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Abstract. Improving education quality remains a major challenge for Morocco, 

particularly at the primary level, where persistent disparities in student 

achievement undermine equity and social cohesion. TIMSS data on fourth-grade 

students reveal significant gaps in mathematics performance, exacerbated by the 

COVID-19 pandemic, which intensified pre-existing inequalities and disrupted 

traditional learning processes. Understanding the determinants of academic 

performance is therefore crucial to designing evidence-based educational 

policies. However, such analyses often face methodological limitations, notably 

the issue of endogeneity, which biases causal effect estimates when unobserved 

factors correlate with explanatory variables. This study addresses these 

challenges by employing an instrumental variables model inspired by Yang & 

Schmidt (2020), an advanced econometric approach that corrects for endogeneity 

while exploiting the hierarchical structure of TIMSS data. Using a representative 

sample of Moroccan fourth-grade students, we analyze the combined influence 

of individual, family, and school characteristics on mathematics performance in 

a post-pandemic context. The results indicate that student-related and family 

environment factors are the most significant determinants of success, whereas 

classic school-related variables have a limited impact. These findings call into 

question the effectiveness of policies focused primarily on material inputs and 

highlight the need for strategies centered on pedagogical practices, parental 

involvement, and equitable integration of digital tools. This work contributes to 

the literature by providing robust evidence on the determinants of school 

performance in developing countries, addressing a key methodological gap. It 

also offers practical insights for improving educational policy in Morocco, in line 

with the Strategic Vision 2015–2030 and the 2022–2026 roadmap. 
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1 Introduction 

Improving the quality of education remains a major and unavoidable challenge for 

Morocco’s socio-economic development, particularly in a context where human capi-

tal is a key driver of competitiveness, innovation, and social cohesion. The Moroccan 

education system, especially at the primary level, faces persistent structural challeng-

es, among which low student performance and widespread educational inequalities 

occupy a central place. These inequalities manifest as significant disparities in fun-

damental skills, notably in mathematics—a discipline crucial for developing analyti-

cal and logical reasoning abilities. International assessments, such as TIMSS (Trends 

in International Mathematics and Science Study), highlight these substantial gaps 

between students, which are linked to socio-economic, geographic, and institutional 

factors. These disparities partly reflect unequal access to educational resources and 

marked differences in learning conditions and environments. 

These challenges have become even more critical in the post-pandemic context, 

marked by the lasting effects of the global COVID-19 health crisis. Prolonged school 

closures, repeated interruptions, and the shift to remote learning have exacerbated the 

vulnerabilities of the Moroccan education system. Students from disadvantaged back-

grounds have been particularly affected, widening performance gaps and threatening 

social cohesion as well as educational equity. This situation underscores the need for 

a precise and rigorous analysis of the determinants of academic success, capable of 

capturing the specific effects of these aggravating factors and effectively guiding 

educational policies. 

However, studying the determinants of student performance encounters major 

methodological challenges, notably the crucial issue of endogeneity. Several key ex-

planatory variables—such as student motivation, absenteeism frequency, or certain 

school-related factors—may be correlated with the error terms in statistical models. 

This correlation introduces bias into estimates obtained through conventional meth-

ods, thereby compromising the validity of conclusions. Without proper treatment of 

this endogeneity, it is difficult to accurately identify the causal effects of performance 

determinants and consequently to design effective and targeted educational policies. 

This problem is further complicated by the hierarchical structure of data such as 

TIMSS, where students are nested within schools that have their own distinct charac-

teristics. 

To address these methodological and contextual demands, this study employs an 

advanced econometric model inspired by the work of Yang & Schmidt (2020). This 

approach corrects for endogeneity while exploiting the panel structure of the data, 

enabling simultaneous use of within-group and between-group variations. Focusing 

on fourth-grade primary students, the research thoroughly analyzes the influence of 

individual, family, and school characteristics on mathematics performance in the Mo-

roccan post-COVID context. The study thus offers an original contribution to the 

national literature, which has often relied on methods less suited to correcting en-

dogeneity biases, while providing relevant insights for the design and direction of 

educational policies in Morocco. 
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This paper aligns fully with the priorities set by national strategic guidelines, nota-

bly the Strategic Vision 2015-2030 for educational system development and the 2022-

2026 roadmap, which aim to reduce educational inequalities, strengthen teaching 

quality, and promote equitable integration of digital technologies. By leveraging a 

rigorous method and recent data, it contributes to a better understanding of the com-

plex mechanisms at play and proposes concrete pathways to support academic suc-

cess, enhance equity, and improve learning conditions within the Moroccan education 

system. 

The document begins with a comprehensive literature review that contextualizes 

the challenges related to academic achievement as well as methodological estimation 

biases encountered in prior national and international studies. It then presents the 

adopted methodology, detailing the model specification and the characteristics of the 

TIMSS data used. Finally, the empirical results are presented and discussed, with 

particular attention to their practical and policy implications, especially in relation to 

Morocco’s strategic ambitions and current post-pandemic challenges. 

2 Literature Review 

Over the past decades, the question of the determinants of academic success has gar-

nered increasing interest among researchers in the social sciences and the economics 

of education. Numerous empirical studies have helped better identify the factors in-

fluencing student performance across different geographical and socio-economic 

contexts. However, despite the abundance of research, establishing robust causal rela-

tionships between these factors and academic outcomes remains a major methodolog-

ical challenge, often hindered by endogeneity bias, imperfect measurement of varia-

bles, and limited availability of longitudinal data (Hanushek & Woessmann, 2011). 

Nonetheless, the literature converges around a tripartite analytical framework that 

groups individual student characteristics, family context, and school-related condi-

tions, with each pillar playing a complementary role in shaping academic achieve-

ment (Todd & Wolpin, 2003; Duru-Bellat et al., 2004). 

2.1 Student Characteristics 

Students’ personal attributes constitute a fundamental dimension for understanding 

variations in academic performance. Numerous rigorous international studies have 

highlighted the decisive influence of variables such as gender, relative age within the 

school cohort, intrinsic motivation, learning behaviors, as well as emotional or psy-

chosocial experiences in the school environment (Konstantopoulos, 2009; Ma & 

Klinger, 2000). Gender, for instance, has emerged as a key variable in performance 

analyses, particularly in international assessments such as PIRLS, TIMSS, or PISA. In 

the Moroccan context, Ibourk and El Aynaoui (2019) exploited PIRLS 2016 and 

TIMSS 2015 data using a Blinder-Oaxaca decomposition, revealing a marked ad-

vantage for girls in reading, while gaps in mathematics remained minimal and statisti-

cally insignificant. These findings align with international studies (Baye & Monseur, 
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2016; Reilly et al., 2019), which emphasize a persistent trend of better performance 

by girls in reading, counterbalanced by greater variability in boys’ performance in 

mathematics and science. However, works such as Meelissen and Luyten (2008) high-

light the mediating role of attitudes and self-confidence, partly explaining these gen-

der differences. 

Relative age at school entry is another factor with significant effects on achieve-

ment. The maturity effect was identified as an important determinant by Bedard and 

Dhuey (2006) through a causal identification via instrumental variables, demonstrat-

ing that younger students in their cohort score lower—a gap that tends to narrow over 

time but may persist into adolescence. These results are corroborated by Puhani and 

Weber (2008) and Ponzo and Scoppa (2014) in various European contexts. Following 

this line, Bijou (2023) analyzes the Moroccan context and confirms the existence of 

maturity-related disadvantages early in schooling, with measurable consequences on 

later academic performance. 

Beyond demographic variables, motivational and behavioral factors have gained 

increasing attention in recent literature. Gamboa et al. (2013), using an innovative 

instrumental variable quantile regression (IVQR) approach on PISA 2006 data, em-

phasize a notable positive effect of intrinsic motivation, especially among the lowest-

performing students, suggesting a crucial compensatory role. These conclusions are 

reinforced by Moroccan studies by Hanchane and Bijou (2021) on TIMSS 2019 data, 

which show that self-confidence, interest, and positive attitudes toward mathematics 

favor academic outcomes even after controlling for socio-economic variables. 

Finally, the student’s emotional environment, including negative experiences such 

as bullying, has been documented as a penalizing factor for performance. Ponzo 

(2013), through propensity score matching (PSM), reveals a significant drop in scores 

among bullied students—a phenomenon also observed in Morocco by Bijou (2021) 

analyzing PISA 2018 data, where an unfavorable school climate is associated with 

degraded performance. 

2.2 Family Context 

The family environment is an essential lever for academic success, and its role is 

unanimously recognized in social and economic literature (Coleman et al., 1966; 

Heyneman & Loxley, 1983). Parental human capital, education level, socio-economic 

status, as well as material and cultural resources available at home, form a complex 

ecosystem influencing children’s cognitive development and academic outcomes. 

Many studies exploit exogenous variations in family income to isolate its impact. 

Dahl and Lochner (2012), for example, analyzed the effects of changes in the U.S. 

Earned Income Tax Credit (EITC) for low-income families, showing a significant 

improvement in reading and math scores, with amplified effects among disadvantaged 

children. However, Keane and Wolpin (2001) point out that parental financial trans-

fers may also perpetuate inequalities, especially when credit constraints are weak, as 

they reflect structural disparities in educational access. 

At the same time, parental education plays a multidimensional role, both through 

transmitting high expectations and cognitive stimulation at home. Ganzach (2000) 
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demonstrates that maternal education can compensate for cognitive weaknesses by 

fostering more ambitious educational expectations. Dickson et al. (2016), using a 

reform in the British educational system, establish a causal link between increased 

parental education levels and improved children’s academic results. Internationally, 

Rindermann and Ceci (2018) show that parental education has a stronger effect than 

income, notably by creating a stimulating environment. 

In the Moroccan context, the work of Ibourk (2013) highlights differentiated ef-

fects of parental education according to student gender and grade level, based on na-

tional survey data. More recently, Bijou (2021) demonstrated that these effects persist 

even after correcting for endogeneity bias using the Hausman-Taylor method, con-

firming the robustness of the links between parental educational capital and perfor-

mance, particularly in mathematics. 

Educational resources available at home—such as books, a dedicated study space, 

or access to digital technologies—also play a key role in academic success. On this 

point, Boulifa and Kaaouachi (2015), analyzing Moroccan TIMSS 2011 data, showed 

that these resources explained a significant portion of performance disparities be-

tween schools. Visser et al. (2015), studying the South African context, also found 

that home resources accounted for up to 30% of the variance in math scores, often 

exceeding the impact of school-specific characteristics. 

2.3  School-Related Factors 

Since the publication of Coleman’s report (1966), the question of the school’s own 

effect on student performance has sparked considerable debate. While some research-

ers such as Hanushek (1997, 2003) downplay the direct impact of school resources, 

other studies, notably those by Card and Krueger (1996) and Greenwald et al. (1996), 

emphasize positive effects often conditioned by context and quality of implementa-

tion. 

The type of school, particularly the distinction between public and private institu-

tions, has been extensively investigated. Vandenberghe and Robin (2004) documented 

variable results by country, while Dronkers and Avram (2010) showed that contract 

private schools generally performed better, although student selection partly explains 

these differences (Perelman & Santín, 2011; Crespo-Cebada et al., 2014). 

In the Moroccan context, Hanchane (2002) used hierarchical models to demon-

strate a substantial school effect, particularly through pedagogical quality and teacher 

stability. More recently, Bijou and Hanchane (2023), analyzing TIMSS 2019, re-

vealed that schools suffering from teacher tardiness, insufficient equipment, or low 

parental involvement exhibited significantly lower results, even after controlling for 

student characteristics. 

