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Abstract 

This thesis is a replication and a extension of Stoet and Geary’s study “The Gender-

Equality Paradox in Science, Technology, Engineering, and Mathematics 

Education” (STEM). The extension consist of using repeated cross-sectional 

regression analysis, Spearman rank-order correlations, as well as longitudinal 

analysis and several additional specifications. This paper will examine if there is a 

relationship between gender equality and the percentage of women among STEM 

graduates. More specifically, this master thesis investigates whether countries with 

high gender equality is associated to have fewer women in STEM fields. This paper 

will also test the Stoet and Geary’s hypothesis by examining boys and girls absolute 

and relative scores in the PISA results as well to see if overall life satisfaction can 

mediate for some of the ascertained relationship. The main contribution of this 

thesis is to offer longitudinal analysis between the graduation gap and gender 

equality and the usage of two different datasets, one that was used by SG and one 

that has a longer range, that is it stretches farther back in time.  
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1. Introduction 
It has for a certain period of time been understood that one’s choice of field of study 

has enduring effects both for yourself and the society as a whole. Future earnings 

(Kirkeboen, Leuven & Mogstad, 2016; Hastings, Neilson & Zimmerman, 2013) as 

well as economic growth (Murphy, Shleifer & Vishny, 1993) are some of those 

effects. Likewise, one’s field of study has also been used to explain the inequalities 

that exist between groups. One of those inequalities are for instance the wage 

differences between men and women. This particular inequality is believed to be  

caused in part by the underrepresentation of women in certain fields that are well-

paid (Black et al, 2008). Although that progress has been made in the social and life 

sciences (Ceci et al. 2014; Su & Rounds, 2016) some of the other prestigious fields, 

such as, Science, Technology, Engineering and Mathematics (STEM), continues to 

show a gender gap in worldwide scale (Burke & Mattis, 2007; Ceci & Williams, 

2011; Ceci, Williams, & Barnett, 2009; Cheryan et al. 2017). This asymmetric 

distribution of men and women in STEM fields, both in terms of university studies 

and in the labour market, is seen by both social scientists and policymakers as a 

concern. This is due to the fact that they continue to advocate for policies that fail 

to have an effect on the gender diversification in professions (ibid.).  

This concern does not however surpass with results found in fairly recent study, 

written by professors Gijsbert Stoet and David C. Geary (2018a) (henceforth 

addressed as SG). SG (2018a) revealed, through their findings, that the graduation 

gap in STEM fields between men and women were higher among countries that 

enjoyed a higher level of gender equality compared to those that didn’t do that. SG 

chooses in the same paper to present a possible explanation to this paradoxical 

relationship and test it. SG (2018a) proposed that the level of the graduation gap 

between men and women is driven by two different processes, which are 

conditional on each other. While one of the processes is based on proximal factors, 

the other is based on distal social factors. The first process is the rationality of the 

student’s own decision-making when it comes to future academic and occupational 

choices. Students decisions are here believed to be heavily influenced by their own 

interests and academic performance. By comparing intraindividual sex differences, 

SG (2018a) found that boys were more likely to have science and mathematics as 

their stronger subject, whilst this was true for girls when it comes to reading. The 
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second process that SG believed to affect the graduation gap between men and 

women are social factors that, for instance, can be manifested in the form and level 

of economic- opportunities and risks that exists in a country (ibid.).  

Through a mediation analysis, SG (2018a) demonstrated that countries who were 

more gender-equal tended to also be welfare states who enjoyed a high overall level 

of life satisfaction. This was particular true given that these countries allowed for 

all of its citizens to enjoy a high level of social security. SG (2018a)  in other words 

argued that the establishment of social security allowed women for the possibility 

to pursue careers that they considered to offer them a higher level of life 

satisfaction. In contrast, countries that offered less secure and more challenging 

living conditions tended to also be less gender-equal. This in turn likely meant that 

women of these countries had lower levels of life satisfaction since they needed to 

explore for occupations that offered them a certain level of wage that provides them 

the economic security they need (ibid.). STEM occupations seemed therefore to be 

rational choice given that they are relatively high paying, as confirmed by 

Universum’s annual report (Strauss, 2018).  

One cannot forgo the huge ramifications that these findings can have for the gender 

equality debate and future policy proposals and regulations made by policymakers. 

The findings suggest that not only is the distribution of men and women in STEM 

fields still large, despite considerable efforts by governments towards grasping and 

altering this pattern, the distribution increases with increasing levels of gender 

equality (UNESCO, 2019; Stoet & Geary, 2018). The findings discovered and 

explanations offered by SG may call for a new perspective on the issue. However, 

these findings may also be of circumstantial nature and/or have other substantiated 

explanations given that it was only measured during 2015. To ascertain its validity, 

one should try to observe these changes for a longer time period. If one would to 

believe these results, one would also expect to find a similar trend throughout time. 

This master thesis replicates and extends SG’s paper. The extension consist in using 

longitudinal data and several other specifications and data to improve the internal- 

as well as the external validity. This paper will also try to test SG’s distal social and 

proximal factors hypothesis by using overall life satisfaction in a mediation analysis 

and PISA scores in a sex-difference comparison. The contribution of this thesis is 
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that it offers apart from cross-country analysis also longitudinal analysis between 

the graduation gap in STEM-fields, sex-differences in PISA scores, and gender 

equality. Another contribution is the usage of two different datasets for gender 

equality, one that is used by SG and which ranges from 2006 to 2017, and one that 

stretches farther back in time (1995-2017). The expectation is that with the help of 

longitudinal data one will be able to add another layer on how this relationship is 

to be interpreted.  
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2. Earlier Literature 
There is a vast literature regarding gender equality and the female representation in 

academic and occupational fields. Both are of paramount importance and interest 

for this thesis since it allows for a fair, comprehensive and accurate representation 

of the surrounding theme around the specific topic. The literature review is divided 

into three sections. The first section is based on studies that have been made on 

women’s participation in male-dominated academical professions or occupations. 

The second section will focus in trying to understand the causes of the 

contemporary disparities in STEM-fields between men and women. The third and 

last section will delve deeper into the cross-country studies made on the disparities 

between men and women in behaviours, preferences and STEM fields.  

2.1 Women’s progression in academic professions and occupations.  

Women have since the mid-twentieth century gone from being housewives to 

entering into the labour market as teachers, doctors, lawyers, party- and even 

government leaders (Mitchell, 2012; Geiger & Kent, 2017). Women in academia 

has also reached certain heights. The percentage of women graduating at the 

bachelor-level in the United States (US) for instance has been steadily increasing. 

From lying at 35 percent in 1960 to reaching parity 1982. Women have since then 

been awarded bachelor’s degrees from colleges and universities at a greater rate 

than men (Buchman & DiPrete, 2006; Goldin et al., 2006). In other words, a 

dramatic reversal of gender inequality in education has occurred. In Sweden, the 

percentage of female graduates have been higher compared to male graduates and 

that trend can be traced back to 1977 (Statistics Sweden, 2019). If one looks at post-

secondary education of two years or longer one can see that women born in the 

1930's all the way to the 1970's have a larger share of that level of education 

compared to men (SOU 2008:69). Furthermore, the probability of women 

receiving bachelor’s degrees at a greater rate than men in the US are high across all 

socioeconomic breakdowns and in most of the ethnic and racial groups (Buchman 

& DiPrete, 2006; Goldin, Katz & Kuziemko, 2006). Women are furthermore well- 

or overrepresented in the social and life sciences (Ceci et al. 2014; Su & Rounds, 

2016).  
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Scholars argue that the reason for this development can be attributed to various 

factors. These factors are (in no particular order): Increased returns on attaining a 

college degree for women; Altered social norms and expectations about gender 

roles in family formation and labour; The accessibility of dependable contraceptive 

technology and finally; Decreased discrimination in both education and workplace  

(DiPrete & Buchman, 2006; Goldin et al., 2006).  Given this it has been believed 

that as countries progressed towards a society where women have had better 

possibilities to take part in the labour market, one would see women become equally 

represented in all academic professions and occupations. In other words as societies 

progresses towards more gender equality, women would come to the realisation that 

they can become whatever they want. They would therefore successively choose 

professions and occupations that are in great extent male dominated and are 

perceived to be male oriented. However, multiple studies measuring the distribution 

of men and women in STEM fields in the last decade still show large gaps (Burke 

& Mattis, 2007; Ceci & Williams, 2011; Ceci, Williams, & Barnett, 2009; Cheryan 

et al. 2017). The underrepresentation of women in those fields are moreover a 

worldwide phenomenon (ibid.).  

2.2 Nature or nurture? The debate between the causes of gender 

differences  

The discussion on what causes these large distributions gaps between men and 

women in STEM fields have begun to resurface again and are still not completely 

understood,  although two major doctrines have been often recited in this context. 

The doctrines can be addressed as social constructionism and biological 

determinism. The social constructionism doctrine is generally known by the 

worldwide community and have been acknowledged and applied in most of the 

western societies. Biological determinism is more recognised in the scientific 

sphere and has recently received attention also in the larger society by Jordan B 

Peterson (Lagercrantz, 2018), Simon Baron-Cohen (2004) and Steven Pinker 

(2002). These two doctrines are born out of different fields of science and have 

been contesting each other for a certain amount of time. This contestation can be 

manifested itself in the views these two doctrines have on the relationship between 
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sex and gender.1 These differences in views also have different implications on 

policy and the perception of how the society should operate as a whole. The 

literature is vast. Without in anyway giving a comprehensive review, the two 

doctrines are discussed in section 2.2.1 and 2.2.2. 

2.2.1 Social Constructionism  

Social constructionism is, as mentioned before, a doctrine that has been widely 

recognized worldwide and to a greater extent in western societies (Sax, 2019). It 

has also been adopted and advocated by contemporary feminist advocates and 

scholars, such as: Simone de Beauvoir (1949); Candace West & Don H. 

Zimmerman (1987); Judith West (1990) and; Cordella Fine (2017). The main 

premise of the doctrine revolves around the belief that gender is basically social 

constructs (ibid.). The advocates of the doctrine reject the notion that there exist 

differences between female and male beyond their reproductive organs and 

secondary sex characteristics. As of consequence they argue that the various acts, 

that happened to be performed by the two sexes at that time, created the myth of 

gender, that is a causal relationship between gender and their assigned sex (ibid.)  

Men and women are exposed to cultural expectations, treatment and environments 

that are associated to their gender in early childhood. These factors are reinforced 

every instance of encountered approval or disapproval of gender-associated 

behaviours. One illustration of this are parents who treat their children differently 

depending on their sex, based on their preconceived expectations (Rubin, 

Provenzano, & Luria, 1974; Witt, 1997). Sons should be sturdy and though while 

daughters should be dainty and soft (ibid.). Expectations can also encompass on 

what they should wear as well as what toys they are allowed to play with (Rheingold 

& Cook, 1975; Pomerleau et al., 1990). Boys should wear blue clothes and play 

with vehicles whilst girls should wear pink clothes and play with dolls (ibid.). 

Parents aren’t the only individuals that may affect children. Scholars argue that 

                                                 
1 Although not part of the thesis, it is important to emphasize the complexity of assigning meaning 

to the terms sex and gender, since there are various ways of defining it and they are often used 

interchangeably. This probably explains why they are often misconstrued or confounded with each 

other. This thesis will adopt a more scientific definition of sex and gender. While sex is often referred 

to the sexual organs of a person that is being assigned at birth, this thesis will also include sexually 

dimorphic traits in that category. These are characteristics beyond the differences in their sexual 

organs. Gender in other hand should be understood as the behaviour that is being attributed to that 

particular sex, being based on socially learned expectations or something that is given by their sex. 
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these expectations are also passed on trough peers and teachers (Maccoby, 1990; 

Dickman, 1993). The different roles and propensity that male and female characters 

have in children’s television also affects the perception for girls and boys 

(Thompson & Zerbinos, 1995). These cultural expectations about the two sexes 

becomes a never-ending circle and are passed forward from generation to 

generation which affects the children’s future interest and abilities.   

Many scholars that support this line of though would reject to a great extent the 

assertion that biological differences are relevant in understanding why so few 

women graduate in STEM fields (Eagly & Wood, 2005). They would instead see 

the disparities as a demonstration that the perception of gender roles are still deeply 

rooted among the young. The differences in occupational interests and decisions to 

pursue different academic fields between boys and girls can partly be explained by 

the fact that girls do not think they are able to manage with what is stereotyped as 

masculine, despite them having high grades in those subjects (Tellhed, Bäckström 

and Björklund, 2018). Another aspect is that boys and girls do not believe that they 

would neither revel- nor succeed in that particular educational field since it is 

dominated by the opposite sex (ibid.). There is, in other words, a lack of role models 

for female and male students.  

But the current state of women in STEM is vastly different today than two decades 

ago and they have made sizable gains in academic science (Ceci et al., 2014). 

However, proponents wouldn’t necessarily subscribe to the notion of sex as a main 

determinant when it comes to role models for female students in STEM. This is due 

to the fact that female faculty members has shown to, either equally or to a greater 

extent that their male counterparts, view female students as less committed to their 

work and less competent than male students (Ellemers et al., 2004; Moss-Racusin 

et al., 2012). The rationale for this behaviour may be a response to sexism, in order 

for them to distance themselves from what they perceive to be a group with lower 

quantitative and analytical abilities and prove that they are exception to that rule 

(ibid.). It is also shown that female students would have different views on their 

prospects in STEM fields if they were interacted with non-stereotypical role models 

(Cheryan et al., 2011). Finally, proponents would argue that gender differences in 

STEM fields are a result of discrimination in the hiring, promotion or remuneration 

process. Although some results show those tendencies others were more 
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inconclusive and instead suggested that the underrepresentation of women in 

certain fields was only partially caused by discrimination (Deaux & Lewis, 1984; 

Milkman., Akinola & Chugh, 2012; Moss-Racusin et al., 2012; Ceci et al., 2014). 

