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Educational Inequality in Italy:
Official Grades vs. Standardized Test Scores

Raffaele Lagravinese, Vitorocco Peragine, Giorgia Zotti

Abstract

This study explores the disparities between official high school grades and standard-
ized test scores (Invalsi) among Italian students, drawing on 2022 data from final-year
high school students. The analysis reveals that official grades are consistently inflated
and show less variability compared to standardized scores, which exhibit greater in-
equality. Socio-demographic factors such as gender, geographic location, and parental
background play a significant role in shaping these disparities. Using a Blinder-Oaxaca
decomposition, the study uncovers performance differences linked to gender, origin, and
school type, highlighting a narrower grade-score gap among students in northern Italy
and those attending Liceo.
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1 Introduction

Grades play a crucial role in educational systems worldwide, acting as a key indicator of school
performance. Beyond their immediate purpose in assessing student knowledge and skills, grades
also serve as a signal with significant implications in labor markets and higher education admissions
(Spence, 1973). Although the primary goal of education is skill acquisition, grades often act as a
proxy for unobservable traits such as discipline, intelligence, and perseverance. Employers rely on
grades to reduce information asymmetry, using them as a tool to identify candidates who are likely
to succeed in competitive environments. School grades are widely considered a holistic measure of
student academic performance, reflecting not only cognitive abilities, but also effort, consistency,
and classroom behavior. Grades are determined by teachers, which introduces a subjective com-
ponent, but also allows for the assessment of a broader range of skills. For example, grades often
incorporate elements like participation, homework completion, and project work—skills valued in
real-world settings. Economic research highlights the predictive power of grades for long-term out-
comes. Studies such asHeckman et al.|(2006) emphasize the importance of non-cognitive skills—like
perseverance and time management—which grades are more likely to capture compared to stan-
dardized tests. In addition, grades are a cumulative record that offers a longitudinal view of a
student’s progress and resilience over time. However, grades are not without their criticisms. One
major concern is grade inflation, which can undermine their reliability. |Babcock| (2010)) documents
the increase in grades in the United States over decades, suggesting that differences in grading stan-
dards between schools and regions may distort comparisons. In addition, grades can reflect teacher
biases—whether conscious or unconscious—based on factors such as gender, race, or socioeconomic
background (Lavy, 2008)).

Grading systems within countries often exhibit regional disparities, leading to significant dif-
ferences in academic outcomes. These disparities raise concerns about equity and comparability,
particularly in countries where educational outcomes are crucial to access to higher education,
scholarships, and job opportunities. In Italy, for example, high school grades are used as one of the
criteria for admission to programs with limited enrollment (such as Medicine and Architecture),
or they can serve as one of the indicators for public competitions or for accessing scholarships.
This undermines the principle of meritocracy. Regional differences in grading practices are well-
documented in all countries. These variations arise from factors such as socioeconomic disparities,
differences in teacher training, and localized educational policies. Wealthier regions often benefit
from better-funded schools, greater parental involvement, and access to additional resources, lead-
ing to higher average grades. In contrast, economically disadvantaged regions may face resource
constraints, overcrowded classrooms, and less qualified teachers, resulting in lower average grades
(Hanushek & Woessmann, 2011). Cultural attitudes toward education and regional autonomy in
policymaking can lead to differing rating standards. In countries like Germany, where education
policy is partially decentralized, regional disparities in grading are often attributed to differences
in curriculum standards and assessment criteria |Gartner & Heine| (2020). Variability in teacher
perceptions and expectations can exacerbate grading disparities.

To address the significant heterogeneity of grades and enable assessments that allow for compar-
isons between regions and countries, standardized tests have been developed in recent years. These
tests have the advantage of being uniform for everyone and transparently allow comparisons across
territories, taking into account socio-economic factors that clearly influence students’ performance.
Standardized tests aim to provide an objective, comparable measure of students’ abilities across
different schools and regions. Tests like the PIRLS, TIMSS, or PISA are designed to assess spe-



cific cognitive skills such as critical thinking, problem-solving, and mathematical reasoning. Their
standardization ensures that all students face the same questions under similar conditions, mak-
ing these tests attractive for policymakers and researchers interested in large-scale comparisons.
FEconomic literature often points to the role of standardized tests in predicting college performance
and labor market outcomes. Studies by Neal & Johnson| (1996) highlight the strong correlation
between test scores and future earnings, suggesting that standardized assessments capture essential
cognitive skills valued in the economy. Moreover, these tests are less susceptible to grade inflation
and provide a more consistent benchmark across time and space. The limitations of standardized
tests are equally well-documented. Critics argue that such tests often fail to capture creativity,
teamwork, and other non-cognitive skills crucial for success in modern economies. Moreover, the
”high-stakes” nature of these tests can incentivize teaching to the test, narrowing the curriculum
and disadvantaging students who excel in less testable domains. |Carneiro & Heckman| (2003)) also
point to the socioeconomic disparities in test performance, as access to preparatory resources can
heavily influence outcomes.

Standardized tests are often used within the literature on Education Inequality of Opportunity
(EIoP) to identify the main circumstances that impact inequality. Several studies have demon-
strated the strong correlation between educational inequalities and socioeconomic background,
highlighting how disparities in education translate into long-term income inequality (Ferreiral, [2001}
Turcinkova & Stavkoval 2012). Addressing EIoP could thus significantly reduce overall inequality,
as improving education access and quality for disadvantaged groups is key to narrowing income
disparities. Among the most suitable international standardized tests for the analysis of EloP is
undoubtedly the PISA dataset (Programme for International Student Assessment) launched every
three years by the OECD. The test is conducted on fifteen-year-old students and provides a wide
range of information on academic performance and family background. One of the first studies
that uses the PISA test to analyze EloP in Italy is the one by |Checchi & Peragine (2005). The
authors highlight the significant performance differences among Italian students in various regions.
Gamboa & Waltenberg (2012) studied EIoP in Latin American countries and identified parental
education and school type as the primary sources of EIoP, with gender having less impact. [Ferreira
& Gignoux (2014) found that up to 35% of disparities in educational achievement in countries such
as France, Germany, and Bulgaria could be explained by circumstances like gender and family
background. [Peragine et al.| (2015 analyzed EIoP in Arab countries across three PISA cycles,
incorporating immigration status as a circumstance variable in the model. Results showed different
conclusions depending on the country and the set of circumstances included in the model.

