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Abstract: I brought together two strands of literature, one investigating the moderate but 

persistent underachievement of girls in mathematics in most countries, and the other examining 

the role of self-efficacy and other self-beliefs in predicting behaviour and achievement. I 

implemented detailed decompositions of the gender mathematics gap, both at the mean and for 

low and high performing students, for a large and diverse group of countries. I found 

considerable heterogeneity and different cross-country patterns in decomposition components 

and the contribution of self-beliefs. In OECD-Europe and more affluent East Asian countries, 

most or all the gap is explained by gender differences in self-efficacy; on the other hand, in 

Latin America and the Middle East, most of the gap remains unexplained. I also investigated 

the relationship between the gender mathematics gap-gender equity relationship across 

countries and found that a clearly negative association between the size of the gap and gender 

equality in a cross-country regression can be established after controlling for cross-country 

heterogeneity in gender differences in mathematics self-beliefs, which correlate with gender 

equality.  
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1. Introduction 

The literature on student educational achievement has identified differences which can be 

attributed to various demographic characteristics such as gender, race, and socioeconomic 

status, among others. A significant body of research has been devoted on the relationship 

between gender and mathematics achievement, with cross-country empirical evidence 

documenting a moderate but persistent achievement advantage for boys in mathematics, with 

girls outperforming boys in reading (OECD, 2014a). However, there is substantial variation in 

findings across countries, with several countries exhibiting insignificant differences, while in 

a few, girls scored higher than boys. The observed underachievement of girls in mathematics, 

especially among better-performing students, is often linked to the underrepresentation of girls 

in Science, Technology, Engineering, and Mathematics (STEM), both at colleges and 

universities and in the labour market. Two main explanations for the predominance of the 

gender gap in mathematics have been put forward: One argues that the origins are biological 

and relate to in brain composition, hormone levels, or spatial ability (e.g., Davison & Susman, 

2001; Kucian, Loenneker, Dietrich, Martin, & von Aster, 2005). The other attributes the gap 

to sociocultural factors, pointing to differences in resource allocation between boys and girls 

at the family level (i.e., differences in educational inputs), or the possibility that girls are 

affected by those characteristics differently (Dickerson, McIntosh, & Valente, 2015).  

  Another strand of research examines the role of non-cognitive, domain-specific 

constructs, specifically student self-beliefs related to mathematics (self-efficacy, self-concept, 

and mathematics anxiety) as well as self-confidence (a combination of self-esteem and self-

efficacy), in predicting behaviour, choices and practices which can affect achievement. 

Empirical findings with respect to the effect of different self-beliefs on achievement generally 

confirm their importance and find that self-confidence and self-efficacy are the strongest 

predictors of achievement.  
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 Another body of empirical research has investigated the existence of a link between the 

gender achievement gap in mathematics and nations’ gender equality indicators. The evidence 

is mixed, and findings seem to depend on country inclusion (e.g., Guiso, Monte, Sapienza, & 

Zingales, 2008; Fryer & Levitt, 2009; Stoet, Bailey, Moore, &, Geary 2016).  

I bring together the two strands of literature by decomposing the gender mathematics 

gap, into the component which can be attributed to gender differences in individual 

characteristics and the component which can be attributed to differences in achievement 

structure for each characteristic (i.e., returns to characteristics). At the centre of the 

investigation is the contribution of gender differences in self-beliefs to the gender mathematics 

gap across countries. Specifically, I investigated the following research questions: 

Research question 1: How does the gender mathematics gap and its constituent components 

(explained vs. unexplained) vary across countries?  

Research question 2:  How large is the contribution of differences in self-beliefs to the gender 

gap, at the mean and across the distribution of achievement?  

Research question 3: What role self-beliefs play in the relationship between cross-country 

differences in gender equity and the gender mathematics achievement gap and how can we 

reconcile the mixed evidence on the existence of a link between the two? 

In addressing research question 3, the link between the gender mathematics gap and 

gender equity across countries was assessed before and after controlling for unobserved 

heterogeneity, specifically gender differences in mathematics self-belief measures at the 

country level, which correlate with the gender equity measure. 

1.1    Background 

Evidence suggests that the gender mathematics gap begins as early as in primary or lower 

secondary school; standardized mathematics tests for students at these educational stages show 

that in most countries girls underperform boys (e.g., Else-Quest, Hyde, & Linn, 2010). Fryer 



4 
 

and Levitt (2010) found that girls fall behind relative to boys by about 0.2 of a standard 

deviation by the end of primary schooling.  The authors do not find evidence that the gap is 

explained by differential investments for girls vs. boys or parental expectations (despite 

differences in parental expectations). 

There is a considerable amount of research investigating the role of self-beliefs in 

academic achievement and self-efficacy has attracted most of the interest. Self-efficacy has 

been found to be an important predictor of mathematics achievement and to strongly influence 

behaviour and academic success (e.g., Benight & Bandura 2004). Pajares (1996) provided 

evidence that mathematics self-efficacy can be a stronger predictor than past mathematics 

achievement itself. There is also evidence on the effect of self-efficacy on the subsequent 

choice of STEM careers of young women (e.g., Perez-Felkner, Nix, & Kirby, 2017). 