2.2.2 Biological determinism  

Biological determinism is a doctrine that has for a very long time been present in 

the scientific community but has received a larger audience in recent years. With  

contemporary thinkers such as Jordan Peterson (Lagercrantz, 2018), Steven Pinker 

(2002) and Simon Baron-Cohen (2004). This line of thought has however received 

constant criticism and denial by the proponents of the social constructionism 

(Pinker, 2002; Baron-Cohen, 2010; Eagly & Wood, 2005). They have wanted it to 

be discarded from discussions, whether they have merit or not (Walter, 2010; Kohn, 

2008). The proponents of biological determinism in other hand does not refute the 

importance that social and cultural factor has in explaining sex differences and 

behaviour (Buss, 2005; Schmitt, 2005; Baron-Cohen, 2010). They argue however 

that this can't be the whole story. They mean that one also must recognise the 

validation that biological determinants have when explaining these differences 

(ibid.).  

Proponents to biological determinism argue that there exist in general differences 

between males and females when it comes to behaviours, interests and cognitive 

abilities (Baron-Cohen, 2010). An important caveat, which these same scientists 

highlight, are the term in general. Male and female differences aren’t completely 

different (binary) but instead overlap with each other, allowing individuals to be 

atypical for their sex. But, one can still observe that some characteristics are more 

common in one sex than the other (Baron-Cohen, 2010). These characteristic can 

be traced back to the gene composition of their respective sex chromosomes 

(Baron-Cohen, 2010). This in turn will affect the hormone regulation, brain 

composition and future personality traits. That is why, in order to eliminate social 

or cultural factors in ones observations, one tend to focus on foetuses and neonates 

(Connellan et al, 2000). Higher prenatal testosterone has been associated with lower 

amount of social and emotional development among infants and moreover prenatal 

testosterone is on average greater in males than females (Lutchmaya, Baron-Cohen 

& Raggatt, 2002; Martin, 1985; Auyeung et al., 2009; Auyeung, Lombardo & 

Baron-Cohen, 2013; van Honk et al., 2011). Furthermore, girls who were atypical 
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from their sex and produced too much testosterone, due to a genetic condition, 

showed a very masculine pattern of toy, playmate, and activity preference (Hines, 

2003, 2004; Pasterski et al., 2005; Auyeung et al., 2009; Nordenström et al., 2002).  

When it comes to explaining why so few women graduate in STEM fields, scholars 

who adhere to this line of though tend to use both cultural as well as biological 

explanations. They would certainly recognize that the overrepresentation of men in 

STEM field could potentially shape a certain stereotype as well as give space for 

possible discrimination, but that wouldn’t be whole story. Boys tend to outperform 

girls on series of tasks in the visuospatial and visuomotor domain (Halpern, 2000; 

Kimura, 1999; Auyeung et al., 2012; Gur et al., 2012; Halpern et al., 2007). In the 

other hand were girls superior to the boys in verbally mediated memory and social 

cognition (Gur et al., 2012; Halpern et al., 2007).  

These scientists believe that the biological component may have some explanatory 

value and thus foetuses and neonates are again studied. Male infants are recorded 

to show a greater interest in mechanical objects than girls and girls showed a greater 

interest in faces than mechanical objects as well as a greater eye-contact to their 

parents (Connellan et al, 2000; Lutchmaya, Baron-Cohen & Raggatt, 2002; Baron-

Cohen, 2004). Given that foetal testosterone is negatively correlated with social and 

emotional development it seems to suggest that the same testosterone may have a 

contributing power in the shape of the neural mechanism that triggers these 

developments.  Through neuroimaging one have been able to show sex differences 

in the brain structure, volume and tissue density (Allen et al., 2003; Amber et al., 

2013). Prenatal testosterone have been shown to have an key role for the 

development of sex differences in some parts of the brain (Lombardo et al., 2012; 

Baron-Cohen, 2004). Moreover, one recent study has for the first time shown sex 

differences in functional connectivity (neurological connections between different 

sections of the brain) during fetal brain development (Wheelock et al., 2019).  

These factors are believed to explain in part why males are going to show in general 

“masculine” type of preferences and therefore pursue careers in STEM fields. But 

in reality there exist overlaps, that is an individual can be atypical to one’s own sex. 

Girls with congenital adrenal hyperplasia (CAH), a medical condition that makes 

them produce testosterone and other hormones at a higher rate have a higher spatial 
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orientation and cognitive ability (Hampson, Rovet & Altman, 1998; Hines et al., 

2003; Puts et al., 2008; Resnick et al., 1986; Berenbaum, Bryk & Beltz, 2012). But 

others studies demonstrate conflicting evidence which makes it at this moment a 

unresolved issue (Baker & Ehrhardt, 1974; Hines et al., 2003; Helleday et al., 1994; 

Malouf et al., 2006).  

2.3 Gender-equality paradox  

The debate on which doctrine seems to be closer to the truth has been heated and  

infectious (Walter, 2010; Baron-Cohen, 2010). Although proponents of biological 

determinism have provided some insights when it comes to the relation between 

neonatal testosterone and cognitive and social development,  the answer may still 

be more complicated than one might think. How much something is social or 

biological, does actually often depend on the social circumstances later in life 

(Lippa, 2010a; Lippa, 2009). In other words, the relationship between biology and 

culture is actually partly culturally dependent.  

An alternative proposition to address this has been to make cross-sectional 

comparisons between countries and rank by how gender-egalitarian their social 

policies are (Lippa, 2010a; Lippa, 2010b). Countries with high level of gender-

egalitarian policies will fall on the top and traditional countries, where women and 

men differ with respect to both responsibilities and rights, are placed at the bottom. 

This creates opportunity for one to make reliable estimations on the magnitude of 

the sex difference across countries when it comes to interests, personalities and 

academic and occupational choices. Since the hypothesis of the social 

constructionism doctrine is that differences between men and women are merely 

social then one would expect that as cultures become more egalitarian and 

encourage the implementation of gender-equal policies, men and women will 

become more alike (Costa et al., 2001; Eagly, Wood, & Johannesen-Schmidt, 

2004). Such findings would essentially rule out biological explanations. However, 

results from studies seem to not support this premise.  

Some cross-sectional studies showed significant sex differences in cognitive ability 

test scores, occupational preferences (thing- vs. people-oriented) and personality 

traits (extraversion, agreeableness, neuroticism), that were consistent across 

countries (Lohman & Lakin, 2008; Lippa, 2010a; Feingold, 1994). Proponents to 



 11 

the social constructionism doctrine would instead counter by saying that all 

societies, even the modern ones are to varying degrees patriarchal, and this findings 

only constitute the prominence that social and cultural factors have in explaining 

these sex differences (Eagly & Wood, 2005). This argument was addressed by 

testing several explanatory models that either combine or separate several 

biological and cultural factors (Lippa, 2010a). Analyses conformed to biological 

models to a greater extent (ibid).  

Other cross-sectional studies showed opposite effects, that is, significant sex 

differences that were larger in more egalitarian and gender-equal societies 

compared to more traditional ones. These included among others Big Five traits; 

Dark Triad traits; self-esteem; subjective well-being; depression; interests, people–

things dimension, attitudes and perception towards science and technology;  

willingness to take risks; patience; altruism; positive and negative reciprocity and 

lastly; mental rotation and line angle judgments (Costa, Terracciano, & Mccrae, 

2001; Schmitt et al. 2008, 2017; Giolla & Kajonius, 2018; Falk & Hermle, 2018;  

Lippa, 2010a; Lippa, Collaer & Peters; Sjøberg & Schreiner, 2012). Most of these 

findings suggest that the biological component as the most likely explanatory 

factor.  

SG’s (2018a) paper is the one of the more recent ones to be issued when it comes 

to cross-country comparisons. They were interested in observing if it existed a 

relationship between gender equality and female representation among STEM 

graduates. To answer this question SG used UNESCO:s graduation data and World 

Economic Forums gender equality index labelled “Global Gender Gap Index” 

(GGGI). SG found that societies that scored high in the index tended to have fewer 

women among those who graduated in STEM-fields compared to countries who 

adhered to more traditional roles between men and women. Among those countries 

that scored high in the index were Finland and Norway whilst those scored low 

were Tunisia, Albania and Turkey (Stoet & Geary, 2018a).  

In order to better understand these results SG tested a possible hypothesis which 

meant that the effect was driven by two different processes, which also influences 

each other (Stoet & Geary, 2018a). One of these processes was derived from the 

expectancy-value theory (Eccles, 1983; Wang & Degol, 2013). The principal idea 
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of that theory was that student’s based their educational and occupational choices 

in part of their own relative performance in critical subjects(ibid.). The other 

process that influenced the association was a countries economic conditions and 

social safety nets. SG (2018a) believed that highly stable countries with resilient 

welfare systems allowed men and women to pursue what they truly desired and 

work with what they were genuine interested and personally strongest in. On the 

contrary, countries that were susceptible to economic hardships and more 

traditional societies would urge women to be more pragmatic and pursue jobs that 

would offer them some economic stability.  

To measure the first process SG (2018a) compared the PISA scores of students from 

the educational survey that was handed on 2015 to 67 countries and regions. When 

it comes to absolute scores neither girls or boys outperformed each other when it 

comes to science literacy. Girls had better scores in 19 countries whilst boys scored 

higher in 22 countries. Boys and girls scored equally in the remaining 26 other 

countries. When SG (2018a) looked at students relative scores, that is, in which 

subject they score the highest, they saw that boys were relative stronger in science 

than girls in all but two of the 67 countries. Furthermore, SG (2018a) found that 

girls scored relative better in reading in all countries. The relative strength in 

science for boys tented to be greater in countries that scored high in the GGGI index 

which seem to establish an initial association to the main result of SG. They also 

found in the survey that boys showed more interest in scientifically-related topics 

as well as confidence in their abilities in science. This relationship was also stronger 

in countries with higher GGGI scores. When it comes to testing the latter process 

SG used an life satisfaction score labelled “Overall life satisfaction” from the 

United Nations Development Programme as an proxy for economic stability and 

security. SG (2018a) found that women graduated in STEM-fields at a greater rate 

in countries where  life satisfaction is lower. These countries tended to also have 

lower scores in the GGGI (Stoet & Geary, 2018a).  

One cannot deny that the general findings of these studies unravels in substantive 

way given that this question is of political relevance and can affect policy-making. 

The need of a nuanced approach to gender and participation in science is of quite 

significance given these findings. Firstly, one should not expect that equality of 

opportunity is followed by equality in outcome, which as previously discussed is 
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something that contemporary feminist argue for and is implemented in various 

Scandinavian countries. Secondly, this should not misconstrued in saying that 

women aren’t equally capable as men in STEM-subjects. As SG (2018a) 

demonstrated in their PISA results girls are equally capable in science as boys. It 

shouldn’t neither be understood as the confirmation that biological component 

being the only contributor to these results. SG (2018a) showed through their study’s 

findings that other factors other than the biological could also explain why women 

tend to move away from STEM-fields. But one shouldn’t neither attribute the 

gender imbalance in STEM-fields as an demonstration of social injustice in a 

society. Lastly, the results shouldn’t be understood as a to say that gender equality 

is a bad thing. SG (2018a) among others make the proposition that an enforced 

model of gender equality will obviously give people, particularly women, the 

opportunity and the tools to form their own life, that is allow them to be themselves 

to a greater extent. 
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3. Data  
Numerical data is collected from international organizations, including the World 

Bank, the UNDP, UNESCO, OECD and Eurostat. This paper discusses below the 

variables of interest for this study and the source of the data.  

3.1 Gender Equality/Inequality 

World Economic Forum issues annually the Global Gender Gap Report and has 

done it for the last 12 years since 2006. In the report, which includes both major 

and emerging economies, an index is provided that is supposed to measure gender 

equality named the Global Gender Gap Index (GGGI). Its methodology has 

remained fairly stable since its foundation and although some changes has been 

done throughout the recent years its impact on the overall country scores and ranks 

has been minimal (World Economic Forum, 2016; World Economic Forum, 2018). 

The amount of countries in the report have on the other hand been increasing, from 

115 countries in 2006 to 149 countries in 2018 (World Economic Forum, 2006; 

World Economic Forum, 2018. The data is gathered from the World Bank (2019). 

The GGGI can be described as a composite index of four sub-indexes that controls 

for the level of gender equality in 14 key indicators. These sub-indexes are 

characterized the following way: Economic Participation and Opportunity; 

Educational Attainment; Health and Survival and lastly; Political Empowerment.2 

The values that the GGGI could take ranged from 0 to 1, where 0 was the lowest 

possible score and 1 was the highest possible score. One imperative aspect to 

understand about the index is that it’s foundation is drawn from three basic 

concepts. These concepts are in other words indicative to how the indicators were 

chosen, how the data was treated and how the scale can be used in the first place. 

These concepts can be described as: gaps before levels, outcome before input and 

finally gender equality before women’s empowerment (World Economic Forum, 

2018).  

Gaps is used in the GGGI instead of levels because the purposefulness of the index. 

It is not here to measure countries level of development but rather to rank countries 

                                                 
2 For more copious details of these four sub-indexes, as well as the 14 indicators that compose them 

and their respective sources of data please turn to Table X in the Appendix.  
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on basis of their gender gaps. This means that no consideration is taken when 

observing overall level of disposable resources but rather the accessibility to these 

resources. The GGGI therefore rewards countries that have smaller gaps when it 

comes to the access to resources and opportunities, irrespective of the actual levels 

of available resources and opportunities. Differences between male and female 

enrolment rates, given that males have a higher rate, are thus taking into 

consideration whilst the overall levels of education are not (World Economic 

Forum, 2018).  

The GGGI uses outcome over inputs because the aim of index is to provide a 

depiction of current circumstances that men and women face when it comes to some 

of the essential outcome indicators that are connected to basic human rights. 

Education, economic participation, health and political empowerment are examples 

of these outcome indicators.  On the other hand, factors that can be considered as 

input indicators are not included, such as country-specific customs, policies, rights 

and culture. To illustrate this further one can categorize the gap in high-skilled jobs 

between men and women as an outcome indicator but not the length of maternity 

leave, since it is more a policy indicator (World Economic Forum, 2018).  

