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Abstract 

This study’s objective is to examine school performance gaps according to gender on a global scale. After exploiting 
the data of the Program for International Student Assessment (PISA) of 2015, we can see inequalities of students’ 
achievements between countries and within every country, by mobilizing a multilevel modelling. Resorting to this 
type of modelling has allowed more robustness, as opposed to the OLS estimator, which doesn’t take data hierarchy 
into consideration. Our results generally reveal that gender has a significant impact on school performance. Thus, 
girls perform a lot better than boys when it comes to reading, while boys perform better than girls in mathematics 
and science. Our thinking and analysis are made in the context of the verification of hypotheses on a global scale, in 
order to draw innovative and coherent conclusions. This contribution can also be a line of research to verify other 
hypotheses that are linked to the deciding factors of inequalities of students’ achievements. 
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1. Introduction 

In a global context based on knowledge economy, the question of valorisation of human capital has become 
indispensable in development schemes, for both industrialized countries and so-called transition countries. The 
question of training and human capital accumulation automatically appeals to the concept of performance of 
educational systems.  

In fact, in every single country, the national education sector takes on a particular importance. It first allows to 
contain the phenomenon of illiteracy, but it also and foremost allows education and training for future generations, as 
well as their preparation for the working world challenges. The success of any educational system is measured by the 
level of its performance, which can be apprehended through measuring students’ achievements.  

Public policies regarding national education and educational reforms can be very diverse and depend on the suffering 
afflicted on the sector, on the available budgetary resources, but also on the objectives set by public authorities. 
Should the condition of existing schools be improved, or should there be new units built, in order to increase access 
to education on a national scale? Should the management of schools be centralized, or, on the contrary, should local 
school principals have more autonomy? The answer to these questions and to similar ones would allow to assess 
public policies to adopts, with the ultimate objective of improving students’ achievements and hence the performance 
of the education system. But, beyond the national framework, and taking into consideration the great similarity of 
issues at a regional scale, and sometimes at a global scale, the study of international experience can end up being 
very interesting.  

The international comparison in terms of educational systems performances is indeed very uplifting, particularly in 
the presence of results of international surveys in this field, such as PISA, PIRLS, TIMSS surveys, and many more. 

The results of these surveys can be useful in several areas. First of all, they allow to compare the performance levels 
of students on an international scale. They also allow decision-makers to set improvement goals, such as reaching 
other countries’ average scores or reaching a higher degree of fairness in terms of perspective et educational results. 
Finally, these results enable the understanding of strengths and weaknesses of different educational systems 
throughout the group of the studied country. This way, they constitute an endless source of information for 
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researchers who are interested in the study and the comparison of school performances and educational systems 
performances on an international scale. 

The theme that we propose to study in doing so concerns the comparative study of school performance inequalities 
on 15-year-old students according to gender, while showing estimation biases created by classic estimators, such as 
the OLS estimator. Also, our study’s objective is to verify the following hypotheses: 

- Estimating within-country inequalities from the within-class coefficient ρ; 

- Do girls always perform better than boys in reading, regardless of the educational system they are a part of? 

- Do boys always perform better than girls in mathematics and science, regardless of the educational system they 
are a part of? 

In the first section, we discuss theoretical and empirical literature on the posed issues. Then, we present the 
methodological framework that has been adopted for the implementation of our work. Finally, we address the 
modelling of school performance inequalities according to gender, in the countries participating to PISA 2015, in 
order to demonstrate that gender has an impact on students’ achievements, regardless of the adopted educational 
system. To this end, we begin by presenting the description of the students’ scores on a global scale. The results of 
the multi-level estimation are then presented and commented, concerning both empty models for the calculation of 
the inequality coefficient (rho within-class coefficient) and models that are proposed with the help of the gender 
variable for the verification of hypotheses of this empirical research.  

 
2. Theoretical and Empirical Literature Review 

Many contributions suggest that school results differ between girls and boys and that, in other words, gender 
differences also influence students’ academic results between levels and within classes.  

In that sense, many works have demonstrated that girls perform better than boys in reading and worse than them in 
quantitative subjects (mathematics and science). These subjects are considered to be male performance subjects.  

Indeed, Rasmusson (2016) has examined the impact of gender difference on students’ performance variabilities, and 
has noticed that boys perform better than girls in mathematics and science. 

This observation has also been recently borne out by Contini, Di Tommaso and Mendolia (2017) who have 
demonstrated that, for most of the OECD countries, girls perform less in mathematics than boys. 

Carneiro, Cruz-Aguayo and Schady (2017) have shown the important gap between boys’ and girls’ academic results 
in mathematics, and have specified that this gap progressively decreases with the improvement of the parents’ level 
of education. 

This result has also been demonstrated by Liouaeddine, Bijou and Naji (2017) who, after using the TIMSS and 
PIRLS databases (2013) and adopting a multilevel modelling, have shown that girls outperform boys in reading. 
However, this observation is reversed concerning scientific subjects, in which boys achieve better performances than 
girls. This performance gap is less pronounced if the parents’ education level is higher. 

Based on a meta-analysis covering 100 studies, Lamon, Fennema and Hyde (1990) came to the conclusion that the 
extent of the difference of students’ achievements between genders has decreased over the years, and that gender 
differences in mathematics results are minimal. Furthermore, examination by age indicates that girls show a slight 
superiority in calculus in primary school, while boys do in middle school and high school. 

