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ABSTRACT: Mathematical skills act as an important feature to explain some 
aspects of social inclusion and economic inequality. In this perspective the 
literature shows an increasing attention to the relationship between the 
mathematical skills and gender inequality in education and labor marker 
experience. Based on these arguments, the paper analyses the main factors 
behind the differences in test scores on mathematics subjects between male 
and female 15 years old students, performing the Oaxaca-Blinder 
decomposition method (Blinder, 1973) on the data from the OECD PISA 2018 
survey. In this context we support the hypothesis that the mathematical gender 
gap registered by Italian students is among the largest recorded in over 70 
countries and that this gap is conditioned by non-cognitive elements. The study 
results confirm that the quality of the school environment, the socio-cultural 
context of reference and other non-cognitive elements that typically influence 
adolescent girls (the learning environment, self-efficacy in math learning, 
parental support, etc.) contribute to fueling the gender inequality in math test 
scores, even in the presence of the same characteristics observed with boys. 
 
KEYWORDS: Mathematics, gender gap, Italy, students, PISA data

 
 
 
Introduction 
 
Analysing and understanding gender differences in mathematics 
learning has been a challenge for many researchers for decades 
(Maccoby and Jacklin 1974, Hyde et al., 1990, Spelke, 2005). It is noted 
how differences in mathematical performance act, together with other 
factors, as an important feature to explain some aspects of social 
inclusion and economic inequality that is generated in the transition from 
the world of education to the labor market. In this perspective, the 
literature shows a growing attention to the relationship between 
mathematical skills and gender inequality to the disadvantage of girls 
(i.e., Bobbitt-Zeher, 2007; Rosti, 2006). 

 The results of the international OECD PISA (Program for International 
Student Assessment) survey have shown since the first edition in 2000, 
that boys perform better than girls in mathematics but worse in reading, 
with some variability between countries. For this reason, it is particularly 
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interesting to analyse data from the OECD international PISA survey for 
Italy, as gender differences are particularly pronounced in this country 
(OECD, 2019a). 

 The main objective of the research is to analyse the multiple factors 
that condition and feed gender gaps in mathematics learning at school, 
which are wider in some countries including Italy, and to measure how 
much of the test score gap can be «predicted» by observable differences 
across students in determining the test score, or to what extent this gap 
is conditioned by non-directly observable. 
Through a multidimensional analytical perspective, the article will 
discuss the non-cognitive factors that contribute to the gender gap in 
mathematical literacy of 15-year-old students in Italy. 
 
 
1. Literature review 
 
The gender gap in mathematical scores at school level has been observed 
in several countries around the world, although it differs substantially 
from one country to another (Marks, 2008; Meisenberg, 2016; Mullis et 
al., 2020).  

 While there is consensus on gender differences found in school test 
scores, studying the determinants of this inequality is an important and 
highly controversial issue of academic debate. It has been shown that 
girls in language proficiency tests typically excel higher than boys, 
whereas in mathematical and science tests boys often score best 
(Camarata and Woodcock 2006; Scheiber et al., 2015). Several 
explanations have been proposed to support the interpretation of this 
gap. Initially, a line of research examined the differences from a mainly 
biological perspective to support, for exam-ple, the innate differences in 
the spatial ability of the male gender, and to explain the greater 
mathematical ability always observed at school level in boys compared 
to girls, focused primarily on biological explanations (Kimura, 1999; 
Ganley et al., 2011). Nevertheless, more recent studies, underlining how 
the differences in some countries have reduced over time, or are in some 
cases very small if not non-existent, have advanced different hypotheses 
by emphasizing the role of social, cultural, and psychological factors 
(Gunderson, 2012). 

