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Abstract

This paper examines the factors that are associated with boys’
underachievement in mathematics and science in Saudi
Arabia, where students attend gender-segregated schools
from grade 1 onward, as well as student achievement in
these two subjects in grades 4 and 8 more generally. The
paper employs data from two recent large-scale assessments
of education: Trends in International Mathematics and Sci-
ence Study 2019 and Saudi Arabia’s National Assessment of
Learning Outcomes 2018. The results suggest that in grade
4, school climate was more strongly associated with boys’
compared with girls’ achievement in both mathematics and
science, with boys attending schools of poorer school cli-
mate having a considerably lower performance compared

with girls actending such schools. The findings also indicate
that although greater literacy and numeracy readiness was
linked with higher science achievement among boys and
gitls, grade 4 boys tended to benefit more from this read-
iness than girls. In addition, the results show that student
absenteeism in grade 4 is particularly strongly associated
with decreases in mathematics achievement among boys. In
grade 8, interactions between student gender and students’
confidence in science, the degree of schools’ emphasis on
academic success, and teachers’ age are observed. The paper
concludes by discussing some of the implications of these
findings for educators and policy makers in Saudi Arabia.
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1. Introduction

There is a large and consistent performance gap observed between boys and girls in the Middle
East and North Africa (MENA) region. On top of having the second largest proportion of children in
learning poverty (i.e., lacking basic skills in reading toward the end of primary school?), MENA has the
largest gender gap in learning poverty among regions with available data (Gregory et al. 2021; World Bank
2021).%2 This gender gap in student performance, however, varies across MENA countries. The Kingdom of
Saudi Arabia (KSA) is among the countries with the largest gender gaps in student achievement in the
world. Boys in Saudi Arabia consistently and significantly underperform compared to girls across different
grades and subjects. For example, in the Trends in International Mathematics and Science Study (TIMSS)
2019, grade 4 boys in Saudi Arabia scored below girls by approximately 26 points in mathematics and 60
points in science (Mullis et al. 2020). A similar gender gap exists in grade 8, where boys underperform girls
by approximately 17 points in mathematics and 47 points in science. Furthermore, in grade 4, 53 percent
of boys failed to achieve minimum proficiency in mathematics compared to 45 percent of girls. Similarly,
in grade 8, 58 percent of boys did not achieve the lowest international benchmark (400 points) to be
considered as minimally proficient in mathematics, compared to 49 percent of girls. Data from the
Programme for International Student Assessment (PISA) 2018 also show that almost twice as many 15-
year-old boys (65 percent) failed to achieve minimum proficiency in reading, compared to 38 percent of
girls (OECD 2019).

Although the magnitude of the gender gap in Saudi Arabia is among the largest in the world,
significant differences in achievement between boys and girls are also observed in many other countries
(Mullis et al. 2017; 2020). A large body of research has explored the factors contributing to the gender
gap in student performance internationally (Autor et al. 2016; 2019; Bertrand and Pan 2013; Buchmann
and DiPrete 2006; DiPrete and Buchmann 2013; DiPrete and Jennings 2012; Fortin, Oreopoulos, and
Phipps 2015; Jha and Pouezevara 2016; Legewie and DiPrete 2012; OECD 2021). Evidence from this
research suggests that social norms, school characteristics, students’ social and behavioral skills, and
family background are the main factors associated with the achievement gap between boys and girls.

Prior research indicates that, compared to boys, girls tend to have better noncognitive skills, such
as self-regulation and persistence, and spend more time doing assignments and homework (Buchmann
and DiPrete 2006; Cornwell, Mustard, and Van Parys 2013; DiPrete and Jennings 2012; Downey and Vogt
Yuan 2005; OECD 2021). Other studies found that school characteristics such as school quality, disciplinary
practices, and school climate (i.e., the institutional norms, practices, structures, values, and relationships
underpinning a student’s experience of school) can affect boys and girls differently. An important study
combined birth records with school administrative data from the US state of Florida to identify the effects
of school quality (with school-level gains in mathematics and reading scores used to indicate quality) on
the gender achievement gap between opposite-gender siblings who attend the same sets of schools
(Autor et al. 2016). This study found that boys benefitted more than girls from studying in higher quality
schools. Similarly, another recent study (OECD 2021) based on data from two large-scale international
assessments showed that school discipline problems affect boys more negatively than girls. Combining
data from the Teaching and Learning International Survey (TALIS) 2018 and PISA 2018, the study found
that increases in teachers’ perceptions of classroom discipline problems are associated with an increase
in the achievement gap between girls and boys (OECD 2021). The results also showed that other school

! More formally, learning poverty is defined as “being unable to read and understand a simple text by age 10”,
whether children are enrolled in school or not (World Bank 2019, 6).

2 The learning poverty rate is calculated using the results of international student assessments, adjusted for the
share of out-of-school children. Overall, 59 percent of children in MENA are not able to read and understand an
age-appropriate text by age 10. About two-thirds of boys in MENA (66 percent) lack basic skills in reading
compared to 56 percent of girls, resulting in the largest gender gap in learning poverty among all regions.

2



organizational issues, such as poor learning conditions and organizational problems, exacerbate the
gender gap between girls and boys. That is, boys’ achievement tends to be negatively impacted by
challenging learning conditions to a greater extent compared to girls’ achievement. These findings are
consistent with previous work on gender gaps in attitudes, showing that girls, in general, tend to report
more positive attitudes toward learning (DiPrete and Buchmann 2013). Previous research has also shown
that social norms, gender stereotypes, and teacher/school expectations contribute to the performance
gap between girls and boys (Stromquist 2007; Page and Jha 2009; Younger and Cobbett 2014; Jha and
Pouezevara 2016). In other words, teachers and schools contribute to developing and reinforcing different
expectations of appropriate behavior for both boys and girls, which can have the effect of hindering boys’
performance.

Building on the existing research, this paper examines the factors that contribute to the gender
gap in student performance in Saudi Arabia. In particular, the paper investigates whether a range of
student, family, class, and school variables can explain the achievement gap in mathematics and science
between boys and girls at grades 4 and 8. The contribution of these variables in predicting overall Saudi
student achievement in these two subjects is also examined. Data from both TIMSS 2019 and Saudi
Arabia’s National Assessment of Learning Outcomes (NALO) 2018 were employed. Both TIMSS and NALO
assess grades 4 and 8 students’ mathematics and science achievement, as well as collect a wide range of
contextual information about students, their families, teachers, and schools.

This paper contributes to the current literature in two main ways. First, it addresses a need for
more evidence about the factors associated with the achievement gap between boys and girls in the
MENA region, and especially in Saudi Arabia. The paper explores the surprisingly large and consistent
performance gap observed between boys and girls in the region. As shown in figure 1, boys in the region
tend to achieve noticeably lower scores than girls in reading, mathematics, and science, with this
difference being larger than those in most of the other countries participating in PISA 2018. A further
feature of the paper is its examination of two large-scale assessments that have a shared focus on the
same domains of study and the same grade levels in a complementary fashion, with data from NALO used
to complement findings arising from the analysis of TIMSS data. This paper, therefore, provides important
insights for policy makers, both in Saudi Arabia and in other countries in the region, regarding the factors
that may contribute to the observed gender gaps in achievement across a range of subjects.

Secondly, Saudi Arabia offers a unique setting in which boys and girls attend separate schools on
a universal basis starting from grade 1, being educated only by male and female teachers, respectively, in
effect inhabiting parallel education systems, as shown in figure 2, which presents the distribution of grade
4 and grade 8 students in single-gender or mixed education among countries participating in TIMSS 2019.3
Although gender-segregated schools are not uncommon in the MENA region, students do not usually
attend single-gender schools until the end of primary education. The unique structure of the Saudi
education system provides an opportunity to examine, in a multilevel framework, how variance in system-
level factors applying only to boys or to girls contributes to the observed individual differences in
achievement. This analysis exploits the existence of parallel gender-segregated school environments that
operate within a shared overarching cultural context, where expectations and practices outside school
also vary significantly between boys and girls. While this paper exploits this feature of the Saudi education
system in its analysis, it also acknowledges potential difficulties in interpreting findings due to this extreme
degree of separation as teacher and school characteristics are confounded with gender differences in
learning outcomes. For example, any differences between girls’ and boys’ educational environments seen
in these data are inseparable from the fact that the (male) teachers of boys have been trained and work

31n 2019, Saudi Arabia announced that boys would start to be educated by female teachers in grades 1 through 3.
These boys’ classes are kept separated from the girls’ classes. Currently, there are few girls’ schools offering boys’
classes with female teachers, though the intention is to increase the number.
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in an environment that is completely separate to the training and work environment of the (female)
teachers of girls.

This paper is organized as follows. Section 2 describes the education system in Saudi Arabia;
section 3 discusses the data and methodology; section 4 presents the results from the models; and section
5 includes a discussion of the main findings and their policy implications.

2. Education System in Saudi Arabia

Preuniversity education in Saudi Arabia is divided into four levels: preprimary, elementary,
intermediate, and secondary education. Preprimary education includes three years starting at age 3;
elementary education starts normally at age 6 and includes grades 1 through 6; intermediate education
comprises grades 7 to 9; and secondary education consists of grades 10 through 12. Students in Saudi
Arabia attend single-gender schools, except in preprimary. Boys and girls are separated from grade 1 and
taught by teachers of the same gender. A recent reform, though still on a limited scale, has allowed boys
in grades 1 through 3 to enroll in girls’ elementary schools, and, as a result, boys are taught by female
teachers but in separate classes.

Saudi Arabia’s K-=12 education system includes more than 5.5 million students and more than
450,000 teachers and is administered through 47 education directorates and 383 education offices within
directorates. The Saudi Ministry of Education (MOE) plays a central role in setting the policies and
regulations for schools across the country including curriculum, teacher hiring and promotion, and
student assessment. Directorates and offices are responsible for implementing the directives of the MOE
and tend to have a similar structure across the country (OECD 2020).

Over the last few decades, Saudi Arabia has achieved substantial progress in improving access to
education. For example, the gross enrollment ratio (GER) in primary education increased from 58 percent
in 1979 to 101 percent in 2019. During the same period, the GER in secondary education increased from
27 percent to 112 percent. Although increased access to education is a positive development, these large
gains in access have not been accompanied by similar improvements in students’ learning outcomes.

Overall, learning outcomes remain below expectations in Saudi Arabia. Data from TIMSS 2019
show that, in mathematics, Saudi Arabia ranks 53rd of 58 countries (i.e., below 52 countries) in grade 4
and 37th of 39 (outperformed by 36 countries) in grade 8. In PISA 2018, less than half (48 percent) of 15-
year-old students in Saudi Arabia achieved minimum proficiency in reading and almost no student was a
top performer (i.e., achieving levels 5 or 6; OECD 2019). Additionally, only 27 percent of Saudi students in
the same age group achieved at least minimum proficiency in mathematics, compared to an Organisation
for Economic Co-operation and Development (OECD) average of 75 percent. In particular, learning
outcomes in Saudi Arabia are low relative to the country’s level of wealth, and studies (Patrinos and
Angrist 2019) have identified Saudi Arabia as an outlier when examining Harmonized Learning Outcomes*
relative to gross domestic product (GDP) worldwide. Although, as noted above, significant gender
differences in achievement can be found in other countries — sometimes in favor of boys, and sometimes
in favor of girls (Mullis et al. 2017; 2020) — the gender differences observed in Saudi Arabia are
consistently among the largest in the world, with girls showing a consistent advantage, across grade levels
and subject areas.

4 A composite indicator of learning outcomes at the country level, based on data from large-scale assessments
such as TIMSS, PISA, Progress in International Reading Literacy Study (PIRLS), and early-grade reading or
mathematics assessments (Angrist et al. 2021).