Also, Fuchs and Wößmann (2004) found out that boys perform better in mathematics and in science, while the 
contrary is true for girls concerning reading. This observation is also confirmed through the meta-analysis conducted 
by Else-Quest, Hyde and Linn (2010) regarding 69 countries. The results show that boys register more positive 
attitudes towards mathematics than girls. In addition to that, Chiu and McBride-Chang (2006) have demonstrated 
that girls’ performances in reading exceed boys’ in 43 analysed countries. 

From another angle, the results of Nosek and al. (2009), across approximately 70% of more than half a million tests 
completed by the citizens of 34 countries, suggest that girls perform less than boys in science.  

Murphy (2000) specifies that girls and boys develop different learning strategies, and argues that boys surpass girls 
in mathematics and science, while the contrary is true for reading. This result has been confirmed by Hanchane, 
Benbiga and Idir (2012). 

These observations have been shaded by Halpern and al. (2007) who suggest that if girls have a tendency to excel in 
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verbal capacities and in writing and boys in quantitative areas, the latter requires the ability to communicate 
effectively and to understand abstract ideas, in order for the girl’s advantage in writing to be useful in every single 
academic area.  

The authors conclude that: first experiences, biological factors, educational policies and cultural context have an 
impact on the number of girls and boys who undertake university studies in science and mathematics, and these 
impacts add up and interact in a complex manner. 

Also, Ian, Armstrong and Rounds (2009) show, through a meta-analysis, that men prefer to work with things, and 
lean towards certain areas, such as science, mathematics and engineering, while women prefer to work with people, 
and thus develop interests related to artistic and social activities. 

Existing research studies show inequalities between countries as well as in within every country. In fact, many 
factors explain the differences in academic performance between students of such an educational system. More 
precisely, this study attempts to focus only on academic performance inequalities regarding gender, based on scores 
registered by 15-year-old students for the entirety of the educational systems participating in the PISA survey of 
2015. This study had the specific goal of answering the following research questions: 

1. Estimating within-country inequalities from the within-class coefficient ρ; 

2. Do girls always perform better than boys in reading, regardless of the educational system they are a part of? 

3. Do boys always perform better than girls in mathematics and science, regardless of the educational system they 
are a part of? 

  
3. Method 

Modelling environmental impacts on individuals amounts to processing data on two different levels. Some are about 
the environment and are, therefore, global or aggregated characteristics, while others are individual data and are at a 
lower level than the environment’s, since the latter encompasses several individuals.  

In this notion, we are dealing with a hierarchical structure composed of different levels, with units of lower levels 
being grouped in units of higher levels.  

As for the environment, it can be characterized by two types of variables: global variables and aggregated variables. 

Aggregated variables define the group in which the individuals are inserted. It is about aggregating the individual 
characteristics of the members of the group. Aggregated variables then indicate composition effects, also called 
contextual effects or peer effects. They reflect the impact of group composition on individuals’ behaviours, beyond 
their own individual characteristics.  

As for global variables, they don’t come from the aggregation of individual data. They are strictly about the higher 
level – environment – and they don’t identify the group as such, but they identify the treatment to which it is 
subjected.  

It appears that the fact of treating environmental impacts on individuals leads to an inevitable linking of variables of 
different levels, which don’t characterize the same statistical units: some variables are about individuals, while others 
are about the environment in which they are inserted. 

Furthermore, data treatment which is situated at different levels of the hierarchy poses certain analysis issues in case 
of a use of the regression method by Ordinary Least Squares (OLS). 

The statistical modelling of environmental impacts on individuals has, for a long time, consisted in using regression 
analysis by Ordinary Least Square (OLS). In the latter, the error term (ε) should follow the normal law of mean-zero 
with constant variance (i.e.: hypothesis of homoscedasticity). In addition, errors are meant to be independent of one 
another. 

The two hypotheses mentioned above are far from being verified in the case of linear modelling with a hierarchical 
structure.  

On one side, a sort of non-independency is established between individuals as a result of the common environmental 
impact, which is contradictory with the independence hypothesis for errors concerning OLS. However, violating this 
hypothesis of the OLS model leads to underestimating standard coefficient errors, thus increasing the risk of 
considering, wrongly, certain relationships as being significant. 

On the other hand, it is often difficult to assert whether the homoscedasticity hypothesis is verified or not. It is even 
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very rare in the case of hierarchical structures. Even then, the violation of this hypothesis leads to underestimating 
standard errors of regression coefficients in the case of the use of the OLS model. Moreover, when it comes up, it 
may be required to have appropriate models that are able to model it, due to its interest and to the information surplus 
it procures.  

The limitations mentioned above regarding the OLS model will give multilevel models a great importance in order to 
study environmental impacts on individuals, especially in the field of education research. 

3.1 Presentation of the Multilevel Model 

Issues raised by the OLS analysis, highlighted for a long time, have only been aware of satisfying solutions during 
the 80’s, with the implementation of models described as “multilevel” or “hierarchical”, or even “random coefficient 
model”. The pioneer authors of these models are principally AitKin and Longford (1986), Goldstein (1986), Mason, 
Wong and Entwisle (1983), and finally, Raudenbush and Bryk (1986).  

The multilevel model is a very adaptable model that presents numerous advantages regarding OLS models. It will 
allow to abandon or to amend some of the very restrictive hypotheses of the OLS models. It will then authorize a 
non-independency of errors within every macro unit, and will allow a homoscedasticity hypothesis through a weaker 
one whereby error variance can vary according to a linear or a non-linear function of explanatory variables.  

The multilevel model can be formalized by first distinguishing, to simplify the presentation, the writings in function 
of the different levels involved in the analysis. 

