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I recall reading former SAICE CEO Manglin Pillay’s article, Out on a rib, and thinking this is a 

relatively reasonable article because I was familiar with some of the research he alluded to. I cringed 

at the comments he made about writing poetry for women; an attempt at humour which probably 

would not be taken well; however, I found myself in agreement with the core argument – equality of 

opportunity does not necessarily mean equality of outcomes. As he put it: “The point is gender 

equality and equity need deeper understanding that simplification into male dominance, patriarchy 

and companies providing baby care in the office”. I found myself baffled by the reactions to his article. 

I was expecting disagreements and a robust debate to take place instead it was classified as sexist and 

eventually led to his resignation as SAICE CEO and him issuing an apology. At that point I was forced 

to evaluate the source of my bafflement; was I sexist as well and not realise it? Was he mistaken on 

the scientific data, was he misunderstood; or were his premises rejected because they did not fit into 

a particular ideology? These questions motivated me to seek a better informed opinion and dig a bit 

deeper into what the research says on what the cause of gender inequality in STEM is. This essay is 

the fruits of that labour.  

The main aim of the essay will be to demonstrate that the disparities in STEM are not a result of the 

discrimination narrative, whether it be implicit or explicit; but rather they are best explained by 

choices which are influenced and shaped by abilities, interests and preferences. The essay is divided 

into three parts. The first part will define gender inequality in STEM and show that inequality exists 

in certain subfields of STEM and not all. The second part will evaluate the discrimination narrative. I 

will argue that implicit bias fails to explain inequality due to two major problems it faces: whether the 

most popular tool, the IAT, measures implicit bias and how large is the effect of implicit bias on 

behaviour in general and inequality in particular. I will also show how when evaluating explicit forms 

of bias against women although they exist in a number of instances they fail as causal explanations of 

inequality; and in general, there is fairness when it comes to hiring, publishing, grant funding, gender 

retention and salaries. In the third part I will evaluate the choice narrative. My aim will be to 

demonstrate firstly how sex differences in specific cognitive abilities such as verbal, quantitative and 

spatial abilities are present; as well as how their interaction combines to yield differences in academic 

strengths which affects occupational choices. Secondly, I will show that sex differences in 
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occupational interests exist which can account for disparities in STEM. Thirdly, I will argue that sex 

differences in lifestyle preferences exist. Fourthly, I will briefly argue that these sex differences are 

not due to socialisation or the imposition of oppressive gender roles presenting the gender equality 

paradox as empirical evidence. The last part will conclude the major tenets of the essay as well as 

some implications of what it all means if my claim is true, that choice rather than discrimination lies 

at the root of inequality in STEM.  



Inconvenient Truths on Gender Inequality in STEM - Tsholofelo Pooe 

______________________________________________________________________________ 

 

  3 

 

Contents 

 

1. Defining gender inequality in STEM .......................................................................................................................... 4 

2. The failure of the discrimination narrative ................................................................................................................. 7 

2.1. Implicit bias and its effects ................................................................................................................................. 7 

2.2. Explicit discrimination ...................................................................................................................................... 11 

Discrimination in hiring ............................................................................................................................................ 11 

Discrimination in academic life - grant funding and publishing ............................................................................... 15 

Gender retention gap in STEM tertiary education .................................................................................................... 16 

Gender retention gap in engineering occupations ..................................................................................................... 18 

Gender pay gap in STEM academia and occupation ................................................................................................ 23 

General problems with the discrimination narrative ................................................................................................. 25 

3. The choice narrative ................................................................................................................................................. 27 

3.1. Sex differences in abilities influence STEM outcomes .................................................................................... 27 

Sex differences in general education achievement ................................................................................................... 28 

Sex differences in verbal abilities ............................................................................................................................. 29 

Sex differences in quantitative and mathematical abilities ....................................................................................... 30 

Differences in mathematics abilities at the low end and high end ............................................................................ 31 

Sex differences in visuospatial abilities .................................................................................................................... 32 

Sex differences in individual academic strength and ability tilt ............................................................................... 34 

3.2. Sex differences in interests and lifestyle preferences shape STEM outcomes ....................................................... 37 

Men, Women and Interests ....................................................................................................................................... 37 

Sex differences in lifestyle preferences .................................................................................................................... 40 

Does socialisation explain sex differences in interests and lifestyle preferences? .................................................... 42 

4. Conclusion ................................................................................................................................................................ 44 

What should be done? ................................................................................................................................................... 46 

5. References ................................................................................................................................................................ 47 

 



Inconvenient Truths on Gender Inequality in STEM - Tsholofelo Pooe 

______________________________________________________________________________ 

 

  4 

 

1. Defining gender inequality in STEM  

 

Gender Inequality in STEM fields means that there is an unequal representation of men and women 

in the STEM fields (Where STEM represents the Science, Technology, Engineering and Mathematics 

fields). This definition is too broad because there are various categories of STEM which can vary. (1) 

Schooling category: primary, secondary and tertiary school STEM enrolments and achievements. (2) 

Academic life which consists in progress from enrolment in STEM through to tenure as a professor. 

You can find equal representation of men and women at a graduate level but as you progress from 

masters to PhD to tenure the inequality increases. (3) Labour force representation of women in STEM 

industries. In addition to the various categories there are differences with STEM that depend on the 

specific field chosen for analysis; chemistry, biological life, and health sciences at a graduate level 

have an equal or over representation of women at a graduate level while engineering has a low 

percentage of women. 

Figures 1 and 2 show quite clearly that STEM inequality generally does not exist, at least at a bachelors 

level. Figure 1 shows how female in South Africa earned 63.23% of the total natural sciences degrees 

conferred. Similarly figure 2 shows how females in the US earned 50% of all Science and Engineering 

degrees; they earned 55.2% of all science degrees. So, the problem of STEM gender inequality is 

imprecise because inequality arises when we zoom into specific fields within STEM. The fields that 

have an unequal representation of women tend to be math-intensive ones as shown in Figure 3: geo-

sciences, mathematics, computer science,  physical sciences, engineering and the non-STEM field of 

economics (Ceci, et al., 2014). These are abbreviated as GEEMP fields. The STEM fields where 

women are well represented are the life and health sciences, social and psychology sciences 

(abbreviated as LPS). Inequality (at least at a bachelor graduate level) exists not in STEM but 

particularly in math-intensive (GEEMP) fields and not the LPS fields. So then the central question 

is why are women underrepresented in GEEMP fields and not in LPS fields? To answer that we 

turn now the discrimination narrative. 
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Figure 1- Composition of 2008 matric students that enrolled and graduated at South African tertiary institutions 

(Van Broekhuizen & Spaull, 2017) 

  

Figure 2 - Bachelor degrees earned by females in 2014 in U.S. institutions 
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Figure 3 - Female percentage among bachelor graduates in GEEMP and LPS fields in the U.S.. (Ceci, et al., 

2014, p. 79) 
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2. The failure of the discrimination narrative 

 

One of the most prestigious science journals in the world, Nature, ran a series 

of special articles on gender inequality citing discrimination as the major 

cause behind it: 

 “Why has progress stalled?...overt or unconscious gender bias. It 

can be detected even in female scientists, and even,…in those who 

actively promote women within science.” (Nature, 2013) 

According to Nature, discrimination and sexism is the main cause for the 

disparities between women and men in STEM. The type of discrimination that 

is often evoked as well is not just explicit sexism in the form of explicit laws, 

or explicit hostility to women that drives away from STEM but rather an 

unconscious sexism which somehow manifests itself in the disparities we see. 

According to Nature and many others who would agree; the implicit and 

unconscious bias against women is that they are incapable of succeeding in 

STEM fields and therefore should not be allowed. It is important then to turn 

to the evidence provided to support the claim that discrimination, both implicit 

and explicit, drives the disparities we see in GEEMP fields. 

2.1. Implicit bias and its effects 

“But as I was sitting down to write this article, it suddenly dawned 

on me that today, in the modern South Africa, sexism is no longer a 

blatant disregard for the female gender, there is no longer an 

outright belief that men are better than woman, but rather a subtle 

way of thinking and doing, coded in our DNA because of the social 

environment in which we were raised” (Rensburg, 2018) 

Implicit bias - unconscious 

association between group 

membership (e.g., sex) and 

stereotypical positive or 

negative attributes that can 

also, in theory, result in 

prejudicial behavior towards 

individuals within that group 

(Greary & Stoet, 2018) 

Implicit Association Test – The 

implicit-association test (IAT) is 

a measure within social 

psychology designed to detect 

the strength of a person's 

automatic association between 

mental representations of 

objects (concepts) in memory. 