Figure 1. Achievement gap between girls and boys in countries participating in PISA 2018
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3. Methods
3.1 Data

The analyses described in this paper are drawn from two recent large-scale assessments of
education: TIMSS 2019 and Saudi Arabia’s NALO 2018. TIMSS provides a robust nationally representative
sample, while the NALO study was conducted to provide regionally representative information (requiring
a much larger sample size) as well as national-level data. Although the paper focuses on the national level
in the analyses described below, it should be noted that subsequent analyses at the regional level would
be possible using NALO data.’ In addition, there is a substantial degree of overlap between the content
covered by the TIMSS and NALO contextual questionnaires, although some variables appear in one study
but not the other, or they are presented in slightly different formats. The primary analysis, reported in
depth in the next section, is conducted using TIMSS 2019 data. Given the high degree of overlap between
the two studies’ focus on mathematics and science, at the same two grade levels (grades 4 and 8), data
from NALO 2018 are used to supplement this primary analysis by drawing on variables of particular
interest to Saudi Arabia that have no equivalents in TIMSS. In other words, NALO 2018 data are used as
supplementary information to shed additional light on questions arising from the multilevel analysis of
TIMSS data. For this reason, NALO data are described in text, with full tabulation of the NALO analyses
presented in appendix Al.

3.1.1 TIMSS 2019

TIMSS is a study of the International Association for the Evaluation of Educational Achievement
(IEA). It assesses mathematics and science achievement at two grade levels, grades 4 and 8. TIMSS has
been carried out every four years since 1995. In 2019, 64 countries participated in TIMSS, including Saudi
Arabia. In addition to providing countries with robust data on mathematics and science achievement,
TIMSS collects a wealth of contextual data from students, parents, teachers, and school principals. In Saudi
Arabia, 5,453 grade 4 students (mean age 9.9 years; 49.6 percent male) across 220 public and private
schools and 5,680 grade 8 students (mean age 13.9 years; 49.2 percent male) across 209 schools took part
in TIMSS 2019. The TIMSS 2019 data were collected using a stratified two-stage cluster sample design,
with a sample of schools selected randomly at the first stage and one or more classes of students selected
per each of the sampled schools at the second stage (LaRoche, Joncas, and Foy 2020). The Saudi sample
of schools was drawn systematically in order for the sampled schools to represent the populations of
grade 4 and grade 8 students nationally, with representation from 13 regions and a balance between male
and female schools. Implicit stratification methods were used also to ensure representation of the various
school types (such as public versus private schools). The IEA requires high participation rates and
adherence to standardized administration procedures for participating countries to be included in the
international results. The IEA calculates and provides sampling weights (to ensure that the final sample of
participating students can be generalized to the national populations of grade 4 and grade 8 students)
and plausible values® for mathematics and science scores (to ensure accurate population-level estimates
of achievement) in order to facilitate appropriate analyses, taking the complex nature of the data into
account.

5> Representative regional-level data from NALO could be exploited to examine the varying availability of resources
and variability in practices across the different regions of Saudi Arabia, and how region-level differences are
related to differences in achievement and the gender gap.

6 Plausible values are generated by imputing a set of values (five values in the case of TIMSS) representing
‘plausible’ estimates of student achievement based on their responses to the assessment and background
variables. Plausible values are not suitable for reporting individual-level results, but at the population level the use
of plausible values facilitates the calculation of appropriate standard errors for complex survey designs such as
those used by TIMSS where each student is administered only a small subset of the items in the assessment.
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3.1.2 NALO 2018

Saudi Arabia’s NALO is administered by the Education and Training Evaluation Commission (ETEC),
an independent government agency responsible for school evaluation, accreditation, and assessment,
among other responsibilities. In 2018, the domains assessed by NALO were mathematics and science in
grades 4 and 8, which means that the data from NALO 2018 are closely aligned to TIMSS 2019 both in
terms of the target domains and grade levels. In NALO 2018, 27,985 grade 4 students (50.2 percent male)
across 964 government, private, and Quran schools completed tests of mathematics and science, as did
30,157 grade 8 students (49.6 percent male) across 939 schools. The schools that took partin NALO were
sampled using procedures similar to those used in TIMSS.

3.2 Statistical analysis

Prior to the main analysis, descriptive statistics were computed, and relevant statistical tests were
conducted to provide a comprehensive overview of the gender differences across the contextual variables
of interest to this study. The levels of statistical significance along with the relevant effect sizes for each
of these differences are reported. The phi (¢) and the Cramer’s V (¢.) effect size measures were used for
the contextual categorical variables for 2x2 contingency tables and for contingency tables larger than 2x2,
respectively. The Cohen’s d effect size measure was used for the contextual continuous variables (Fritz,
Morris, and Richler 2012). Cohen (1988) guidelines were used in conjunction with Hattie (2009) guidelines
for the interpretation of the effect sizes. The IEA International Database Analyzer (IDB Analyzer) and the
Statistical Package for the Social Sciences (SPSS) were used to compute descriptive statistics for TIMSS
and NALO, respectively.

Next, multilevel linear regression analysis was used to explore the different factors that are
associated with boys’ underperformance in Saudi Arabia as well as all students’ achievement in
mathematics and science in grades 4 and 8 more generally. The multilevel linear regression models draw
on the TIMSS 2019 data, with NALO 2018 data used to supplement the analysis by describing data that
are not available in TIMSS. Four separate families of models were constructed: grade 4 mathematics,
grade 4 science, grade 8 mathematics, and grade 8 science. All plausible values of achievement and
sampling weights were used in all the analyses as per the relevant guidelines by von Davier et al. (2009)
and Rutkowski et al. (2010), respectively. Assumptions necessary for conducting the multilevel linear
regression analysis (i.e., linearity, homogeneity of variance, normality of errors) were checked and met,
and parameters for the models were estimated using the maximum likelihood estimation with robust
standard errors (SEs) (Muthén and Muthén 2017). Multilevel linear regression analysis was performed
using Mplus 8 software.

Along with mathematics and science achievement scores, variables included in the multilevel
models are drawn from the student and home questionnaires (level 1 of the analysis) as well as the
teacher and school principal questionnaires (level 2 of the analysis). Variables were selected for inclusion
in the models a priori, based on the previous literature on student achievement and the gender gap in
education in particular, as discussed in section 1 of this paper, in addition to the expected theoretical or
policy relevance of these variables to the question of gender differences in performance in the Saudi
context. As far as possible, each model was constructed using the same set of variables, notwithstanding
some slight differences arising from the selection of variables related specifically to mathematics or
science instruction and some differences between the grade 4 and 8 questionnaires.

A hierarchical approach was followed, whereby conceptually similar variables were entered into
each step of each model in blocks, as shown in table 1. The first step of each model included student
gender only. By including the student gender variable into the model alone, the difference in achievement
between boys and girls, after controlling for the clustering of the data within classes/schools, could be
observed. Next, different blocks of variables were entered into the model one by one to allow both for
the examination of their contribution in explaining the difference in achievement between boys and girls



as well as their contribution in predicting overall achievement. In the final step of each model, the
statistical significance of the interactions between student gender and each of the predictor variables in
predicting achievement was explored. Each interaction term was entered into the model individually and
all the statistically significant interaction terms were entered into the final model. To facilitate
interpretation of the statistically significant interaction terms, those were plotted using the predicted
values based on the last step (step 7) of each model. Hence, the interaction plots in the next section
present the predicted, rather than the raw, gender differences in each variable in terms of mathematics
and science achievement, after accounting for a range of student- and class/school-level predictor
variables.

Table 1. Steps in building the hierarchical two-level linear regression models
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7
Student gender v v v v v v v
Demographics and home background v v v v v v
Student engagement and attitudes v v v v v
School climate v v v v
Teacher qualifications and practices v v v
School leadership and resources v v
Interaction terms v

Note: v indicates variables included in each step.

Equation 1 represents the null multilevel models (i.e., models with no predictor variables), which
were applied to the TIMSS data, controlling for their clustering and allowing for the estimation of the
proportions of the total variance in the outcome variable that is attributable within and between clusters
(i.e., intraclass correlation (/CC) coefficients).

Yij = Bo +Up; + € (1)
where y;; is the outcome variable (e.g., mathematics achievement) of student i in class/school j, B, is the
mean intercept, u; is the variation of class/school j from the mean intercept, and e;j is the student-level
residual error term.

Equation 2 represents the multilevel models, which were applied to the TIMSS data, including v
number of predictor variables while controlling for the clustering of the data.

Yij = Bo + Prjxyijt ...+ Byjxyij + uoj + ey (2)

where y;; is the outcome variable (e.g., mathematics achievement) of student i in class/school j, B, is the
mean intercept, f; ; is the regression slope for the predictor variable x; of student i in class/school j, B, ; is
the regression slope for the predictor variable x,, of student i in class/school j, uy; is the variation of
class/school j from the mean intercept, and e;; is the student-level residual error term.

Reported statistics for each of the models include: proportions of variance (R? expressed as a
percentage of the total variance) in achievement explained at each level and step; intercepts with their
SEs; unstandardized coefficients (Bs) and standardized coefficients (8s) each accompanied by their SEs for
each predictor variable; fit statistics (Loglikelihood (Hg), Akaike Information Criterion (AIC), and Bayesian
Information Criterion (BIC)) for each step, including the null model; and ICC coefficients for the null model.
Bs are expressed in the original unit of each of the predictor variables, while 8s can be used to compare



the relative strength of each predictor variable in predicting achievement (i.e., to find the most robust
predictors of achievement) in each model. Also, although fit indices are not intrinsically interpretable (i.e.,
their values cannot be interpreted as being large or small in themselves), they can be compared across
different steps of each model to check whether changes in the model lead to better fit; for all three indices
presented in the tables, smaller values indicate better model fit regardless of the absolute number.

4. Results
4.1 Descriptive statistics

4.1.1 Descriptive statistics of outcome variables

Table 2 shows the mean scores in mathematics and science by student gender in the TIMSS 2019
and NALO 2018 assessments. Results from both data sets show that boys consistently underperform
compared to girls in both subject domains and at both grade levels in Saudi Arabia. The differences are
larger for science than for mathematics at both grade levels, in both TIMSS and NALO.

Table 2. Mean mathematics and science achievement in Saudi Arabia, by grade level and student gender, TIMSS
2019 and NALO 2018

TIMSS 2019 NALO 2018
Male Female M-E Male Female M-E
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Grade 4 Mathematics 385 (108) 412 (91) -26 496 (103) 504 (97) -8
Science 373 (116) 434 (97) -60 483 (101) 518 (96) -35
Grade 8 Mathematics 385 (80) 403 (74) -17 493 (101) 507 (99) -14
Science 408 (91) 455 (79) -47 480 (100) 521 (96) -42

Source: TIMSS 2019 data reported by Mullis et al. (2020). NALO data are authors’ own calculations. All differences between
genders have been rounded.

4.1.2 Descriptive statistics of predictor variables (TIMSS 2019)

Table 3 shows the percentages of boys and girls in grades 4 and 8 in Saudi Arabia across the TIMSS
2019 contextual categorical variables of interest to this paper (i.e., categorical variables that were
included in the models). Table 4 shows the means (M), standard deviations (SD), minimum (min), and
maximum scores (max) for boys and girls in grades 4 and 8 in Saudi Arabia across the TIMSS contextual
continuous variables of interest to this study (i.e., continuous variables that were included in the models).
The tables also include the effect sizes (/. and d) for the gender differences in each of the contextual
variables (see section 3.2 for further information). Given that some of the estimates presented in table 4
are not intrinsically interpretable (i.e., their values cannot be interpreted as being large or small per se),
cut-scores and their corresponding interpretation along the continuum of each of these variables as set
by TIMSS are provided in table A2.1 in appendix A2.

