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A B S T R A C T

Whether males outperform females in mathematics is still debated. Such a gender gap varies across countries,

but the determinants of the differences are unclear and could be produced by heterogeneity in the instructional

systems or cultures and may vary across school grades. To clarify this issue, we took advantage of the INVALSI

dataset, that offered over 13 million observations covering one single instructional system (i.e., the Italian

system) in grades 2, 5, and 8, in the period 2010–2018. Results showed that males outperformed females in

mathematics (and vice versa in reading), with gaps widening from the 2nd through to the 8th grade. The gender

gap in mathematics was larger in the richer northern Italian regions (also characterized by greater gender

equality) than in southern regions. This was not explained by average performance or fully accounted for by

economic factors. No such north-south difference of the gap emerged in reading. Results are discussed with

reference to the literature showing that the gender gap varies across world regions.

1. Introduction

Female underrepresentation in mathematics, and more broadly in

science, technology, engineering and mathematics (STEM) fields, has

been repeatedly observed and has profound effects on society (Ceci &

Williams, 2011; Ceci, Williams, & Barnett, 2009; Cheryan, Ziegler,

Montoya, & Jiang, 2017; Stoet & Geary, 2018). In contrast, males, who

routinely perform better on internationally-recognized measures of

mathematical literacy, tend to display poorer performance in reading

(see OECD, 2016); with a lower presence than girls at the high end of

the distribution of reading literacy (Reilly, Neumann, & Andrews,

2019). Recent evidence also has shown that there are more males than

females with relative advantages in mathematics (i.e., their math

achievement larger than their reading achievement), which results in a

bias toward STEM fields (Stoet & Geary, 2015, 2018). Such findings

indicate a potential predisposition towards STEM subjects on the part of

males, potentially explaining part of the gender bias evident in the

fields (Ceci & Williams, 2010).

Several theories have been advanced to explain male-female dif-

ferences in mathematics and reading, implicating a range of factors

from biology to socioeconomics (for extensive reviews and theoretical

proposals see Geary, 2010; Halpern, 2012). Primary biological factors

include brain size and morphology, evolutionary pressures, and pre-

natal hormones (Ceci et al., 2009; Eals & Silverman, 1994; Finegan,

Niccols, & Sitarenios, 1992; van der Linden, Dunkel, & Madison, 2017).

In contrast, others have argued that biologically-based cognitive sex

differences indirectly contribute to academic sex differences. For in-

stance, the male advantage in visuospatial abilities facilitates the use of

spatial strategies for solving some types of mathematics problems and

through this contributes to the male advantage (Geary, 1996). Addi-

tional theories implicate inequality in the social and educational

system, in particular with reference to lower GDP, lower economic

opportunities, and earlier socialization processes (Breda & Napp, 2019;

Ceci et al., 2009; Eagly & Wood, 1999; Else-Quest, Hyde, & Linn, 2010)

in the observed gender performance gap. The gender gap in mathe-

matics performance, in particular, has been proposed to reflect broader

societal inequalities (Breda, Jouini, & Napp, 2018): more egalitarian

societies should have smaller gender gaps in math, as one aspect of

social inequalities may be represented by gender equality itself. In

contrast, Stoet and Geary (2018), using recent PISA data (OECD, 2016),

showed that the gender gap in math performance might follow the

opposite pattern (i.e., the male superiority in mathematics was greater

in the most gender equal countries), and they proposed that the life-

quality pressure in less gender-equal countries could promote girls’
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greater engagement with STEM fields.

Several other explanations have been proposed to explain the

gender gap in STEM fields. Halpern and co-authors (Halpern et al.,

2007) performed a review on the extant literature and concluded that

gender differences in mathematics and science did not directly evolve,

but seem to be indirectly related to differences in interests, which are in

turn related to specific brain and cognitive systems. This observation is

also supported by a meta-analysis by Su, Rounds, and Armstrong

(2009), showing that men preferred working with objects, while

women preferred working with people, with large effect sizes. This

meta-analysis also indicated that men showed stronger realistic and

investigative interests, again with a large effect size, while women

showed stronger artistic, social, and conventional interests, with effect

sizes ranging from small to moderate. Finally, meta-analytic estimates

indicated that men performed better than women on specific measures

of engineering, science, and mathematics interests, with effect sizes

ranging from large for the former and small in latter two. Based on

these premises, the authors concluded that interests may have a critical

role in gendered occupational choices and gender disparity in the STEM

fields. These findings have been supported by several other authors,

including Ceci and co-authors (Ceci et al., 2009), who argued that

biological evidence was inconclusive, while sociocultural factors were

more promising. In particular, the authors proposed that women’s

preferences, both free and constrained, represented the most powerful

explanatory factor of gender differences (e.g., Ceci et al., 2009; see also

Ceci & Williams, 2010, 2011).