To the best of our knowledge, no study in the current literature has analyzed EIoP by compar-
ing the outcomes between official grades and standardized tests. This is particularly relevant in a
context like Italy, where the results differ significantly and exhibit notable territorial disparities.
Starting in 2007, INVALSI tests (Istituto Nazionale per la Valutazione del Sistema Educativo di
Istruzione e di Formazione) were introduced across the entire Italian territory. The Invalsi tests
were designed as a tool to monitor and assess students’ competencies in key areas (Italian, Math-
ematics, and later, English) and to provide valuable data for improving the national education
system. These tests have the advantage of being the same for all students at every level, allowing
for comparisons between different schools and territories across the country. Moreover, they often
submit quizzes similar to those in standardized tests in other OECD countries.

Compared to the PISA data, which represent only a sample of the population and are administered
exclusively to 15-year-old students every three years, the INVALSI tests are mandatory for the



entire student population across various school years and are conducted annually. This guarantees
that all students are evaluated using the same questions and standards. However, the results of
these tests do not impact students’ final grades. Instead, it is the official final grades that are used
by students for university admission or entry into the workforce. Examining the differences between
these two assessments is, therefore, highly relevant for two reasons. First, to provide more precise
estimates of EloP; second, to highlight potential discrepancies in the evaluations and implement
appropriate policies aimed at making results more consistent across the entire national territory.
Specifically, this study aims to address this gap by examining the differences between official grades
and standardized test results in the context of (EIoP), with a particular focus on the territorial
disparities observed in Italy.

This study analyzes the gap between Official grades and Invalsi test scores in high schools in

Italy, focusing on the role of sociodemographic factors and the predictive value of Middle school
grades for final-year performance. Moreover, this research is situated in a context of growing in-
terest in educational evaluation methodologies, where fundamental questions are raised about the
educational system’s ability to allocate competencies and, consequently, opportunities equitably.
Our findings reveal significant disparities between Official grades and Invalsi scores, with the former
consistently higher and less variable. Through the lens of the Inequality of Opportunity theory and
employing the parametric method in the ex-ante version, inequality in Invalsi scores is greater than
the one in the Official grades distribution. Key factors such as gender, province of residence, and
parental education level emerge as significant influencers of these differences.
A Blinder-Oaxaca decomposition further explains performance differences rooted in gender, origin,
and school type, highlighting smaller gaps for students in northern Italy and those attending Liceo.
Moreover, the role of parental education and occupation is emphasized, demonstrating a significant
impact on student’s educational outcomes, where children from more educated and professionally
skilled backgrounds perform better. Therefore, this study contributes to a deeper understanding
of the factors influencing academic disparities and the dynamics of educational inequality, offering
valuable insights for policy and educational practice.

The rest of the paper is organized as follows. Section 2 presents a description of the Italian edu-
cation system. Section 3 describes the data and provides a comprehensive description of the grade
distributions considered for this study, along with a focus on the specific circumstances considered
students’ backgrounds. The subsequent section outlines the various methodologies employed in the
research. The results of these analyses are then detailed in Section 5. Section 6 concludes.

2 Italian Education System

The Italian education system, as described by (OECD) (2023a) in the Education at Glance 2023
Report, is structured into three primary levels: primary education, lower secondary education, and
upper secondary education. Primary education, known as (scuola primaria), starts at age six and
lasts for five years. Following this, students transition to lower secondary education, or (scuola
secondaria di primo grado), which spans three years for students aged 11 to 14. The final stage,
upper secondary education, or (scuola secondaria di secondo grado), lasts five years, encompassing
various types of schools such as (liceo) (academic), (istituto tecnico) (technical), and (istituto pro-
fessionale) (vocational). The first two years of upper secondary education are compulsory, while
the remaining three years are optional (OECD) (2023Db)).



As mentioned in the previous section, the Invalsi is a national standardized testing system in Italy
that is analogous to the OECD’s PISA. Invalsi aims to standardize and compare students’ skills
nationwide, offering a uniform measure of educational outcomes in subjects such as Italian language
(ITA) and mathematics (MAT). These tests are administered to students at various stages of their
education (grades 2, 5, 8, 10, and 13), providing an objective measure of students’ abilities and
allowing comparisons across different regions and schools (INVALSI] (2023)).

Despite the objective nature of Invalsi scores, official grades given by teachers are subjective,

but carry significant weight. These grades are crucial in determining students’ academic and pro-
fessional futures, affecting university admissions, especially for courses with limited enrollment,
eligibility for scholarships, and other opportunities. High school grades can provide significant ad-
vantages in these contexts. This discrepancy between standardized test scores and official grades
highlights the importance of both metrics in the Italian educational system (di Statistica (Istat)
(2022)).
The Ministry of Education sets national curriculum, but schools have the flexibility to adapt these
programs to local needs, a concept known as differentiated autonomy. This allows schools some
autonomy to modify and implement curricula, taking into account regional and local adaptations
to better serve their student populations (Ministero dell’Istruzione, (2021)). Regional variations in
educational outcomes are evident in both Invalsi scores and official grades, reflecting the diverse
educational landscape in Italy. INVALSI| (2023) provides a detailed analysis of regional differ-
ences in the test results for high school students in Italy. Italian regions are classified into three
groups based on the percentage of students who achieve academic excellence. Group 1 includes
regions where over 20% of students are considered academically excellent, such as Valle d’Aosta,
the autonomous province of Trento, Veneto, and Friuli-Venezia Giulia. These regions demonstrate
strong academic performance, with a significant proportion of students excelling in the Invalsi
tests. Group 2 consists of regions with 10% to 20% of students classified as excellent, including
Piemonte, Liguria, Lombardia, the autonomous province of Bolzano, Emilia-Romagna, Toscana,
Umbria, Marche, Lazio, Abruzzo, Molise, and Basilicata. Although the performance is positive, it
is less pronounced than in Group 1. Group 3 comprises regions where less than 10% of students
reach excellence levels, indicating areas with greater educational challenges. These regions include
Campania, Puglia, Calabria, Sicilia, and Sardegna, where academic performance is generally lower,
and fewer students achieve high levels of competence. These regional differences reflect not only
variations in students’ abilities and outcomes but also disparities in access to educational resources
and learning opportunities, highlighting the need for targeted interventions to support the less-
performing regions.