Class size is also a central topic. While some international studies (Woessmann, 

2005; Jürges & Schneider, 2004) find no significant effects, others (Li & Konstan-

topoulos, 2016; Shen & Konstantopoulos, 2021) emphasize positive effects in con-

texts with low teaching quality. This contextual variability might explain why class 

size reductions in some Moroccan regions have not yielded significant improvements. 
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Moreover, teacher quality appears as a key factor. Rivkin et al. (2005) estimate that 

the effect of a high-performing teacher far exceeds that of a significant class size re-

duction. Blazar and Kraft (2015) also stress teachers’ impact on student well-being 

and motivation, dimensions often overlooked but crucial. 

Finally, pedagogical governance and school climate play an increasing role in edu-

cational success. Cordero and Gil-Izquierdo (2018) show that structured teaching 

methods are more effective in disadvantaged schools. Reeves et al. (2017) highlight 

that collaboration among teachers, especially in lesson planning, contributes positive-

ly to outcomes. 

In summary, recent literature illustrates the complexity of determinants of academic 

success, resulting from dynamic interactions between individual, familial, and school 

factors. These interactions vary across socio-economic and cultural contexts, necessi-

tating advanced econometric approaches (IV, 2SLS, IVQR, PSM, RDD) to identify 

reliable causalities. In the Moroccan context, contributions by Ibourk, Bijou, and 

Hanchane provide essential insights by exploiting national and international datasets, 

enriching debates on evidence-based educational policies adapted to the local context. 

3 Methods and Data 

3.1  Data 

The empirical analysis of this study is based on data from the TIMSS 2023 survey 

(Trends in International Mathematics and Science Study), a large-scale international 

assessment that measures the academic achievement of fourth-grade students in math-

ematics and science. Designed by the IEA (International Association for the Evalua-

tion of Educational Achievement), this survey provides a rigorous comparative 

framework across educational systems and enables a better understanding of factors 

associated with academic performance, including gender dynamics. 

In the Moroccan context, the 2023 edition of TIMSS occurs during a pivotal period 

of educational reform, notably with the implementation of the 2022-2026 roadmap for 

a quality public school system. This national strategy aims to improve fundamental 

learning outcomes, reduce territorial and social inequalities, and strengthen equity, 

particularly between genders. Within this framework, studying the determinants of 

performance gaps between girls and boys holds strategic importance, aligning with 

the Sustainable Development Goals (SDGs), notably SDG 4 on quality education and 

SDG 5 on gender equality. 

The choice of variables in this research focused on intrinsic characteristics of stu-

dents, with the objective of isolating individual dimensions that could explain gender 

differences in mathematics performance. This approach allows for examining educa-

tional inequalities beyond structural or school-related factors, providing better insight 

into how behaviors, attitudes, resources, or personal backgrounds differently influ-

ence girls’ and boys’ results. 

Table 1 presents the individual variables extracted from the PISA 2022 question-

naires, used to analyze the mathematics and science performance of Moroccan stu-

dents. These variables cover several essential dimensions for understanding academic 
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achievement, including sociodemographic characteristics, learning conditions at 

home, student attitudes and perceptions, as well as certain components of their family 

environment. 

The table first includes the dependent variables, consisting of continuous scores in 

mathematics and science, which directly measure students’ cognitive skills in these 

key domains. 

Then, several explanatory variables capture information about: 

• The students’ sociodemographic profile, such as gender (ASBG01) and age 

at school entry (ASBH05). 

• The family context, including possession of a computer (ASBG05A), access 

to the Internet (ASBG05D), parental or guardian education levels 

(ASBH16A, ASBH16B, ASDHEDUP), and household socioeconomic status 

(ASDHSES). 

• School attitudes and perceptions, measured by liking school (ASBG13A), 

feeling safe at school (ASBG13B), and perceived sense of belonging 

(ASBG13C). 

• Pedagogical practices and behaviors, such as frequency of autonomous work 

in mathematics (ASBM01), enjoyment of learning or solving math problems 

(ASBM02A, ASBM02G), and perceived help in mathematics (ASBH08G). 

• Early cognitive dispositions, including preschool attendance (ASBH04AB) 

and mastery of simple calculations (ASBH07E). 

• Lastly, some variables reflect external context, like the perceived impact of 

COVID-19 on learning (ASBH19) and numeracy activities before school en-

try (ASDHENA). 

Together, these variables offer a multidimensional view of the educational trajecto-

ry of Moroccan students. Their combination allows for a more refined estimation of 

the determinants of academic success, taking into account not only individual capabil-

ities but also structural inequalities linked to the household and school environment. 

Table 1. Student Variables 

Variable 

Name 
Description Categories/Values 

Score Mathematics score Continuous variable 

Score Science score Continuous variable 

ASBG01 Student’s gender 
1: Female 

2: Male 

ASBG05A Possession of a computer at home 
1: Yes 

2: No 

ASBG05D Access to Internet at home 
1: Yes 

2: No 

ASBG08 Frequency of absence from school 

1: Once a week 

2: Once every two weeks 

3: Once a month 

4: Once every two months 

5: Never or almost never 

ASBG13A 
Agreement level: "I like being at 

school" 

1: Strongly agree 

2: Somewhat agree 
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3: Disagree somewhat 

4: Strongly disagree 

ASBG13B Agreement level: "I feel safe at school" 

1: Strongly agree 

2: Somewhat agree 

3: Disagree somewhat 

4: Strongly disagree 

ASBG13C 
Agreement level: "I feel I belong at 

school" 

1: Strongly agree 

2: Somewhat agree 

3: Disagree somewhat 

4: Strongly disagree 

ASBM01 
Frequency of autonomous work in 

mathematics 

1: Almost every lesson 

2: About half of lessons 

3: Some lessons 

4: Never 

ASBM02G 
Agreement: "I like solving math prob-

lems" 

1: Strongly agree 

2: Somewhat agree 

3: Disagree somewhat 

4: Strongly disagree 

ASBM02A 
Agreement: "I like learning mathemat-

ics" 

1: Strongly agree 

2: Somewhat agree 

3: Disagree somewhat 

4: Strongly disagree 

ASBH04AB Preschool attendance 
1: Yes 

2: No 

ASBH05 Child’s age at school entry 

1: 5 years or younger 

2: 6 years 

3: 7 years 

4: 8 years or older 

ASBH07E Skill: Able to do simple subtraction 
1: Yes 

2: No 

ASBH08G 
Agreement: "Help received to improve 

in math" 

1: Strongly agree 

2: Somewhat agree 

3: Disagree somewhat 

4: Strongly disagree 

ASBH16A Parent/guardian A education level 

1: Never attended school 

2: Incomplete primary or lower 

secondary 

3: Lower secondary 

4: Upper secondary 

5: Post-secondary non-tertiary 

6: Short tertiary 

7: Bachelor’s degree or equivalent 

8: Master’s or Doctorate 

9: Not applicable 

ASBH16B Parent/guardian B education level Same categories as ASBH16A 

ASBH19 
Negative impact of COVID-19 on 

learning 

1: A lot 

2: Moderate 

3: Not at all 

ASDHENA 
Frequency of numeracy activities 

before school 

1: Very often 

2: Often 

3: Sometimes 

ASDHSES Household socioeconomic status 1: High 



2: Medium 

3: Low 

ASDHEDUP Highest parental education level 

1: University or higher 

2: Post-secondary non university 

3: Upper secondary 

4: Lower secondary 

5: Primary or minimal/no schooling 

6: Not applicable 
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Source: Authors 

Table 2 presents all the contextual variables extracted from the questionnaire ad-

ministered to school principals in the TIMSS 2023 survey. These data characterize the 

school environment in which Moroccan students operate, thereby allowing the inte-

gration of crucial structural and organizational dimensions for analyzing academic 

performance. 

These variables are divided into several categories: 

• Socioeconomic and geographic context of the school 

The proportion of disadvantaged students (ACBG03A) and the size of the locality of 

residence (ACBG05A) are essential indicators to measure the influence of the living 

environment on learning conditions. Similarly, the immediate environment of the 

school (ACBG05B) helps distinguish isolated rural schools from more densely popu-

lated urban areas. 

• Infrastructure and material resources 

Access to digital infrastructure (ACBG10B), lack of instructional spaces 

(ACBG11AE), and lack of technical staff (ACBG11AF) provide information on the 

available means for teaching, especially in the context of increased digitalization 

since the COVID-19 crisis. 

• Human resources 

The shortage of specialized mathematics teachers (ACBG11BA) is a direct indicator 

of the quality of pedagogical support, particularly in the Moroccan context marked by 

shortages of qualified teachers, especially in disadvantaged areas. 

• School climate and community engagement 

Variables related to parental involvement (ACBG12E) and the shared vision within 

the school (ACBG13A) are crucial for assessing governance and collective dynamics 

in schools. Issues of discipline or attendance among students and teachers 

(ACBG14A–B, ACBG15A–B) provide indicators of the school climate, a determin-

ing factor for educational success. 

• Students’ school readiness at primary entry 
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Variables ACBG16G to ACBG16L assess basic skills (numeracy, writing, calcula-

tion) of students at the time of their entry into primary school, which allows control-

ling for initial preparation gaps across schools. 

• Impact of the health crisis on schools 

Variables ACBG21A–D describe the periods of school closures between 2019 and 

2023. These interruptions in learning, often unevenly distributed, may explain part of 

the performance gaps, notably in mathematics. 

• Instructional volume 

Finally, two continuous variables — the number of instructional days per year and the 

number of instructional hours — quantify the actual exposure of students to formal 

teaching, an important structural factor in learning inequalities. 

Table 2.  School Variables 

Variable Name Description Categories/Values 

ACBG03A 
Proportion of economically disadvan-

taged students in the school 

1: 0 to 10% 

2: 11 to 25% 

3: 26 to 50% 

4: More than 50% 

ACBG05A 
Size of the student’s locality of resi-

dence 

1: More than 500,000 inhabi-

tants 

2: 100,001 to 500,000 

3: 50,001 to 100,000 

4: 30,001 to 50,000 

5: 15,001 to 30,000 

6: 3,001 to 15,000 

7: 3,000 or fewer 

ACBG05B Immediate environment of the school 

1: Urban – densely populated 

2: Periphery of an urban area 

3: Medium or large town 

4: Small town or village 

5: Isolated rural area 

ACBG10B Access to high-speed internet at home 
1: Yes 

2: No 

ACBG11AE 
Lack of instructional spaces in the 

school 

1: Not at all 

2: A little 

3: Moderate 

4: A lot 

ACBG11AF Lack of technical/IT staff 

1: Not at all 

2: A little 

3: Moderate 

4: A lot 

ACBG11BA 
Lack of specialized mathematics teach-

ers 

1: Not at all 

2: A little 

3: Moderate 

4: A lot 



4: More than 75% 
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ACBG12E 
Parental involvement in the school 

(according to principal) 