Even though data on the general distribution are usually considered,

there is also a large literature focusing on the tails. In their meta-ana-

lysis Hyde and Mertz (2009) found that gender differences in mathe-

matics were smallest in samples of the general population, grew larger

with increasingly selective samples, and were largest for highly selected

samples at the top tail of the distribution. This led the authors to con-

clude that there is a more evident male advantage at the upper tails of

the distribution of mathematics ability, that is, a larger gender gap

when the most difficult math problems are concerned (Hyde & Mertz,

2009). This finding was replicated several times using different mea-

sures and samples (Halpern et al., 2007). In particular, Strand and co-

authors found more males at the top 5% and 10% in quantitative skills,

examining a very large national sample of children aged 11–12 years.

Furthermore, males were also overrepresented in the lower tails in

reading, both 5% and 10% (Strand, Deary, & Smith, 2006). Data from

the Study of Mathematically Precocious Youth (SMPY), an extremely

large study on children with very high performance in mathematics,

found that males outperformed females in mathematics, with small

effect size, while virtually no differences were found on verbal abilities

(Benbow & Stanley, 1980, 1983), with differences remaining relatively

stable 20 years later (Benbow, Lubinski, Shea, & Eftekhari-Sanjani,

2000). This finding has also been found using PISA data, showing that

at the highest levels of math performance, the gap between males and

females increases and the reading gap decreases, while for low per-

forming students, the math gap disappears and the reading gap widens

(Stoet & Geary, 2013).

In sum, there is a large body of evidence concerning gender dif-

ferences in mathematics and reading, but researchers have described

and explained them in different ways. The current study aims to add to

the current literature by examining the same patterns found in previous

studies but using regional differences across a single nation tested at

several time points. This unique approach provides several advantages.

First, educational systems, as well as societal pressures, teaching styles,

and even topics covered in the teaching of mathematics, might largely

differ across countries, and using a sample from the same population

could overcome this problem. Furthermore, the actual number of recent

international evaluations is rather limited (PISA, for example, occurs

every three years, meaning that only three evaluations are available in a

9-year time span). This is not a problem per se, as it would be unlikely to

see large changes in less than three years, but changes from one

evaluation to the other, although based on very large samples, may

occur due to specific contingencies (e.g., nature of the specific items

used) and statistical artifacts (e.g., regression toward the mean), rather

than reflecting real differences in the population of interest (see Hunt,

2011 on this issue). A meta-analytic approach, with random-effect

models to account for the variability of the effects across surveys, might

overcome this problem. For all these reasons, detailed national datasets

with data from many consecutive years can give additional insight.

It should also be noted that results concerning a single education

system, at the same time characterized by important regional differ-

ences, may offer other important information. Italy has large differ-

ences between the richer northern regions and the poorer southern

regions, with regions in central Italy representing an intermediate case,

and the gap in social opportunities between males and females is

especially evident in the southern part of the country (Checchi &

Peragine, 2010). Felice (2011), describing the state of the literature on

the north vs. south Italy divide (also referred to in Italian as the ques-

tione meridionale [southern affair]), comments that this divide has a

very long history, from the end of the nineteenth century to the present

day, and is persistent over the long run. The causes of this divide are

currently debated, with some scholars holding the view that at the time

of Unification (1861) northern regions were more prosperous because

of a better geographical position, more favorable natural endowments,

and higher human and social capital. At the moment, differences be-

tween northern and southern Italian regions are quite striking (e.g.,

GDP in the northern Italian regions is about two times higher compared

to southern Italian regions, while the opposite is true for unemployment

levels which are extremely high in southern regions, compared to

norther Italian ones; see Felice, 2011, 2012 for an extensive discussion).

A more recent analysis of the phenomenon argues that although the

south as a whole may have ranked somewhat lower than the center-

north, it was misleading to consider southern Italy as a uniform area

(see Felice, 2011) and subtle differences should be considered at the

regional level. In fact, the way that Italian geographical areas are or-

ganized into regions offers an appropriate unit, as Italian regions have

separate governments, reflect different historical and cultural back-

grounds, were historically part of different states up until about 160

years ago, and currently have different dialects (e.g., Neapolitan, which

was the official language of the Kingdom of the Two Sicilies), cuisines,

artistic tradition and other differences. Analyses carried out in several

studies stressed the importance of examining the achievement gap at

the regional level rather than at the nationwide level or macro-areas

(e.g., Cornoldi, Belacchi, Giofrè, Martini, & Tressoldi, 2010; Cornoldi,

Giofrè, & Martini, 2013; Lynn, 2010).

