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Using analysis across countries or states,
previous studies show that girls in more
gender-equal countries or states perform
relatively better than boys in math test scores
(Guiso et al. 2008; Fryer and Levitt 2010;
Pope and Sydnor 2010). While it is possible
that greater gender equality leads to a
reduction in the math gender gap, an
alternative interpretation of these findings
could be that in countries where girls perform
relatively better at math, women might also be
more prepared, access better jobs, earn higher
wages, and be more easily promoted and
politically empowered--leading to greater
gender equality.

The current paper’s contribution to this
literature is twofold. First, we assess the

direction of  causality using the
epidemiological approach (Fernandez 2011).

Second, we quantify the effect of values and

beliefs about women’s role in society
transmitted from generation to generation
(what we call “culture on gender equality”)
versus that of a country’s institutions and
formal practices on the math gender gap. In
doing so, we inform a public policy issue of
first-order importance.

The epidemiological approach focuses on
second-generation immigrants, which have
lived in a host country since birth and are
exposed to the same host-country institutions.
Crucially, second-generation immigrants
living in the same host country are also likely
to be influenced by the cultural beliefs of their
parents’ ancestry country. Given that math
test scores of second-generation immigrants
are unlikely to affect gender-equality
measures (culture or institutions) of their
parents’ country of ancestry, the problem of
reverse causality is less of an issue in our
paper. In addition, with the epidemiological
approach, any country-of-ancestry variation in
the math gender gap of second-generation
immigrants in a particular host country can
only be attributed to cultural differences
transmitted from the immigrants’ parents (or

peers), as opposed to institutional differences.



I. Data -

We use data from the 2003, 2006, 2009 and
International  Student

which

2012 Program for

Assessment  (PISA), contains a

standardized (and, hence, culture-neutral)
mathematics assessment administered to 15-
year olds in schools. Our sample contains
11,527 second-generation migrants from 35
different countries of ancestry and living in 9
host countries (see Table A.l. in the on-line
appendix).

On average, the gender gap in math scores
(defined as the difference in math score
between girls and boys) among second-
generation immigrants is 15.70, equivalent to
4.5 months of schooling (see Table A.2).
Crucially, it varies widely by country of
ancestry. Whereas at the bottom 10 percent of
the distribution second-generation immigrant
girls underperform boys by as much as 63
score points (equivalent to a difference of
almost 1.5 years of schooling), at the top 10
percent of the distribution, second-generation
immigrant girls outperform boys by around 36
points (a difference equivalent to 10 months of
schooling).

Following Guiso et al. (2008), we use the
2009 Gender Gap Index (GGI, thereafter) in
the country of ancestry from the World
Economic Forum to measure gender equality

in an immigrant’s country of ancestry. The

GGI measures economic and political
opportunities, education, and well-being for
women, and ranges from 0 to 1, with larger
values pointing to a better position of women
in society.

Figure 1 plots the average math gender gap
of second-generation immigrants by country
of ancestry (column 1 in Table A.2) versus the
GGI (column 2 Table A.2). Overall, the raw
data show that the more gender equality in the
country of ancestry, the higher the math scores
of second-generation immigrant girls relative
to boys. The correlation is 0.22 per cent and

1s statistically significant.
II. Empirical Methodology -

To estimate the effect of cultural attitudes
toward gender equality on the math gender

gap, we run the following model:

(D

Eijxe = aifemale; + az(femaleiGGlj) +
X' iy + (X' ijkefemale) By + A + Ay +
Ae + 8(female;Ay) + &jye

where Ejj; 1s the math test score of individual
who lives in country k£ at time ¢ and is of
ancestry j. female; 1s an indicator equal to one
if the individual is a girl and zero otherwise.
GGIl; measures gender equality from the

immigrant i’s country of ancestry j. Xj is a



set of individual characteristics which varies
depending on the specification considered.
The construction of all individual variables
and basic summary statistics are shown in
Table A.3 in the on-line appendix. We also
include a full set of dummies that control for
the country of ancestry j (4;), host country (4x),
and the PISA cohort ¢ (4)).
ancestry fixed effects (4;) control for the GGI

Country-of-

in the country of ancestry and for any other
country-of-ancestry factors that affect the
math scores of boys and girls in the same way.
Host-country dummies (4;) are interacted with
the female dummy to account for variation in

the host-country educational gender gaps that

may arise from across host-country
differentials in cultural or institutional
channels.
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FIGURE 1. GENDER MATH TEST SCORES OF SECOND-GENERATION
IMMIGRANTS AND GENDER EQUALITY IN THEIR COUNTRY OF ANCESTRY

Note: Figure 1 displays the correlation between the raw average math
gender gap among second-generation immigrants and the GGI in the
country of ancestry. The math gender gap was obtained from
estimating a linear regression using the plausible values provided by
the PISA data sets as LHS variable and a female indicator as RHS
variable. We estimated one regression for each PV for each country
and present the average of the 5 coefficients estimated. We use
individuals whose both parents were born in a foreign country from
the 2003, 2006, 2009 and 2012 PISA datasets.