The empirical literature also investigates the existence of reciprocal effects between 

various self-beliefs and achievement. Of the models which assume a causal relationship 

between self-beliefs and achievement, the “skill development model” suggests that 

achievement has a positive effect on later self-efficacy, while the “self-enhancement model” 

suggests that self-efficacy has a positive effect on later mathematics achievement. The 

“reciprocal effect hypothesis” integrates these two hypotheses. Empirical evidence is mixed; 

some findings point to the existence of a reciprocal relationship (e.g., Valentine & Dubois, 

2005), while others do not, mostly supporting the self-enhancement model (e.g., Mittag, 

Kleine, & Jerusalem, 2002). In the domain of mathematics, research on reciprocal effects 

generally favours the self-enhancement model (e.g., Marsh, Trautwein, Ludtke, Koller, & 

Baumert, 2005).   

 A separate strand of cross-country studies often finds that more gender equal countries 

are associated with a lower gender mathematics gap (e.g., Guiso et al., 2008); however, Fryer 

and Levitt (2010) found that there is inconsistency in findings depending on country inclusion. 
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The lack of a relationship between the mathematics gap and gender inequality is also found in 

Stoet and Geary (2013), Stoet et al. (2016), and Gevrek, Neumeier, and Gevrek (2018). 

1.2 Self-beliefs as non-cognitive constructs 

Self-efficacy in the domain of mathematics can be defined as individuals’ beliefs/perceptions 

regarding their abilities in overcoming difficulties and achieving favourable outcomes in 

mathematics. While better performance in mathematics leads to higher levels of self-efficacy, 

students who have low levels of mathematics self-efficacy are at a high risk of underperforming 

in mathematics, despite their abilities (Schunk & Pajares, 2009). The correlation of 

mathematics self-efficacy with achievement has been found to be particularly strong (Stankov, 

Morony, & Lee, 2014).  

           Self-concept is an individual's belief and evaluation about his or her abilities. It is largely 

self-constructed and is influenced by previous performance, as well as by comparing 

performance to his/her peers’ performance. While self-efficacy and self-concept are similar 

insofar as accounting for one's judgments of their capabilities, they different in several ways. 

Whereas self-concept refers to a judgement of one's own academic abilities, self-efficacy 

relates to the confidence in one's own abilities and can vary depending on the tasks used to 

measure this confidence (e.g., Pajares & Schunk (2001). A student may have an overall self-

concept for a skill or ability, while holding a different perceived self-efficacy for a specific task 

within that domain. For example, a student may hold a negative self-concept for mathematics 

classes but have high self-efficacy for a particular topic or task. Ferla, Valcke, and Cai (2009) 

found that math self-efficacy and math self-concept do indeed represent conceptually and 

empirically different constructs, even when studied within the same domain.  

         Mathematics Anxiety refers to feelings of helplessness and emotional stress experienced 

by students when dealing with mathematics. The empirical literature generally confirms that 

there is a negative association between mathematics anxiety and achievement, but this 
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relationship varies with students’ social and academic background (Ma, 1999). Meece, 

Wigfield, and Eccles (1990) found that the effect of anxiety on achievement is indirect once 

other constructs such as self-efficacy and self-concept are considered.  

2. Materials and Methods 

2.1    Data 

The 2012 Programme for International Student Assessment (PISA), like its predecessors, 

intends to measure what 15-year-old students can do with what they learn at school. It 

emphasizes the mastery of processes, the understanding of concepts, and the ability to function 

in various types of situations. The 2012 survey focused mainly on mathematics with more than 

half a million students competing in the 65 participating countries and regions. It contains 

information on student characteristics, family background, school and teacher characteristics, 

measures of engagement with and at school, and non-cognitive mathematics self-constructs 

(such as mathematics self-efficacy, mathematics self-concept and mathematics anxiety). The 

survey also contains the constructed Economic, Social and Cultural Status index (ESCS), 

which was derived using three other indices: (a) highest occupational status of parent, (b) 

highest educational level of parents and (c) home possessions. 

 The constructed self-belief continuous scales were based on Likert-type categorical 

items in the questionnaire. For the construction of the self-efficacy scale, participants were 

asked how confident they felt about having to do eight mathematics tasks with different degree 

of difficulty, varying from comparatively easy (such as solving an equation like “3x + 5 = 17”) 

to more difficult ones (such as calculating the petrol consumption of a car). The response 

categories were “Very confident”, “Confident”, “Not very confident” and “Not at all 

confident”. For constructing the self-concept scale, participants were asked for the extent they 

agreed  (from “Strongly agree” to “Strongly disagree”) with five statements (“I am just not 

good in mathematics”; “I get good grades in mathematics”; “I learn mathematics quickly:; “I 
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have always believed that mathematics is one of my best subjects”; and “In my mathematics 

class, I understand even the most difficult work”). Finally, for constructing the mathematics 

anxiety scale, participants were asked for the extent they agreed with five statements (“I often 

worry that it will be difficult for me in mathematics classes”;  “I get very tense when I have to 

do mathematics homework”; I get very nervous doing mathematics problems”; “I feel helpless 

when doing a mathematics problem”; and “ I worry that I will get poor <grades> in 

mathematics”). The categorical items were scaled using Item Response Theory (IRT) 

modelling. Weighted Likelihood Estimates (WLEs) for the latent dimensions were transformed 

to scales with a mean of 0 and a standard deviation of 1 across OECD countries, i.e., the average 

OECD student would have an index value of zero and about two-thirds of the OECD student 

population would be between the values of -1 and 1 (OECD, 2014b). 

 The proportion of missing values for demographic variables is small (less than 3%); 

however, for self-belief measures, about one-third of observations have missing values. 

Missing values were imputed using the method of relating observations to a set of fundamental 

variables (Little & Rubin, 2002). Cases are organized by patterns of missing data so that the 

missing-value regressions can be conducted efficiently. Fundamental variables with no or very 

few missing values on which the imputation is based, are socioeconomic status and basic 

demographic variables.  