Across most of the TIMSS 2019 contextual variables, the differences between boys and girls are
statistically significant; however, most of the differences yielded small to moderate effect sizes. Among
these differences the most noticeable at grade 4 are observed in teachers’ absenteeism, with girls being
more likely to attend schools where teacher absenteeism is a minor problem compared to boys who are
more likely to attend schools where teacher absenteeism is either not a problem or a moderate to serious
problem. Another considerable difference can be found in teachers’ major area of study, with more
teachers in boys’ schools having education and mathematics or science as their major area of study,
compared to teachers in girls’ schools who tend to primarily have mathematics or science but not
education as their major area of study. Differences in teachers’ professional development are also
noticeable, with teachers in boys’ schools reporting having attended fewer hours of professional
development on mathematics and science compared to teachers in girls’ schools. Also, in comparison to
grade 4 girls, grade 4 boys are less likely to have positive attitudes (liking/confidence) toward mathematics
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and science, and a lower sense of school belonging, plus they experience more frequent bullying.
Additionally, boys’ schools tend to be less safe and orderly, and teachers in boys’ schools tend to also
report lower levels of job satisfaction. At grade 8, both mathematics and science teachers are younger,
on average, in boys’ schools compared to teachers in girls’ schools, while, in line with findings at grade 4,
more grade 8 teachers in boys’ schools have education and mathematics or science as their major area of
study, compared to teachers in girls’ schools, who tend to primarily have mathematics or science but not
education as their major area of study. Grade 8 teachers in boys’ schools also report having attended
fewer hours of professional development on mathematics and science compared to teachers in girls’
schools. Additionally, grade 8 boys’ schools tend to be less safe and orderly, with lower levels of discipline
and more frequent bullying among students compared to girls’ schools, while teachers in boys’ schools
tend to also report lower levels of job satisfaction.’

Table 3. Contextual categorical variables by student gender, TIMSS 2019

Grade 4 Grade 8
Male |Female Male |Female
Student-level variables % % o/ % % o/
Student immigration status 0.029 0.051**
native 64.8 66.9 76.7 814
second-generation immigrant students 28.8 27.6 15.4 11.7
first-generation immigrant students 6.4 5.5 7.9 6.8
Student owns mobile phone 0.036** 0.000
yes 62.7 58.3 81.4 82.3
no 37.3 41.7 18.6 17.7
Preschool attendance and duration 0.018
did not attend 30.8 30.0
1 year or less 39.7 39.0
2 years 18.3 18.3
3 years or more 11.2 12.7
Student absenteeism 0.131*** 0.182***
never or almost never 36.6 47.8 343 20.0
once every two months 10.3 9.9 15.8 11.7
once a month 12.3 10.5 17.7 21.7
once every two weeks 10.0 7.3 13.7 215
once a week 30.8 24.5 18.6 25.1
Time spent on mathematics homework 0.051%**
15 minutes or less 75.8 73.3
16 minutes or more 24.2 26.7
Time spent on science homework 0.045**
15 minutes or less 71.0 77.4
16 minutes or more 29.0 22.6

7 The TIMSS variable describing teachers’ qualifications for grade 4 shows that a majority of teachers in Saudi
Arabia have secondary education. This is not consistent with official data from the Ministry of Education or other
available data sources, which indicate that most teachers in the country have at least a bachelor’s degree. Due to
this inconsistency, the authors of the study decided to omit this variable from the analysis.
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Grade 4 Grade 8
Male |Female Male |Female
Class/school-level variables % % ?/%e % % P/
School location 0.068*** 0.247***
urban 61.5 58.7 66.4 47.9
suburban/medium size city or large town 27.5 27.4 15.0 33.7
small town or village/remote rural 11.0 13.9 18.6 18.4
Teacher age (mathematics teacher) 0.073*** 0.243%**
29 years or younger 9.7 4.8 28.3 3.9
30-39 years 39.6 47.0 48.2 62.1
40 years or older 50.8 48.2 23.5 34.0
Teacher age (science teacher) 0.047%* 0.126%**
29 years or younger 12.7 6.5 10.2 2.1
30-39 years 38.9 46.8 56.2 50.7
40 years or older 48.4 46.7 33.6 47.2
Time assigned to mathematics homework 0.147*** 0.119%**
15 minutes or less 52.7 67.2 58.4 62.8
16 minutes or more 47.3 32.8 41.6 37.2
Time assigned to science homework 0.054** 0.180***
15 minutes or less 77.3 69.8 66.8 81.4
16 minutes or more 22.7 30.2 33.2 18.6
Poor teacher timekeeping 0.157*** 0.165%**
not a problem 42.0 52.1 39.3 56.6
minor problem 35.6 34.0 42.2 26.5
moderate or serious problem 22.4 13.9 18.5 16.9
Teacher absenteeism 0.211*** 0.066***
not a problem 45.0 33.1 47.8 42.8
minor problem 28.6 48.9 31.8 32.0
moderate or serious problem 26.4 18.0 20.4 25.2
Teacher highest level of education (mathematics teacher) 0.174%**
Up to ISCED level 6 — bachelor’s or equivalent level 977 | 100.0
(grade 8)
ISCED levels 7 & 8 — master’s or doctorate degree
2.3 0.0
(grade 8)
Teacher highest level of education (science teacher) 0.038**
Up to ISCED level 6 — bachelor’s or equivalent level 913 98.0
(grade 8)
ISCED levels 7 & 8 — master’s or doctorate degree
8.7 2.0
(grade 8)
Teacher major area of study (mathematics teacher) 0.222%** 0.209%***
education and mathematics (grade 4) 40.7 21.0
mathematics but not education (grade 4) 47.4 59.6
mathematics and mathematics education (grade 8) 24.9 11.6
mathematics but not mathematics education (grade 8) 68.3 70.6
all other majors 11.9 19.4 6.8 17.8
Teacher major area of study (science teacher) 0.245%** 0.167***
education and science (grade 4) 40.9 15.8
science but not education (grade 4) 49.1 66.9
science and science education (grade 8) 27.2 10.3
science but not science education (grade 8) 65.6 85.0
all other majors 10.0 17.3 7.2 4.7
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Grade 4 Grade 8
Male |Female Male |Female

Class/school-level variables % % ?/%e % % P/
Teacher major area of study (science teacher) 0.245%** 0.167***

education and science (grade 4) 40.9 15.8

science but not education (grade 4) 49.1 66.9

science and science education (grade 8) 27.2 10.3

science but not science education (grade 8) 65.6 85.0

all other majors 10.0 17.3 7.2 4.7
Professional development hours on mathematics 0.326%** 0.196%**

none 10.5 4.6 11.9 3.8

less than 6 hours 20.1 5.4 14.2 12.2

6-15 hours 34.0 28.0 34.4 26.1

16-35 hours 19.2 27.1 20.9 31.3

more than 35 hours 16.2 34.9 18.5 26.7
Professional development hours on science 0.238*** 0.324%**

none 18.6 8.7 135 0.2

less than 6 hours 12.4 13.0 12.8 8.9

6-15 hours 32.9 28.1 35.2 26.0

16-35 hours 21.1 16.9 16.9 34.4

more than 35 hours 15.0 33.3 21.5 30.6
Professional development on mathematics content 0.007 0.098***

yes 55.3 55.0 42.0 50.0

no 44.7 45.0 58.0 50.0
Professional development on science content 0.131%** 0.182%***

yes 435 56.1 43.6 62.3

no 56.5 43.9 56.4 37.7
Professional development on mathematics pedagogy 0.075*** 0.081***

yes 56.8 61.8 60.5 67.1

no 43.2 38.2 39.5 32.9
Professional development on science pedagogy 0.053** 0.172%**

yes 46.3 47.1 57.2 76.8

no 53.7 52.9 42.8 23.2
Principal highest level of education 0.112%** 0.027%*

ISCED Level 6 — bachelor’s or equivalent level 82.4 92.9 90.9 93.7

ISCED levels 7 & 8 — master’s or doctorate degree 17.6 7.1 9.1 6.3
Principal qualification in educational leadership 0.168*** 0.233%**

yes 25.6 14.8 28.5 8.5

no 74.4 85.2 71.5 91.5
School library 0.187*** 0.026

yes 69.5 49.4 74.7 72.4

no 30.5 50.6 25.3 27.6

Note: *p < .05; **p < .01; ***p < .001.
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Table 4. Contextual continuous variables by student gender, TIMSS 2019

Grade 4 Grade 8

Male Female Male Female
Student-level variables m SD min max| m SD min max d m SD min max| m SD min max d
Home resources for learning (grade 4) 9.3 1.41 3.8 14.9/9.5 1.34 3.8 14.9(0.109
Home educational resources (grade 8) 9.4 1.59 4.6 13.5/9.5 1.51 4.6 13.5/0.058
Literacy and numeracy readiness for school 10.1 2.01 3.1 14.6|10.5 1.91 3.1 14.6|0.235***
Student likes learning mathematics 10.3 2.03 3.9 13.1|11.3 1.88 3.9 13.1|0.501*** 10.3 1.97 5.1 13.9|10.0 2.08 5.1 13.9|0.143**
Student likes learning science 10.0 2.33 2.7 13.2|11.3 2.15 2.7 13.2|0.575*** 10.4 2.09 3.9 13.5|10.7 2.15 3.9 13.5|0.146*
Student confident in mathematics 10.1 2.08 2.8 14.4|11.1 2.17 2.8 14.4|0.470*** 10.5 1.88 3.3 15.9(10.5 2.01 3.3 15.9|0.010
Student confident in science 10.0 2.01 3.4 13.3|11.0 2.05 3.4 13.3|0.517*** 10.5 1.92 3.3 14.8|10.9 2.02 3.5 14.8|0.223***
Student sense of school belonging 10.0 2.33 3.1 12.8({11.1 2.01 3.1 12.8|0.533*** 10.2 2.09 3.9 13.3|10.3 1.92 3.9 13.3|0.075
Bullying 8.9 2.25 29 12.7(10.2 2.14 2.9 12.7|0.619*** 9.8 2.35 2.0 12.9(10.6 1.97 3.6 12.9(0.360***
Class/school-level variables
Z:’:;éze"" of home resources for learning 9.2 0.83 6.3 11.3| 9.5 0.68 7.2 11.3|0.409%*
?gfa";e’gea" of home educational resources 9.4 0.69 7.9 11.4| 9.5 0.67 8.3 11.6/0.132
Safe and orderly schools (mathematics teacher) 10.8 1.83 5.8 13.4|11.9 1.71 7.5 13.4|0.644*** 11.2 196 7.2 13.9|11.9 1.92 6.3 13.9|0.376*
Safe and orderly schools (science teacher) 10.9 2.10 5.1 13.4|11.7 1.95 3.9 13.4|0.390%* 109 1.88 6.3 13.9|11.7 2.11 4.9 13.9|0.410**
School emphasis on academic success 10.8 2.12 4.2 16.4|11.8 2.14 7.2 16.4|0.446** 10.8 1.89 6.7 16.4|11.5 2.03 5.8 16.4|0.337*
School discipline 9.5 2.40 3.7 12.8(10.6 2.15 3.7 12.8|0.443* 10.0 2.68 4.1 14.0|11.6 2.37 4.3 14.0|0.616**
Z::f::rr)years of experience (mathematics 15.9 8.43 0.0 31.0|14.4 7.70 0.0 33.0|0.183 10.6 7.29 0.0 30.0[12.2 7.27 1.0 30.0|0.216
Teacher years of experience (science teacher) 15.3 9.36 0.0 36.0|12.8 7.86 0.0 31.0(0.295 13.1 7.43 0.0 36.0|12.6 7.53 0.0 30.0(0.066
Teacher job satisfaction (mathematics teacher) 10.6 1.36 6.4 11.7|11.2 0.87 8.3 11.7|0.569*** 10.7 1.50 5.3 11.8|11.3 0.74 7.2 11.8|0.465**
Teacher job satisfaction (science teacher) 10.6 1.50 5.8 11.7|11.3 0.88 6.9 11.7|0.553*** 10.5 1.65 5.6 11.8|11.5 0.64 8.5 11.8|0.783***
Principal years of experience 9.9 6.65 0.0 30.0| 8.6 7.09 0.0 33.0(0.185 9.4 7.56 0.0 32.0| 8.6 8.30 0.0 39.0{0.102

Note: *p < .05; **p < .01; ***p < .001.
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4.1.3 Additional contextual information for grades 4 and 8 (NALO 2018)

All of the differences between boys and girls in grades 4 and 8 noted in this section are statistically
significant at the p <.001 level. However, the effect sizes associated with these differences were generally
small (appendix Al). NALO data indicate that 14.5 percent of grade 4 boys had repeated a year at school
because of poor academic performance, compared to 6.6 percent of grade 4 girls (table A1.1). In addition,
grade 4 boys reported engaging in a lower level of reading than grade 4 girls. For example, 22.6 percent
of boys reported never having read a book, compared to 12.0 percent of girls. Conversely, 33.8 percent
of boys have read more than 10 books, compared to 40.4 percent of girls. However, when asked whether
mathematics is important in life, grade 4 boys and girls provided broadly similar levels of agreement (table
Al1.1). Among grade 4 immigrant students (those reported by their parents to have been born outside
Saudi Arabia), boys were more likely to attend a private school (13.9 percent) than girls (2.6 percent)
(table A1.2). However, the vast majority of both boys (85.0 percent) and girls (95.2 percent) attended
government schools.