Italy represents a unique opportunity for studying the gender gaps

in achievement also because an extremely large dataset considering

both mathematics and reading tasks is available for scrutiny. This da-

taset includes assessments of both mathematical and reading academic

performance across different grades on the entire population over the

last ten years. Surprisingly, this very large database has not yet been

systematically analyzed to address this important issue. Gender differ-

ences in mathematics can therefore be studied with the advantage of

having one of the largest samples ever studied in this field, including

different years of assessment, different geographic areas and different

grades, but within the same school system using the same curriculum

(i.e., the same school curriculum is taught in every school in Italy) and

the same age established for entering into primary school (the calendar

year in which a child will turn 6). It is worth noting that the Italian

Constitution, promulgated in 1948, established the presence of 20 re-

gions. These regions are now relatively independent in some respects,

such economic and financial, but not all areas (e.g., defense or educa-

tion). In particular, the Italian school system is regulated at the national

level. Schools in Italy depend on the Minister of Education in Rome,

with programs and curricula established at a national level and taught

in every single region. This national regulation also includes the request

that all Italian students are every year administered the same
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Mathematical and Reading tests, with the consequence that a potential

huge mass of information is collected.

For the present analyses we took advantage of this dataset con-

sidering an extremely large number of data points (over 13 million

assessments in mathematics and reading) while relevant social and

economic moderating factors were retrieved from The Italian National

Institute of Statistics, ISTAT (http://dati.istat.it).

Based on previous evidence on this topic we expected to find gender

differences in mathematics, favoring males, and in reading, favoring

females. We also expected to find differences between Italian regions

with northern regions outperforming southern regions in both mathe-

matics and reading. In addition, we also wanted to examine whether the

two variables interacted, examining, for the specific case of mathe-

matics, the so-called gender equality paradox, showing that the areas

with higher levels of gender equality have also larger gaps in STEM

fields (Stoet & Geary, 2018). Additional analyses were also performed

to understand the presence of possible moderators of the gender gap,

and to examine whether males are overrepresented in the upper and in

the lower tails of the distribution.

2. Methods

2.1. Materials

Data from the INVALSI (Istituto Nazionale per la VALutazione del

Sistema di Istruzione [National Institute for the Assessment of the

Instruction System]) surveys on the Italian population (2nd, 5th, and 8th

grades) for mathematics and reading from 2010 to 2018 were analyzed.

Each year, the INVALSI assesses the whole Italian child population

in 2nd, 5th, and 8th grades. In the Italian school system, children typi-

cally attend the 2nd grade at 7 years of age; the 5th grade at 10 years of

age; and the 8th grade at 13 years of age. The surveys are population-

based, meaning that all Italian children in the same grade are tested.

Therefore, the same cohorts of children are tested across different years

at different grades. To ensure anonymity, however, the INVALSI data-

sets are organized in such a way that it is not possible to associate the

performances of any single child longitudinally.

The INVALSI tasks are inspired by their international counterparts

such as PISA, TIMSS, and PIRLS. Specifically, the tasks consist of a

series of around 30–45 items, tailored for each academic year.

Evaluations occur in the child’s class and typically last for two hours.

Most items have a multiple-choice response format and the remaining

have an open-choice response format (with only one possible correct

answer). Tasks differ for each grade and year of survey. Each response is

coded as either correct (1) or incorrect (0). For both mathematics and

reading literacy, the items are created based on IRTs. Different areas are

tested in mathematics, including algebra, generally presented in the

form of realistic problems (e.g. requiring students to solve the following

problem: “Iodine 131 halves its mass every 8 days due to radioactive

decay. How long will it take for it to reduce from 2 grams to 0.250

grams?”); geometry (e.g. requiring students to calculate the area of a

geometric figure given the length of its sides); and statistics and cal-

culation (e.g. requiring students to understand a bar plot, calculate the

number of possible combinations of a series of items). For reading lit-

eracy, the items are distinguished into two main areas: reading com-

prehension (involving both fictional and informational texts followed

by multiple choices questions), and grammar (e.g. requiring students to

tick the instances in which a given verb expresses a future tense). More

information about the test, with additional examples, is available at the

INVALSI website https://invalsi-areaprove.cineca.it/.

