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Abstract

The aim of this paper is to evaluate if involvement in sport may generate an
improvement in girls’ performance in math scores relative to those in read-
ing. Using data from the Programme for International Student Assessment
(PISA, 2015) on test scores of Italian high school students we implement an
Instrumental Variable strategy designed to establish the causal relationship
between sports and test scores. The econometric strategy relies on two features,
namely, 1) the use of mother education as an instrument to predict the level of
sports performed by girls and 2) the use of the ratio of math and reading scores
as the main interest-dependent variable to eliminate from the residuals un-
observed elements that may shape schooling ability and are likely to be corre-
lated with the educational level of mothers. Results highlight that physical ac-
tivity improves math test scores for girls. We argue that involvement in sports
for girls may make up for the lack of out-of-the-home experiences that typi-
cally takes place during childhood, generating an improvement in willingness
to compete as well as in the ability to perform strategic and logical reasoning
under pressure, fostering math performance.
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1. Introduction

This study analyzes the role that the practice of sport has in determining the

school performance of students focusing on its impact on the gender gap in math

and reading scores. By using PISA (2015) data on Italian students enrolled in the

10™ grade, this study shows that greater involvement of girls in sports signifi-
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cantly improves their performance in math. This evidence supports the idea that
incentives to stimulate girls’ involvement in sports may have a positive effect
not only in terms of health and physical well-being but may also have a role
in bridging the existing gender gap in math-intensive university majors and oc-
cupations.

Recently, the economic literature has highlighted that students who obtain a
university degree in scientific, technological, engineering and mathematical dis-
ciplines (henceforth referred to simply as STEM) and follow professions in closely
related fields, have a significant income advantage over graduates in non-STEM
disciplines. In particular, Kinsler and Pavan (2015) show that science majors lead
to occupations in high-income sectors even after controlling for SAT scores, high
school GPA and worker-fixed effects. Kirkeboen et al. (2016) find that choice of
degree has a marked impact on earnings after accounting for self-selection. Dem-
ing and Noray (2020) show that—all other things being equal —STEM graduates
have a wage advantage that remains evident for about 10 years after entering the
labor market. In parallel with the link between income and university choices,
the economic literature also shows that the share of women actually involved in
scientific-STEM jobs is markedly lower than the share of men and also the pres-
ence of women in STEM majors is much lower compared to that of men (among
others see Card & Payne, 2021). This under-representation has important con-
sequences for the disparity in economic status between males and females. The re-
cent analysis of Card and Payne (2021) for the U.S. and Canada, for example, sug-
gests that the gender gap in the likelihood of graduating with a STEM-related degree
explains up to a fifth of the wage gap between younger college-educated men
and women in both countries.

Evaluation of why fewer females enroll in STEM majors may lead to various
explanations, including the characteristics of the jobs that may be obtained with
a scientific degree, gender differences in competitiveness, or the existence of ste-
reotypes'. However, at the end of high-school, the share of females who are
STEM-ready appears to be much lower than that of males. In particular, Card
and Payne (2021) argue that in Canada most of the gender gap in STEM entry is
largely attributable to the gender gap in STEM readiness, rather than to differ-
ences in program choices conditional on readiness. Put differently, those who
enroll in STEM courses are those who have top math scores at high school
and, in practice, the share of women who perform at the top-tail end of the
math-score distribution is substantially lower than that of males®. In the light of
that, evaluation of the reasons explaining why more boys than girls excel in math

is important.

IStereotypes about science, technology, engineering and mathematics (STEM) may be associated
with reduced STEM engagement amongst girls and women (Cheng et al., 2017; McGuire et al., 2020;
Carlana & Corno, 2021). Gender differences in competitiveness, self-confidence or interest have also
been pointed out to understand why girls tend to avoid scientific fields (Kamas & Preston, 2012;
Buser et al., 2014; Almas et al., 2016; Bian et al., 2017).

*Contini et al. (2017) have reported evidence for Italy using INVALSI dataset.
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The target of this paper is then to provide evidence that a part of the math
gender gap can be attributed to the fact that girls are much less involved in sports.
We argue that the practice of sport may improve girls’ math scores since it may
enhance the process of socialization contributing to improving the ability to em-
ploy logical reasoning in competitive environments and fostering the desire to
compete. In this sense, it could make up for the lack of outside-the-home social
interaction that typically characterizes girls with respect to boys thereby im-
proving their math scores’.

The causal relation between sports and girls’ math performance is identified
by 1) using as variable of interest the math score relative to the reading one and
2) applying a two-stage Instrumental Variables (IV) technique where at the first
stage mother education is used as an instrument to predict the level of sport
practiced by daughters. In this empirical setup, since mother education may
shape the unobserved “school ability” of children and since this would affect both
math- and reading-ability, mother education is likely to be orthogonal to the re-
siduals of the second-stage regression where the dependent variable is the ratio
between math and reading score. Therefore, under the assumption that mother
education is correlated with unobserved students’ characteristics shaping both
math and reading scores, it is possible to use mother education as an instrumental
variable to predict sports activity and to evaluate how sports affect girls’ math
performance relative to that in reading. A discussion on the validity of the
instrument, and of possible biases that may invalidate it, is presented in the sec-
tion dedicated to the identification strategy. A number of robustness checks are
also proposed.

Results highlight that mother education is a strong predictor of the intensity
of sport practiced by girls. Furthermore, the math performance improves for
those girls who are more involved in sports. Our findings predict that one more
hour of sport per week generates about a 2% improvement in math for females
relative to their reading performance. We provide evidence that this result is due
to an increase in math scores and not to a worsening of the reading ones. The
analysis is corroborated by several robustness and falsification exercises.

Our paper contributes to the existing debate on the causes of the gender gap
in academic performance in several ways. Firstly, we shed more light on the
nurture/nature issue. Indeed, we show that at least a part of the observed gender
gap is related to different experiences and exposure to social life and, from this
perspective, we confirm the results of Entwisle et al. (1994) who were among the
first to highlight this issue. Secondly, our results are also consistent with the
“willingness to compete” argument of Niederle and Vesterlund (2010). In this
respect, our paper puts forward a different perspective arguing that the attitude

toward competition might be endogenous and potentially caused by the level of

*The relevance of social interaction for math learning is highlighted in the literature. See among
others, Entwisle et al. (1994), Apriliyanto et al. (2018), Meroni et al. (2021), and Di Tommaso et al.
(2021).
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sport practised by kids. If it is possible to carry over competitive attitudes—and
problem-solving skills—developed through playing games into the academic fields,
the lack of female participation in sports could go some way to explaining the gender
differences (in favor of males) in math scores.