Claimed to measure implicit 

bias. 

“Stereotype threat occurs 

when one is confronted with 

tasks or situations that trigger 

negative stereotypes (e.g., that 

“women are not as proficient 

at math as men”), that in turn 

result in a preoccupation 

about performing in a way that 

confirms the stereotype” 

(Greary & Stoet, 2018) 
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Implicit bias is cited repeatedly as the primary cause for unequal representation of women in GEEMP 

fields. In an article in Nature, neuroscientist Jenny explains how even being a woman does not make 

one immune to being implicitly bias against women and associating STEM success with men 

(Raymond, 2013). Her own results on the Implicit Association Test (IAT); which is a test claimed to 

measure one’s implicit and unconscious attitudes; seemed to agree with what other researchers found. 

Researchers conducted a large (IAT) study on about half a million people in 34 countries and found 

that people both male and female hold implicit stereotypes that associates men with science more than 

with women (Nosek, et al., 2009). They found a positive correlation between a nations implicit gender 

association scores and the male advantage in math scores of 8th graders in that country. The stronger 

the association of men with science; the higher the achievement of males relative to females in 

mathematics. 

 The association is believed to be the result of gender stereotypes which we adopt and influence our 

choices in unconscious ways: men will choose to go into STEM and women will choose non-STEM 

fields because of gender stereotypes. The claim is that negative unconscious stereotypes leads to 

choices that conform to that stereotype thereby causing unequal outcomes in STEM. This conclusion 

was not demonstrated by the researchers but assumed. Social psychologists have argued that 

stereotype accuracy is one of the most replicable findings in social psychology (Jussim, et al., 2016). 

In addition, research has shown that when people have access to actual individuating information they 

do not make judgments based on their implicit and explicit stereotypes (Rubinstein, et al., 2018). In 

other words, even if I have a stereotype about men; when I meet a particular man, I allow information 

about that particular individual to inform my judgments about them – rather than relying on my 

stereotype. It means then in particular situations such as hiring individuals for STEM jobs, people are 

more likely to rely on individual information about that person such as credentials, experience, 

education etc. Furthermore, countries that score high on explicit measures of gender equality and 

where gender social roles are more equal actually show larger sex differences in STEM interest and 

enrolment (Stoet & Geary, 2018). Countries that are more gender equal, and therefore have less 

traditional gender stereotypes end up with less females choosing STEM. Therefore, we cannot 

conclude that implicit stereotypes are causing inequality in STEM – the leap is not supported by the 

evidence. 
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Another effect that our unconscious/implicit bias is thought to have is that it leads to stereotype threat 

which is thought to cause women for example, to underachieve in areas where they actually should be 

able to perform. We can imagine a female about to write a math tests who is told that women are not 

good at maths, because of that stereotype she will underperform. 

Researchers (Flore & Wicherts, 2015) performed a meta-analysis of 15 

years of stereotype threat literature and found that the magnitude of 

stereotype threat is too small and is over-inflated by publication bias. 

They conclude that stereotype threat cannot have a systematic impact on 

women underperforming in mathematics or being driven away from 

STEM fields. 

Problems with implicit bias and the IAT 

Ideas on implicit bias such as: the IAT which is the tool claimed to 

measure it; and how implicit bias actually affects and determines our 

behaviour; are highly contested ideas in academic circles. There are three 

main reasons why we should not at this point be too quick to think that 

implicit bias as measured by the IAT provides evidence of gender and 

even racial discrimination.  Firstly, researchers disagree on what it 

measures. Some have argued that rather than prejudicial attitudes, the 

IAT actually measures environmental associations – these are 

connections we have come to learn by exposure to in society (Mather, 

2017). Interpreting the implicit scores in this way would make sense of 

the fact that in a country where men are overrepresented in STEM; that the general culture would then 

associate men with STEM. It is also worth noting that possessing this association does not necessarily 

mean one is bias in a sense of thinking that females cannot perform in STEM. The correct way to 

interpret the IAT is that it measures stereotypes we are aware of even though we might not endorse 

them– which is why men and women score the same. Otherwise it leads us to the absurd conclusion 

that women are unconsciously sexist against themselves. In addition the negative association can be 

the result of other feelings such as guilt or shame and not necessarily prejudiced. As an example, black 

people who also associated white people with good concepts and black faces with bad could be doing 

“The overarching question 
addressed by the meta-
analyses of Greenwald, 
Poehlman, Uhlmann, and 
Banaji (2009) and Oswald, 
Mitchell, Blanton, Jaccard, 
and Tetlock (2013) was how 
well Implicit Association Test 
(IAT) scores predict 
behaviors, judgments, and 
decisions potentially 
indicative of ethnic or racial 
discrimination. No matter 
which data election rules 
were followed, no matter 
how the data were 
aggregated, and no matter 
which statistical approach 
was employed to analyze 
the data, mean effect sizes 
within and across data 
groupings generally were 
small (or very small) and 
often not in line with 
theoretical predictions or 
common-sense 
expectations” 
(Tetlock, et al., 2013) 
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so as a result of thinking that bad things happen to black people and that white people are generally 

more well off –hence the associations. This makes more sense than the incoherent conclusion that 

black people are unconsciously prejudiced against themselves.  

Secondly, two meta-analytic studies have all converged on the conclusion that implicit measures such 

as the IAT do not predict and correlate with explicit bias, attitudes and behaviour (Tetlock, et al., 

2013). In other words one would expect that implicit bias will result in explicit discriminatory 

attitudes, judgements or actions. However the conclusion from the studies was that implicit measures 

have negligible to small effects on actual behaviour. The fact that people are measured to have an 

implicit bias according to the IAT does not mean those people will behave or think in a discriminatory 

way. To put it another way - if Verwoed and Mandela were to take the IAT test it would not be 

able to predict who is likely to discriminate against black people. Further evidence supporting the 

above claim comes from researchers who conducted a meta-analysis of 427 studies with 72063 

individuals and concluded that changing people’s implicit measures does not lead to changes in actual 

explicit measures and behaviours (Forscher, et al., 2018). Changing ones implicit associations did not 

lead to a change in explicit behaviour and associations. If the IAT was measuring implicit bias which 

is supposed to determine our behaviour then changing that implicit association should also change our 

explicit thinking and behaviour – but it did not. It also demonstrates how ineffective diversity training 

interventions are that assume changing implicit associations will result in changed explicit behaviours 

and thoughts.  

Thirdly, the IAT has very low test-retest reliability– the same individual can take the test at different 

times and get different results (Mather, 2017). You would expect that if the IAT was measuring a deep 

unconscious attitude such as prejudice which should be stable over time then the results would also 

be stable. In conclusion, the claim that implicit bias is the leading cause of women’s under 

representation in GEEMP is hasty, untenable and unsupported by the evidence. 
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2.2. Explicit discrimination 

 

I now turn to the evidence for explicit discrimination against women at various stages in their STEM 

career. By explicit I mean objective measures where women with similar and relevant characteristics 

with men are treated differently. It is claimed that explicit discrimination against women results in a 

hostile environment for women which then acts as a signal to deter women from choosing GEEMP 

fields. What I find is that although there have been some instances of bias found, generally at every 

stage of women’s GEEMP career progression – entry to university; retention in university and 

graduation; academic hiring, publishing and grant funding; retention in work and pay gap -there is 

fairness and where there are disparities they can be accounted for by non-discriminatory factors. 

Discrimination in hiring 

The literature on discrimination is not as clear cut as one would expect given how discrimination is 

widely accepted as the main culprit for disparities in STEM. What the existing research has 

demonstrated is that bias against women exists in particular situations; for certain job applications and 

not others; for certain tasks and activities (Ceci, et al., 2014). However, what the research has failed 

to demonstrate is that the existence of bias in those particular situations can be generalized to 

account for the disparities in STEM. 

In one of the most extremely useful reviews on the topic of women in academic science: the authors 

systematically cover the trajectories of men and women in math-intensive and non-math-intensive 

fields; they begin with early - childhood differences and end with careers in academic science (Ceci, 

et al., 2014). In their section on Sex-based biases in interviewing and hiring, they review all the 

literature on gender discrimination in STEM hiring and make the following observations. 