In total, we obtained 13,347,861 observations for mathematics, and

13,279,322 observations for reading literacy. In addition to the total

population, the INVALSI survey offers, for each year, data on a selected

representative sub-sample. Data collection on this sample is supervised

by members of the INVALSI committee themselves, therefore guaran-

teeing no cheating or other biases. We further analyzed these data to

assess whether the same conclusions were reached as for the total po-

pulation. Observations for the representative samples (which differed in

each year of survey) were collected on 658,271 children for mathe-

matics, and 655,945 for reading literacy, for the period between 2010

and 2017 (for 2018, no such data were available to us).

2.2. Data analysis

The meta-analytic estimates for the gender gaps in mathematics and

reading were computed on standardized differences in performance

between males and females (positive values indicate males’ advantage;

negative values indicate females’ advantage). We adopted a meta-ana-

lytic approach even though we had virtually the entire child population

over the mentioned time course, because data can be still seen as a

sample of a much wider set of possible observations. In fact, most

variability (and with it the non-negligible uncertainty on the final es-

timates) must be attributed to differences in results across different

years (as shown below), which is most likely due to differences between

alternative versions of the tasks. Following the same approach, other

estimates, based on meta-analytic estimates, were calculated, including

correlation between mathematics and reading, and odds ratios between

males and females on the tails of the distributions. The meta-analytic

strategy for all analyses followed the guidelines suggested by

Borenstein and colleagues (Borenstein, Hedges, Higgins, & Rothstein,

2009).

For each combination of grade and year of survey (corresponding to

an average of about 490,000 children per combination) we used Rasch

models to determine the individual performance parameters (Rasch

scores) of each child. These correlated very strongly (about r = 0.99)

with those calculated by the INVALSI team themselves, and with the

scores calculated as the simple proportions of correct responses for each

child.

The effect of interest for the present study was the standardized

difference (Cohen’s d) between the performance of males and the per-

formance of females. First, it was calculated separately for each Italian

region in each year of survey and each grade, and its variance was

calculated using the formula for the variance of standardized difference

suggested by Borenstein et al. (2009). To simplify the interpretation, a

meta-analytic model was fitted separately for each grade. Random-ef-

fect models were used in order to account for the variability of the

effects across surveys conducted in different years (i.e., heterogeneity).

Regions of Italy were entered as the fixed moderating factor of interest

in the models, ordered from the northernmost to the southernmost re-

gions along the main northwest-to-southeast axis that characterizes the

Italian territory (Italy is roughly tilted by 45° rather than following a

straight north-to-south direction; see the specific order in the vertical

axis of any figure in the Supplemental material). According to the IN-

VALSI system, 8 Italian regions are classified as “North”, 4 regions as

“Center”, 8 regions as “South”.

3. Results

A preliminary analysis, based on meta-analytic estimates using the

Fisher’s z transformation (Borenstein et al., 2009), showed that

mathematics and reading scores were strongly and similarly correlated

across all grades: 2nd grade, r = 0.59, 95% CI [0.58, 0.59]; 5th grade, r

= 0.62, [0.61, 0.63]; and 8th grade, r = 0.63 [0.63, 0.64]. These

correlations varied negligibly across different regions and grades (all

Δr<0.08).

Results on gender gaps showed that male superiority in mathe-

matics increased with grade and the same (with an opposite superiority

of females) happened for reading. However, while the gender gap in

reading performance was relatively homogeneous and increased stea-

dily with grade across Italian regions, the gender gap in mathematics

performance followed a sharp geographical gradient, with the most

northern Italian regions presenting a larger gender gap than the most
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southern regions (Figure 1; see also Figure S1 and S2 in Supplemental

material for details, and Figure S3, which shows that the results were

virtually identical for the supervised and more controlled sub-sample of

the INVALSI data).

3.1. Analysis of moderators

In-depth analyses were conducted on data for the mathematics

performance of 8th graders, because this is the highest grade, thus the

gender gaps are the largest. Unsurprisingly, heterogeneity explained

nearly all variability of the effect, I2 = 98%, as the very large pool of

observations meant that the sampling error was nearly null, and the

remaining variability was due to the random effect of year of survey or

moderators. Heterogeneity of the effects across years is clearly depicted

in all figures in the supplemental material. The analysis of moderators,

presented in the supplemental material, has an exploratory purpose.

Region and geographical gradient. An obvious moderator is the “re-

gion” factor, which alone explained 70% of the heterogeneity.

However, an excellent proxy of it was the simple geographical gradient,

observed when regions were assigned an integer number representing

their sequential order from the northernmost to the southernmost one

(see the ordered list in y axis of Figure S1, S2, Supplemental material).