The coefficient of interest is the
coefficient on the interaction between the GGI
and the female indicator, a, which captures
the role of culture on gender equality in
explaining the gender differences in the math
test scores of second-generation immigrant
girls relative to boys. A positive and
significant a, would suggest that more gender-
equal cultural norms toward the role of
women in society are associated with a higher
second-

relative math performance of

generation-immigrant girls over boys.

I11. Results —

Our baseline specification (column 1 in
table 1) includes as individual controls the age
of the child at the time of the exam and a
dummy indicating whether the individual is in
a different grade from the modal grade in the
host country. The coefficient of interest, a,, is
positive and statistically significant, indicating
that the math gender gap decreases for
immigrants whose parents come from more
gender-equal countries. Given that immigrants
are not necessarily representative of their
country of ancestry’s population and are,
probably, less likely to be influenced by their
country of ancestry’s culture, the fact that we
find that culture of ancestry matters is

remarkable. Results remain robust to a battery



of sensitivity checks as shown in Tables A.4

and A.5 in the online appendix.
[Insert Table 1 Here]

Column 2 in Table 1 shows our preferred
specification, which includes the real log GDP
per capita in the country of ancestry interacted
with the female indicator in order to capture
differences in the country of ancestry’s culture
beyond those due to differences in the
economic development, which may affect an
immigrant’s test scores for reasons unrelated
to gender-equality norms in their country of
ancestry. We find that a one standard
deviation increase in the gender equality index
is associated with a reduction of 7.47 score
points in the math gender gap (about one and a
half months of schooling). A reduction of
7.47 points represents a 29 percent of the
standard deviation in the math gender gap
across countries of ancestry.'

Column 3 in Table 1 shows that results
remain qualitatively the same wunder an
alternative specification to equation (1) that
excludes the country-of-ancestry fixed effects

and instead adds first-order effects of the GGI
(and also the GDP) in the country of ancestry.

Using estimates from column 2 in Table 1, these values are
calculated as follows: a, (149.55) * GGI44(0.05) = 7.47, and
747 =0.29.

Gender Gap in Mathgs;q(26.04)

To address concerns that several sources of
heterogeneity across individuals other than
cultural beliefs on gender roles may affect
their educational attainment, in column 4 we
add to the preferred specification parent’s
highest education level and its interaction with
the female indicator. If less educated parents
(who may happen to come from less gender-
equal countries) invest relatively less in their
girls’ than in their boys’ education than more
educated parents (who may happen to come
more from more gender-equal countries),
failure to control for parental education (and
their interaction with the female indicator)
may lead us to incorrectly conclude that
cultural beliefs are affecting the math gender
gap. Having higher educated parents
albeit not

More

increases math test scores,
differentially for boys than for girls.
importantly, the effect of culture on the math
gender gap continues to be positive and
statistically significant.

One concern with the above estimates is that
all individuals may have the same biased
gender attitudes independently of country of
ancestry but that, according to how credit
constrained they are, they invest more or less
in their girls.  As parental income is
unavailable in our dataset, column 5 in Table
1 controls instead for two indicator variables

taking value one if the mother (or father)



works, as well as for an index of family
(material and educational) resources, and their
interaction with the female indicator.
Whereas more family resources seem to
benefit girls more than boys, the opposite is
true for having a working mother (albeit these
coefficients are only statistically significant at
the 10 percent level). Compared to results in
column 2, our coefficient of interest increases
in magnitude, suggesting that our measure of
culture was picking up the differential
negative effect that these variables have on
girls’ relative to boys’.

Another concern is that girls from more
gender-equal countries may also attend
schools where they perform better relative to
boys. To the extent that girls from more
gender-equal countries are less likely to be
discriminated by teachers, either because they
attend schools with more female teachers or
schools with a higher proportion of teachers
from their same ethnicity (Dee 2005), they
may do relatively better (with respect to boys)
than girls from less gender-equal countries.
Gneezy, Niederle and Rustichini (2003) show
that a higher proportion of girls in schools
may boost women’s confidence and,
subsequently, improve their math performance
relative to boys. Thus, an alternative reason
why girls from more gender-equal countries

may do relatively better (with respect to boys)

than girls from less gender-equal countries
could be that they attend schools where there
is a higher proportion of girls. Column 6
accounts for these factors by adding to the
specification in column 5 the percentage of
girls enrolled at school, as well as other school
characteristics, and the interaction between
these variables and the female indicator. Our
coefficient of interest remains similar in

magnitude to our earlier estimates.