1: Very high 

2: High 

3: Moderate 

4: Low 

5: Very low 

ACBG13A Shared vision within the school 

1: Strongly agree 

2: Somewhat agree 

3: Somewhat disagree 

4: Strongly disagree 

ACBG14A Problem: student tardiness 

1: No problem 

2: Minor problem 

3: Moderate problem 

4: Serious problem 

ACBG14B Problem: student absenteeism 

1: No problem 

2: Minor problem 

3: Moderate problem 

4: Serious problem 

ACBG15A Problem: teacher tardiness 

1: No problem 

2: Minor problem 

3: Moderate problem 

4: Serious problem 

ACBG15B Problem: teacher absenteeism 

1: No problem 

2: Minor problem 

3: Moderate problem 

4: Serious problem 

ACBG16G 
% of students able to count to 100 at 

primary school entry 

1: Less than 25% 

2: 25–50% 

3: 51–75% 

ACBG16J 
% of students able to write numbers at 

primary school entry 

1: Less than 25% 

2: 25–50% 

3: 51–75% 

4: More than 75% 

ACBG16K 
% of students able to do simple addition 

at primary school entry 

1: Less than 25% 

2: 25–50% 

3: 51–75% 

4: More than 75% 

ACBG16L 
% of students able to do simple subtrac-

tion at primary school entry 

1: Less than 25% 

2: 25–50% 

3: 51–75% 

4: More than 75% 

ACBG21A Months of school closure (2019–2020) 

1: No closure 

2: Less than 1 month 

3: 1–3 months 

4: 4–6 months 

5: More than 6 months 

ACBG21B Months of school closure (2020–2021) 

1: No closure 

2: Less than 1 month 

3: 1–3 months 

4: 4–6 months 

5: More than 6 months 

ACBG21C Months of school closure (2021–2022) 1: No closure 
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(Value 4 missing in the data) 2: Less than 1 month 

3: 1–3 months 

5: More than 6 months 

ACBG21D Months of school closure (2022–2023) 
1: No closure 

2: Less than 1 month 

Number of in-

structional days 

per year at school 

Number of instructional days per year at 

school 

Range: 140 to 312 days 

Mean: 220.6 days 

Standard deviation: 36.8 days 

Number of in-

structional hours 

per year at school 

Number of instructional hours per year 

at school 

Range: 150 to 570 hours 

Mean: 293.7 hours 

Standard deviation: 66.1 hours

Source: Authors 

Morocco’s results in the international TIMSS (Trends in International Mathematics 

and Science Study) assessments, conducted every four years, enable monitoring the 

evolution of Moroccan students’ academic achievements in mathematics and science 

at both the 4th-grade (primary) and 8th-grade (middle school) levels. Analyzing the 

scores obtained between 1999 and 2023 reveals contrasting dynamics depending on 

the education level and subject area. 

Firstly, regarding 4th-grade students in mathematics, there has been a continuous 

improvement in performance over the cycles. Indeed, the average score increased 

from 347 points in 2003 to 393 points in 2023, representing a gain of 46 points over 

two decades. This positive trend can be explained by several factors: the gradual ex-

pansion of primary education coverage, improvements in school infrastructure in 

certain areas, and efforts made to strengthen basic skills. However, despite this in-

crease in absolute scores, Morocco’s ranking remains very low: it dropped from 24th 

out of 25 countries in 2003 to 56th out of 58 countries in 2023. This indicates that 

although Morocco is making progress, most participating countries are also advanc-

ing, often at a faster pace, which tempers the magnitude of the progress achieved. 

Table 3. Average TIMSS Mathematics and Science Achievement Scores for Moroccan Stu-

dents (Grades 4 and 8, 1999–2023) 

 1999 2003 2007 2011 2015 2019 2023 

  

E
 

 

Mathematics  347 341 335 377 383 393 

A
D

U
R Ranking/Number Of countries  24/25 31/36 49/50 47/49 54/58 56/58 

G
R

F
O Science  304 297 264 352 374 390 

Ranking/Number Of countries  25/25 

 

34/36 49/50 46/49 55/58 56/58 

  

Mathematics 337 387 381 371 384 388 378 

D
E

H
T Ranking/Number Of countries 37/38 40/45 40/49 40/42 37/39 39/39 42/44 

R
A

IG Science 323 396 402 376 393 394 327 

G E

Ranking/Number Of countries 37/38 40/45 45/49 41/42 36/39 36/39 43/44 

Source. Average Mathematics and Science Achievement Scores for Grades 4 and 8 Students Based on 

TIMSS International Reports (1999–2023). Constructed by the authors. 

Furthermore, regarding science in 4th grade, the results are even more revealing. 

Morocco, which scored only 304 points in 2003, reached 390 points in 2023, repre-

senting an impressive increase of 86 points. This significant gain can be interpreted as 

the result of better exposure of students to scientific concepts starting from primary 
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school, as well as growing interest from educational authorities in STEM subjects. 

Nevertheless, this progress should be viewed with caution because, just as in mathe-

matics, the country’s ranking remains low (56th out of 58), illustrating that efforts 

remain insufficient to overcome the accumulated lag in the quality of learning. 

In contrast, the performance of 8th grade students paints a much more concerning 

picture. In mathematics, Morocco did record progress between 1999 (337 points) and 

2003 (387 points), but scores then stagnated or slightly declined, reaching 378 points 

in 2023. This trend indicates the education system’s inability to consolidate primary-

level gains at the middle school level. Morocco’s continued position near the bottom 

of the rankings, 42nd out of 44 countries in 2023, reflects a structural blockage, pos-

sibly linked to issues such as teacher training, curriculum inadequacies, or more chal-

lenging learning conditions in secondary education (overcrowded classes, poor infra-

structure, etc.). 

Regarding science in 8th grade, the situation is even more alarming. After peaking 

at 402 points in 2007, scores have steadily declined to reach 327 points in 2023, al-

most the same level as in 1999. This sharp decline is particularly worrying because it 

follows a phase of progress and places Morocco once again among the lowest-ranked 

countries (43rd out of 44 in 2023). This decline is likely partly related to the pro-

longed effects of the COVID-19 health crisis, which disproportionately affected stu-

dents from disadvantaged backgrounds with reduced access to remote learning. But it 

also reflects persistent shortcomings in the secondary education system, especially 

regarding pedagogical support, laboratory equipment, and the didactic approach to 

science. 

In summary, the TIMSS results over more than two decades highlight measurable 

but still insufficient progress at the primary level, particularly in science, while the 

middle school level remains critical and calls for urgent structural reforms. Although 

Morocco has made significant efforts to improve access to education and initiate cur-

ricular reforms, the results suggest that much remains to be done to sustainably im-

prove the quality of learning, especially in mathematics and science, which are essen-

tial for preparing young people for the jobs of tomorrow and for reducing social ine-

qualities. Massive investment in teacher training, better coordination between educa-

tional cycles, and greater equity in resource allocation appear as indispensable levers 

to significantly advance the Moroccan education system in the coming years. 

3.2 Identification Strategy 

In this study, the dependent variable analyzed is the mathematics score of Moroc-

can students, as measured by the TIMSS 2023 survey. This score constitutes a reliable 

and robust indicator of students’ fundamental skills in numerical and logical compe-

tencies, thereby reflecting the quality of education delivered within the national edu-

cational system. However, the Moroccan context is characterized by significant re-

gional disparities as well as structural dysfunctions that affect school performance. 

Consequently, it is essential to employ a multilevel modeling approach that accounts 

not only for individual student characteristics but also for contextual effects related to 

schools and local socio-economic environments. It is precisely within this framework 

that the Yang & Schmidt (2020) model proves particularly suitable. Indeed, this mod-

el combines the advantages of fixed-effects and random-effects approaches while 
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offering an elegant solution to the problem of endogeneity, which frequently arises in 

such analyses. 

Certain explanatory variables critical to understanding academic performance may 

be correlated with unobserved errors in the model. For instance, ownership of a per-

sonal computer, internet access at home, parental assistance with mathematics home-

work, and the feeling of safety at school are all factors that, while playing a decisive 

role in learning, may also reflect unmeasured characteristics such as familial cultural 

capital, intrinsic student motivation, or implicit educational environment quality. 

These relationships induce endogeneity bias, undermining the validity of estimates if 

left unaddressed. The Yang & Schmidt (2020 model addresses this challenge by using 

internally exogenous variables as instruments for those suspected of endogeneity. For 

example, variables such as parental education level, declared household socio-

economic status, or school participation in community activities serve a dual purpose: 

they are correlated with endogenous variables but sufficiently independent from indi-

vidual-specific errors, making them valid instruments. This strategy isolates the caus-

al effect of learning conditions on academic outcomes, thereby enhancing the rigor of 

the obtained results. 

Moreover, incorporating a multilevel framework is indispensable, as it accounts for 

the natural hierarchy of the data wherein students are nested within schools, which 

themselves exist within varied regional contexts. The Yang & Schmidt (2020) model 

incorporates random effects capturing unobserved differences between schools while 

controlling for fixed effects of individual and school-level variables. This dual ap-

proach allows precise measurement of the impact of school characteristics and local 

socio-economic contexts while mitigating biases linked to omitted variables. It is thus 

particularly well-suited to the Moroccan education system, marked by pronounced 

territorial and social inequalities. 

The methodological choices regarding the categorization of variables into endoge-

nous and exogenous groups are also justified by the Moroccan socio-economic con-

text. Endogenous variables such as computer ownership, internet access, parental 

help, and feelings of safety at school are likely influenced by unobserved factors in 

the data, including familial human capital or student motivation, generating correla-

tion with the model error term. Conversely, selected instruments like parental educa-

tion, declared socio-economic status, and school participation in local activities are 

relatively stable over time and independent of individual short-term academic perfor-

mance. They thus provide a solid basis for correcting endogeneity without compro-

mising the validity of the estimates. 

Additionally, other exogenous variables have been included to better capture de-

mographic, behavioral, and circumstantial effects influencing school performance 

without correlating with the model’s random error. These include student gender, 

absenteeism rates, autonomous work habits, and exceptional school closures related to 

the Covid-19 pandemic. Including these variables allows for better control of the 

structural and contextual peculiarities of the Moroccan education system, reinforcing 

the relevance and robustness of the analysis. 

Finally, it is important to note that the TIMSS 2023 database, like many large-scale 

survey databases, contains a certain amount of missing data. Such missingness, which 

may result from partial non-responses or data entry errors, must be carefully ad-

dressed to avoid loss of statistical efficiency or estimation bias. To this end, a multiple 
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imputation procedure was implemented, replacing missing values with plausible ones 

based on conditional distributions of observed variables. This method, widely recog-

nized in educational empirical literature, ensures the reliability and validity of the 

results while preserving the richness of the sample. 

In summary, the use of the Yang & Schmidt (2020) model, combined with multi-

level modeling and rigorous handling of missing data, constitutes a robust methodo-

logical approach for analyzing the determinants of school performance in Morocco. 

This approach overcomes the limitations of classical models by effectively correcting 

endogeneity and accounting for the hierarchical structure of the data, thereby provid-

ing reliable and relevant results to inform public policies focused on educational equi-

ty and quality. The proposed models are as follows: 

• Fixed Effects Model  

The fixed effects model controls for unobserved school-specific effects, denoted by 

𝜇𝑗 . The specification is as follows: 

𝑌𝑖𝑗 = 𝑋𝑖𝑗
´ 𝛽 + 𝜇𝑗 + 𝜀𝑖𝑗 

Where: 

─ 𝑌𝑖𝑗  is the reading score of student i in school j (dependent variable), 

─ 𝑋𝑖𝑗 is a vector of individual-level explanatory variables, 

─ 𝜇𝑗 represents the unobserved effect specific to school j, 

─ 𝜀𝑖𝑗 is the idiosyncratic error term, assumed to be normally distributed with zero 

mean and constant variance. 