The paper is organized as follows. Section 2 discusses the literature on the
math gender gap as well as that on sports and educational outcomes. In Section
3, we present some stylized facts while Section 4 describes the data. Methodo-
logical issues are discussed in Section 5. Results are presented in Section 6 and

Section 7 concludes.

2. The Literature
2.1. The Math Gender Gap

As reported in several studies, although the educational gender gap has nar-
rowed dramatically over the past 60 years and women perform better than men
in several subjects, a huge difference still characterizes math test scores. In par-
ticular, there are differences not only in the mean and in the standard deviation
of grades, which are often slightly higher for males than for females, but also in
the composition of the right tail of the grade distribution by gender®.

Why do more boys than girls perform well in math? Three possible sets of ex-
planations have been posited. The first relates to nature: boys and girls are ge-
netically different so that they can perform differently in math because of biological
differences. Benbow and Stanley (1980) have been among the first to analyze the is-
sue, although not explicitly supporting the biological interpretation of the detected
gap, they argue that stressing the boy-girl differences in the socialization process
as the causal factor for the math score gender gap was premature at that time.
The second one relates to the daily experience that young boys and girls have.
These aspects are related to individual-level factors such as parents’ beliefs about
girls and boys attitude for solving math problems or individual expectations, and
also to group-level factors, i.e. school, teacher, teacher’s expectations and neigh-
borhood. From this perspective, Entwisle et al. (1994) show that boys have more
outside-the-home interactions than girls, and this affects their math skills. The
third aspect studied in the literature concerns the differential manner in which
men and women respond to competitive test-taking environments. Niederle and
Vesterlund (2010) highlight that the reported test scores do not necessarily match
the gender differences in math skills. Instead, they argue that the large gender gap
in mathematics performance at high percentiles may be in part explained by
gender difference in the extent to which skills are reflected in competitive per-

formance.

2.2. Sport and Educational Attainment

As regards the effect of physical activity on educational attainment, a number of

“See among others, Hedges and Nowell (1995), Goldin (2006), Stoet and Geary (2013), and Contini
et al. (2017) show evidence for Italy.
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studies have reported a positive relationship between the practice of sport and
the academic performance®. The study of Budde et al. (2008) highlights the exis-
tence of a positive correlation between physical activity, cognitive ability and
academic achievement, while Ericsson (2008) shows that the increase from twice a
week to daily sport practice has a positive impact on the results obtained in mathe-
matics, reading and writing. Some research associates athletes with better
school results (Darling et al., 2005; Eccles & Barber, 1999; Eitle & Eitle, 2002;
Silliker & Quirk, 1997), more ambitious aspirations (Darling et al., 2005; Marsh &
Kleitman, 2002; Otto & Alwin, 1977) and greater aptitude to study (Darling et
al., 2005; Eccles & Barber, 1999). Gorry (2016) confirms that sports participation
is correlated with improved academic and labor market outcomes, accounting for
endogenous selection into sports. Albeit many researchers find that involvement
of students in sports improves their academic performance, others argue that
the impact of sports participation on academic achievement is nil or even nega-
tive (Miller & Kerr, 2002; Hood et al., 1992). Insler and Karam (2019), for ex-
ample, show that sport participation reduces athletes’ grades. However, it must
be recognized that existing research does not permit the assessment of a
causal relation between sports and educational attainment since experimental
or quasi-experimental evidence is almost completely missing.

Pfeifer and Cornelifien (2010) explore the issue of gender differences in the
return to sport practice. They argue that benefits of sport might be larger for women
than for men because sport may enhance the ability to succeed in a male-dominated
society. Similarly, Rees and Sabia (2010), using panel data to keep fixed individ-
ual unobserved fixed effects, show a limited effect of sports on academic results.
The main limitation of these studies is that the different level of sport at different
moments of the individual’s life are likely to be endogenous so that parameters
detected through fixed-effects models are unlikely to be informative about the
effect of sports on academic outcomes.

3. The Evolution of Math and Reading Gender Gap: Some
Stylized Facts

In this section, we provide fresh evidence about the evolution of the math gender
gap for boys and girls during their first 8 years of education. To this end, we use
Italian data from the National Institute for the Evaluation of the Education and
Training System (henceforth simply indicated as INVALSI) containing results of
standardized test score in reading and mathematics administered yearly to the

universe of Italian pupils in several grades. Since our goal is to investigate the

*Among others, see Castelli et al. (2007), Taras (2005), Trost (2007), Sibley and Etnier (2003) and
Trudeau and Shephard (2010). Strong et al. (2005) present results of a systematic evaluation of the
evidence dealing with the effects of regular physical activity on several health and behavioral out-
comes in US school-age youth, developing a recommendation for the amount of physical activity
deemed to be appropriate to yield beneficial health and behavioral outcomes. In particular, they find
a positive association between physical activity and low scores on scales of anxiety. Some recent re-
search focuses on the potential effects of physical activity on trust and trustworthiness. Di Bartolo-
meo and Papa (2019) find that subjects exposed to physical activity exhibit more trust and pro-social
behaviors than those who are not.
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evolution of the math gender gap over time, we keep fixed a cohort of pupils and
we report the distribution of their scores by gender in the 2™, 5™ and 8™ grade.
Note that in each of these grades math and reading contents are identical for all
students (no options available). We use the cohort of pupils who first enrolled in
2010/2011 so we can observe them in the 2" grade in 2011/2012, in the 5™ grade
in 2014/2015 and in the 8" grade in 2017/2018.

In Figure 1, we report the distribution of standardized math scores in each
grade by gender. These figures are obtained by using for each grade more than
400,000 students. It is worth noting various insights. Firstly, males are more present
in the top part of the distribution at all grades. Differences across gender in
mean and standard deviation are always statistically significant.

The distributions for males and females are also statistically always different®.
Secondly, the histograms clearly show that differences across gender are not
constant over time, despite the fact that the same students are considered. In-
deed, over the course of time boys become substantially more present at the top
tail of the score distribution.

In Figure 2, we report the same graphs for reading standardized test scores.
Also in this case the distributions change over time and, as expected, females
are always more represented in top scores. The evolution of reading scores
over time shows that girls become more present on the RHS of the distribu-

tion.
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Figure 1. Distribution of standardized mathematics test score by grade and gender.
Notes: INVALSI data on the cohort of students who had first enrollment in the academic
year 2010-2011. Data for the 2™, 5™ and 8™ grade have been collected in the academic
year 2011-2012, 2014-15 and 2017-2018 respectively. The three waves involved the un-
iverse of Italian students, i.e. about 400.000 observations used in each grade.