Such a gradient explained 57% of the heterogeneity of the effect, only

slightly less than in the case when regions were simply considered as a

generic factor. The Bayesian Information Criterion (BIC), strongly fa-

vored this more parsimonious model, ΔBIC = −38.99.

Fig. 1. Standardized differences (Cohen’s d) between males and females in mathematics (A) and reading literacy (B) performance in all Italian regions. Estimates are

obtained through meta-analysis over 9 years of INVALSI data on the entire child population of the 2nd, 5th, and 8th grades. Shades of blue indicate males’ advantage

over females; shades of brown indicate females’ advantage over males.
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Baseline performance. Average mathematical achievement was

higher in the northern than in the southern regions, d = 0.06 (d = 0.15

in the supervised sub-sample). However, this was not a significant

moderator of the gender gap, χ2(1) = 2.10, p = 0.15. See Figure S4 in

supplemental material for a simultaneous representation of both

average performance and gender gap by region. The average perfor-

mance of females in mathematics was rather similar in northern (fol-

lowing the North-South direction the interested regions are Trentino-

Alto-Adige through Emilia-Romagna according to the INVALSI classi-

fication system) vs. southern (Abruzzo to Sicily) regions, Cohen’s d =

0.01 95% CI [-0.12, 0.13]. Conversely, some differences were observed

in males, with higher performances in northern vs. southern regions,

Cohen’s d = 0.15 [05, 0.25].

Time. Time (i.e., year treated as a quantitative variable) was a sig-

nificant, albeit modest, moderator of the male-female gap in mathe-

matics, χ
2(1) = 17.64, p<0.001, ΔR2 = 10% (on residual hetero-

geneity, i.e., over and above the effect of the geographical gradient), B

= −0.007 [−0.011, −0.004], suggesting that over a period of 10

years there was an estimated reduction of Δd = −0.07 [−0.11,

−0.04]. Unsurprisingly, the moderating effect of time interacted with

the geographical gradient itself, χ2(1) = 17.85, p<0.001, ΔR2 = 11%,

which implies that the gender gap in mathematics is shrinking in the

regions where it exists (i.e., northern and central regions in particular),

but not in the southern regions, were it was already approaching zero.

Economic and social factors. Relevant and well-known differences

among northern and southern Italian regions concerning socio-eco-

nomic factors were analyzed. We therefore collected data on a series of

socioeconomic factors: i) related to the geographical gradient; and, ii)

potential moderators of the gender gap in mathematics. These data

were retrieved and elaborated from the Italian National Institute of

Statistics, ISTAT: http://dati.istat.it.

Per capita GDP, measured year-by-year throughout the period of the

INVALSI survey, was strongly correlated with the geographical gradient

(on average, Spearman’s ρ = 0.89; see Figure 2). However, per capita

GDP explained only 44% of the heterogeneity in the gender gap in

mathematics (as an alternative to “region” as a factor or gradient), and

the effect of the geographical gradient, included in a second step, was

explaining a portion of the variance over and above GDP, χ
2(1) =

42.42, p<0.001, ΔR2 = 23%.

Average employment/unemployment data (2004–2018) were also

considered (see Figure S5 for further details). Both employment and

unemployment ratios followed the geographical gradient, Spearman’s ρ

=−0.92, and ρ = 0.91, respectively, showing a clearly disadvantaged

condition of the southern regions. For both variables, females were at a

disadvantage vis-à-vis males, and this was clearer in southern regions.

The Odds Ratio (OR) was used as a measure of the relative disadvantage

of females over males in employment and unemployment. In fact, only

the OR (female/male) for employment followed the geographical gra-

dient, Spearman’s ρ = 0.80, whereas the OR (female/male) for un-

employment did not, Spearman’s ρ = 0.04. Therefore, the disadvantage

of females over males in employment was more evident in the southern

than in the northern regions, but the same was not true for un-

employment. Such a finding was probably due to the fact that many

unemployed females in southern Italian regions are not registered as

unemployed.

Notably, the total employment and unemployment ratios, or the

same ratios separately considered for males and females, were ex-

tremely correlated, with Spearman’s ρs between 0.96 and 0.99.