The school-specific effects 𝜇𝑗 are assumed to be correlated with the explanatory 

variables 𝑋𝑖𝑗, which is typical when selection bias is suspected due to unobserved 

school characteristics. This assumption justifies the use of the fixed effects estimator, 

as it allows consistent estimation even in the presence of such endogeneity. 

• Random Effects Model (RE) 

The random effects model assumes that the school-specific effects are random and 

uncorrelated with the explanatory variables: 

𝑌𝑖𝑗 = 𝑋𝑖𝑗
´ 𝛽 + 𝑍𝑗

´𝛾 + 𝜇𝑗 + 𝜀𝑖𝑗 

Where: 

─ 𝑌𝑖𝑗: academic performance of student i in school j (score in reading, mathematics, 

or science), 

─ 𝑋 : vector of individual-level variables (student level), 

─ 𝑍 : vector of observable school characteristics, 

─ 𝜇𝑗 ∼ 𝑁(0, 𝜎𝜇
2) and 𝜀𝑖𝑗 ∼ 𝑁(0, 𝜎𝜀

2) 

─ 𝜇𝑗is assumed to be uncorrelated with 𝑋𝑖𝑗and 𝑍𝑗. 

This model is efficient if this assumption holds, which is tested using the Hausman 

test. 
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The Hausman test is used to choose between the fixed effects (FE) model and the 

random effects (RE) model by testing the exogeneity of the random effects. The test 

statistic is given by: 

𝐻 = (𝛽̂𝐹𝐸 − 𝛽̂𝑅𝐸)
´
[𝑉𝑎𝑟(𝛽̂𝐹𝐸) − 𝑉𝑎𝑟(𝛽̂𝑅𝐸)]

−1
(𝛽̂𝐹𝐸 − 𝛽̂𝑅𝐸) 

rejects the null hypothesis, the random effects model is bias

fixed effects model is preferred. Otherwise, the random effects model is retained due 

to its efficiency. 

• Random Effects Model with Endogeneity Correction 

This model (Yang & Schmidt, 2020) decomposes the explanatory variables into 

four blocks: 

─ 𝑋₁: individual-level variables assumed to be exogenous, 

─ 𝑋₂: individual-level variables potentially endogenous, 

─ 𝑍₁: school-level variables assumed to be exogenous, 

─ 𝑍₂: school-level variables potentially endogenous. 

The model is specified as follows: 

𝑌𝑖𝑗 = 𝑋1𝑖𝑗
´ 𝛽1 + 𝑋2𝑖𝑗

´ 𝛽2+𝑍1𝑗
´ 𝛾1+𝑍2𝑗

´ 𝛾2 + 𝜇𝑗 + 𝜀𝑖𝑗 

─ 𝑌𝑖𝑗:  academic performance of student i in school j (e.g., reading score), 

─ 𝑋1𝑖𝑗  and 𝑋2𝑖𝑗 vectors of individual-level exogenous and endogenous variables, 

─ 𝑍1𝑗 and 𝑍2𝑗: vectors of school-level exogenous and endogenous variables, respec-

tively, 

─ 𝜇 : random effect at the school level, 

─ 𝜀𝑖𝑗: individual error term. 

The specification, inspired by the work of Yang & Schmidt (2020), is based on a 

thorough analysis of student and school variables, classified as endogenous or exoge-

nous according to their nature and role within the model; the table below illustrates 

this detailed classification. 

Table 4. Justification of Variable Categorization for Instrumental Variables Estimation 

Variable Category Detailed Justification 

Student’s gender 
Student  

Exogenous 

Gender is a fixed attribute at birth, not modifiable by immediate 

school or socio-economic experiences. In the Moroccan context, 
gender disparities are structural (e.g., differential access to 

schooling) and not affected by current academic performance. 

Thus, it is a reliable exogenous variable. 

Possession of a computer 

at home 

Student  

Exogenous 

Personal computer ownership largely depends on the family’s 
socio-economic status, which is relatively stable in the short term 

and independent of immediate academic results. In Morocco, 

families with more technological resources tend to be better 
equipped, influencing learning conditions but not directly influ-

enced by school performance. 
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Variable Category Detailed Justification 

Access to Internet at 

home 

Student  

Exogenous 

Home internet access reflects material and infrastructural condi-

tions external to the student. While it influences academic per-

formance, internet availability does not vary with a student's 
short-term academic results. This variable captures significant 

digital inequalities in Morocco. 

Preschool attendance 
Student  

Exogenous 

Preschool attendance is a factor preceding compulsory school-

ing. It reflects early family investment and educational environ-
ment that influences later success but does not depend on current 

school scores, hence exogenous. In Morocco, preschool attend-

ance remains unevenly distributed. 

Child’s age at school 

entry 

Student  

Exogenous 

Age at school entry is a fixed temporal variable preceding cur-

rent performance. In Morocco, the official age is often respected, 

but delayed entry may reflect family or geographic constraints 
rather than academic results, justifying its exogenous status. 

Skill: Able to do simple 

addition 

Student  

Exogenous 

This variable measures a basic prior skill (ability to perform 

simple additions). It is a cognitive foundation for math achieve-

ment. In Morocco, it is a fundamental acquired skill and early 
learning indicator, considered exogenous as it precedes current 

score measurement. 

Frequency of absence 
from school 

Student  
Endogenous 

School absenteeism is often linked to motivation, health, or 
social constraints of the student, which themselves are influ-

enced by academic results, discipline, and school relationships. 

For example, struggling students may be absent more often. 
Therefore, this variable is endogenous in the model. 

Agreement level: "I feel I 

belong at school" 

Student  

Endogenous 

Sense of belonging to school is influenced by lived experience, 

social interactions, and academic results. In Morocco, where 
students from disadvantaged backgrounds may feel marginal-

ized, this sense is dynamic and linked to school success, making 

it an endogenous variable. 

Frequency of autonomous 

work in mathematics 

Student  

Endogenous 

Autonomous work reflects motivation and independent learning 
capacity, which can evolve with academic success or failure. In 

the Moroccan context, encouragement for autonomy often de-

pends on school and family environment, thus it is endogenous. 

Agreement: "I like solv-

ing math problems" 

Student  

Endogenous 

Enjoyment of learning mathematics is a subjective perception 

strongly dependent on learning experiences and outcomes. Suc-

cess can increase this enjoyment, while failure may reduce it, 
hence its endogenous nature. 

Agreement: "Help re-

ceived to improve in 
math" 

Student  

Endogenous 

Parental help may be influenced by the student’s performance: 

parents often increase support if the child faces difficulties. In 

Morocco, parental availability and education level, often linked 
to academic results, influence this, making the variable endoge-

nous. 

Proportion of economi-

cally disadvantaged 

students in the school 

School  
Exogenous 

The proportion of economically disadvantaged students in a 
school is a stable structural characteristic that influences collec-

tive school dynamics but does not depend directly on individual 

performance. In Morocco, this reflects significant territorial and 

social disparities. 

Size of the student’s 
locality of residence 

School  
Exogenous 

Regional population size is a fixed geographic variable determin-

ing resources, access to school infrastructure, and educational 
environment quality. It is unaffected by individual performance 

and thus exogenous. 

Number of instructional 

days per year at school 

School  

Exogenous 

Annual number of instructional days is a stable institutional 

characteristic set by educational authorities and not influenced 



Months of school closure 

(2019–2020) 

School  

Exogenous 

School closures due to the COVID-19 pandemic represent a 

major exogenous shock, independent of characteristics or per-

formance of students or schools. This event affects all schools 
indiscriminately and is thus exogenous. 

Problem: student tardi-
ness 

School  
Endogenous 

Frequency of student tardiness is linked to school climate, disci-

pline, and organization, which can be influenced by student 
success and behavior. In Morocco, less structured environments 

may increase tardiness, making this variable endogenous. 

Source: Authors 
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Variable Category Detailed Justification 

by individual student performance. In Morocco, this duration 

varies by school and region but remains exogenous. 

Lack of specialized 
mathematics teachers 

School  
Endogenous 

Lack of specialized math teachers may be influenced by school 

management, which may respond to overall student perfor-
mance. If math results are poor, management might seek to 

change staff or specialization, justifying its endogeneity. 

Parental involvement in 

the school (according to 

principal) 

School  
Endogenous 

Parental involvement, often measured by participation in school 
meetings or initiatives, depends on school dynamics and ex-

pressed needs. In Morocco, it tends to be stronger in schools 

facing performance difficulties, making this variable endoge-
nous. 

4 Results 

The results of this study are presented through four successive econometric models, 

each allowing for a deeper understanding of the determinants of mathematics perfor-

mance while highlighting the rigor of the estimation process. Each model is thorough-

ly discussed, with a detailed analysis of the estimated coefficients, their statistical 

significance, and the coherence of the observed effects in relation to theoretical ex-

pectations. This stepwise approach enables the assessment of the differentiated impact 

of individual, family, and school variables while accounting for potential biases relat-

ed to endogeneity. To validate the appropriateness of the selected specifications, the 

models are subjected to the Hausman test, which confirms the robustness of the esti-

mates and justifies the use of the instrumental variables employed. This crucial step 

ensures the reliability of the conclusions drawn and strengthens the credibility of the 

recommendations based on the obtained results. 

Table 5. Results of the OLS model 

Variable Coefficient Std. Err. t P > t 

Student’s gender (1 indicates male) 3.450818 1.8884 1.83 0.068 

Possession of a computer at home (1 indicates yes) -12.03243 2.0646 -5.83 0 

Access to Internet at home (1 indicates yes) 8.761553 1.9787 4.43 0 

Frequency of absence from school (Never or almost 

never) 
33.786 2.1153 15.97 0 
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Frequency of absence from school (Once every two 

months) 
40.25091 3.3597 11.98 0 

I feel I belong at school (Strongly agree) -4.566003 2.7269 -1.67 0.094 

I feel safe at school (Strongly agree) 14.16471 2.1837 6.49 0 

Frequency of autonomous work in mathematics 

(Almost every lesson) 
20.23477 2.2293 9.08 0 

Frequency of autonomous work in mathematics 

(About half of lessons) 
13.51145 2.5853 5.23 0 

I like learning mathematics (Strongly agree) 34.73304 3.2349 10.74 0 

I like learning mathematics (Somewhat agree) 28.44009 3.7995 7.49 0 

Preschool attendance (1 indicates yes) 3.266171 2.2599 1.45 0.148 

Child’s age at school entry (5 years or younger) -3.343382 3.6141 -0.93 0.355 

Child’s age at school entry (6 years) 9.282943 2.7837 3.33 0.001 

Able to do simple addition (1 indicates yes) 16.47823 2.4447 6.74 0 

Able to do simple subtraction (1 indicates yes) -6.285293 2.2029 -2.85 0.004 

Help received to improve in math (Strongly agree) 25.62325 3.4270 7.48 0 

Help received to improve in math (Somewhat agree) 8.610864 3.9186 2.2 0.028 

Parent/guardian A education level (Never attended 

school) 
-4.527411 2.6245 -1.73 0.085 

Parent/guardian A education level (Incomplete pri-

mary or lower secondary) 
-1.739863 2.3750 -0.73 0.464 

Negative impact of COVID-19 on learning (A lot) -15.30164 2.9202 -5.24 0 

Negative impact of COVID-19 on learning (Moder-

ate) 
-4.204223 3.1556 -1.33 0.183 

Frequency of numeracy activities before school 

(Very often) 
7.859674 3.0525 2.57 0.01 

Frequency of numeracy activities before school 

(Often) 
3.387404 2.1776 1.56 0.12 

Household socioeconomic status (High) 13.15045 6.9223 1.9 0.058 

Household socioeconomic status (Medium) 10.93193 3.0351 3.6 0 

Highest parental education level (University or 

higher) 
43.40241 4.7802 9.08 0 

Highest parental education level (Post-secondary 

non-university) 
30.27007 4.9278 6.14 0 

Proportion of economically disadvantaged students 

in the school (0 to 10%) 
29.75044 3.7721 7.89 0 

Proportion of economically disadvantaged students 

in the school (11 to 25%) 
15.36874 3.5859 4.29 0 

Size of the student’s locality of residence (More than 

500,000 inhabitants) 
-3.469361 3.8414 -0.9 0.366 
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Size of the student’s locality of residence (100,001 

