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ABSTRACT

IZA DP No. 12371 MAY 2019

Culture, Gender, and Math: A Revisitation

Using five waves of PISA data spanning the period 2003-2015 and exploiting variation 

both across- and within-countries, we find that the positive association between the 

female-male gender gap in math test scores (which on average favors boys) and alternative 

measures of gender equality vanishes in OECD countries once we account for country fixed 

effects. Our findings highlight the relevance of country-level confounding factors when 

relying on cross-country analyses to study the relationship between the gender gap in math 

and female empowerment. Interestingly, our analysis for non-OECD countries uncovers a 

positive and statistically significant relationship between the math gender gap and female 

labor force participation. Similar results hold for the female-male gap in reading scores, 

which generally favors girls. This suggests that, in non-OECD countries, females’ human 

capital accumulation (relative to that of males) is affected by their labor market prospects. 
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Guiso et al. (2008) seminal paper uncovered a positive relationship between several 
measures of women’s emancipation and the gender gap in math scores between high-
school girls and boys, which tends to favor boys. Namely, in those countries where 
social and economic conditions are relatively more favorable to women, girls’ 
performance in math tests is closer to that of boys (or even better).1 In their analysis, the 
authors exploited cross-sectional variation in Program for International Student 
Assessment (hereafter PISA) test scores from 39 countries at a given year (2003).2  

Even though Guiso et al. (2008) controlled for the countries’ level of economic 
development in their analyses, cross-country estimates may well capture the effect of 
other country-specific confounding factors. To assess whether this is the case, we take 
advantage of the current availability of five waves of PISA data (2003, 2006, 2009, 2012 
and 2015) for 73 countries.3  By exploiting variation both across countries and within 
countries over time, we are able to revisit earlier findings and assess whether they still 
hold once the influence of time-invariant country-specific unobserved heterogeneity has 
been accounted for.   

 

PISA Data and Data on Women’s Emancipation 

Every three years, the Organization for Economic Cooperation and Development 
(OECD) conducts the PISA, an internationally standardized assessment administered to 
15-year olds in schools. PISA’s objective is to determine whether students have acquired 
the human capital needed to function in society near the end of compulsory education.  
In the case of mathematics, PISA’s literacy “is an individual’s capacity to formulate, 
employ and interpret mathematics in a variety of contexts. It includes reasoning 
mathematically and using mathematical concepts, procedures, facts and tools to 
describe, explain and predict phenomena. It assists individuals to recognize the role that 
mathematics plays in the world and to make the well-founded judgments and decisions 
needed by constructive, engaged and reflective citizens” (OECD 2017b). 

While PISA only collected data for 39 countries in 2003, by 2015 73 countries spanning 
all continents conducted the PISA assessment (Table S1). Note that our benchmark 
analyses will be based on students in the upper half of each country socioeconomic 

                                                
1 Others papers looking into the relevance of environmental factors for the math gender gap are, for 
instance, Pope and Sydnor (2010), Fryer and Levitt (2010), Nollenberger, Rodríguez-Planas and Sevilla 
(2016) and Rodríguez-Planas and Nollenberger (2018). 

2 When using FLFP, there are 39 countries in their sample.  With the GGI, the sample is reduced to 37 
countries.  

3 When using FLFP, we are able to use PISA data for 73 countries. However, we lose one country (Macao-
China) when using the GGI. See Table S1 from the Online Appendix for more details.  
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status distribution as in Guiso et al. (2008).4  The reason for this is to avoid attrition bias 
due to potential differential drop-out rates between genders in different countries. Our 
results, however, are robust to including all students in the estimations, as we will later 
show. 