2.2   Model specification 

The dependent variable is the Mathematics literacy score1. The surveys contain five plausible 

values for each literacy score and 80 Balanced Repeated Replication (BRR) weights. Using the 

average of the five plausible values of the score at the student level before further analysis, 

would lead to underestimation of the standard errors and overestimation of the correlation 

between the student performance and some of the background variables. I used the first 

plausible value of the mathematics score. Statistical estimates and sampling variances were 
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derived by using the final student weight as well as the 80 replicate weights2. The mathematics 

score was standardised (mean 0 and standard deviation of 1), to facilitate cross-country 

comparisons. The dependent variable meets the assumption of normal distribution and there is 

no evidence of bunching of observations at specific values. 

2.2.1 Controls 

The basic model underlying the literature on determinants of educational achievement 

(education production function), captures student and family background characteristics, as 

well as school characteristics, resources and institutional features of schools and educational 

systems. Student characteristics (which include mathematics self-beliefs) along with family 

background characteristics constitute the most important determinants of student achievement.  

 Controlling for peer effects at the school level (such as mean socioeconomic status of 

peers) is also important, as it proxies for factors associated with school quality and helps 

addressing possible bias from peer sorting. On the other hand, in within-country investigations 

controlling for institutional factors and policies would be less important, since schools operate 

broadly within the same policy environment. 

The literature recognizes that self-beliefs are likely not exogenous in the statistical 

sense (due to omitted variables such as student ability, selection and possible reverse 

causation), resulting in biased estimates of related coefficients. Therefore, when making cross-

country comparisons of estimates (of the mathematics gender gap in this case) obtained from 

the same estimation model, the assumption is that any bias on estimates is constant across 

countries (Hanushek & Woessmann, 2010). 

The set of controls contains both dichotomous and continuous variables and all the 

continuous variables used are indices3. It includes:  

Student demographic variables (besides gender): 

- Location size: City vs. smaller community. 
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- Immigrant status: Student is first- or second-generation immigrant vs. a native.   

- Language spoken at home: Language of the test vs. another language.  

- Grade level of student: Lower secondary general academic vs. upper secondary general 

academic. Grade level is controlled for because PISA assesses 15-16-year-old students, 

not students in a specific grade. 

- Family socioeconomic status of student: The Economic, Social and Cultural Status index 

(ESCS) was used. In PISA 2012, the ESCS scores were obtained using principal 

component analysis from the following indices: Family home possessions (wealth, home 

possessions, cultural possessions and number of books at home), highest parental 

education, and highest parental occupation.  

Student mathematics-specific latent self-belief constructs: 

- Self-efficacy, Self-concept, Anxiety  

School characteristics:  

- School type: Public vs. private (according to whether a private entity or a public agency 

has the ultimate power to make decisions). 

- School peer group quality: Mean socioeconomic status (ESCS) of peers at the school 

level. 

In specifying the observable controls and maintaining a degree of parsimony in the 

model, as much as possible I avoided using endogenous controls (except for self-beliefs), such 

as various attitudinal variables, i.e., drive and motivation, perseverance, sense of belonging, 

etc.  

2.3 Methodology 

The Blinder-Oaxaca (Blinder, 1973; Oaxaca, 1973) regression-based decomposition method is 

often used to decompose between-group differences in earnings and attribute such differences 

to differences in characteristics (“explained” part) and a residual part due to differences in 
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regression coefficients associated with various characteristics (“unexplained” part). The 

“unexplained” part also contains the effects of any group differences in unobserved 

characteristics. In this study, the decomposition is implemented both at the mean, as well as 

the 10th and 90th percentiles of the achievement distribution (low and high performing students). 

Decompositions at percentiles are performed using the methodology of unconditional quantile 

regression (Firpo, Fortin, & Lemieux, 2009). The analysis is mostly focused on answering the 

question: What proportion of the gross gender mathematics gap is accounted by gender 

differences in self-beliefs. In other words, what the gender mathematics gap would have been 

if there were no gender differences in self-beliefs. In the online appendix I discuss the 

conceptual framework, methodological issues and assumptions related to performing detailed 

decompositions at the mean and for other distributional statistics. 

3.      Results 

3.1    The gender gap in mathematics achievement and self-beliefs 

Tables S1a-S1e in the online appendix contain estimates of mean cross-country gender 

differences in mathematics anxiety, self-efficacy, and self-concept indices. With few 

exceptions, differences in all three indices are in favour of male students and more so in OECD-

Europe. On the other hand, in countries with no or negligible male mathematics achievement 

advantage (such as in ex-Eastern Bloc and Middle Eastern countries), gender differences in 

self-beliefs are generally small, especially for mathematics anxiety. 

 Tables S2a-S2e in the online appendix, besides the decomposition results, report 

estimates of standardised gender mathematics gap at the mean and at the 10th and the 90th 

percentiles of achievement distribution. There is considerable cross-country heterogeneity, 

between - as well as within groups of countries. No significant gender gap is found in about 

one-quarter of countries, while in five a negative gap was found (three in the Middle East and 

two in East Asia). Mean gaps exceeding 0.2 of a standard deviation are found only in 10 

countries, of which 6 are in Latin America; however, at the 90th percentile of achievement. 
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However, the gender mathematics gap for high performing students is considerably larger than 

the mean gap; in half of the countries the gender gap at the 90th percentile exceeds 0.2 of a 

standard deviation. This is the case for all Latin American countries (where the gap is as high 

as 0.5 standard deviations in some countries), as well as more than half of the OECD/European 

countries.  