An examination of equality of opportunities in Italy reveals significant regional disparities.
Inequality of opportunity accounts for one-third of overall income inequality in Italy, with less de-
veloped southern regions experiencing higher levels of inequality, exacerbated by gender disparities.
These regions suffer from low per-capita income and high-income inequality, with individuals from
lower social origins facing greater disadvantages in securing good jobs. This phenomenon is linked
to advantages from family networking in the North and fewer job opportunities in less technologi-
cally advanced areas, contributing to internal migration and a ”brain drain” from the South to the
North. This migration is driven by differing unemployment rates and poor family backgrounds,
highlighting systemic issues in the labor market (Checchi & Peragine| (2010)). Furthermore, anal-
ysis of the highest scores achieved by high school graduates reveals an unexpected dominance of
southern regions. When considering the proportion of graduates who attained the highest possible



scores— “one hundred” and “one hundred with honors”—Calabria ranks first with 17.5%, followed
by Puglia at 15.5%, and Sicily at 14%. In contrast, northern regions exhibit significantly lower per-
centages of high-achieving students: Valle d’Aosta reports only 3.8%, Lombardy 5.5%, Piemonte
6.8%, and Veneto 6.9%. This trend illustrates that as one moves down the Italian peninsula, the
proportion of students receiving top scores increases.

The Italian education system, therefore, is a complex structure with significant regional variations
and a blend of standardized assessments and subjective evaluations. While Invalsi serves to stan-
dardize and compare skills across the country, the official grades awarded by teachers have profound
implications for students’ future opportunities. This dual system underscores the importance of
both objective and subjective measures in assessing educational outcomes and shaping students’
academic paths (OECD) (2023b)).

3 Official Grades and Invalsi Scores distributions

The dataset employed for the analysis is from the Invalsi database, and it is related to a survey
conducted in 2022 on last year’s Italian high school students. The sample includes 196867 students,
and the analysis is performed on two distributions: Invalsi scores and Official grades. The former
is the result of the standardized tests in Italian and Mathematics, whereas the latter reflects the
grades awarded to students in Italian and Mathematics for the first semester of the academic year
2021-2022.

The Invalsi scores range between 1 and 5, which represents the maximum, while the Official
grades distribution runs from 1 to 10, where 10 assesses the best performance. To make the scoring
systems comparable, the Official grade distribution is rescaled to match the Invalsi scoring scale. In
Tables 1 and 2, there are all descriptive statistics of the distributions, such as standard deviation,
skewness, and kurtosis. This comparison reveals that students generally achieve higher scores in
the Official grading system than in Invalsi assessments, with the latter exhibiting a broader range
of outcomes. In Figure 1, the two distributions are represented graphically through a Gauss curve.

Table 1: Descriptive statistics of distributions (198904 obs.)

Mean Variance Min. Max.

Official Grades 2022 (Avg. Italian and Math)  3.68 0.62 1 5
Official Grades Italian 2022 3.78 0.66 1 5
Official Grades Math 2022 3.57 0.8 1 5
Invalsi scores (Avg. Italian and Math) 2.92 1.15 1 5
Invalsi scores Italian 2.88 1.18 1 5
Invalsi scores Math 2.95 1.39 1 5




Table 2: Descriptive statistics on Avg. Italian and Math votes in the two distributions.

Official Marks Invalsi Scores

Mean 3.67 2.92
Variance 0.39 1.33
St. Dev. 0.62 1.15
Skewness -0.07 0.04
Kurtosis 2.82 2.00

Italy

colour === |nvalsi Scores === Official Marks
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Figure 1: Official Grades and Invalsi Scores distributions in Italy

Through this dataset description, the analysis aims to provide a foundation for rigorous statis-
tical analysis and insight into the academic landscape of 2022, highlighting differences in perfor-
mance across the two evaluation methods. In order to assess the degree of similarity between them,
a Kolmogorov-Smirnov test (KS test) is applied. It is a nonparametric test used to determine the
degree of similarity between two sample distributions. It also constructs the cumulative distribution
functions (CDFs)and finds the maximum value of the distance (D) between them (Berger & Zhou
(2014)).

Figure 2 presents the results of the KS test applied to various educational assessments, com-
paring CDFs of grades and scores across the two subjects. Panel A compares the distributions of
Italian and Math grades, showing a KS distance of 0.164, which suggests a considerable divergence
between the two subjects’ grade distributions. In Panel B, we observe the comparison between
Official Grades and Invalsi scores for Italian, where the KS distance is quite substantial (0.3815),
indicating a significant difference in distribution between the two testing methodologies. Panel C
offers a similar comparison for Math, yielding a KS distance of 0.3292, which is less than that for
Italian but still denotes a noticeable difference in the distribution of grades versus Invalsi scores.



Panel D compares the overall grades to the overall Invalsi scores across both subjects, with a KS
distance of 0.3922, underscoring the pronounced inequality between the two types of academic as-
sessments. Lastly, Panel E compares Invalsi scores in Italian and Math, showing no difference in
distribution (KS distance of 0). This indicates that, contrary to the official grades, the standardized
test scores are distributed similarly across these subjects.