According to PISA data, over the 2003-2015 period, non-OECD male and female 
students underperform their OECD counterparts in math by a similar amount: 80 points 
for males and 78.5 points for females. As for the average gender gap, girls underperform 
boys in math test scores by 9.9 score points in OECD countries and 3.7 score points in 
non-OECD countries (see Table S2).5   

The math gender gap markedly varies both across OECD and non-OECD countries as 
shown in Table S1 and in Figures 1 and 2, becoming negligible in some countries (such 
as Sweden or Indonesia) while being reversed in others (such as, for instance, Iceland 
and Malaysia in several years). Equally important for our purposes is the fact that the 
math gender gap is far from constant, that is, it also varies over time within countries, as 
visual inspection of Figures 1 and 2 reveals. In particular, within country variation 
accounts for about 61.5% and 54.9% of the total observed variation in the math gender 
gap in our pooled sample of OECD and non-OECD countries, respectively (Table S3).   

Using country and year identifiers, we merge PISA data from these 73 countries with 
time-varying gender equality measures, obtaining a sample of 166 country/year data 
points for 34 OECD countries and 122 country/year data points for 39 non-OECD 
countries. In line with Guiso et al. (2008), we use two alternative and complementary 
measures of gender equality: the Overall Gender Gap Index (GGI hereafter) and the 
female labor force participation rate (FLFP hereafter). The GGI is an index prepared by 
the World Economic Forum that measures the gap between men and women in society in 
general, as it includes inequality in four fundamental areas: economic participation and 
opportunity, political empowerment, educational attainment, and health and survival. Its 
highest possible score is 1 (parity) and the lowest possible score is 0 (imparity).  
Additionally, we use the FLFP from the World Bank’s World Development Indicators, 
which measures the proportion of the female population ages 15 and older that is 
                                                
4 The PISA dataset collects an indicator called Economic, Social and Cultural Status (ESCS) that measures 
students’ socio-economic status using both parental education, parental occupation, and home possessions. 
In each country, we computed the 50th percentile of ESCS (taking into account the students' final weights) 
and dropped all the observations below that threshold for our benchmark analyses.  

5 Because PISA offers five alternative estimates (known as plausible values) of students’ ability in each 
subject, the procedure used to estimate test scores involves calculating the required statistic five times, one 
for each plausible value (see the OECD recommendations in OECD (2017a).  Hence, we calculated the 
math gender gap in test scores in each country by running a linear regression of each of the plausible 
values on a constant and a female dummy variable. We then took the average of the five estimated 
coefficients on the gender dummy in the five regressions as the final gender gap for each particular 
country. 
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available for producing goods and services in the market economy.6 This indicator has 
frequently been used as a measure of female economic emancipation (Fernandez 2007; 
Guiso et al. 2008).  Both the GGI and FLFP are available for each country and year for 
which we have PISA data. On average, there is greater gender equality and female 
economic emancipation in OECD than non-OECD countries (Table S2), as the averages 
of both the GGI and FLFP are about 5% higher in OECD than in non-OECD countries 
(0.72 versus 0.68 for the GGI and 52.5% versus 50% for FLFP). 

Reassuringly, our two female emancipation indicators are strongly and significantly 
correlated with each other both in OECD (0.75) and in non-OECD countries (0.48). 
Moreover, Table S3 indicates that within-country variation accounts for 37.9% and 
19.7% of the observed variation in GGI and FLFP, respectively, in our pooled sample of 
OECD countries. The corresponding figures for non-OECD countries amount to 33.3% 
(GGI) and 11% (FLFP). Such temporal variation can be exploited, on top of the cross-
country variation illustrated in Table S2 that has been used in previous studies, in order 
to identify the effect of gender equality on the math gender gap. 

 

Replicating Guiso et al. (2008) Using 5 Waves of PISA Data 

As a benchmark for later comparisons, we begin replicating earlier findings from Guiso 
et al. (2008) by applying their statistical model to pooled data from five PISA wave 
spanning the 2003-2015 period. We regress the math gender gap for country i at time t 
(Y!") on the country’s gender equality indicator !"!" (we will use both the GGI and 
FLFP) and the logarithm of its Gross Domestic Product (log!"#!") per capita as shown 
in equation (1) below: 

!!" = !! + !!!"!" + !! log!"#!" + !!" (1) 

Note that the estimated association between the math gender gap and the female-
emancipation indicator in equation (1) is based on the cross-country variation in this 
indicator—while holding constant the level of economic development, proxied by the 
log of the GDP per capita.   