“The Kolmogorov-Smirnov test always rejects equality of the distribution. Results are available from
the authors.
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Figure 2. Distribution of standardized reading test score by grade and gender. Notes:
INVALSI data on the cohort of students who had first enrollment in the academic year
2010-2011. Data for the 2, 5" and 8™ grade have been collected in the academic year
2011-2012, 2014-15 and 2017-2018 respectively. The three waves involved the universe of
Italian students, i.e. about 400.000 observations used in each grade.

Overall, the reported evidence is important because it clearly indicates that
observed gender differences in math and reading change over time. This could
be caused by both biological and social factors. The target of the present study is
to evaluate if a difference in involvement in sports across gender may contribute
to the observed gender gap in math scores relative to those in reading. The con-
tribution of sports to the math performance may arise through several channels,
among which the role of self-confidence and competitive attitude should be stressed

as well as the ability to implement strategic reasoning.

4. The Data
4.1. Data Source

The empirical analysis is based on data drawn from the Italian 2015 OECD Pro-
gramme for International Student Assessment (PISA). PISA is an age-based
survey, which takes place every three years, assessing competencies in Mathe-
matics, Literacy and Science of a sample of 15-years-old students. PISA uses
Student Questionnaires to collect information from students on various aspects
of their home, family and school background, and Schoo! Questionnaires to col-
lect information from schools about various aspects of organization and educa-
tional provision. In PISA (2015), 18 countries also administered a Parent Ques-
tionnaire to the parents of the students participating in PISA. It enquired about
learning contexts, support, and resources at home as well as spending on educa-

tion. The target population is defined as school students born in 1999. A mini-
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mum of 150 schools are selected in each country and, within each participating
school, a predetermined number of students are randomly selected with equal
probability. The target cluster size selected per school had to be of at least 20
students, in order to ensure sufficient accuracy in estimating variance compo-
nents within and between schools.

In Italy, data have been collected on a sample of over 450 schools. The Italian
sample was stratified by macro-geographical area and type of education (Ly-
ceum, Technical Institutes, Vocational Institutes, Vocational Training Centres,
First-level Secondary Schools). Many questionnaire items were designed to be
combined in some way in order to measure latent constructs that cannot be ob-
served directly (e.g. achievement, motivation or economic, social and cultural
background). To these items, transformations or scaling procedures were ap-
plied to construct meaningful indices’. We, therefore, have relevant information
on students’ knowledge and skills (test scores) as well as their demographic, so-

cial, economic and educational background.

4.2. Descriptive Statistics

The sample consists of 11,583 students, all born in 1999 and just over half fe-
male. Given the year of birth, the target population is consequently defined as all
students aged from 15 years and 3 months to 16 years and 2 months at the be-
ginning of the assessment period. At this stage in Italy, a student must be regu-
larly enrolled in the second year of high school (10™ grade) unless he/she has
been held back or red-shirted (i.e. postponed first enrollment) and therefore is in
lower grades. Further, in the case of early first enrollment a student can be in the
11" grade.

Table 1 defines our variables, while Table 2 provides some descriptive statis-
tics. In short, most of the students are native Italian, around 16% of students at-
tend a grade lower than 10th while approximately the 5.2% of them are in the
11™ grade. About half of the students attend a Lyceum, while nearly 33% a
Technical school and the remainder are in vocational schools. There is a small
number of students still enrolled in lower secondary schools (0.90%), who will
be excluded from our study. Table 3 shows main statistics divided by gender.
Test scores are defined as ranging from very low levels of proficiency (0) to very
high levels (6). In our sample, middle levels of proficiency (from 2 to 4) are quite
similar by gender, although high grades in mathematics are, as expected, more
frequent for males. As indicated in Table 2 and Table 3, information about

sports activities is available for a subsample of 6,137 students. Physical activity is

’In PISA (2015), categorical items from the context questionnaires were scaled using IRT (Item Re-
sponse Theory) modelling. WLEs (Weighted Likelihood Estimates) for the latent dimensions were
transformed to scales with a mean of 0 and a standard deviation of 1 across OECD countries (with
equally weighted countries), meaning that 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. It is possible to interpret these scores by comparing individual scores or group mean scores to the
OECD mean. Negative values on the index for example, indicate students who responded less posi-
tively than the average student across OECD countries. Likewise, students with positive scores are
those who responded more positively than the average in OECD countries.
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Table 1. Variables definition.

Grade

Month of birth
Gender
Failure

Nationality
Math
Reading
Science
Mother Education

Father Education

Mother Occupation

Attended Grade

Students’ gender
Grade failure
Immigration status
Index of performance in Mathematics
Index of performance in Reading
Index of performance in Science
Mother’s education level

Father’s education level

Mother’s occupational status

11" (early enrolees), 10™ (regulars), 9®, 8™ and 7™

(late enrolees and students who have failed the year)
1" JANUARY-31* DECEMBER
1 if female
1 if student has failed the year

1 if immigrant

From 1—very low to 6—very high

From 1—very low to 6—very high

From 1—very low to 6—very high
ISCED levels
ISCED levels

Discreate variable: 0—unemployed: 1—elementary
occupations; 2—plant and machine operators;

Father Occupation

Father’s occupational status

3—clerks; 4—professionals.

Discreate variable: 0—unemployed: 1—elementary
occupations; 2—plant and machine operators;
3—clerks; 4—professionals.

Composite score built by the following indicators:

ESCS Index of economic, social and cultural status parental education, highest parental occupation
and home possessions.
1—North West; 2—North East; 3—Centre;
Region Students’ school geographical localization

Hours of Sport

Hours of sport performed on average
during a week in the presence of a coach

4—South; 5—Islands.

Discrete variable ranging from 0 to 20.

measured in terms of extra-curricular sports in the presence of an instructor.
Specifically, our variable is defined as hours of sport performed per week in the
presence of a coach on top of that provided at school. Note that this specific va-
riable measures sports performed in the presence of a professional trainer and
not generic physical activity performed by students such as playing football with
friends, hence it provides a measure of proper training in sports performed out
of school. Henceforth, we will refer to this variable simply as hours of sport per
week.

Table 4 reports information concerning family background, including par-
ents’ education and country of birth. The percentage of parents with lower sec-
ondary level of education ranges from 20% - 30%. Most of the parents are native
Italian, only 10% were born abroad. About 11% of students’, changed school at
least once, the 20% of males and the 17% of females speak dialect at home. For
each student the sample provides the index of economic, social and cultural sta-
tus (henceforth, ESCS), which is a composite score built by the indicators of pa-

rental education, parental occupation and home possessions.
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Table 2. Descriptive statistics—whole sample.

