policy makers should address these gaps in a dissimilar manner across the different routes. 

Schemes to improve girls’ confidence and interest in STEM subjects are often more focused on the 

continuation of STEM academic study. Since gender gaps are also present in vocational study, then there is a 

 
2 Evidence of a male advantage in maths is generally mixed and is dependent on age and cultural factors (Ceci et al., 

2014; Fryer and Levitt, 2010; Nollenberger et al. 2016) 
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concern that the focus of such schemes may overlook opportunities for STEM learning via vocational routes. 

We also examine whether gender differentials arise in the attainment of STEM students.  

We then examine the determinants of gender STEM gaps in both A-levels and vocational post-16 education, 

in particular the role played by prior attainment. While evidence suggests that prior attainment plays a role in 

the choice between A-levels and vocational post-16 education (Hedges and Speckesser, 2017), it is unclear 

whether ability is a predictor of STEM subject choice within VE, and whether it explains gender differences 

in subject choice to a greater or lesser extent than in A-level study.    

We also explore the extent to which Socio-Economic Status (SES) influences STEM decisions in post-16 

education for males and females. SES is a significant determinant of STEM study (Gorard et al., 2008); this is 

likely to be driven partly by differences in attainment across SES groups. The role of SES in explaining gender 

differentials is currently unclear though a number of existing studies recognise that socio-economic 

disadvantage plays a more prominent role in the subject choice of males, relative to females (Friedman-Sokuler 

and Justman, 2016; Justman and Mendez, 2018).  

Finally, we evaluate the role of the gender mix in the secondary school attended prior to post-16 education 

subject and route choices. With fewer males in the cohort, who, on average, attain higher grades in maths and 

science than females, it is arguable that competition with males is reduced since males and females differ in 

their confidence (OECD, 2014) and competitive nature in the classroom (Nierderle and Vesterlund, 2010)  

alongside ability and perceived ability. For instance, in an experiment conducted by Booth et al. (2013)  to 

examine the effect of single-sex classes on performance of college students taking economics courses, positive 

effects of single-sex classes for females are identified. Conversely, no significant effect is identified for males. 

The authors propose that the results may be explained by reduction in stereotype threat for females. The current 

evidence on the impact of the gender mix of the school is mixed; a number of studies have identified that 

mixed gender schools promote STEM subject uptake amongst females to a greater extent than do single sex 

schools (Billger, 2009; Jackson, 2012). However, using Australian administrative data, Justman and Mendez 

(2018) identify that females who attend single-sex schools are significantly more likely to take STEM subjects 

in post-16 education whereas the subject choices of males are insignificantly affected by attending a mixed of 

single sex school. The limited evidence on the impact of single-sex schools on the gender STEM gap in 

England similarly suggests than girls from single-sex schools are more likely to study STEM subjects (Institute 

of Physics, 2012), though this descriptive study considers participation in STEM A-levels only. Park et al. 

(2018) conversely identifies that single-sex schools do not significantly influence STEM outcomes, when 

dealing with the positive selection into single-sex schools. 

The remainder of this paper is structured as follows: section 2 provides a description of the methodology and 

administrative data; section 3 reports and evaluates the results; section 4 provides a discussion and summary 

of the findings.  

 

https://www.sciencedirect.com/science/article/pii/S0272775717306118#bib0005
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2. Methodology and Data 

2.1 Methodology 

The starting point of our analysis is to estimate a simple model of the probability that an individual studies a 

STEM subject in the highest qualification they have attempted by age 19. To do so we estimate the following 

equation as a linear probability model: 

 

𝑃𝑟𝑜𝑏(𝑆𝑇𝐸𝑀 = 1)𝑖 = 𝛼𝐹𝑒𝑚𝑎𝑙𝑒𝑖 + 𝛾𝑋𝑖 + 휀𝑖   

(Eq. 1) 

 

The outcome variable is a dummy variable equal to one if the individual has, in their highest attempted 

qualification by age 19, attempted a STEM subject. X is a vector of control variables that we describe in detail 

in the next section. Our interest is in the estimate of the parameter 𝛼 – the gender differential in the probability 

of studying a STEM subject. We estimate our equations separately by highest qualification, focusing on A-

Levels, vocational level 3, and vocational level 2. Throughout, we estimate specifications that include only the 

female dummy to obtain the raw differentials, as well estimating the full model to obtain conditional 

differentials. In models with school controls we cluster standard errors at the school level and control for school 

fixed effects since in the administrative data we observe pupils within the same schools.  

Females may be less likely to take a STEM subject if their expected performance is lower than the expected 

performance of males. Having modelled participation, we then examine the achievement of those learners who 

do take STEM subjects in A-level study and VE to observe whether gender differences that we observe in 

participation are also reflected in achievement. Once females enter STEM fields of study, do they then perform 

worse than males? A gender gap in performance could inform and deter females from studying STEM and 

may explain why fewer females opt into STEM subjects. We estimate the effect of gender on a binary indicator 

of achievement, conditional on participation in each STEM outcome (i.e. vocational STEM overall, 

engineering vocational qualification etc.). We again estimate linear probability models to examine whether 

females are more or less likely to achieve their highest qualification in a STEM subject, conditional on having 

attempted STEM. 

𝑃𝑟𝑜𝑏(𝐴𝑐ℎ𝑖𝑒𝑣𝑒𝑑|𝑆𝑇𝐸𝑀 = 1)𝑖 = µ𝐹𝑒𝑚𝑎𝑙𝑒𝑖 + 𝜋𝑋𝑖 + 휀𝑖   

(Eq. 2) 

 

We evaluate the role of gender mix in the individual’s secondary school on the likelihood to study STEM for 

females. Existing evidence suggests that the gender composition of classes at age 14, influences educational 

choices, such as subject and the route of education (Schneeweis and Zweimüller 2012), and educational 

attainment (Fryer and Levitt 2010). The sample is divided based upon the gender composition in the 

https://www.sciencedirect.com/science/article/pii/S0272775711001749#!
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individuals’ secondary school in 2004 to produce three samples based upon the proportion of females: 1) 0-

39%, 2) 40-59%, 3) 60%+. The probability of attempting a STEM A-level or vocational qualification at levels 

2 and 3 are then estimated in the same manner as the main results (Eq. 1).  

We then explore whether gender differentials in A-levels and VE STEM subjects vary by socio-economic 

status. SES is included as a control variable in the previous models, and we now consider whether the role of 

SES differs for males and females in the choice of STEM participation. We again estimate separate equations 

indicating participation in STEM A-Levels, STEM vocational level 3, and STEM vocational level 2 as the 

highest qualification attempted by age 19. While SES is included in the preceding models, we here additionally 

interact it with gender.  

 

𝑃𝑟𝑜𝑏(𝑆𝑇𝐸𝑀 = 1)𝑖

= 𝛼𝐹𝑒𝑚𝑎𝑙𝑒𝑖 +  𝛽1𝑆𝐸𝑆1𝑖 + 𝛽2𝑆𝐸𝑆2𝑖 + 𝛽3𝑆𝐸𝑆3𝑖 + 𝛽4𝑆𝐸𝑆4𝑖 + 𝛿1(𝑆𝐸𝑆1 ∗ 𝐹𝑒𝑚𝑎𝑙𝑒)𝑖

+ 𝛿2(𝑆𝐸𝑆2 ∗ 𝐹𝑒𝑚𝑎𝑙𝑒)𝑖  + 𝛿3(𝑆𝐸𝑆3 ∗ 𝐹𝑒𝑚𝑎𝑙𝑒)𝑖  + 𝛿4(𝑆𝐸𝑆4 ∗ 𝐹𝑒𝑚𝑎𝑙𝑒)𝑖 +  𝛾𝑋𝑖 + 휀𝑖  

(Eq. 3) 

 

In this equation, the variables SES1 to SES4 are indicator variables placing the individual in quintiles of the 

socio-economic status distribution. SES1 represents the bottom quintile (the most deprived 20%) of the cohort. 