In columns 1 and 2 of Panel A in Table 1, we use the same countries as in Guiso et al. 
(2008), but expand the analysis to the additional four waves of PISA data currently 
available.7 Each column uses an alternative measure of female emancipation: the GGI 
and the FLFP, respectively. Columns 3 to 6 expand the analysis to additional countries 

                                                
6 Unpaid workers, family workers, and students are often omitted, and some countries do not count 
members of the armed forces. 

7 Needless to say, when we estimate model (1) using data for year 2003 only, as Guiso et al. (2008) do, we 
are also able to replicate their findings. 
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available in PISA in waves two to five, with the first two columns showing results for 
OECD countries and the other two showing results for non-OECD countries.  

Consistent with Guiso et al. (2008), we observe a positive and statistically significant 
association between the female-male gender gap in math test scores and our different 
measures of female emancipation in columns 1 to 4. All these estimates are statistically 
significant at the 1% level or lower. Results from columns 1 and 2 indicate that Guiso et 
al. (2008) findings for 2003 still hold when including four additional waves of data. 
Results from columns 3 and 4 indicate that, in OECD countries with greater female 
emancipation, girls perform better in math relative to boys than in OECD countries with 
lower female emancipation. As most (75%) of Guiso et al.’s sample consisted of OECD 
countries, this result corroborates their findings. 

In contrast, columns 5 and 6 of Panel A in Table 1 reveal that the association between 
either measure of female emancipation and the math gender gap in non-OECD countries 
is negative (albeit much smaller in absolute value than in OECD countries) and far from 
statistically significant at standard levels of testing.  This suggests that earlier findings 
appear to be sensitive to the level of female emancipation and/or economic development 
achieved in the countries under study. 

 

Controlling for PISA Cohort/Time Differences 

In Panel B of Table 1, we modify Guiso et al. (2008) model to add year fixed effects 
(!!) with the purpose of accounting for PISA cohort differences and/or time variation. 
We estimate the new model —see equation (2) below— using the same country groups 
and measures of female emancipation used in Panel A.  

!!" = !! + !!!"!" + !! log!"#!" + !! + !!" (2) 

This change delivers the same qualitative results as in Panel A: the relative under-
performance of girls in math test scores decreases with gender equality across OECD 
countries. However, no relationship is apparent across non-OECD countries after 
controlling for time/cohort effects. 

 

Controlling for Time-Invariant Unobserved Heterogeneity at the Country Level 

Even though all the models estimated so far control for the countries’ level of economic 
development by including the log of the GDP per capita as a control, it is plausible that 
previous results are due to the presence of country-level unobserved factors potentially 
affecting both the math gender gap and our female-emancipation indicators. To address 
this concern, in Panel C of Table 1 we estimate model (3), which adds country fixed 
effects (!!) to model (2): 
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!!" = !! + !!!"!" + !! log!"#!" + !! + !! + !!"   (3) 

Doing so implies that we are now eliminating the influence of time-invariant country-
specific characteristics by exploiting changes in gender equality within each country 
over time to identify the effect of female emancipation on the math gender gap. The 
analysis is again shown for the Guiso et al. (2008) sample (columns 1 and 2), OECD 
countries (columns 3 and 4), and non-OECD countries (columns 5 and 6) for the period 
2003-2015.  