Observations %
Students 11,583 100
Gender
Male 5791 50.00
Female 5792 50.00
Nationality
Native 10,333 92.00
Second-Generation 373 3.32
First-Generation 526 4.68
Grade
2nd year of lower secondary school (7" grade) 7 0.06
3" year of lower secondary school (8™ grade) 97 0.84
First year of the high school (9" grade) 1752 15.13
Second year of the high school (10™ grade) 9115 78.69
Third year of the high school (11" grade) 612 5.28
Type of School
Lyceum 5241 45.25
Technical School 3843 33.18
Vocational School 2395 20.68
Lower Secondary School 104 0.90
Grade failure
No Failure 9713 85.73
Failure 1617 14.27
Region
North West 2410 20.81
North East 5111 44.13
Centre 931 8.04
South 2324 20.06
South Islands 807 6.97
Hours of Sport 6137 52.98

Notes: Descriptive statistics of main variables, full dataset. PISA (2015), Italy.
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Table 3. Descriptive statistics by gender.

Male Female
N. % N. %
Students 5791 50.00 5792 50.00
Grade
Second year of lower secondary school 5 0.09 2 0.03
Third year of lower secondary school 64 1.11 33 0.57
First year of the high school 1021 17.63 731 12.62
Second year of the high school 4433 76.55 4682 80.84
Third year of the high school 268 4.63 344 5.94
Type of School
Lyceum 1991 34.38 3250 56.11
Technical School 2543 4391 1300 22.44
Vocational School 1188 20.51 1207 20.84
Lower Secondary School 69 1.19 35 0.60
Mathematics

0 213 3.68 313 5.40

1 696 12.02 864 14.92

2 1245 21.50 1498 25.86

3 1558 26.90 1601 27.64

4 1272 21.97 1098 18.96

5 675 11.66 365 6.30

6 132 2.28 53 0.92

Reading

0 465 8.03 292 5.04

1 637 11.00 494 8.53

2 1526 26.35 1455 25.12

3 183 31.60 1941 33.51

4 1116 19.27 1326 22.89

5 207 3.57 270 4.66

6 10 0.17 14 0.24

Science

0 167 2.88 218 3.76

1 799 13.80 909 15.69

2 1411 24.37 1718 29.66
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Continued

3 1803 31.13 1816 31.35

4 1302 22.48 969 16.73

5 303 5.23 160 2.76

6 6 0.10 2 0.03

Hours of Sport 3072 26.52 3106 26.81

Table 4. Family background by gender.
Males Females
Freq. Percent Freq. Percent
Mother Education
None 26 0.46 33 0.58
ISCED 1 96 1.72 115 2.03
ISCED 2 1194 21.34 1333 23.57
ISCED 3B, C 314 5.61 373 6.60
ISCED 3A, ISCED 4 2011 35.95 2272 40.18
ISCED 5B 364 6.51 278 4.92
ISCED 5A, 6 1589 28.41 1251 22.12
Father’s Education
None 36 0.65 22 0.39
ISCED 1 134 2.41 123 2.20
ISCED 2 1385 24.95 152 27.24
ISCED 3B, C 261 4.70 297 5.32
ISCED 3A, ISCED 4 2063 37.16 2218 39.74
ISCED 5B 299 5.39 230 4.12
ISCED 5A, 6 1374 24.75 1171 20.98
School Changes
no change 3936 81.02 4383 84.93
one change 578 11.90 563 10.91
two or more changes 344 7.08 215 4.17
Country of Birth
Father: Italy 4969 89.35 5033 89.33
Father: Other 592 10.64 601 10.67
Mother: Italy 4885 87.34 4908 86.70
Mother: Other 708 12.66 753 13.30
Self: Ttaly 5238 93.09 5344 94.23
Self: Other 389 6.91 327 5.76
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Continued

Language at Home

German 221 3.92 228 4.01

Italian 3846 68.29 4087 71.83
Slovenian 30 0.53 11 0.19

Other Official Language 64 1.14 63 1.11
Dialect (ITA) 1138 20.21 1012 17.79
Other EU Language 90 1.60 59 1.04
Other Language 243 4.31 230 4.04

In Figure 3, we report the share of students per hours of sports performed per
week, divided by gender. Almost the 30% of females do not practice any sports,
while this percentage is about 23% for males. The majority of students (about
45% for males and 50% for females) practice between 1 and 5 hours per week.
The rest of the sample practices at least 6 hours of sport per week including a small
group who practice very intensively—20 or more hours per week—comprising 3%
of the girls and 6% of the boys. The latter group is probably training to become
professional athletes. This figure also shows that 52% of girls do not do any or
do very little sport (1 to 2 hours per week). This percentage is, instead, 43%
for boys so that a clear sport gender gap arises for Italian pupils who are aged
15.

In Figure 4, we plot existing correlation between hours of sports and the ESCS
index. In this case our target is to assess how the family’s social status affects the
probability that kids are involved in sport. As expected, the figure shows a very
strong and positive correlation between the two variables, implying that the higher
the social status of the kids the higher their engagement in sports. It is important
to note, however, that given the ESCS of the family, males appear to be much
more involved in sports than females. Boys from low-ESCS families train as much as
girls from high-ESCS families (around 4 hours). This may be due to the presence of
gender differences in attitude to sport or to choices of parents who are less likely
to involve their daughters in sports.

To further investigate this issue, in Figure 5, we plot the correlation between
sport and mother education by gender. From this figure it appears that though
mothers education is almost irrelevant in determining the level of sport activity
of their sons (boys do about 4.5 hours per week irrespective of mother educa-
tion), it turns out to be a crucial variable shaping the level of sport undertaken
by girls. Girls whose mothers have only primary education perform about two
hours of sport per week, while those whose mothers have a university degree do
about four hours. This appears to be consistent with the idea that more educated
mothers are more aware of the importance that physical activity may have for

their daughters in terms of well-being and health.
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Figure 3. Percentage of students by hours of sport per week by gender. Notes: Our elabo-
ration on PISA (2015) data.
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Figure 4. Hours of sport per week by family ESCS index. Notes: Our elaboration on PISA
(2015) data.