Finally, the GGGI ranks countries in accordance to their proximity to gender 

equality and not in the basis of women’s empowerment. The reason for this is 

because the index is not interested in observing if women are winning in the so 

called “battle of the sexes” but rather if the gap between women and men has 

declined in certain outcome indicators. The index therefore rewards those countries 

who managed to equalize the outcomes for men and women but do not penalize 

those countries were women are outperforming men. This can be more concretely 

illustrated through enrolment gap between men and women, were countries that 

have higher enrolment for girls rather than boys will receive the same score in the 

GGGI as countries where the enrolment is the same between girls and boys (World 

Economic Forum, 2018). Another way of seeing it is that the GGGI does not 

differentiate between a country with 70% female professors and CEO’s and a 

country with 50% female professors and CEO’s. The rationale by the architects of 

this index to focus solely on countries proximity to gender equality seems to be 

reasonable. But that does not implicitly suggest that one should turn a blind eye for 

possible gender inequalities in the indicators that are disproportionally affected 
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towards men. A 20-percentage points gap in favour of the men is as unequal as 20-

percentage points gap in favour of the women. By not considering this argument 

one loses an important dimension when measuring the degree of gender equality. 

Despite this, the GGGI is suitable to make rank orders across countries and will 

therefore be used in the analysis.  

Although one of the indicators takes into account the ratio of female to male labour 

force participation, this index does not seem to be interested in considering the 

disparities that can occur in semi-skilled or low-skilled professions. Waste 

collectors, janitors or taxi drivers are illustrations of such professions. The 

architects of this index decision to only incorporate gaps between male and female 

in high-skilled professions may be based on a suitable rationale or judgement call. 

But in either case this unambiguous flaw must be kept in mind when incorporating 

this index into models or making interpretations of certain results.  

As previously addressed, this index only traces back to 2006. This prevents one to 

measure adequate changes in gender equality in for instance countries that already 

have a high degree of it. The optimal scenario would have been to measure when 

the Nordic countries began its journey towards gender equality However, at the 

moment there is a lack of feasible data traces that far back in time. Gathering and 

compiling own variables, observations and numbers from raw data would be an 

alternative but not possible given the time limitations of this thesis. 

Fortunately, The United Nations Development Programme provides another index, 

the Gender Inequality Index (GII), which traces its data all the way back to 2000. 

Unlike the previous index, GII measures only gender disparities in three crucial 

domains of human development and only 5 indicators. The domains are 

reproductive health, empowerment and economic status. As the first variable in its 

construction only concerns the female condition, the two latter make comparisons 

between the distribution of achievements between men and women in the 

educational-, political- and labour market. Like the former index, the GII values 

ranges between 0 to 1, but the meaning of them differs.  The value 0 indicates that 

women and men fare equally whilst the value 1 means that one of them live under 

worst possible conditions in all measured dimensions. In other words, the higher 

the GII value, the stronger the disparities between females and males. Given that it 
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can account for some of the shortcomings addressed from the previous data this 

thesis will also use this index in its analysis (The United Nations Development 

Programme, 2019).  

One thing to consider is whether the aforementioned indexes measures cultural 

gender equality, since the crux of the thesis was to use a variable that can make 

cross-sectional comparisons in order to account for these differences. The answer 

to this is both yes and no, in other words, there are nuances to this. Culture, as we 

know it, affect the publics views of women’s rights and responsibilities. This in turn 

would reasonably affect women’s and men’s stance with regard to some 

fundamental outcome indicators which the index does indeed measure. Women’s 

labour force participation, share of parliamentary seats and level of education are 

some of the indicators that the index cover. As mentioned before, the social 

constructionist belief is that as cultures become more egalitarian and encourage the 

implementation of gender-equal policies, men and women will become more alike 

(Costa et al., 2001; Eagly, Wood, & Johannesen-Schmidt, 2004). The reasonable 

conjecture would be that as one see women becoming more representative in those 

outcome indicators one would probably could assume that there has been a change 

in the culture of that country when it comes to what women’s rights and 

responsibilities. To summarize, although the two indexes does not directly measure 

the cultural sentiments of the public towards women’s rights and responsibilities, 

they do measure outcome indicators that could be seen as proxy effect for those 

sentiments.  

3.2 Graduation Gap between men and women in STEM fields 

The main source used to compute the female representation in those that graduate 

in STEM fields in tertiary education stems from the United Nations Educational 

Scientific and Cultural Organization (UNESCO) database. It composed of, among 

other things, educational statistics on a national level. Additional data was gathered 

from the Organisation for Economic Co-operation and Development (OECD, 

2019a) database and European Statistical Office (Eurostat, 2019) database.  

A thing to consider is whether the paper take into account for the possibility that 

there could be countries whose political institutions ban women from entering into 

education. This would affect both the indexes value and the share of percentage of 
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women among STEM  graduates, were the output value would be zero in the latter 

case.  First of all, as far as this thesis is aware of, no autocratic or democratic country 

deny or discriminate educational opportunities for women. This assertion is 

corroborated by a previous study that investigated this issue. The study found 

instead that culture and religion were the primary influences on gender inequality 

in education (Cooray & Potrafke, 2011). The study does therefore, besides of 

discarding the institutional concern when it comes to education, further prove that 

the indexes that this thesis uses at least in part measures cultural gender equality. 

3.3 Social security/Overall life satisfaction (OLS) 

Overall life satisfaction (OLS) is an life evaluation survey that is published in 

UNDP:s World Happiness Report. Whilst SG relied its data from that report, this 

thesis gathered OLS from the database called “Our World in Data” (2019), which 

is accessible to the public. The survey ask the individuals to imagine a ladder with 

numbered steps that ranges from 0 to 10. The lowest value represents the worst 

possible life whilst the highest translates into the best possible life. It then tasks 

them to reflect on which step of the ladder they personally feel that they currently 

are in. It then measures by the answers the average of survey responses (ibid.). OLS 

is considered to be a suitable proxy for economic opportunity and hardship as well 

as the social and personal well-being (Pittau, Zelli, & Gelman, 2010). 

3.4 Programme for International Student Assessment (PISA) 

The Programme for International Student Assessment (PISA)  is the world’s largest 

educational survey. It is conducted every 3 years, were students’ are assessed on 

their academic performance in science literacy, reading comprehension, and 

mathematics. A representative sample of schools were drawn for each participating 

country or region and the scores of the students were scaled in each academic 

domain in order to allow for meaningful comparisons. This thesis did not manage 

to gather data at the individual-level, like SG (2018a) did in their paper, and had to 

instead rely on data at the national level. Regional data that was also available in 

the databank was excluded since it was considered redundant given the thesis 

purpose and in order to prevent for the potential problem of  prevent double-

counting of samples (OECD, 2019b).  
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4. Analysis 

The analyses are structured into two large sections, containing four smaller 

subsections in each of them. The first section is focused on the replication of SG’s 

(2018a) paper. This includes the observation of an association between GGGI and 

the percentage of women among STEM graduates for the year 2015. This is 

followed by testing if proximal factors (sex differences in relative academic 

strength) and distal factors (overall life satisfaction) can partially explain this 

relationship. The second section delves instead into the analysis of the cross-

sectional data for multiple years as well with longitudinal data. The purpose is to 

control if the negative relationship persist through the years 2006 to 2017 using 

GGGI and through the years 2000 to 2017 using GII. The section follows with 

sensitivity analysis and concludes with testing for the proximal and distal factors. 

4.1 Replication results  

5.1.1 Association between GGGI and women among STEM graduates 

SG discloses in their paper that they used UNESCO graduation data termed 

“Distribution of tertiary graduates” between the years 2012 to 2015 in STEM to 

create an average for one year, 2015. But this description leaves certain gaps. The 

values that were found in that section of the databank were not compatible with the 

one that SG disclosed in their supplemental material paper (2018b). As SG wanted 

to acquire the percentage of women among STEM graduates the referred data 

measured instead the share of female graduates in STEM-fields among female 

graduates in tertiary education. The desired output must therefore have been 

somehow computed from that data-section. This formula was however not 

disclosed neither in SG’s main paper nor their supplemental paper. It therefore left 

one to explore it for oneself. This paper managed to acquire roughly the same 

figures using the following formula: 

∑𝜃𝑖𝑡
𝑛

∑𝜃𝑖𝑡
𝑛 +

∑𝜗𝑖𝑡
𝑛

= 𝜔𝑖𝑛          (𝐹𝑜𝑟𝑚𝑢𝑙𝑎 𝐹1) 

were 𝜃𝑖𝑡 is the share of female graduates in STEM-fields among female graduates 

in tertiary education for country 𝑖 at year 𝑡, 𝜗𝑖𝑡 is the share of male graduates in 

STEM-fields among male graduates in tertiary education for country 𝑖 at year 𝑡, 𝑛 
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is the number of years and 𝜔𝑖𝑛 is the average percentage of women among STEM 

graduates in tertiary education for country 𝑖 between the years 2012 to 2015. The 

reason for not equating 𝑛 with 4 is due to existence of missing values for some 

years. To illustrate the computation of formula F1, the values for Belgium will be 

calculated: 

𝜃2012 + 𝜃2013 + 𝜃2014 + 𝜃2015
4

𝜃2012 + 𝜃2013 + 𝜃2014 + 𝜃2015
4 +

𝜗2012 + 𝜗2013 + 𝜗2014 +𝜗2015
4

= 𝜔𝑖𝑛 

6,85 + 7,25 + 7,91 + 7,73
4

6,85 + 7,25 + 7,91 + 7,73
4 +

30,94 + 31,80 +  32,95 +  31,69
4

=
7,44

7,44 + 31,85
≈ 0.189 = 18.9% 

For comparison between numbers that SG disclosed in their paper and this thesis 

own computations, see Table S1 in Appendix. SG’s decision to acquire an average 

of the years from 2012 to 2015 is not motivated but it was probably based on the 

scarcity and volatility of the data to this variable. This would increase the number 

of possible observations and make the values more stable against large fluctuations. 

SG chose to present the relationship between gender equality (GGGI) and the 

percentage of women among STEM graduates (𝜔𝑖𝑛) in the form of scatter graphs 

and by observing the Spearman rank-order correlation coefficient (Spearman’s ρ in 

short). Spearman’s ρ is a non-parametric test which assesses the direction and 

strength of a monotonic relationship between two continuous or ordinal variables 

(Mukaka, 2012). Spearman’s ρ coefficients ranges from -1 and +1, were the former 

indicates a perfect monotonically decreasing (negative) relationship and the latter 

indicates a perfect monotonically increasing (positive) relationship (ibid.). If the 

value is 0 then there is no monotonic relationship (ibid.). Data points that align 

closer together to make a line will results in a higher correlation. Spearman’s ρ, as 

other bivariate correlations, does not however attempt to estimate a slope between 

these two variables or describe how one of them is numerically related to the other, 

it only tries to too see how much the model can explain the variability of the data. 

Spearman’s ρ is preferable to the well-known Pearson’s r when the variables are 

ordinal or are neither normally distributed nor linearly associated (ibid.). Given that 

the variables are not ordinal one can subsequently observe if the variables are 

normally distributed through histograms.  
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Figure 1: Histogram plots showing the distribution of numerical data for (A)  the 

average percentage of women among STEM graduates in tertiary education, 𝜔𝑖𝑛, 

and (B) the Global Gender Equlaity Index, GGGI 

The distribution of the numerical data, which contained 50 observations, was 

divided into 10 bins with the bin width of around 2.5 percentage points and .0226 

points for histogram A and B respectively. The red and green curves that intersects 

the histograms are the normal density function and the Epanechnikov kernel density 

function. The latter estimators approximate the density from observations on the 

observed variable (Howell, 2013). The peaks of the kernel density function allows 

one to locate where values are concentrated over the interval (ibid.). One can visibly 

see in histogram A that the 𝜔𝑖𝑛 distribution is skewed. The GGGI data on the other 

hand, seen in histogram B, seems to be closer to a normal distribution. Although 

one way of reducing the skewness is by applying monotonic but nonlinear 

transformation to the data, in the spirit of continuation this thesis will present these 

findings in similar form as SG did, that is through graphs and Spearman’s ρ 

(Mukaka, 2012). The correlation coefficient is abbreviated as 𝑟𝑠. Since Spearman’s 

ρ is an measure of association, one can also reflect the results in terms of effect size. 

Using the following template will therefore allow us to verbally describe the 

strength of the association: 

Table 1: Template for how to verbally describe the strength of the association 
Coefficient Range (Absolute value of 𝑟𝑠) Strength of association 

.00  𝑟𝑠 .19 Very weak  

.20  𝑟𝑠 .39 Weak 

.40  𝑟𝑠 .59 Moderate 

.60  𝑟𝑠 .79 Strong 

  .80  𝑟𝑠 1.0 Very Strong 
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Figure 2: Scatterplot with best-fitting regression line between GGGI and 𝜔𝑖𝑛  

Figure 2 graphs the scatterplots as well as the best-fitting regression line on the 

relationship between GGGI and 𝜔𝑖𝑛. The countries (entities) used for this graph are 

the same that SG used in their paper. One can see that there is a clear negative 

relationship between the level of gender equality and the percentage of women with 

degrees in STEM fields. In other words, the percentage of women with STEM 

degrees was lower in countries with high GGGI. The negative association between 

these two variables is also confirmed when observing the Spearman’s ρ results. This 

thesis found a moderate and significant negative correlation of 𝑟𝑠 = −.45 with a 95% 

confidence interval ranging between −.64 to −.19 (p < .002). The number of 

observations were 50. Comparing these results with the one that SG disclosed in 

their study (𝑟𝑠 = −.47, 95% CI = [−.66, −.22], p < .001, n = 50) one can see there 

are some minor differences in the estimated correlation coefficients as well as the 

confidence intervals,  but the overall picture still stays the same. This result also 

demonstrates the relative strength of formula F1, which was used in order to 

approximate this thesis data to the output values that SG got in their respective 

paper (Table S1 for comparison between SG’s and this thesis output values).  
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Using formula F1 one encountered several more observations for other countries 

that weren’t used in the SG paper. SG’s reasons for not including these 

observations, if one would assume that the suggested formula (F1) was the one that 

SG used in their paper, is unknown. This paper will therefore include these 

observations to see if the relationship between GGGI and 𝜔𝑖𝑛 still holds.   