NALO data also show the differences in perceptions among teachers, school principals, and
parents in boys’ and girls’ schools. Teachers of grade 4 boys are substantially less likely to agree that
parents have a good understanding of their child’s current academic level, suggesting greater
misalignment between student performance and parental understanding in boys’ schools compared to
girls’ schools. This difference was associated with the largest effect size observed among all the selected
NALO variables (¢ = .302; table A1.3). Teachers in boys’ schools are also less likely to report that high-
achieving students were respected among their peers compared to teachers in girls’ schools (table A1.3).
School principals’ reports correspond with those of their teachers in relation to parental support for
learning. Principals of girls’ schools report a higher degree of parental support for learning than those in
boys’ schools, and also a higher degree of satisfaction among parents with their child’s educational
progress (table Al1.4). More grade 4 boys (67.3 percent) have access to a school library from which they
can borrow compared to grade 4 girls (48.5 percent), despite girls reporting reading more books, as noted
above.

Similar to grade 4, boys in grade 8 are more likely (6.9 percent) than girls (4.5 percent) to report
having repeated a year at school because of poor academic performance (table Al.1). However, both in
absolute and in relative terms, the differences are smaller at grade 8 than grade 4. In terms of reading
behavior, grade 8 boys report a more nuanced pattern than seen at grade 4. As at the lower grade, more
boys (30.6 percent) than girls (19.3 percent) report never having read a book. However, boys and girls are
equally likely to report having read more than six or more than 10 books. Another difference from
students’ responses at grade 4 is that, in grade 8, boys agree more strongly that mathematics is important
in life relative to their female peers (47.6 percent of boys agreeing a lot compared to 36.3 percent of girls).
Among immigrant students, grade 8 boys were much more likely to attend a private school (11.1 percent)
than grade 8 girls (2.7 percent) (table A1.2). Nonetheless, as at grade 4, most boys (87.7 percent) and girls
(96.3 percent) attended government schools.

Again, similar to grade 4, NALO data for grade 8 show the differences in perceptions among
teachers, school principals, and parents in boys’ and girls’ schools. A substantially lower proportion of
teachers of grade 8 boys agree that parents have a good understanding of their child’s current academic
level (associated with the second-largest effect size observed: ¢ = .236; table A1.3). Similar to grade 4,
this suggests greater misalighment between student performance and parental understanding among
parents in boys’ schools. A lower level of respect for students who achieve at a high academic level is
reported in boys’ schools, although teachers in boys’ schools are slightly more likely to view their grade 8
students as always being keen to excel academically. School principals report weaker parental support for
learning for grade 8 boys than for grade 8 girls (table A1.4), and that boys’ parents’ expectations are being
met to a lesser extent. There is little difference in grade 8 boys’ and girls’ access to a school library from
which they can borrow books.
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4.2 Overall findings from multilevel models

In this section, the main findings on boys’ underperformance in Saudi Arabia and factors
associated with student achievement, in general, are first presented. Then, results from the multilevel
models are shown in detail for grades 4 and 8 separately. Table 5 summarizes the main findings from the
analysis. As discussed in the methods section, a series of hierarchical two-level linear regression models
were run, starting with a simple model that includes student gender but no other predictor variables.
Then, with each step, the changes in the achievement gap between girls and boys are explored when
adding additional information on student demographics and home background, student engagement and
attitudes, school climate, teacher qualifications, and school leadership and resources. Table 5 shows the
coefficient on the gender gap. Regression estimates for the other predictor variables are presented in
appendix A3.

As shown in table 5, boys underperform compared to girls in Saudi Arabia across both grades and
subjects (step 1). The achievement gap between boys and girls is greater in science than in mathematics
across both grades. For example, boys in grade 4 underperform girls by 53 points in science compared to
20 points in mathematics. The results also show that, in grade 4, controlling for student, teacher, and
school characteristics accounts for the entire gender gap in mathematics and more than half of the gap in
science. Specifically, when student-level predictor variables such as student demographics, home
resources for learning, and literacy and numeracy readiness® are taken into account, the gap in
mathematics between girls and boys drops from 20 points to 8 points and it is no longer statistically
significant (step 2).

However, in grade 8, controlling for a wide range of observable characteristics from the student,
parent, teacher, and principal questionnaires explains a relatively small portion of the achievement gap
between boys and girls in both mathematics and science. As shown in table 5, the gender gap between
grade 8 boys and girls declines by 4 points in mathematics and 11 points in science once all the predictor
variables are included (step 6). However, a significant unexplained gender gap favoring girls still exists in
both subjects in grade 8. Estimates from table 5 show that boys underperform girls by 16 points in
mathematics and 40 points in science, even after controlling for all observable characteristics. Some
potential explanations for this remaining gender gap are discussed in section 5.

Table 5. Summary of main findings of the hierarchical two-level linear regression models

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
Student gender (female = 1)
Grade 4 mathematics 19.73* 7.68 -7.42 -17.55 -18.68 -6.71
(8.67) (7.95) (7.98) (8.99) (12.51) | (11.92)
Grade 4 science 53.14 39.36 21.61 17.44 15.04 21.52
(8.29)%** | (7.04)*** | (6.57)** | (7.38)* (8.57) (8.79)*
Grade 8 mathematics 20.78 15.79 18.14 15.47 9.88 16.29
(5.29)%** | (4.78)** | (4.52)*** | (4.92)** (6.06) (6.98)*
Grade 8 science 50.40 45.83 42.28 35.42 34.88 39.89
(5.80)*** i (5.26)*** | (5.00)*** | (5.03)*** | (7.10)*** | (7.52)***
Demographics and home background v v v v v
Student engagement and attitudes v v v v
School climate v v v
Teacher qualifications and practices v v
School leadership and resources v

Note: V indicates variables included in each step.

8 ‘Literacy and numeracy readiness’ is a TIMSS composite scale based on parental reports of the extent to which
their child could demonstrate specified literacy and numeracy skills when they started school (e.g., read some
words, write their own name, count by themselves, recognize written numbers). The scale is available only for
grade 4 students, as the parents of grade 8 students were not asked to complete a questionnaire.
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To explore the extent to which predictors in the models have different effects on boys’ and girls’
performance, the statistical significance of the interactions between student gender and each of the
predictor variables is examined in step 7 of each model. The results from these interactions are presented
in the final step (step 7) of each model, in tables 6 and 7. The final models explained a substantial
proportion of observed achievement variance across both grades and subjects. For example, the final
model for grade 4 mathematics explains 71 percent of variance at the class/school level and 26 percent
of variance at the student level, or 40 percent of the total observed variance.

Overall, results for the examined interaction terms show that, in grade 4, school climate, student
absenteeism, and early numeracy and literacy skills contribute to the achievement gap between girls and
boys in Saudi Arabia. A safe and orderly school climate is more strongly associated with improvements in
boys’ mathematics and science achievement than girls’ achievement (in the two subjects). The findings
also indicate that boys’ mathematics achievement decreases to a greater degree than girls’ achievement
with more frequent student absenteeism. In addition, the results suggest that, even though greater
literacy and numeracy readiness was linked with improvements in science achievement of both boys and
girls, boys tended to benefit more from this readiness than girls. For grade 8, boys’ mathematics
achievement increases to a greater degree in schools with stronger emphasis on academic success than
girls’ achievement. Higher levels of confidence in science were also associated with greater achievement
gains in the subject among boys compared to girls.

4.3 Findings for grade 4

In this section, the results from the final two steps (steps 6 and 7) of each model are presented
for grade 4 mathematics and science. Results for all steps are shown in appendix A3.

4.3.1 Mathematics

Table 6 provides the coefficients and model statistics for grade 4 mathematics from steps 6 and
7. Step 7, the final model, explains 71 percent of the class/school-level variance and 26 percent of the
student-level variance, or 40 percent of the total observed variance. As shown in step 6, the coefficient of
student gender is negative and statistically insignificant. This indicates that when controlling for student,
home, teacher, and school characteristics, the achievement gap between grade 4 boys and girls in
mathematics becomes statistically insignificant. Findings from step 6 also suggest that students’ home
resources for learning, early literacy and numeracy skills, absenteeism, bullying, attitudes toward
mathematics, and sense of school belonging® are significantly associated with student achievement. For
instance, students who are absent once a week tend to underperform students who are never or almost
never absent by 24 points, which is equivalent to 24 percent of a standard deviation. Also, students with
stronger early literacy and numeracy skills achieved higher mathematics scores (B =7.6, p < .001) relative
to other students. Students who reported being bullied less frequently achieved higher mathematics
scores (B = 4.9, p < .001). At the class/school level, school location, poor teacher timekeeping, teacher
experience, and professional development are significantly associated with student performance.
Surprisingly, after holding other variables constant, students in schools located in small towns or remote
areas perform better in mathematics than students in urban areas (B = 54.9, p < .05), while with each
additional year of teacher experience, students score 1.8 points higher in mathematics (p < .01).

In step 7, the interactions between student gender and each of the predictors are examined.
However, only the results for interaction terms that are statistically significant are reported. Overall, poor
school climate tends to affect boys more negatively than girls. As shown in figure 3, the achievement gap

9 Surprisingly, the coefficient of sense of school belonging is negative, suggesting a negative correlation between
student achievement and sense of school belonging. One potential explanation is that high-achieving students in
Saudi Arabia may feel alienated within schools or not appreciated/respected by their peers, which is consistent
with some of previous literature discussed in the introduction (e.g., Jha and Pouezevara 2016).
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between boys and girls is greater in schools with poor school climate relative to other schools. In schools
with a safe and orderly school climate, boys and girls tend to perform similarly.

Figure 3. Interaction between student gender and safe and orderly school climate on mathematics achievement,

grade 4
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Note: The plot presents the predicted values from step 7 of the mathematics model for grade 4 (table 6).

As shown in figures 4 and 5, a number of factors are associated with the underperformance of
grade 4 boys in comparison to girls in school. One factor includes being absent from school once a week,
which is more strongly associated with decreases in boys’ mathematics achievement compared to girls’.
This means that boys’ mathematics achievement appears to suffer more from frequent absences from
school compared to girls’ achievement (figure 4). Teacher age also affects achievement of grade 4 boys
and girls differently in Saudi Arabia. Having a younger teacher (29 years or younger), rather than an older
teacher (40 years or older) is more strongly associated with lower mathematics achievement among boys
compared to girls (figure 5).
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Figure 4. Interaction between student gender and frequency of student absenteeism on mathematics
achievement, grade 4
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Note: The plot presents the predicted values from step 7 of the mathematics model for grade 4 (table 6). Only the reference
category and the category for which a statistically significant interaction with student gender was found are presented.

Figure 5. Interaction between student gender and teacher age on mathematics achievement, grade 4
700

M vale

650 Mremale

600
550
500
450

400

Mathematics score

350

300

250

200

29 years or younger 40 years or older

Teacher age

Note: The plot presents the predicted values from step 7 of the mathematics model for grade 4 (table 6). Only the reference
category and the category for which a statistically significant interaction with student gender was found are presented.