 3.2    Decomposition of the gender mathematics gap 

The analysis in this subsection addresses the first research question, i.e., cross country 

differences in the size of the gender mathematics gap and the composition of its constituent 

components. Table 1 summarizes the findings on cross-country patterns in the size of the 

standardized gap (d ≥ 0.2, 0 < d < 0.2 and d ≤ 0), composition of the gap (dominance of the 

explained vs. the unexplained component), as well as the proportion of the gender mathematics 

gap at the mean and 90th percentile accounted for by self-beliefs. Tables S2a-S2 in the online 

appendix contain more detailed information on the findings. Each component of the gap can 

be positive or negative, depending on whether differences favour of boys vs. girls. The 

difference between the total explained component and the contribution of self-beliefs to the 

explained component reflects the contribution of differences in characteristics other than the 

three self-beliefs to the explained component.  

[Table 1 about here] 

 Cross-country heterogeneity in decomposition components exhibits a distinct pattern. 

In OECD/Europe, with few exceptions, the part explained by differences in characteristics 

either exceeds or accounts for most of the overall gender mathematics gap. This is also the case 

for high income East Asian countries/regions. These findings apply not only for students of 

mean achievement but also for high achieving students. Within the group of non-OECD 

European countries (ex-Eastern Bloc countries) where the gender mathematics gap is small or 

non-existent, the constituent components of the observed gap are also trivial in size.  
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The pattern in Latin America, the region with the highest inequalities in income, wealth, 

and gender and other aspects of inequality (OECD 2017), is drastically different. Differences 

in characteristics explain only a small part of the gender mathematics gap and the unexplained 

component accounts for most or all the gender gap. Detail decomposition results4 show that 

within the unexplained part, the largest contributor is differences in regression intercepts. This 

suggests that the gender mathematics achievement gap in favour of male students in Latin 

American can be attributed to “gender membership”, hence it may be related to unobserved 

factors or broader gender discrimination against girls. Finally, the negative gender gap found 

in 6 countries (UAE, Qatar, Jordan, Malaysia, Thailand, and Iceland), are largely unexplained 

and mainly associated with differences in regression intercepts in favour of female students. 

The most likely explanation for the observed heterogeneity in the overall size and 

constituent components of the gender mathematics gap and more specifically, that in a variety 

of countries the gap is small or non-existent (Northern European countries, most ex-Eastern 

Bloc countries, and high income East-Asian countries), or even negative (UAE, Qatar, Jordan, 

Malaysia, Thailand, and Iceland), relates to cultural differences. Kane and Mertz (2012) 

analysed data for student mathematics performance from 86 countries. They found that math 

achievement is highly related to gender equality and that both boys and girls tend to do better 

in math when raised in countries where females have better equality. They suggest that in some 

Middle Eastern countries where girls tend to perform better than boys, girls did not perform 

very well, but boys performed even worse. This could be explained by the type of schooling 

many boys get, which is religious in nature, and that likely many low performing girls drop out 

of school; hence selection issues limit the extent to which findings can be compared with other 

countries. The likely explanation for the small gender mathematics gaps in several East Asian 

countries is also cultural. East-Asian countries share common Confucian cultural values. There 
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is a strong emphasis on the importance of education and high expectations on both male and 

female students to achieve in every subject, including mathematics (e.g., Leung, 2006).  

3.3    The contribution of differences in self-beliefs to the mathematics gender gap 

 

The discussion in this subsection addresses the second research question, i.e., the contribution 

of self-beliefs to the explained component and the overall gender gap. Casual inspection of 

Table 1 reveals that in almost all OECD/European countries (an exception is Turkey), gender 

differences in self-beliefs explain all or in excess of the entire gender mathematics gap at the 

mean, as to a large extent, also among high achieving students. In other words (everything else 

held constant5), if female and male students had the same distribution of self-beliefs, there 

would not be a male achievement advantage. Similar conclusions can be drawn for most of 

non-OECD Europe and several higher income East Asian countries/regions. In Latin America 

on the other hand, while equalizing self-belief distributions would somewhat reduce the overall 

gap, most of the male advantage would remain, as it is largely unexplained. 

 It is also clear that gender differences in self-efficacy are the most important individual 

contributor to the explained component, as well as the overall gender mathematics gap. In fact, 

if female and male students had the same distribution of self-efficacy, in almost half of the 

OECD/European countries any existing male advantage would disappear or turn to a female 

advantage. In a few countries, differences in self-concept contribute as much as differences in 

self-efficacy (Finland, Norway, Poland, Slovenia, Chile, Peru, and Shanghai-China). The 

contribution of differences in mathematics anxiety are generally moderate, with some 

exceptions (Ireland, Italy, Greece, Luxemburg, US, Russia, Brazil, Mexico, Macao, 

Singapore). 

 Considering the findings on the contribution of gender differences in mathematics self-

beliefs to the gender mathematics gap across the countries investigated, one might get the 

impression that self-belief differences matter more in OECD/Europe than in other parts of the 
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world. Closer inspection reveals that the contribution of self-beliefs to the total gap largely 

depends on the relative size of the constituent components of the gap. The larger the 

unexplained component relative to the explained, the less self-beliefs contribute to the total 

gap. However, even in countries where the unexplained component dominates, differences in 

self-beliefs still comprise most or the entire explained component. Focusing on the gender 

mathematics gap at the 90th percentile of achievement (where the gender gap is largest), in 

OECD/Europe, where the explained component dominates, self-beliefs account for all or in 

excess of the explained component and in most cases the total gap. In non-OECD Europe, in 

countries with a substantial explained component (generally higher income countries), self-

beliefs account for all or in excess of the explained component. In Latin America, where the 

unexplained component tends to be large, differences in self-beliefs comprise all or in excess 

of the explained component, but only 25-60% of the total gap. This is generally the case also 

for East Asian countries. In the three Middle Eastern countries with an achievement gap 

favouring boys, differences in self-beliefs comprise most or all the explained component. 