The KS test results highlight the differences between student performances as set by different assess-
ment methods, revealing the potential influence of evaluation type on the distribution of academic
outcomes. The substantial differences between the distributions suggest that the assessments may
be influenced by distinct factors intrinsic to each assessment method.
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Figure 2: Kolmogorov-Smirnov Test: A)ltalian and Math Grades 2022; B) Grades and
Invalsi 2022 in Italian; C) Grades and Invalsi 2022 in Math; D) Grades and Invalsi 2022; E)
Italian and Math Invalsi 2022



3.1 Circumstances

The analysis takes into account the personal information of students, focusing on variables that
reflect the sociodemographic context in which each student is raised—factors beyond their control.
Table 3 provides a detailed description of these variables. The categorization of the variables of
parental education, occupation, and migrant status follows [Palmisano et al. (2022).

Table 3: Circumstances

Variables Categories (no. obs.)
Gender Female Male
(106857) (90010)
. Primary school Upper secondary Tertiary education
Father Education (64306) (97583) (34978)
. Primary school Upper secondary Tertiary education
Mother Education (49025) (103073) (44769)
. Blue Collar White Collar
Father Occupation (125829) (71038)
. Blue Collar White Collar
Mother Occupation (123844) (73023)
: Italian Immigrant
Migrant Status (191489) (5378)
Province 20 Italian Regions

The sample is divided almost equally by Gender, with 106857 female and 90010 male students.
When considering parental education levels, the data reveals a more significant number of fa-
thers with upper secondary education (97583) compared to primary (64306) and tertiary education
(34978). The trend is slightly different for mothers, where those with upper secondary educa-
tion (103073) are predominant, followed by primary education (49025) and then tertiary (44769).
These figures suggest that a higher percentage of mothers in the dataset have attained at least
an upper secondary level of education compared to fathers. Regarding parental occupation, both
fathers and mothers are majorly categorized as blue-collar workers, with 125829 fathers and 123844
mothers. This indicates that the majority of the students come from working-class backgrounds.
White-collar workers represent a smaller portion of the population, with 71038 fathers and 73023
mothers. About Migrant status, the dataset is predominantly composed of students of Italian origin
(191489), with a minority of immigrant students (5378). This significant inequality indicates that
the vast majority of the students in the dataset have been socialized within the Italian educational
and cultural context, which may have implications for academic performance and the applicability
of educational policies. Another information considered in the analysis is the geographic location
where the student studies, both regionally (20 regions) and provincially.

In this section some specific features of the circumstances associated with the distributions of
Official grades and Invalsi scores are presented. For example, Figure 3 investigates gender inequal-
ities in educational attainments, revealing that females outperform male students with respect to
median Official grades in both Italian and Math. The interquartile range for females is thinner in
Italian, indicating less variability in performance, whereas, for Math, the variability is comparable



between genders. When evaluating standardized scores, the gender gap decreases, suggesting that
standardized assessments may mitigate the observed gender differences in regular classroom evalu-
ations.
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Figure 3: Difference in Official Grades and Invalsi Scores distributions by Gender

Figure 4 highlights the distributions of Official grades and Invalsi scores across two distinct
school types: Liceo and Istituto. It emerges that students attending Liceo generally show a higher
median for scores and grades, with a more concentrated distribution of grades (mark), as indicated
by the closer interquartile ranges, suggesting a relatively uniform level of achievement. Conversely,
the Istituto displays a broader dispersion of Official grades, indicating a more varied performance
among its students.
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Figure 4: Difference in Official Grades and Invalsi Scores distributions by type of high school

Figure 5 expands the analysis by examining academic outcomes at a regional level, comparing
the northern and southern parts of Italy in line with the framework provided by |Peragine & Ser-|
(2008)f'} While the median official grades are consistent across both regions, the distribution

'The North includes Piemonte, Lombardia, Trentino Alto Adige, Veneto, Friuli Venezia Giulia, Liguria,
Emilia Romagna, Toscana, Umbria, Marche, and Lazio, while the South encompasses Abruzzo, Molise,
Campania, Puglia, Basilicata, Calabria, Sicilia, and Sardegna. However, in this study, Lazio is excluded
from the South.

10



of Invalsi scores reveals marked differences. The northern regions show a more concentrated range
of Invalsi scores, suggesting greater uniformity in academic performance and potentially reflecting
standardized assessment practices or more homogeneous educational conditions. In contrast, the
southern regions exhibit a wider distribution of Invalsi scores, indicating significant variability in
performance that may stem from regional disparities in educational quality, access to resources, or
broader socioeconomic factors.

Distributions by North/South

Mark
Score

nord sud nord sud
North/South North/South

Figure 5: Difference in Official Grades and Invalsi Scores distributions in North and South

Further details on the performance of individual regions are presented in Figures Al, A2, and
A3 in the Appendix, which focus on the North, Center, and South, respectively. These figures
highlight specific regional trends that contribute to the broader patterns observed in Figure 5.
For example, the data reveal that Piemonte and Liguria in the North exhibit a greater disparity
between official grades and Invalsi scores, whereas other northern regions, such as Lombardia and
Veneto, show a closer alignment between these measures, indicating more uniform academic out-
comes. In the Center, Lazio stands out with performance patterns more similar to those observed
in the North, displaying a narrower distribution of Invalsi scores and a close alignment with official
grades. Other central regions, such as Toscana and Umbria, show slightly more variability in Invalsi
scores while maintaining stability in official grades. Meanwhile, the southern regions consistently
show a wider range of Invalsi scores compared to official grades, reflecting significant heterogeneity
in standardized assessment outcomes. This trend is uniformly observed across southern regions,
pointing to systemic challenges that differentiate the South from the other parts of the country.