4.3.2 Science

Table 6 also presents the coefficients and model statistics for grade 4 science. Similar to grade 4
mathematics, the results from both steps 6 and 7 are presented. The final model explains 65 percent of
the class/school-level variance and 27 percent of the student-level variance, or 39 percent of the total
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observed variance. As shown in step 6, the coefficient of student gender is positive and statistically
significant (B = 21.5, p < .05). This coefficient is much smaller in magnitude compared to the basic model
(step 1 in table 5), which suggests that controlling for student, home, teacher, and school characteristics
reduces the science achievement gap between grade 4 boys and girls by more than half. There is still,
however, a significant unexplained gap between boys and girls in grade 4 science. Some potential
explanations for this gap are discussed in section 5. Students’ immigration status, early literacy and
numeracy skills, absenteeism, bullying, attitudes toward science, and sense of school belonging are
significantly associated with student achievement in science. For example, students who are absent once
a week tend to underperform students who are never or almost never absent by 21 points. Also, students
with stronger early literacy and numeracy skills tend to perform better in grade 4 science compared to
other students (B=7.6, p <.001).

School location, school mean of home resources, teacher experience, age, and professional
development are the class/school-level variables that were significantly associated with student
performance in science. Surprisingly, after holding other variables constant, students in schools located
in small towns or remote areas perform better in science than students in urban areas (B = 60.8, p < .01).
Students of younger teachers scored lower in science than students of older teachers. Students whose
teachers are between 30 and 39 years old scored 29 points lower than students of teachers who are 40
years or older and students whose teachers are 29 years old or younger scored 44 points lower than
students of teachers who are 40 years or older. Also, students whose teachers have not participated in
any professional development training on science (i.e., completed zero hours in professional
development) tend to score much lower than students whose teachers have completed more than 35
hours in professional development in science (B = -35.3, p < .05). Consistent with grade 4 mathematics,
results in science from step 7 show that poor school climate affects boys more negatively than girls (figure
6). The achievement gap between boys and girls is greater in schools with poor school climate relative to
other schools. In addition, boys tend to benefit more from literacy and numeracy readiness than girls
(figure 7), and girls in urban and suburban areas outperform boys (figure 8).

Figure 6. Interaction between student gender and safe and orderly school climate on science achievement,

grade 4
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Note: The plot presents the predicted values from step 7 of the science model for grade 4 (table 6).
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Figure 7. Interaction between student gender and literacy and numeracy readiness for school on science

achievement, grade 4
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Note: The plot presents the predicted values from step 7 of the science model for grade 4 (table 6).

Figure 8. Interaction between student gender and school location on science achievement, grade 4
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Note: The plot presents the predicted values from step 7 of the science model for grade 4 (table 6). Only the reference category
and the category for which a statistically significant interaction with student gender was found are presented.
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Table 6. Steps 6 and 7 from the hierarchical two-level linear regression models for mathematics and science achievement, grade 4, TIMSS 2019

Mathematics Science
Step 6 Step 7 Step 6 Step 7
, student-level (%) 21.0 26.2 22.5 27.4
class/school-level (%) 54.9 71.4 46.0 64.8
Intercept (SE) 396.29 (21.00)  296.27 (37.86) | 433.35(21.20)  320.48 (35.66)
Student-level variables (reference category) B (SE) B (SE) B (SE) B (SE)
Student gender (male) -6.71(11.92) | 164.98 (54.64)** | 21.52(8.79)* 1249.50 (59.64)***

Student immigration status (native)
second-generation immigrant students
first-generation immigrant students

Home resources for learning

Student owns mobile phone (no)

Literacy and numeracy readiness for school

Preschool attendance and duration (did not attend)

1 year or less
2 years
3 years or more
Student absenteeism (never or almost never)
once every two months
once a month
once every two weeks
once a week
Student likes learning mathematics/science
Student confident in mathematics/science
Student sense of school belonging
Bullying?

15.40 (11.36)
26.74 (17.41)
4.35 (2.11)*
-0.10 (4.70)

7.57 (1.44)%**

1.51 (6.97)
-6.20 (8.84)
15.10 (9.06)

5.36 (9.85)
7.54 (8.60)
-20.34 (8.88)*
-23.53 (7.35)**
4.67 (1.60)**
7.91 (1.50)***
-3.10 (1.16)**
4.91 (1.28)***

14.58 (11.44)
26.53 (17.24)
4.64 (2.11)*
0.10 (4.51)

7.57 (1.43)%**

0.38 (6.81)
-8.60 (8.84)
14.00 (8.81)

4.74 (9.69)
7.21 (8.49)
-21.87 (8.85)*
-34.61 (8.67)***
4.82 (1.55)**
8.24 (1.47)***
-3.10 (1.17)**
5.20 (1.26)***

14.12 (11.98)
32.10 (14.51)*
2.85 (2.79)
-1.58 (1.96)
7.62 (1.41)***

4.88 (5.19)
8.61 (6.40)
8.71(8.62)

7.90 (7.20)
-2.91 (7.42)
-15.47 (9.37)

-21.05 (5.67)***
5.33 (1.76)**
7.89 (1.62)***
-3.68 (1.32)**
5.78 (1.44)***

13.25 (12.08)
37.67 (13.70)**
2.83(2.79)
-1.45 (1.96)
10.35 (1.91)***

3.79 (5.14)
6.55 (6.36)
8.66 (8.49)

8.14 (7.23)
-2.24 (7.39)
-15.07 (9.20)

-20.78 (5.50)***
5.16 (1.75)**
8.09 (1.61)***
-3.55 (1.31)**
5.91 (1.44)***

Class/school-level variables (reference category)

School mean of home resources for learning
School location (urban)
suburban/medium size city or large town
small town or village/remote rural
Teacher age (40 years or older)

15.70 (9.03)

-8.40 (11.43)
54.91 (26.49)*

10.65 (8.07)

-3.81 (9.56)
42.47 (24.77)

22.16 (6.74)**

-10.96 (9.66)
60.77 (20.36)**

17.82 (5.67)**

-36.03 (10.25)***
60.10 (16.90)***

29 years or younger 15.59 (19.55) -4.73 (18.68) -43.78 (17.99)* | -17.31(16.16)

30-39 years 16.37 (14.17) 18.35 (12.26) -28.52 (10.26)** i -20.29 (9.24)*
Safe and orderly schools 0.32(3.21) 6.63 (4.00) 5.29 (3.07) 9.92 (3.52)**
School emphasis on academic success -0.26 (2.76) 2.93 (2.58) -1.91 (1.83) -0.75 (1.71)
School discipline -3.91 (3.80) -1.60 (3.74) -1.84 (2.68) -0.85 (2.51)
Teacher years of experience 1.76 (0.60)** 2.23 (0.59)*** -1.51 (0.60)* -0.95 (0.59)
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Class/school-level variables (reference category) B (SE) B (SE) B (SE) B (SE)
Teacher job satisfaction 1.10 (4.34) -0.03 (4.03) -3.32(3.34) -4.52 (3.17)
Time assigned to mathematics/science homework (15 minutes or less)® 4.63 (8.85) 9.68 (8.52) -7.30 (11.31) -5.47 (9.81)
Poor teacher timekeeping (not a problem)

minor problem -24.39 (11.49)* -14.89 (8.67) 2.50(11.75) 4.86 (10.50)

moderate or serious problem -2.18 (17.35) 13.44 (16.06) -1.66 (17.19) -0.39 (15.45)
Teacher absenteeism (not a problem)

minor problem 8.04 (13.45) 5.03 (11.02) 1.01 (13.17) -2.16 (10.94)

moderate or serious problem -7.64 (23.90) -8.53 (21.01) 1.87 (16.55) 5.55 (13.59)
Teacher major area of study (education and mathematics/science)

mathematics/science but not education -8.20 (9.26) -6.76 (8.18) -2.69 (9.78) -7.35 (8.84)

all other majors -9.88 (12.49) -18.21 (10.74) -23.80 (18.47) -34.13 (17.72)

Professional development hours on mathematics/science (more than 35 hours)

16-35 hours -29.46 (11.69)* | -22.62 (10.50)* 3.50 (14.09) 5.25(11.73)
6—15 hours -5.35 (13.24) 4.99 (12.26) -5.01 (12.01) -4.52 (10.92)
less than 6 hours -3.30 (14.44) 4.14 (12.28) 18.81 (15.70) 12.82 (13.31)
none -1.71 (21.24) -2.60(16.21) -35.32 (15.06)* | -37.77 (15.23)*
Professional development on mathematics/science content (no) 19.53 (10.85) 15.17 (10.60) 9.96 (12.76) 11.64 (11.14)
Professional development on mathematics/science pedagogy (no) 13.29 (11.26) 14.85 (9.46) -2.53 (10.00) -1.60 (9.00)
Principal years of experience -0.13 (0.79) -0.29 (0.71) -0.20 (0.66) 0.15 (0.60)
Principal highest level of education (ISCED levels 7 & 8 — master’s or doctorate degree)® -3.76 (15.01) 4.78 (12.47) -11.91 (10.93) -13.19 (9.41)
Principal qualification in educational leadership (no) -4.76 (13.02) -6.06 (10.83) 5.72(9.43) 7.28 (8.66)
School library (no) 19.09 (10.82) 15.10 (10.29) 4.69 (8.59) 7.65 (7.90)
Interaction terms (reference category)
Student gender*Safe and orderly schools -16.25 (5.13)** -15.61 (4.93)**
Student gender*Student absenteeism (never or almost never) — once a week 22.88 (10.44)*
Student gender*Teacher age (40 years or older) — 29 years or younger 89.46 (30.62)**
Student gender*Literacy and numeracy readiness for school -6.29 (2.57)*
Student gender*School location (urban) — suburban/medium size city or large town 75.76 (15.57)***
Loglikelihood (Ho) -8549.92 -8533.11 -12381.76 -12361.03
Fit statistics A/C 17193.84 17166.23 24857.51 24822.05
BIC 17442.83 17431.12 25123.27 25104.77

Note: Null mathematics model: Intercept (SE): 402.02 (4.44), ICC = 0.31, Hp=-32210.89, AIC = 64427.78, BIC = 64447.59. Null science model: Intercept (SE): 407.42 (4.88), ICC = 0.30, Hpo= -
32704.43, AIC = 65414.86, BIC = 65434.67. *p < .05; **p < .01; ***p < .001.2Higher scores indicate less frequent bullying; ® Other category: 16 minutes or more; <Other category: ISCED Level

6 — bachelor’s or equivalent level.
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4.4 Findings for grade 8

In this section, the results from the final two steps (steps 6 and 7) of each model are presented
for grade 8 mathematics and science. Results for all steps are shown in appendix A3.

4.4.1 Mathematics

Table 7 presents the coefficients and model statistics for grade 8 mathematics. The gender
difference in mathematics achievement remains statistically significant and only slightly smaller in
magnitude (B = 16.3, p < .05) than the gender difference recorded in step 1 (B = 20.8, table 5), even after
the addition of the selected conceptual blocks of predictor variables. Despite the relatively small effect of
the predictor variables on the extent of the gender difference, the final model, including interactions,
explains a substantial proportion of the observed variance in grade 8 mathematics achievement: 27
percent at level 1 and 74 percent at level 2, or 39 percent of the total observed variance.

Student-level factors that were significantly associated with higher mathematics achievement
among both boys and girls were: first-generation or second-generation immigrant status, greater access
to home learning resources, infrequent absence from school (no more than once every two months),
greater confidence in mathematics, lower liking of mathematics, and taking less time to complete
mathematics homework (15 minutes or less). School-level factors that were significantly associated with
higher mathematics achievement among both boys and girls were: a higher school-average level of home
resources for learning across the student body, and mathematics teachers having a postgraduate
qualification (master’s or doctorate) rather than a lower qualification.

One significant interaction with student gender was observed for grade 8 mathematics. This
interaction, involving schools” emphasis on academic success, is illustrated in figure 9. The interaction
term indicates that boys’” mathematics achievement increases to a greater degree than girls’ achievement
in schools with stronger emphasis on academic success, relative to schools with a weaker emphasis on
academic success. However, given that this difference was not substantial, this finding should be
interpreted with caution.