1. Experimental studies on hiring decisions have found a bias in favour of males (by both male 

and female decision makers) for particular applications such as an undergraduate lab manager, 

computational tasks, summer jobs, non-professional jobs. Various other experiments have 

shown bias against females teaching skills and work products. 

2. The authors note however that only one study looked at tenure -track professor hiring in the 

field of psychology and found a bias against women. The other studies focused on 
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undergraduate applicants which are not the same as tenure-track professor applicants. 

Secondly and most importantly the problem with the other studies is that it is unclear how 

those findings can be generalized to account for disparities in STEM. It is possible for bias in 

those particular situations to be found and yet not be a systemic problem that leads to women’s 

under-representation in STEM. One of the most cited papers on bias against women involved 

hiring candidates for a position in a biology lab manager position. Considering that the LPS 

fields have more women than men obtaining bachelors – how does this study help us make 

sense of the fact the LPS fields have more women than men compared to GEEMP? It does not 

explain why LPS fields are different to GEEMP if bias is also found in LPS fields. 

3. The largest experimental study conducted on 873 tenure-track faculty members at 371 

universities in the U.S. looked at tenure-track professor hiring in science fields (biology, 

engineering, economics and psychology) (Williams & Ceci, 2015).  The study found a bias in 

favour of females even when the applicants were identically qualified and had matching 

lifestyles. Figure 4 shows the results from the experiment. Only male faculty members in 

economics showed no bias against applicants. 
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Figure 4 - Hirability of identically qualified candidates with matching lifestyles shown by field. Faculty 

members exhibit approximately a 2:1 preference for hiring women assistant professors over identically 

qualified men (Williams & Ceci, 2015). 
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4. William and Ceci analysed three large scale studies of actual tenure-track interviewing and 

hiring in U.S institutions and found that there is either a bias in favour of females or no bias at 

all. One specific study they highlight examined six math-intensive fields in over 500 

departments at 89 research intensive universities, with 1800 faculty members. The study 

examined actual tenure-track positions hiring data between 1995 and 2003. Their results were 

that firstly, less women applied in comparison to men as Figure 5 demonstrates. In physics 

positions; women made up 12% of the total applicants. Secondly, there 

was a bias in favour of women at the stage of interviews and offers to 

positions. Figure 5 shows how women made up 19% of candidates 

interviewed and eventually 20% of positions attained (in physics). They 

continue to explain how objective measures of productivity such as 

(publications, grant dollars, citations per article) did not show that women 

applicants were stronger and therefore a bias in favour of women was 

found when it came to actual tenure-track hiring (Ceci, et al., 2014). 

The conclusion then is that although bias can be found in certain experiments; how it applies beyond 

the experiment and the causal impact it has on actual hiring remains unknown. One particular 

experiment illustrates this general point. Researchers (Milkman, et al., 2014) conducted an audit by 

sending applications of fictitious students who wanted to meet with faculty members to discuss their 

doctoral programs. Bias was found in favour of white males, faculty was more willing to meet up with 

white male students than other students. Their findings were surprising in two ways. Firstly, bias 

against women was not correlated with the levels of women representation in the different fields. 

Fields that had the most women, did not show the least amount of bias. Secondly, that bias remained 

even when students requested meetings from faculty members of similar race and gender. Therefore 

low levels of female representation in STEM field cannot be assumed as being caused by high amounts 

of discrimination in that field. 

“…simply put, no 
real-world hiring 
data show a bias 
against hiring 
women” 

(Ceci et al., 2014 ) 
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Figure 5 - Female applications, interviews and positions offered for tenure track professor positions. Data from 

(Ceci, et al., 2014, p. 101) 

Discrimination in academic life - grant funding and publishing 

Another area where discrimination can occur against women is during their career. Studies done on 

the existence of discrimination in STEM academic careers have generally failed to find consistent 

evidence of biases against women when it comes to publishing articles and receiving research grants. 

A review of several studies on journal manuscript acceptance rates by Williams and Ceci (2011) 

demonstrated that there is no sex difference in manuscript acceptance rates once you control for 
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quality of work which is determined by access to resources. They conclude: 

“The preponderance of evidence, including the best and largest studies, 

indicates no discrimination in reviewing women's manuscripts: Given 

equivalent resources, men and women do equally well in publishing” 

(Williams & Ceci, 2011) 

Another important area in academic life is grant funding which is often 

thought to be systemically influenced by bias. A highly cited paper by 

Wenner and Wold is discussed by Williams and Ceci (2011) which found 

bias in the awarding of research fellowships by the Swedish Medical 

Research Council (MRC) in 1995. The authors (Williams and Ceci) note that 

the study’s conclusion of bias against females was challenged on statistical, 

methodological and conceptual grounds (Ibid). In addition to that it is unclear whether the finding for 

MRC can be generalized to most grants awarded. Numerous subsequent studies have found no 

evidence for bias against females in grant funding. This includes a study that analysed grants awarded 

by British Wellcome Trust and MRC for the period 1993-1996. Other studies looked at MRC in 

Canada; UK’s Biotechnology and Biological Sciences research Council and found no bias in grant 

funding bias (Ibid). A later study by Sandstrom and Hallsten in 2004 found that the bias that was 

initially found by Wenner and Wold at the MRC had actually reversed itself with a bias in favour of 

females after controlling for productivity (Ibid). Most importantly; six large scale studies which 

independently assessed gender bias at the National Science Foundation (NSF); National Institute of 

Health (NIH); US Department of agriculture; Australian Research Council; German Foundation 

between 1985 and 1990; Economics Program at NSF between 1987-1990; concluded that no gender 

bias against females was present in the awarding of grants (Ibid).  

The leaky pipeline from enrolment to tenure 

In academic and public discussions, the exit of women from the time they enter university to tenure 

as professors has been called the leaky pipeline. The metaphor is supposed to capture how more likely 

women are to leave and "leak" along the academic pipeline until tenure as professors. The leaky 

pipeline has been presented as evidence that STEM is hostile to women; that bias exists which deters 

women from remaining in the STEM academia causing the leaks.  

Gender persistence gap -

The percentage 

difference between men 

with STEM degrees who 

remain in STEM fields 

compared to women with 

STEM degrees who 

remain working in STEM. 
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The persistence rate/gap is one measure of the leaky pipeline (however the persistence gap itself is 

flawed as a measure of discrimination as I will later argue). For example if we have a field and find 

women enrolment is 20%; if we follow that group of women until graduation and find that all the 

women that graduated, did so at rates similar to men then we can conclude that there is no barrier 

(whether it be sexist discrimination or some other factor) that results in the differences in graduation 

between men and women during undergraduate.  

Researchers analysed cross sectional data on the population of undergraduates engineers in all 

universities and colleges in the US and found that at a national level – the retention of women in 

undergraduate engineering is equivalent to that of men (Cohen & Deterding, 2013). A similar 

conclusion can be reached when looking at South African engineering undergraduate students. 

Researchers tracked the matric group of 2008 from their enrolment until completion of degree and 

their data not only shows that women are as likely as men to complete their engineering degree but 

that there is on average a female advantage in higher education enrolment and graduation (Van 

Broekhuizen & Spaull, 2017). Women do better in general than men in tertiary school. 

The problem with the leaky pipeline is that some research has found that the female-dominated fields 

such as biology have greater leaks than the male - dominated STEM fields during the PhD to academic 

tenure stage. A counter-intuitive finding if bias is supposed to be keeping women away from the male 

dominated STEM fields. Wai and Miller (2016) in their research found the leaky pipeline metaphor 

partially explained historical US trends of bachelor to PhD persistence rates but that from 1990 there 

were no differences in STEM persistence rates. Even male dominated fields of maths, engineering 

and physics have no difference in persistence rates. 