IVv. Conclusion —

Below, we quantify how much cultural
beliefs on the role of women in society matter
vis-a-vis other gender-equal societal factors.
To do so, we compare the magnitudes of the
estimates from the epidemiological approach
in equation (1) to those from a model
estimated on both natives and immigrants,
where the country-of-ancestry GGI (and the
host-country fixed effects) are substituted by
the country-of-residence GGI. Identification
in this model comes from the variation of the
level of gender equality across countries of
residence, and thus captures both the effect of
culture, as well as other institutional factors
affecting the math gender gap in the country
of residence. We are thus providing a lower

bound of the effect of culture on the math

gender gap.



Estimates from this alternative identification
strategy show that a one standard deviation
increase in the level of the gender equality
index in the country of residence is associated
with a 42 percent reduction in the standard
deviation of the math gender gap. Comparing
both estimates suggests that the transmission
of cultural beliefs on the role of women in
society accounts for at least two thirds
(29/42=0.69) of the overall contribution of
gender related factors to the math gender gap.

Our findings suggest that policies
attempting to change cultural beliefs on the
role of women in society may prove decisive
in reducing the math gender gap. Future
research ought to investigate whether the
mechanism behind the effect of culture on the
math gender gap is limited to math-specific
gender stereotypes. Using evidence from the
type of beliefs being transmitted, reading
scores, and self-reported beliefs in math,
Nollenberger, Rodriguez-Planas, and Sevilla

(2015) find that this is not the case, suggesting

that stereotypes against women more
generally are also important.
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TABLE 1— GENDER EQUALITY AND THE MATH GENDER GAP

@ @) 3 C)) 6] ©
Female -191.32 -177.15 -104.61 -198.47 -173.27 -185.23
[294.86] [279.74] [204.83] [304.58] [276.15] [289.12]
GGI x Female 110.53** 149.55%%* 139.35%%* 155.51%%%* 170.83%*%%* 156.31%%*
[51.08] [62.62] [63.46] [60.08] [60.98] [61.13]
Age of student 7.77 7.90 9.46 7.53 8.61 8.15
[6.73] [6.71] [6.76] [6.81] [6.80] [6.90]
Age x Female 6.22 6.07 229 721 6.82 6.20
[9.55] [9.54] [9.73] [9.56] [9.47] [9.60]
Diff. grade -13.69%%* -13.82%%* -16.69%** -13.63%** -12.56%** -12.35%%*
[4.69] [4.69] [4.91] [4.86] [4.79] [4.83]
Diff. grade x -5.94 -5.64 -6.32 -3.73 -3.14 -3.04
Female [6.29] [6.30] [6.77] [6.36] [6.25] [6.10]
GDP x Female -3.94 -4.40 -3.60 -4.57 -4.28
[3.30] [3.67] [3.28] [3.38] [3.34]
Dad educ. 6.85%** 5.62%%* 5. A2%®
[1.52] [1.52] [1.51]
Dad educ. x -1.12 -1.53 -1.56
Female [2.06] [2.09] [2.08]
Mom educ. 4. 14%%% 2.93%* 2.69*
[1.44] [1.46] [1.44]
Mom educ. x -0.54 -0.62 -0.49
Female [1.73] [1.81] [1.79]
Dad work 20.15%%%* 19.92%%%*
[7.09] [6.97]
Dad work x -9.32 -9.17
Female [9.23] [9.20]
Mom work 17.01%%* 15.93%#%%*
[4.89] [4.94]
Mom work x -12.92% -11.05
Female [7.58] [7.52]
Home possessions 11.10%%%* 11.20%%%*
[2.57] [2.49]
Home possessions 6.14% 5.92%
x Female [3.46] [3.37]
Proportion of girls -18.07
at school [13.77]
Prop. girls x 47 34%%*
female [18.35]
Private school 691
[7.79]
Private school x 2.90
female [7.93]
School is in a 18.12%%%*
Metropolis [5.75]
School is in a -14.44%*
Metro x Female [7.46]
GGI 100.54*
[54.50]
GDP 3.66
[3.26]
Year FE Yes Yes Yes Yes Yes Yes
Ancestry country FE Yes Yes No Yes Yes Yes
Host country FE Yes Yes Yes Yes Yes Yes
Host country FE x fem. Yes Yes Yes Yes Yes Yes
N 11,527 11,527 11,527 11,527 11,527 11,527
R? 0.35 0.35 0.28 0.38 0.40 0.40

Notes: Results from estimating equation 1 on individuals’ math scores. In all cases we use the five plausible values of math test scores provided
by PISA datasets and report the average coefficient (Stata command pv). Following OECD recommendations, standard Errors are adjusted
following the Fay’s BRR methodology using the 80 alternative weights provided by the PISA datasets. This takes into account PISA’s stratified,
two-stage sample design.

*** Significant at the 1 percent level.

** Significant at the 5 percent level.

* Significant at the 10 percent level.