SES5, the omitted reference category, is correspondingly the top quintile (the least deprived 20%) of the cohort. 

The estimated parameters of this equation show the gender differentials across SES groups, by differentiating 

with respect to gender and interpreting the 𝛼 and 𝛿 coefficients. Differentiating with respect to SES allows us 

to recover the socio-economic gradients for both genders i.e. for each gender, showing the differential 

likelihood of STEM participation across socio-economic groups relative to the least deprived quintile.  

The SES-varying gender gap is given by: 

𝜕𝑦

𝜕 𝑓𝑒𝑚𝑎𝑙𝑒𝑖
= 𝛼 +  𝛿1𝑆𝐸𝑆1𝑖 +  𝛿2𝑆𝐸𝑆2𝑖 +  𝛿3𝑆𝐸𝑆3𝑖 +  𝛿4𝑆𝐸𝑆4𝑖 

(Eq.  4) 

 

The SES gradient, relative to SES5, in STEM participation for females is given by: 

𝜕𝑦

𝜕 𝑆𝐸𝑆𝑖
= (𝛽1 + 𝛿1)𝑆𝐸𝑆1𝑖 +  (𝛽2 + 𝛿2)𝑆𝐸𝑆2𝑖 +  (𝛽3 + 𝛿3)𝑆𝐸𝑆3𝑖 + (𝛽4 + 𝛿4)𝑆𝐸𝑆4𝑖 

(Eq.  5) 

 

For males the SES gradient is given by: 
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𝜕𝑦

𝜕 𝑆𝐸𝑆𝑖
=  (𝛽1)𝑆𝐸𝑆1𝑖 +  (𝛽2)𝑆𝐸𝑆2𝑖 +  (𝛽3)𝑆𝐸𝑆3𝑖 + (𝛽4)𝑆𝐸𝑆4𝑖 

(Eq.  6) 

 

2.2 Data 

We use administrative data on a full birth cohort of English young people. We use linked data from the National 

Pupil Database (NPD) and the Individualised Learner Record (ILR) to observe the cohort who leave school in 

2005/06. We restrict the analysis to those individuals taking vocational qualifications at levels 2 and 33 or A-

levels. We exclude apprentices and individuals studying vocational qualifications at levels 1 and 4 from the 

analysis.  

For these individuals we are able to observe KS2 (age 11) and KS3 (age 14) Average Point Scores (APS)4 in 

individual subjects, including English, maths and science. The other individual characteristics we control for 

include ethnicity, government office region, and an index of SES. We create the index using a Principal 

Components Analysis including lower super output area (LSOA) measures of the Index of Multiple 

Deprivation, the Acorn type and LSOA level information on home ownership, level 3+ qualifications and 

managerial / professional occupations of residents. We construct the index using the first principal component. 

We also control for a range of KS4 school cohort characteristics. These school characteristics include; the 

number of pupils in the school, the proportion of pupils receiving free school meals (FSM), the average number 

of GCSEs attempted per pupil, the ethnic composition, and whether the school is a mixed gender school.  

In order to classify STEM subjects we use the subject areas given in the ILR Sector Subject Area (SSA) tier 1 

variable that gives the subject area of each learning aim in one of fifteen categories. As in WISE (2014), we 

look, in addition to STEM participation overall, at four categories of STEM: 

1. Science and maths (SSA 2)  

2. Engineering and manufacturing (SSA 4) 

3. Construction (SSA 5) 

4. IT and telecoms5 (SSA 6) 

 

In order to define individual learners as a STEM learner or not, we take the highest qualification individuals 

have attempted by age 19. We define the learner as taking STEM if they take any STEM subjects at this highest 

qualification level. We note that the nature of STEM study will differ between vocational qualifications and 

A-levels. The construction category is not observed for individuals taking A-Levels, as it is a purely vocational 

subject.  

 
3 See table A2 for examples of STEM qualifications  
4 Average point scores are the average scores attained in assessments in individual subjects at KS2 and KS3 
5 We term this category ‘Technology’. 
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2.3 Descriptive statistics 

Table 1 presents descriptive statistics on STEM participation. The table illustrates that fewer females in the 

cohort, who enter any form of post-16 education, study STEM subjects; only 37% of females study STEM 

relative to 53% of male post-16 education students. These gender gaps in participation in STEM subjects are 

clear in both vocational and A-level routes of study but are most pronounced in the uptake of vocational STEM 

subjects; only 1.5% of female students choose vocational STEM study subjects relative to 13% of male 

students. Of course, there are gender differences in the post-16 education route taken, with 23% of female 

students attempting their highest qualification in level 2 or level 3 vocational routes, relative to 26% of males6. 

However, large gaps are clear in subject choice. Fewer than 400 females in the cohort choose vocational 

engineering (equal to 0.2%) while 5% of male students choose this subject and route. In A-levels, females who 

study STEM subjects predominantly choose maths and science A-level subjects. These statistics motivate the 

importance of the study of gender STEM gaps in vocational education since the large gender gaps are apparent 

in this route. Furthermore, large disparities in gender gaps are apparent across subjects within vocational study, 

demonstrating a need to analyse gaps across different subject areas. Vocational study in level 2 and 3 (highest) 

qualifications accounts for over 86,000 learners from this single cohort, thus it is a substantial route into STEM 

study. 

A potential driver of these gender gaps in STEM subject uptake is differences in prior attainment, since women 

typically achieve lower maths scores than males (Fryer and Levitt 2010; Hannay, 2018). The Average Point 

Scores (APS) at KS2 and KS3 and GCSE grades in maths, English and science are used as measures of prior 

attainment. APS scores and the GCSE grade A*-C attainment rates are provided by gender for individuals in 

the cohort who continue into post-16 education, either vocational or A-level routes in Table 2. Significant raw 

gender differences in the prior attainment scores of males and females are apparent. In English, females 

outperform males at all key stages (KS2, KS3 and KS4 (GCSE)). At GCSE level, 12pp7 fewer males obtain 

A*-C grades than females. In maths and science, conversely, males perform better than females at all stages. 

Large gaps are observed in maths at KS2 and KS3; this gap persists into GCSE attainment but is more 

pronounced in science than maths. At GCSE level, only grades are observed, thus there is little variance in 

these measures relative to KS2 and KS3 continuous APS scores; the magnitude of differences is thus not 

comparable with APS scores. The performance of females in maths and science may deter females from 

choosing STEM subjects since females are typically more risk averse than males. Previous research suggests 

that females are more sensitive to signals of maths ability than males in choosing STEM subjects (Friedman-

Sokuler and Justman, 2016) while females are more likely to suffer greater ‘maths anxiety’ and have lower 

subject confidence than males (OECD, 2014).  

 
6 Post-16 education pupils may alternatively take A-levels or GCSEs (considered academic routes) or below level 2 

qualifications in vocational study. We focus on only level 2 and level 3 routes in vocational and A-levels (level 3) in this 

study. 
7 Percentage points 
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The distributions of the APS scores in KS2 and KS3 are presented in Figure 1. As Table 2 suggests, females 

achieve higher average scores in English than males at KS2 and KS3; a higher proportion of females also 

achieve the highest grades, in the right-hand tail of the distributions. In maths, females are underrepresented 

in the upper end of the distributions in both KS2 and KS3. The distributions of males and females in science 

are rather similar in both KS2 and KS3; this is where the differences are smallest across the three subject areas. 

At GCSE level, female English grades are highly skewed to the right; females are much more likely to achieve 

the higher A*-C grades in English than males and much less likely to achieve below a C grade (Figure 2). 

Males are overrepresented in the bottom end of the distribution, receiving a higher proportion of D-U grades. 

In GCSE maths, a higher proportion of males receive an A*, A or (marginally) a B grade than females who 

are overrepresented in the D-F grades.  GCSE grades in science follow a very similar pattern to maths with 

males achieving a higher proportion of A*-C grades and fewer of the D-U grades.   