Figure 3: Scatterplot with best-fitting regression line between GGGI and 𝜔𝑖𝑛 

Figure 3 graphs the scatterplots as well as the best-fitting regression lines for GGGI 

and 𝜔𝑖𝑛 using the same UNESCO data that SG used in their paper, but with  

additional observations. One can see that including these observations seem to still 

produce a negative relationship between these two variables. In addition to this the 

additional data seems to have tilted the slope of the negative relationship further 

downwards. The data points seem here to align together to a greater extent. Looking 

at the Spearman’s ρ results one can see that some changes has occurred in the 

negative association between these two variables. Whilst the SG disclosed (𝑟𝑠 = 

−.47, 95% CI = [−.66, −.22], p < .001, n = 50) the replication of their paper using 

aditional observations seem to show a stronger and more significant negative 

moderate relationship between GGGI and 𝜔𝑖𝑛 (𝑟𝑠 = −.54, 95% CI = [−.68, −.38], p 

< .000, n = 86). In other words, the result from Figure 2, that the percentage of 

women with STEM degrees is lower in countries with high GGGI, still holds.  
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Although this seems to confirm what SG found in their paper formula F1 that this 

thesis used to compute these results is somewhat unsettling. An illustration to this 

can be shown through a supposed sample of tertiary graduates:  

Table 2: Made-up sample of tertiary graduates  

If one would be interested in the share of women among STEM graduates in this 

sample, as SG was in their paper, one would ideally compute the following 

equation:  
10

40
= 0.25. In this supposed sample, 25% of STEM graduates are women. 

However, by applying formula F1, that this thesis believes to be the same that SG 

in their paper, the results differed. Instead the following equation was retrieved: 

(
10

50
)

(
30

100
)+(

10

50
)
=

0.2

0.3+0.2
= 0.4 = 40%.  Seeing these results would call for some concern 

about the validity of using formula F1. There exist a risk that this thesis may not 

have accurately constructed the formula that SG used in their paper. However, 

Formula F1 was an attempt to come as close as possible to actual output values that 

SG (2018b) disclosed in their supplemental material paper. Moreover, comparing 

the correlation results from Figure 2 with SG’s paper seem to make that risk 

improbable. Besides the validity of using formula F1, it is also not clear why SG 

choose to use the data labelled “Distribution of tertiary graduates” in UNESCO 

when there is another data termed “Percentage of female graduates by field of 

study” whose equation are of the same character as the ideally one presented in the 

supposed sample of tertiary graduates (Table 2).  

This paper has decided, given the defects that exist in using formula F1, to only use 

data from databases that define their output values through the following formula:   

𝛿𝑖𝑡
𝜋𝑖𝑡

= 𝜓𝑖𝑡           (𝐹𝑜𝑟𝑚𝑢𝑙𝑎 𝐹2) 

were 𝛿𝑖𝑡 is the number of female STEM graduates in country 𝑖 at year 𝑡, 𝜋𝑖𝑡 is the 

number of total STEM graduates in country 𝑖 at year 𝑡 and 𝜓𝑖𝑡 is the percentage of 

Tertiary Graduates STEM graduates Non-STEM graduates Total  

Men 30 70 100 

Women  10 40 50 

Total  40 110 150 
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women among STEM graduates in tertiary education in country 𝑖 at year 𝑡. 

Notwithstanding the earlier dubious tendencies of formula F1, the problems of the 

scarcity and dispersity of the data to 𝜓𝑖𝑡 variable is still true. In order to stay as true 

as possible to the replication method by SG, this thesis will take an average of the 

data from 2012 to 2015 (𝜓𝑖𝑡 transforms to 𝜓𝑖𝑛). 

Figure 4: Scatterplot with best-fitting regression line between GGGI and 𝜓𝑖𝑛 

Figure 4 graphs the scatterplots as well as the best-fitting regression lines for the 

relationship between GGGI and 𝜓𝑖𝑛. The data to 𝜓𝑖𝑛 was solely obtained from 

UNESCO:s graduation data labelled “Percentage of female graduates by field of 

study” (data from the OECD and Eurostat database will be included in the extended 

results). 𝜓𝑖𝑛 measures exactly as one would ideally want to (for comparison 

between 𝜓𝑖𝑛 and 𝜔𝑖𝑛, look for “Table S2” in the appendix) Using 𝜓𝑖𝑡 one can see 

that the relationship seems to be more flatter compared to the previous figures but 

still negative tilted. Furthermore, the data points seem here to be more scattered 

compared to figures 2 and 3. Looking at the Spearman’s ρ results one can see that, 

whilst SG got (𝑟𝑠 = −.47, 95% CI = [−.66, −.22], p < .001, n = 50) from their paper, 

the new gathered data showed that  (𝑟𝑠 = −.39, 95% CI = [−.55, −.20], p < .001, n = 

90). Thus, one still can conclude that the percentage of women with STEM degrees 

are lower in countries with high GGGI. 
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5.1.2 Regression between GGGI and women among STEM graduates 

Although not part of SG replication, this thesis wanted to quantify the negative 

relationship between GGGI and the percentage of women amongst STEM 

graduates, in order to compare between low scoring countries (0.4) and high scoring 

countries (0.8). The following cross-sectional regression models was used: 

𝜔𝑖𝑛  =  𝛽0  +  𝛽1𝐺𝐺𝐺𝐼𝑖,2015 + 휀𝑖,2015 

𝜓𝑖𝑛  =  𝛽0  +  𝛽1𝐺𝐺𝐺𝐼𝑖,2015 + 𝑒𝑖,2015 

were the dependent variables 𝜔𝑖𝑛 and 𝜓𝑖𝑛, is both the average percentage of women 

among STEM graduates between 2012 and 2015 (𝑛) for country 𝑖, using different 

formulas. The constant 𝛽0 is the intercept of the regression, which should be 

interpreted as the average percentage of women among STEM graduates when 

GGGI is zero. The independent variable, 𝐺𝐺𝐺𝐼𝑖 ,2015, is the Global Gender Gap 

index value that a country 𝑖 has at year 2015. The variables 휀𝑖,2015 and 𝑒𝑖,2015 are 

the error terms of the respective regression models. The results are presented here: 

Table 3: Regression between the average percentage of women among STEM 

graduates (%) and Global Gender Gap Index (GGGI), for year 2015. 
Variable Dependent Dependent Dependent 

 𝜔𝑖𝑛 (SG countries ) 𝜔𝑖𝑛 (SG & additional countries) 𝜓𝑖𝑛  

Independent    

GGGI -57.51*** -73.11*** -46.42*** 

 [-83.29, -31.73] [-92.50, -53.73] [-73.01,-19.83] 

    

Constant 68.71*** 80.15*** 67.51*** 

 [49.21, 88.22] [66.02, 94.28] [48.21, 86.80] 

Observations 50 86 90 

95% confidence intervals in brackets 
* p < 0.10, ** p < 0.05, *** p < 0.01 

Table 3 illustrates the regressions results from the figures 2-4 using robust standard 

errors in order to control for heteroskedasticity (Stock & Watson, 2014). All of the 

estimates are significantly negative at the 1-percent level. Since GGGI is the 

‘dependent’ variable’ in this model, one should interpret the regression coefficient 

as the expected percentage change that a country will undergo if they went from 0 

to 1 in the GGGI. Looking only at 𝜓𝑖𝑛, which had the highest observations, one can 

conclude that countries who score 0.4 in the GGGI will have around 48.94 % of 

women among STEM graduates (67.51 – 46.42 (0.4)) whilst countries who score 

0.8 in the GGGI will have around 30.37 % of women (67.51 – 46.42 (0.8)). 
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5.1.3 Mediation analysis: Overall life satisfaction (OLS)  

Given that a negative relationship between GGGI and both 𝜔𝑖𝑛 and 𝜓𝑖𝑛 have been 

established this thesis will test if the distal factor overall life satisfaction (OLS) can 

mediate this relationship. OLS can be seen as an proxy for economic stability and 

personal well-being which in turn affect individuals choice between ideal- or 

profitable jobs (Pittau, Zelli, & Gelman, 2010) High scores (high life satisfaction) 

indicate stability whilst low scores (low life satisfaction) indicate insecurity (ibid.).  

The mediation model will produce three different set of outcomes that are of 

interest:  the direct-, the indirect- and the total effect. The direct effect estimates by 

how much the dependent variable changes for one unit increase in the independent 

variable, holding the mediator variable constant (Hayes, 2013). The indirect effect, 

in the other hand, estimates by how much the dependent variable changes for the 

amount the mediator variable would have changed if the independent variable had 

increased by one unit, holding the independent variable fixed (ibid.). The total 

effect is the sum of the direct and indirect effect. The two following mediation 

models will be used to acquire these effects:  

Mediation model M1 {
OLS𝑖,2015 = 𝛾0 + 𝛾1𝐺𝐺𝐺𝐼𝑖,2015 + 𝑒𝑂𝐿𝑆

𝜔𝑖𝑛 = 𝛽0 + 𝛽1𝐺𝐺𝐺𝐼𝑖,2015 + 𝛽2OLS𝑖,2015 + 휀𝜔  
 

Mediation model M2 {
OLS𝑖,2015 = 𝛾0 + 𝛾1𝐺𝐺𝐺𝐼𝑖,2015 + 𝑒𝑂𝐿𝑆

𝜓𝑖𝑛 = 𝛽0 + 𝛽1𝐺𝐺𝐺𝐼𝑖,2015 + 𝛽2OLS𝑖,2015 + 휀𝜔  
 

were 𝛾0 and 𝛽0 are regression intercepts, 𝑒𝑂𝐿𝑆, 휀𝜔 and 휀𝜓 are error terms in the 

estimation of OLS𝑖,2015, 𝜔𝑖𝑛 and 𝜓𝑖𝑛 respectively, and 𝛾1, 𝛽1, and 𝛽2 are the 

regression coefficients.  

In order to understand whether OLS mediate the relationship, one must compare the 

direct effect with the total effect (Hayes, 2013). If the direct effect is closer to zero 

than to the total effect and non-significant, one concludes that OLS completely 

mediates the relationship between GGGI and 𝜔𝑖𝑛 or 𝜓𝑖𝑛. If the direct effect is still 

significant, one concludes that OLS is only a "partial" mediator on that relationship 

(ibid.). The last option is whether the indirect effect is insignificant, then OLS has 

no influence in the relationship between GGGI and 𝜔𝑖𝑛 or 𝜓𝑖𝑛 (ibid.).    
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The following tables demonstrates the results of mediation analysis. Each of the 

tables contains values for the Average Causal Mediation Effect (ACME, also 

known as the indirect effect), the Average Direct Effect  (ADE), the Total Effect, 

and the proportion mediated, with their respective 95-percent confidence intervals 

and p-values.  

Table 4: Mediation analysis from the SG paper.  

  Estimate 95% CI lower bound 95% CI upper bound p value 

ACME  -0.19 -0.39 -0.04 .013 
ADE  -0.34 -0.65 -0.02 .038 

Total Effect  -0.53 -0.75 -0.29 < .001 

Prop. Mediated  0.35 0.06 0.95 .013 

Table 4 is an excerpt of the results from the mediation analysis that SG used in their 

respective paper. As one can see here, the direct effect, that is, the relationship 

between GGGI and 𝜔𝑖𝑛, is estimated to be -0.34. By observing the confidence 

interval [-0.65, -0.02] and the p-value (.038)  for this estimate one can deduce that 

the direct effect is significant at the 5-percent level. Looking instead at the indirect 

effect, the estimate is -0.19 and significant at the 5-percent level (.013). From SG’s 

findings one can conclude that the overall life satisfaction (OLS) is only a "partial" 

mediator of the association between GGGI and 𝜔𝑖𝑛.  

Table 5: Mediation analysis from this thesis (SG countries).  

  Estimate 95% CI lower bound 95% CI upper bound p value 

ACME  -28.26 -50.10 -6.43 .011 

ADE  -23.30 -56.97 10.38 .175 

Total Effect  -51.56 -77.25 -25.86 < .001 

Prop. Mediated  0.55    
Number of observations: 49 

Table 5 is the first results of the replication of the mediation analysis from SG’s 

paper, using mediation model M1 and the same countries that SG did. The estimates 

are of different in size because SG had  their values converted to decimal form. As 

one can see from the results, the direct effect (-23.30) is not significant at the 5-

percent level (.175) and closer to zero than to the total effect (-51.56). The indirect 

effect in other hand, has an estimate of -28.26 and is significant at the 5-percent 

level (CI = [-50.10, -6.43], p-value = .011) and mediates about 55 percent of the 

total effect. From these findings one can conclude that the overall life satisfaction 

(OLS) completely mediates the association between GGGI and 𝜔𝑖𝑛. The mediation 
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results from this thesis diverge substantively from those reported in the SG paper. 

The two most probable causes for this divergence are the following. First, 𝜔𝑖𝑛 

values are not completely compatible with the values SG acquired in their paper 

(see table S1). Second, the OLS is gathered from different sources. This thesis 

gathered it from a database  whilst SG relied it from a report that presented only the 

up to date values between 2014 and 2015.  

Table 6: Mediation analysis from this thesis (SG and additional countries).  

  Estimate 95% CI lower bound 95% CI upper bound p value 

ACME  -16.57 -29.82 -3.33 .014 

ADE  -50.79 -75.53 -26.05 < .001 

Total Effect  -67.36 -87.17 -47.56 < .001 

Prop. Mediated  0.25    
Number of observations:77 

Table 6 is the second results of the replication of the mediation analysis from the 

SG paper, using mediation model M1 as well as including additional countries. 

Using additional countries seems to move the estimate of the direct effect (-50.79) 

closer to the total effect (-67.36) than to zero and making it significant at the 1-

percent level (< .001). The indirect effect is as a consequence much smaller (-16.57) 

but still significant at the 5-percent level (.014). This means that the additional 

countries seems to make OLS once again only a partial mediator of the relationship 

between GGGI and 𝜔𝑖𝑛, with a proportion of 25 percent.  