to 500,000) 
5.417554 3.3492 1.62 0.106 

Size of the student’s locality of residence (50,001 to 

100,000) 
-6.616651 2.9654 -2.23 0.026 

Immediate environment of the school (Urban – 

densely populated) 
-1.714467 2.7964 -0.61 0.54 

Immediate environment of the school (Periphery of 

an urban area) 
33.3665 3.3197 10.05 0 

Number of instructional days per year at school -0.2248855 0.0307 -7.31 0 

Number of instructional hours per year at school 0.0872665 0.0169 5.15 0 

Access to high-speed internet at home (1 indicates 

yes) 
-4.643743 2.9784 -1.56 0.119 

Lack of instructional spaces in the school (A lot) 12.86446 2.5189 5.11 0 

Lack of instructional spaces in the school (Moder-

ate) 
-0.0667649 3.3604 -0.02 0.984 

Lack of technical/IT staff (A lot) 5.358741 2.8233 1.9 0.058 

Lack of technical/IT staff (Moderate) 7.636921 2.7850 2.74 0.006 

Lack of specialized mathematics teachers (A lot) -1.743149 2.7395 -0.64 0.525 

Lack of specialized mathematics teachers (Moder-

ate) 
-22.02888 2.6083 -8.45 0 

Parental involvement in the school (Very high) -8.623753 8.5755 -1.01 0.315 

Parental involvement in the school (High) -2.370559 3.3271 -0.71 0.476 

Shared vision within the school (Strongly disagree) -5.207215 13.4806 -0.39 0.699 

Shared vision within the school (Somewhat disa-

gree) 
0.9449298 4.2446 0.22 0.824 

Problem: student tardiness (Serious problem) -19.72731 3.7269 -5.29 0 

Problem: student tardiness (Moderate problem) -3.617042 3.0866 -1.17 0.241 

Problem: student absenteeism (Serious problem) -1.61403 3.6898 -0.44 0.662 

Problem: student absenteeism (Moderate problem) -25.11537 3.2235 -7.79 0 

Problem: teacher tardiness (Serious problem) 0.558134 5.0008 0.11 0.911 

Problem: teacher tardiness (Moderate problem) -12.19269 4.9021 -2.49 0.013 

Problem: teacher absenteeism (Serious problem) -9.463943 4.8639 -1.95 0.052 

Problem: teacher absenteeism (Moderate problem) 4.629198 4.8818 0.95 0.343 

Months of school closure (2019–2020) (More than 6 

months) 
-12.77237 6.3427 -2.01 0.044 

Months of school closure (2019–2020) (4–6 months) -2.763426 2.0699 -1.34 0.182 

Months of school closure (2020–2021) (More than 6 

months) 
-9.840325 6.4211 -1.53 0.125 

Months of school closure (2020–2021) (4–6 months) 3.745165 5.3548 0.7 0.484 

Months of school closure (2021–2022) (No closure) 16.45182 2.4397 6.74 0 



    

Source: Authors 
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38.93211 4.5610 8.54 0 
Months of school closure (2021–2022) (Less than 1 

month) 

_cons 294.5555 11.1427 26.43 0 

Number of obs 7,846 R-squared 0.2453 

F(62, 7783) 40.81 0 Prob > F 

The analysis of the OLS model reveals that individual, family, and school variables 

explain approximately 24.5% of the variance in mathematics scores (R² = 0.2453), 

reflecting a moderate explanatory power consistent with the literature on academic 

achievement, given the complexity of the factors involved. The overall F-test (F(62, 

7783) = 40.81; p < 0.000) indicates that the model is highly significant as a whole, 

suggesting that the selected variables contribute statistically meaningfully to explain-

ing student performance. This statistical robustness justifies a detailed interpretation 

of the individual coefficients. 

Regarding individual characteristics, results show that gender has a positive but not 

statistically significant effect at the 5% level: being a boy increases the average math 

score by 3.45 points (p ≈ 0.068). This suggests that gender differences, while present, 

become marginal after controlling for other factors, supporting the view that much of 

the raw gender gap observed is explained by contextual variables. Furthermore, ab-

senteeism frequency plays a decisive role: students who report rarely or never being 

absent score on average 33.8 points higher than those frequently absent, and those 

absent “once every two months” show an even larger gain of 40.2 points, with highly 

significant coefficients (p < 0.001). These findings confirm the critical importance of 

school attendance for mathematics learning, highlighting lost instructional time as a 

major handicap. 

Motivation and autonomy also prove crucial: students who work autonomously in 

math “almost every lesson” gain a substantial advantage (+20.2 points, p < 0.001), 

while those doing so “about half of the lessons” register a gain of 13.5 points. Similar-

ly, a strong liking for learning mathematics, especially at the “very strong” level, is 

associated with an impressive gain of 34.7 points, illustrating the close link between 

positive attitudes and achievement. 

Regarding family characteristics, observed disparities are also significant. The 

highest parental education level has a major impact: having a parent with a university 

degree is associated with an average gain of 43.4 points, while a post-secondary non-

university diploma corresponds to an additional 30.3 points (p < 0.001). These results 

confirm the intergenerational effect of education, often interpreted as a combined 

product of favorable cultural and cognitive capital and a stimulating educational envi-

ronment. Additionally, household socioeconomic status strongly influences outcomes: 

students from high-status households gain an estimated 13.15 points (marginally sig-

nificant effect), while those from medium socioeconomic backgrounds display an 

advantage of 10.93 points (p < 0.001). Conversely, the negative impact of the pan-

demic is clearly manifested: reporting that COVID-19 had a “major” impact on learn-

ing reduces scores by 15.3 points, highlighting the profound consequences of school 

interruptions on academic success. 



 

412             I. Allali et al.

School and contextual characteristics reflect the complexity of determinants. At-

tending a school with a low proportion of disadvantaged students (0 to 10%) is asso-

ciated with a gain of 29.8 points, and even a slightly higher proportion (11 to 25%) 

yields an additional 15.4 points, illustrating the importance of social composition 

effects at the school level. Moreover, a dense peri-urban environment is linked to a 

gain of 33.4 points, contrasting with negative effects observed in some intermediate 

localities. Organizational constraints on pedagogical resources have variable impacts: 

a significant lack of teaching space paradoxically corresponds to a gain of 12.8 points, 

possibly reflecting compensatory mechanisms such as increased teacher mobilization 

or student selection. Conversely, a shortage of specialized math teachers results in a 

strong penalty: -22 points when this shortage is deemed “moderate” (p < 0.001), con-

firming the central role of teaching expertise in learning quality. Lastly, some struc-

tural characteristics of educational provision also influence outcomes: a higher num-

ber of instructional hours is associated with a significant improvement (+0.087 points 

per hour), whereas a higher number of school days correlates negatively, suggesting 

inefficiencies in managing school time. 

Overall, these findings highlight multiple actionable levers to improve mathematics 

performance: strengthening school attendance, supporting student motivation and 

autonomy, reducing social and familial inequalities, and improving the quality of 

pedagogical resources. However, the moderate R² value reminds us that other unob-

served dimensions—such as teaching quality, teacher engagement, or specific family 

practices—continue to play a decisive role. 

Table 6. Results of the Fixed Effects model 

Variable Coefficient 
Std. 

Err. 
t P > t 

Student’s gender (1 indicates male) 3.793258 1.5410 2.46 0.014 

Possession of a computer at home (1 indicates yes) -10.17812 1.7335 -5.87 0 

Access to Internet at home (1 indicates yes) 10.64055 1.6781 6.34 0 

Frequency of absence from school (Never or almost 

never) 
32.2619 1.7768 18.16 0 

Frequency of absence from school (Once every two 

months) 
33.11373 2.8141 11.77 0 

I feel I belong at school (Strongly agree) -5.794836 2.2505 -2.57 0.01 

I feel safe at school (Strongly agree) 7.456294 1.8292 4.08 0 

Frequency of autonomous work in mathematics 

(Almost every lesson) 
28.35567 1.8970 14.95 0 

Frequency of autonomous work in mathematics 

(About half of lessons) 
15.81965 2.1632 7.31 0 

I like learning mathematics (Strongly agree) 34.03314 2.6646 12.77 0 

I like learning mathematics (Somewhat agree) 25.59698 3.1302 8.18 0 

Preschool attendance (1 indicates yes) 7.376381 1.9899 3.71 0 

Child’s age at school entry (5 years or younger) 0.7133623 3.0109 0.24 0.813 

Child’s age at school entry (6 years) 7.905107 2.3226 3.4 0.001 



7,846 

rho 

.0000 

Source: Authors 
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Able to do simple addition (1 indicates yes) 18.50914 2.0851 8.88 0 

Able to do simple subtraction (1 indicates yes) -8.101696 1.8460 -4.39 0 

Help received to improve in math (Strongly agree) 16.08898 2.9156 5.52 0 

Help received to improve in math (Somewhat 

agree) 
5.666393 3.2736 1.73 0.084 

Parent/guardian A education level (Never attended 

school) 
-6.665068 2.2080 -3.02 0.003 

Parent/guardian A education level (Incomplete 

primary or lower secondary) 
-1.473693 1.9832 -0.74 0.457 

Negative impact of COVID-19 on learning (A lot) -17.20982 2.4828 -6.93 0 

Negative impact of COVID-19 on learning (Mod-

erate) 
-6.349562 2.6319 -2.41 0.016 

Frequency of numeracy activities before school 

(Very often) 
11.47923 2.6120 4.39 0 

Frequency of numeracy activities before school 

(Often) 
3.658631 1.8593 1.97 0.049 

Household socioeconomic status (High) 9.866441 5.7019 1.73 0.084 

Household socioeconomic status (Medium) 6.993184 2.5156 2.78 0.005 

Highest parental education level (University or 
33.02655 4.0114 8.23 0 

higher) 

Highest parental education level (Post-secondary 
24.1727 4.0779 5.93 0 

non-university) 

_cons 

 

285.7392 

 

4.6158 

 

61.9 

 

0 

 

R-squared: Number of obs 

Within = 0.2069  270 

Between = 0.1340 

Number of groups

0.0391 

Overall = 0.1733 

corr(u_i, Xb) 

0.44611307 

F(269, 7548) = 20.44 Prob > F = 0

The fixed effects (FE) model relies on within-school estimation, using only the 

variation among students inside the same schools. This means that all time-invariant 

or school-specific characteristics are absorbed by the fixed effects and cannot be es-

timated individually. Consequently, variables related to the school context and envi-

ronment (such as the proportion of disadvantaged students, urban characteristics, 

school infrastructure, or shortage of specialized teachers) do not appear in the results. 

This methodological choice helps correct potential bias linked to unobserved hetero-

geneity between schools but limits the analysis to individual and family determinants 

that vary among students within the same school. 