While the distributions of KS2 and KS3 APS evidently differ by gender, the differences in these distributions 

also vary over time, this can be seen more clearly between KS2 and KS3 where we have data on fine graded 

test scores. Figure 3 illustrates the distributions of KS2 and KS3 scores by gender by plotting the proportion 

of individuals at each percentile at KS2 and at KS3 that are female. In English, females remain consistently 

dominant in the upper end of the distribution at KS2 and KS3, as suggested in Figure 1. However, in maths, it 

is evident that males become slightly less dominant in the upper end of the distribution by KS3 while the 

overrepresentation of females in the lowest quartile of the distribution observed at KS2 reduces by KS3. 

However, males do continue to dominate in the top 20% of the distribution for maths. In science, much of the 

change over time in performance occurs in the bottom and top 20% of the score distribution. Females dominate 

the bottom end of the distribution to a greater extent in KS2 than KS3 while also becoming more equally 

represented in the top 20% by KS3. The differences in males and females in science overall seem to reduce 

between KS2 and KS3 producing a ‘flatter’ line. The magnitudes of the differences in the distributions for 

science and maths are, however, much smaller than those observed for English. At the bottom fifth percentile 

of test scores for maths and science in KS3, the gender balance is almost equal (43% of males), whereas for 

English 60% of those at the bottom fifth percentile of performance are male. 

Figure 4 and Figure 5 present the mean APS and GCSE attainment by post-16 education route taken and 

gender. A-level STEM students are more able in terms of English, maths and science, at KS2, KS3 and KS4 

(GCSE) than non-STEM students. However, in vocational education, STEM pupils gain lower KS2 and KS3 

English scores and are less likely to achieve an A*-C grade in GCSE English, relative to a vocational non-

STEM student. This is perhaps since students who are more able in English specialise in subjects more closely 

associated with English such as communication studies or Arts and Humanities8. Alternatively, such students 

may have more choice in which subjects to study; Wang et al. (2013) identifies that females are more likely to 

have higher verbal abilities than males of similar prior attainment in maths, thus allowing females to consider 

 
8 Our data suggests that amongst A-level learners, the correlation between GCSE English grade and subject area is highest 

in languages, literature and culture subjects alongside humanities; these highest grade-subject correlations persist amongst 

those achieving above a B grade in GCSE English, maths and Science.  



10 

 

a wider range of subjects and occupations. Comparing students in VE to A-level study, it is clear that A-level 

pupils generally attain higher scores across all subjects in KS2, KS3 and at GCSE level than vocational students 

as we may expect since high attaining pupils typically opt into more academic routes of post-16 education, 

rather than vocational routes (Hedges and Speckesser, 2017); this may be driven by higher entry requirements 

into A-levels. The most pronounced differences in APS scores between vocational and A-level routes amongst 

STEM pupils are observed at maths, especially at KS3 and in GCSEs. KS3 scores are gained two years prior 

to post-16 education choices being made and provide pupils with indicators of their relative ability which may 

inform route and subject choices. The figure provides support for analysing STEM study in vocational and A-

level routes separately, given the differences in prior attainment between vocational and A-level pupils. To 

establish the relationship between prior attainment and STEM uptake we must take account of the fact that 

these two routes attract students of different levels of prior attainment before analysing subject choice within 

these routes.  

Table 3 shows the descriptive statistics for the remaining explanatory variables. Few significant differences in 

individual characteristics of males and females are observed in the cohort. The most pronounced differences 

in characteristics are at school level, including GCSE performance and the ethnic mix of the KS3/KS4 school, 

however these differences are negligible. If such differences drive STEM choice differentially for males and 

females, school characteristics may then explain a part of the gender gap.   

Table 4 and Table 5 similarly present the covariates but by vocational and A-level study respectively. The raw 

differences from Table 4 suggest that students who study vocational STEM subjects are typically white males 

from the north of England or the midlands from low socio-economic backgrounds who attended deprived, 

mixed sex schools. On the contrary, more females, ethnic minorities and higher socio-economic background 

status pupils who opt into vocational study, opt for non-STEM subjects. As expected, A-level pupils are often 

characteristically dissimilar to vocational students. The raw statistics suggest that A-level STEM pupils are 

typically more likely, than A-level non-STEM pupils, to be Asian and other ethnicity males from London, the 

south east and north west from higher socio-economic backgrounds and from high performing secondary 

schools.  

 

3. Results 

3.1. Are females under-represented in STEM subjects? 

We are interested in identifying whether gender gaps in participation in STEM study exist and differ across A-

level and vocational routes of post-16 education. We also wish to identify whether they persist even after 

controlling for a range of individual and school characteristics alongside prior attainment. Table 6 presents the 

gaps in STEM uptake within A-level and vocational routes overall, before focusing on STEM subject within 

each post-16 education route. The coefficient presented in the table represents the female coefficient in the 

regressions, which indicates gender gaps in participation in each of these STEM subject areas.  
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The results suggest that significant gender gaps exist in STEM study both in A-levels and in vocational study. 

The gaps in STEM uptake overall are actually larger in vocational study than in A-level study once individual, 

school and prior attainment are held constant. These significant gender participation differentials persist even 

after controlling for a range of characteristics including prior attainment. Thus, a male with an identical average 

point score, individual and school characteristics as a female would be more likely to opt into STEM study 

both in A-level and vocational study. Prior attainment explains a large part of the gender gap in participation 

in A-level STEM uptake; with individual, school and prior attainment controls included in the regression, 

females studying A-levels are only 1.7 pp less likely to take STEM A-levels. This could be due to the academic 

nature of A-level study and the GCSE performance requirements for A-level entry that are captured by and 

controlled for in the models. The largest gender gaps in A-level study are evident in Technology subjects where 

prior attainment controls explain only a small part of the raw gender gap. Interestingly, once prior attainment 

is controlled for, the gender gap in maths and science A-levels is positive and significant suggesting that when 

holding prior attainment constant, females are more likely to attempt maths and science A-levels than male A-

level pupils9. Given the raw statistics in Table 1, it seems that more females than males in post-16 education 

choose maths and science subjects; the negative raw effect is identified once we condition on the route that 

individuals select into, before holding ability constant. Further investigation reveals that KS2 and KS3 maths 

scores drive the change in the sign of the coefficient10; when these controls are omitted, the female coefficient 

remains negative, even when holding GCSE maths grade and any measure of science scores (KS2, KS3 or 

GCSE) constant. Though maths scores are likely to be correlated across the key stages, it is possible that GCSE 

maths does not have a strong effect on subject choice, relative to previous test scores (e.g. KS3), as the 

informative effect of GCSE results of an individual’s own ability in a given subject is likely to come after 

decisions about A-kevel subjects have been made (Ferretti, 2007). 

In vocational education, gender gaps in STEM participation are more prominent than in A-level, both in overall 

STEM uptake, engineering and technology, but gaps are also more persistent; the role of prior attainment in 

explaining gender gaps in VE is much more limited than in A-levels. However, we find that the small gender 

gap that exists in the take up of vocational maths and science study is partly explained by individual and school 

characteristics; the remaining gap that persists after controlling for these factors is reduced to zero once ability 

controls are added to the model. The lower achievement scores of females that we observe through schooling 

(maths and science at KS2, KS3 and GCSE) are therefore detrimental to the take up of vocational maths and 

science STEM study in post-16 education; when achievement is equal, females are just as likely to choose 

maths and science study as males in vocational education.  

 
9 Although we do not investigate specific subjects within these STEM areas, it is important and interesting to note that 

gender differences may exist within these subject clusters. For instance, within science study, females are more likely to 

study biology while physics is of greater interest to males than females (Baram-Tsabari and Yarden, 2008).  
10 Results available on request 
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In vocational study, we find that gender gaps are most pronounced in the subjects where returns to the 

qualifications are the highest, including engineering and construction. In these subjects, the positive earning 

differentials are particularly strong for women (Battison et al. 2019). 