 Some studies, precisely based on the variability observed between 
countries, resort to explanations that involve the influence of social and 
cultural factors (Guiso, 2008; Li, 1999). Bleeker and Jacobs (2004) have 
shown through a longitudinal research how the subjective perception of 
mothers, with respect to the mathematical competence of their children, 
affects only the sense of security of girls and not boys, and their possi-
bility of taking educational paths. STEM (Science, Technology, 
Engineering and Mathematics). Furthermore, many studies suggest how 
in education, the gender gap is still influenced by deep-rooted 
stereotypes in the teachers or implicit bias that act in such a way 
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unconscious influencing actions and evaluations on the students (Lavy, 
Sand, 2018; Avitzour et al., 2020; Copur-Gencturk et al., 2020) 

 Several explanations have been proposed to support the 
interpretation of this gap. Some researchers have focused primarily on 
biological explanations (Kimura, 1999). Others, precisely based on the 
variability observed between countries, resort to explanations that 
involve the influence of social and cultural factors (Guiso, 2008; Li, 1999). 
Bleeker and Jacobs (2004) have shown through a longitudinal research 
how the subjective perception of mothers, with respect to the 
mathematical competence of their children, affects only the sense of 
security of girls and not boys, and their possibility of taking educational 
paths in STEM (science, Technology, Engineering and Mathematics). 
 Furthermore, many studies suggest how in education, the gender gap 
is still influenced by deep-rooted stereotypes in the teachers or implicit 
bias that act in such a way unconscious influencing actions and 
evaluations on the students (Lavy, Sand 2018; Avitzour et al., 2020; Copur-
Gencturk et al., 2020) 

 Others still focus on individual characteristics such as learning 
strategies, attitudes, motivation, anxiety, which seem to manifest in a 
different between the male and female (OECD, 2015).  

 A study of Colombia's PISA mathematical scores, which presents 
gender differences in mathematics like those observed in Italy, using an 
econometric methodology similar to that used in this study, shows that 
on average boys outperform girls in mathematics even when comparing 
students with similar individual, family and school characteristics. The 
observed characteristics favor girls on average (reducing the gap by 
almost 7 points) but the inexplicable component does not. As in the 
present study, the advantage in the observed characteristics is given 
because girls have individual factors that on average favor their scores 
over boys, while they are penalized by unobservable factors (Alvarado, 
2017).  

The study on the gender gap in mathematics is very interesting for the 
Italian case as the differences are particularly large (Zhou, 2017; Ellison, 
2018; Di Castro, 2021). 
 
 
2. Data 
 
This study uses OECD PISA 2018 microdata that measure 15-year-old 
students' proficiency in three key areas of competence (reading literacy, 
mathematical literacy and science literacy). As in PISA 2015, the 
computer is the primary mode of delivery for all domains The main 
domain is rotated at each PISA cycle every three years. In 2018, reading 
proficiency is the main domain and mathematical literacy is assessed as 
a minor domain, but its framework continues the description and 
illustration of the PISA mathematics assessment as established in the 
2012 framework, providing the opportunity to compare student 
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performance over time, when math was -examined and updated for use 
as a primary domain. However, the data analysed are currently the most 
up-to-date available for our analyses. 

 Furthermore, in addition to data on students' proficiency, the survey 
contains large volumes of information on family socio-economic 
background, students' attitudes, beliefs, their home possessions, their 
school and learning experiences, and in-depth questions about computer 
familiarity, and future expectations.  

 In Italy, 11,785 students took the test (48% females and 52% males), 
representing a population of approximately 521,000 15-year-old students 
throughout the country. 

 
 

3. Methodology  
 
The paper analyses the main factors behind the differences in test scores 
on science/mathematics subjects between male and female 15 years old 
students performing the Oaxaca-Blinder decomposition method (Blinder, 
1973), originally used in labor economics to decompose earnings gaps 
and to estimate the level of discrimination. 

 This econometric technique allows to decompose the gender 
inequalities recorded on average in the mathematical performances of 
students into two distinct components. The first component is 
attributable to the differences in the average characteristics of males and 
females, with the same rate of return in the test scores associated with 
each of these observed characteristics («explained»); the second 
component identifies, instead, the part of the gender inequality that can 
be attributed to the differentials in the rates of return, with the same 
characteristics observable between male and female students 
(«unexplained»). This second component can therefore be considered as 
an empirical approximation of the discrimination suffered by female 
students in the evaluation in mathematics test scores compared to male 
colleagues. 