Figure 9. Interaction between student gender and school emphasis on academic success on mathematics
achievement, grade 8
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Note: The plot presents the predicted values from step 7 of the mathematics model for grade 8 (table 7).
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4.4.2 Science

Table 7 also presents the coefficients and model statistics for grade 8 science. The gender
difference in science achievement remains statistically significant and substantial (B = 39.9, p <.001) after
the addition of the selected conceptual blocks of predictor variables. Nonetheless, the final model,
including interactions, explains a substantial proportion of the observed variance in grade 8 science
achievement: 27 percent at level 1 and 79 percent at level 2, or 41 percent of the total observed variance.

Student-level factors that were significantly associated with higher science achievement among
both boys and girls were: first-generation or second-generation immigrant status, greater access to home
learning resources, infrequent absence from school (no more than once every two months), greater
confidence in science, and taking less time to complete science homework (15 minutes or less). School-
level factors that were significantly associated with higher science achievement among both boys and girls
were: a higher school-average level of home resources for learning across the student body, infrequent
teacher absenteeism (regarded by principals as not a problem), and science teachers whose qualification
was in an area other than science or science education.

Two significant interactions with student gender were observed. These interactions, involving
students’ confidence in science and teachers’ age, are illustrated in figures 10 and 11. The first interaction
term indicates that higher levels of confidence in science are linked with greater gains in science
achievement among grade 8 boys relative to grade 8 girls. The second interaction term indicates that
boys’ achievement in grade 8 science is higher when taught by older teachers, whereas girls’ achievement
is higher in classes taught by younger teachers (ages 30—39 years old) than in classes taught by older
teachers.

Figure 10. Interaction between student gender and student confident in science on science achievement, grade 8
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Note: The plot presents the predicted values from step 7 of the science model for grade 8 (table 7).
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Figure 11. Interaction between student gender and teacher age on science achievement, grade 8
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Note: The plot presents the predicted values from step 7 of the science model for grade 8 (table 7). Only the reference category
and the category for which a statistically significant interaction with student gender was found are presented.
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Table 7. Steps 6 and 7 from the hierarchical two-level linear regression models for mathematics and science achievement, grade 8, TIMSS 2019

Mathematics Science
Step 6 Step 7 Step 6 Step 7
R? student-level (%) 26.7 27.3 25.5 27.2
class/school-level (%) 64.0 74.4 69.8 79.0
Intercept (SE) 367.09 (23.42)  310.38(36.78) | 441.38(19.49) 426.88 (24.75)
Student-level variables (reference category) B (SE) B (SE) B (SE) B (SE)

Student gender (male)

Student immigration status (native)
second-generation immigrant students
first-generation immigrant students

Home educational resources

Student owns mobile phone (no)

Student absenteeism (never or almost never)
once every two months
once a month
once every two weeks
once a week

Student likes learning mathematics/science

Student confident in mathematics/science

Student sense of school belonging

Bullying?

Time spent on mathematics/science homework (15 minutes or less)®

16.29 (6.98)*

17.59 (7.92)*

31.83 (9.37)**

4.09 (1.03)***
4.20 (5.13)

-8.73 (5.81)
-19.47 (5.06)***
-29.92 (4.84)***
-44.23 (6.40)***

-4.30 (1.57)**
15.24 (1.27)%**
-1.03 (1.12)
-0.42 (0.91)
-11.35 (3.98)**

90.11 (35.49)*

17.51 (7.97)*

31.92 (9.33)**

4.10 (1.03)***
3.80 (5.07)

-9.10 (5.78)
-20.02 (5.20)***
-30.31 (4.83)***
-44.52 (6.53)***

-4.35 (1.57)**
15.26 (1.27)***

-1.00 (1.12)

-0.43 (0.91)
-11.40 (4.01)**

39.89 (7.52)***

31.81 (8.36)***

43.75 (9.67)***

5.39 (1.40)***
-0.32 (6.32)

-5.55 (6.26)
-13.34 (5.34)*
-10.40 (7.47)

-46.77 (6.44)%**
-0.85 (1.17)
11.35 (1.54)%**
-1.20 (1.45)
1.49 (1.21)
-12.37 (3.99)**

74.88 (25.07)**

31.84 (8.36)***

43.76 (9.57)***

5.44 (1.40)***
-1.32 (6.53)

-5.16 (6.26)
-12.49 (5.24)*
-10.19 (7.49)

-47.10 (6.46)***

-0.79 (1.18)

14.09 (2.02)***
-1.15 (1.45)
1.32(1.21)

-11.94 (3.99)**

Class/school-level variables (reference category)

School mean of home educational resources
School location (urban)

25.97 (5.32)***

26.91 (5.29)***

20.23 (4.66)***

18.59 (4.37)***

suburban/medium size city or large town 6.64 (6.19) 9.63 (6.22) -6.53 (5.96) -7.84 (5.70)

small town or village/remote rural 2.05 (11.06) 4,58 (11.13) 3.12 (8.44) -3.79 (8.53)
Teacher age (40 years or older)

29 years or younger -20.08 (19.13) -23.36 (19.05) 9.78 (13.38) 3.56(12.88)

30-39 years -5.54 (11.15) -6.51 (11.35) -2.14 (6.47) -20.34 (7.79)**
Safe and orderly schools 0.87 (1.68) 0.87 (1.62) 2.29 (1.40) 1.96 (1.44)
School emphasis on academic success 1.80(1.70) 5.76 (2.48)* 0.07 (1.24) 0.46 (1.29)
School discipline -2.60(1.92) -3.11 (1.93) 0.64 (1.14) 0.13 (1.13)
Teacher years of experience -0.49 (0.88) -0.60 (0.88) 0.54 (0.48) 0.54 (0.51)
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Class/school-level variables (reference category) B (SE) B (SE) B (SE) B (SE)
Teacher job satisfaction -1.07 (2.18) -1.70(2.15) -3.19 (2.47) -3.35(2.36)
Time assigned to mathematics/science homework (15 minutes or less)® 10.39 (6.03) 13.77 (6.21)* -4.98 (6.32) -7.03 (5.91)
Poor teacher timekeeping (not a problem)

minor problem 7.38 (8.34) 7.72 (7.64) 2.15 (8.32) 0.82 (7.67)

moderate or serious problem 1.67 (15.21) 10.83 (14.07) 13.22 (11.46) 12.78 (10.64)
Teacher absenteeism (not a problem)

minor problem -3.46 (7.99) -1.30(7.43) 1.19 (6.79) 2.17 (6.24)

moderate or serious problem -20.00 (13.91) : -28.83 (14.24)* -17.19 (8.26)* -16.62 (7.64)*
Teacher highest level of education (Up to ISCED level 6 — bachelor’s or equivalent level)® 54.32 (15.71)** {67.81 (17.26)*** -3.91 (13.17) -8.79 (12.29)
Teacher major area of study (mathematics/science and mathematics/science education)

mathematics/science but not mathematics/science education -5.55 (7.31) -5.02 (7.25) -11.49 (6.62) -11.88 (6.43)

all other majors -0.44 (9.16) -5.21 (9.65) 22.96 (10.73)* 20.62 (9.38)*
Professional development hours on mathematics/science (more than 35 hours)

16-35 hours -14.62 (8.62) -18.01 (8.67)* -3.53 (7.63) -3.66 (7.06)

6-15 hours -0.91(7.97) -2.98 (7.67) -0.71(6.72) -4.61 (6.57)

less than 6 hours -9.99 (8.94) -11.23 (8.69) -0.04 (8.80) 3.27 (8.49)

none -19.37 (11.70) | -24.04 (12.16)* 3.65 (15.01) 6.03 (14.52)
Professional development on mathematics/science content (no) 4.33 (5.31) 5.13 (5.06) 8.62 (7.78) 11.07 (7.34)
Professional development on mathematics/science pedagogy (no) -0.02 (7.05) 1.28 (6.95) -0.02 (8.96) 0.27 (7.98)
Principal years of experience -0.24 (0.38) -0.34 (0.39) -0.09 (0.35) -0.19 (0.35)
Principal highest level of education (ISCED levels 7 & 8 — master’s or doctorate degree)® -4.32 (11.75) 1.36(11.86) 4,73 (13.27) 6.23 (13.36)
Principal qualification in educational leadership (no) 12.85 (8.06) 11.58 (7.68) 3.02 (6.33) -0.05 (6.46)
School library (no) 9.32 (6.98) 9.76 (6.95) 6.66 (6.20) 9.22 (5.81)
Interaction terms (reference category)
Student gender*School emphasis on academic success -6.43 (3.04)*
Student gender*Student confident in science -4.88 (1.91)*
Student gender*Teacher age (40 years or older) — 30—-39 years 32.15 (10.20)**

Loglikelihood (Ho) -12113.38 -12109.54 -13016.61 -13004.99
Fit statistics  AIC 24316.77 24311.07 26123.23 26103.99
BIC 24572.77 24572.76 26381.44 26373.68

Note: Null mathematics model: Intercept (SE): 394.83 (2.88), ICC = 0.25, Ho=-32297.78, AIC = 64601.56, BIC = 64621.49. Null science model: Intercept (SE): 431.76 (3.69), ICC = 0.27, Hp= -
33003.98, AIC = 66013.96, BIC = 66033.89. *p < .05; **p < .01; ***p < .001. 2 Higher scores indicate less frequent bullying; b Other category: 16 minutes or more; ¢ Other category: ISCED
levels 7 & 8 —master’s or doctorate degree; 9 Other category: ISCED Level 6 — bachelor’s or equivalent level.
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5. Discussion

The results presented in the previous section shed some light on the factors that are associated
with mathematics and science achievement in Saudi Arabia, and on the factors that contribute to the large
observed differences in achievement between boys and girls. Although there was variation across the four
sets of multilevel models in terms of which variables were associated with student achievement when
considered simultaneously, some consistency was also evident. Such consistency should help identify key
factors for educators and policy makers in Saudi Arabia to consider as part of broader efforts to raise levels
of achievement in elementary and intermediate schools.

Summarized below are the most important findings of the analyses presented in the results
section and some of the broader issues arising from these findings. In particular, attention is drawn to the
most robust findings with the clearest implications for educators and policy makers in Saudi Arabia.

5.1 Summary of main findings

The results of the analysis described in this paper suggest that, at the elementary level, early
literacy and numeracy skills, student absenteeism, and school climate contribute to the observed gender
gap in student performance in Saudi Arabia. A significant interaction was noted between student gender
and students’ early literacy and numeracy readiness for school in predicting grade 4 science achievement.
Specifically, boys’ science achievement in grade 4 was particularly low, relative to girls’, among students
with poorly developed preschool literacy and numeracy skills (as reported by their parents). In addition,
the findings showed that boys in grade 4 appear to be particularly disadvantaged by disorderly or unsafe
school environments. Substantial gender differences in favor of girls among students attending disorderly
schools, in both mathematics and science, are reduced to minor differences among students attending
highly safe and orderly schools. Similarly, while all four sets of models showed a negative association
between frequent student absenteeism and achievement, the association was particularly strong among
grade 4 boys.

Overall, several of the variables examined were found to be significantly associated with both
mathematics and science achievement in grade 4, for both boys and girls. Higher scores in mathematics
and science were associated with several factors, including students: (a) having stronger early literacy and
numeracy skills upon starting primary school, (b) liking mathematics or science, (c) being more confident
in mathematics or science, (d) being present at school more regularly, and (e) having a lower frequency
of bullying. The set of factors most consistently associated with achievement at grade 4 are predominantly
at the student level and drawn mostly from the first two conceptual blocks entered into the models: the
home background and student engagement and attitudes.