Females who take the vocational route are significantly less likely to study all other STEM fields. This could 

be due to the ‘traditions’ of subject uptake within VE as also found in apprenticeships; typically, beauty and 

social care subjects and sectors are female-dominated in terms of participation, whilst building and 

construction and engineering are male dominated (Cavaglia et al. 2018). The gender stereotypes associated 

with construction and engineering subjects may therefore drive the differences in participation to a greater 

extent than differences in prior attainment; a lack of other females expected to participate in the course but 

also the occupation field as a whole may be off-putting for potential female participants. Further, whereas A-

levels are typically all classroom based with little difference in setting in which subjects are taught, vocational 

education may vary vastly in the environmental setting involved in study that may reinforce gender stereotypes. 

As seen in the raw differences in engineering for example, the gaps are much larger in vocational routes than 

A-levels. Perceptions of male-dominated STEM careers have been found to deter females from STEM study 

even in A-levels and university (Cassidy et al. 2018) where gender is more balanced than in vocational study.  

One other possible determinant of the persistent gender gap may be the greater risk aversion of females relative 

to males; we identify that after controlling for ability, maths and science are more likely to be studied by 

females, and that there are no significant gender differences in the study of maths and science in vocational 

education. These subjects are already taught throughout all compulsory schooling; pupils have prior experience 

of these subjects and are informed of their ability in these areas from KS2 and KS3 test scores at the time of 

making post-16 education decisions. For risk averse females, these may therefore be deemed a ‘safer’ STEM 

subject to study once the decision of route has been made.  

Overall, the results suggest that differences in prior attainment between males and females in English, maths 

and science cannot fully explain the gender participation gaps in STEM uptake in either A-levels or vocational 

education, aside from maths and science subjects. Further, these gaps are not explained by individual or school 

characteristics that may influence males and females differentially.  

Do gender gaps exist in vocational education once we take account of the level of study? 

When analysing the gender gaps in academic post-16 education, we specifically observed A-Level (level 3) 

study, whilst observing choices in VE as a whole. However, individuals may choose to study at either level 2 

or level 3 in vocational education, thus they may take STEM subjects at either level. In order to fully understand 

the relationship between prior attainment and STEM study in vocational education, we must take into account 

the level of study since lower attaining pupils typically opt into, or only have the option to take lower level 

qualifications. Table 7 presents the results from the previous analyses but when splitting the vocational subject 

areas into level 2 and level 3 qualifications. The results continue to suggest that females are under-represented 

in vocational STEM study, and more specifically in construction, engineering and technology. These gaps are 

only partly explained by differences in prior attainment between males and females. Gender gaps are smaller 
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in level 3 study than level 2 in construction, engineering and maths and science subjects, but these are driven 

by the raw differences in participation rather than the explanatory power of individual and school 

characteristics and prior attainment. The results suggest that the previous findings are not driven by female 

underrepresentation in STEM participation in a particular level of VE.  

 

Conditional on attempting STEM subjects, is there a gender achievement differential? 

The results presented in Table 8 indicate that on average, a male taking an A-level STEM subject is less likely 

to achieve the A-level qualification than a female taking an A-level STEM subject with identical KS2 and KS3 

scores, GCSE grades and individual and school characteristics. This positive female achievement gap is found 

for the overall STEM indicator and in maths and science subjects. This is not to say that females are simply 

better than males at these subjects. In all subjects, individuals select into the qualifications they wish to study 

based on their own preferences, interests, skills and prior attainment. Thus, forcing females to take these 

subjects may not result in this same performance gap since the females in the sample that perform better than 

males self-select into studying their chosen qualification and subject. What we may observe is that ‘better’ 

females than males select into maths and science STEM study. The existing literature suggests that females 

may be more risk averse in subject choice than males and may require higher grades in the associated prior 

qualifications to encourage them to study a given STEM subject (Friedman-Sokuler and Justman, 2016). Thus, 

this positive performance gap exists once these gender differences are accounted for via the selection process, 

since we condition on participation in these subject areas. Conversely, we find that females taking engineering 

A-levels are significantly less likely to achieve the qualification than males while there is an insignificant 

difference in the performance of males and females who take technology A-levels. The underperformance of 

females, comparable to males in terms of prior attainment, in engineering A-levels may be off-putting for 

prospective female students who observe female performance in engineering A-levels.  

In vocational construction and maths and science subjects, there is an insignificant difference by gender in 

achievement in both level 2 and level 3 qualifications, once we hold prior attainment and individual and school 

characteristics constant; a gender differential in performance therefore cannot explain the gaps in participation 

previously observed (in construction only). Conversely, a significant performance gap is identified in level 3 

technology qualifications and level 2 engineering qualifications; females who attempt these qualifications, are 

more likely to achieve the qualification than their male counterparts.  

Overall, the results provide little evidence that expected achievement may explain the participation gaps 

observed, given that results overall suggest that females who do study these STEM subjects actually perform 

better than the males that do.  
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Does the relationship between gender and STEM uptake also depend on Socio-Economic Status? 

Differences in participation in STEM take up in post-16 education have so far been partly explained by 

individual, and school characteristics and prior attainment, though these characteristics do not fully explain 

why females partake in STEM study to a lesser extent than males both on an A-level route and vocational 

route. These differences exist despite the achievement of those females that do opt into STEM study typically 

being better than the males that do. We now explore whether SES may play a role in explaining the remainder 

of the gender gap. SES is controlled for in all previous models, and we now consider whether the role of SES 

differs for males and females in the choice of STEM participation. Existing studies, based on data outside of 

the UK, have identified that the role of gender is mediated by SES with a stronger negative association between 

SES and STEM take up for boys (Friedman-Sokuler and Justman 2016; Justman and Mendex, 2018). We are 

able to observe whether this is also the case in the UK by allowing the effect of SES to vary with gender. This 

effect may also be compared between academic and vocational routes.  

Table 9 shows the results obtained from estimating (Eq.  4) and constructing the SES varying gender gaps, 

derived in (Eq.  4) where we interact the gender indicator with quintiles of socio-economic status. SES-1 

corresponds to the most deprived 20% of the cohort, and SES-5 the least deprived 20% of the cohort. For each 

qualification type we consider, we present results from a raw specification containing only the gender dummy, 

SES dummies, and their interactions, we then compare these raw coefficients with conditional coefficients 

obtained by adding in control variables. For all three qualifications, we observe gender gaps in STEM relative 

to non-STEM participation across the SES distribution. Females attempting the same qualifications are less 

likely to participate in STEM subjects than their male counterparts and this is true in every SES group except 

the least deprived quintile, where there is an insignificant difference in STEM A-level study between males 

and females. The gender gap is much larger for vocational qualifications than for A-Levels in all SES groups, 

and still larger for level 2 vocational qualifications than for level 3. A negative relationship between deprivation 

and the uptake of STEM A-level is apparent as gender imbalances are of the greatest magnitude in SES 5. The 

opposite is true for vocational level 3 qualifications where the largest gender imbalance exists in the least 

deprived SES group.  These results are already conditional on the post-16 education route taken and are 

therefore not driven by differences in route by SES. 

Table 10 presents the results obtained from estimating (Eq.  4) and constructing the SES gradients derived in 

(Eq.  5) and (Eq.  6). The results present the effect of SES on female participation. The findings suggest that 

for those attempting vocational qualifications, SES background is not associated the probability of taking the 

qualifications in a STEM subject. This is not true for males, where positive and significant coefficients do 

indicate that background does play a role in determining STEM participation. The same conclusions can be 

drawn for vocational level 2, though the social gradient for males is considerably weaker than at level 3. For 

both males and females, there is a clear SES gradient for STEM A-Level participation. As deprivation 

increases, by SES quintile, the less likely a male or female attempting A-Level qualifications is to attempt 

STEM A-Levels. This gradient is much reduced – but still present and significant – when controlling for prior 

achievement and characteristics. For females, there is no effect of SES on STEM probability when the highest 
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qualification attempted is either vocational level 3 or vocational level 2. This is the case even without 

conditioning on other observables. This is in accordance with the literature that suggests that SES less 

adversely affects females than males in subject choice.   