The same conclusion is reached when looking at whether there are differences in persistence from 

bachelors to PhD and tenure-track assistant professorship. In GEEMP fields men and women are 

equally likely to advance to tenure-track assistant professorship (Ceci, et al., 2014). The implications 

are then that discrimination and bias against women at the university level is not causing the 

unequal representation of women in GEEMP. To put it differently there is no leaky pipeline 

especially in male-dominated STEM fields. 
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Gender retention gap in engineering occupations 

Woman are estimated to make up 6-11% of the engineering workforce worldwide. In South Africa 

according to ECSA CEO female engineers registered with ECSA made up 25% of the total number 

of registered engineers (Madonsela, 2018). Once again, the main culprit for the low representation of 

women is claimed to be discrimination and bias against women. The gender retention gap between 

male and female engineers is often presented as the main evidence for bias and discrimination against 

women. As Figure 6 shows that the retention rates of men are higher than of women with engineering 

degrees consistently for individuals at different stages of their career. The existing literature on the 

gender retention gap in engineering has found that on average in the USA that gap is 10% (Kuhn & 

Ginther, 2015). Kuhn and Ginther in their literature background also note that other studies such as 

Greenfield (cited in Kuhn & Ginther, 2015) which performed a longitudinal analysis by looking at 

retention at different career stages actually found that women were more likely to be retained in 

engineering than men. However, they note that the sample size was small. 

A Chilly climate 

 The higher exit rates of women from engineering compared to men is interpreted to mean that women 

find the engineering environment inhospitable and that a “chilly climate” is present. This then acts as 

a signal to women that they should stay away from engineering which leads to the lower female 

retention rates as well as lower enrolments in engineering. The strongest evidence for a chilly climate 

is based on the work done by Hunt (2016). Her work examined excess exits from science (S) and 

engineering (E) fields by comparing to non-science and engineering (NSE) fields. By comparing NSE 

to S&E she could analyse whether the gender retention gap is unique to S&E or a general problem 

faced by women in all fields. 
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Table 1- Individuals in job unrelated to highest degree or not employed, by gender and field of highest degree 

(%). Source (Hunt, 2016) 

  

Her data in Table 1 shows that men and women with science degrees leave science for jobs in other 

fields or non-employment at 30.2% and 36.8% respectively, the difference is a 6.5% gender gap. In 

NSE fields, men and women work in unrelated fields or non-employment at 28.1% and 35.8% 

respectively; the difference is 7.7%. If we compare science and NSE the difference between 6.5% and 

7.7% is not significant; meaning the reasons for a gender gap in science are not due to reasons unique 

to science per se but general. However, if we perform the same exercise for engineering comparing it 

to non-science and engineering, we find that there are 5.2% female excess exits from engineering. In 

other words the female exit rate in engineering suggests that there are unique engineering factors not 

present in NSE that are determining the high female exit rates in it. 

She performed a series of regression analysis controlling for various factors to find which set of 

variables explained the excess female exit rates in engineering. She found that the most significant 

main reason given by respondents in the survey was that they left for pay and promotion reason and 

that it explained up to 51% of the excess female exits – in other words females in the engineering field 
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are more likely to leave due to pay and promotion reasons. The problem with this analysis and the 

data is that her own previous research had shown that people that leave engineering end up worse-off 

in terms of incomes – they suffer the biggest wage penalty for leaving engineering jobs. It does not 

make sense that people would leave engineering because of pay and promotion only to choose jobs 

that are lower in pay (Hunt, 2010). 

Hunt found that controlling for the share of males in the field eliminated the excess female exits and 

even reversed them. In other words, the higher the share of males in a field the greater the exit rates 

of females from that field. If you keep the male share constant, then excess female exit rates in 

engineering are reversed. Hunt interpreted this to mean that the share of males was a proxy for a chilly 

climate, the more males present the more difficult it is for women and hence they leave more than in 

other fields. Her analysis is fatally flawed because it ignores gender differences in vocational 

interests and the fact that different fields vary in how thing-orientated or people-orientated they 

are. In part three I discuss this research in greater detail but generally the more thing-orientated a field 

the higher share of males in it; the more people-orientated a field is the higher the share of females in 

it (Su, et al., 2009); (Su & Rounds, 2015); (Lippa, et al., 2014). Men generally have an interest in 

thing-orientated vocations and women in people-orientated vocations. Therefore, the share of male 

correlates with whether a field is thing-orientated and therefore it is not surprising that females will 

exit these fields at higher rates than men. What Hunt takes to be evidence for a chilly climate is actually 

a proxy of how thing-orientated a field is. Therefore, Hunt has failed to demonstrate that engineering 

has a chilly climate that is inhospitable to women. 
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Figure 6- Retention rates of men and women with engineering degrees as a function of time since obtaining 

degree (Kuhn & Ginther, 2015). Retention gap means that if 100 men graduate with engineering degrees; 1 

year afterwards up to 70 will be working in engineering. Similarly for women if 100 graduate, after a year about 

62 will be employed in engineering. The gender retention gap would be about 8% after a year. 

 

Causes of unequal retention 

When looking within engineering alone and why there are differences in retention between men and 

women, we find they can generally be explained by the effects of family and children on the careers 

of women. 

The gender retention gap significantly reduces when you exclude individuals that are unemployed or 

working part time; Kuhn and Ginther (2015) state that the average gender gap declines from 7.8% to 

1.6%. Therefore, if you only consider individuals with engineering degrees that are working fulltime 

(working fulltime in engineering and non-engineering jobs); of that group men are retained at the same 

rates as women up to a certain point in their careers as figure 8 illustrates. After 19 years a retention 

gap appears again – the authors note that the sample size after 15 years is small and therefore not as 

accurate. This means then that females with engineering degrees that choose to work full time 

are retained at the same rate as male – at least for the first 15 years of their careers. It also means 

that what drives the overall retention gap is that more women than men with engineering degrees opt 

to work part time or not to work at all. 
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Figure 7 - Retention rates of male and female with engineering degrees working full time. (Kuhn & Ginther, 

2015). Notice how the retention gap largely disappears for the first 15 years from BS Engineering degree. 

Women with children are more likely to leave the engineering industry and the labour force entirely 

and account for a large chunk of the average retention gap; 72% of the gender retention gap is 

explained by family considerations and women with children (Kuhn & Ginther, 2015). As Figure 8 

shows, women with children are more likely to leave 

engineering and the labour force as a whole. Whereas 

women without children are more likely than men to be 

retained in engineering. The retention gap between women 

without children and women with children ranges from 

15%-25% for different cohorts; a gap 2-3 times larger than 

the average gender retention gap. Ceci, et al., (2014) 

looked specifically at PhD women in academic STEM and 

found they are more likely to leave STEM and more likely to do so due to family factors. A more 

recent study by Cech & Blair-Loy (2019) found similar results. New parents are far less likely than 

similar childless individuals to remain in STEM fulltime after the birth or adoption of their first child. 

New parents who continue to work fulltime are more likely to leave STEM and work fulltime in non-

STEM field. It was also found that new mothers were twice as likely as new fathers to have left full 

time STEM work. 

“…single women without children are 

actually more likely than men to remain 

in engineering. Children have the 

greatest effect pulling women out of the 

labor force and thus out of engineering 

jobs” 

(Kuhn & Ginther, 2015) 
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Figure 8 - Gender gap retention in engineering by family status of women at 7-8 years post engineering degree 

for all engineering degree holders. (Comparison group is man with engineering degrees). (Kuhn & Ginther, 

2015). Women with children are more likely to leave engineering than women without children. The retention 

gap between women with children and without children is actually larger than the retention gap between women 

with children and men. 

 

Gender pay gap in STEM academia and occupation 

The average gender pay gap for U.S full time workers has been found to range from 79%-82%. In 

STEM fields the average gap by various researchers has been found to range from 14% to 28% (Kahn 

& Ginther, 2017). A number of studies cited by Kahn & Ginther (2017) including their own research 

demonstrates that once you control for a number of variables such as age, race, level of highest degree, 

marital status, presence of children, current job and work time, employment sector, years worked: the 

gap disappears and reverses for single women without children and declines significantly for married 

women with children. Single women without children have a pay gap advantage of 5.4% and married 

women with children have a gender pay gap disadvantage of 12.4%. Kahn and Ginther (2017) also 

found that research by the US commerce department showed that the gender salary gap in STEM is 

lower than in non-STEM occupations. A surprising finding if we expected that STEM fields have 

higher levels of bias against women which leads to them exiting STEM fields. 
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In the American academic science and engineering fields Ceci, et al. (2014) cite studies that generally 

agree with the above finding, although there were cases that differed. In general studies found when 

you control for rank, type of research institution, field, productivity and then include the effect of 

marriage and children; the gender gap declines significantly. Women with children with engineering 

PhDs earned less than single women; a similar result is noted for biomedicine field. Lubinski & 

Benbow (2006) conducted a study where they tracked 

for four decades the educational, occupational, life 

outcomes and preferences of a group of intellectually 

talented individuals who were in the top 1% of 

mathematical ability when they were 13 years old (Study 

of mathematically precocious youth –SMPY). They also 

found that controlling for hours worked per week 

amongst this group eliminated sex differences in 

income.  