 In this perspective it is therefore possible to verify whether and to what 
extent the quality of the school environment, the socio-cultural context of 
reference and other elements of a psycho-attitudinal nature that typically 
influence girls in the initial phase of the upper secondary school cycle 
(e.g. parental support, environmental context, mathematical self-efficacy, 
etc.) contribute specifically to the persistence of gender inequalities in 
math test scores – even in the presence of the same characteristics 
observed in boys. Table 1 lists the variables included in our model. 
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TAB. 1. Included Variables 
HomewMother – How often do your mother work with you in your schoolwork? 
Several times a week (1) Never or almost never (0) a few time a year (0) about once 
a month (0) several time a month (0) 
HomewFather – How often do your father work with you in your schoolwork? Several 
times a week (1) Never or almost never (0) a few time a year (0) about once a month 
(0) several time a month (0) 
Emosups – The index of parents emotional support 
ChildSupp- I support my child when he/she is facing difficulties at school – Strongly 
agree(1) Agree(0) disagree(0) Strongly disagree(0) 
EncChild – I encourage my child to be confident- 
Strongly agree (1) Agree (0) disagree (0) Strongly disagree (0) 
DiscChild -Discussed my child's progress with a teacher on my own initiative. Yes(1) 
no(0) Not supported by the school(0) 
GradesImport– Importance for decisions about future occupation: my school grades 
– Very important (1) important (1) not important (0) somewhat important (0) 
SubjectImport – Importance decisions about future occupation : the school subject I 
am good at– Very important (1) important (1) not important (0) somewhat 
important(0) 
Talentimport-Importance decisions about future occupation my special talent (1) –  
Very important (1) important (1) not important (0) somewhat important (0) 
Exp_par – Importance for decision about future occupation: my parents o guardians 
expectations about my occupation–  
Very important (1) important (1) not important (0) somewhat important(0) 
Resilience – Index of self efficacy 
Gfofail – Index of fear of failure 
Belong – Index of sense of belonging 
Compete – Index of Competitiveness 
Percomp – Index of Perception of competitiveness at school 
Percoop – perception of cooperation at school 
Clear_Ideas – what do you think you will be doing 5 years from now – I will be 
studying because the occupation i want requires a study degree (1) 0 otherwise 
Mastgoal – Index of learning goals 
Workmast- Index of motivation to master tasks 
Disclima – Index of disciplinary climate 
Internet – Available for you to use at home: Internet connection Yes and I use it (1) – 
yes but I don't use it (0) | No (0) 
Istitut1 – general 
Istitut2 – pre-vocational 
Istitut3 – vocational 
Age – 15 years old 
Escs – Pisa Index of economic, social and cultural status 
Mean_escs – Mean for school of Pisa Index of economic, social and cultural status 
Misced – Mother's education 
Fisced – Father's education 
Cultposs – Index Cultural Possession of the family 
Mmins – Learning time (minutes per week) – <Mathematics> 

 
 
4. Results 
 
3.1. Descriptive statistics 
Fig. 1 shows the average mathematical gender gap in Italy and in the 
OECD for 2018. As can be seen, if the average score of male students is 
in line with the average of the countries participating in the Survey (2 
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points higher), girls they score significantly lower not only compared to 
their male colleagues, but also on average compared to their colleagues 
from other countries (479 points for Italian girls; 487 on average for girls 
from other countries). 
FIG. 1. Mathematical literacy Average by Student Gender  

 
Source: Authors' elaborations on OECD PISA data (2018)  
 