The explanatory power within schools is 20.7% (R² within = 0.2069), slightly low-

er than that of the OLS model, which is expected because fixed effects remove all 

between-school variation. The notable correlation between the individual-specific 

effects and regressors (corr(u_i, Xb) = 0.039), although small, confirms the presence 
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of unobserved heterogeneity. The F-test (F(269, 7548) = 20.44; p < 0.000) rejects the 

null hypothesis that the specific effects are zero, justifying the use of an FE model 

rather than a simple OLS. Furthermore, the proportion of variance explained by 

school effects (ρ = 0.446) shows that nearly 45% of the total variance in scores stems 

from differences between schools, underscoring the major role of the educational 

context. 

The effect of gender remains significant in this model (+3.79 points; p = 0.014), 

confirming a slight advantage for boys in mathematics even after controlling for 

school characteristics. This suggests that the male advantage is not solely explained 

by between-school differences but also persists within schools. Access to technology 

shows contrasting effects: owning a computer at home is negatively associated with 

performance (−10.18 points; p < 0.001), while having internet access has a substantial 

positive impact (+10.64 points; p < 0.001). This contrast may reflect differentiated 

usage patterns—mere ownership of a computer does not guarantee educational use, 

whereas internet access facilitates pedagogical resources. 

Absenteeism frequency remains a major determinant: diligent students score on 

average 32 to 33 points higher than those more frequently absent (p < 0.001), reaf-

firming the importance of regular school attendance. Indicators related to motivation 

and autonomy show very strong effects: working autonomously "almost every lesson" 

improves scores by 28.3 points, while agreement with the statement "I like learning 

mathematics" confers up to 34 points more (p < 0.001). These findings highlight the 

central role of learning attitudes and practices in achievement, independent of school 

characteristics. 

Parental characteristics retain significant weight. The highest parental education 

level has a particularly marked effect: having a parent with a university degree con-

fers a 33-point advantage, and a post-secondary diploma about 24 points (p < 0.001). 

These results confirm the transmission of cultural and educational capital. Moreover, 

household socioeconomic status has a positive effect (around +10 points for affluent 

households), although the magnitude is smaller than that observed with OLS, suggest-

ing that some social inequalities are absorbed by school fixed effects (since schools 

with wealthier students often have better resources, but these differences are neutral-

ized here). 

Additionally, the frequency of digital activities before school shows positive and 

significant effects, reflecting the importance of early educational practices. The nega-

tive impact of the pandemic remains pronounced: reporting that COVID-19 had a 

"very important" effect reduces scores by 17.2 points (p < 0.001), confirming the 

disruptions caused by school closures. 

As expected, variables related to schools’ structural characteristics (size, location, 

proportion of disadvantaged students, availability of specialized teachers, school cli-

mate) are not estimated in this model because they are absorbed by the school-specific 

fixed effects. This represents a major limitation of the FE approach when analyzing 

educational policies targeting structural school features. 

The fixed effects model provides a robust estimation of individual and family de-

terminants, controlling for unobserved heterogeneity between schools. The results 

confirm that success in mathematics strongly depends on intrinsic student factors 

(attendance, motivation, autonomy) and family resources (educational and socioeco-

nomic capital). However, it does not allow for evaluating the effects of contextual 
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variables specific to schools, limiting its scope for designing school policies focused 

on infrastructure, social composition, or pedagogical resources. 

Table 7. Results of the Randon effect model 

Variable  Coefficient Std. err. z P>|z| 

Student’s gender (1 indicates male) 3.812338 1.5416 2.47 0.013 

Possession of a computer at home (1 indicates 

yes) 
-10.38544 1.7314 -6 0 

Access to Internet at home (1 indicates yes) 10.51438 1.6745 6.28 0 

Frequency of absence from school (Never or al-

most never) 
32.454 1.7745 18.29 0 

Frequency of absence from school (Once every 

two months) 
33.73554 2.8107 12 0 

I feel I belong at school (Strongly agree) -5.784123 2.2504 -2.57 0.01 

I feel safe at school (Strongly agree) 7.947876 1.8272 4.35 0 

Frequency of autonomous work in mathematics 

(Almost every lesson) 
27.76003 1.8921 14.67 0 

Frequency of autonomous work in mathematics 

(About half of lessons) 
15.5731 2.1606 7.21 0 

I like learning mathematics (Strongly agree) 34.16265 2.6644 12.82 0 

I like learning mathematics (Somewhat agree) 25.7376 3.1306 8.22 0 

Preschool attendance (1 indicates yes) 6.837596 1.9786 3.46 0.001 

Child’s age at school entry (5 years or younger) 0.4456644 3.0089 0.15 0.882 

Child’s age at school entry (6 years) 8.014575 2.3201 3.45 0.001 

Able to do simple addition (1 indicates yes) 18.32136 2.0799 8.81 0 

Able to do simple subtraction (1 indicates yes) -8.021954 1.8439 -4.35 0 

Help received to improve in math (Strongly agree) 16.87894 2.9106 5.8 0 

Help received to improve in math (Somewhat 

agree) 
5.941792 3.2712 1.82 0.069 

Parent/guardian A education level (Never attended 

school) 
-6.32903 2.2039 -2.87 0.004 

Parent/guardian A education level (Incomplete 

primary or lower secondary) 
-1.33595 1.9809 -0.67 0.5 

Negative impact of COVID-19 on learning (A lot) -17.12318 2.4773 -6.91 0 

Negative impact of COVID-19 on learning (Mod-

erate) 
-6.197715 2.6296 -2.36 0.018 

Frequency of numeracy activities before school 

(Very often) 
11.05327 2.6060 4.24 0 

Frequency of numeracy activities before school 

(Often) 
3.335305 1.8548 1.8 0.072 
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Household socioeconomic status (High) 10.02134 5.7015 1.76 0.079 

Household socioeconomic status (Medium) 7.220381 2.5143 2.87 0.004 

Highest parental education level (University or 

higher) 
33.76959 4.0061 8.43 0 

Highest parental education level (Post-secondary 

non-university) 
24.53751 4.0767 6.02 0 

Proportion of economically disadvantaged stu-

dents in the school (0 to 10%) 
28.88829 12.4658 2.32 0.02 

Proportion of economically disadvantaged stu-

dents in the school (11 to 25%) 
14.53503 12.226 1.19 0.234 

Size of the student’s locality of residence (More 

than 500,000 inhabitants) 
-10.43932 13.8143 -0.76 0.45 

Size of the student’s locality of residence (100,001 

to 500,000) 
-8.280992 12.0849 -0.69 0.493 

Size of the student’s locality of residence (50,001 

to 100,000) 
-12.73928 11.5057 -1.11 0.268 

Immediate environment of the school (Urban – 

densely populated) 
-3.754009 10.2935 -0.36 0.715 

Immediate environment of the school (Periphery 

of an urban area) 
24.96937 12.1877 2.05 0.04 

Number of instructional days per year at school -0.225343 0.1070 -2.11 0.035 

Number of instructional hours per year at school 0.0808284 0.0589 1.37 0.17 

Access to high-speed internet at home (1 indicates 

yes) 
-5.109382 10.7443 -0.48 0.634 

Lack of instructional spaces in the school (A lot) 7.65556 8.8582 0.86 0.387 

Lack of instructional spaces in the school (Moder-

ate) 
-4.219595 11.6517 -0.36 0.717 

Lack of technical/IT staff (A lot) -0.3406 9.9924 -0.03 0.973 

Lack of technical/IT staff (Moderate) 6.292128 9.7801 0.64 0.52 

Lack of specialized mathematics teachers (A lot) 3.254996 9.7541 0.33 0.739 

Lack of specialized mathematics teachers (Moder-

ate) 
-19.86798 9.1750 -2.17 0.03 

Parental involvement in the school (Very high) -4.115343 29.5994 -0.14 0.889 

Parental involvement in the school (High) -2.11927 11.8507 -0.18 0.858 

Shared vision within the school (Strongly disa-

gree) 
-0.556536 40.5592 -0.01 0.989 

Shared vision within the school (Somewhat disa-

gree) 
-6.017878 16.8051 -0.36 0.72 

Problem: student tardiness (Serious problem) -10.62774 13.1603 -0.81 0.419 

Problem: student tardiness (Moderate problem) -3.272041 10.9147 -0.3 0.764 

Problem: student absenteeism (Serious problem) -1.595225 12.9279 -0.12 0.902 



chi2(28) = 72.09 

Prob > chi2 = 0.0000 

rho = 0.38992511 

Source: Authors 
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Problem: student absenteeism (Moderate problem) -25.2616 11.3357 -2.23 0.026 

Problem: teacher tardiness (Serious problem) -5.258652 17.1020 -0.31 0.758 

Problem: teacher tardiness (Moderate problem) -10.30991 17.1329 -0.6 0.547 

Problem: teacher absenteeism (Serious problem) -11.20679 16.6418 -0.67 0.501 

Problem: teacher absenteeism (Moderate problem) 2.167229 17.1015 0.13 0.899 

Months of school closure (2019–2020) (More than 

6 months) 
-5.746926 22.8919 -0.25 0.802 

Months of school closure (2019–2020) (4–6 

months) 
-2.9154 7.3454 -0.4 0.691 

Months of school closure (2020–2021) (More than 

6 months) 
-12.98407 22.9992 -0.56 0.572 

Months of school closure (2020–2021) (4–6 

months) 
-3.99001 18.77033 -0.21 0.832 

Months of school closure (2021–2022) (No clo-

sure) 
19.00602 8.5380 2.23 0.026 

Months of school closure (2021–2022) (Less than 

1 month) 
40.05356 16.3000 2.46 0.014 

_cons 317.9404 33.4434 9.51 0 

     

R-squared 

Within    : 0.2069 

Number of obs = 7,846 

Between : 0.2771 
Number of groups = 270 

Overall   : 0.2332 Wald chi2(62) 2061.65 

Hausman Test (FE vs RE) Prob > chi2 0.0000 

 

The random effects (RE) model represents an intermediate approach between OLS 

regression and the fixed effects model. It combines both within-school and between-

school variation, assuming that the school-specific effects are random and uncorrelat-

ed with the explanatory variables. If this assumption holds, it allows retaining the 

efficiency of estimators while incorporating school-level contextual factors. Unlike 

the fixed effects model, which neutralizes time-invariant school characteristics, the 

RE model permits their estimation, making it particularly suited to examine the influ-

ence of structural and environmental variables on student performance. 

Overall, the RE model explains 23.3% of the total variance in mathematics scores, 

a level higher than that of the fixed effects model (17.3%) but slightly lower than that 

of OLS (24.5%). This result is expected since the RE model benefits from both be-

tween- and within-school variation while integrating contextual effects. Furthermore, 

the estimated share of variance attributable to between-school differences (ρ = 

0.3899) indicates that nearly 39% of performance disparities are linked to the school 

context, confirming the decisive role of the educational environment in student suc-
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cess. The Wald test (χ² = 2061.65; p < 0.000) also confirms the overall significance of 

the model. 

Regarding individual and family determinants, the results closely resemble those 

obtained with the fixed effects model, suggesting robustness of student- and house-

hold-related effects. Gender remains a significant factor: boys maintain a slight ad-

vantage of 3.8 points over girls (p = 0.013), confirming the persistence of a gender 

gap in mathematics independent of school characteristics. The impact of technology 

shows an interesting contrast: owning a computer at home is associated with a signifi-

cant decrease in scores (−10.38 points; p < 0.001), whereas internet access yields an 

average gain of 10.5 points (p < 0.001). These findings imply that mere possession of 

equipment does not guarantee educational use, while internet connectivity likely facil-

itates access to educational resources and interactive tools. School attendance remains 

a major determinant: students who are rarely absent exhibit markedly higher perfor-

mance (+32 to +33 points; p < 0.001), reaffirming the critical role of regular attend-

ance in learning. Similarly, indicators related to motivation and autonomous learning 

practices show particularly strong effects: liking mathematics and working inde-

pendently “almost every lesson” translate into gains of 34 points and 28 points respec-

tively (p < 0.001), highlighting the decisive influence of attitudes on academic 

achievement. 