Finally, in Figures 6-8, we focus on the correlation between test scores and
sports by gender. From Figure 6, it appears that math scores and sports are cor-
related differently. While for boys their math score decreases along with the time
they spend in doing sport, for girls the math performance increases along with
training activity. This evidence poses a question about the fact that girls and
boys are selected into sports in a very different manner. In practice, it is possible

that boys heavily involved in sports are actually those with low academic ability,
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Figure 5. Hours of sport per week by mother education level. Notes: Our elaboration on
PISA (2015) data.
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Figure 6. PISA mathematics test scores by hours of sport per week. Notes: Our elabora-
tion on PISA (2015) data.

while girls doing intense sports may well come from privileged families so that
they are also likely to be more proficient at school. However, when reading is
considered (Figure 7), it appears that girls’ scores do not improve in tandem
with sport intensity while for boys the negative correlation between scores and
hours of sports remains. Figure 8 summarizes these issues by considering the

math reading ratio by gender and the hours of physical activity per week. Using
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Figure 7. PISA reading test scores by hours of sport per week. Notes: Our elaboration on
PISA (2015) data.
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Figure 8. Math relative to reading score by hours of sport per week. Notes: Our elabora-
tion on PISA (2015) data.

the ratio between mathematics and reading scores we keep fixed individual aca-
demic ability and look at the correlation between sport and attainment, getting
rid of unobserved characteristics shaping both reading and math performance.
In this case, while for boys the math-reading ratio is almost uncorrelated with
the hours of sports, meaning that the time devoted to sports is negatively asso-

ciated to math and reading performance alike, for girls there is an improvement
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in this ratio when their sport activity increases and, according to previous evi-
dence reported in Figure 6 and Figure 7, this is due to an improvement in the
math score. Two mechanisms can be at the root of this. The first concerns selec-
tion. Girls selected into sport are not only those who come from privileged fami-
lies but also those who perform better in mathematics than in reading. The
second is the causal effect of sports which leads to an improvement in math

scores for girls. The remainder of this paper sets out to untangle the latter effect.

5. Empirical Analysis
5.1. Identification Strategy: Instrumental Variables

In general, the main problem faced when evaluating the causal impact of sports
on school outcomes is related to the endogenous selection into sports. In the
specific case, girls with some specific unobserved characteristics may select into
sports and these characteristics may also be potentially related to their school
performance so that it is not possible to single out the effect of sports. In order to
take into account endogeneity problems, we apply the Instrumental Variables
(IV) estimation method in a setup where the main dependent variable is the
math-reading ratio.

Formally, our main equation (the second-stage equation in a IV setup) is as

follows:
MRR, =BX, +7y,Sport” +¢, (1)

where MRR is the math-reading ratio of girl 7 explained by a vector X of ob-
served characteristics whose parameters are included in vector f. y, is the para-
meter of main interest, i.e. the coefficient measuring the effect of sport on MRR.
Sport indicates the amount of sports per week (in hours) that girl 7 performs in
the presence of a coach, while ¢ indicates residuals. Superscript 7V indicates that
in Equation (1), sports is instrumented according to the following first-stage eq-

uation:

Sport, = 3X, + © Mother_Education. +&; . (2)

In Equation (2), the amount of sport is predicted using as instrument the
education level of the mother of girl 7 The idea is that ceteris paribus the higher
the educational level of the mother, the higher the probability that a girl is in-
volved in sport. The main reason is that the higher the educational level of a
mother the more informed she should be about the positive effects that sport
may have in terms of health and well-being so that girls whose mothers are
highly educated have more chance to be enrolled in sports. The variation of
sport activities explained by mother education in Equation (2) is used to evaluate
the effect of sport on the MRR in Equation (1). In this case, parameter y, pro-
vides an unbiased estimate of the causal effect of sport on the math-reading gap
conditional upon the fact that there is no correlation between the instrument
Mother_Education and the residuals ¢, that is:

corr(MotheriEducation, 8) =0. (3)
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This means that there must be zero correlation between the mother education
and the unobserved characteristics of girl 7 that shape the dependent variable in
Equation (1). With regard to this it is important to remark that—though mother
education is very likely to be correlated with the unobserved’ school ability’ of
girl 7 so that it may not represent a credible instrument in an equation whose
dependent variable is test scores in either reading or mathematics, in our case
the dependent variable is the ratio between mathematics and reading scores. In
this case, even in the presence of a correlation between the educational level of
the mother of girl 7and her unobserved academic ability, under the assumption
that unobserved academic ability affects both math and reading scores, in Equa-
tion (1), it cancels out so that it does not end up in residuals €. In this case,
mother education is a good instrument to predict how sports affect the math-reading

ratio.

5.2. Caveats and Robustness

The identification strategy illustrated above hinges on the assumption that
mother education is potentially related to the unobserved “math-ability” and
“reading-ability” of their daughter in the same manner. If this is true, in Equa-
tion (1), their effect on MRR is eliminated and hence it is not included in the re-
siduals so that they turn out to be uncorrelated with mother education.

Indeed, our instrument could not be valid if maternal education would di-
rectly influence math performance more than reading one. This may happen if
more educated mothers consider the relevance of studying math for future ca-
reer of their daughters or if they have stronger attitudes toward gender equality.
Furthermore, they may have a growth mindset which could determine math
performance. However, the issue is not clear cut. In general, world statistics do
not point in this direction, since they reveal that the math-reading gender gap
may be higher in wealthy families where the stereotypical idea that boys are bet-
ter at math and sciences and girls are better at reading and storytelling could be
more prevalent. Reardon et al. (2018), for example, show that math gaps tend to
favor males more in socioeconomically advantaged U.S. school districts and this
has been also reported by Rapp and Borgonovi (2019). Furthermore, Dossi et al.
(2020) show that gender role norms explain the lower performance of girls in
mathematics in relatively affluent white families. However, we tackle the is-
sue and in order to show that mother education is no more relevant in deter-
mining mathematics rather than reading ability we proceed as follows.

Firstly, we replicate our IV strategy for girls by excluding from our analysis
those girls whose mothers possess a STEM-related university degree and/or are
involved in STEM-related professions. In this case, we end up with a sample of
girls whose educated mothers have reading-related skills (law, medicine, literacy,
philosophy, pedagogy and foreign languages) so that we reduce the possibility
that our results depend on the fact that mother education shapes math skills

more than reading.
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Secondly, we make use of results in science test scores available in PISA data.
We argue that if more educated mothers were to push their daughters more to-
ward the study of STEM related subjects rather than toward the humanities, then
we should detect an effect of sports also on the science-reading ratio. Conversely,
no effect should arise if our assumption holds implying that more educated
mothers shape the skills of their daughters equally in both domains.

Finally, we use boys to test if mother education is significantly correlated with
their MRR. If our assumption is correct, we should find no correlation between
mother education and the MRR of boys. On the contrary, if more educated
mothers care more about mathematics than reading, then the effect on the ma-
thematics’ skills of their sons should be greater than in reading and we should

detect a significant parameter linking mother education to the MRR of boys.

6. Results
6.1. A Linear Regression Model

To start our analysis, we use a sample of 1470 girls and 933 boys born in 1990
who are correctly enrolled in the 2nd year of the upper level secondary school. In
this case we consider only kids enrolled at the Lyceum and not those enrolled at
professional and technical schools in order to avoid severe selection issues as
well as concerns related to the different math and reading programs covered in
different schools. In practice, mother education can be related to girls’ schooling
choice and this may affect the math-reading ratio: girls with higher educated
mothers may be those enrolled in the lyceum where math-skills are much more
important than those in technical and professional schools so that our IV esti-
mates could be upward biased by this selection mechanism. Further, we have ex-
cluded from our analysis students who had to repeat the year as well as those
who started a year early since, again, we want to keep as similar as possible math
and reading skills provided at school. In our robustness section, we replicate our
analysis using the whole sample.