At level 1. = + +  (1)

For which the indices “i” and “j” refer to individuals “i” (micro-units) and to environments “j” (macro-units). 
Regression coefficients β  and  β  that can vary from one environment “j” to another. 
At level 2, we show that coefficients β  and  β  are random by introducing random error terms u  and  u . β = γ + u  

 β = γ + u    (2) 

By replacing the coefficient values β  and  β  in the equation above (1), we obtain the following equation:  Y = γ + γ X + u + u X + e  (4) 

For which:  γ 	 represents the overall average of Y. γ  is the average regression slope for all the groups. u  represents a random error associated to every group “j” assumed to be normally distributed, of zero-mean and 

variance σ . u  represents the gap of every group compared to the average relationship. It is a random variable of zero-mean 

and variance σ . 

From the fact that there are now two error terms at level 2, we can predict an additional parameter: the covariance 
between constants and slopes, noted . 

The following writing shows, in a condensed way, the structure’s conception of the random parameters to predict at 
level 2: 

~	 ,  
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At level 1, ~ , . 

3.2 Presentation of PISA Database of 2015 

The sampling methodology of the PISA study is based on the method of stratified sampling in two steps in every 
country (OECD, 2015). In the first step, schools are systematically sampled with proportional probabilities to the size 
of the school (number of enrolled 15-year-old students). School sampling is then followed by the sampling of 
students who are eligible for PISA (15 years-old) in every school. PISA only focuses on 15-year-old teenagers in 
order to be able to make international comparisons, since these students approach the end of compulsory education in 
most countries (OECD, 2013, 2014, 2015).  

The data of PISA 2015 are grouped under a hierarchical structure of two levels. The first level clusters students, 
while the second level reflects the school context. This data structure requires a multilevel modelling, since classic 
OLS estimators don’t allow to estimate a variance-covariance matrix without bias, and, thereafter, biases in term of 
significance of the model’s parameters (Champ, 2013). 

In this study, we have focused the entirety of the empirical work on estimating an empty model to calculate school 
performance gaps in scientific subjects (within-class coefficient), and then, on estimating a model that contains a 
“gender” explanatory variable, in order to demonstrate gender inequalities in regards to school performances of 
students in all the educational systems. This study has used the final weighting of students in order to control the fact 
that some sampling units can be proportionally bigger than others, which can lead to biased results (Kim, Anderson, 
Keller, 2014). This has also allowed us to estimate bias values between the OLS estimator and the multilevel model. 

 
Table 1. Countries Participating in PISA 2015 

CNT Number of 

students 

Num. of 

schools 

CNT Number of 

students 

Num. of 

schools

CNT Num. of 

students

Num. of 

schools

ALB "Albania" 5215 230  5809 160 POL "Poland" 4478 169 

ARE "United Arab 

Emirates" 

14167 473 HUN "Hungary" 5658 245 PRT "Portugal" 7325 246 

AUS "Australia" 14530 758 IDN "Indonesia" 6513 236 QAR "Argentina (Ciudad 

Autónoma de Buenos)" 

1657 58 

AUT "Austria" 7007 269 IRL "Ireland" 5741 167 QAT "Qatar" 12083 167 

BEL "Belgium" 9651 288 ISL "Iceland" 3371 124 QCH "B-S-J-G (China)" 9841 268 

BGR "Bulgaria" 5928 180 ISR "Israel" 6598 173 QES "Spain (Regions)" 32330 976 

BRA "Brazil" 23141 841 ITA "Italy" 11583 474 ROU "Romania" 4876 182 

CAN "Canada" 20058 759 JOR "Jordan" 7267 250 RUS "Russian Federation" 6036 210 

CHE "Switzerland" 5860 227 JPN "Japan" 6647 198 SGP "Singapore" 6115 177 

CHL "Chile" 7053 227 KOR "Korea" 5581 168 SVK "Slovak Republic" 6350 290 

COL "Colombia" 11795 372 KSV "Kosovo" 4826 224 SVN "Slovenia" 6406 333 

CRI "Costa Rica" 6866 205 LBN "Lebanon" 4546 270 SWE "Sweden" 5458 202 

CZE "Czech Republic" 6894 344 LTU "Lithuania" 6525 311 TAP "Chinese Taipei" 7708 214 

DEU "Germany" 6504 256 LUX "Luxembourg 5299 44 THA "Thailand" 8249 273 

DNK "Denmark" 7161 333 LVA "Latvia" 4869 250 TTO "Trinidad and Tobago 4692 149 

DOM "Dominican 

Republic" 

4740 194 MAC "Macao" 4476 45 TUN "Tunisia" 5375 165 

DZA "Algeria" 5519 161 MDA "Moldova" 5325 229 TUR "Turkey" 5895 187 

ESP "Spain" 6736 201 MEX "Mexico" 7568 275 URY "Uruguay" 6062 220 

EST "Estonia" 5587 206 MKD "Macedonia" 5324 106 USA "United States" 5712 177 

FIN "Finland" 5882 168 MLT "Malta" 3634 59 VNM "Vietnam" 5826 188 

FRA "France" 6108 252 MNE "Montenegro 5665 64 - - - 

GBR "United Kingdom" 14157 550 NLD "Netherlands" 5385 187 - - - 

GEO "Georgia" 5316 262 NOR "Norway" 5456 229 - - - 

GRC "Greece" 5532 211 NZL "New Zealand 4520 183 - - - 

HKG "Hong Kong" 5359 138 PER "Peru" 6971 281 - - - 
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4. Results 