3.2. Decomposition Results  
Estimates indicate that the gender gap in math test averages around 16 
points. This difference is explained mostly by the disadvantage 
«suffered» by the girls due to unexplainable factors, which contributes to 
increasing the differential by more than 24 points, while the differences 
in terms of observed characteristics – with the same returns – would 
contribute to a positive performance of the female students (-7.89 points). 
Findings reveal that the variables included in the explanation cushion the 
differential. 
TAB. 2. Oaxaca Blinder Decomposition, mathematical test scores 
 OB_math 
 b/se 
Overall  
group_1 518.4291*** 
 (3.2719) 
group_2 502.1949*** 
 (3.7101) 
difference 16.2341*** 
 (3.4961) 
explained -7.8970** 
 (3.2122) 
unexplained 24.1312*** 
 (3.6869) 
Source: Authors' elaborations on OECD PISA data (2018)  
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At this point, the Oaxaca technique allows us to analyse the role of the 
single observable variables that contribute to reducing gender 
differences (-7 points) or in some cases to increasing the differential. 
Similarly, it is possible to analyse the single variables that contribute to 
increasing the differential, or the discrimination effect. 
 
Decomposition results: Explained component 
Gender gap associated with observable characteristics contribute to 
explain female positive performance (-7 points).  

 In the explained part, the relevant role of parents emerges, i.e., the 
expectations and emotional support of parents, as well as the parental 
presence (DiscChild) measured in terms of meetings to talk with teachers 
even when not required. 

 On an individual level, the importance of goal orientation for girls 
emerges, which affects the reduction of the gap where girls demonstrate 
motivation to study dictated by a clear professional goal (in practice, at 
15 they already have «clear ideas» on the work they will want to do and 
therefore on the qualification to be achieved), and a stronger generic 
motivation (workmast). 

 
TAB. 3. Oaxaca Blinder Decomposition, Explained component, mathematical 
test scores 

Emosups -0.7683** 

 (0.3092) 

DiscChild -0.4990** 

 (0.2046) 

Exp_par -1.2342*** 

 (0.4543) 

compete 1.8920*** 

 (0.5564) 

Clear Ideas -1.6508*** 

 (0.5050) 

mastgoal 1.1366** 

 (0.4693) 

workmast -1.0305** 

 (0.4617) 

disclima -1.0467*** 

 (0.3600) 

mean_escs -4.4687*** 

 (1.6370) 

cultposs -0.5105* 

 (0.2585) 
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mmins 2.2168*** 

 (0.6414) 
Source: Authors' elaborations on OECD PISA data (2018)  

 
On average, the socio-economic level of the family does not have a 
significant effect on the variables, while the qualitative or socio-economic 
level of the school environment contributes to significantly reducing the 
mathematical gender gap and is not associated with discrimination 
phenomena. At the family level, however, we observe the significant 
effect of cultural capital in terms of possession of classical culture at 
home (e.g., books of classical literature), which curiously acts in reducing 
the mathematical differential (also positive in terms of the discrimination 
effect).  

 Among the observed variables that instead favor boys by increasing 
the math gender gap we find the student's competitiveness index, which 
if positive seems to increase the differential.  
 
Decomposition results: unexplained component  
In the unexplained part of the decomposition, it is observed how an 
approach to self-assessment based on internal or external factors has 
different effects on male or female students. 

 
TAB. 4. Oaxaca Blinder Decomposition, Unexplained component, mathematical 
test scores  
GradesImport -13.7581** 

 (5.8273) 

SubjectImport 12.8401* 

 (7.0775) 

misced -18.4460* 

 (9.9821) 

cultposs -2.5659* 

 (1.5322) 

cons -42.6562 

 (166.9308) 

N 11785 
Source: Authors' elaborations on OECD PISA data (2018)  

 
 Rely on grades to guide own goals and educational paths (external 
evaluation, based on teacher grades) is correlated with a narrowing of 
the gender gap in mathematics, while learning goals based on self-
assessment («I think I'm good in...» denoting higher self-esteem/self-
efficacy) tend to increase gender inequality in math and this happens 
solely due to inexplicable factors, widening discrimination men/women. 

 The results seem to highlight that, in relation to mathematical 
performance, male students rely more on positive self-assessments 
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(subjectimport), while female students seem to need external 
assessments (gradesimport) to make decisions on their own paths. 