Therefore, the total employment ratio was chosen as the candidate for

moderator of the gender gap in mathematics, as it also represents un-

employment ratio (or the same ratios for females). This moderator

alone explained 65% of heterogeneity of the gender gap in mathematics

(lower employment ratios, especially of females, are related with

smaller disadvantage of females in mathematical achievement). This is

nearly all of the heterogeneity previously explained by region and/or

the geographical gradient; the latter was no longer relevant when

added as another moderator after employment ratio, χ2(1) = 1.53, p =

0.21, ΔR2 = 1%. Region as a factor was not significant either, χ2(18) =

25.25, p = 0.12, ΔR2 = 15%.

Participation in local politics by males and females data were retrieved

Fig. 2. Per-capita GPD (€) of all regions throughout the period under examination. The large circular dots represent the grand mean across the years considered.

Years considered were 2009–2017 (instead of 2010–2018), because for each year of survey, the level of economic production of the previous year was considered.
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for the period between 2008 and 2017 (see Figure S6 for further de-

tails). The proportion of females in city, province, and regional councils

moderately followed the geographical gradient, with relatively more

female participation in northern regions, as compared to southern re-

gions, Spearman’s ρ = 0.55. This factor was also strongly linked with

the population size and historical relevance of the regions (e.g., Lazio,

Campania and Sicily in Central-Southern Italy have a relatively high

female share), meaning that this might be related to the gender gap but

to a lesser extent. In fact, when included as a moderator of the gender

gap in mathematics, the female share in participation in politics

reached statistical significance, but it only explained a modest portion

of the heterogeneity, χ2(1) = 39.47, p<0.001, ΔR2 = 20%. Such a

finding indicates that lower female involvement in politics is linked, if

only to a modest extent, with reduced gender gap in mathematics. In

fact, the geographical gradient, included in a subsequent step, still ex-

plained a very large portion of the residual variance after accounting for

this factor, χ2(1) = 102.62, p<0.001, ΔR2 = 47%.

Gender ratios at the tails of the distributions. We also analyzed the

ratios of males vs. females at the lower and upper tails of the dis-

tributions. For simplicity of reporting, we focused only on the 8th grade,

where the gender gaps were larger, and grouped Italian regions into

three clusters: North, Center, and South.

As the INVALSI surveys are an instrument for measuring achieve-

ment at the population level, they allow us to reliably identify children

up to the top 1%, but not the top 0.1% or more, as children with the

highest performance reach a ceiling level and children with the lowest

performance reach a floor level. Therefore, we focused on the top (and

bottom) 1% and 5% of the population’s achievement in mathematics

and reading.

To estimate how males and females were represented at the tails of

the distributions, we calculated odds ratios (ORs). These are the ratios

between the odds of a male being at the higher (or lower) tail of the

distribution, and the same odd for a female. These are roughly

equivalent to the simple gender ratios often reported in the literature,

but odds ratios are proper effect sizes, can be meta-analyzed, are in-

dependent from any potential unbalance between males and females in

the sample, and should therefore be preferred (Cumming, 2012). For

meta-analyzing odds ratios, we followed the suggestions by Borenstein

et al. (2009).

Importantly, if achievement scores were normally distributed and

homoscedastic (i.e., if they had the same variance in males and fe-

males), gender ratios at the tails could be determined a priori based on

the standardized difference (i.e., Cohen’s d) between males and females.

To assess how observed data corresponded to data derived from these a

priori expectations based on normality, we simulated 10 million data

that reproduced the gender gap observed in the INVALSI data, and that

were set to be normally distributed and homoscedastic.

Results (Table 1) show that males were overrepresented in the

upper, but not in the lower tail in mathematics. In both the upper and

lower tails of mathematics performance, however, males were slightly

more represented than one would expect if scores were normally dis-

tributed and homoscedastic (i.e., the observed OR and their CIs are

higher than the “simulated” OR in the lower tail), at least in the North

and in the Center of the country. In reading this pattern does not appear

(see the discussion for an in-depth analysis of these results).

3.2. Mean differences across reading and math

Finally, we calculated a series of scores expressing relative ad-

vantage in mathematics vis-à-vis overall achievement (i.e., mathe-

matics minus the average between mathematics and reading literacy).

However, the standardized differences between males and females in

this adjusted score followed virtually the same path as the mathematics

score alone. This was arguably due to the mathematics scores following

a clear geographical gradient, whereas reading literacy scores did not

(Figure S7).

4. Discussion

The issues concerning gender differences in mathematics and re-

gional differences seem of particular relevance today, also because

success in mathematics could affect girls’ interest in scientific dis-

ciplines and, indirectly, the socioeconomic gender gap. This is parti-

cularly important because mathematics and reading skills are asso-

ciated with educational achievement, higher grades, greater attained

qualifications and higher adult socioeconomic status (e.g., McGee,

Prior, Williams, Smart, & Sanson, 2002; Ritchie & Bates, 2013).