 Finally, given the endogenous nature of self-beliefs and the likely relevance of 

unobservables, can we assign a causal interpretation to the findings? To the extent that the main 

assumption on which the analysis is based - the conditional independence assumption - may 

not hold, a causal interpretation cannot be assigned. The main concern is that, given the choice 

of observables, unobservables may not be randomly determined across gender groups; for 

example, certain observable and unobservable characteristics, may also be functions of the 

gender achievement gap. On the other hand, even if the assumption that unobservables are 

independent of the vector of controls X (i.e., E (ε | X) = 0), on which decompositions depend 

is violated, but the conditional independence assumption holds, the decomposition estimates 

could remain valid, provided that their conditional distribution is the same for males and 

females after controlling for observables. For example, in our case, if student self-beliefs are 



15 
 

correlated with unobserved ability, we can still derive consistent estimates if the nature of the 

dependence between the two is the same for the two groups (Fortin, Lemieux, & Firpo, 2010). 

3.4    The relationship between the gender mathematics gap and gender inequality. 

 

The analysis in this section addresses the third research question and assesses what role self-

beliefs play in the relationship between cross-country differences in gender equity and the 

gender mathematics achievement gap.   Tables 2a (estimates at the mean) and 2b (estimates at 

the 90th percentile), contain the results of cross-country regressions in which the overall gap 

(ΔT), the explained component (Δe) and the unexplained component (Δu) are regressed on the 

2012 standardised World Economic Forum Gender Development Index (GGI)6, after 

controlling for economic development using the logarithm of per-capita income7 for year 2012. 

Information on GGI and per-capita income is available for 56 out of the 60 cases (Hong Kong, 

Shanghai, Macao, and Chinese Taipei were excluded).  

[Tables 2a and 2b about here] 

 The estimates at the mean do not support a link between the overall gender mathematics 

gap and gender equity. The corresponding estimate for high achieving students, while 

numerically substantial, is imprecisely estimated. There is also no support for an association 

between gender equity and the explained component, both at the mean and at the 90th percentile 

of achievement; however, the negative association between gender equity and the unexplained 

component, while not significant at the mean, is significant at the 1% level among high 

performing students. Overall, the cross-country regression findings seem to suggest that 

societal gender inequalities are not linked to the magnitude of the gender mathematics gap but 

may be related to the relative size of its constituent components.  

Since there could be various unobserved factors influencing the mathematics gender gap, 

to avoid the possibility of spurious correlations between unobserved/unaccounted factors and 

gender equality measures, an alternative approach, previously used in Guiso et al. (2008), is to 
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use student-level data and control for unobserved heterogeneity by including country dummies. 

Tables S3a-S3b in the online appendix contain the estimates at the mean (S3a) and at the 90th 

percentile (S3b) in a model with a female dummy as well as its interaction with gender equality 

(GGI) and the logarithm of per-capita income. The coefficient of interest is for the interaction 

between gender and GGI.  

Controlling only for country fixed effects in Table S3a (column 1), the interaction 

between gender and GGI remains insignificant. Adding individual level controls, excluding 

self-belief measures (column 2) results in a statistically significant coefficient at the 5% 

confidence level. However, after adding the self-belief controls (column 3), the coefficient of 

the interaction term more than doubles and is now significant at the 1% confidence level. These 

findings suggest that the correlation between mathematics scores and gender equality is not a 

spurious correlation due to unobserved heterogeneity. Table S2b contains the corresponding 

estimates at the 90th percentile of achievement, derived from estimating a quantile regression. 

In this case, controlling for country fixed effects (column 1) is enough to obtain a gender- GGI 

interaction coefficient which is statistically significant at the 1% level.  

The above results suggest a closer examination of the estimates in Tables 2a and 2b, by 

first looking at the correlation between gender equality (GGI index) and gender differences in 

mathematics self-belief measures at the country level. These differences vary substantially 

between countries. The gender equity index correlates strongly with gender differences in 

mathematics self-beliefs at the country level. I re-estimated the model in column 1 of Tables 1 

and 2 by controlling for cross-country gender differences in self-beliefs.  

Table 3 contains the results for the overall standardised gender mathematics gap at the 

mean and at the 90th percentile of achievement. The negative association between gender equity 

and the standardised gender mathematics gap is now significant at the 1% level, both at the 

mean and for high achieving students. One standard deviation increase in GGI is associated 
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with a decrease in the standardised gender mathematics gap by 0.038 of a standard deviation 

at the mean and 0.067 for high achieving students. To put these effects in perspective, the mean 

gender mathematics gap across countries is approximately 0.1 of a standard deviation at the 

mean and 0.2 at the 90th percentile. So, each of the two effects amounts to about one-third of 

the cross-country gender gap. This negative and significant association between the overall 

gender mathematics gap and gender equity is due to a negative and significant association 

between the unexplained component of the gap and GGI. 