Focusing on the first column of Panel C in Table 1, we observe that including country 
and year fixed effects changes the sign of the estimated coefficient of interest, which is 
now negative, considerably smaller in absolute value, and no longer statistically 
significant. This indicates that, once we account for country-specific time-invariant 
idiosyncrasies, the positive and statistically significant association between the GGI and 
the math gender gap in the sample of countries used in Guiso et al. (2008) vanishes.  For 
FLFP, the positive coefficient remains but is now considerably smaller and no longer 
statistically significant (shown in column 2 of Panel C in Table 1).  The coefficients of 
interest for either the GGI or FLFP in columns 3 and 4 are both negative (albeit not 
statistically significant), underscorring that there is no significant positive association 
between female empowerment and the math gender gap over the 2003-2015 period in 
our sample of 34 OECD countries after accounting for time-invariant country 
unobserved heterogeneity.  In sum, findings from columns 1 to 4 reveal that results from 
cross-sectional analyses likely reflect a spurious correlation between women’s 
emancipation and other country-specific unobserved determinants of the math gender 
gap both in the sample of countries used in Guiso et al. (2008) and in the larger sample 
of OECD countries currently available in PISA. 

Interestingly, accounting for time-invariant country unobserved heterogeneity yields a 
positive and statistically significant relationship between FLFP and the math gender gap 
in non-OECD countries, as shown in column 6 of Panel C in Table 1. Namely, we find 
that in those non-OECD countries where FLFP increases the most, girls’ math 
performance relative to that of boys improves the most, suggesting that girls’ relative 
math test performance may be related to their labor market prospects. While the 
coefficient on the GGI is also positive, which is consistent with greater female 
emancipation being associated with improved female performance in math (relative to 
that of males), the estimated effect is not statistically significant.  

 

Controlling for Student-Level Heterogeneity 

One potential concern with the country-level analyses presented so far is that they may 
mask systematic differences in student characteristics across countries that could be 
driving the results. To control for student-level (and not just country-level) 
heterogeneity, we reran our regressions at the student level and used multilevel models. 
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Level 1 observations (students) are treated as nested within Level 2 observations 
(countries), and we allow Level 1 effects to vary across countries and over time. In the 
first level, we estimate equation (4) separately for each country i and year t across j 
students:  

!"#ℎ !"#$ !"#$%! = !! + !!!"#$%"! + !!!! + !!   (4) 

 
, where the left-hand-side variable is student j’s math test score, and the main covariate is 
a female dummy equal to 1 if the student is as female and 0 otherwise.  In addition, we 
include a vector of covariates, !!, that controls for whether student j is at grade level, as 
well as his or her mother’s and father’s education level and employment status. In all 
student-level estimations, each observation is weighted using the students’ final weights 
provided in PISA. Hence, !!!" is the average adjusted math gender gap in country i and 
year t. 

In Level 2 analysis, we regress the estimated coefficient on the female dummy from 
Level 1, !!!", on the country-and-year-level variables previously used: 

!!!" = !! + !!!"!" + !! log!"#!" + !! + !! + !!" (5) 

Columns 1 and 3 in Table 2 show the effect of the GGI on the math gender gap, 
!!, using the multilevel model described above for the sample of OECD and non-OECD 
countries, respectively. Columns 2 and 4 re-estimate the multilevel analysis with FLFP 
instead of the GGI as measure of female emancipation. As in the country- and year-fixed 
effects aggregate analysis, we find that in those non-OECD countries where FLFP 
increases the most, girls’ math performance relative to that of boys improves the most. 
Among OECD countries, no such effect is found as the association is negative, albeit not 
statistically significantly different from zero. 

 

Additional Robustness Checks 

We now address concerns that our findings may be sensitive to the fact that we have so 
far focused on students in the upper half of each country’s socioeconomic status 
distribution. In Table 3 we replicate Panel C in Table 1 using all students, regardless of 
their socioeconomic status. Doing so reveals similar findings—although now the FLFP 
coefficient for non-OECD countries is only statistically significant at the 10% level. 
Namely, we find that once we control for time-invariant country unobserved 
heterogeneity, greater female involvement in the labor market attenuates girls’ relative 
under-performance in math only in non-OECD countries. We find no evidence of such 
phenomenon in OECD countries. 

Table 4 replicates Panel C of Table 1 using students at the 95th percentile of their 
country’s math distribution (regardless of their socioeconomic status). Estimates are 
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again consistent with our main finding: only in non-OECD countries do we observe that 
FLFP significantly narrows the female-male gap in math test scores. 