4 Methodology and empirical Analysis

We carried out three separate methodologies. First, a detailed analysis is conducted to analyze the
inequality of opportunity (IOp) in the distributions of official grades, Invalsi scores, and middle
school votes. In this way, it is easy to understand how much inequality could be attributable to the
individual the opportunity set. Additionally, Shapley’s decomposition is implemented to quantify
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the average impact of personal circumstances on the inequality of opportunity.

Second, to investigate the existence of systematic differences between Official grades and Invalsi
scores, a Blinder-Oaxaca decomposition is employed. It serves to capture what demographic char-
acteristics of students most influence the difference in educational outcomes.

Finally, several OLS regressions are applied to understand what is the role of parental status on
academic achievements and to consider the votes taken at middle school by students as predictors
of their future academic performances. This methodological approach aims to provide a deeper
understanding of educational dynamics and inequalities of opportunity among students.

4.1 Inequality of Opportunity

The Inequality of Opportunity (IOp) theory originated as a critique of consequentialism in norma-
tive economics. Indeed, it is based on the idea that in order to achieve an economic outcome or
evaluate social progress, it is important to study what mechanism leads to a particular outcome
(Rawls| (1971); Sen| (1980)). Hence, the goal is not to seek equality in the outcomes of individuals
but to ensure equality of opportunity to achieve worthwhile individual achievement.

Ideally, no innate barriers should inhibit a person from reaching a certain attainment level (for in-
stance, educational achievement). According to the equality of opportunity principle, every person
ought to begin from an identical position, having the same initial set of circumstances, and after
that, have the liberty to exert varying degrees of effort. Thus, only inequalities in outcomes that
are not the result of different starting points are deemed fair.

In line with this perspective, this paper examines the Inequality of Opportunity in education
using a normative ex-ante approach and the parametric method developed by [Ferreira & Gignoux
(2010)). The analysis focuses on students’ academic performance in Italian and Mathematics, con-
sidering them as the primary units of observation. The study incorporates a range of factors that
lie outside a student’s control—such as parental education, parental occupation, gender, region of
residence, and birthplace—to assess how these predetermined circumstances contribute to dispar-
ities in academic achievement. By isolating these influences, the framework seeks to highlight the
extent to which unequal opportunities affect educational outcomes.

In the model of this theory, a population of N individuals is examined, where each ¢ has an
outcome z;, which is a combination of circumstances and effort. Let C' = (¢y, .., ¢,) € Q symbolize
the set of circumstances, which are all factors not under individual control, like Gender, Birthplace,
and parental education. Meanwhile, let E = ey, ..., e, € O represent a vector of effort, indicating
what person can control and for which he is fully responsible. In this framework, individuals are ca-
pable of varying their effort levels, but they cannot decide about their circumstances. The unique
mix of circumstances and effort determines the outcome x; for each ¢ within the N population.
The function produces this outcome g : (2 x ©) — R*, which is derived from the interplay of
effort and circumstances z; = g(c;, e;). All the outcomes can be represented by a matrix X with
dimensions (n x m). Each row represents a type, identifying a group of individuals with identical
circumstances, regardless of their level of effort. Similarly, each column represents a tranche relat-
ing to people who exert the same level of effort without considering their initial set of opportunities.

The concept of equality of opportunity is based on two principles: compensation and reward.

The former asserts that inequality arising from a different set of opportunities is unfair. Conversely,
the latter refers to the idea that varying efforts by individuals under identical circumstances should
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be recognized and rewarded accordingly.

These principles manifest in dual interpretations. Specifically, the reward includes a liberal inter-
pretation that individuals of the same type should be rewarded according to their different levels
of effort. Alternatively, the utilitarian perspective of reward deems that outcome differences due
to varying effort levels are justified. Compensation also develops in two distinct interpretations:
ex-ante and ex-post. The ex-ante approach aims to ensure that all individuals must have equal
opportunity value a priori from the level of effort exerted. The ex-post approach seeks equality of
outcomes considering the same level of effort in the same tranches.

These dual interpretations of both principles are inherently conflicting, especially the ex-post com-
pensation, which is at odds with both the liberal and utilitarian perspectives of reward, as outlined
by |[Fleurbaey & Peragine, (2013).

Measuring inequality of opportunity in its ex-ante form can be approached through both para-

metric (Ferreira et al| (2011)) and nonparametric (Checchi & Peragine (2010))) methods. This
process involves constructing a counterfactual distribution, denoted as X, derived from the original
distribution X. An inequality index is applied to both distributions, but the inequality measured
from X isolates and reflects the portion attributable to differences in circumstances.
The method used to construct the counterfactual distribution varies depending on the chosen ap-
proach. Regardless of the technique, the goal is to group individuals based on comparable sets
of circumstances that may influence their access to opportunities. In the nonparametric approach
proposed by (Checchi & Peragine (2010), X is generated by replacing the observed outcome values
for each type with their group average (X' ), thereby eliminating within-group variance among in-
dividuals who share the same set of circumstances. In contrast, the parametric approach described
by [Ferreira et al.| (2011) constructs X by employing an Ordinary Least Squares (OLS) regression.
Here, the original outcome distribution (X)) is regressed on a set of independent variables repre-
senting the circumstances under consideration—such as gender, ethnicity, parental education, or
geographic location. The resulting counterfactual distribution reflects the outcomes predicted solely
by these circumstances, isolating the effect of factors outside individual control. The parametric
method specifically involves performing a linear regression where the outcome variable is explained
by a combination of circumstances. The counterfactual distribution X is then computed as:

X=0C+e¢ (1)

A measure of inequalityﬂ will be applied to the distribution obtained from Equation (1). The
inequality revealed by the counterfactual distribution, X , indicates absolute inequality of oppor-
tunity. Meanwhile, computing the ratio between the value of X with the original distribution X
provides the relative inequality of opportunity.

Once the inequality of opportunity is determined, Shapley’s decomposition allows for an anal-
ysis of the impact of various circumstances. This method is useful because of its features, such as
independence of the order of the variables and ensuring that the contributions of the individual
components add up to the total effect.