  

We demonstrate that controlling for field, 
job sector, hours and weeks worked, job 
tenure, whether the person was employed 
in the previous three years, and 
employment sector erases the entire salary 
gap between men and women with 
children. 

(Kuhn & Ginther, 2015) 
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General problems with the discrimination narrative 

The general problem with the discrimination narrative and its various consequences is that it is 

inconsistent with the history of STEM fields.  

 

Figure 9 - STEM Bachelor degrees earned by women in U.S. institutions over time (1966-2012) 

1. If pervasive negative stereotypes that associate men with science and women with non-

scientific fields, or lack of role models leads to less women choosing GEEMP it leaves 

unexplained why other scientific fields (LPS) were unaffected by those factors which 

historically applied to them as well. How were LPS fields able to overcome discrimination, 

negative stereotypes, lack of role models and implicit biases if GEEMP fields are unable to? 

What is even more perplexing for the discrimination narrative is that LPS fields saw women 
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increasing their representation during times (1960-80s) were explicit sexism was even more 

prevalent than today. All STEM fields started with low female enrolments; in 1910 women 

earned 22% of bachelors in psychology and yet within 20 years that number managed to double 

(National Center for Education Statistics, 2017). Therefore the discrimination narrative and its 

associated consequences (negative stereotypes, lack of role models, low confidence) must 

explain historically why LPS fields like psychology managed to overcome the effects of bias 

and yet GEEMP fields like engineering have been unable to. 

2. Figure 9 shows how the broad patterns over time are the same, for both LPS fields (which are 

supposed to have little discrimination) and GEEMP fields where bias is allegedly extremely 

high. All fields have a peak at roughly the same time in women earning degrees; all fields 

except math have the highest rates of increase during the same period. This illustrates that 

there is some unknown factor driving the broad patterns of both LPS and GEEMP fields 

however it cannot be bias because LPS fields should little bias compared to GEEMP fields. 

3. The general claim underlying the discrimination narrative is that the unequal representation of 

women in certain STEM fields is an indication of bias against women. This also means then 

that the LPS fields such as psychology where women are over-represented have very little bias 

keeping women from earning bachelors, master and doctorate degrees. If one looks at the 

different subfields of psychology there are gender differences. In 1995 women earned 65% of 

psychology doctorates in general; women earned 38% of the PhDs in physiological 

psychology and earned 80% in developmental psychology (Halpern, et al., 2007, p. 15). 

Should we then conclude that bias against women is keeping them underrepresented in 

physiological and not in developmental psychology? Obviously not because the over-

representation of women in psychology indicates little bias exists. 

4. If under-representation of women in GEEMP fields indicates bias against women; then by the 

same principle the under-representation of men in LPS and non-STEM fields indicates bias 

against men. Why is this then not an equally big problem? 
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3. The choice narrative 

 

We come now to the more difficult part of the essay. After demonstrating that the discrimination and 

bias narrative does not explain STEM (GEEMP) inequality other more compelling factors are needed 

to account for the disparity. I turn now to what I call the choice narrative - the idea that gender 

disparities in GEEMP are better explained as being the result of choices conditioned by a complex set 

of differences in abilities, interests and lifestyle preferences. 

3.1. Sex differences in abilities influence STEM outcomes 

 

What the relevant literature repeatedly demonstrates is that sex differences in abilities and academic 

strengths are an important part of the story but definitely not the whole story and not in ways we 

expect. We can dismiss immediately claims that there are differences in general intelligence between 

men and women, however that does not necessarily mean there are no differences in specific cognitive 

abilities. There are three broadly defined core cognitive abilities: verbal, visuospatial and quantitative 

reasoning (Halpern, et al., 2007). In general women have an advantage in verbal abilities; men on 

average have an advantage in visuospatial abilities and there is no difference between men and women 

in average quantitative abilities (Ibid). However, men are more variable which means there are more 

men at the low end and high end of the distribution curve of quantitative abilities even if there is little 

difference on average. This is particularly important because STEM and particularly GEEMP fields 

will draw individuals not from the average pool but more from the top performers’ pool.  
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Figure 10- Illustration of differences between mean (average) values and values at the tails. If the graph was 

based on men (red) and women's (black) scores in mathematics there would be no difference in average 

achievements. However if we looked at the right tail (top performers) we would find more men scoring higher. 

If we looked at the left tail (lowest performers) more men than women would also be found. 

Another major finding will be that it is not simply absolute 

levels of abilities that determines individual’s academic 

choices but relative intra individual abilities: If I have high 

mathematics ability but even higher verbal abilities meaning 

my strongest intra-individual ability is verbal; I am more likely 

to choose a field requiring higher verbal abilities. What 

researchers have found is that women not only have high 

verbal abilities, but it also tends to be their strongest ability. 

While more men than women tend to have mathematics ability 

as their strongest ability. This fact has a significant impact on 

STEM outcomes as will be shown. 

Sex differences in general education achievement 

On average females do better than males in overall school achievements. The Programme for 

International Student Assessment (PISA) is an international survey taken by 15 year old students in 

Average (mean) values for 
black and white curves 
are identical The red distribution curve 

is more variable than the 
black curve and therefore 
the tails of the graphs will 
have differences even if 
the averages have none  

“The average score does not 

describe all members of the group, 

or even the typical member, but 

merely represents the central 

tendency within a broad array of 

scores.” (Halsey & Stewart-

Williams, 2018) 
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72 countries every 3 years to assess science, mathematics, reading, collaborative problem solving and 

financial literacy (OECD, 2018). PISA results show a female advantage in overall scores. However, 

males scores are more variable then females which means they are over-represented at the top 

percentile and bottom percentile as well (Stoet & Geary, 2015). As a result, if one compares the top 

performing girls and boys – there female advantage closes and eventually reverses the higher the 

achievement scores one looks at as shown in Figure 12. This general trend holds for the different 

categories of the PISA test (mathematics, science and reading) and also in general for the three broad 

cognitive abilities. 

 

Figure 11 - Overall gap (2009 PISA results). There is a female advantage in overall achievements up until one 

looks at the top achievers. The female gap is largest amongst the lowest achievers and decreases and reverses 

when looking at top achievers (Stoet & Geary, 2015) 

Sex differences in verbal abilities 

Females on average do better than males at particular verbal abilities. Verbal skills includes a host of 

different tasks such as reading, writing, comprehension, language usage. The average female 

advantage in particular verbal abilities like writing and reading is robust, large and found to be 
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consistent internationally (Halpern, et al., 2007). However, the type of 

test used to measure verbal abilities can yield differences. Studies finds 

that there are no average sex differences in verbal reasoning when it is 

measured by the Cognitive Abilities Test (CogAT) (Lohman & Lakin, 

2009). Verbal reasoning entails verbal classification, verbal analogies, 

sentence completion and on average no sex differences are present 

(ibid). However, males were more variable in their scores of verbal 

reasoning with the top scorers consisting of more males than females: 

the top 4% scorers consisted of 60% males and 40% females (Ibid). 

(Halpern, et al., 2007) found that females will do well on tests heavily 

weighted with writing and topics they are familiar with, hence the 

SAT-V also does not show a large average female advantage. Analysis 

by (Makel, et al., 2016) looked at verbal abilities measured by different 

standardized tests (SAT-Verbal, ACT-English, Explore English, Asset 

English, ACT reading) and found that the female advantage grows the 

higher the verbal scores. (Stoet & Geary, 2013) analysed PISA data 

and found a consistent female advantage in reading that actually increases the higher along the score 

one looks at. 

Sex differences in quantitative and mathematical abilities 

Quantitative and mathematical abilities will have direct relevance on STEM outcomes. Although 

quantitative abilities consists of a wide range of tasks and can be measured in different ways and at 

different stages; the following general conclusions can be drawn from several meta-analytic studies.  