 

Does the school gender mix influence the likelihood of females taking STEM qualifications in FE? 

Our final results concern the impact of the gender mix of the individuals’ KS4 school attended prior to post-

16 education decision making. We consider the impact of the gender composition on the likelihood of females 

attempting vocational level 2, level 3 or A-level STEM qualifications. We split the sample of learners by the 

proportion of females in the individual’s secondary school, into three categories: 1) 0-39%, 2) 40-59%, 3) 

60%+. The distribution of school gender mix is presented in Figure 6. In contrast to the existing literature we 

explore not single-sex schools but schools that are overwhelmingly male and female dominated to understand 

whether the gender differential in the uptake of STEM differ within these groups of schools rather than 

comparing the STEM participation rates of girls from single sex schools to girls from mixed schools. Of course, 

we are able to distinguish how STEM uptake varies by the gender composition across the different groups of 

schools. We include the control variables from our previous models and estimate the female coefficient, as in 

(Eq. 1)11, on the three individual samples of learners. 

Table 11 reports the results. The raw results (column 1) suggest that the dominance of male peers is likely to 

be detrimental to STEM choice for females (panels A and B); females attending predominantly male and mixed 

schools are less likely to choose STEM A-levels. Once individual, school and ability are held constant, this 

gender indifference becomes insignificant amongst predominantly male school pupils, and is significantly 

reduced amongst mixed gender school pupils. Prior attainment, specifically KS3 scores, drive this reduction 

in gender imbalances. Amongst pupils from predominantly female schools, insignificant differences in STEM 

uptake by gender are identified, even in raw results. Females in single-sex schools have significantly higher 

maths self-confidence than students in mixed-sex schools (Bofah and Hannula, 2016) while a higher proportion 

of females in a class improves the performance of all pupils (Sullivan et al. 2018). Coeducational schools on 

the other hand reinforce gender stereotypes; this effect may manifest to a greater extent in more mixed schools 

(Schneeweis and Zweimüller, 2012), where we continue to see statistically significant gender gaps in STEM 

take up, albeit numerically negligible.  

As in previous results, ability continues to have limited power in explaining the gender gaps in VE where the 

gender gap increases monotonically in magnitude with the school female population. A gender gap in 

participation continues to exist in vocational education amongst students who attend predominantly male 

schools, but to a lesser extent than predominantly female schools. Based on conjecture, the vocational study 

findings may suggest that for females in predominantly male schools, studying alongside males becomes a 

norm and may act as less of a deterrent to studying a male-dominated STEM subject and route (vocational) in 

FE; females who attend single-sex schools are less likely to possess stereotypical views on gender roles (Fryer 

 
11  Characteristic controls now represent only learners in each sample and therefore vary from the main results. 
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and Levitt, 2010). Relatedly, gender peer effects have been shown to matter for STEM study. Robnett and 

Campbel (2012) find that primarily female friendship groups, which are more likely in predominantly female 

schools, that do not provide a supportive STEM environment impede upon females’ ability to view STEM as 

being compatible with their social identity. Males on the other hand, are more likely to be interested in STEM 

and therefore provide a supportive STEM friendship group. Male peers may also be particularly important in 

the decision to study vocational qualifications since females are less likely to opt into vocational education of 

any subject or level than males and are more likely to study A-levels than males.  

One potential issue in analysing this group is that, while females are compared to males who equally attend 

predominantly female schools, a large proportion of the sample attend female-only schools which are privately 

funded, sometimes selective schools. There is therefore a selection issue since individuals who select into such 

schools are underrepresented in vocational education, overrepresented in A-level study and have typically 

experienced schools with much higher levels of attainment (e.g. GCSE scores) than a mixed-sex 

comprehensive school. Excluding these single sex school from the analysis and observing the gender gap 

within mixed schools with any gender composition provides results mirroring those of panel B of Table 11.   

 

4. Summary  

The paper explores the impact of gender and socio-economic background on the likelihood of attempting and 

achieving qualifications in STEM. We contribute to the literature on the underrepresentation of women in 

STEM by focusing on the determinants of the gender gap in STEM study in vocational post-16 education 

(levels 2 and 3), in addition to the academic route (A-levels) which has received greater attention in the existing 

literature. Our findings indicate that gender differentials in the uptake of STEM subjects in vocational 

qualifications are much starker than they are in A-Levels. As in the existing literature, which predominantly 

focuses on female underrepresentation in STEM uptake in HE, we find that differences in ability play a minor 

role in the gender gaps that exist in vocational education, in both level 2 and 3 qualifications. The explanatory 

power of ability in understanding gender gaps in STEM subject choice is much greater in A-levels and in 

vocational maths and science subject choice. In a similar manner, the gender mix of the individual’s secondary 

school influences females’ decisions to study vocational STEM qualifications but do not explain large gender 

differences; a positive relationship is identified between the proportion of females and vocational STEM 

uptake. Finally, we find that gender imbalances in STEM study are apparent across every SES group and SES 

background is not associated with the probability of taking STEM qualifications. We find no evidence that 

females who select into in vocational STEM studies perform worse than their male counterparts, which could 

drive the gender participation gaps; instead, we identify that females are more likely to achieve their attempted 

qualification, than males, in the majority of STEM subjects.  

The vocational qualifications yielding the greatest qualification returns are STEM subjects, including 

engineering, technology and construction, where we find that females are most underrepresented, owing not 

to differences in school characteristics or differences in ability. Thus, whilst the returns for women in these 

STEM occupations are high and positively encouraging, we identify a large deficit in females selecting into 
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these qualifications to obtain the skills and progress in further study to obtain the returns in the associated 

occupations. This is not the case in A-level study where the uptake of STEM study is much more equal amongst 

males and females, and smaller gender gaps prevail once differences in ability are accounted for. This may in 

part reflect that A-Levels offer more choice of subject, with individuals able to study typically 3-5 different 

subjects, rather than vocational study that is focussed on one subject area. This does, however, still suggest 

that STEM is the “first choice” for males more so than it is for females. The role of gender stereotypes may be 

greater for vocational qualifications than for academic qualifications. While academic qualifications provide 

more general skills, the nature of vocational qualifications in preparing individuals with occupation-specific 

skills may make subject choice more sensitive to the idea of “traditional” occupations done by men (e.g. 

engineering, construction, plumbing) or by women (e.g. hairdressing). This could present a significant barrier 

to females who take a vocational route, particularly since labour market returns to vocational qualifications are 

typically highest – for both males and females – in the male-dominated subject areas.  

With a deficiency of Science, Technology, Engineering and Mathematics (STEM) skills currently being 

experienced in the UK, and a considerable underrepresentation of females in STEM occupations and study, it 

is vital to understand the determinants of STEM study in all routes of education. The continuing expansion of 

vocational further education and the growth of learners who choose this route over A-levels prompts further 

research into subject choice within vocational education and the gender gaps that exist within both route and 

subject choice. While policies and schemes to improve girls’ confidence and interest in STEM subjects are 

beneficial, focusing on the continuation of STEM academic study may overlook opportunities for STEM 

learning via more practical, vocational routes and simultaneously disregard students who are more suited to 

vocational study. Reducing the gender gaps in education, which in turn drive gender imbalances in STEM 

occupations, is imperative for the economy but also for gender equality in the UK.  
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Figures and Tables 

Figure 1 Average point scores by gender 
 

 



21 

 

Figure 2 GCSE grades by gender 
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Figure 3 Percentile of Average point scores by gender 
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Figure 4 KS2 and KS3 APS scores by route 
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Figure 5 GCSE attainment by route 
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Figure 6 Proportion of females in secondary school 
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Table 1 STEM subject uptake conditional on qualification and level attempted  