[Table 3 about here] 

 These findings provide a new insight into the investigation of the link between gender 

equity and the mathematics gender gap. Using a larger and more diversified group of countries 

than Guiso et al. (2008) and no additional controls, I found no statistically significant 

association in a cross-country regression. However, after considering the correlation between 

gender equality and gender differences in mathematics self-beliefs, a strong association 

emerges: more gender equal countries are associated with a smaller gender gap in mathematics 

achievement. 

 Finally, while this study presented evidence that gender differences in self-beliefs are 

the most important contributor to the gender mathematics gap as well as in establishing a link 

between gender equality and the size of the gender mathematics gap, I do not suggest that the 

findings are necessarily linked to the documented underrepresentation of girls in STEM study 

fields and occupations. Gender differences in interest for STEM-related fields are likely related 

to the interplay between economic considerations (i.e., for individuals living in lower-income 

countries) and the intrinsic subject-specific interest for certain fields (for those living in more 

affluent countries), as outlined in Stoet et al. (2016). With increasing affluence, the relative 

role of occupational interests become more important than financial considerations. 

3.5    Robustness checks 
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The robustness of estimates of the aggregate decomposition components of the gender 

mathematics achievement gap was examined by (1) not imputing missing values of the self-

belief measures; while the proportion of missing values for basic student-level variables is only 

1-3%, about one-third of values for self-belief variables is missing; and (2) assessing the 

robustness of results to the bias associated with unobservables. 

3.5.1 No imputation of missing self-belief values 

 In this robustness check, I imputed only the small proportion of missing values for basic 

student controls; this is to limit excessive attrition of observations. Table S4 in the online 

appendix contains the estimates with and without imputation of missing values at the mean and 

at the 90th percentile of achievement. Under no imputation, the estimation sample is 

considerably smaller, about two-thirds of the corresponding sample size with imputation. 

Under no imputation, the estimates of the overall gap as well as the unexplained component 

somewhat larger, while the explained component is of similar magnitude to that under 

imputation. However, qualitatively earlier conclusions still hold. 

3.5.2 Assessing the size of the bias due to selection on unobservables 

In section 3.3 it was found that the most important contributor to the gender mathematics gap 

is gender differences in student perceived self-beliefs. However, in the decomposition 

equation, the contribution of gender differences in the endowments of a characteristic is 

evaluated at the corresponding coefficient estimate. The estimates of the effect of all three self-

belief constructs are expected to be biased since self-belief measures are likely endogenous. 

The most important potential bias is due to omitted variables in the regression (selection on 

unobservables). If we assume that the most important excluded variable is students’ “academic 

ability”, it is expected that achievement is positively correlated with ability. Based on intuition, 

the correlation between self-beliefs (self-efficacy and self-concept) and academic ability is 
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expected to be positive and the correlation between mathematics anxiety and academic ability 

is likely negative.  

 I assessed the potential bias associated with selection on unobservables using the 

approach based on the idea that one can obtain information about the extent and direction of 

this bias by observing coefficient movements of the variable of interest (self-beliefs in our case) 

after including the rest of the observed controls (Altonji, Elder, & Taber, 2005; Oster, 2017). 

A description of the bias and the correction method can be found in the supplementary material. 

The assumption on which the method is based is that selection on observable controls included 

in the model is informative about the extent of selection on unobservables (i.e., unobservables 

share covariance properties with observables).  Oster (2017) explicitly connected the bias to 

coefficient stability in a general estimator under proportional selection (selection on 

unobservables proportional to selection on observables with a coefficient of proportionality, δ) 

and showed that for coefficient stability to be informative it needs to be combined with 

information on R-squared movements. Therefore, besides the assumption on the importance of 

unobservables relative to observables, one needs to make a reasonable bounding assumption 

on the hypothesized R-squared that would have been obtained had we been able to regress 

outcome Y on the complete set of observed and unobserved determinants of outcome (Rmax)
8.  

 I examined the robustness of coefficient estimates to selection on unobservables using 

the combined sample of OECD countries9, while controlling for country fixed effects. I 

assumed that the value of Rmax is the one recommended in Oster (2017), i.e., 1.3 times the R-

squared after controlling for observables10. I compared the base estimates of the contribution 

of self-beliefs on the gender mathematics gap (which assumed no selection on unobservables) 

to estimates derived assuming that unobservables are half-as important as observables (i.e., 

coefficient of proportionality, δ = 0.5). I found that, the contribution of gender differences in 

self-efficacy (the largest contributor among self-beliefs) still accounted for about 75% of the 
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overall gender mathematics gap (down from about 100% before bias adjustment). The 

contributions of differences in anxiety and self-concept are less robust to unobservables.  Bias 

adjustment decreases the contribution of differences in anxiety by half, while a small amount 

of selection (such as δ = 0.1) is enough to drive the contribution of differences in self-concept 

to zero11. 

4.       Conclusions 

This paper relates to two different strands of literature, one investigating the gender 

mathematics achievement gap in favour of boys and the role self-beliefs may play in the 

formation of the gap; the other investigates the existence of a cross-country link between the 

gender mathematics gap and gender equity. I used PISA-2012 survey data to investigate three 

research questions: (a) how does the gender mathematics gap and its constituent components 

(explained vs. unexplained) vary across countries?; (b) to what extent differences in self-beliefs 

contribute to the components of the gender gap, both at the mean and across the distribution of 

achievement?; and (c) what is the role of self-beliefs in the relationship between cross-country 

differences in gender equity and the gender mathematics achievement gap? 