Table 7: Mediation analysis from this thesis (correct data definition) 

  Estimate 95% CI lower bound 95% CI upper bound p value 

ACME  -.78 -20.56 19.00 .939 

ADE  -36.50 -67.68 -5.31 .022 

Total Effect  -37.27 -63.46 11.09 .005 

Prop. Mediated  0.01    
Number of observations: 80 

Table 7 is the third replication of the SG paper, using mediation model M2, which 

has a different definition of the outcome variable (𝜓𝑖𝑛 instead of 𝜔𝑖𝑛). Using this 

definition renders the indirect effect so that it becomes miniscule (-.78) and 

insignificant (.939) whilst the direct effect is large (-36.50) and significant at the 5-

percent level (.022). This would suggest that the OLS is neither a sole nor a partial 

mediator of the relationship between GGGI and  𝜓𝑖𝑛. In other words the mediator 

variable has no influence at all.  
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5.1.4 Sex differences in absolute and relative PISA scores  

The other process that this thesis will test to see if it can account for the negative 

relationship between GGGI and both 𝜔𝑖𝑛 and 𝜓𝑖𝑛 is the proximal factors. This will 

be in the form of sex differences in absolute and relative mean scores in 

mathematics, science literacy and reading comprehension, captured through the 

PISA survey. The supposition of the process is derived from the expectancy-value 

theory (Eccles, 1983; Wang & Degol, 2013) were students base their educational 

and occupational choices in part of their own relative performance in critical 

subjects (ibid.). 

In order to make accurate and appropriate comparison of the effect size between 

the two mean scores, this paper will use Cohen's d (Cohen, 1988). Cohen’s d 

standardise the difference between two means scores so it can be expressed in terms 

of distances in units of variability (ibid.).  The following models will demonstrate 

the process in acquiring those standardised differences in mean scores:    

M̅𝑖𝑠 − �̅�𝑖𝑠
𝑆𝐷𝑃𝑜𝑜𝑙𝑒𝑑1,𝑖𝑠

= Ω𝑖𝑠          𝑆𝑒𝑥 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑚𝑜𝑑𝑒𝑙 𝐴1 

The sex difference model A1 yields the sex differences in absolute mean scores 

between boys and girls, Ω𝑠, for subject 𝑠 and country 𝑖. This was calculated by 

taking the absolute mean scores for boys (M̅𝑠) minus the absolute mean scores for 

girls (�̅�𝑠) for a given subject and divide it with the pooled standard deviation 

(𝑆𝐷𝑃𝑜𝑜𝑙𝑒𝑑,𝑠):   

𝑆𝐷𝑃𝑜𝑜𝑙𝑒𝑑1,𝑠 = √
𝑆𝐷M̅𝑠

2 − 𝑆𝐷𝐹𝑠
2

2
  

The pooled1 standard deviation is drawn from the square root of the average sum 

of boys and girls respective variance (the standard deviation squared), for respective 

subject.  

(M̅𝑖𝑠 − M̅) − (�̅�𝑖𝑠 − �̅�)

𝑆𝐷𝑃𝑜𝑜𝑙𝑒𝑑2,𝑖𝑠
= Φ𝑖𝑠          𝑆𝑒𝑥 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑚𝑜𝑑𝑒𝑙 𝑅1 

The sex difference model R1 yields the sex differences in relative mean scores 

between boys and girls Φ𝑖𝑠, for subject 𝑠 and country 𝑖. The calculation of this 
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model (R1) is slightly more complicated than the previous one (A1) and requires 

three steps: (1) Calculate boys and girls relative scores which is the difference of 

their mean score of a given subject minus the mean score for all the three subjects 

((M̅𝑠 − M̅) for boys and (�̅�𝑠 − �̅�) for girls); (2) Take the difference between boys 

and girls relative mean scores  ((M̅𝑠 − M̅) − (�̅�𝑠 − �̅�)) and finally; (3) Divide the 

sex difference in relative mean scores with the pooled2 standard deviation 

𝑆𝐷𝑃𝑜𝑜𝑙𝑒𝑑2,𝑠. The pooled2 standard deviation for this equation is drawn from the 

following formula:   

𝑆𝐷𝑃𝑜𝑜𝑙𝑒𝑑2,𝑖 = √
  
  
  
  
  

(√
𝑆𝐷M̅𝑖

2 + 𝑆𝐷M̅
2

2 )

2

+ (√
𝑆𝐷F̅𝑖

2 + 𝑆𝐷F̅
2

2 )

2

2
 

The pooled2 standard deviation consists of two levels, the two inner square roots 

and the outer square root. The two inner square roots calculates the square root of 

the average sum of the variance of a given subject and the variance for all three 

subjects, one for boys and one for girls. The outer square root calculates the square 

root of the average sum of the variances for respective sex that was created by the 

two inner square roots.  

The following figures that follows presents the findings to the sex differences in 

absolute and relative mean scores, expressed in terms of Cohen’s ds.  
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Figure 5: Sex differences in Absolute (PISA) scores in science, mathematics, and 

reading expressed as Cohen’s ds, Ω𝑖𝑠, for year 2015 

  

Figure 5 presents the standardised sex differences in absolute mean scores between 

boys and girls. Negative values demonstrates an absolute advantage for girls whilst 

positive values demonstrates an absolute advantage for boys. Looking at these 

results one can see that when it comes to reading, girls outperform boys in every 

country. Subjects such as science and mathematics shows mixed results, giving the 

advantage for boys in some countries and girls in others. Whilst this seems to 

suggest that girls are more likely to be better than boys at multiple subjects it doesn’t 

account for the fact that girls and boys commonly evaluate their own relative 

strength in different subjects rather than how much better they are compared to the 

other group. This is not to say that some girls and boys may base their decision on 

those circumstances, there can be instances of such behaviour, but those are few 

and far between. Girls and boys, in other words, take in part into account their 

relative performance in science, mathematics and reading when making educational 

and occupational choices. A more illustrative and reasonable observation to make 

would be to compare the difference between boys and girls science, mathematics 

and reading achievement relative to their mean academic performance.  

 



 33 

Figure 6: Sex differences in Relative (PISA) scores in science, mathematics, and 

reading expressed as Cohen’s ds, Φ𝑖𝑠, for year 2015.  

   

Figure 6 presents the standardised sex differences in relative scores between boys 

and girls. Negative values demonstrates a relative advantage for girls whilst positive 

values demonstrates a relative advantage for boys. Looking at these results one can 

see that girls still have a large comparative advantage than boys in terms of reading, 

which is also universal. Boys however seem to be relatively better in science and 

more so in mathematics as opposed to girls. One exception is Lebanon for science 

where girls had a relatively better score than boys. Important to emphasize is that 

this result should not be misconstrued in saying that girls does not perform good or 

even better than boys in science and mathematics. The results should however be 

interpreted as follows: even in the situation where girls do outperform boys in 

science and mathematics, they generally performed even better in reading. The 

overview of the results does conform to the results that was drawn from the SG 

paper although the size of the differences seem to be smaller in this paper as 

opposed to theirs. The reason may be due to the fact that this paper measures the 

sex differences in terms of relative academic strengths (relative mean scores) and 

not in terms of intraindividual scores, which the SG paper did. In any case, this 

pattern should, in accordance to the expectancy-value theory, explain in part why 

one tend to see more males opting for STEM fields than females in the majority of 

countries (Eccles, 1983; Wang & Degol, 2013). 
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Figure 7: Scatterplot with best-fitting regression line between GGGI and Sex 

differences in Relative (PISA) scores in science, Φ𝑠𝑐𝑖𝑒𝑛𝑐𝑒, for year 2015.  

 

Figure 7 displays the scatterplots as well as the best-fitting regression lines for the 

relationship between GGGI and Φ𝑆𝑐𝑖𝑒𝑛𝑐𝑒. One can see that there seems to be a 

positive association between these two variables. Looking at the Spearman’s ρ 

results (𝑟𝑠 = .241, 95% CI = [.001, .455], p < .05, n = 67) one can see that this 

monotonic correlation is weakly positive but still significant at the 5-percent level, 

which allows one with a degree of certainty to confirm the association. The 

association would be in this case that sex differences in relative strengths in science 

a larger in countries that score higher in the GGGI. Again, the overview of the 

results does conform to the results that was drawn from the SG but the strength of 

association is larger in their case than the one that this paper managed to raise from 

the data. The low Spearman’s ρ values in this thesis may therfore prevent one for 

making precise predictions. In spite of this, this result seems to follow in accordance 

with the expectancy-value theory, were countries with a high GGGI tend to see 

larger sex differences in terms of relative strenght in science and  therefore far more 

boys than girls pursuing a STEM career. This will also implicitly explain why one 

will tend to see more girls as opposed to boys pursuing careers in which they may 

be able to benefit the most of their relative strength in reading. 
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4.2 Extended Results  

4.2.1 Cross-sectional (yearly) and longitudinal results 

Although the previous results seems to suggest that there is a negative association 

between GGGI and 𝜓𝑖𝑛 as well as a positive relationship between GGGI and 

Φ𝑆𝑐𝑖𝑒𝑛𝑐𝑒 for year 2015, the question remains if this discovered relationship is of 

circumstantial nature. Observing this through time is one way of confronting this 

issue. Adding control variables is another way although it is difficult in 

econometrics to control for all omitted variables. This paper will therefore examine 

if the findings are of the same nature through repeated cross-sectional regression 

(yearly), Spearman's rank-order correlations (yearly), as well through a longitudinal 

regression with entity and time fixed effects. The observed period will therefore be 

between the years of 2006-2018 for the GGGI data and between the years of 2000-

2018 for GII data. This paper will use the 𝜓 (formula F2) as the main definition for 

the percentage of female graduates among STEM fields given the aforementioned 

concerns of using 𝜔 (formula F1). But unlike the previous section (5.1), this analysis 

will not compute averages between the years 2012 and 2015 for the distribution 

variable of female STEM graduates. It will instead make comparison for yearly 

values. This section will, besides using the UNESCO database, include data from 

the OECD and Eurostat databases. Models C1 and L2 represents the main 

regressions this thesis will use in this section of the extended results:  

Model C1: 𝜓𝑖𝑡  =  𝛽0  +  𝛽1𝐼𝑛𝑑𝑒𝑥𝑖𝑡 + 휀𝑖 

The equation presented here is the is the repeated cross-sectional regression model 

(C1) were 𝜓𝑖𝑡 is the percentage of women among STEM graduates for country 𝑖 at 

year 𝑡. The constant 𝛽0 is the intercept of the regression, which should be 

interpreted as the percentage of women among STEM graduates when GGGI or GII 

are zero. The independent variable, called here 𝐼𝑛𝑑𝑒𝑥𝑖𝑡 (either GGGI or GII), is the 

index value. The variable 휀𝑖 is the error terms of the regression model. 

Model L1: 𝜓𝑖𝑡  =  𝛽1𝐼𝑛𝑑𝑒𝑥𝑖𝑡 + 𝛿𝑖 + 𝜆𝑡 + 휀𝑖𝑡 

 

The equation presented her is the longitudinal regression model (L1) with fixed 

effects (FE) were 𝜓𝑖𝑡 is the percentage of women among STEM graduates for 

country 𝑖 at year 𝑡, 𝐺𝐺𝐺𝐼𝑖𝑡  is the Global Gender Gap index value that a country 𝑖 
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has at year 𝑡. 𝛿𝑖; (𝑖 =  1,2,… , 𝑛): is the entity- and 𝜆𝑡;  (𝑡 =  1,2,… , 𝑇): is the time 

fixed effects. The variable 휀𝑖𝑡 is the error term of the regression model.  

The reason for including longitudinal regression (L1) is in order to allow the data 

to account for dynamics of change, meaning within sample change over time (Stock 

& Watson, 2014). The reason for including FE into the longitudinal regression 

model (L1) is in order to control for omitted factors that may have an influence in 

the model (Stock & Watson, 2014).  

Entity FE controls for time-constant factors 𝛽2𝐸𝑖 that vary between entities 

(countries). This seems reasonable, given that countries originate on distinctive 

fixed circumstances which is not expressly measured in this regression model, such 

as educational, labour and governmental regulations and systems. These factors can 

safely be assumed to not vary over time, or at least change very slowly in our time 

frame. Using entity FE in the model is seen to be equivalent of developing 

individual intercepts for each country, which is why one tends to unite 𝛽2𝐸𝑖 and 𝛽0 

into a common term 𝛿𝑖 (Stock & Watson, 2014). 

 Time fixed effects controls in other hand for factors 𝛽2𝑆𝑡 that are constant over all 

entities but which develop over time, such as changes in technology, economic 

and/or labour demand shocks as well as wars. Using time FE is equivalent of 

developing individual intercepts but, unlike the entity fixed effect model, is 

dependent on the time period. This is why one also tend to unite 𝛽2𝑆𝑡 and 𝛽0 into a 

common term 𝜆𝑡 (Stock & Watson, 2014).  

The models will use different types of standard errors when measuring the level of 

concentration of the data around the regression line in order to have reliable 

confidence intervals, t-values and p-values. To account for heteroskedasticity in the 

cross-sectional regression model (C1) robust standard errors will be used (Stock & 

Watson, 2014). To account for heteroskedasticity and  serial correlation in the 

longitudinal regression model, clustered standard errors at the country level will be 

used (ibid.) Here follows the results from this section regressions and correlations.
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Table 8: Yearly regression coefficient and Spearman's rank-order correlation between the percentage of Women among STEM graduates (𝜓) and Global Gender Gap Index 

(GGGI) for years 2006 to 2017. 