2Typically, the Gini Coefficient and Mean Log Deviation (MLD) are the predominant measures used
to evaluate inequality. While groups cannot break down the Gini Coefficient, the MLD stands out for
its complete decomposability. When utilizing MLD to dissect total inequality, contributions from both
opportunities and efforts can be distinguished. Notably, the MLD exhibits greater sensitivity to extreme
values compared to the Gini coefficient.

13



Shapley’s decomposition is a technique used to decompose the impact of various factors on an
outcome (Shapley)). In game theory, it is commonly used to assign each player a value representing
their marginal contribution to the overall game. The formula for calculating the Shapley value of
a player i, denoted as ¢;(v), in a cooperative game with n players depends on the importance of
player i for each possible subset of players.

The Shapley decomposition is a technique used to decompose the effect of various factors on an
outcome (Shapley). In game theory, it is commonly used to assign to each player a value repre-
senting their marginal contribution to the overall game.

The general formula for the Shapley value of a player ¢ is given by:

o) = S B ISIZ N 6 i) - o) 2)

n!
SCN\{i}

where: ¢;(v) represents the Shapley value of player i in the game represented by the charac-
teristic function v. v represents the characteristic function of the game and defines each possible
playoff that a subset of players can obtain by cooperating. N represents the set of all players in
the game. S represents a subset of players other than i. v(s) represents the total value that the
subset S of players can obtain by cooperating. |S| represents the number of players in the subset
S. n represents the total number of players in the game.

At this stage of the analysis, the parametric approach is applied, considering as a dependent
variable the educational achievements and as regressors all circumstances that can affect an individ-
ual’s academic performance, including the educational and occupational backgrounds of parents,
Gender, Birthplace, and the migration status.

4.2 Blinder-Oaxaca Decomposition

In this paper, the Blinder-Oaxaca decomposition, introduced by Blinder and Oaxaca (Jann/(2008))),
is applied to study inequality in academic achievement among different demographic groups.

This approach was initially designed to analyze the wage gap between men and women by sep-
arating it into a part that can be explained by differences in productivity-related characteristics,
such as education or work experience, and a part that remains unexplained by such factors affect-
ing wages. The Blinder-Oaxaca decomposition has also been used in education. For example, it
has been applied to measure the gender difference in educational achievements (Biswas & Kundu
(2023))) or between rural and urban areas (Lounkaew| (2013); Liao et al.| (2016))), between public
and private schools (Kapri et al.|(2023))).

In the Blinder-Oaxaca decomposition, two distinct groups, A and B, are considered alongside
an outcome variable, denoted as Y, and a series of predictive factors X. The focus is on quantifying
the inequality in the average outcomes between these groups, represented as:

R=E(Ya) - E(Yp)

Here, E(Y) is the expected value of the outcome variable for each group. Considering a linear
model:
Vi=Xif+e, E()=0 for le{A B}
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X includes the predictors, 3 is the slope coeflicients alongside the intercept, and e denotes the error
term. The difference in mean outcomes can thus be defined as the variance in linear predictions
based on the group-specific mean values of the regressors, formulated as:

R=E(Ya)— E(Yg) = E(Xa)'81— E(XB)' BB
This is because:
E(Y) = E(Xif +a) = E(X|B) + E(1) = E(X))' By
where E(f;) = 8, and E(¢;) = 0, by assumptions.
To determine the role of differences in predictors across groups in the total difference in out-

comes, the equation can be adjusted as follows (Winsborough & Dickinson| (1971)); Jones & Kelley
(1984); Daymont & Andrisani (1984)):

R={E(Xa) - E(Xp)}Bp + E(Xp) (B4 — Bp) + {E(Xa) — E(Xp)} (Ba — Bp) 3)

Equation (3) is the decomposition in the perspective of Group Bﬂ This breakdown is termed a
threefold decomposition, partitioning the outcome variance into three elements:

R=E+C+1
where,
E={BE(Xa) - E(Xp)}Bp

Represents the endowments effect the part attributed to the variances of the predictors, and it
calculates how the average results would change for group B if it had the same factors as group A.

C = E(XB)' (84— BB)

Component C, called the coefficient effect, calculates how the average results for group B would
change if the coefficients of group A were used. The last component,

I ={E(X4)— E(Xp)Y(Ba— B5B)

serves as an interaction term, acknowledging the concurrent discrepancies in endowments and co-
efficients between the groups.

To implement the Blinder-Oaxaca decomposition in the educational context, it is first impor-
tant to consider the typical form of the educational production function:

Li=pBo+0Xi+e (4)

Where L; usually denotes the students’ educational achievement, but, in this paper, the out-
come is the absolute difference between the Official grades and Invalsi scores. X; represents a set
of variables related to the student’s socioeconomic background, such as parental education and
occupation. e; is an error component, assumed to be normally distributed (Murnane et al.| (1981);
Beattie et al. (1985)); Hanushek & Woessmann (2010); Hanushek & Woessmann (2011)). When
segregating students into groups based on their characteristics, the inequality in average of the

3The decomposition can also be done from the perspective of Group A.
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absolute difference between Official grades and Invalsi scores can be expressed as follows:

La—Lp = [Ba—Bp] +[d4Xa — apX5] (5)
Where N
— X |Official grades - Invalsi
T — Z |Official gra esNi nvalsi scores]jw _AB
7=1
Adding and subtracting o/, X, the formula changes into:
La—Lp=1[Ba— B8]+ [Xp(d4y—ap)]+[4(Xa — XB)] (6)

Equation (6) is the Blinder-Oaxaca decomposition, in which [f4 — 8p] measures how much
the mean outcomes differ between the groups, even after considering the variables in the regres-
sion model. This difference could come from unobserved characteristics. The second component
[XB(a!y — a/y)] highlights differences in the effectiveness with which predictor variables translate
into the outcome. For example, if group A demonstrated greater effectiveness in converting inputs
given by predictors into the absolute difference in educational achievements, group A’s coefficient
would exceed that of group B. Therefore, other things being equal, a student in group A would be
expected to achieve a lower absolute difference between official and invalid scores than in group B.
Finally, the third term [o/4(X4 — Xp)] is labeled as the explained differences due to differences in
endowment. Indeed, it measures the impact of the total variability of absolute differences between
grades and scores determined by students with different predictors in the same group. The higher
the value of this item, the more these characteristics explain a greater part of the variation in test
scores. Therefore, the first two components, previously described, are called unexplained differ-
ences, implying that they arise from factors not captured by the variables considered as regressors.