The results of our models fall within the framework of multilevel models, with the purpose of revealing the bias gaps 
triggered by the non-awareness of the hierarchical modelling. First starting with performances in mathematics, only 
14% of all the countries participating to PISA 2015 show that girls perform better than boys. This result has been 
revealed in ALB, FIN, GEO, ISL, JOR, KOR, MDA, NOR, QUD, TTO, while the hypothesis has been verified for 
85% of the cases. Concerning performances in scientific subjects, our results show that the percentage is rather high 
compared to performances in mathematics. The latter is of 27%, which means that in 27% of the countries 
participating to this international survey, girls succeed better than boys, while the hypothesis has been verified for 72% 
of the cases. ALB, ARE, DZA, FIN, GBR, GEO, ISL, JOR, KOR, LBN, LVA, MDA, MKD, MLT, QTA, QUD, SWE, 
THA, TTO are all the countries in which girls perform better than boys in scientific subjects. 

Concerning reading, the obtained results surely verify the hypothesis that says that girls always perform better than 
boys, and that is for every country participating to the survey of PISA 2015. 

Obviously, all the estimated parameters that measure gender inequality differ from one country to the next, and are 
all significant at a degree of 5%. These results are presented in Table N°2 in the annex. 

Concerning the values of estimated biases between the OLS model and the multilevel model, results clearly show 
that the awareness of hierarchical data has allowed to correctly estimate, without bias, the coefficients of our model. 
Thus, the values of the estimated biases are all different from 0, which could mean that hierarchical modelling allows 
to completely reverse the expected signs of our model, and can also, in some cases, skew the results and, therefore, 
validate wrong hypotheses. Also, we were able to demonstrate that the awareness of data hierarchy in models can 
certainly lead to relevant public policies, either in relation to the study of the existing relationship between genders 
and school performance, or in relation to other issues that are more complex to treat, such as class size or social 
diversity. Table N°4, in the annex, illustrates all the parameters of both models, as well as the biases’ values between 
them. 

As a consequence, reflecting upon issues linked to school performances necessarily requires instruments such as 
PISA, and a hierarchical structure that can provide robust and consistent results. Our results can take the shape of an 
explanatory analysis field, in order for us to further examine the inequality issue, by studying determining factors 
that explain the difference in scores in accordance to students’ gender. It can also allow us to help future works of 
other researchers who are interested in the issue of school achievement assessments at an international scale. 

 
Table 2. The Percentage of Countries According to the Degree of Gender Inequality in Mathematics  

β mathematics Frequency Percentage Cumulative percentage 

β (0;10) 25 36.76 36.76 
β (11;20) 26 38.24 75.00 
β (21;30) 7 10.29 85.29 
β (0;-10) 9 13.24 98.53 
β (-11;-20) 1 1.47 100.00 
β (-21;-30) - - - 

Total 68 100.00  
 
Concerning countries that record positive gender impacts on educational achievements in mathematics, 36.76% of 
the countries show a positive impact ranging from 0 to 10 points. In other words, in these countries, boys perform 
better than girls, registering coefficients between 0 and 10. However, 38.24% of countries show impact varying 
between 11 and 20 points. Moreover, 10% of the countries record impacts varying between 21 and 30 points.   

Concerning the 10 countries that record negative gender impacts on educational achievements in mathematics, only 
13% of the countries show a negative effect varying between 0 and -10 points, and only 1.47% of the countries have 
a varying parameter between -11 and -20 points. However, there are no countries in which the impact varies between 
-21 and -30 points (Table N°5). 
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Table 3. The Percentage of Countries According to the Degree of Gender Inequality in Science  

β science Frequency Percentage Cumulative percentage 

β (0;10) 28 40.00 40.00 

β (11;20) 20 28.57 68.57 

β (21;30) 3 4.29 72.86 

β (0;-10) 15 21.43 94.29 

β (-11;-20) 3 4.29 98.57 

β (-21;-33) 1 1.43 100.00 

Total 70 100.00  
 
Concerning countries that record positive gender impacts on educational achievements in science, 40% of the 
countries show a positive impact varying between 0 and 10 points. In other words, in these countries, boys perform 
better than girls, registering coefficients between 0 and 10. However, 28.57% of the countries record impacts varying 
between 11 and 20 points. Moreover, only 4.29% of the countries record impacts varying between 21 and 30 points. 

Concerning the 19 countries recording negative gender impacts on educational achievements in mathematics, 21.43% 
of the countries show a negative impact varying between 0 and -10 points, and only 4.29% of the countries have a 
varying parameter between -11 and -20 points. However, 1.43% of the countries have an impact varying between -21 
and -33 points (Table N°6). 

 
Table 4. The Percentage of Countries According to the Degree of Gender Inequality in Reading 

β Reading Frequency Percentage Cumulative percentage 
β (0;20) - - - 
β (21;40) - - - 
β (41;60) - - - 
β (0;-20) 37 52.86 52.86 
β (-21;-40) 27 38.57 91.43 
β (-41;-60) 6 8.57 100.00 

Total 70 100.00  
 
Concerning reading, our results show that there are no countries in which boys perform better than girls. However, 
we have demonstrated that 52.86% of the countries recording coefficients between 0 and -20 points, 38% of the 
countries have impacts between -21 and -40 points, and only 8.57% of the countries record high impacts, varying 
between -41 and -60 points (Table N°7). 