There is considerable heterogeneity in decomposition components across various 

groups of countries. In OECD/Europe, the gap is substantial and mostly explained by 

differences in characteristics. This is also the case for high income East Asian 

countries/regions. Within the group of non-OECD European countries where the gender 

mathematics gap is much smaller or non-existent, the constituent components of the observed 

gap also tend to be small. In Latin America, differences in characteristics explain only a small 

part of the gender mathematics gap and most of the gender mathematics gap remains 

unexplained. The gender mathematics in Latin America may be related to unobserved factors 

or broader gender discrimination against girls. The observed heterogeneity in the overall size 
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and constituent components of the gender mathematics gap likely relates to cross-country 

cultural differences. 

Gender differences in self-beliefs (especially self-efficacy) contribute the most to the 

explained component, as well as the overall gender mathematics gap. In fact, if female and 

male students had the same distribution of self-efficacy beliefs, in almost half of the OECD-

European countries an existing male advantage would be observed. Furthermore, the effect of 

self-efficacy on achievement is the most robust among self-beliefs. Cross-country differences 

in the contribution of self-beliefs to the gender mathematics gap largely depend on the relative 

size of the constituent components of the gap. The larger the explained relative to the 

unexplained component, the more self-beliefs contribute to the gender mathematics gap. On 

the other hand, he larger the unexplained component relative to the explained, the less self-

beliefs contribute to the total gap; however, differences in self-beliefs still comprise most or 

the entire explained component. 

Finally, I investigated the relationship between the gender mathematics gap and gender 

equity across countries and found that a clearly negative association between the size of the 

gap and gender equality in a cross-country regression can be established, once cross-country 

heterogeneity in gender differences in mathematics self-beliefs (which correlate with gender 

equality) are controlled for.  

NOTES 

1 Defined as: An individual's capacity to formulate, employ and interpret mathematics in a variety of 
contexts (OECD, 2013). 

2 Analysing one plausible value instead of five provides unbiased population estimates as well as 
unbiased sampling variances on these estimates (OECD, 2009). However, it is not possible to 
estimate the imputation variance. 

3 All indices used meet the normality assumption. 
4 Not reported, but available upon request. 
5 Here I assume no general equilibrium effects. 
6 The index reflects the economic, political, and educational opportunities of women.  
7 Source: World Bank World Development Indicators, 2012. 
8 It is reasonable to assume that Rmax is less than 1, mainly because the dependent variable is measured 

with error, but also because there may be variation in Y which is not related to X. 
9 The combined sample of 30 OECD countries consists of about 230,000 observations. 
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 10 Oster (2017) parametrized Rmax as Rmax = Π*controlled R-squared, looking for an appropriate value 
of Π. Using replication files to examine a sample of published papers in top journals, some using 
randomised data and some observational studies which argued causality of the results, she found 
that less than 90% of results from randomized studies and only about half of the causality claims in 
non-randomized studies would survive bounding values of Π > 1.3.  As Rmax increases, even small 
changes in the coefficient tend to blow up. 

11 Detailed results are available upon request. 
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  Table 1: Cross-country patterns of the components of the gender mathematics gap and the contribution of self-beliefs 
 Size of standardized gap (d): 

 

(Mean/90th) 

Dominant component - 

Explained vs. unexplained: 

(Mean/90th) 

% of raw gap explained by 

differences in self-beliefs: 

(Mean/90th) 

Country d ≥ 0.2   0 < d < 0.2 d ≤ 0 Explained Unexplained 

OECD/Europe 

Australia 

Austria 

Belgium 

Canada 

Czech Republic 

Denmark 

Finland 

France 

Germany 

Greece 

Hungary 

Iceland 

Ireland 

Italy 

Israel 

Luxembourg 

Netherlands 

New Zealand 

Norway 

Portugal 

Poland 

Slovakia 

Spain 

Sweden 

Switzerland 

Turkey 

United Kingdom 

United States 

Non-OECD-Europe 

Bulgaria 

Croatia 

Estonia 

Latvia 

Lithuania 

Montenegro 

Romania 

Russia 

Serbia 

Slovenia 

Latin America 

Argentina 

Brazil 

Chile 

Colombia 

Costa Rica 

Mexico 

Peru 

Uruguay 

East-Asia 

Hong Kong 

Indonesia 

Korea 

Malaysia 

Macao 

 

/0.21 

0.25/0.33 

 

/0.22 

 

 

 

/0.28 

/0.22 

/0.24 

/0.26 

 

/0.23 

0.21/0.38 

/0.47 

0.27/0.31 

 

/0.31 

 

/0.21 

 

/0.28 

/0.35 

 

/0.20 

/0.24 

 

 

 

 

/0.30 

 

 

 

 

 

 

 

 

 

/0.21 

0.23/0.33 

0.30/0.35 

0.35/0.49 

0.38/0.51 

0.20/0.35 

0.24/0.27 

/0.27 

 

/0.31 

 

/0.33 

 

 

 

0.13/ 

 

0.11/0.19 

0.12/ 

0.13/0.14 

0.17/0.16 

/0.13 

0.09/ 

0.15/ 

0.10/ 

0.10/ 

 

0.19/ 

 

0.13/ 

 

0.11/0.15 

0.16/ 

 

0.14/ 

/0.19 

0.10/ 

0.19/ 

/0.11 

0.14/ 

0.09/ 

0.14/0.14 

/0.12 

 

/0.12 

0.14/ 

0.07/0.18 

0.05/0.10 

/0.19 

/0.13 

/0.14 

 

0.11/0.18 

/0.11 

 

0.18/ 

 

 

 

 

 

 

0.14/ 

 

0.17/ 

0.07/0.16 

0.19/ 

 

/0.12 

 

 

 

 

 

 

 

0/ 

 