Family characteristics also exert important influence. Parental education remains 

one of the most powerful factors: having a parent with a university degree is associat-

ed with a 34-point gain, while a postsecondary diploma confers about 24 points (p < 

0.001). These results confirm the intergenerational transmission of educational capi-

tal. Likewise, household socioeconomic status has a positive, albeit moderate, effect: 

students from affluent households benefit from an approximate 10-point gain, while 

those from middle-class families show a 7-point advantage (p < 0.01). Finally, the 

COVID-19 health crisis had a notable negative impact: reporting a “very important” 

effect corresponds to an average decline of 17 points (p < 0.001), illustrating the per-

sistence of inequalities generated by school closures. 

One of the major strengths of the random effects model lies in its ability to account 

for contextual and structural school characteristics. Several variables are significant 

and confirm the influence of the educational setting on success. The social composi-

tion of schools plays a decisive role: when the proportion of disadvantaged students is 

low (0 to 10%), the average score increases by 28.9 points (p = 0.020), reflecting 

strong peer effects and the importance of school segregation. Being enrolled in a peri-

urban area also confers a significant advantage (+25 points; p = 0.040), likely due to a 

better balance between pedagogical resources and student density. Conversely, certain 

organizational difficulties weigh negatively on performance: the lack of specialized 

teachers leads to a significant drop of 19.8 points (p = 0.030), while the presence of 

student absenteeism corresponds to a deficit of 25 points (p = 0.026). These findings 

highlight that educational policies must target not only infrastructure improvements 

but also human resource availability and reduction of disciplinary problems. 

However, the validity of the RE model rests on the crucial assumption of no corre-

lation between school-specific effects and explanatory variables. To assess this, the 

Hausman test was applied. The results (χ²(28) = 72.09; p < 0.000) lead to rejecting the 

null hypothesis, indicating that this condition is not met. In other words, school-

specific effects are correlated with some explanatory variables, rendering the RE 
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model biased and inconsistent for causal inference. Therefore, the fixed effects model 

is methodologically preferable as it corrects this bias by controlling for unobserved 

heterogeneity between schools. Nevertheless, it should be noted that the FE model 

does not allow estimating the influence of schools’ structural characteristics, limiting 

its usefulness for public policy formulation. 

In conclusion, although the Hausman test recommends the use of the fixed effects 

model for unbiased estimates, the random effects model remains useful for describing 

and quantifying contextual effects related to school resources, social composition, and 

organizational aspects. An optimal strategy might combine these approaches, for ex-

ample through a hybrid model adapted to a multilevel structure, which integrates the 

advantages of both methods while correcting endogeneity issues (Yang & Schmidt, 

2020). 

Table 8. Results of the Instrumental Variables Model 

  Coefficient Std. err. z P>|z| 

Exogenous Student Variables     

Student’s gender (1 indicates male) 3.7927 1.539662 2.46 0.014 

Possession of a computer at home (1 indicates yes) -10.1742 1.731895 -5.87 0 

Access to Internet at home (1 indicates yes) 10.6472 1.676547 6.35 0 

Preschool attendance (1 indicates yes) 7.3674 1.988156 3.71 0 

Child’s age at school entry (5 years or younger) 0.6995 3.008101 0.23 0.816 

Child’s age at school entry (6 years) 7.9006 2.320543 3.4 0.001 

Able to do simple addition (1 indicates yes) 18.5144 2.083064 8.89 0 

Able to do simple subtraction (1 indicates yes) -8.1135 1.844281 -4.4 0 

Frequency of numeracy activities before school (Very 

often) 
11.4859 2.609706 4.4 0 

Frequency of numeracy activities before school (Often) 3.6735 1.85744 1.98 0.048 

Household socioeconomic status (High) 9.8592 5.696778 1.73 0.084 

Household socioeconomic status (Medium) 6.9922 2.513239 2.78 0.005 

Highest parental education level (University or higher) 33.0498 4.007651 8.25 0 

Highest parental education level (Post-secondary non-

university) 
24.1609 4.074315 5.93 0 

Parent/guardian A education level (Never attended 

school) 
-6.6684 2.205886 -3.02 0.003 

Parent/guardian A education level (Incomplete primary 

or lower secondary) 
-1.4713 1.981463 -0.74 0.458 

Endogenous Student Variables     

Frequency of absence from school (Never or almost 

never) 
32.2627 1.7753 18.17 0 
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Frequency of absence from school (Once every two 

months) 
33.1147 2.8117 11.78 0 

I feel I belong at school (Strongly agree) -5.7983 2.248574 -2.58 0.01 

I feel safe at school (Strongly agree) 7.4565 1.827597 4.08 0 

Frequency of autonomous work in mathematics (Almost 

every lesson) 
28.3517 1.895337 14.96 0 

Frequency of autonomous work in mathematics (About 

half of lessons) 
15.8144 2.161287 7.32 0 

I like learning mathematics (Strongly agree) 34.0384 2.662228 12.79 0 

I like learning mathematics (Somewhat agree) 25.6035 3.12749 8.19 0 

Help received to improve in math (Strongly agree) 16.0864 2.913052 5.52 0 

Help received to improve in math (Somewhat agree) 5.6636 3.270742 1.73 0.083 

Negative impact of COVID-19 on learning (A lot) -17.2132 2.480583 -6.94 0 

Negative impact of COVID-19 on learning (Moderate) -6.347473 2.629539 -2.41 0.016 

Exogenous School Variables     

Proportion of economically disadvantaged students in 

the school (0 to 10%) 
-56.3486 110.5668 -0.51 0.61 

Proportion of economically disadvantaged students in 

the school (11 to 25%) 
-19.1462 67.10409 -0.29 0.775 

Size of the student’s locality of residence (More than 

500,000 inhabitants) 
10.1231 58.86926 0.17 0.863 

26.4461 69.86098 0.38 0.705 

Size of the student’s locality of residence (50,001 to 

100,000) 
-16.9783 52.46536 -0.32 0.746 

Immediate environment of the school (Urban – densely 

populated) 
7.2591 61.45078 0.12 0.906 

Immediate environment of the school (Periphery of an 

urban area) 
18.7195 92.28282 0.2 0.839 

Number of instructional days per year at school -0.2992 0.5444495 -0.55 0.583 

Number of instructional hours per year at school 0.0437 0.4071126 0.11 0.915 

Access to high-speed internet at home (1 indicates yes) -51.1005 100.1801 -0.51 0.61 

Months of school closure (2019–2020) (4–6 months) 10.1701 39.48952 0.26 0.797 

Months of school closure (2019–2020) (More than 6 

months) 
53.3927 157.8067 0.34 0.735 

Months of school closure (2020–2021) (4–6 months) -24.9923 101.0718 -0.25 0.805 

Months of school closure (2020–2021) (More than 6 

months) 
-78.7938 140.9993 -0.56 0.576 

Months of school closure (2021–2022) (No closure) 51.6636 120.0048 0.43 0.667 



Shared vision within the school (Somewhat disagree) 

Problem: teacher tardiness (Serious problem) 

 

• Prob > chi2 = 1.0000 
Prob > chi2  =  0.0000 
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74.0507 76.97723 0.96 0.336 
Months of school closure (2021–2022) (Less than 1 

month) 

    Endogenous School Variables 

-122.6541 358.1416 -0.34 0.732 Lack of specialized mathematics teachers (A lot) 

-142.2662 298.5724 -0.48 0.634 Lack of specialized mathematics teachers (Moderate) 

228.9756 562.0316 0.41 0.684 Parental involvement in the school (Very high) 

124.1657 445.4281 0.28 0.78 Parental involvement in the school (High) 

-392.3133 834.7864 -0.47 0.638 Shared vision within the school (Strongly disagree) 

-107.7343 677.0614 -0.16 0.874 

-19.10987 405.9167 -0.05 0.962 Problem: student tardiness (Serious problem) 

-103.6318 393.0179 -0.26 0.792 Problem: student tardiness (Moderate problem) 

62.64227 346.1741 0.18 0.856 Problem: student absenteeism (Serious problem) 

21.26375 239.8317 0.09 0.929 Problem: student absenteeism (Moderate problem) 

-135.8089 451.001 -0.3 0.763 

21.77823 402.1822 0.05 0.957 Problem: teacher tardiness (Moderate problem) 

Problem: teacher absenteeism (Serious problem) 173.3853 364.9387 0.48 0.635 

-78.20061 492.4314 -0.16 0.874 Problem: teacher absenteeism (Moderate problem) 

367.5422 

 

222.4158 

 

1.65 

 

0.098 

 

_cons 

Hausman test ( FE vs HT)  

• chi2(28) =  0.11 
Wald chi2(58) = 1987.71 Number of obs     =      7,846 

 

Number of groups  = 270 

rho = 0.81154872 

Source: Authors 

A thorough analysis of the instrumental variables model applied to post-COVID 

TIMSS data for fourth-grade students in Morocco reveals valuable insights into the 

key determinants of mathematics performance. First, the student’s gender emerges as 

a significant factor with a moderate positive effect: boys score on average about 3.8 

points higher than girls, highlighting a persistent gender gap in the Moroccan educa-

tion system, possibly linked to cultural norms and differences in encouragement and 

educational opportunities. 

Next, variables related to the family environment and available home resources 

play a crucial role. Access to the Internet at home is associated with a substantial 

improvement in scores (+10.6 points), underscoring the growing importance of digital 

connectivity, especially in a post-pandemic context where distance learning was wide-

ly adopted. Conversely, surprisingly, owning a computer correlates negatively with 

scores (−10.2 points), which could be explained by disparities in usage patterns or 
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equipment quality, or by unobserved socioeconomic factors that negatively affect 

results despite material availability. 

Early learning experiences are also key determinants. Attending preschool signifi-

cantly increases scores (+7.4 points), suggesting that early educational interventions 

effectively prepare students for mathematical learning. Similarly, a high frequency of 

digital activities before school enrollment is linked to a marked positive effect (+11.5 

points), highlighting the importance of early cognitive stimulation in a Moroccan 

context where exposure to diverse educational environments can be uneven. 

Regarding foundational skills, the ability to perform simple addition is strongly and 

positively related to better outcomes (+18.5 points), confirming that mastery of basic 

arithmetic forms a fundamental base for success in mathematics. Paradoxically, the 

ability to perform simple subtraction shows a negative effect (−8.1 points), which 

may indicate measurement issues or problems with how this skill is assessed in the 

survey. This contradiction calls for careful interpretation of these indicators. 

Schooling and parental educational capital play a dominant role. Students whose 

parents attained university-level education achieve substantially higher scores (+33 

points), while those with parents holding a postsecondary diploma also show a 

marked advantage (+24 points). These results confirm the importance of familial cul-

tural capital in academic success, reflecting deep socioeconomic inequalities persist-

ing in the Moroccan education system. In contrast, parental lack of schooling is asso-

ciated with a significant performance deficit (−6.7 points), emphasizing that family 

support in education remains a key issue. 