Table 5. The Ranking of the Countries by the Degree of Gender Inequality in Mathematics Achievement 

β mathematics Countries 

β (0;10) AUS DNK  DOM DZA EST GBR IDN LTU LVA MAC MEX MKD MLT MNE NLD NZL QAT QUC QUE RUS  SGP SWE TAP THA USA -

β (11;20) BGR BRA  CHE COL CRI CZE ESP FRA GRC HKG IRL ITA JPN LBN LUX PER POL PRT QCH QES  SVK SVN TUN TUR URY VNM

β (21;30) AUT BEL  DEU HRV HUN KSV QAR - - - - - - - - - - - - - - - - - - -

β (0;-10) ALB FIN  GEO ISL KOR MDA NOR QUD TTO - - - - - - - - - - - - - - - - -

β (-11;-20) JOR - - - - - - - - - - - - - - - - - - - - - - - - -

β (-21;-30) - - - - - - - - - - - - - - - - - - - - - - - - - -

 

Table 6. The Ranking of the Countries by the Degree of Gender Inequality in Science Achievement 

β science Countries 

β (0;10) AUS  BGR  BRA  CAN  DNK  DOM  ESP  EST  GRC IDN ISR KSV LTU MAC MEX MNE NOR NZL POL QES QUC QUE ROU RUS SGP TAP TUR USA 

β (11;20) CHE  CHL  COL  CRI  CZE  FRA  HKG  HUN  IRL ITA JPN NLD PER PRT QAR QCH SVK SVN URY VNM - - - - - - - -

β (21;30) AUT  BEL  HRV  - - - - - - - - - - - - - - - - - - - - - - - - -

β (0;-10) ARE  DZA  GBR  ISL  KOR  LBN  LVA  MDA  MKD MLT QAT QUD SWE THA TTO - - - - - - - - - - - - -

β (-11;-20) ALB  FIN  GEO  - - - - - - - - - - - - - - - - - - - - - - - - -

β (-21;-33) JOR - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Table 7. The Ranking of the Countries by the Degree of Gender Inequality in Reading Achievement 

β Reading Countries 

β (0;20) - - - - - - - - - - - - - - - - - - - 

β (21;40) - - - - - - - - - - - - - - - - - - - 

β (41;60) - - - - - - - - - - - - - - - - - - - 

 

β (0;-20) 

AUT BEL BRA CHE CHL COL CRI CZE DEU ESP FRA GRC HKG HRV HUN IDN IRL ITA JPN 

LUX MAC MEX NLD PER PRT QAR QCH QES QUC ROU SGP SVK TUN TUR URY USA VNM

 

β (-21;-40) 

ARE AUS BGR CAN DNK EST GBR ISR KOR KSV LBN LTU LVA MKD MLT MNE NOR NZL POL 

QAT QUD QUE RUS SWE TAP THA TTO 

β (-41;-60) ALB FIN GEO ISL JOR MDA - - - - - - - - - - - - - 

 
5. Discussion 

This chapter attempts to study the issue of educational achievements inequalities according to gender. By exploiting 
the data of PISA 2015, we have estimated a multilevel model, in order to show all the performance gaps between 
girls and boys, for every subject, namely reading, science and mathematics. The aim of this exercise is to verify the 
two following hypotheses: 

If there are educational achievements inequalities between countries, does it also exist between schools of a same 
educational system? 

Do girls always perform better than boys in reading, regardless of the tested educational system? 

Do boys always perform better than girls in mathematics and science subjects, regardless of the tested educational 
system? 

The results of our estimations, through a hierarchical model, show that in only 14% of the countries participating to 
the PISA 2015 girls perform better than boys. This result has been revealed in ALB, FIN, GEO, ISL, JOR, KOR, 
MDA, NOR, QUD, TTO, while the opposite hypothesis has been verified in 85% of the cases.  

Concerning performances in scientific subjects, our results show that the percentage is rather high, compared to the 
performances in mathematics. Our results reveal that in 27% of the countries participating to the PISA 2015, girls 
perform better than boys. However, the reverse hypothesis has been verified in 72% of the cases. ALB, ARE, DZA, 
FIN, GBR, GEO, ISL, JOR, KOR, LBN, LVA, MDA, MKD, MLT, QTA, QUD, SWE, THA, TTO are all the 
countries in which girls perform better than boys in scientific subjects.  

Concerning reading, the results verify the hypothesis that girls always perform better than boys, and that is the case 
for all the countries participating to the PISA 2015 survey. 

Of course, all the estimated parameters that measure gender inequalities differ from one country to the next, and are 
also always significant at a degree of 5%. 

Concerning the values of estimated biases between the OLS model and the multilevel model, the show clearly show 
that the awareness of hierarchical data has allowed to correctly estimate, without bias, the coefficients of our model. 
Thus, the values of estimated biases are all different from 0, which means that hierarchical modelling allow to 
completely reverse the expected signs of our model, and can, in some cases, skew the results, and therefore, validate 
wrong hypotheses. Also, we were able to demonstrate that the awareness of data hierarchy in the models would give 
relevant public policies, either in relation to the study of the relationship between gender and school performance, or 
in relation to any other issues that can be harder to treat, such as class size or social diversity. 

As a consequence, reflecting upon issues linked to school performances necessarily requires instruments such as 
PISA, and a hierarchical structure that can provide robust and consistent results. Our results can take the shape of an 
explanatory analysis field, in order for us to further examine the inequality issue, by studying determining factors 
that explain the difference in scores in accordance to students’ gender. It can also allow us to help future works of 
other researchers who are interested in the issue of school achievement assessments at an international scale. 

Therefore, this study can be qualified as an exploratory analysis for researchers who are interested in the issue of 
educational quality, and can also be qualified as a reference for a fair assessment of public policies in general, and of 
educational policies in particular.  