In Table 5, we begin by reporting results of a preliminary OLS regression
where the impact of observables on reading and mathematics scores for boys and
girls is evaluated. Standard errors are clustered at school level. Regressors in-
clude month of birth, mother and father education, father and mother occupa-
tional status, a dummy capturing immigrants of first and second generation,
geographical controls and school fixed effects. The variable we are mainly inter-
ested in is the amount of sport practiced, on average, per week in the presence of
a coach.

As regards the estimated parameters, our controls have the expected sign for
boys and girls and for math and reading scores. In particular, students in the
North of the country perform better than those located in the South and this is
true for both mathematics and reading. Month of birth is not associated with
different scores and this was also to be expected since the effect of age on

schooling results often detected at primary school level (see Ordine et al., 2018
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Table 5. OLS estimates of the impact of hours of sport per week on mathematics and reading test scores by gender.

Hours of Sport

Mother Education
Father Education

Mother Occupation
Father Occupation

Month of Birth

Nationality
Region

Observations

Column I
Females
Math
(OLS)

0.007 (0.290)
0.176*** (0.000)
-0.015 (0.795)
0.075** (0.025)
0.128*** (0.001)
~0.004 (0.609)
~0.146 (0.188)
—0.306*** (0.000)

1470

Column IT
Females
Reading

(OLS)

—0.001 (0.926)
0.127*%* (0.000)
—0.020 (0.648)
0.090** (0.024)
0.060*** (0.003)
—0.001 (0.801)
—0.015* (0.098)
—0.203** (0.000)

1470

Column III
Males
Math
(OLS)

—0.016** (0.031)
-0.071 (0.276)
0.116* (0.063)
0.040 (0.393)
0.087* (0.100)
—0.011 (0.368)
-0.138 (0.171)
—0.294** (0.000)

933

Column IV
Males
Reading
(OLS)

—0.013** (0.043)
—0.060 (0.244)
0.010 (0.835)
0.042 (0.284)
0.111%* (0.012)
0.007 (0.488)
—0.276** (0.019)
—0.234** (0.000)

933

Notes: OLS estimates, robust p-value in parenthesis, standard errors clustered at school level. In Columns I and III, the dependent

variable is PISA math test score, in Columns II and IV, the dependent variable is Pisa reading test score. Variables defined in Ta-
ble 1. Statistical significance: *** 1% level, ** 5% level, * 10% level.

for the Italian case) fades away as children become older. Finally, first and
second generation immigrants do not record lower scores than natives in ma-
thematics, while male immigrants do worse than natives only in reading scores.
Interestingly, father occupation is always positively correlated with scores in
reading and in math and it is statistically significant for both genders and this is
consistent with an interpretation that kids from high-income families perform
better at school. Instead, father education seems to be correlated only with boys’
math results of boys, while it does not shape reading scores nor those of girls in
either math or reading. This evidence may be related to the fact that more edu-
cated fathers tend to have greater concern for their sons’ math performance than
their daughters’. Conversely, despite the fact that mothers’ education and occu-
pation affect neither the math nor the reading performance of their sons, they do
shape the overall performance of their daughters, and this may be due to a sort
of gender-specific-care exerted by educated parents toward their children’s edu-
cation. As far as sport is concerned, the school performance of females does not
appear to be affected by sport, and this may stem from the fact that the majority
of girls in our sample do very little sport or don’t do any sport or none at all,
whereas estimates for boys confirm the negative association between hours of
sports and school performance.

In Table 6, we turn our attention to the score in math vis-a-vis that in reading
(MRR). In this case, since the dependent variable is the ratio between the two
scores, residuals in this equation should not include unobserved characteristics
of individuals since both are likely to be similarly affected by unobservables. For

boys, the main result is that, as expected, the explanatory variables are not
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Table 6. OLS estimates of the impact of hours of sport per week on the mathematics-reading

ratio (MRR) by gender.

Hours of Sport
Mother Education
Father Education

Mother Occupation
Father Occupation

Month of Birth

Column I
Females
MMR
(OLS)

0.002* (0.100)
0.019* (0.075)
0.002 (0.852)
—0.005 (0.485)
0.010 (0.306)

—0.001 (0.749)

Column II
Males
MRR
(OLS)

0.001 (0.981)
0.011 (0.556)
0.038* (0.090)
~0.007 (0.640)
~0.020 (0.207)

0.001 (0.931)

Nationality 0.001 (0.955) 0.106** (0.049)
Region ~0.035*** (0.000) ~0.002 (0.852)
Observations 1470 933

Notes: OLS estimates, robust p-value in parenthesis, standard errors clustered at school
level. In Column I and II the dependent variable is the PISA math test score relative to the
reading score. Statistical significance: *** 1% level, ** 5% level, * 10% level.

significantly correlated with the MRR since their effect on the two test scores is
statistically identical. The only exception is for immigrants who tend to have a
lower reading score than in the math so they have a higher MRR compared to
natives. For girls, once again regressors are not significantly correlated with the
MRR at 5% level. Only regional controls highlight that girls from the South have
lower math scores than their reading ones. In the light of the fact that this is not
reported for boys, this result is of interest since it poses a question about the so-
cial factors that may be at root of the math gender gap.

Father and mother education as well as their occupational status are not dif-
ferently associated with math and reading scores and this strongly supports our
assumption that the family background is likely to influence kids’ schooling abil-
ity in mathematics and reading fields homogeneously. Finally, sport does not
seem to significantly affect the MRR for either gender. However, also in this
case, the detected parameters are likely to suffer from selection-bias, that is, if
students involved in sports are those with low math performance, then our esti-
mated parameters is biased toward zero even in the presence of a positive effect
of sport on the MRR.

6.2. Instrumental Variables

In Table 7, we present results from the two-stage IV procedure estimating the
causal effect of sports on the math performance relative to the reading one for
girls enrolled at the Lyceum. Table 7(a) in this table reports main first-stage re-

sults, i.e. the effect of the instrument (mother education) on the hours of sport, the
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Table 7. IV-2SLS estimates of the impact of hours of sport per week on the mathemat-
ics-reading ratio for girls.