There are negligible differences in average math abilities between men and women from childhood 

until adulthood (Hyde, 2016). However, there are small differences that emerge depending on the 

types of test used to measure abilities. The SAT-M used for entrance into U.S. colleges shows that the 

average difference between men and women scores has been stable for a long period (Ceci, et al., 

2014). PISA results also show a slight male advantage in average mathematics scores (Stoet & Geary, 

2013). The average differences are too small and on most measures are non-existent and therefore 

cannot account for gender disparities in STEM. But a further reason why average differences will not 

Cognitive Abilities Test CogAT - 

used to measure the full range 

of reasoning abilities that 

define general fluid reasoning 

(Lohman & Lakin, 2009) 

General fluid reason - fluid 

reasoning is defined as “the 

capacity to reason and solve 

novel problems independent of 

any knowledge from the past” 

Wikipedia 

SAT- standardized test widely 

used for college admissions in 

the United States (Wikipedia). 
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explain STEM disparities is because STEM individuals will more likely be individuals with high 

quantitative abilities rather than average and it is at the tails of cognitive abilities where important sex 

differences emerge. 

Differences in mathematics abilities at the low end and high end 

A large body of evidence has demonstrated that males have greater variability in mathematical and 

quantitative abilities than females. This means that males tend to be over-represented in both the low 

end and the high end of ability and performance scores. Ceci, et al. (2014) provided an excellent 

summary of the literature on sex differences in mathematical abilities at the right tail. A number of 

studies that measured math ability by grade scores or standardized tests such as the SAT, Cog AT and 

PISA to mention a few have found that there is a consistent and significant male advantage amongst 

high performing individuals and also that there are more males than females amongst the lowest 

performing group. There is a male disadvantage at the low end and a male advantage at the high end 

which has been stable for the last 20 years on a number of tests used to measure math abilities (Makel, 

et al., 2016). One should not interpret these findings as simply being biological because there is 

variation across countries and ethnicities; Asian Americans have smaller male-female ratios at the 

right tail of abilities which indicates that the social environment plays a huge role in unknown ways 

(Ceci, et al., 2014). 

The general conclusion holds that the male-female ratio amongst top scorers in math and quantitative 

abilities is much higher and therefore provides a partial explanation for the disparity. However, it 

offers only a partial explanation because the 2:1 ratio amongst the top math scorers is less than the 

actual male-female ratio seen in bachelor graduations in GEEMP. Figure 3 shows that male-female 

ratio in bachelor graduations in GEEMP fields is 3:1. We also know that the GEEMP fields are likely 

to draw from the top 25% achievers in math rather than the top 1% and at that percentile the male-

female ratio is lower than 2:1 (Ceci, et al., 2014), (Wai, 2015). We also know that highly gifted 

individuals with exceptional math ability (top 1% in math achievement) also show gender disparities 

in educational and occupational outcomes with men more likely to study and work in inorganic science 

fields and women more likely to study and work in life, health, and social sciences (Halpern, et al., 

2007). Therefore, the greater male variability in math ability offers only a partial explanation. 
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Figure 12 - Male-Female ratio amongst the top 0.01% individuals in math and quantitative abilities measured 

by various tests over time (Makel, et al., 2016). All tests demonstrate that males have an advantage at the top 

achievement percentile which has remained consistent for 20 years. The SAT-M score decreased significantly 

from a ratio of 13:1 to 4:1 and has remained at that level for about 20 years. 

 

Sex differences in visuospatial abilities 

“A large body of research conducted over the last 25 years has revealed substantial sex differences for 

some, but not all, of the measures that reflect visuospatial information processing. These differences 

begin to emerge around the time children enter kindergarten or begin first grade, which may be as 

early as children can reliably perform tasks that assess visuospatial abilities” (Halpern, et al., 2007). 

Visuospatial ability refers to abilities such as: visualizing 2D objects after they have been folded into 

3D objects; visualizing 2D objects when they are rotated or flipped in a plane; mechanical reasoning 

where relationships between mechanical systems like gears, pulley and springs are deduced; abstract 

reasoning which involves the finding logical relationships between figures (Wai, et al., 2009). Males 

on average perform better on most visuospatial abilities with mental rotation tests showing the biggest 

differences (Halpern, et al., 2007). A specific visuospatial cognitive skill that males on average have 
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an advantage in is mechanical reasoning and this specific cognitive skill has clear implications for 

engineering and physical sciences (Robertson, et al., 2010). 

Wai et al (2009) demonstrated in their longitudinal study the importance of spatial abilities in 

determining STEM outcomes particularly in physical sciences and engineering. Their study tracked a 

random sample of high school students over a period of 11 years after their graduation. They found 

that individuals with high spatial ability were more likely to achieve high educational and occupational 

outcomes in STEM, particularly math, computer science, physical sciences and engineering. Figure 

14 shows some of their results and some key patterns can be seen. Firstly, math, physical science and 

engineering (GEEMP) graduates had higher spatial, math, verbal abilities than students in all other 

fields including LPS fields. Secondly, GEEMP graduates had spatial abilities higher than their verbal 

abilities while all other graduates in other fields had spatial abilities lower than verbal abilities even 

if their math was still higher. This underscores the importance of spatial ability as a predictor of 

GEEMP success. 

The implications for STEM (particularly GEEMP fields) gender inequality are quite obvious then: 

males have an advantage over females in spatial abilities and therefore fields requiring high spatial 

ability will have more men than women. It is also important to note is that it is the combined interaction 

of the different abilities that determine individual’s outcomes. Although business students have 

similar pattern in that their spatial ability is high than their verbal ability; their general ability and 

math ability is lower than EMP (Engineering, math/computer science, physical science) students and 

therefore they don’t enter EMP fields. 
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Figure 13 - Average z scores of bachelor, masters and PhD students in verbal, spatial and math ability. On the 

horizontal axis is the general ability level which is the average ability level of students. On the vertical axis is 

the scores for specific abilities. To illustrate the average score for a bachelors engineering student is just below 

1.3; while their spatial ability score is roughly 1.25 (Wai, et al., 2009). 

Sex differences in individual academic strength and ability tilt 

Relative academic strength and intra-individual strength refers to an individual’s strongest ability. If 

I score 70% on verbal tests and 75% on math tests, and you score 85% on verbal and 80% on math; 

then my intra-individual academic strength is math and yours is verbal. This implies that I am more 

likely to choose fields and occupations math-related and you are likely to choose verbal related fields 

even though your math score is higher than mine. This is because as individuals we tend to look at 

our own academic performance and abilities and decide on that basis what educational and 

occupational options to pursue. What the literature reveals is a consensus that there are important 

differences between males and females in personal academic strengths and ability. 

Stoet & Geary (2018) analysed PISA data for 475,000 students from 67 countries and found that more 

males than females had science and mathematics as academic strengths; and more females than males 

had reading as a personal academic strength. Table 1 show their results - for every single female there 

is 1.7 males with math as a personal academic strength. The average female graduation rate in STEM 

Spatial ability lower than 
verbal ability, except for 
business 

Spatial ability higher 
than verbal ability 
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is 28% and based on absolute ability alone (high PISA scores in math and science that qualify 

individuals for STEM enrolment), Stoet and Geary (2018) found it should be 50%. Therefore, there 

is a 22% gap which must be explained. They found that differences in personal academic strength 

(having science or math as a personal strength) accounted for almost a third of the gap. 

Table 2- Differences in personal academic strengths based on PISA tests. Data from (Stoet & Geary, 2018) 

Personal 
academic 
strength males females 

male 
female 

ratio 

science  38% 24% 1.6 

math 42% 25% 1.7 

reading 20% 51% 0.4 

 

A similar pattern was found by other researchers who investigated STEM outcomes for individuals 

with different academic profiles based on their SAT scores (Wang, et al., 2013). They found that 49% 

of individuals with High-Math and Moderate Verbal (HM/MV) scores had careers in STEM; while 

34% of those with High-Math and High Verbal (HM/HV) scores chose STEM careers. Individuals 

with High-Math/High-Verbal scores were less likely than those with High-Math/Moderate-Verbal 

scores to STEM because they have a greater range of options to choose from. Their high verbal ability 

opens up possibilities for them that those with moderate verbal scores do not have. Their other 

interesting and significant finding is that the High-Math/ High Verbal group consisted of 63% females 

while the High-Math/Moderate Verbal had 30% females. Researchers in Sweden who performed a 

longitudinal analysis on the educational and career outcomes of 167,776 individuals in Sweden and 

found that more boys than girls (65.5% vs 34.5%) displayed what they called a technical/numerical 

academic strength; while more girls than boys (67.8% vs 32.2%) displayed a verbal/language 

academic strength (Dekhtyar, et al., 2018). They also found educational and occupational outcomes 

varied in accordance with academic strengths – individuals with technical/numerical strength chose 

occupations perceived to demand more numerical than verbal skills. 