Several previous studies on the gender gap in mathematics have

used the same international dataset (e.g., PISA) which is useful for

comparing school systems (and gender gaps) across countries.

However, this approach does not allow us to disentangle how different

education systems and other co-occurring social differences across

countries could affect the gender gaps in mathematics. For this reason,

the INVALSI dataset could offer new pieces of evidence within one

country, with the advantage of having the same education system in all

regions, but also large regional differences in other societal aspects.

This dataset provides data on the entire population, thus offering the

opportunity of evaluating these aspects with an extremely large dataset

on several consecutive assessments. Using this dataset, we could

therefore address some of the previous problems encountered by using

other sources of data (including PISA, for example), and collect some

very insightful data on the gender gap in mathematics.

Our results suggest that Italian males outperform females in

mathematics, and the gender gap in both mathematics and reading

widens as a function of grade and level of performance. Substantial

regional differences also emerged in mathematics, with a larger gender

gap in the most northern regions, which has tended to diminish, albeit

slightly, in recent years. This regional difference was only found in

mathematics, while the gender gap was consistent in all Italian regions

in reading (where, on the contrary, females outperform males, in every

single region and in every single assessment). The male-female gap did

not seem to be related to the average academic performance in

mathematics and was only partially related with the per capita GDP. We

also calculated a series of scores expressing relative advantage in

mathematics vis-à-vis overall achievement (i.e., mathematics minus the

Table 1

Odds ratios (OR) of Males vs. Females being in the top (or bottom) tails of the

distributions of achievement score, as a function of discipline (mathematics,

reading) and geographical area (north, center, south), at Grade 8.

Mathematics Reading

North Center South North Center South

Bottom 1% OR 0.83 0.79 0.89 1.64 1.44 1.66

95% CIs [0.78,

0.89]

[0.73,

0.86]

[0.84,

0.95]

[1.52,

1.77]

[1.30,

1.59]

[1.54,

1.79]

Sim. OR 0.59 0.62 0.86 1.91 1.82 1.91

Bottom 5% OR 0.77 0.76 0.88 1.59 1.49 1.58

95% CIs [0.74,

0.81]

[0.72,

0.80]

[0.84,

0.91]

[1.51,

1.67]

[1.39,

1.60]

[1.51,

1.67]

Sim. OR 0.66 0.68 0.89 1.68 1.62 1.68

Top 5% OR 1.81 1.68 1.18 0.59 0.61 0.60

95% CIs [1.73,

1.89]

[1.73,

1.89]

[1.13,

1.23]

[0.57,

0.62]

[0.57,

0.64]

[0.58,

0.63]

Sim. OR 1.52 1.46 1.13 0.59 0.62 0.59

Top 1% OR 2.18 1.85 1.27 0.55 0.56 0.59

95% CIs [2.04,

2.32]

[1.70,

2.02]

[1.20,

1.36]

[0.51,

0.58]

[0.51,

0.61]

[0.56,

0.63]

Sim. OR 1.68 1.62 1.16 0.52 0.55 0.52

Note. Sim. OR = simulated odd ratio. The simulated odds ratios (OR) are ob-

tained assuming that scores are perfectly normally distributed. The estimates

were calculated from 10 million simulated cases that were normally distributed

and reproduced exactly the standardized differences between Males and

Females observed in the INVALSI data by discipline (mathematics, reading) and

geographical area (north, center, south), at Grade 8.
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average between mathematics and reading literacy). The results

showed that, also due to the fact that mathematics scores followed a

clear geographical gradient, whereas reading literacy did not, the

standardized differences between males and females in this adjusted

score followed virtually the same path as the mathematics score alone.

Alternative explanations could be offered for these results. Results

are also consistent with a bio-ecological explanation, meaning that

when the environment is generally more supportive (e.g., in socio-

economically more developed regions), the largest gender differences

emerge (Bronfenbrenner & Ceci, 1994). However, socioeconomic fac-

tors seem crucial in producing the mathematical gender gap. In parti-

cular, life-quality pressures and larger gender inequality in southern

regions (Checchi & Peragine, 2010) could promote females’ engage-

ment with mathematics, as suggested by international comparisons

using PISA data (Stoet & Geary, 2018). As mentioned in the introduc-

tion, there is also literature indicating that interest is one of the

strongest predictors of gender differences in mathematics and reading

(Ceci et al., 2009; Ceci & Williams, 2010, 2011; Halpern et al., 2007; Su

et al., 2009). It could be therefore argued that there's very little evo-

lutionary selection for the types of mathematics assessed on these tests

(e.g., PISA or INVALSI), and that the most developed regions allow for

greater expression of individual interests and development of basic

competencies, such as spatial abilities, that could influence perfor-

mance in mathematics.