 

 

 

-0.07/0 

 

 

 

 

 

 

0/0 

 

0/ 

 

 

0/ 

 

 

 

0/ 

 

0/ 

 

 

 

0/ 

0/ 

0/ 

0/0 

 

0/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

-0.10/0 

0/ 

 

√/√ 

√/√ 

/√ 

√/√ 

√/√ 

√/√ 

√/√ 

√/√ 

√/√ 

√/√ 

/√ 

/√ 

√/√ 

 

√/ 

√/√ 

√/√ 

√/√ 

√/√ 

√/√ 

√/√ 

√/ 

 

/√ 

√/√ 

 

√/√ 

√/√ 

 

 

√/ 

√/√ 

/√ 

√/√ 

√/√ 

 

 

 

 

 

 

 

/√ 

 

 

/√ 

 

/√ 

 

√/√ 

 

√/√ 

/NA 

√/√ 

 

 

 

√/ 

 

 

 

 

 

 

 

√/ 

√/ 

 

√/√ 

/√ 

 

 

 

 

 

 

/√ 

√/√ 

√/ 

 

√/√ 

 

 

 

√/√ 

/√ 

 

√/ 

 

 

NA/√ 

√/√ 

√/√ 

√/√ 

 

√/√ 

√/√ 

√/ 

√/√ 

√/√ 

√/ 

√/√ 

√/ 

 

 

√/√ 

 

√/ 

 

 

155/112 

85/71 

109/82 

159/95 

136/139 

153/188 

NA/192 

202/101 

142/100 

133/56 

120/75 

NA/NA 

94/87 

76/43 

98/27 

71/68 

126/90 

149/93 

NA/NA 

77/57 

NA/68 

116/51 

67/47 

NA/168 

169/125 

52/26 

171/195 

NA/117 

 

NA/39 

107/66 

224/102 

196/129 

NA/86 

NA/46 

NA/42 

NA/NA 

70/58 

NA/124 

 

45/55 

50/58 

47/62 

22/28 

34/41 

60/55 

32/53 

83/60 

 

124/54 

24/26 

83/45 

0/0 

NA/96 
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Shanghai 

Singapore 

Chinese Taipei  

Thailand 

Vietnam 

Middle East 

Jordan 

Qatar 

Tunisia 

UAE 

 

 

 

 

/0.27 

 

 

 

0.21/0.21 

/0.16 

0.06/0.13 

/0.14 

/0.13 

 

0.12/ 

 

 

/0.08 

 

0/ 

0/ 

-0.15/0 

 

 

-0.29/-0.10 

-0.17/ 

 

-0.06/ 

√/ 

 

√/√ 

/NA 

 

 

 

/√ 

 

/√ 

√/√ 

 

√/ 

√/√ 

 

√/√ 

√/ 

√/√ 

√/√ 

231/75 

NA/42 

NA/66 

NA/NA 

90/58 

 

NA/NA 

NA/68 

32/60 

NA/36 

Notes: NA: Not applicable due to 0 or negative raw gap. 
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Table 2a: The standardised gender mathematics gap vs gender equality at the mean 

 ΔT Δe Δu 

Standardised Gender Gap Index (GGI) 

 

LOG (Per capita income) 

 

Constant 

 

-0.008 

(0.023) 

0.011 

(0.024) 

0.060 

(0.076) 

0.017 

(0.010) 

0.055** 

(0.011) 

-0.086** 

(0.033) 

-0.025 

(0.021) 

-0.044* 

(0.020) 

0.146** 

(0.066) 

Adjusted R2 

N 

-0.032 

56 

0.560 

56 

0.201 

56 
Notes: Robust standard errors in parenthesis; * significant at the 5% level and ** significant at the 1% level. ΔT: 

Standardised gender mathematics score gap at the mean; Δe: Explained component of ΔT at the mean; Δu: 

Unexplained component of ΔT at the mean. Country weights (inversely proportional to country sample sizes) were 

used. 

 

 
Table 2b: The standardised gender mathematics gap vs gender equality: 90th percentile 

 ΔT Δe Δu 

Standardised Gender Gap Index (GGI) 

 

LOG (Per capita income) 

 

Constant 

 

-0.037 

(0.022) 

0.026 

(0.025) 

0.124* 

(0.078) 

0.014 

(0.011) 

0.047** 

(0.015) 

-0.014 

(0.047) 

-0.051** 

(0.017) 

-0.021 

(0.019) 

0.139** 

(0.058) 

Adjusted R2 

N 

0.022 

56 

0.393 

56 

0.260 

56 
Notes: Robust standard errors in parenthesis; * significant at the 5% level and ** significant at the 1% level. ΔT: 

Standardised gender mathematics score gap at the 90th percentile; Δe: Explained component of ΔT at the 90th 

percentile; Δu: Unexplained component of ΔT at the 90th percentile. Country weights (inversely proportional to 

country sample sizes) were used. 

 

Table 3: The standardised gender mathematics gap vs. gender equality 

 ΔT (Mean) ΔT (90th percentile) 

Standardised Gender Gap Index (GGI) 

 

LOG (Per capita income) 

 

 

Constant 

 

-0.038** 

(0.013) 

-0.047** 

(0.017) 

 

0.014 

(0.051) 

-0.067** 

(0.013) 

-0.031 

(0.018) 

 

0.101 

(0.051) 

Adjusted R-squared 

N 

0.489 

56 

0.410 

56 
Notes: Robust standard errors in parenthesis; ** significant at the 1% level. Additional controls: gender 

differences in self-beliefs by country. 

 