Concerning school attendance, the variable related to regular presence is highly 

significant: students who are never or almost never absent enjoy a considerable ad-

vantage (+32 points). This reflects the critical importance of learning continuity, es-

pecially in a post-COVID period marked by frequent educational disruptions. The 

sense of safety at school, also significant and positive (+7.5 points), indicates that a 

perceived safe environment promotes student well-being and concentration, thereby 

enhancing performance. 

The model further reveals that enjoyment of learning mathematics has a very posi-

tive effect, with a gain of 34 points for students who “strongly like” the subject, un-

derscoring the role of intrinsic motivation in the learning process. Similarly, the fre-

quency of autonomous work in mathematics correlates positively with results, demon-

strating the effectiveness of autonomy and personal engagement in skill acquisition. 

It is important to note that the reported impact of the COVID-19 pandemic on 

learning corresponds to a marked decrease in performance, with a 17-point drop for 

those who experienced a “significant” impact, confirming the harmful effects of 

school closures and interrupted learning—particularly critical for fourth graders at a 

pivotal stage of their schooling. 

Finally, regarding school-related variables, it is striking that most do not show sta-

tistical significance. For instance, the proportion of economically disadvantaged stu-

dents at the school, locality size, type of school environment, and the duration of in-

structional days or hours do not have measurable effects on performance. This lack of 

significance may reflect several Moroccan contextual realities: either these character-

istics do not vary enough between schools to influence results, or major inequalities 



          423Individual, Family, and Contextual Factors Influencing Math …   

are more strongly linked to individual and family characteristics than to the institu-

tional environment. This situation poses a methodological and policy challenge, sug-

gesting that educational policies should primarily focus on strengthening individual 

and family capacities while developing more precise indicators of school quality that 

better capture real differences between establishments. 

In conclusion, the instrumental variables model emphasizes that, in the post-

pandemic Moroccan context, individual, familial, and motivational factors constitute 

the essential levers explaining mathematics achievement among fourth graders. By 

contrast, classical school variables remain poorly explanatory, inviting a reconsidera-

tion of educational strategies to rely more on personalized support and social inequali-

ty reduction in order to sustainably improve academic performance. 

5 Discussion 

The results from our instrumental variables model on the mathematics performance of 

fourth-grade students in Morocco, based on post-COVID TIMSS data, provide rele-

vant and nuanced insights into the determinants of academic success in this specific 

context. Overall, they confirm that despite significant public policy focus on improv-

ing school infrastructure and material resources, it is primarily variables related to the 

student and their family environment that exert statistically significant and economi-

cally substantial influence on mathematics performance. 

• Empirical Confirmation of Individual and Family Determinants 

Individual variables—such as student gender, preschool attendance, ability to perform 

basic arithmetic operations, and frequency of digital activities before school enroll-

ment—prove to be robust and strongly positive factors. This finding aligns with inter-

national literature highlighting the crucial importance of early learning and familial 

cultural capital in the development of basic cognitive skills (Heckman, 2006; Duru-

Bellat & Mons, 2004). Moreover, the strong association between school motivation—

especially frequency of autonomous work and declared enjoyment of learning math-

ematics—and obtained scores underscores the importance of psychosocial factors, 

resonating with self-determination theories (Deci & Ryan, 2000) and the positive 

impact of a supportive school climate. 

It is also crucial to highlight the significant negative effect of owning a computer at 

home found in our model. This paradoxical result may be interpreted in light of Mo-

roccan realities, where mere possession of a computer does not guarantee effective 

educational use, particularly in socioeconomically disadvantaged contexts where ac-

cess to quality Internet and parental support may be lacking. Thus, a computer alone 

is not a sufficient lever without appropriate pedagogical and familial support. 

• The Low Significance of School-Related Variables: A Strong Signal to Ana-

lyze 

Variables related to school characteristics—such as the proportion of economically 

disadvantaged students, locality size, immediate school environment, and indicators 
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of material and human resources (number of teaching hours, number of days, pres-

ence of specialized teachers, access to high-speed Internet)—generally appear non-

significant in the model. This absence of statistically robust effects raises several 

questions. 

On one hand, this finding may reflect limited variability in school conditions 

across the panel’s establishments or poor measurement of school variables. On the 

other hand, it also reflects, within the Moroccan context, the limits of material and 

structural investments without simultaneous improvement in pedagogical practices 

and learning conditions. Several studies (Benavot & Tanner, 2007; UNESCO, 2017) 

show that in many developing education systems, merely increasing material re-

sources does not suffice to improve academic performance because these resources 

are not always mobilized effectively. 

This result thus calls for critical reflection on how Moroccan educational policies 

invest in infrastructure and human resources, and on the necessity to accompany these 

investments with a profound reform of pedagogical practices, evaluation modalities, 

and supervisory conditions. 

• Perspective on Moroccan Educational Strategies: Vision 2015–2030 and 2022–

2026 Roadmap 

The conclusions drawn from this study align well with the strategic orientations estab-

lished by Morocco’s Strategic Vision for Educational Reform 2015–2030. This vi-

sion, which constitutes a major reference framework, emphasizes not only improving 

teaching quality but also reducing educational inequalities, particularly those linked to 

students’ socioeconomic conditions and family backgrounds. 

Indeed, the 2022–2026 roadmap particularly stresses the need to strengthen per-

sonalized support for students, notably through the development of targeted tutoring 

and remedial programs to address observed disparities in achievement. Our results 

corroborate the relevance of these strategies, since frequency of autonomous work 

and motivation are essential levers of success. 

Moreover, the low influence of traditional school variables highlights the challenge 

of continuous teacher training, a priority axis in Moroccan policies. To improve learn-

ing quality, it is indispensable to equip teachers not only with pedagogical skills 

adapted to field realities but also with digital tools and innovative didactic approaches 

that encourage student autonomy and engagement. 

• Practical Implications for Education System Stakeholders 

From the schools’ perspective, these results suggest that strategies must go beyond 

infrastructure investment and focus on creating stimulating and inclusive learning 

environments. The importance given to the sense of belonging and safety at school 

indicates that school climate should be a central concern for school leadership to fos-

ter student motivation and engagement. 

For teachers, initial and ongoing training should include more modules on class-

room dynamic management, development of students’ socio-emotional skills, and 
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pedagogical use of technologies. This orientation aligns with the priorities of the 

2022–2026 roadmap, which promotes differentiated and active pedagogies. 

Families remain an indispensable pillar. Although formal parental involvement in 

schools does not appear statistically significant, the influence of parental cultural 

capital is very clear. It is therefore important to strengthen parental education pro-

grams to raise awareness and equip parents, especially in disadvantaged areas, to 

better support learning at home. 

Finally, integrating digital technology in education, despite its positive effects 

highlighted in the literature, must be conceived inclusively and contextually for Mo-

rocco. Mere possession of equipment is not enough; effective access to quality Inter-

net, teacher training on these tools, and student support in their educational use are 

necessary to avoid widening inequalities. 

• Toward a Systemic and Integrated Reform 

Ultimately, this study highlights the complexity of the determinants of academic suc-

cess in the post-COVID Moroccan context and the necessity to adopt a holistic and 

integrated approach to educational policies. Improving school performance depends 

as much on developing individual student resources and skills as on qualitative and 

contextual reform of schools and pedagogical practices. 

The Moroccan government’s strategies outlined in the Vision 2015–2030 and the 

2022–2026 roadmap provide a relevant framework to address these challenges, pro-

vided they are fully implemented and accompanied by rigorous monitoring of quality 

and equity indicators. 

Only coordinated mobilization among public authorities, schools, teachers, and 

families will ensure a performant, inclusive, and resilient education system capable of 

preparing future generations for 21st-century challenges, notably in a post-pandemic 

context marked by accentuated inequalities and accelerated digitalization. 

6 Conclusion 

This study highlights crucial insights for understanding the mechanisms influencing 

school performance in Morocco and for designing more effective educational policies. 

The use of the Yang & Schmidt (2020) model, rarely employed in national studies, 

allowed us to overcome the central methodological issue of endogeneity, a major 

source of bias in assessing school performance determinants. This robust approach 

enhances the validity of the results and constitutes an important contribution to the 

literature, which has long emphasized the limitations of conventional models applied 

to complex hierarchical data (Wooldridge, 2010; Yang & Schmidt, 2020). 

The results clearly show that Moroccan students’ success in mathematics depends 

primarily on individual and family variables. Preschool attendance, mastery of basic 

digital skills before school entry, motivation to learn, and autonomy in work emerge 

as key levers. These findings confirm the thesis that early learning and family cultural 

capital form essential foundations for cognitive development, as demonstrated by the 

pioneering work of Heckman (2006) and Duru-Bellat & Mons (2004). They also align 
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with the recommendations of international organizations (OECD, 2019; World Bank, 

2020) which stress the need to invest in early childhood education to optimize educa-

tional returns. 

Conversely, the lack of significance of classic school-related variables—such as in-

frastructure, class size, or urban versus rural location—invites critical reflection on 

the effectiveness of educational policies implemented in Morocco over recent years. 

Despite massive investments in modernizing schools and providing material resources 

as part of the Strategic Vision 2015-2030, these efforts do not appear to have yielded 

the expected effects on student performance. This observation corroborates critical 

studies on the “input logic” (Hanushek, 1995; UNESCO, 2017), which argue that 

improving infrastructure alone does not automatically raise academic achievement 

unless accompanied by a profound transformation of pedagogical practices and learn-

ing conditions. In other words, education quality does not boil down to material re-

source availability, but rather to how these resources are mobilized to support student 

engagement and motivation. 

These results have major implications for Moroccan public policies. First, they un-

derline the urgent need for a strategic rebalancing: priority can no longer be limited to 

material provision and infrastructure but must focus on qualitatively improving peda-

gogical practices. This requires ambitious strengthening of initial and ongoing teacher 

training centered on active and differentiated pedagogies that stimulate learner auton-

omy and motivation. Such an orientation aligns with the objectives of the 2022-2026 

roadmap, but its success will depend on the ability to move beyond a purely norma-

tive approach toward a contextualized and pragmatic strategy. 

Second, the importance of family factors identified by this study calls for a rethink-

ing of parental involvement in educational success. While formal administrative or 

associative participation of families remains limited, their role in creating a stimulat-

ing learning environment at home is decisive. Educational policies should thus inte-

grate parental awareness and training programs, especially in disadvantaged areas, to 

strengthen family educational capital and reduce social inequalities that hinder educa-

tional mobility. 

Finally, the issue of integrating digital technology in education deserves particular 

attention. Owning a computer at home, far from being a systematic lever of success, 

can exacerbate educational divides if not accompanied by appropriate supervision and 

equitable access to the Internet. This observation confirms the literature on the digital 

divide (DiMaggio & Hargittai, 2001) and reminds us that technological innovation 

only makes sense if embedded within a coherent pedagogical strategy, supported by 

teacher training and support systems for students and their families. 

In sum, improving educational quality in Morocco requires a systemic and inte-

grated approach, articulating four key dimensions: the development of early skills, 

transformation of pedagogical practices, active family involvement, and reasoned 

integration of digital technology. The Strategic Vision 2015-2030 and the 2022-2026 

roadmap provide relevant frameworks for achieving these objectives, but their success 

depends on the capacity to translate these ambitions into concrete actions adapted to 

local realities and accompanied by rigorous monitoring of results. The future of Mo-
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roccan educational policy will depend on this paradigm shift: moving from a logic of 

inputs to a logic of efficiency and quality. 
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