 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

 𝜓 𝜓 𝜓 𝜓 𝜓 𝜓 𝜓 𝜓 𝜓 𝜓 𝜓 𝜓 

GGGI              

Regression coefficient -17.89 -28.23 -5.907 -52.82*** -32.64* -5.824 -23.10* -14.56 -14.06 -46.15*** -46.47*** -47.34** 

 (20.91) (24.04) (32.72) (18.10) (17.96) (20.64) (13.54) (19.67) (16.35) (14.81) (14.94) (20.31) 

             

Constant 47.80*** 54.71*** 38.18 72.22*** 57.19*** 39.01** 50.67*** 42.66*** 43.41*** 67.04*** 67.51*** 67.40*** 

 (14.53) (17.06) (23.45) (12.91) (12.68) (14.61) (10.04) (14.69) (12.18) (10.89) (10.84) (15.12) 

Spearman’s ρ -.05 -.15 -.02 -.35** -.30** -0.07 -.21 -.23 -.19 -.36*** -.31*** -.38*** 

95% Confidence Intervals [-.36, .27] [-.41, .13] [-.29, .26] [-.57, -.09] [-.52, -.05] [-.33, .21] [-.45, .07] [-.48, .07] [-.43, .07] [-.53, -.16] [-.48, -.11] [-.60, -.10] 

Observations 39 52 52 52 58 52 52 47 58 88 91 47 

Robust standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01 

Table 8 illustrates the yearly cross-sectional regression results and Spearman’s rank-order correlation between women among STEM graduates (𝜓) and Global Gender Gap 

Index (GGGI) from 2006 to 2017. As one can see, all of the regression and correlation coefficients have negative values but the majority are insignificant. The reason for the 

several insignificant regression coefficients has probably to do with the large variation that exists in the regression model, given the large standard errors and small correlation 

coefficients, as well as the lack of sufficient observations. Those with the largest observations are 2015 and 2016 and both regression and correlation coefficients are statistically 

significant at the 1-percent level. Regression coefficients for 2009, 2010 and 2017 are also statistically significant at the 1-percent, 10-percent and 5-percent level respectively 

whilst the correlation coefficients for those years are significant at either the 5-percent level or 1-percent level. These three years have in the other hand around the same amount 

of observations as those with insignificant estimates. This would only suggest that they contain critical observations that allow for a relationship to exist. The correlations 

coefficients that are significant tend to range between −.30 to −.40 which mean that there is a weak association between the variables.  Several deductions can be made from 

these results. Firstly, that there aren’t no yearly significant positive relationship between the percentage of women among STEM graduates and the Global Gender Gap Index 

(GGGI). Those who were significant had a negative association and two of those years, 2015 and 2016, had the highest observations  (88 to 91) respectively. Following this 

reasoning the results seem to lend support for what was discovered in the SG paper. 
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Table 9: Regression coefficient and Spearman's rank-order correlation between the percentage of Women among STEM graduates and Gender Inequality Index (GII) by year 

 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 

 𝜓 𝜓 𝜓 𝜓 𝜓 𝜓 𝜓 𝜓 𝜓 𝜓 

GII            

Regression coefficient -15.63 -7.11 -8.51 -4.71 2.31 -13.57* -10.43 -3.33 3.70 10.47 

 (11.76) (9.66) (7.22) (9.24) (7.10) (7.44) (8.34) (7.12) (5.86) (6.94) 

           

Constant 43.74*** 38.49*** 40.69*** 38.34*** 32.82*** 43.18*** 41.14*** 36.65*** 31.93*** 26.24*** 

 (9.29) (7.69) (5.60) (7.38) (5.77) (6.31) (6.97) (5.68) (4.67) (5.23) 

Spearman’s ρ -.20 -.26 -.25 -.10 .04 -.33** -.34** -.14 .00 .16 

95% Confidence Intervals [-.49, .14] [-.51, .03] [-.48, .01] [-.36, .18] [-.23, .30] [-.56, -.04] [-.55, -.08] [-.34, .07] [-.20, .21] [-.14, .43] 

Observations 37 47 57 53 55 46 55 88 90 47 

Robust standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01 

Table 9 illustrates the yearly cross-sectional regression results and Spearman’s rank-order correlation between women among STEM graduates (𝜓) and Gender Inequality Index 

(GII) from 2000 to 2017. Since the values of GII is scaled in the opposite way compared to GGGI, the GII will been inverted (by taking 1-GII) in order to have some consistency 

with the analysis.  As one can see from the regression and correlation results, the pattern is more ambiguous. The estimate from the regression coefficients shift between positive 

and negative values between the years and only one estimate is statistically significant at the 10-percent level. The significant estimate is negative and is for year 2013 with 46 

observations. Once again must the specific regression coefficient contain critical observations that allow for a negative relationship to exist. The correlation coefficients also 

shift between positive and negative values and only two years, 2013 and 2014 are significant. The years with the highest observations, 2015 and 2016, had negative and positive 

estimates respectively but none of them were significant. Three deductions can be made from these results. Firstly, almost all of the regression and correlation coefficients were 

insignificant. Secondly, the only year that had both a significant regression and correlation coefficient was in 2013, but it had few observations (43). Thirdly, the estimates that 

have the highest observations have also insignificant regression and correlations estimates which mean that one cannot rule out the null-hypothesis. The results seems to 

therefore contradict with the results found in table 8, were GGGI was used as an independent variable. The results also seems to lend little support to the conclusions derived 

from the SG paper. 
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Table 10: Regression between Women among STEM graduates (%) and GGGI 

with fixed effects (2006-2017) 

Variable Dependent Dependent Dependent 

 𝜓 𝜓 𝜓 

Independent    

GGGI -32.01*** 1.444 10.20 

 (11.26) (16.72) (17.02) 

    

Constant 56.86*** 48.81*** 44.10*** 

 (8.127) (11.74) (11.53) 

Observations 689 689 689 

Entity fixed effects No Yes Yes 

Time fixed effects No No Yes 

Clustered standard errors Yes Yes Yes 
Standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01 

Table 10 illustrates the longitudinal regression results between the percentage of 

women among STEM graduates (𝜓) and the Global Gender Gap Index  (GGGI) 

with entity- and time FE. The second column illustrates regression results with the 

clustered standard errors and without FE controls. There seem to be a negative and 

significant association between the two variables at the 1-percent level. The 

regression coefficient is -32.01 which means that countries that score 1 in the GGGI 

will have in average -32.01 percentage points lower share of women amongst 

STEM graduates compared to countries that score 0 in the GGGI. This is merely 

interpretation of the coefficient but it is evident such drastic changes of a countries 

GGGI score is very unlikely. Including entity- and time FE, sequentially in third 

and fourth column, seem to alter the sign of the coefficient of the estimate and make 

it insignificant (one cannot reject the null-hypothesis). This seems to suggest that 

there are no dynamics of change in the regression model. But the insignificance in 

the estimates, in the latter columns, could also be due to the fact that: (1) there is a 

large variability (inconsistent jumps) in the dependent variable 𝜓 from year to year; 

(2) there is a small variability in the independent variable (the GGGI moves slow 

through time since it is an index) and (3) there are few and scattered observations 

that stems from the lack of data for the dependent variable. Finding estimates 

becomes therefore challenging once one, through the FE, create individual 

intercepts for respective entities (countries).  
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Table 11: Regression between Women among STEM graduates (%) and GII with 

fixed effects (2000-2017) 

Variable Dependent Dependent Dependent 

 𝜓 𝜓 𝜓 

Independent    

GII -4.119 -0.659 -4.985 

 (4.653) (8.405) (9.958) 

    

Constant 36.93*** 46.82*** 48.93*** 

 (3.627) (6.052) (6.663) 

Observations 575 575 575 

Entity fixed effects No Yes Yes 

Time fixed effects No No Yes 

Clustered standard errors No Yes Yes 
Standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01 

Table 11 illustrates the longitudinal regression results between the percentage of 

women among STEM graduates (𝜓) and the Gender Inequality Index  (GGGI) with 

entity- and time FE. The GII values has as well been inverted in order to make 

easier comparisons with the results from table 10. Without the controls (second 

column) one gets a negative but insignificant association between the variables. 

Including the controls does not alter the sign of the coefficient but does not either 

make it significant. This would suggest that although the results leans towards a 

negative association one cannot rule out the estimate of being zero, that is, there are 

no dynamics of change. Once again may the cause of the insignificant estimates be 

due to the large variability in the dependent variable, small variability in the 

independent variable and the few and scattered observations that stems from the 

lack of data for the dependent variable.  
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4.2.2 Sensitivity Analysis   

One possible argument against the discovered results in the previous subsections of 

the extended results is that one does not take into account for the possible flows that 

women and men make in education in countries that score high in the GGGI or GII 

(inverted). The idea is that those countries that score high in the indexes could see 

a flow of women and men into the STEM fields that are proportional to each other. 

This would offset the effect and leave the ratio of women among STEM graduates 

unaffected despite of the real number increase of women in those fields. Another 

possible argument against the discovered relationship is that the size of the STEM 

graduating population matter. There could be a lot more women graduating in 

industrialising countries than in developing countries but that is not captured when 

measuring the percentage of women among STEM graduates. These two cases are 

true and should be taken into account when making interpretations of the results.  

Whilst the first case has available data for measurement, the second case does not 

have a complete data set that would satisfy this paper. It either does not have it, as 

UNESCO, or it has only observations for a selective group that happens to already 

be industrialised, such as Eurostat and OECD. Estimating instead the total 

population, as proxy for the STEM populace is not entirely satisfying since the 

number of students that graduate in STEM fields is not solely dependent on that. 

This thesis will therefore only control for the flows of women by comparing the 

percentage of STEM women amongst female graduates in tertiary education:  

𝜅𝑖𝑡
𝜚𝑖𝑡

= 𝜈𝑖𝑡 

were 𝜅𝑖𝑡 is the number of female STEM graduates in country 𝑖 at year 𝑡, 𝜚𝑖𝑡 is the 

number of female graduates in tertiary education in country 𝑖 at year 𝑡 and 𝜈𝑖𝑡 is the 

percentage of STEM women among female graduates in tertiary education in 

country 𝑖 at year 𝑡. Data was collected from UNESCO, OECD and Eurostat. The 

following cross-sectional and longitudinal  regression model was used: 

𝜈𝑖𝑡  =  𝛽0  +  𝛽1𝐼𝑛𝑑𝑒𝑥𝑖 + 휀𝑖 

𝜈𝑖𝑡  =  𝛽1𝐼𝑛𝑑𝑒𝑥𝑖𝑡 + 𝛿𝑖 + 𝜆𝑡 + 휀𝑖𝑡 
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Table 12: Regression coefficient and Spearman's rank-order correlation between the percentage of STEM Women among female tertiary graduates and Global Gender Gap 

Index (GGGI) by year 

 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

 𝜈 𝜈 𝜈 𝜈 𝜈 𝜈 𝜈 𝜈 𝜈 𝜈 𝜈 𝜈 

GGGI              

Regression coefficient -52.44*** -49.28*** -37.41*** -55.17*** -49.39*** -42.32*** -46.30*** -28.69*** -21.99** -33.77** -40.01*** -29.71 

 (17.17) (14.00) (12.82) (13.36) (13.79) (14.54) (14.11) (9.964) (8.896) (13.38) (13.70) (17.76) 

             

Constant 48.97*** 46.74*** 37.79*** 51.40*** 47.35*** 43.43*** 45.77*** 33.65*** 28.86*** 37.58*** 42.32*** 34.97** 

 (11.92) (9.857) (9.123) (9.502) (9.846) (10.45) (10.12) (7.439) (6.631) (9.898) (10.08) (13.25) 

Spearman’s rho -.42** -.47*** -.32** -.46*** -.44*** -0.41*** -.52*** -.39*** -.29** -.23** -.27** -.08 

95% Confidence Intervals [-.65, -.11] [-.67, -.21] [-.54, -.04] [-.66, -.22] [-.63, -.21] [-.61, -.16] [-.69, -.29] [-.61, -.11] [-.52, -.03] [-.42, -.02] [-.46, -.07] [-.34, .19] 

Observations 37 47 51 51 59 55 55 45 56 84 86 54 

Robust standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01 

Table 12 illustrates the yearly cross-sectional regressions and Spearman’s rank-order correlations between the percentage of STEM women among female graduates in tertiary 

education (𝜈) and Global Gender Gap Index (GGGI) from 2006 to 2017. If one would have found a positive and significant relationship between these two variables it would 

have proven the case that there is a positive flow of women towards countries with high GGGI which. Combining it with results from table 8 would have further suggested that 

effect disappears since due to a positive flow of men towards STEM that are proportional to the women. Looking at these results seems to suggest that this is not the case. The 

results in both the regression and correlation coefficients show a negative association between 𝜈 and GGGI that is moderate and significant at every year except for 2017. This 

strongly disavows the first argument provided in the beginning of the section since flow seems to go on the opposite direction. In other words, the results suggest that countries 

with a low GGGI has an increased share of female graduates, that is, an larger flow of women towards STEM fields.  
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Table 13: Regression coefficient and Spearman's rank-order correlation between the percentage of STEM Women among female tertiary graduates and Gender Inequality 

Index (GII) by year 

 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 

 𝜈 𝜈 𝜈 𝜈 𝜈 𝜈 𝜈 𝜈 𝜈 𝜈 

GII            

Regression coefficient 5.672 -1.492 10.43** 16.59* 5.057 9.576 0.234 -1.402 -2.309 -3.475 

 (8.286) (4.143) (4.787) (8.607) (6.375) (8.222) (5.311) (4.022) (3.568) (5.688) 

           

Constant 11.46*** 12.48*** 10.22*** 9.786*** 12.63*** 11.13*** 12.73*** 13.93*** 14.64*** 14.55*** 

 (2.095) (1.066) (1.088) (1.777) (1.140) (1.248) (1.004) (0.966) (0.895) (1.311) 

Spearman’s rho .03 -.09 .18 .19 .04 0.10 .03 -.11 -.15 -.27* 

95% Confidence Intervals [-.30, .36] [-.37, .20] [-.08, .42] [-.08, .43] [-.22, .30] [-.21, .39] [-.24, .30] [-.32, .11] [-.35, .06] [-.50, .00] 

Observations 36 48 58 56 58 43 53 83 85 54 

Robust standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01 

Table 13 illustrates the yearly cross-sectional regressions and Spearman’s rank-order correlations between the percentage of STEM women among female graduates in tertiary 

education (𝜈) and Gender Inequality Index (GII) from 2000 to 2017. The results in this table are, as it was in table 9, very ambiguous. There are both positive and negative 

coefficients and most of them are insignificant. For years 2010 and 2011 the estimate is positive and significant, but the observations is low compared to 2015 and 2016, which 

could suggest that the findings are circumstantial.  Estimates for 2015 and 2016 are negative but insignificant and very close to zero. Given this, using GII seems to give either 

positive- or no flows of women towards STEM fields. These results diverge substantively from the ones that were found in table 12, where GGGI was used as the independent 

variable. The difference of measurement between GGGI and GII can provide a possible answer to why one sees these contradictory results. 
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Table 14: Regression between STEM women among Tertiary women (%) and 