When researchers Wai, et al. (2018) looked at the top achievers (top 5%, 1%, 0.1% and 0.01%) across 

multiple tests over a period of 35 years they found the following results: Firstly, sex differences in 

what they call ability tilt (whether one has math or verbal abilities as their strongest ability) were 
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found. More males than females had a math tilt (math greater than verbal) and more females than 

males had a verbal tilt (verbal greater than math). Secondly, the sex differences increased as the ability 

tilt increased. In other words, as the difference between an individual’s math and verbal scores 

increased sex differences increased as well. Individuals with high math tilt are more likely to choose 

GEEMP than those with lower math tilt and therefore more males will be found in this pool. Thirdly, 

as ability selectivity increased (moving from top 5% to top 1% to top 0.1%) sex differences in ability 

tilt increased. The ratio of male to females in the top 0.1% with a math tilt (math greater than verbal) 

is higher than the ratio for the top 5%. Fourthly, the results were generally stable over the 35 year 

period examined. Lastly, the results did not differ across cultures with results analysed for students in 

India revealing the same patterns. In general females with higher or similar math abilities to males are 

less likely to choose STEM because they are more likely to have higher verbal abilities than males as 

well.  
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3.2. Sex differences in interests and lifestyle preferences shape STEM 

outcomes 

 

We come to another critical component that determines people’s choices – interests. Here we will find 

that the literature demonstrates convincingly that firstly, men and women differ in occupational 

interests, attitudes towards STEM and life preferences. Secondly, that these sex differences in interests 

can account for disparities in STEM outcomes. Lastly, I will briefly tackle the idea that these interests 

are determined by socialization - men and women adopt preferences and interests in line with 

stereotypical gender roles which society has chosen and therefore these choices would be different in 

a more egalitarian society. 

Men, Women and Interests 

Researchers Su, et al. (2009) conducted the first comprehensive meta-analysis of differences in 

interests between men women. The study looked at vocational interests which are defined as “the 

expression of personality in work, hobbies, recreational activities, and preferences” (Holland, 1966 

cited in Su, et al., 2009). The interest model they used was Hollands RAISEC models which organized 

vocational interests into six types: Realistic, Investigative, Artistic, Social, Enterprising, And 

Conventional. Furthermore, the model groups the six types of interests along a things-people 

dimension and a data-ideas dimension. Their results were that men have a high interest in things-

orientated vocations while women have an interest in people-orientated vocations. This difference was 

quite large - if you took a random group of people and measured their relative interest in things-

orientated vocations and arranged them from those with very high interest to low interest in things; if 

you took the top 25% of people with an interest in things you would find for every 1 female there are 

3.4 males in that group. Su, et al. (2009) also evaluated sex differences particularly in STEM 

vocational interests and found that men have a moderately higher interest in Science and Mathematics 

compared to women. The largest difference was found in engineering interest with men having a much 

higher interest than women. If you took the top 25% of people with the highest interest in engineering 

the ratio of females to male would be 1: 5. 

Research by 
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 (Lippa, et al., 2014) analysed occupational sex segregation in 60 occupations in the U.S. between 

1972 and 2010. Occupational sex segregation refers to how men and women have unequal 

representations in different occupation job types. Researchers in their analysis found that over 30% of 

the variance in occupational sex segregation in 2010 could be explained by whether the job type was 

things-orientated, or people orientated. Jobs that were classified as people-orientated had more 

women; while those that are things-orientated had more men. 

Su & Rounds (2015) conducted a meta-analytic study of gender differences in interests in various 

STEM fields. STEM fields are not the same but highly heterogenous – STEM fields range from 

Engineering which is highly things-orientated to Medical Sciences which are highly people-

orientated. Su & Rounds (2015) found that: (1) there are gender differences in basic interest in STEM 

fields. The engineering family was found to have the largest gender difference in basic interest – more 

men than women had an interest in engineering fields. The largest difference where more women had 

a higher interest than men in the field was Social and Medical sciences. (2) The greater the male 

representation in a discipline the more things-orientated is the discipline; the reverse also held true the 

greater the female representation in a STEM discipline the higher along the people-orientated scale is 

the discipline. 

Stoet & Geary (2018) found that in most countries (76%) boys expressed a stronger broad interest in 

science than girls and that boys reported more joy in science than girls in 29 (43%) countries. These 

differences were found to also be larger in more gender equal countries. They also went on to 

demonstrate that accounting for attitudes towards science (having a broad interest in science) 

explained 41% of the variance between boys and girls that have the same ability to obtain a STEM 

degree but choose differently, with less girls than boys choosing a STEM degree. 

Researchers have also analysed whether sex differences in interests that are present in the general 

population are also present in the particular group of people with a high potential to succeed in STEM 

fields. A single overarching study called SMPY (Study of Mathematically Precocious Youth) has 

followed a group of individuals with high abilities (top 3%, 1%, 0.5%, 0.01% in SAT scores) over a 

period of 35 years and performed various research studies at different life stages to determine their 

educational and occupational outcomes and factors that have influenced them (Lubinski & Benbow, 

2006). I highlight some of the relevant facts to the STEM issue that have been discovered. 
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Firstly, interests such as whether one’s favourite course is in maths/science domain or human/social 

sciences is influenced or correlates with one’s ability pattern. Ability pattern is determined by the 

relative strength between verbal and math as well as one’s spatial ability. Individuals who had high 

verbal scores and low spatial scores had humanities/social science as a favourite course; 63% of 

females and 36% of males fell into this group. Individuals with high math scores, lower verbal scores 

and high spatial ability had maths/science as a favourite high school subject; 37% of females and 64% 

of males fell into this group. Recall that these are all mathematically highly gifted individuals with 

the ability to succeed in any STEM field and level. 

Secondly, using the RAISEC model of vocational interests they found that interests that fall within 

the things-orientated dimension (Realistic, Conventional, and Investigative) were more likely to be 

ranked by men as their top ranked interest compared to women. 89% of men ranked things-orientated 

interests as first, while only 57% of women ranked them as first. Therefore, even among 

mathematically able individuals capable of succeeding in STEM there are sex differences in 

vocational interests which lead them to choose differently. 
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Sex differences in lifestyle preferences 

Lubinski, et al. (2014) studying the SMPY group and conducting 

a follow up after forty years found sex differences in work-life 

preferences. Men had allocated more time (11 hours per week 

more than women) to work and career development; and 

planned within the future to allocate more time towards career 

development than women. Women were found to have allocated 

more time towards family and also had planned to allocate more 

time in the future towards family and non-career pursuits than 

men. They also surveyed how the group would allocate their 

time if they were working at their ideal job – Figure 14 shows 

the differences between men and women. Even when 

considering working at their ideal jobs – men would allocate 

more time than women towards career development. The 

difference is not due to aptitude and ability but lifestyle 

preferences and values –men on average choose to allocate less 

time to family and more to their careers. 

 The men in the SMPY group were found to value being 

successful at work, making an impact and earning a high income 

more than women. Women were found to value distributing 

more of their time across work, family, community and non-

work personal development. Men in the SMPY group were 

found to prefer working full-time, being successful at work, earning a high income more than women; 

while more women than men preferred working part-time, having strong friendships, not working 

outside the home, and having time for friends and family (Lubinski, et al., 2014). 

Work preferences of women who had similar educational and psychological backgrounds at age 25, 

was found to have changed 10 years later depending on whether they became mothers. Women who 

became mothers were more likely to prefer working shorter hours, more flexible time schedules and 

“Lifestyle preferences involve how 

people perceive and prefer to 

structure their lives in the broader 

context of family, personal 

development, career, social 

relationships, and community. Like 

vocational interests, lifestyle 

preferences manifest notable sex 

differences. The available evidence 

suggests that men and women 

gravitate to different career 

environments and career demands, 

on average, and that bias against 

women plays at most a minor role in 

sex differences in career outcomes 

(Ceci, Williams, & Barnett, 2009; 

National Academy of Sciences, 2010; 

Pinker, 2008)” (Robertson, et al., 

2010) 
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more part-time work. They were also more likely to exit their careers altogether and become 

homemakers (Ibid). 