 

Reading Test Scores 

Evidence that the effects of culture expand beyond math suggests that gender social 
norms affect female academic performance more broadly.   

As others have found (Guiso et al. 2008; Rodríguez-Planas and Nollenberger 2018), the 
gender gap tends to be reversed in reading with girls outperforming boys.  Indeed, using 
PISA data for 2003-2015, girls over-perform boys in reading by an average of 30.4 and 
32.5 points in OECD and in non-OECD countries, respectively (Table S1, Column 4 and 
Table S2).   

Additionally, Table S2 reveals that, as it was the case with math performance, OECD 
students of both sexes over-perform their non-OECD counterparts in reading. Figures 3 
and 4 show that the reading gender gap also varies significantly both across countries 
and over time, with 62.8% and 51.6% of its total observed variance in OECD and non–
OECD countries being attributable to time variation (Table S3). 

Table 5 presents our main results for reading test scores.  The first four columns replicate 
Guiso et al. (2008) analysis but adding year fixed effects and all the PISA waves 
currently available—model (2)—using OECD and non-OECD countries and the two 
alternative measures of women’s emancipation: the GGI and FLFP. The last four 
columns present results using model (3), which controls for time-invariant country 
unobserved heterogeneity.   

Focusing on OECD countries first, we observe that in those countries with greater 
gender equality, girls perform much better than boys in reading, and this association is 
statistically significant at the 1% level (column 1 in Table 5).  While the coefficient 
remains positive for FLFP (column 2 in Table 5), it lacks statistical precision.  At any 
rate, columns 5 and 6 reveal that this positive association is likely driven by other 
confounding factors in OECD countries, as both coefficients change signs and lose 
statistical significance once we control for time-invariant country unobserved 
heterogeneity.  In sum, Guiso et al. (2008) findings for reading test scores do not apply 
to OECD countries once we exploit within country variation in gender emancipation. 

Moving to non-OECD countries, columns 3 and 4 in Table 5 show a negative association 
between women’s emancipation and the gender gap in reading across countries—albeit 
only with FLFP statistical significant at the 5% level is achieved. Columns 7 and 8 
indicate that once we account for both country and year fixed effects, greater FLFP 
within a non-OECD country is associated with much better girls’ performance in reading 
relative to that of boys. This result is statistically significant at the 5% level and, in 
general, robust to alternative specifications and sample definitions as shown in Table 6. 



9	

	

Conclusion 

Put together, our analysis uncovers two important findings.  First, we find that earlier 
cross-sectional findings were biased as they were unable to control for country-specific 
confounding effects. Once we control for time-invariant country unobserved 
heterogeneity, the positive statistical association between different measures of gender 
equality and the relative performance of girls in mathematics (or reading) vanishes in 
both Guiso et al. (2008) original sample and in the 34 OECD countries surveyed by 
PISA. 

Second, we find a robust and statistically significant positive association between FLFP 
and girls’ relative performance in both mathematics and reading using a sample of 39 
non-OECD countries surveyed by PISA over the 2003-2015 period. As identification is 
based on within-country variation in FLFP over time, our findings cannot be driven by 
time-invariant country unobserved heterogeneity.  

Our non-OECD findings suggest that girls’ (relative to boys’) test performance in school 
is related to their employment opportunities, as we find that greater female involvement 
in the labor market attenuates girls’ relative under-performance in math and it boosts 
their relative over-performance in reading. Finding that the link between gender equality 
in the labor market and the math gender gap expands to other subjects, including those in 
which girls may have an advantage such as reading, suggests that this is not specific to 
math but to cognitive skills, more generally.   
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Note:	Countries	are	ranked	according	to	the	average	gender	gap	in	Math	over	the	period	2003-2015,	from	the	more	negative	gender	gap	to	more	positive	gender	gap.	
PISA	sample	of	students	above	the	median	of	the	ESCS	of	each	country.	
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