The analysis focuses on the absolute difference in educational achievements by considering dif-
ferent sets of demographic variables and some predictors: Gender (Males and females), migrant
status (Italian and migrant), school type (Liceo and Institute), and finally, by North and South of
Ttaly.

5 Results

5.1 Inequality of Opportunity in Educational Achievements Anal-
ysis

The results related to the inequality of opportunity analysis are presented below. Table 4, as Fig-
ure 6, showcases the results from the application of the parametric approach in the ex-ante version
for the measurement of the Inequality of Opportunity (IOp) in educational achievements: Official
grades, Invalsi scores, and Middle school votes.

The findings reveal a range of overall inequality levels, from 0.09 in official Italian grades to 0.27
in Invalsi Math scores, indicating various degrees of educational inequality. The overall inequality
is greater in the Invalsi distribution, particularly in Math scores. The same trend occurs in the
Official grades distribution, where inequality is greater in Mathematics than in Italian. As far as
Middle school votes are concerned, the overall inequality is low at about 12%.
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Considering the inequality of opportunity, the trend is a little different. Indeed, Invalsi distribution
continues to have a higher relative IOp percentage, highlighting that a significant portion of total
inequality, up to 53.0% in average Invalsi scores, derives from unequal opportunities. However, a
higher percentage of IOp is observed, especially in Italian. The same occurs in the Official distri-

bution.

Table 4: Inequality of Opportunity (IOp) in Official Grades and Invalsi Scores
Ex-ante version of Parametric Approach (Gini Index)

Official Ttalian Official Math Avg. Grades Middle school Invalsi Italian Invalsi Math Avg. Invalsi

(2022) (2022) (2022) (2016) (2022) (2022) (2022)
Overall Inequality 0.09 0.12 0.093 0.12 0.23 0.27 0.23
Absolute 10p 0.032 0.028 0.029 0.057 0.121 0.130 0.120
Relative I0p 0.3610 0.2374 0.3144 0.4862 0.5270 0.4895 0.5306

Gini Index for Inequality of Opportunity and Its Relative Share

Gini Index

Avg. Invalsi (2022) Aug. Official (2022)  Invalsi ltalian (2022)  Invalsi Math (2022) Mark Middle Schoal (2016) Official talian (2022)  Official Math (2022)
Distributions

Overall_ineq_Gini Gini_Relative_Share

Figure 6: Overall inequality and IOp in Official Grades and Invalsi Scores distributions -
Gini Index

Table 5 presents a detailed analysis of the factors influencing academic performance, specifically
focusing on Official Grades and Invalsi Scores, using Shapley Decomposition for the year 2022 and
Middle schools’ data. It examines socioeconomic and demographic variables (including Gender,
parental education and Occupation, province, and migrant status), on students’ performance in
Italian and Math, both in Official grades and Invalsi scores distributions.

A notable finding from the analysis is the evident influence of Gender on Official grades, par-
ticularly in Italian (54.43%) and Math (41.70%). By contrast, in the Invalsi scores distribution,
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Table 5: Shares of variables’ influence in Official Grades and Invalsi Scores
Shapley Decomposition

Official Ttalian  Official Math  Avg. Grades Middle school Invalsi Italian Invalsi Math Avg. Invalsi

(2022) (2022) (2022) (2016) (2022) (2022) (2022)
Gender 54.43% 41.70% 50.04% 15.13% 7.17% 11.65% 0.59%
Province 11.73% 22.28% 13.89% 10.25% 42.11% 52.68% 52.63%
Father education 9.38% 8.97% 9.54% 23.32% 15.03% 10.85% 14.06%
Mother education 10.32% 8.35% 9.70% 25.73% 15.22% 10.63% 13.99%
Father occupation 5.38% 6.13% 5.95% 10.87% 6.81% 4.2% 5.87%
Mother occupation 6.04% 8.35% 7.36% 12.85% 10.17% 7.88% 9.87%
Migrant Status 2.72% 4.21% 3.52% 1.84% 3.48% 2.12% 2.98%

the geographical location (Province) emerges as a critical determinant, especially in Math (52.68%)
and the average score (52.63%). This indicates substantial regional inequalities in educational out-
comes.

Parental education, notably the mother’s education, shows a consistent influence across both dis-
tributions, albeit more pronounced in the context of Middle school performance (2016). This
underlines the lasting impact of parental education levels on children’s academic achievements,
suggesting a generational transmission of educational values and opportunities.

Interestingly, the occupation of parents, particularly fathers, has a less pronounced yet noticeable
effect across all measured academic achievements. This influence highlights the complex interplay
between economic stability, job types, and educational support at home.

Although the least influential variable among those considered is migrant status, it still shows an
impact on educational performance, especially in formal grades. This underscores that non-Italian
students may have language barriers that do not allow for full cultural integration, which may not
be as evident on standardized tests.

Overall, this table illuminates the multifaceted nature of academic achievement, revealing the in-
tricate web of personal, familial, and systemic factors that collectively shape educational outcomes.
The findings underscore the need for targeted interventions that address these diverse influences to

ensure equitable educational opportunities for all students.

Figures 7 and 8 show the results of Shapley decomposition graphically. Specifically, Figure
8 highlights the different findings of the Shapley decompositions computed for the North and the
South of Italy. The trend is very similar to that at the National level. The influence of the variables
of sex and province appears more pronounced in the northern regions, especially with regard to the
distribution of Official grades. On the other hand, in the southern regions, parental education and

occupation play a predominant role.