(a)

First-Stage Statistics
Dependent Variable: Hours of sport

Durbin-Wu-Hausman test: 4.95 p-value 0.042

F-statistics: 9.45
Null hypothesis: regressor is exogenous

Instrument Coefficient p-value
Mother Education 0.790*** 0.000
(b)

Second-Stage Estimates
Dependent Variable: math-reading ratio

Ind. Variables Coeff. p-value
Hours of Sport (IV) 0.028** 0.047
Father Education 0.001 0.962
Father Occupation 0.001 0.940
Mother Occupation —-0.002 0.750
Month of Birth 0.001 0.968
Nationality 0.003 0.906
Region —0.038*** 0.000

Observations 1478

F-statistics and the Durbin-Wu-Hausman test for endogeneity are presented. In
this respect, we find a positive and significant parameter showing that more
educated mothers encourage their daughters to do more sport. As afore men-
tioned, several reasons can be at the root of this among which the fact that they are
more informed about the considerable health benefits of physical activity—provided
that they can also afford the expense. It is worth mentioning that the instrument
is not “weak” since all the F-statistics is are very close to the rule of thumb value
of 10 (Staiger & Stock, 1997). Finally, the Durbin-Wu-Hausman test suggests that
there exists some endogeneity bias driven by the hours of sports variable, so it is
appropriate to treat this regressor as endogenous.

Turning our attention to the second stage estimates (Table 7(b)), we detect a
positive and statistically significant parameter (0.028 p-value 0.047) linking
hours of sports to the math relative to the reading score. This evidence supports
the view that girls may receive a substantial contribution from doing sports in
terms of competitive attitude and ability to implement logical and strategic rea-
soning under pressure. Given that during their childhood, girls are usually much
more “helicoptered” by their parents who do not let them go out of the house

and play on the road with their friends, it is possible that being involved into
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sports makes up for the lack of this type of social interaction so that sport represents
a channel through which girls actually learn to compete and develop their ability to
make logical connections under pressure.

At this stage, it must be reckoned that the causal interpretation of this result
crucially hinges on the assumption that mother education is uncorrelated with
the residuals of the second stage regression which means that, despite the possi-
bility of determining unobserved factors shaping both math and reading scores,
it should be uncorrelated with the ratio between the two tests. In the following
section, we implement a series of econometric exercises to provide evidence in

support of this assumption.

6.3. Robustness

6.3.1. Excluding Girls with STEM-Mothers

We shall start our robustness analysis by presenting the results of the IV model
discussed above obtained after having excluded, from the analysis, girls whose
mothers have a STEM degree and/or work in math- and science-related profes-
sions. To identify these professions we use the 6-digit ISCED classification pro-
vided in the data set, so that we can identify precisely the mother’s type of job
and can exclude girls whose mothers are likely to encourage the study of math
rather than that of reading. In this way, we are left with a sample of girls whose
higher educated mothers are involved in professions related to law, the humani-
ties, pharmacy, medicine, in order to reduce the possibility that girls more in-
volved in sports are also those who are more oriented toward math by their moth-
ers. This is particularly true if we consider the evidence on the inter-generational
transmission of professions (among others see Aina & Nicoletti, 2018) so that by
excluding girls with STEM mothers we are likely to capture girls who are more
drawn to reading than to math. In Table 8, we report the results obtained from
1149 observations. Interestingly, mother education remains a good instrument
and, most importantly, the effect of sport on the math-reading ratio is statistically

significant with a point estimate of 0.023.

6.3.2. A Glance at Science Test Score

As a second exercise, we use information about girls’ test score in the science
domain. Basically, we replicate the IV procedure implemented above but, in-
stead of looking at the math-reading ratio, we use, as dependent variable, the
science-reading ratio. The rationale for this is that, since the science test in the
10" grade is only based on knowledge related to natural and biological science,
difficulties in the test score are not related to math skills. If more educated
mothers were to push their daughters toward the STEM-preparatory disciplines
(which covers both math and science), we should actually detect a significant ef-
fect of (instrumented) sports on the science-reading ratio as well. This would be
caused by the correlation of the used instrument with some unobserved indi-
vidual characteristics which induce a better performance in science than in
reading. Conversely, if our strategy is correct we should not find any statistical

effect of sports on the science-reading ratio. In Column (I) of Table 9, we report
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Table 8. IV-2SLS estimates of the impact of hours of sport per week on the mathemat-
ics-reading ratio (MRR) for girls: only girls with no-STEM mothers.

(a)

First-Stage Statistics

Dependent Variable: Hours of sport

F-statistics: 8.95

Durbin-Wu-Hausman test: 4.45 p-value 0.048
Null hypothesis: regressor is exogenous

Instrument Coefficient p-value

Mother Education 0.930*** 0.000
(b)
Second-Stage Estimates
Dependent Variable: math-reading ratio

Ind. Variables Coeff. p-value
Hours of Sport (IV) 0.023** 0.031
Father Education 0.001 0.962
Father Occupation 0.001 0.940
Mother Occupation -0.002 0.750
Month of Birth 0.001 0.968
Nationality 0.003 0.900
Region —0.033*** 0.000

Observations 1149

Table 9. IV-2SLS estimates of the impact of hours of sport per week on science-reading

and math-science ratio for girls.

Ind. Variables
Hours of Sport (IV)
Father Education
Father Occupation
Mother Occupation
Month of Birth
Nationality
Region

Observations

Column I

Dep. Variable:
science-reading ratio

Coeff.
0.001 (0.739)
0.001 (0.986)
0.001 (0.776)
~0.002 (0.544)
0.001 (0.998)
0.003 (0.879)
~0.008 (0.765)

1478

Column II

Dep. Variable:

math-science ratio

Coeff.
0.030** (0.046)
0.001 (0.988)
0.001 (0.878)
~0.001 (0.229)
0.001 (0.812)
0.002 (0.656)

—0.028*** (0.000)

1478

Notes: In Column I and Column II, second stage estimates reported. Hours of sport in-
strumented with Mother education as in Table 7(a). In Column (I), the dependent variable
is the science-reading ratio. In Column (II), the dependent variable in the math-science ra-
tio. Robust p-values in parenthesis. *, ** and *** indicates 10%, 5% and 1% statistical sig-
nificance respectively.
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our second-stage results. We do not detect a significant effect of sports on the
science-reading gap and this supports our main identification assumption. Fur-
ther, in Column (II), we report the IV results of a second-stage equation where
the math-science ratio is considered. Interestingly, in this case the point estimate
is statistically significant at 5% and slightly higher than that found when consi-
dering the math-reading ratio and, again, this is consistent with a positive effect
of sports on math scores while it appears to be at odds with the hypothesis that
more educated mothers encourage daughters to study specifically STEM-related
disciplines.