 Pooled Female Male 

Attempted STEM subject 0.446 0.372 0.528 

    

Vocational    

    

STEM voc.  0.071 0.015 0.133 

    

Construction voc.  0.025 0.001 0.051 

    

Construction voc. level 2  0.021 0.001 0.043 

    

Construction voc. level 3  0.004 0.000 0.008 

    

Engineering voc.  0.025 0.002 0.050 

    

Engineering voc. level 2  0.016 0.001 0.032 

    

Engineering voc. level 3  0.009 0.001 0.018 

    

Math/ Sci. voc.  0.006 0.005 0.007 

    

Math/ Sci. voc. level 2  0.005 0.004 0.006 

    

Math/ Sci. voc. level 3  0.001 0.001 0.001 

    

Technology voc.  0.018 0.007 0.031 

    

Technology voc. level 2  0.010 0.005 0.016 

    

Technology voc. level 3  0.009 0.002 0.015 

    

Academic    

    

STEM A-level  0.375 0.357 0.395 

    

Engineering A-level  0.054 0.041 0.069 

    

Math/ Sci. A-level  0.319 0.314 0.325 

    

Technology A-level  0.063 0.033 0.096 

    

Observations 358529 188709 169820 

Notes: (i)Mean values presented in the table (ii) Pupils may take multiple STEM subjects within their post-16 

education route e.g. a small number of pupils choose both A-levels in technology and in Maths and science 

subjects. 
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Table 2 Average Point Scores and GCSE results by gender 

 Pooled Female Male Difference t-stat 

KS2 English APS 27.632 28.103 27.109 -0.994*** (-80.548) 

KS2 maths APS 27.567 27.211 27.963 0.752*** (51.520) 

KS2 science APS 29.075 28.931 29.234 0.304*** (28.698) 

KS3 English APS 35.056 35.849 34.175 -1.674*** (-93.564) 

KS3 maths APS 37.746 37.338 38.199 0.861*** (37.421) 

KS3 science APS 35.044 34.849 35.261 0.412*** (21.080) 

% GCSE English A*-C  73.5 78.9        67.5 -11.5*** (-78.436) 

% GCSE maths A*-C  67.0 66.1 68.0 1.9*** (12.003) 

% GCSE science A*-C  64.9 63.8 66.1 2.4*** (14.749) 

Observations 358529 188709 169820 358529  

Notes: (i)Mean values presented in the table (ii) Difference indicates Female – Male  
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Table 3 Individual and school characteristics by gender 

 Pooled Female Male Difference t-stat 

White 0.863 0.866 0.859 -0.008*** (-6.666) 

Asian 0.074 0.070 0.078 0.008*** (9.005) 

Black 0.033 0.033 0.033 -0.000 (-0.291) 

Mixed ethnicity 0.023 0.024 0.023 -0.001* (-2.354) 

Other ethnicity 0.007 0.007 0.008 0.001*** (4.162) 

East Midlands 0.088 0.088 0.088 0.000 (0.238) 

East of England 0.111 0.110 0.112 0.002 (1.909) 

London 0.129 0.128 0.130 0.002* (2.104) 

North East 0.050 0.050 0.049 -0.002* (-2.071) 

North West 0.148 0.149 0.147 -0.003* (-2.199) 

South East 0.158 0.157 0.158 0.001 (0.504) 

South West 0.099 0.099 0.099 -0.000 (-0.141) 

West Midlands 0.115 0.114 0.116 0.002* (1.995) 

Yorkshire and The Humber 0.102 0.104 0.101 -0.003** (-3.041) 

SES 1 - most deprived 0.151 0.156 0.145 -0.011*** (-9.331) 

SES 2 0.181 0.183 0.178 -0.005*** (-3.920) 

SES 3 0.204 0.205 0.203 -0.002 (-1.250) 

SES 4 0.221 0.219 0.223 0.004** (3.043) 

SES 5 - least deprived 0.243 0.237 0.250 0.014*** (9.519) 

Total number pupils KS4 school 212.941 213.438 212.389 -1.049*** (-4.521) 

% FSM pupils KS4 school 11.422 11.460 11.379 -0.081* (-2.119) 

Average num. GCSEs KS4 school 8.833 8.845 8.820 -0.024*** (-6.980) 

% white pupils KS4 school 84.077 84.111 84.040 -0.071 (-0.990) 

Mixed sex school 0.885 0.865 0.908 0.043*** (41.249) 

Observations 358529 188709 169820 358529  

Notes: (i) Mean values presented in the table (ii) Difference indicates Female – Male  
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Table 4 Individual and school characteristics by vocational route 

 Voc 

STEM 

Voc 

Non-

STEM 

Difference t-stat 

Female 0.112 0.558 0.446*** (206.836) 

White 0.872 0.862 -0.010*** (-4.534) 

Asian 0.062 0.074 0.012*** (7.718) 

Black 0.035 0.033 -0.002 (-1.775) 

Mixed ethnicity 0.023 0.023 0.000 (0.002) 

Other ethnicity 0.007 0.007 -0.000 (-0.246) 

East Midlands 0.094 0.087 -0.007*** (-3.663) 

East of England 0.114 0.111 -0.003 (-1.376) 

London 0.123 0.129 0.006** (3.016) 

North East 0.054 0.049 -0.004** (-2.994) 

North West 0.160 0.147 -0.013*** (-5.427) 

South East 0.142 0.159 0.017*** (7.482) 

South West 0.082 0.100 0.019*** (10.482) 

West Midlands 0.128 0.114 -0.014*** (-6.518) 

Yorkshire and The Humber 0.103 0.102 -0.001 (-0.555) 

SES 1 - most deprived 0.255 0.143 -0.112*** (-39.860) 

SES 2 0.235 0.177 -0.058*** (-21.117) 

SES 3 0.209 0.204 -0.005 (-1.812) 

SES 4 0.174 0.224 0.050*** (20.230) 

SES 5 - least deprived 0.128 0.252 0.124*** (55.710) 

Total number pupils KS4 school 210.145 213.154 3.009*** (6.737) 

% FSM pupils KS4 school 14.428 11.192 -3.235*** (-39.566) 

Average num. GCSEs KS4 school 8.500 8.858 0.358*** (50.083) 

% white pupils KS4 school 83.809 84.097 0.288* (2.024) 

Mixed sex school 0.936 0.881 -0.055*** (-33.460) 

Observations 25410 333119 358529  

Notes: (i)Mean values presented in the table (ii) Difference indicates Voc. STEM – Voc. Non-STEM  
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Table 5 Individual and school characteristics by A-level route 

 A-level 

STEM 

A-level 

Non-

STEM 

Difference t-stat 

Female 0.501 0.542 0.041*** (23.548) 

White 0.840 0.877 0.037*** (30.364) 

Asian 0.102 0.056 -0.046*** (-47.757) 

Black 0.027 0.037 0.009*** (15.861) 

Mixed ethnicity 0.022 0.024 0.002** (3.192) 

Other ethnicity 0.009 0.006 -0.002*** (-7.757) 

East Midlands 0.091 0.086 -0.005*** (-4.909) 

East of England 0.103 0.116 0.013*** (12.009) 

London 0.131 0.127 -0.004*** (-3.488) 

North East 0.047 0.051 0.004*** (5.109) 

North West 0.151 0.147 -0.004*** (-3.436) 

South East 0.161 0.156 -0.006*** (-4.680) 

South West 0.099 0.099 0.000 (0.058) 

West Midlands 0.112 0.117 0.005*** (4.365) 

Yorkshire and The Humber 0.104 0.102 -0.002* (-2.369) 

SES 1 - most deprived 0.099 0.182 0.083*** (72.101) 

SES 2 0.149 0.200 0.051*** (39.964) 

SES 3 0.197 0.208 0.011*** (8.144) 

SES 4 0.241 0.209 -0.032*** (-22.129) 

SES 5 - least deprived 0.314 0.200 -0.114*** (-74.762) 