Similarly, several variables were found to be significantly associated with both mathematics and
science achievement in grade 8. However, the pattern of common variables is somewhat different
between the two grade levels. Among grade 8 students, higher scores in mathematics and science were
associated with students’: (a) immigration status, (b) access to more learning resources at home, (c) higher
confidence in mathematics or science, (d) regular presence in school, and (e) enrollment in a school where
students have a higher average level of home learning resources. Similar to the findings at grade 4, each
of these variables was part of the first two conceptual blocks in the models (the home background and
student engagement and attitudes), with 4 of the 5 being student-level factors.

5.2 Accounting for observed gender differences in achievement in Saudi Arabia

Student gender remained a significant predictor of science achievement in grade 4, and both
mathematics and science achievement in grade 8, even after accounting for the effects of the other
predictors. Although the gender difference in achievement is partially accounted for by the modeled
variables—leading to a reduction in the ‘remaining’ or residual gender difference in all models—grade 4
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mathematics was the only one of the four sets of models where the final gender difference was no longer
statistically significant. This implies that other factors, not examined in the models, contribute to the
substantial residual gender difference in grade 4 science and grade 8 mathematics and science. One
possibility is that selection effects could be driving the observed differences — that is, if only high-
achieving girls attend school or sit for assessments, but most boys do so, there is a possibility of bias, such
that girls’ average achievement would appear inflated. However, as enrollment in primary and
intermediate education in Saudi Arabia is almost universal among both genders, selection effects are
unlikely to be playing a role in this analysis.

Given evidence from other studies, it is likely that differences in reading proficiency play a role in
explaining at least part of the remaining gender differences. This is particularly so in relation to science
achievement, where test items are by necessity embedded in a context that often requires a greater
degree of reading comprehension. Differences in reading proficiency between boys and girls might also
contribute to explaining the remaining gender differences observed here in mathematics achievement in
grade 8, given that grade 8 mathematics assessments require more reading skills compared to
mathematics in early grades. For example, test items assessing applied reasoning or problem-solving skills
in grade 8 are more likely to be embedded in a short scenario requiring some level of reading.
International assessments in recent years have consistently shown that reading achievement is, on
average, substantially lower in Saudi Arabia than in many other countries, both among grade 4 students
(Mullis et al. 2012; 2017) and among 15-year-old students (OECD 2019).

Moreover, in Saudi Arabia, the reading achievement gap in which girls outperform boys is among
the largest gender differences in the world. Differences between boys and girls in reading proficiency have
been found to exceed half a standard deviation in both the PIRLS and PISA studies (Mullis et al. 2017;
OECD 2019). Previous research on TIMSS mathematics and science items has shown that items with a
higher reading load (those requiring a higher volume of reading or more complex reading skills) tend to
be more difficult for students to answer correctly than items with a lower reading load, and also that
weaker readers tend to be disproportionately disadvantaged by a higher reading load (Mullis, Martin, and
Foy 2013). For this reason, the magnitude and consistency of Saudi boys’ relative disadvantage in reading,
seen across various studies, seems likely to play a role in contributing to their poorer results found here
in mathematics and science achievement even after accounting for a range of contextual variables. The
NALO 2018 results provide further support for this view, with boys at both grade levels being more likely
than girls to report not having read a book (although it should be noted that this was the case even for a
substantial minority of girls).

The proposed importance of reading skills in underpinning mathematics and scientific
achievement is consistent with the pattern of residual (unexplained) variance reported in the models,
which indicates a role for other factors operating largely at the student level. After accounting for a range
of other student- and class/school-level factors, the majority (approximately three-quarters) of
class/school-level variance was explained in the models, whereas a majority of student-level variance
remained unexplained. This suggests that the residual gender differences in achievement are likely to be
associated more strongly with student-level factors, such as reading skills, social and behavioral skills, or
aspects of the home background, than with additional school-level factors. The finding from NALO 2018
that more boys than girls have repeated a grade at school because of poor academic performance is worth
noting in this regard. Similar data on the extent of grade repetition are available from PISA 2018 (OECD
2019), where 13.0 percent of 15-year-old boys in Saudi Arabia reported repeating at least one grade,
compared to 9.8 percent of girls. These findings hint at the likelihood that early disadvantages and
difficulties with learning in the early grades may compound over time, and that there is a need for stronger
learning supports for students with special educational needs to enable progression through the
education system. Although this issue affects both boys and girls in Saudi Arabia, the figures from NALO
and PISA indicate that such compounding educational disadvantage is more clearly apparent among boys.
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Teaching quality is another factor that appears to be associated with gender differences in
achievement in Saudi Arabia. Female entrants to the teaching profession in Saudi Arabia tend to score
higher than their male counterparts on the teacher licensure examination. This is consistent with evidence
from other countries, which shows that the teaching profession attracts more high-ability female teachers
than male teachers (Carroll, Parasnis, and Tani 2021; Corcoran, Evans, and Schwab 2004). The differences
in abilities between female and male teachers could be explained, in part, by the gender differences in
returns to education across occupations (World Bank 2012; Cortes and Pan 2018). Research on teacher
labor markets has shown that the opportunity cost of becoming a teacher is lower for women than men,
due primarily to the limited occupational opportunities for women outside the field of education (Carroll,
Parasnis, and Tani 2021). Additionally, teaching is traditionally a preferable profession for women in Saudi
Arabia. The competition among female graduates for teaching jobs in Saudi Arabia is much higher than
the competition among males. From the demand side, this implies a higher probability of selecting
cognitively talented teachers from female graduates than from male graduates.

The analyses presented in this paper have accounted for a high proportion of the observed
variance in mathematics and science achievement in Saudi Arabia (ranging from 39 percent to 41 percent
across subject domains and grade levels). Notably, these models largely account for the portion of
variance in achievement that can be attributed to the class/school level. This suggests that policy makers
may reasonably hope that focusing their attention on improving the class/school-level issues identified
here (e.g., safe and orderly school climate, support for academic achievement, teacher attendance and
timekeeping) would contribute to creating an education system that promotes higher levels of student
achievement. However, the fact that the majority of variance in achievement (70-75 percent) is
attributable to student-level factors means that policy makers will also have to look at the home
environment and broader society, as well as the school environment, in order to raise levels of
achievement and close the (currently very wide) gaps in achievement between boys and girls in Saudi
Arabia. This student-level variance has been partly explained by variables examined here (e.g., students’
early literacy and numeracy skills, attitudes toward mathematics and science, experiences of bullying, and
level of access to home resources for learning), but significant variance remains unexplained.

5.3 Limitations

The conclusions that can be drawn from these analyses are limited to being correlational in
nature, as TIMSS and NALO are both cross-sectional studies. This means that it would be incorrect to claim
on the basis of these results alone that changes in any of the included variables will lead to corresponding
changes in student achievement. In some cases, the findings presented here are clearly consistent with
theoretical expectations and evidence from other settings—for example, that promoting more regular
attendance at a school with a learning-supportive climate may reasonably be expected to have positive
implications for student learning. Nonetheless, readers should be aware that the model results need to
be interpreted cautiously and with due regard to the wider theoretical and empirical literature. Informed
decisions should be based on a broad reading of the literature and the evidence base, including the new
results presented in this paper, rather than on any single study.

The results of the models hint at the importance of teachers and teaching quality as contributing
factors to student outcomes. However, the strength of any conclusions drawn in this paper related to
teaching are constrained by limitations in the available data. For example, the TIMSS variable describing
teachers’ qualifications at grade 4 was omitted from analysis due to an error identified in the Saudi Arabia
data set for TIMSS 2019. TIMSS collects some data related to teachers and classroom practices but more
detailed analysis on teacher quality would be possible with research studies and, thus, data sets more
focused on this topic.

Finally, although the highly gender-segregated structure of the education system in Saudi Arabia
presents an opportunity to examine the educational environments experienced by boys and girls in
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relative isolation, this same feature also imposes analytic constraints. As there are no cases in the available
data of boys and girls taught in the same classes, boys taught by female teachers, or girls taught by male
teachers, it is impossible to disentangle gendered differences in learning outcomes from other factors
that covary completely with students’ gender. For example, in these data sets boys in Saudi Arabia are
universally taught by male teachers, who, in turn, received their education and teaching qualifications
from all-male institutions, which may differ in important ways from the institutions attended by girls and
female teachers. The ongoing rollout of a scheme to assign female teachers to boys in the early grades,
as described earlier, will provide opportunities in future to reexamine outcomes among boys and girls
while controlling for teacher characteristics to a greater degree.

6. Conclusions and Implications

The findings of this study point to the relevance of the school climate in understanding the current
gender differences in achievement observed in Saudi Arabia. Although previous research points to the
value to students of a stable and supportive school climate in general (Nilsen et al. 2016; Reynolds et al.
2014), the results of this study indicate that boys in Saudi Arabia may be especially impacted by a negative
or unstable school environment. Most notably, the presence of a safe and orderly school climate for grade
4 students, and a supportive climate for academic success for grade 8 students, are particularly associated
with higher achievement for boys relative to attending less orderly or less supportive schools.

School principals, teachers, and other educators should be cognizant of the importance of these
factors and should take active steps to build and maintain positive school and classroom environments
where students feel safe, connected, and positively challenged to learn and think. Where these conditions
are not present, student learning is likely to be impeded. This is especially the case for boys, who may
require a greater degree of behavioral support and guidance from adults to engage fully with schoolwork
in a structured classroom setting in a single-gender school environment. Where such support and
guidance are lacking, boys appear to fall behind in their learning and are at risk of being held back for a
year to a greater degree than girls who similarly lack a positive school climate. This may be related to
gendered differences in societal expectations (Ridge and Jeon 2020) and, as indicated by the NALO data,
greater support for learning for girls at home (Ridge and Jeon 2020). Teachers can help to create positive
learning environments and encourage active student participation in their learning by, for example,
integrating students’ interests into the lesson material where possible and remaining alert to the effects
of stereotypes, such as boys being more suited than girls to science and mathematics, and girls being
more suited to reading, that may negatively affect how students engage with lessons and how teachers
communicate with their students (Brozo et al. 2014; OECD 2015). It is also important that lessons are
challenging but at a level that students can realistically engage with and understand; where basic
prerequisite learning has not been solidified, teachers are likely to find themselves covering more
advanced topics with limited student engagement or understanding (Niemiec and Ryan 2009). Other
practices that teachers can integrate into their teaching in order to create a positive learning environment
include offering students choices, providing rationales for decisions made or where choices cannot be
offered, encouraging students to ask questions and to offer their perspectives, listening to and
acknowledging students’ contributions, and offering constructive feedback on how students can improve
(Teixeira et al. 2020).

A supportive school environment is important for boys’ learning, but support for learning in the
home is also crucial. By the time students begin attending school, they have been growing, developing,
and learning at home and in the community for several years already. The TIMSS data show that boys in
Saudi Arabia tend to begin school with weaker early literacy and numeracy skills than girls. More than
that, the models indicate that boys’ science achievement is more strongly associated with their early
literacy and numeracy skills compared to girls’. Boys who begin school with weak early literacy and
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numeracy skills tend to have considerably lower science achievement than their female counterparts with
equivalent early literacy and numeracy skills by grade 4, while science achievement of boys and girls with
stronger early literacy and numeracy skills tends to be similar. In other words, boys who begin school at
an early learning disadvantage to their peers are further disadvantaged as they progress through the
education system and appear to be at more risk of falling behind than girls who begin school with weaker
early skills. This can also be seen in students’ reports, in NALO, that boys are more likely to repeat a year
in school because of poor academic performance.

It is important that parents are aware that early childhood development lays a foundation for
future education, health, well-being, and economic success. Public health and education agencies should
promote awareness among parents and provide guidance and resources to encourage greater
engagement in early learning in the family. For example, simple activities that can contribute to a child’s
early literacy and numeracy development could include reading together, describing a scene in everyday
life, counting everyday objects or singing counting songs, and using mathematical and spatial language
while playing with shapes or other objects (e.g., “behind”, “above”, “beside”, “straight”, “curved”,
“double”). Data from TIMSS 2019 show that parents in Saudi Arabia report engaging in activities of these
types less frequently with young boys than young girls. Taking steps to increase the level of support for
early childhood learning at home for boys, in particular, would likely lead to a stronger foundation in the
future for boys starting school and to greater progress in learning among boys. Cultural and social barriers
that contribute to low enrollment of young children in kindergarten—for example, social expectations
relating to motherhood and childrearing at home—also need to be considered in this respect.