 
 



http://wje.sciedupress.com World Journal of Education Vol. 8, No. 4; 2018 

Published by Sciedu Press                         32                          ISSN 1925-0746  E-ISSN 1925-0754 

References 

Adam Gamoran & Daniel A. (2006). Long Equality of Educational Opportunity: A 40-Year Retrospective, WCER 
Working Paper No. 2006-9, December 2006. 

Arnaud Chevalier & Gauthier Lanot. (2001). The Relative Effect of Family and Financial Characteristics on 
Educational Achievement, May 2001. 

Aomar Ibourk, March 25-27, (2012). Les déterminants des acquis scolaire au Maroc: analyse micro économétrique 
appliquée aux enquêtes Internationale, | Cairo Marriott Hotel, Cairo, Egypt. 2012. 

Alioub Diop. (2011). Politique De Recrutement Des Enseignants Non Fonctionnaires Et Qualité De L'éducation De 
Base Au Sénégal: Quels Enseignements vers L'éducation Pour Tous (EPT)?", Thèse en cotutelle internationale 
pour obtenir le grade de docteur de l'Université de Bourgogne et de l'Université Cheikh ANTADIOP de Dacar. 

Altinok Nadir. (2006). Les sources de la qualité de l'éducation : une nécessaire distinction du niveau économique des 
pays, Papier présenté au 55ème, Congrès de l'Association Française de Science Économique 14 et 15 septembre 
2006, Paris. 

Amakoé Délali Alognon. (2009). "Analyse Multi-Niveaux Des Facteurs De Performances Scolaires Des Élèves Du 
CM1: Cas Des Données Agrégées Des PASEC VII et VIII, Mémoire de fin de formation pour l'obtention du 
diplôme d'ingénieur des travaux statistiques. 

Alan manning, jorn steffen pisckeh. (2006). Comprehensive versus Selective schooling in England and Wales: what 
do we know? June 2006, CEE DP 65, ISSN 2045 5-6557. 

Bell F. John. (2001). Visualising Multilevel Models: The Initial Analysis of Data". 

Benbiga Amina, Hanchane Said, Idir Nisrine et Mostafa Tarek, Les déterminants des performances scolaires des 
élèves marocains, in Maghreb-Machrek, N° 211, Printemps 2012. 

Bressoux Pascal. (2007). "L'apport Des Modèles Multi-Niveaux À La Recherche En Éducation", In Éducation Et 
Didactique. 

Bressoux Pascal. (1995). "Les Effets Du Contexte Scolaire Sur Les Acquisitions Des Élèves: Effets-École Et 
Effets-Classes En Lecture", In Revue Française De Sociologie. 

Bruno Suchaut. (2007), "Regards croisés sur l’école primaire français Éléments d’évaluation macro et micro", 
Habilitation à Diriger les Recherches en Sciences de l’Education, Université de Bourgogne Institut de 
Recherche sur l’Education. 

Coleman James. (1966). Equality of Educational Opportunity, National Center for Educational Statistics 

Conseil Supérieur de l'Enseignement (2009). Programme National d'évaluation des acquis PNEA 2008. Rapport 
analytique. 

Conseil Supérieur de l'Enseignement (2009). Programme National d'évaluation des acquis PNEA 2008. Rapport 
méthodologique. 

Coulidiaty-kiélem. J. (2009). "Les Effets du Contexte Scolaire sur Les Performances des Élèves au Collège au 
Burkina Faso: Analyse Multi-Niveaux", Groupe D'économie Lare-Efi du Développement, Université 
Montesquieu Bordeaux IV, document de travail N°149. 

David N. Figlio. (2005). Boys named sue: disruptive children and their peers, national bureau of economic research. 

David Card & Alan B. Krueger. (1996). School Resources and Student Outcomes: An Overview of the Literature and 
New Evidence from North and South Carolina. The Journal of Economic Perspectives, 10(4), 31-50. 
https://doi.org/10.1257/jep.10.4.31 

Eric A. Hanushek & Dennis D. Kimko. (2001). Schooling, Labor-Force Quality, and the Growth of Nations. 
American Economic Review. 

Eric A. Hanushek & Ludger Woessmann. (2010). “How much do educational outcomes matters in OECD countries”, 
Working Paper 16515, nber, November 2010. 

Eric A. Hanushek Javier A. Luque. (2003). Efficiency and equity in schools around the world, national bureau of 
economic research, May 2003. 

Edwin Leuven Mikael Lindahl Hessel Oosterbeek Dinand Webbink, 2004, The Effect of Extra Funding for 
Disadvantaged Pupils on Achievement, April 2004, IZA DP No. 1122. 



http://wje.sciedupress.com World Journal of Education Vol. 8, No. 4; 2018 

Published by Sciedu Press                         33                          ISSN 1925-0746  E-ISSN 1925-0754 

Eric A. Hanushek & Ludger Woessmann. (2010). "sample selectivity and the validity of international student 
achievement test in econimic research", in NBER. 

Eric A. Hanushek & LudgerWößmann. (2007). Education quality and economic growth. The World Bank, 2007. 

Gary. Stanley Becker. (1964). A Theoretical and Empirical Analysis, with Special Reference to Education, NBER, 
1964. 

Giorgio Brunello & Daniele Checchi. School tracking and equality of opportunity, does school tracking affect 
equality of opportunity? New international evidence Università Padova, CESifo and IZA; Università Milano 
and IZA. 