Total number pupils KS4 school 212.838 213.002 0.164 (0.682) 

% FSM pupils KS4 school 9.989 12.281 2.292*** (59.425) 

Average num. GCSEs KS4 school 9.035 8.712 -0.324*** (-92.434) 

% white pupils KS4 school 83.598 84.364 0.766*** (10.301) 

Mixed sex school 0.856 0.903 0.047*** (41.344) 

Observations 134421 224108 358529  

Notes: (i)Mean values presented in the table (ii) Difference indicates A-level STEM - A-level non STEM  
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Table 6 Gender gap in A-levels and Vocational STEM Subject Participation 

 (1) (2) (3) (4) 

Panel A) A-level     

STEM -0.074*** 

(0.002) 

-0.071*** 

(0.002) 

-0.072*** 

(0.003) 

-0.017*** 

(0.002) 

 

Engineering -0.040*** 

(0.001) 

-0.040*** 

(0.001) 

-0.040*** 

(0.002) 

-0.031*** 

(0.002) 

 

Maths / science -0.033*** 

(0.002) 

-0.031*** 

(0.002) 

-0.031*** 

(0.003) 

0.024*** 

(0.002) 

 

Technology -0.090*** 

(0.001) 

-0.090*** 

(0.001) 

-0.090*** 

(0.002) 

-0.078*** 

(0.002) 

 

N 271952 271952 271952 271952 

Panel B) Vocational     

STEM -0.445*** 

(0.003) 

-0.444*** 

(0.003) 

-0.446*** 

(0.003) 

-0.417*** 

(0.004) 

 

Construction -0.193*** 

(0.002) 

-0.195*** 

(0.002) 

-0.195*** 

(0.003) 

-0.191*** 

(0.003) 

 

Engineering -0.183*** 

(0.002) 

-0.183*** 

(0.002) 

-0.184*** 

(0.002) 

-0.164*** 

(0.002) 

 

Maths / science -0.004*** 

(0.001) 

-0.003** 

(0.001) 

-0.003** 

(0.001) 

-0.001 

(0.001) 

 

Technology -0.087*** 

(0.002) 

-0.085*** 

(0.002) 

-0.085*** 

(0.002) 

-0.081*** 

(0.002) 

 

N 86577 86577 86577 86577 

Individual No Yes Yes Yes 

School fixed effects No No Yes Yes 

Prior attainment No No No Yes 

Notes: (i) Standard errors in parentheses (ii) * p < 0.1, ** p < 0.05, *** p < 0.01 (iii) Each coefficient in the 

table represents the coefficient on the female binary variable. The raw differences, with no controls are 

included in the regressions, are presented in column (1). Controls are added with the final specification with 

all controls including individual, school and prior attainment controls in column (4). Each cell represents a 

different regression with the dependent variable being indicated in the first column and the models controls 

indicated below the results. The coefficients are interpreted as in the following example: The probability of 

choosing an engineering STEM subject in post-16 vocational education is 18.3 percentage points lower for 

females than males in column (1); when controls are added, females are 16.4  percentage points less likely to 

choose engineering STEM subjects, ceteris paribus. These results are conditional on attending post-16 

education, either on the academic or vocational route.  
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Table 7 Gender gap in Vocational STEM subject participation by Level 

 (1) (2) (3) (4) 

     

STEM level 2 -0.479*** 

(0.004) 

-0.478*** 

(0.004) 

-0.478*** 

(0.004) 

-0.458*** 

(0.005) 
 

STEM level 3 -0.371*** 

(0.004) 

-0.371*** 

(0.004) 

-0.372*** 

(0.005) 

-0.334*** 

(0.005) 
 

Construction level 2 -0.267*** 

(0.003) 

-0.268*** 

(0.003) 

-0.267*** 

(0.004) 

-0.263*** 

(0.004) 
 

Construction level 3 -0.077*** 

(0.002) 

-0.077*** 

(0.002) 

-0.077*** 

(0.003) 

-0.075*** 

(0.003) 
 

Engineering level 2 -0.191*** 

(0.003) 

-0.190*** 

(0.003) 

-0.191*** 

(0.003) 

-0.173*** 

(0.003) 
 

Engineering level 3 -0.168*** 

(0.003) 

-0.170*** 

(0.003) 

-0.170*** 

(0.004) 

-0.147*** 

(0.004) 
 

Maths / science level 2 0.003* 

(0.002) 

0.005** 

(0.002) 

0.004* 

(0.002) 

0.004* 

(0.002) 
 

Maths / science level 3  -0.005*** 

(0.001) 

-0.004*** 

(0.001) 

-0.005*** 

(0.001) 

-0.001 

(0.001) 
 

Technology level 2 -0.056*** 

(0.002) 

-0.054*** 

(0.002) 

-0.054*** 

(0.003) 

-0.052*** 

(0.003) 
 

Technology level 3 -0.129*** 

(0.003) 

-0.127*** 

(0.003) 

-0.127*** 

(0.003) 

-0.118*** 

(0.004) 
     

N 47,512 in level 2 

 39,065 level 3 

Individual No Yes Yes Yes 

School fixed effects No No Yes Yes 

Prior attainment No No No Yes 

Notes: (i) Standard errors in parentheses (ii) * p < 0.1, ** p < 0.05, *** p < 0.01 (iii)) Each cell represents a 

different regression with the dependent variable being indicated in the first column and the models controls 

indicated below the results 
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Table 8 Gender gap in vocational and academic STEM subject attainment 

 (1) (2) (3) (4) (5) 

 STEM Construction Engineering Math / Sci Technology 

 

Panel A) A-level 

 

0.047*** 

(0.003) 
- 

-0.009* 

(0.005) 

0.042*** 

(0.003) 

0.018*** 

(0.006) 

N 134421 358529 19462 114416 22462 

 

Panel B) Vocational level 2 

 

-0.028** 

(0.014) 

-0.051 

(0.054) 

0.098** 

(0.039) 

-0.080* 

(0.042) 

0.003 

(0.030) 

N 17555 7486 5734 1846 3546 

 

Panel C) Vocational level 3 

 

-0.067*** 

(0.022) 

-0.227*** 

(0.083) 

-0.059 

(0.070) 

-0.360*** 

(0.135) 

0.009 

(0.034) 

N 7855 1437 3091 422 3069 

Notes: (i) Standard errors in parentheses (ii) * p < 0.1, ** p < 0.05, *** p < 0.01 (iii) Each cell represents a 

different regression with the route being indicated in the first column and the subject within 47512that route 

indicated in the column headings. (iv) Results with controls include individual characteristics, school fixed 

effects and prior attainment
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Table 9 Gender gaps in vocational and academic STEM subject attainment within SES 

 (1) (2) (3) (4) (5) (6) 

 A Levels Vocational Level 3 Vocational Level 2 

 Raw +Control Raw +Control Raw +Control 

Gender Gap in SES 1 -0.057*** 0.003 -0.376*** -0.340*** -0.466*** -0.448*** 

(𝛼 + 𝛿1) (0.006) (0.005) (0.008) (0.008) (0.007) (0.007) 

       

Gender Gap in SES 2 -0.066*** -0.012*** -0.378*** -0.340*** -0.481*** -0.462*** 

(𝛼 + 𝛿2) (0.005) (0.004) (0.008) (0.008) (0.008) (0.008) 

       

Gender Gap in SES 3 -0.065*** -0.018*** -0.374*** -0.337*** -0.492*** -0.475*** 

(𝛼 +  𝛿3) (0.004) (0.004) (0.008) (0.008) (0.009) (0.009) 

       

Gender Gap in SES 4 -0.074*** -0.022*** -0.374*** -0.338*** -0.495*** -0.479*** 

(𝛼 + 𝛿4) (0.004) (0.003) (0.008) (0.008) (0.010) (0.010) 

       

Gender Gap in SES 5 -0.079*** -0.030*** -0.349*** -0.313*** -0.465*** -0.447*** 

(𝛼) (0.004) (0.003) (0.009) (0.009) (0.012) (0.012) 