6.3.3. Using Boys to Construct a Falsification Test

Our third exercise makes use of boys to construct a falsification test. The idea is
that, if IV estimates presented in Table 7 are biased by the fact that more edu-
cated mothers tend to favor the study of mathematics over that of reading, we
should find evidence of this effect also for boys. Hence, we re-estimate our main
IV model on boys in our sample enrolled at the Lyceum using as instrument
mother education to predict sport activity. The idea is that, given that during
their childhood boys are much more involved in out-of-the-home activities than
girls, we do not expect to find any direct impact of sports on the MRR so that,
whenever we detect a statistically significant effect, this should be interpreted as
a warning about our main identification assumption. We also replicate our study
by using father education as an instrument. In Table 10, we report the results.
Column (I) considers mother education as the instrument for sports activity
while Column (II) uses father education. Interestingly, as far as the first stage is
concerned, it turns out that neither mother nor father education is good instru-
ments to predict boys’ level of commitment to sport. In both cases, sports is not
a relevant factor in shaping the math performance of boys relative to that in

reading.

6.3.4. IV Using the Whole Sample
As a final test, we present the results of our main IV strategy implemented on
the whole sample, i.e. on girls from all schools (Lyceum, Professional and Tech-
nical schools) in our data set. As already discussed, we do not consider this as a
first-best strategy since some possible sample-selection issue may undermine the
reliability of the results. In practice, mother education can be related to girls’
schooling choice and this may affect the math-reading ratio: girls with higher
educated mothers may be those enrolled in the lyceum where math-skills are
much more important than in technical and professional schools so that IV es-
timates could be upward biased by such a mechanism. Notwithstanding this, it is
useful to run the regression on top of that highlighted in Section 6.2, since we
can thereby check if our main result still holds after having considerably mod-
ified the sample size.

Results are presented in Columns (I) and (II) of Table 11. Column (I) consid-
ers all girls, while Column (II) excludes girls whose mothers work in STEM

professions and/or have a STEM university degree. In both cases, a regressor
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Table 10. IV-2SLS estimates of the impact of hours of sport per week on the math-reading
ratio for boys.

1** Stage Results

Column II
Instrument:
Father education

Column I
Instrument:
Mother education

Coeff. Coeff.

Instrument 0.013 (0.564) 0.244 (0.110)

2™ Stage Results

Dep. Variable:
math-reading ratio

Dep. Variable:
math-reading ratio

Ind. Variables Coeff. Coeff.

0.004 (0.132)

Hours of Sport (IV)
Mother Education
Father Education
Father Occupation

Mother Occupation

Month of Birth
Nationality
Region

Observations

0.001 (0.876)

0.001 (0.988)
0.001 (0.776)
-0.012 (0.234) ~0.041 (0.229)
0.021 (0.698) 0.011 (0.432)
0.013 (0.999) 0.022 (0.444)
0.012*** (0.010) 0.028*** (0.000)
-0.022 (0.020) -0.014 (0.020)

933 933

Notes: Only boys from Lyceum considered. In Column I, the instrument for hours of
sport is mother education, in Column II, the instrument is father education. In all col-
umns, the 2™ stage dependent variable in the math-reading ratio. Robust p-values in pa-
renthesis. *, ** and *** indicates 10%, 5% and 1% statistical significance respectively.

Table 11. IV-2SLS estimates of the impact of hours of sport per week on the mathemat-
ics-reading ratio of girls: whole sample.

(a)

First-Stage Statistics.
Dependent Variable: Hours of sport

Column I

F-statistics: 10.81
Durbin-Wu-Hausman test: 6.11
p-value 0.034

Null hypothesis: regressor is exogenous

Instrument

Mother Education

Coefficient

0.880*** (0.000)

Column II

F-statistics: 11.45
Durbin-Wu-Hausman test: 6.95
p-value 0.023

Null hypothesis: regressor is exogenous

Coefficient

0.672*** (0.000)
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(b)

Second-Stage Estimates.
Dependent Variable: math-reading ratio

Ind. Variables Coeff. Coeff.
Hours of Sport (IV) 0.031** (0.025) 0.035** (0.041)
Father Education 0.001 (0.987) 0.001 (0.966)
Father Occupation 0.001 (0.943) 0.001 (0.988)
Mother Occupation —-0.002 (0.327) —-0.011 (0.614)
Month of Birth 0.001 (0.998) 0.001 (0.999)
Nationality 0.006 (0.712) 0.001 (0.772)
Region —0.028*** (0.000) —0.032%** (0.000)
High School Type —0.013** (0.032) —0.011** (0.039)
Observations. 2834 2230

Notes: In Column (I), all girls in our sample considered, in Column (II), girls whose
mothers have a STEM degree and/or are involved in STEM occupations have been ex-
cluded. In all cases, mother education is the instrument for hours of sport.

controlling for high-school type has been added to the previous specification.
The results go in the expected direction, confirming that mother education is a
good predictor of the level of sport performed by girls. Further, sports improve
the math performance of girls relative to that in reading highlighting a positive
co-efficient of 3.1% and 3.5% in Columns (I) and (II) respectively. Both coeffi-
cients are larger than that estimated in Table 7, and this is consistent with our
expectation about the upward bias of the IV coefficient estimated on the whole

sample.

7. Conclusion

Using PISA (2015) data on students enrolled in the 10" grade in the Italian
school system, we evaluate if sports may have a role in improving the math skills
of girls relative to their reading ones. Problems related to endogenous selection
into sports are handled by applying an IV strategy in a setup where the main
dependent variable is the math-reading ratio, and the coefficient of interest is the
one associated with the variable which indicates the amount of hours of sport
per week performed in the presence of a coach. A valid instrument to predict in-
volvement in sport is found in the level of education of the mother since—all else
being equal—the higher the educational level of the mother the more informed
she should be about the positive effects that sports may have in terms of health
and well-being. The use of the math-reading ratio in test scores as a dependent
variable allows us to get rid of the effects of unobservables that may relate mothers’
characteristics to the academic ability of their daughters. We find that involvement

in sports improves girls’ math scores relative to their reading ones. The causal
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interpretation of this result is supported by several robustness exercises.

Our results contribute to previous literature in several ways. Firstly, we show
that at least a part of the observed gender gap in math scores may be related to
differences in experience and exposure to out-of-the-home social life. Secondly,
since sport by its nature generally involves more than an element of competition,
our results are also consistent with the “willingness to compete” argument on
the math gender gap. In general, our findings reflect the idea that—since girls
are much more likely to be helicoptered by their parents and expected to lead to
a more protected life centred around the home—involvement in sports may im-
prove their ability to make logical connections under pressure as well as help
channel their competitiveness, thereby increasing their STEM-readiness and of
the chance of entering STEM majors and high-wage occupations where a math
background is essential. In terms of policy, we conclude by drawing attention to
the positive consequences that incentives to participate in sports for young girls
may have not only in terms of health-related issues but also in terms of math

performance and STEM readiness.
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