Gözde AKYÜZ. (2010). Teacher and Classroom Characteristics and Their Relations to Mathematics Achievement of 
the Students in the TIMSS, Balikesir University Giray BERBEROGLU, Middle East Technical University. New 
Horizons in Education, 58(1). 

Gillian Hampden-Thompson Jamie S. Johnston American Institutes for Research., STATISTICS IN BRIEF April 
2006 Variation in the Relationship Between Nonschool Factors and Student Achievement on International 
Assessments 

Jean-Paul CAILLE, Scolarisation à 2 ans et réussite de la carrière scolaire au début de l’école élémentaire, Bureau 
des études statistiques sur l’enseignement scolaire Direction de la programmation et du développement. 

Jacqueline Levasseur, 2006, Le Programme international pour le suivi des acquis des élèves (PISA), Revue 
Internationale d’éducation de Sèvres 43 (décembre) Que savent les élèves? 

Jean-Paul Caille et Fabienne Rosenwald, Les inégalités de réussite à l’école élémentaire : construction et évolution. 

Hanchane, S., & Mostafa, T. (2011). Solving endogeneity problems in multilevel estimation: an example using 
education production functions. Journal of applied statistics. 

Hanchane, S and Mostafa, T (2010) Endogeneity Problems in Multilevel Estimation of Education Production 
Functions: an Analysis Using PISA Data published by the Centre for Learning and Life Chances in Knowledge 
Economies and Societies at: http://www.llakes.org. 

Haut Conseil de l'Education (HCE) République française (2011). Les indicateurs relatifs aux acquis des élèves. 

Haut Conseil de l’Évaluation de l’École (2005). La France et Les Évaluations Internationales. 

Hox J. Joop. (2002). Multilevel Analysis Techniques And Applications. 

Heiner Rindermann. (2007). Discussion on the g-Factor of International Cognitive Ability Comparisons: The 
Homogeneity of Results in PISA, TIMSS, PIRLS and IQ-Tests across Nations. 

Hassam mohammadi, pinar akkoyunlu & Murat seker. (2011). School resources, family characteristic sand student 
performance: evidence from secondary school entrance exam in turkey, education and science 2011 vol 36NO 
159. 

Institut Tunisien de la Compétitivité et des études quantitatives. (2011). Capital humain, protection sociale, inégalités 
et immigration. 

Lee, Jong-Wha & Robert J. Barro. (2001). "Schooling Quality In A Cross-Section Of Countries," in Economica, 
Issued in September 1997. 

Iida Hakkinen, Tanja Kirjavainen & Roope Uusitalo. (2003). School resources and student achievement revisited: 
new evidence from panel data. Economics of Education Review, 22(2003), 329–335. 
https://doi.org/10.1016/S0272-7757(02)00060-2 

Liouaeddine, M., Bijou, M., & Naji, F. (2017). The Main Determinants of Moroccan Students' Outcomes. American 
Journal of Educational Research, 5(4), 367-383. https://doi.org/10.12691/education-5-4-5 

Ludger Wößmann, What Accounts for International Differences in Student Performance? A Re-examination using 
PISA Data, Thomas Fuchs ifo Institute for Economic Research at the University of Munich, Ludger Wößmann 
ifo Institute for Economic Research at the University of Munich and CESifo. 

Les facteurs déterminants des performances scolaires : Une analyse multi-niveaux « Cas des élèves de la deuxième 
année du collège au Maroc » Préparé par : Mlle Najia ENNIL, Mr younes benabderrahman  encadré par : mr. 
Said hanchane, année universitaire 2011-2012. 

Ludger Wößmann & Gabriela Schütz. (2006). Efficiency and Equity in European Education and Training Systems, 



http://wje.sciedupress.com World Journal of Education Vol. 8, No. 4; 2018 

Published by Sciedu Press                         34                          ISSN 1925-0746  E-ISSN 1925-0754 

Analytical Report for the European Commission prepared by the European Expert Network on Economics of 
Education (EENEE) to accompany the Communication and Staff Working Paper by the European Commission 
under the same title. This version, 26(4), 2006. 

Lant Pritchett. (2000). “Where has all the education gone?” World Bank and Kennedy school of Government 
Revised December 2000. 

Mariem Liouaeddine, Mounir Elatrachi & El mehdi Karam (2018). The analysis of the efficiency of primary schools 
in Morocco: modelling using TIMSS database (2011). The Journal of North African Studies, 
https://doi.org/10.1080/13629387.2017.1422978 

Mincer A Jacob (1974). "Schooling, Experience, and Earnings", in NBER. 

Marc Gurgand. (2000). « Capital humain et croissance : la littérature empirique à un tournant ? », Centre d’études de 
l’emploi et Crest (Insee). 

Menshawy Badr, Oliver Morrissey and Simon Appleton, determinants of educational attainment in mena,credit 
Research Paper No. 12/03. 

Nadir Altinok and Geeta Kingdon, New Evidence on Class Size Effects: A Pupil Fixed Effects Approach, CSAE 
WPS/2009-16. 

Raudenbush, S. W., & Bryk, A. S. (1992). Hierarchical linear models. Newbury Park, CA: Sage. 

Regina T. Riphahn. (2012). Effect of Secondary School Fees on Educational Attainment, University of 
Erlangen-Nuremberg, DE-90403 Nuremberg, Germany. Scand. J. of Economics, 114(1), 148–176. 
https://doi.org/10.1111/j.1467-9442.2011.01661.x 

Robert J. Barro & Jong-Wha Lee. (2010). A new data set of educational attainment in the world, 1950–2010. 
Working Paper 15902, nber, April 2010. 