GGGI with fixed effects (2006-2017) 

Variable Dependent Dependent Dependent 

 𝜈 𝜈 𝜈 

Independent    

GGGI -37.88*** 18.82* 6.478 

 (8.725) (10.04) (10.22) 

    

Constant 39.94*** 0.165 8.362 

 (6.306) (7.045) (6.863) 

Observations 681 681 681 

Entity fixed effects No Yes Yes 

Time fixed effects No No Yes 

Clustered standard errors Yes Yes Yes 
Standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01 

Table 14 illustrates the longitudinal regression results between the percentage of 

STEM women among female tertiary graduates (𝜈) and the Global Gender Gap 

Index  (GGGI) with entity- and time fixed effects. Without FE one gets a negative 

and significant negative estimate of -37.88 at the 1-percent level. Controlling for 

entity FE alters the sign of the estimate sign and lower its significance level, from 

1-percent to 10-percent. Adding time FE makes the estimates insignificant but still 

positive. Receiving such results are confounding and makes it difficult to make any 

meaningful deductions, although the potential problem of variability and lack of 

number observations is still applicable.    
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Table 15: Regression between STEM women among Tertiary women (%) and GII 

with fixed effects (2000-2017) 

Variable Dependent Dependent Dependent 

 𝜈 𝜈 𝜈 

Independent    

GII -3.277 -3.812 -12.26*** 

 (3.091) (4.719) (3.524) 

    

Constant 15.85*** 14.13*** 19.51*** 

 (2.524) (3.398) (2.593) 

Observations 574 574 574 

Entity fixed effects No Yes Yes 

Time fixed effects No No Yes 

Clustered standard errors Yes Yes Yes 
Standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01 

Table 15 illustrates the longitudinal regression results between the percentage of 

STEM women among female tertiary graduates (𝜈) and the Gender Inequality Index 

(GII) with entity- and time FE. The GII values has been inverted in order to make 

easier comparisons with the results from table 12. Without controlling for FE gives 

a negative but insignificant association between the variables. Including the entity 

fixed FE does not alter the slope and is still insignificant. Including entity and time 

fixed effects seem to increase the negative slope and make it significant at the 1-

percent level. The results seem to therefore conform towards a negative flow of 

women towards STEM fields as country gets higher GII scores. This result is also 

quite different from the cross-sectional regression results from table 13. The 

variability as well as the few and scattered observations is once again applicable in 

this table.  
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5.2.3 Mediation analysis: Overall life satisfaction (OLS) for years 2015, 2016 and 

2017 

Given that a negative association was uncovered between between 𝜓 and GGGI for 

years 2015, 2016 and 2017, a mediation analysis was conducted. This was done in 

order to see if the distal factors, that was proxied in form of overall life satisfaction 

(OLS) could partially or completely mediate for the relationship between the two 

variables of interest. The following mediation models will be used to acquire these 

effects:  

Mediation model M3 {
OLS𝑖𝑡 = 𝛾0 + 𝛾1𝐺𝐺𝐺𝐼𝑖𝑡 + 𝑒𝑂𝐿𝑆

𝜓𝑖𝑡 = 𝛽0 + 𝛽1𝐺𝐺𝐺𝐼𝑖𝑡 + 𝛽2OLS𝑖𝑡 + 휀𝜔  
 

were 𝛾0 and 𝛽0 are the regression intercepts, 𝑒𝑂𝐿𝑆 and 휀𝜓 are the error terms in the 

estimation of OLS𝑖𝑡 and 𝜓𝑖𝑡, respectively, and 𝛾1, 𝛽1, and 𝛽2 are the regression 

coefficients. The M3 model is similar to the M2 model found in 5.1.3. The 

difference is that the latter took averages (𝜓𝑖𝑛), (between 2012 to 2015) whilst this 

one will only take yearly values (𝜓𝑖𝑡). Here follows the results of the mediation 

analysis.  

Table 16: Mediation analysis used for the year 2015  

  Estimate 95% CI lower bound 95% CI upper bound p value 

ACME  -5.19 -28.56 18.19 .664 
ADE  -32.56 -66.40 1.28 .059 

Total Effect  -37.75 -67.95 -7.54 .014 

Prop. Mediated  0.14    
Number of observations: 80 

Table 15 illustrates the mediation results between the variables OLS, GGGI and 𝜓𝑖𝑡 

for year 2015. As one can observed from the results,  the indirect effect is very small 

(-5.19), insignificant (.664) and only mediates 14 % of the total effect. The direct 

effect in the other hand is large (-32.56), significant at the 10-percent level (.059) 

and closer closer to the total effect than to 0. This suggests that the OLS is neither 

a sole nor a partial mediator of the relationship between GGGI and  𝜓𝑖𝑡.  
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Table 17: Mediation analysis used for the year 2016 

  Estimate 95% CI lower bound 95% CI upper bound p value 

ACME  -3.47 -24.13 17.18 .742 
ADE  -28.40 -63.42 6.62 .112 

Total Effect  -31.87 -62.44 -1.31 .041 

Prop. Mediated  0.11    
Number of observations: 79 

Table 15 illustrates the mediation results between the variables OLS, GGGI and 𝜓𝑖𝑡 

for year 2016. The indirect effect (-3.47) is smaller here compared to the one that 

was estimated in table 16 (-5.19). The estimate is also insignificant (.742) and 

accounts for 11% of the total effect. The direct effect is once again larger (-28.40) 

but this time insignificant (.112). However, the total effect is significant at the 5-

percent level (.041). This still suggests that the OLS is neither a sole nor a partial 

mediator of the relationship between GGGI and  𝜓𝑖𝑡.  

Table 18: Mediation analysis used for the year 2017 

  Estimate 95% CI lower bound 95% CI upper bound p value 

ACME  -6.68 -27.41 14.04 .527 

ADE  -34.35 -82.77 14.07 .164 

Total Effect  -41.04 -86.56 4.49 .083 

Prop. Mediated  0.16    
Number of observations: 44 

Table 18 illustrates the final mediation between the variables OLS, GGGI and 𝜓𝑖𝑡, 

this time for year 2017. The indirect effect is compared to the previous ones 

somewhat larger (-6.68) but still small. The indirect effect is also insignificant 

(0.527) and only accounts for 16% of the total effect.  The direct effect is large (-

34.35) but still insignificant (.164). The total effect (-41.04) is still significant, at 

the 10-percent level. This mediation results would suggest that the OLS is neither 

a sole nor a partial mediator of the relationship between GGGI and  𝜓𝑖𝑡.  

In conclusion, the mediator variable seem to not have any influence at all to the 

relationship between GGGI and  𝜓𝑖𝑡. This contradicts with the results that SG found 

in their paper and raises some concerns whether the distal factors may contribute 

the effect or if OLS is actually not a good proxy for economic stability and personal 

well-being as was suggested (Pittau, Zelli, & Gelman, 2010).   
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4.2.4 Sex differences in absolute and relative strength in PISA scores 

 

Since OLS could not mediate for the relationship between GGGI and  𝜓𝑖𝑡, one turns 

to the other process, the proximal factor, to see if it can account for the negative 

relationship between GGGI and 𝜓𝑖𝑡.  The proximal factor is, in this thesis as well 

as in the SG paper, measured in terms sex differences in absolute and relative mean 

scores in mathematics, science and reading. This section will only measure the sex 

difference in relative scores using the R1 model (5.1.4). This paper will present the 

results in form of Cohen's d since it is an more accurate and appropriate way to 

make comparison of the effect size between two means (Cohen, 1988):  

(M̅𝑠 − M̅) − (�̅�𝑠 − �̅�)

𝑆𝐷𝑃𝑜𝑜𝑙𝑒𝑑2,𝑠
= Φ𝑠          𝑅1 𝑚𝑜𝑑𝑒𝑙 

In order to see if there is there is an relationship between Φ𝑠 and GGGI, an repeated 

cross-sectional regressions and a longitudinal regression for years 2006, 2009, 2012 

and 2015 will be made. The GII was not included in the analysis because the years 

are not compatible with each other since it would have required dropping 2006 and 

2009 PISA scores. The regression models that is going to be used is presented here:   

Φ𝑖𝑡𝑠  =  𝛽0  +  𝛽1𝐺𝐺𝐺𝐼𝑖𝑡𝑠 + 휀𝑖𝑠𝑡          𝐶2 𝑚𝑜𝑑𝑒𝑙 

C2 is the cross-sectional regression model were Φ𝑖𝑡𝑠 is the standardised sex 

differences in relative mean scores, for country 𝑖 and subject 𝑠 at year 𝑡. The 

constant 𝛽0 is the intercept of the regression.  The independent variable, 𝐺𝐺𝐺𝐼𝑖𝑠𝑡 , 

is the Global Gender Gap index. The variable 휀𝑖𝑠𝑡 is the error terms of the C2 model. 

𝜓𝑖𝑠𝑡  =  𝛽1𝐺𝐺𝐺𝐼𝑖𝑠𝑡 + 𝛿𝑖𝑠 + 𝜆𝑠𝑡 + 휀𝑖𝑠𝑡         𝐿2 𝑚𝑜𝑑𝑒𝑙 

 

L2 is the longitudinal regression model with entity- and time FE were Φ𝑖𝑡𝑠 is the 

standardised sex differences in relative mean scores, for country 𝑖 and subject 𝑠 at 

year 𝑡. The constant 𝛽0 is the intercept of the regression.  The independent variable, 

𝐺𝐺𝐺𝐼𝑖𝑠𝑡 , is the Global Gender Gap index. 𝛿𝑖𝑠;  (𝑖 =  1,2,… , 𝑛): is the entity- and 

𝜆𝑠𝑡;  (𝑡 =  1,2,… , 𝑇): is the time fixed effects for subject 𝑠. The variable 휀𝑖𝑠𝑡 is the 

error terms of the L2 model.  Here follows the results: 
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Figure 8: Sex differences in Relative (PISA) scores in science, mathematics, and 

reading expressed as Cohen’s ds, Φ𝑖𝑠, for years 2006, 2009, 2012 and 2015   

Figure 8 presents the relative sex differences in scores between boys and girls for 

years 2006, 2009, 2012 and 2015. The negative values demonstrate a relative 

advantage for girls whilst positive values demonstrate a relative advantage for boys. 

Looking at these results one can see that girls have reading by far as their strongest 

subject and this is constant across years. Boys have in the other hand science and 

mathematics as their strongest subject and this is as well constant across years. 

These results continue to conform to the results that were drawn from the SG paper. 

This result may therefore in part account for why one tend to see more males than 

females in STEM fields as well why females are to a greater extent seen in 

professions that requires high reading comprehension.
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Table 18: Cross-Sectional Regression between Sex Differences in Relative PISA 

Science Scores (d) and Global Gender Gap Index (GGGI) for years 2015, 2012, 

2009 and 2006 
 2015 2012 2009 2006 

Variable Dependent Dependent Dependent Dependent 

 Sex-diff (Science)  Sex-diff (Science) Sex-diff (Science) Sex-diff (Science) 

Independent     

GGGI 0.214** 0.314*** 0.370*** 0.195** 

 (0.0860) (0.0656) (0.104) (0.0920) 

Constant     

 -0.0644 -0.124** -0.169** -0.0267 

 (0.0624) (0.0479) (0.0747) (0.0654) 

Spearman’s rho .242** .479*** .426*** .204 

95% Confidence Intervals [.001, .455] [.245, .661] [.176, .625] [-.092, .466] 

Observations 67 55 53 46 

Robust Standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01 

Table 18 illustrates the ordinal least squared regression results and Spearman’s 

rank-order correlation between the standardised and relative sex differences scores 

for science (Φ𝑠𝑐𝑖𝑒𝑛𝑐𝑒) and the Global Gender Gap Index (GGGI) for years 2015, 

2012, 2009 and 2006. The regression coefficicents show a significant positive 

relationship between the two variables at all years. Looking at the correaltion 

coefficeint one can see there is a weakly positive but significant assoction between 

these two variables. This would suggest that countries that score higher in the GGGI  

tend to have a larger gap of relative strenght between boys and girls in favor for 

boys.  
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Table 19: Cross-Sectional Regression between Sex Differences in Relative PISA Mathematics 

Scores (d) and Global Gender Gap Index (GGGI) for years 2015, 2012, 2009 and 2006 

 2015 2012 2009 2006 

Variable Dependent Dependent Dependent Dependent 

 Sex-diff (Maths)  Sex-diff (Maths) Sex-diff (Maths) Sex-diff (Maths) 

Independent     

GGGI -0.0945 -0.167 -0.161 -0.0747 

 (0.121) (0.125) (0.137) (0.142) 

     

Constant 0.215** 0.333*** 0.342*** 0.270*** 

 (0.0890) (0.0905) (0.0979) (0.0971) 

Spearman’s rho -.008 -.181 -.219 -.134 

95% Confidence Intervals [-.247, .233] [-.425, .089] [-.462, .055] [-.408, .163] 

Observations 67 55 53 46 

Robust Standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01 

Table 19 illustrates the ordinal least squared regression results and Spearman’s 

rank-order correlation between the standardised and relative sex differences scores 

for mathematics (Φ𝑚𝑎𝑡ℎ𝑒𝑚𝑎𝑡𝑖𝑐𝑠) and the Global Gender Gap Index (GGGI) for 

years 2015, 2012, 2009 and 2006. The regression coefficicents show a negative but 

insignificant relationship between the two variables at all years. Looking at the 

correaltion coefficeint one can see there is a weakly to very weakly negative and 

insignificant assoction between these two variables. This would suggest that the 

gap gets shorter between boys and girls as countries score higher in GGGI. No 

signficant effect would suggest that boys and girls relatvie strength is constant 

acroess countries. This would favour the biological argument.   
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Table 20: Cross-Sectional Regression between Sex Differences in Relative PISA Reading Scores 

(d) and Global Gender Gap Index (GGGI) for years 2015, 2012, 2009 and 2006 

 2015 2012 2009 2006 

Variable Dependent Dependent Dependent Dependent 

 Sex-diff (Reading)  Sex-diff (Reading) Sex-diff (Reading) Sex-diff (Reading) 