5.2 Blinder-Oaxaca Decomposition

Focusing on the absolute difference between Official grades and Invalsi scores, Table 6 provides
an insightful analysis using the Blinder-Oaxaca decomposition to study inequalities in educational

achievements across different demographic groups.
Firstly, the gender analysis reveals that females, on average, have a higher inequality between Offi-
cial grades and Invalsi scores in general, with a noted difference of -0.29. This inequality is further
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Figure 7: Shares of variables’ influence in Official Grades and Invalsi Scores
Shapley Decomposition

detailed by the subject, indicating a more pronounced gap in Italian than in Math. The decomposi-
tion attributes a significant portion of these differences to unexplained factors, suggesting intrinsic
biases that disadvantage females in standardized testing or grading practices.

The comparison between Italian native and migrant students shows migrants performing better in
minimizing the difference between Official grades and Invalsi scores. However, regional analysis
within Italy (North vs. South) exhibits a stark contrast, with students in the South showing a
more significant gap. Both endowment and unexplained factors contribute to these differences,
indicating inequalities in educational achievements.

The analysis by type of school (Liceo vs. Istituto) presents a considerable gap in the abso-

lute difference between Official grades and Invalsi scores, with students from Istituto experiencing
less inequality. The significant unexplained component in this difference suggests that the type of
school might influence grading standards or preparation for standardized tests beyond what can be
attributed to observable characteristics.
Finally, the regional comparison within Italy underscores the geographical divide in education, with
students in the South showing a larger gap between Official grades and Invalsi scores than their
Northern counterparts. While endowment differences play a minor role, a large portion of this gap
remains unexplained, pointing towards systemic differences in educational quality or assessment
practices across regions.

Overall, the table underscores the nature of educational inequality, highlighting the role of
gender, migrant status, type of school, and regional inequalities in shaping students’ academic
achievements. The significant unexplained portions of these gaps call for a deeper investigation
into the systemic biases and structural inequalities embedded within Italy’s educational system.



Shapley decomposition - North of ialy Shapley decomposition - South of italy

Diswioutions.

Figure 8: Shares of variables’ influence in Official Grades and Invalsi Scores
Shapley Decomposition - North and South of Italy

6 Conclusions

This study investigates the differences between Official grades and INVALSI scores among high
school students, focusing on the impact of sociodemographic characteristics.

Our findings suggest a notable difference between these Tests. Indeed, Official grades tend to

have a higher mean and lower variability than Invalsi scores, a trend that applies on provincial and
regional scales.
In examining the dynamics of inequality and the evolution of the impact of family background
through the analysis of educational achievements, an approach based on the Inequality of Oppor-
tunity theory is adopted, using an ex-ante parametric method followed by a Shapley decomposition.
The results indicate that inequality is more pronounced in the distribution of Invalsi scores than in
Official grades, and the circumstances that most influence this inequality vary in gender for Official
grades and province for Invalsi scores. At the middle school level, parental education level emerges
as the most significant driver of inequality.

Analysis of systematic differences between Official grades and Invalsi scores led to the applica-

tion of a Blinder-Oaxaca decomposition, the results of which show that, in general, girls perform
better, although boys excel in mathematics. Moreover, it is observed that Italian students outper-
form immigrants, that Liceo performs better than Istituto, and that the gap between grades and
scores is less pronounced in northern Italy than in the South.
The study on the impact of parental education and occupation on school performance confirmed
the importance of these factors, in line with the findings on inequality and, in particular, Shapley
decomposition. It was noted that children of parents with skilled jobs and higher education perform
better than those from less advantaged backgrounds.

This trend is also confirmed in the analysis of the gap between official grades and INVALSI

scores, with students from more privileged backgrounds showing a reduced gap. This phenomenon
is particularly evident in the South of Italy, where the differences between grades and scores are
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still greater. Contrary to initial assumptions, it appears that the phenomenon of cronyism between
teachers and wealthier parents is more prevalent in northern Italy.

In conclusion, this comprehensive analysis clarifies the complex interplay between circumstances
such as parental education, gender, geographical differences, and their collective influence on stu-
dents’ academic achievements, with a particular focus on the pronounced educational divide be-
tween the North and South of Italy.

This geographic divide accentuates the necessity for policies and interventions that are specifically
designed to address the unique challenges and inequality faced by students in the South, aiming to
bridge the educational gap across the country.

These insights advocate for a region-specific approach in the development of educational strategies,
ensuring that measures are inclusive and tailored to mitigate the multifaceted layers of inequal-
ity. Emphasizing the importance of early, targeted support within a broader socio-economic and
cultural context, this study calls for a multidimensional and equitable approach in educational plan-
ning and policy-making. By addressing these complex interactions and focusing on reducing the
regional disparities, we can advance towards an educational system that not only acknowledges but
actively works to overcome the barriers to equitable education for all students, fostering a more just
and enriched educational landscape across Italy. From an economic perspective, the choice between
grades and standardized tests as primary indicators of academic success has significant implications
for educational policies and resource allocation. While standardized tests offer valuable insights for
cross-sectional analyses and equity assessments, grades provide richer, multidimensional data on
individual student trajectories.
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Appendix

Distributions of Official Grades and Invalsi Scores in Valle d'Aosta Distributions of Official Grades and Invalsi Scores in Piemonte
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Figure .A1: Difference in Official Grades and Invalsi Scores distributions in Northern Regions
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Distributions of Official Grades and Invalsi Scores in Umbria

Distributions of Official Grades and Invalsi Scores in Toscana
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Figure .A2: Difference in Official Grades and Invalsi Scores distributions in Center Regions

of Italy
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Distributions of Official Grades and Invalsi Scores in Basilicata
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Figure .A3: Difference in Official Grades and Invalsi Scores distributions in Southern Regions
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