 These complementarities between boys and girls suggest a typical 
male-female pattern linked to greater underlying insecurity for women, 
which we presume may be linked to a set of negative stereotypes that 
influence the relationship of women with mathematics. 

 The mother's degree (misced), unlike that the father (fisced), plays a 
crucial role for girls; this result confirms the importance of the maternal 
reference model for female identification: the more educated the mother 
is, the more the gap in the discrimination part becomes shorter. 

 This result, confirmed in the literature by other studies, constitutes an 
indirect confirmation of the usefulness of female reference models for 
young girls, in those disciplines where they seem to be most insecure (for 
example, Bleeker, Jacobs, 2004) 

Bleeker and Jacobs 2004 through a longitudinal study show that the 
probability of choosing scientific-mathematical paths at the age of 24-25 
for girls was significantly affected by maternal evaluation in pre-
adolescence, while no relationship was observed between maternal 
evaluation and behaviour of male children at the same age. The girls' 
mathematical and scientific self-efficacy was associated in the long term 
with the subjective expectations of the mothers noted previously. 
 
 
Conclusion 
 
In the previous pages, the analyses conducted on the OECD PISA 2018 
data have highlighted the existence of a significant difference between 
the levels of mathemati-cal competence of 15-year-old students in Italy, 
a country in which this gap is partic-ularly pronounced, if compared to 
the average of the 79 countries that participated in the Survey.  

 Through econometric analysis, the non-cognitive dimensions that can 
affect the learning of mathematics have been analysed, it has been shown 
how some emotional dimensions such as parental support perceived by 
students, or environmental factors such as the socio-economic level of 
the school, favor the performance of the girls. 

 The explained part, in effect, seems to be more positively influenced 
for girls by socio-cultural variables which act on an in a learning 
environment: possession of classical culture tools, but also the socio-
cultural school level. We suppose that greater socio-cultural richness 
favors the strengthening of skills in girls through the peer socialization. 
This is not observed for the single socio-cultural index of the family fact 
that emphasizes the importance of the learning environment, as also 
high-lighted by the decrease in the gap in the presence of a more serene 
class climate. 

 Parental involvement in students' education, on the other hand, acts 
in terms of emotional support (Jeynes, 2007). A parent present both 
emotionally and present through contact with teachers and the school 
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seems to decrease the gender gap observed. In fact, suppose that in a 
disciplinary context in which female students are more disadvantaged 
than their male colleagues, the parental emotional support expressed 
also in terms of presence acts as a reinforcement for the girls (and not for 
the boys), confirming the hypothesis of greater female insecurity in 
mathematics.  

 However, through the decompositions used in these analyses, it 
appears that a large part of the difference in mathematical performance 
between girls and boys lies in an unexplained component. 

 Our decomposition shows that the factors that act in terms of 
«discrimination» be-tween men and women constitute the largest part of 
the gap. Such unexplained part appears to be characterized more by 
variables that represent emotional or non-cognitive elements. It is 
evident that the use of an external evaluation such as school grades 
received by teachers represents a great reason for reinforcement for girls, 
and a factor that can decrease the differential of the unexplained part by 
more than 13 points. 

 On the contrary, the use of the evaluation of one's skills based on an 
internal self-perception, even without resorting to external evaluations 
(school grades), denotes greater mathematical self-efficacy in male and 
better mathematical results.  

 Among the factors most involved in the decrease in «discrimination» 
we point out the level of maternal education which affects, as also found 
in other studies the learn-ing outcomes of girls and not boys, confirming 
the importance of the role of female models for girls. In practice, it 
appears that having a university-educated mother can foster the 
transmission of gender role attitudes from mothers to daughters (Chivite 
Monleón, 2020). This result was not observed in boys and considering 
the paternal level of education, and it leads us to underline the 
importance of the female reference model in those areas more 
traditionally perceived as male. 

 In conclusion, we believe that all the factors indicated so far play a 
decisive role in influencing the mathematical educational results of 
female students, and that the factors underlying this gap play an 
important role in determining the subsequent educational and career 
paths chosen by women. 
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