       

N 271952 271952 39065 39065 47512 47512 

Notes: (i) Standard errors in parentheses (ii) * p < 0.1, ** p < 0.05, *** p < 0.01 (iii) Even numbered columns 

add individual school and prior attainment controls to the SES dummies. (iv) Each cell represents the 

coefficient from a different regression; each coefficient represents the parameters estimated in (Eq. 3)as 

constructed from (Eq.  4). (v) Results with controls include individual characteristics, school fixed effects and 

prior attainment (vi) Full results are provided in the appendix  
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Table 10 Effect of SES on participation in vocational and academic STEM 

 (1) (2) (3) (4) (5) (6) 

 A Levels Vocational Level 3 Vocational Level 2 

 Raw +Control Raw +Control Raw +Control 

       

SES-1 Effect on Female  -0.124*** 0.017*** 0.012 0.007 -0.017 -0.009 

(𝛽1 + 𝛿1) (0.004) (0.004) (0.008) (0.009) (0.011) (0.011) 

       

SES-2 Effect on Female  -0.098*** 0.010*** 0.005 0.001 -0.020* -0.013 

(𝛽2 + 𝛿2) (0.004) (0.004) (0.008) (0.008) (0.011) (0.011) 

       

SES-3 Effect on Female  -0.068*** 0.007** 0.006 0.002 -0.017 -0.011 

(𝛽3 + 𝛿3) (0.004) (0.003) (0.008) (0.008) (0.011) (0.011) 

       

SES-4 Effect on Female  -0.047*** 0.002 0.001 -0.002 -0.018 -0.014 

(𝛽4 + 𝛿4) (0.004) (0.003) (0.009) (0.008) (0.012) (0.012) 

       

SES-1 Effect on Male  -0.146*** -0.016*** 0.039*** 0.034*** -0.016* -0.008 

(𝛽1) (0.005) (0.005) (0.009) (0.009) (0.009) (0.009) 

       

SES-2 Effect on Male  -0.112*** -0.008* 0.033*** 0.028*** -0.004 0.002 

(𝛽2) (0.004) (0.004) (0.009) (0.009) (0.009) (0.009) 

       

SES-3 Effect on Male  -0.082*** -0.005 0.031*** 0.026*** 0.010 0.016* 

(𝛽3) (0.004) (0.004) (0.009) (0.009) (0.009) (0.009) 

       

SES-4 Effect on Male  -0.053*** -0.005* 0.026*** 0.023** 0.012 0.017* 

(𝛽4) (0.004) (0.003) (0.009) (0.009) (0.010) (0.010) 

       

N 271952 271952 39065 39065 47512 47512 

Notes: (i) Standard errors in parentheses (ii) * p < 0.1, ** p < 0.05, *** p < 0.01 (iii) Even numbered columns 

add individual school and prior attainment controls to the SES dummies.(iv) Each cell represents the 

coefficient from a different regression; each coefficient represents the parameters estimated in (Eq. 3)as 

constructed from (Eq.  5) for females and (Eq.  6) for males. (v) Results with controls include individual 

characteristics, school fixed effects and prior attainment (vi) Full results are provided in the appendix A1 
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Table 11 Effect of school gender mix (proportion of females) on STEM take up 

 A-levels Vocational Level 3 Vocational Level 2 

 (1) (2) (3) (4) (5) (6) 

 Raw +Controls Raw +Controls Raw +Controls 

 

Panel A) 0-39% females 
-0.076*** 

(0.011) 

0.010 

(0.012) 

-0.344*** 

(0.024) 

-0.297*** 

(0.025) 

-0.429*** 

(0.024) 

-0.426*** 

(0.027) 
 

N 22710 2516 3388 

 

Panel B) 40-59% females 
-0.075*** 

(0.002) 

-0.020*** 

(0.002) 

-0.374*** 

(0.004) 

-0.334*** 

(0.005) 

-0.483*** 

(0.004) 

-0.459*** 

(0.005) 
 

N 223444 34154 41880 

 

Panel C) 60+% females 
-0.038* 

(0.019) 

0.013 

(0.019) 

-0.422*** 

(0.023) 

-0.439*** 

(0.049) 

-0.519*** 

(0.026) 

-0.502*** 

(0.041) 
 

N 25797 2395 2244 

Notes: (i) Standard errors in parentheses (ii) * p < 0.1, ** p < 0.05, *** p < 0.01 (iii) N females: A) 3708, B) 

155779, C)29222(iv) Each cell represents the coefficient from a different regression (v) Results with controls 

include individual characteristics, school fixed effects and prior attainment 
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Appendix 

Table A1 Coefficient estimates of equation 3 

 (1) (2) (3) (4) (5) (6) 

 A Levels Vocational Level 3 Vocational Level 2 

 Raw +Control Raw +Control Raw +Control 

Female -0.079*** -0.030*** -0.349*** -0.313*** -0.465*** -0.447*** 

 (0.004) (0.003) (0.009) (0.009) (0.012) (0.012) 

       

SES-1 -0.146*** -0.016*** 0.039*** 0.034*** -0.016* -0.008 

 (0.005) (0.005) (0.009) (0.009) (0.009) (0.009) 

       

SES-2 -0.112*** -0.008* 0.033*** 0.028*** -0.004 0.002 

 (0.004) (0.004) (0.009) (0.009) (0.009) (0.009) 

       

SES-3 -0.082*** -0.005 0.031*** 0.026*** 0.010 0.016* 

 (0.004) (0.004) (0.009) (0.009) (0.009) (0.009) 

       

SES-4 -0.053*** -0.005* 0.026*** 0.023** 0.012 0.017* 

 (0.004) (0.003) (0.009) (0.009) (0.010) (0.010) 

       

(Female * SES-1) 0.023*** 0.033*** -0.027** -0.027** -0.001 -0.001 

 (0.007) (0.006) (0.012) (0.012) (0.014) (0.014) 

       

(Female * SES-2) 0.014** 0.018*** -0.029** -0.027** -0.016 -0.015 

 (0.006) (0.005) (0.012) (0.012) (0.014) (0.014) 

       

(Female * SES-3) 0.014** 0.011** -0.025** -0.024** -0.027* -0.027* 

 (0.006) (0.005) (0.012) (0.012) (0.015) (0.015) 

       

(Female * SES-4) 0.006 0.008* -0.025** -0.025** -0.030* -0.031** 

 (0.005) (0.005) (0.012) (0.012) (0.015) (0.015) 

       

N 271952 271952 39065 39065 47512 47512 

Notes: (i) Standard errors in parentheses (ii) * p < 0.1, ** p < 0.05, *** p < 0.01 

 (iii) Results with controls include individual characteristics, school fixed effects and prior attainment 
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Table A2 Examples of STEM qualifications by qualification type  

Vocational Level 2 

Maths and Science BTEC First Diploma in Applied Science 

NVQ in Clinical Laboratory Support  

Free Standing Mathematics Qualification: Calculating Finances 

Free Standing Mathematics Qualification: Handling and Interpreting 

Data 

Technology BTEC First Diploma for ICT Practitioners 

NVQ for IT Users 

NVQ for Communication Technology Practitioners 

Engineering BTEC First Diploma in Engineering 

NVQ in Performing Engineering Operations 

NVQ in Vehicle Maintenance and Repair 

BTEC First Diploma in Vehicle Technology 

Vocational Level 3 

Maths and Science BTEC National Diploma in Applied Science 

Technology BTEC National Award/Diploma for IT Practitioners 

Engineering BTEC National Diploma in Electrical Engineering  

NVQ in Electrotechnical Services 

NVQ in Railway Engineering 

Certificate in Operations and Maintenance Engineering  

A Levels 

Maths and Science Maths, Chemistry, Psychology, Physics, Biology, Geology 

Technology Computing, ICT 

Engineering Electronics, Design and Technology 

 