Republic of Turkey, Ministry of National Education, “Basic Education in Turkey, background report”, June 2005. 

Schultz. W. Theodore. (1961). Investment in Human Capital. The American Economic Review, 51(1). 

OECD (2013b). PISA 2012 results: excellence through equity—giving every student the chance to succeed Vol. II, 
Paris, France: PISA, OECD Publishing. http://doi. org/10.1787/9789264201132-en 

OECD (2013c). PISA 2012 results: ready to learn students’ engagement, drive and self-beliefs Vol. III, Paris, France: 
PISA, OECD Publishing. http://doi.org/ 10.1787/9789264201170-en 

OECD(2013d). PISA 2012 results: what makes schools successful Vol. IV, Paris, France: PISA, OECD Publishing. 
http://doi.org/10.1787/9789264201156-en 

OECD (2013e). Starting strong III: A quality toolbox for early childhood education and care. Paris, France: OECD 
Publishing. http://doi.org/10.1787/9789264123564-en 

OECD(2014a). Focus 38: are 15-year-olds creative problem-solvers? PISA, OECD Publishing. 

OECD(2014b). PISA 2012 results: what students know and can do—student performance in mathematics, reading 
and science Vol. I, Paris, France: PISA, OECD Publishing. http://doi.org/10.1787/9789264201118-en. 

OECD (2014c). PISA 2012 technical report. Paris, France: PISA, OECD Publishing. Retrieved from 
http://www.oecd.org/pisa/pisaproducts/PISA-2012-technical-report-final. 

OECD (2015a). Education policy outlook 2015: making reforms happen. Paris, France: OECD Publishing. 
http://doi.org/10.1787/9789264225442-en. OECD (2015b). Focus 48: does math make you anxious? Paris, 
France: PISA, OECD Publishing. 

Sequeira Tiago & Pedro Robalo, (2008). Schooling Quality in a Cross Section of Countries: A Replication Exercise 
And Additional Results. Economics Bulletin, 9(9), 1-7. 

Savas BASTÜRK. (2003). l’enseignement des mathematiques en turquie : le cas des fonctions au lycée et au 
concours d’entrée à l’université directeurs de thèse  monsieur jacques colomb  madame aline robert, 
universite  paris vii-denis diderot année 2003, these  pour l’obtention du diplôme de  docteur de l’universite 
paris vii spécialité didactique des mathematiques présentée et soutenue publiquement le 15 décembre 2003 . 

Suryadarma, Asep Suryahadi, Sudarno Sumarto, the Determinants of Student Performance in Indonesian Public 
Primary Schools: the Role of Teachers and Schools, Daniel (SMERU Research Institute (World Bank) 
December 2004. 



http://wje.sciedupress.com World Journal of Education Vol. 8, No. 4; 2018 

Published by Sciedu Press                         35                          ISSN 1925-0746  E-ISSN 1925-0754 

Sébastien Dessus. (2002). Capital humain et croissance: le rôle retrouvé du système éducatif, 2000. 

TIMSS & PIRLS International Study Center, Lynch School of Education, "TIMSS2007 User Guide for International 
Database". 

Talita Groenendijk, Tanja Janssen, Gert Rijlaarsdam and Huub, van den Bergh, The effect of observational learning 
on students’ performance, processes, and motivation in two creative domains, Research Institute of Child 
Development and Education, University of Amsterdam, The Netherlands University of Utrecht, The 
Netherlands, British Journal of Educational Psychology (2013), 83, 3–28 Psychological Society. 
https://doi.org/10.1111/j.2044-8279.2011.02052.x 

The Ministry of Education (Kingdom of Jordan), “Inclusive education, the way of the future”, October 2008. 

Van der Sluis and Mirjam van Praag, Wim Vijverberg, education and entrepreneurship selection and performance: a 
review of the empirical literature University of Amsterdam, University of Texas at Dallas & IZA. 

Victor Lavy, M. Daniele Paserman & Analia Schlosser. (2012). Inside the black box of ability peer effects: evidence 
from variation in the proportion of low achievers in the classroom. 

Willms J. Douglas. (2005). “A Manual for Conducting Analysis with Data from TIMSS and PISA", report prepared 
for the UNESCO Institute for Statistics. 

Veenstra and Hans Kuyper. (2004). Effective Students and Families: The Importance of Individual Characteristics for 
Achievement in High School, Reee, Department of Sociology, University of Groningen, The Netherlands, and 
GION, Groningen Institute for Educational Research, University of Groningen, The Netherlands, Educational 
Research and Evaluation 2004, 10(1), 41–70. https://doi.org/10.1076/edre.10.1.41.26302 

Yves Alpes. (2012). À propos de PISA: pourquoi, pour qui, évaluer et comparer les compétences des élèves? 
Questions Vives, 6(16).  

Xiaoli Wu, Joost Lowyck, Lies Sercu & Jan Elen. (2013). Task complexity, student perceptions of vocabulary 
learning in EFL, and task performance, Centre for Instructional Psychology and Technology, Faculty of 
Psychology and Educational Sciences, K. U. Leuven, Belgium Department of Language and Education, Faculty 
of Arts, K. U. Leuven. Belgium British Journal of Educational Psychology, 83, 160–181. 
https://doi.org/10.1111/j.2044-8279.2011.02061.x 

Xavier Dumay. (2010). ségrégation entre écoles, effets de la composition scolaire et inégalités de résultats, Presses de 
Sciences Po. Revue française de sociologie 2010/3, 51, 461-480. https://doi.org/10.3917/rfs.513.0461 

  