The present analyses suggest that the mathematical gender gap

could vary across different sociocultural contexts (regions in this case),

even within the same country. Factors contributing to such differences

may be difficult to disentangle, also because they are mostly con-

founded. We suggest, however, that general socioeconomic factors

could be crucially related with these differences. Level of unemploy-

ment seems to explain a large part of the variance in the gender gap, in

the sense that where the unemployment (including the female un-

employment, but not only) is high, the gender gap in mathematics

disappears. Unemployment is also related to gender inequality (an as-

pect for which reliable regional data could not be calculated), having

been argued to be crucial in determining gender differences (Stoet &

Geary, 2018), but seems to offer a more general explanation of the

gender gap results. A possible interpretation of this result is that, when

unemployment is high, males and females react differently to the dif-

ficult requests of mathematical instruction: the former with a lower

engagement, while the latter with a higher engagement than in other

regional areas with lower unemployment rates.

It also can be argued that in southern areas there is an underground

economy, including tourism and low technology activities, that is at-

tracting adolescent boys and young men and that does not require a

strong education. Under these conditions, boys might disengage more

from school than girls with the consequence of having lower scores

across academic areas. This particular finding is in line with the results

in mathematics, in which boys in southern Italian regions seem to be

particularly impaired. However, the performance in reading seems not

to confirm this observation, as in this case boys are impaired in reading

to a similar extent in all Italian geographic regions. As for participation

in local politics, this variable seems not to be a crucial determinant for

explaining the gender gap. One possible explanation is that there is very

little cross-region variance on this variable, with female participation

levels lower than 25% in all Italian regions. Some insightful information

could also be obtained from the analyses of extreme cases in the two

tails. As for mathematics, there were more males than females among

students with very high performances, but not among those with very

low performances. To some degree, this may seem obvious as males had

on average higher performances than females in mathematics.

Interestingly, however, the proportion of males in both the upper and

lower tail was larger than could be expected under the assumptions of

normality and homoscedasticity, suggesting that the male distribution

is more variable. This pattern holds true for the central and northern

regions, in which the gender gap in mathematics was more evident.

This larger-than-expected (assuming normality and homoscedasticity)

proportion of males in both tails is in line with results from other

countries, such as the UK and the USA (e.g., Benbow & Stanley, 1980;

Strand et al., 2006). It is worth noting, however, that in these countries

a larger proportion of males were found in the lower tail of the dis-

tribution, while this pattern was not evident in our data. This pattern of

results shows that in Italy is the gender gap in mathematics is more

pronounced in the north and center areas, while weaker in the south,

not only with respect to the whole population but also, and to a greater

extent, for the top 1% performance, with northern regions having an

OR of 2.18 (i.e., there are more than two males for each female in the

top performing students) and only 1.27 in southern Italian regions. One

possible interpretation of the sex difference in mathematics across re-

gions is that girls are more engaged in school and mathematics in the

southern regions than are boys, but this effect should be investigated

further.

As for reading, there was a large proportion of males in the bottom

of this distribution, while the number of males was particularly low in

top performing students. This was unsurprising, as males performed

worse than females in reading. Also, this was rather homogeneous

across geographical areas, which is consistent with the homogeneity of

the gender gap in reading across all regions. The proportion of males in

the lower tail of the reading distribution was slightly smaller than one

could expect assuming normality, meaning that males are not over-

represented in the lower tail of performance, at least in reading.

To conclude, we have described mathematics and reading perfor-

mance in an extremely large and national representative sample of

children. The results for mathematics indicate that gender differences

tend to be higher in northern and central regions. This particular

finding is also associated with an overrepresentation in the same re-

gions of males in the two tails of the mathematical performance dis-

tribution, that is, of males performing extremely well and extremely

poorly. Results for reading do not follow a geographical gradient and

show that females outperform males in a similar way in every single

region and at every level of performance, confirming that this phe-

nomenon is rather general and uniformly distributed in the population.

With this paper we have therefore described an important pattern of

data and provided some speculation on the possible causes; however,

we recognize that the causes of the gender gap in both mathematics and

reading are very elusive and difficult to examine and cannot be fully

addressed with the extant available data. Therefore, further research is

needed to understand the cognitive and non-cognitive underpinnings of

this gap.
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