Independent     

GGGI -0.116 -0.158 -0.213* -0.146 

 (0.107) (0.117) (0.110) (0.148) 

     

Constant -0.148* -0.200** -0.170** -0.217** 

 (0.0780) (0.0859) (0.0788) (0.0996) 

Spearman’s rho -.184 -.159 -.168 -.097 

95% Confidence Intervals [-.407, .058] [-.407, .111] [-.419, .107] [-.376, .199] 

Observations 67 55 53 46 

Robust Standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01 

 

Table 20 illustrates the ordinal least squared regression results and Spearman’s 

rank-order correlation between the standardised and relative sex differences scores 

for reading (Φ𝑅𝑒𝑎𝑑𝑖𝑛𝑔) and the Global Gender Gap Index (GGGI) for years 2015, 

2012, 2009 and 2006. The regression coefficicents show a negative relationship 

between the two variables at all years, 2009 being the only significant. Looking at 

the correaltion coefficeint one can see there is a weakly to very weakly negative 

and insignificant assoction between these two variables. This would suggest that 

the gap gets larger between boys and girls as countries score higher in GGGI. No 

signficant effect would suggest that boys and girls relatvie strength is constant 

across countries. This would favour the biological argument.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 53 

Table 21:  Regression between Sex Differences in Relative PISA Science, Mathematics and 

Reading respective Scores (d) and Global Gender Gap Index (GGGI) with clustered standard 

errors and fixed effects 

Variable Dependent Dependent Dependent 

 Sex-diff (Science) Sex-diff (Mathematics) Sex-diff (Reading) 

Independent          

GGGI 0.165*** -0.146** 0.0896 -0.278*** -0.921*** 0.0953 0.0248 1.057*** -0.141 

 (0.0632) (0.0701) (0.119) (0.0917) (0.162) (0.172) (0.0853) (0.181) (0.237) 

          

Constant -0.0213 0.199*** 0.0445 0.392*** 0.850*** 0.149 -0.306*** -1.038*** -0.215 

 (0.0459) (0.0496) (0.0807) (0.0651) (0.115) (0.117) (0.0607) (0.128) (0.161) 

Observations 221 221 221 221 221 221 221 221 221 

Entity fixed effects No Yes Yes No Yes Yes No Yes Yes 

Time fixed effects No No Yes No No Yes No No Yes 

Clustered standard errors Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01 

Table 21 illustrates the longitudinal regression results the standardised and relative 

sex differences scores for science (Φ𝑅𝑒𝑎𝑑𝑖𝑛𝑔), mathematics (Φ𝑅𝑒𝑎𝑑𝑖𝑛𝑔) and reading 

(Φ𝑅𝑒𝑎𝑑𝑖𝑛𝑔) and the Global Gender Gap Index  (GGGI) with entity- and time fixed 

effects in sequential order section-wise. The first column in each section is the 

regression without controls, whilst the second column controls for entity fixed 

effects and the third column controls for both entity and time fixed effects. Looking 

first at science one can see that without controls as well controlling for entity FE 

yields a significant positive association whilst adding time FE seems to lower the 

slope as well as making it insignificant. Low number of observations can be 

possible reason why one does not see a significant relationship. Nevertheless, the 

results seem to suggest that men and women relative strength when it comes to 

science seem to diverge as a higher GGGI a country acquires. When it comes to 

mathematics there is a positive significant effect without controls as well as when 

controlling for entity FE. Controlling for both entity and time FE seems to lower 

the slope whilst making the association insignificant. There seems to be some 

grounds to give social constructivist theories a pass although insignificance in the 

cross-sectional data as well as when controlling for both entity and time fixed 

effects seem to make the standardised and relative sex differences scores across 

countries constant. Finally, looking at the subject reading one can see that 

controlling for entity FE seem to make the relationship significant whilst 

controlling for both entity and time FE makes it insignificant and negative. The 

standardised and relative sex differences scores in reading seem to be constant 

across countries. 
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5. Conclusions 
This master thesis replicates and extends Stoet and Geary’s paper regarding the 

relationship between the Global Gender Gap Index (GGGI) and the percentage of 

women among STEM graduates. The extension consist of using repeated cross-

sectional regression analysis, Spearman rank-order correlations, as well as 

longitudinal analysis and several other specifications, in order to improve the 

internal- as well as the external validity.  This master thesis tries also to test if SG’s 

distal social and proximal factors hypothesis can explain for the ascertained 

relationship. This involves by using overall life satisfaction (OLS) in a mediation 

analysis and PISA absolute and relative mean scores in a sex-difference 

comparison.  

The replication findings conform much of what was found in the SG paper. There 

is a significant negative relationship between GGGI and the percentage of women 

among STEM graduates for 2015. The mediation analysis suggested that OLS could 

partly to solely mediate that relationship and boys are relatively better in science 

and mathematics whilst girls are relatively better at reading. Furthermore the sex 

differences in relative mean scores in science are larger in countries that have high 

GGGI.  

The extended results provide more mixed results. Using GGGI offered evidence for 

a negative relationship whilst using GII showed often no significant results. 

Negative results would provide evidence for what SG found in their paper whilst 

no significant relationship may provide acknowledgement to the biological 

argument of innate differences between men and women that is constant across 

countries and time. The mediation analysis suggested that OLS could not mediate 

the relationship at all but there was a large and consistent sex differences in relative 

mean scores between boys and girls in across countries and time. Sex differences 

in relative mean science scores were furthermore greater in countries who scored 

high in the GGGI.  

The main limitations of the paper is being reliant on a variable that had to few  and 

scattered observations relative to time period being studied and high variability ( 

inconsistent jumps). More observations would have at least provided more 
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opportunity for reliable cross-sectional and longitudinal estimates. Another 

limitation is the not being able to provide a discussion on the relative advantages of 

GGGI vs GII.  

The contribution of this thesis is that it offers cross-country analysis for multiple 

years as well as longitudinal analysis between GGGI) and the percentage of women 

among STEM graduates. Another contribution is the usage of two different 

datasets, one that is used by SG and which ranges from 2006 to 2017, and one that 

stretches farther back in time (1995-2017).  

These findings challenges some of the conventional wisdom about gender equality 

and sex differences when it comes to educational choice. The common belief is that 

as countries converge towards gender equality, women will actively pursue fields 

that are dominated by men. The replication and extended results provide either 

results that deny it or an opposite relationship. This thesis results as well as the 

results from the previous literature are both economically and politically relevant 

since it may reflect the need for a new perspective when it comes to future policy-

making regarding gender issues. This is not to say that the present course of gender 

equality is a bad thing. An applied model of gender equality will obviously provide 

people the opportunity and the tools to form their own life. That being said, the 

need for additional research on this topic is of paramount importance. 
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7. APPENDIX  
Table S1 

 

 

 

 

Countries  SG MCN 

Albania 38.6 38.6 

Algeria 40.7 40.7 

Angola  41.5 

Armenia  32.9 

Australia 24.5 24.8 

Austria 22.0 21.7 

Azerbaijan  33.5 

Bahrain  32.1 

Belarus  20.9 

Belgium 18.7 18.9 

Belize  28.6 

Benin  40.1 

Bosnia and 

Herzegovina 

 

33.4 

Brazil 24.8 24.9 

Brunei Darussalam  35.2 

Bulgaria 30.1 29.7 

Burkina Faso  30.5 

Cambodia  21.1 

Canada  25.3 

Chile 15.8 15.6 

Colombia 29.7 29.6 

Costa Rica 21.2 21.2 

Croatia 27.2 27.2 

Cyprus  31.0 

Czech Republic 24.4 24.7 

Denmark 29.3 28.5 

Dominican Republic  29.3 

Ecuador  22.4 

El Salvador  21.9 

Estonia 25.5 25.6 

Finland 20.0 20.1 

France 25.6 25.8 

Georgia 33.5 33.5 

Germany 26.9 26.7 

Ghana  28.0 

Greece 30.4 30.4 

Guatemala  26.3 

Guyana  11.1 

Honduras  25.2 

Hungary 20.2 20.9 

India  42.2 

Indonesia 35.5 35.5 

Iran   37.3 

Ireland 23.9 24.7 

Italy 32.1 32.1 

Kyrgyzstan  29.3 

Laos  22.7 

Latvia 19.3 19.4 

Lesotho  19.0 

Lithuania 19.4 19.6 

Luxembourg 28.7 26.0 

Madagascar  33.7 

Malaysia  35.3 

Malta 24.0 24.6 

Mexico 29.1 29.1 

Moldova 25.2 25.2 

Morocco  46.9 

Mozambique  27.3 

Myanmar  50.3 

Namibia  31.2 

Netherlands 20.2 20.2 

New Zealand 27.0 27.2 

Niger  31.1 

North Macedonia 33.9 34.8 

Norway 20.3 20.9 

Oman  41.9 

Panama  31.6 

Poland 26.9 27.4 

Portugal 31.4 31.2 

Qatar 22.9 22.9 

Romania 32.6 33.0 

Saudi Arabia  37.2 

Serbia  31.4 

Slovakia 24.8 24.8 

Slovenia 22.7 23.0 

South Africa  31.5 

South Korea 26.9 25.2 

Spain 25.0 25.0 

Sudan  45.3 

Sweden 23.4 23.6 

Switzerland 23.0 23.3 

Thailand 24.6 24.6 

Tunisia 38.5 38.5 

Turkey 36.3 36.3 

Ukraine  26.5 

United Arab Emirates 37.4 37.4 

United Kingdom  29.4 29.9 

United States  24.6 25.1 

Vietnam 36.4 36.4 

Zimbabwe  34.3 
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Table S2  

 
Countries  𝜔𝑖𝑛 𝜓𝑖𝑛 

Albania 38.6 53.1 

Algeria 40.7 53.6 

Angola 41.5 38.4 

Argentina  46.5 

Armenia 32.9 42.8 

Australia 24.8 31.1 

Austria 21.7 25.7 

Azerbaijan 33.5 37.8 

Bahrain 32.1 42.3 

Belarus 20.9 26.3 

Belgium 18.9 25.5 

Belize 28.6 41.8 

Benin 40.1 36.9 

Bosnia and 

Herzegovina 33.4 42.6 

Brazil 24.9 33.9 

Brunei Darussalam 35.2 49.3 

Bulgaria 29.7 38.7 

Burkina Faso 30.5 17.0 

Cambodia 21.1 16.7 

Canada 25.3 32.2 

Chile 15.6 19.0 

Colombia 29.6 33.8 

Costa Rica 21.2 33.5 

Croatia 27.2 35 

Cyprus 31.0 41.8 

Czech Republic 24.7 34.1 

Denmark 28.5 35.2 

Dominican Republic 29.3 41.6 

Ecuador 22.4 28.3 

El Salvador 21.9 27.5 

Estonia 25.6 40.4 

Finland 20.1 27.7 

France 25.8 30.8 

Gambia  45.7 

Georgia 33.5 42.1 

Germany 26.7 27.2 

Ghana 28.0 20.8 

Greece 30.4 38.2 

Guatemala 26.3 34.7 

Guyana 11.1 27.2 

Honduras 25.2 38.4 

Hungary 20.9 30.8 

Iceland  35.7 

India 42.2 42.2 

Indonesia 35.5 36.6 

Iran  37.3 29.7 

Ireland 24.7 27.0 

Italy 32.1 41.7 

Japan  13.5 

Kyrgyzstan 29.3 35.7 

Laos 22.7 20.4 

Latvia 19.4 32.5 

Lesotho 19.0 26.9 

Lithuania 19.6 29.7 

Luxembourg 26.0 30.6 

Madagascar 33.7 31.0 

Malaysia 35.3 42.0 

Malta 24.6 28.6 

Mexico 29.1 31.5 

Moldova 25.2 32.8 

Morocco 46.9 45.5 

Mozambique 27.3 20.3 

Myanmar 50.3 64.9 

Namibia 31.2 46.5 

Netherlands 20.2 26.0 

New Zealand 27.2 34.1 

Niger 31.1 17.7 

North Macedonia 34.8 40.8 

Norway 20.9 28.7 

Oman 41.9 47.6 

Panama 31.6 47.6 

Poland 27.4 42.2 

Portugal 31.2 39.8 

Qatar 22.9 31.0 

Romania 33.0 41.4 

Russian Federation  20.9 

Saudi Arabia 37.2 38.1 

Serbia 31.4 39.7 

Slovakia 24.8 36.3 

Slovenia 23.0 31.5 

South Africa 31.5 37.7 

South Korea 25.2 26.7 

Spain 25.0 29.7 

Sri Lanka  39.5 

Sudan 45.3 44.8 

Sweden 23.6 33.1 

Switzerland 23.3 22.0 

Thailand 24.6 29.7 

Tunisia 38.5 48.1 

Turkey 36.3 34.5 

Ukraine 26.5 29.9 

United Arab Emirates 37.4 43.7 

United Kingdom  29.9 36.0 

United States  25.1 32.0 

Uruguay  47.6 

Vietnam 36.4 33.0 

Zimbabwe 34.3 27.9 

 


	1. Introduction
	2. Earlier Literature
	2.1 Women’s progression in academic professions and occupations.
	2.2 Nature or nurture? The debate between the causes of gender differences
	2.2.1 Social Constructionism
	2.2.2 Biological determinism

	2.3 Gender-equality paradox

	3. Data
	3.1 Gender Equality/Inequality
	3.2 Graduation Gap between men and women in STEM fields
	3.3 Social security/Overall life satisfaction (OLS)
	3.4 Programme for International Student Assessment (PISA)
	4.1 Replication results
	5.1.1 Association between GGGI and women among STEM graduates
	5.1.2 Regression between GGGI and women among STEM graduates
	5.1.3 Mediation analysis: Overall life satisfaction (OLS)
	5.1.4 Sex differences in absolute and relative PISA scores

	4.2 Extended Results
	4.2.1 Cross-sectional (yearly) and longitudinal results
	4.2.2 Sensitivity Analysis
	5.2.3 Mediation analysis: Overall life satisfaction (OLS) for years 2015, 2016 and 2017
	4.2.4 Sex differences in absolute and relative strength in PISA scores


	5. Conclusions
	6. References
	7. APPENDIX