Although lifestyle preferences affect all fields what they do explain is why more men are more likely 

to be more successful in their fields; why more men will be found amongst the highest achievers in a 

field. As the researchers say, “Arguably the most widely agreed-on aspect of talent development is 

that people at the forefront of any discipline invest an extraordinary amount of their time to developing 

expertise and, ultimately, working in their career” 

 It is important to note as well that researchers also found that although there were differences in 

preferences and outcomes there were no differences found between men and women regarding their 

general satisfaction with life and the occupational choices they made. People that chose to devote less 

time to their careers and more to family where equally satisfied as those who opted to devote more to 

their career. 

 

Figure 14 - Sex differences in preferences for working hours amongst mathematically gifted group. 30% of 

females compared to 10% of men are willing to work not more than 40 hours a week. Less than 10% of females 

compared to 20% of males are willing to work 70 hours or more a week. 
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Does socialisation explain sex differences in interests and lifestyle preferences? 

Social role theory is a social psychological theory that claims that sex differences in general are a 

result of the social roles that men and women are socialised into adopting. Society has gender social 

roles represented through gender stereotypes which men and women are expected to conform to; and 

they are expected to conform to it because it is believed by society that those are the natural behaviours 

of men and women. People also internalise those gender stereotypes and therefore they adopt interests 

and preferences that fall under typical gender stereotypes. When it comes to STEM (particularly 

inorganic STEM fields) interests and preferences: women do not show similar interests to men in 

STEM because of gender stereotypes that women should prefer people-orientated vocations rather 

than things-orientated vocations. In other words; the choices women based on their interests and 

preferences are not necessarily free but actually constrained by what society deems as appropriate for 

women. 

The problem with social role theory is that it is not obvious why the causal direction cannot run in the 

opposite direction; in other words, society observes differences between men and women which leads 

to the formation of gender stereotypes which reflect those observed differences. The fact that gender 

stereotypes are generally accurate also makes this claim more plausible (Jussim, et al., 2016). What 

social role theory predicts is that as a society becomes less traditional and more gender egalitarian 

then sex differences in behaviour and psychological traits should decline and eventually become 

insignificant. The research tells a different story resulting in the “gender equality paradox” (Stoet & 

Geary, 2018). The more gender egalitarian a society is; the larger the sex differences across a number 

of different traits such as personality, preferences, STEM 

interest, STEM tertiary enrolment, academic strengths in 

science and reading, mathematics anxiety, occupational sex 

segregation, emotions, values (Stoet & Geary, 2018); (Stoet, 

et al., 2015);  (Lippa, et al., 2014); (Falk & Hermie, 2018); 

(Schwartz & Rubel-Lifschitz, 2009). One explanation for the 

larger sex differences the more gender equal and well 

developed a country is lies in the fact that as a country sees 

higher levels of economic development the weight attached 

to subsistence goals decreases (a goal both sexes will 

“The reported evidence indicates 

that higher levels of economic 

development and gender equality 

favor the manifestation of gender 

differences in preferences across 

countries” (Falk & Hermie, 2018) 
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express). Decisions are no longer driven by solely by subsistence once the society is developed and 

can sustain a wide range of individual choices. Therefore, the choices that men and women make will 

diverge and better express individual preferences which differ according to sex. In other words, sex 

differences in STEM interest are not the result of gender stereotypes imposed on individuals.  
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4. Conclusion 

 

Let us take a step back from the various facts and details which I introduced to relook at the core ideas 

of my essay. The main target of my essay has been the assumption that equal opportunities for men 

and women will lead to equal outcomes; and if the outcomes are unequal then the cause must be 

discrimination against women. The discrimination narrative was found to be untenable in both its 

implicit and explicit forms. The implicit bias narrative claims that men and women both harbour 

unconscious negative stereotypes and biases towards women which leads to women and men 

conforming to those stereotypes and unconsciously acting negatively towards women. The IAT test 

which supposedly measures our implicit bias is fraught with problems. It has been challenged 

conceptually on whether it really measures what it claims to measure – with the most likely 

explanation being that it measures associations we know but might not endorse.  A metanalytic study 

found that implicit bias does not predict explicit bias, behaviours and judgements. In other words 

having an implicit bias against women does not mean I will act in an explicitly discriminatory manner. 

When it comes to explicit measures of discrimination such as hiring, publishing, salaries and retention, 

grant funding – the evidence presented paints a general picture of fairness. There are instances of bias, 

however the presence of bias alone does not necessarily mean it has been demonstrated to be the cause 

of the unequal representation in STEM.  

The discrimination narrative does not help us get far and therefore I presented what I call the choice 

narrative supported by a number of inconvenient truths. Men and women make different choices 

influenced by the interaction of their cognitive abilities, interests and lifestyle preferences. There are 

no differences in general intelligence between the sexes however that does not mean that there are no 

differences in particular cognitive abilities. Women on average have an advantage in certain verbal 

skills such as reading and writing; men have a significant advantage in visuospatial reasoning which 

has been demonstrated to be high amongst GEEMP graduates. There are slight sex differences in 

average quantitative and mathematics abilities (depending on the tests) however what is significant is 

that men are more variable than women. Which means there are more men than women at the bottom 

and the top of achievement levels in quantitative and math abilities – if STEM participants are drawn 

from the top then more men will be found amongst that group. A more important fact is the interaction 
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of these abilities; whether a person’s academic strength is verbal or quantitative. More men than 

women have quantitative abilities as an academic strength; the ratio of men to women also tends to 

increase the higher up the achievement level one looks at. Abilities play an important part but cannot 

fully account for the disparities.  

A major inconvenient truth is that occupational choices are influenced by vocational interests which 

have large sex differences. Men tend to have an interest in things-orientated vocations while women 

prefer people-orientated vocations. Within STEM fields themselves the same pattern exists as well; 

the ratio of men to women differs according to how thing-orientated or people-orientated the STEM 

field is. Even amongst high achieving individuals capable of success in any STEM field -similar 

patterns of sex differences in vocational interests were found. These interests were found to stable 

over time and also accounted for a large majority of occupational sex segregation – the degree to 

which jobs have different representations of women and men. The more people orientated a job was 

the more women were found to be working in it. We see then that differences in interests are a 

significant factor accounting for differences in STEM representation. Differences in lifestyle 

preferences were also a factor with men preferring to allocate more of their time towards career 

development when compared to women with similar high abilities to succeed in STEM. Women 

preferred to allocate more of their time across family, social and community commitments. These 

differences also affected career choice and career productivity with more men likely to be 

overrepresented in the top achievers of STEM fields particularly those that already have a minority of 

women entering. Another inconvenient truth is that the sex differences in interests and preferences are 

not the result of socialisation by society. We have seen how the more gender egalitarian a society is 

the larger the sex differences on a number of traits such as interests, preferences, values, emotions, 

and personality. We can confidently conclude then that given equal opportunities the outcomes 

between men and women will not necessarily be equal and if they are not we cannot simply conclude 

discrimination is the cause. Women are underrepresented in STEM because of the choices they make 

that are influenced and shaped by differences in academic strengths; quantitative abilities amongst the 

top and bottom achievers; spatial abilities; interests and preferences. 
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What should be done? 

 

The picture that I have painted above is a complex one; something that is easy to lose sight of when 

we reduce social phenomena to a single cause like discrimination. An immediate question that we 

must ask ourselves when deciding what should be done is whether we really possess the knowledge 

and competence to be able to develop policies and interventions able to fully take into account the 

complex factors involved and produce the effects we desire without unintended consequences? It is 

an inconvenient truth that societies, particularly those based on a constitutional model, have come a 

long way in eradicating artificial barriers that prevented women from making certain choices. In 

continuing to fight discrimination as if it is the primary cause of STEM inequality we waste valuable 

resources and strain social relationships by placing blame where there is none. More importantly, by 

assuming that women should make the exact same choices that men make, we undermine the 

uniqueness and autonomy of women. Psychologist Susan Pinker in an interview put it this way:  

“I absolutely agree with and promote equal access to opportunities and 

education. But equal access to opportunities and education does not determine an 

equal result. Assuming that women are simply a tamped down, smothered version 

of men—and would always choose what men choose if they only had the chance—

is neither respectful of women’s autonomy nor supported by the data.” 
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