It is noteworthy that, despite the differences seen across the four sets of models, two variables
were found to be significantly associated with both mathematics and science achievement at both grade
levels. These were students’ confidence in mathematics or science (positively associated with
achievement in all cases) and students’ reported levels of absenteeism (more frequent absences being
negatively associated with achievement in all cases). The consistency of these findings demands attention
from Saudi Arabia’s education community. In particular, student absenteeism, as an issue that is likely
more responsive to policy making compared to others (e.g., students’ socio-economic status), should be
considered carefully. The analyses presented in this paper have shown that student absenteeism in Saudi
Arabia is widespread, frequent, and consistently associated with achievement in at least two key areas of
study (mathematics and science), at both elementary and intermediate school levels. In many countries,
student absenteeism is relatively rare and structures are in place to monitor and promote regular
attendance at school. These structures can encompass both informal channels (e.g., between the
schoolteacher or principal and the child’s parents) and formal channels (e.g., formal communication
between the school and the home or, in more extreme cases, a state agency tasked to follow up to ensure
minimal levels of attendance at school). The frequency of absenteeism for many students in Saudi Arabia,
coupled with the likely negative implications of regular absenteeism for achievement, suggest that Saudi
Arabia’s policy makers should study efforts in other countries to combat absenteeism (e.g., Knoster 2016;
Rogers and Vegas 2009) and consider how similar approaches could be usefully adapted to the local
context.

A similar problem is apparent with the teaching workforce in Saudi Arabia’s schools. A substantial
proportion of school principals, at both elementary and intermediate levels, indicated that teacher
absenteeism and poor teacher timekeeping (teachers arriving late to school or leaving early) are problems
in their schools. This is consistent with previous research indicating that teachers in Saudi Arabia’s schools
often lack enthusiasm for the profession and are poorly motivated (OECD 2020).. Without taking steps to
ensure that teachers are both highly skilled and present and engaged in teaching during scheduled
working hours, students will continue to be at risk of failing to reach their full potential as a result of
failures in school management practices. Other initiatives that may be taken to, for example, build
supportive school climates, are likely to be limited as long as they are undermined by poor teacher
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attendance at school and lack of teacher enthusiasm (in itself, a contributory factor to a school
environment that is not conducive to student learning).

Teacher training represents another area for improvement. Results from this paper show that
despite male teachers’ greater exposure to education during initial training and their higher qualifications
compared to female teachers,® boys in Saudi schools achieve much poorer outcomes than girls in both
mathematics and science. Although holding higher qualifications does not necessarily suggest a higher
standard of teaching or improved student performance (Harris and Sass 2011), especially when the focus
of the qualification is unknown, these patterns may signal the poor quality of teacher education and
training. Further study of these dynamics as they relate to student outcomes would be useful.

In general, efforts to raise educational achievement in Saudi Arabia require taking a broader view
beyond the necessary focus on schools and teachers. As noted above, early child development (physical,
cognitive, social) and early learning provide foundations for achievement in elementary and intermediate
school, and beyond. Ongoing support for learning at home throughout childhood is also crucial, including
modeling of positive behaviors (e.g., reading) and involvement in children’s education by their parents.

6.1 Suggestions for further research

Future efforts to explain the observed differences between boys’ and girls’ achievement in Saudi
Arabia should, if possible, seek to include a broader range of out-of-school factors in the analysis than
were possible with the TIMSS 2019 data set. For example, some variables that are not available in TIMSS
2019 or NALO 2018 but that could be usefully considered in a future analysis of gender differences in
achievement include students’ reading proficiency; students’ engagement in reading for leisure; and the
(gendered) nature of parents’ expectations and aspirations for their child’s education, qualifications, and
future career. In particular, considering the importance of literacy as a foundational skill (see also Gregory
et al. 2021), the inclusion of an indicator of reading achievement would help control for gender differences
relating to literacy levels and would allow more fine-grained examination of mathematical and scientific
proficiency. Among international assessments, data from PISA at intermediate level or from a joint TIMSS
and PIRLS assessment (such as TIMSS/PIRLS 2011) at primary level could be used for this purpose. At the
national level, an administration of NALO that assessed reading as well as mathematics or science from
the same students could also be used. Given that the majority of unexplained variance in the models
presented in this paper was at the student level, extending future analyses in this way should provide
further useful insights.

As noted above (section 5.3), a focused examination of teaching quality in Saudi Arabia —
incorporating teacher characteristics, quality of teacher education, professional development, availability
and use of resources, classroom management, professional collaboration, and pedagogy — would shed
further light on some of the points raised in this paper. In particular, differences between the classroom
environments of boys and girls, given the gender-segregated structure of the education system, merit
closer inspection.

Finally, it would be useful to extend the work presented in this paper by drawing on data from
other countries. In the first instance, subsequent research could focus on countries with similar cultural
contexts such as other countries with comparable international data within the Gulf or MENA regions.
Such research could examine (a) the extent of similarity between observed gender differences in Saudi
Arabia compared to other countries, and (b) similarities and differences in the factors associated with
student outcomes in each national context. Further work could also usefully examine factors associated
with gender differences in single-gender compared to mixed-gender schools (see figure 2), particularly in,
but not limited to, the MENA region.

10 Male teachers are more likely than female teachers to report holding a master’s or doctorate-level qualification,
as are principals of boys’ schools compared to principals of girls’ schools.
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Appendix A1 — Supplementary data from NALO 2018

Table A1.1 Student reports of selected variables, by school gender

Male (%) Female (%) o/ P
Repeated a year at school because of poor results 14.5 6.6 J129%**
0 22.6 12.0
1-5 27.8 33.3 -
e How many books have you read? 6-10 15.7 14.4 .148
>10 33.8 40.4
A lot 81.4 84.1
Math is important in life Somewhat 13.3 12.6 051 %**
Never 53 3.3
Repeated a year at school because of poor results 6.9 4.5 051 %**
0 30.6 19.3
1-5 42.6 53.1 erx
rades How many books have you read? 6-10 10.6 116 137
>10 16.2 16.1
A lot 47.6 36.3
Math is important in life Somewhat 38.6 48.0 J115%**
Never 13.8 15.7

Note: *p < .05; **p < .01; ***p < .001.

Table A1.2. Percentage of students not born in Saudi Arabia attending schools of various types (parent reports), by school gender

Male (%) Female (%) o/ P
Government school 85.0 95.2
Grade 4 Quran school 11 2.2 206%**
Private school 13.9 2.6
Government school 87.7 96.3
Grade 8 Quran school 1.3 1.0 .168***
Private school 111 2.7

Note: *p < .05; **p < .01; ***p < .001.
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Table Al1.3. Percentage of teachers ‘always’ agreeing with selected statements, by school gender

Male (%) Female (%) ®/@.
Parents know the [academic] level of the student 32.8 62.8 302 **
Grade 4 Students respect their [academically] excellent classmates 38.2 47.0 .094%**
Students are keen to [academically] excel in school 26.5 31.6 Q71x**
Parents know the [academic] level of the student 22.6 40.3 236 **
Grade 8 Students respect their [academically] excellent classmates 34.8 44.0 J115%**
Students are keen to [academically] excel in school 21.5 16.5 .065***
Note: *p < .05; **p < .01; ***p < .001.
Table A1.4 School leaders’ reports of selected variables, by school gender
Male (%) Female (%) o/ P
There is a school library from which students can borrow 67.3 48.5 224%**
Parents’ expectations of students’ performance have been 63.6 74.3 178%**
Grade 4 achieved (agree or strongly agree)
Parental support to improve students’ performance (high or very 441 51.5 J55%**
high)
There is a school library from which students can borrow 58.5 62.1 .059%**
Parents’ expectations of students’ performance have been 49.1 59.8 .183***
Grade 8 achieved (agree or strongly agree)
Parental support to improve students’ performance (high or very 40.2 50.7 J158%**

high)

Note: *p < .05; **p < .01; ***p < .001.
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Appendix A2

Table A2.1. TIMSS cut-scores for categories of continuous indices, TIMSS 2019

Index lowest category cut-score middle category cut-score highest category
Home resources for learning few resources 7.4 some resources 11.8 many resources
Literacy and numeracy readiness for school not ready 8.6 moderately ready 11.2 very ready
Student likes | i th ti 8.4 10.2
ueen I es earn!ng m? ematies do not like somewhat like very much like
Student likes learning science 7.6 9.7
Student confident in mathematics . 8.5 . 10.7 .
. o not confident somewhat confident very confident
Student confident in science 8.2 10.2
Student sense of school belonging little sgnse of school 79 some sense c?f school 96 high sense of schF)oI
Grade 4 belonging belonging belonging
Bullying about weekly 7.4 about monthly 9.2 never or almost never
hat saf d
Safe and orderly schools less than safe and orderly 6.8 somev;rjefle; can 9.9 very safe and orderly
School emphasis on academic success medium emphasis 9.2 high emphasis 13.0 very high emphasis
School discipline moderate to severe 7.6 minor problems 9.7 hardly any problems
problems
Teacher job satisfaction less than satisfied 6.5 somewhat satisfied 10.1 very satisfied
Home educational resources few resources 8.4 some resources 12.2 many resources
Student likes learning mathematics 9.4 114
lik hat lik h lik
Student likes learning science do not like 8.3 >omewnat fiie 10.6 very much fike
Student confident in mathematics . 9.5 . 121 .
. o not confident somewhat confident very confident
Student confident in science 9.2 11.3
Student sense of school belonging little sgnse of school 73 some sense c?f school 10.7 high sense of schF)oI
Grade 8 belonging belonging belonging
Bullying about weekly 7.2 about monthly 8.8 never or almost never
hat saf d
Safe and orderly schools less than safe and orderly 7.3 somev;rjefle; can 10.5 very safe and orderly
School emphasis on academic success medium emphasis 9.6 high emphasis 13.1 very high emphasis
School discipline moderate to severe 8.0 minor problems 10.8 hardly any problems
problems
Teacher job satisfaction less than satisfied 6.8 somewhat satisfied 10.2 very satisfied

41



Appendix A3

Table A3.1. Hierarchical two-level linear regression model for mathematics achievement, grade 4, TIMSS 2019

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7
, student-level (%) 13 6.7 19.9 20.3 20.7 21.0 26.2
class/school-level (%) 12.9 9.7 13.7 37.7 54.9 71.4

Intercept (SE)

392.48 (6.83)

406.84 (7.59)

424.25 (7.58)

430.25 (8.21)

425.93 (17.05)

396.29 (21.00)

296.27 (37.86)

Student-level variables

(reference category) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 6 (SE)
swelaTEaTekr (el 19.73 0.23 7.68 0.09 -7.42 -0.09 -17.55 -0.21 -16.21 -0.19 -6.71 -0.08 164.98 1.87
(8.67)* (0.10)* (7.95) (0.09) (7.98) (0.10) (8.99) (0.112) (10.50) (0.12) (11.92) (0.14) | (54.64)** (0.59)**
Student immigration
status (native)
second-generation 3.42 0.04 491 0.06 6.19 0.07 11.95 0.14 15.40 0.18 14.58 0.17
immigrant students (8.36) (0.10) (8.28) (0.10) (8.55) (0.10) (10.66) (0.13) (11.36) (0.13) (11.44) (0.13)
first-generation 48.05 0.57 30.19 0.36 28.08 0.33 30.49 0.36 26.74 0.31 26.53 0.30
immigrant students (12.55)*** (0.15)***: (13.04)* (0.16)* | (13.44)* (0.16)* | (15.55) (0.18) (17.41) (0.20) (17.24) (0.20)
Home resources for 3.67 0.06 2.19 0.04 2.53 0.04 4.09 0.07 4.35 0.07 4.64 0.08
learning (2.59)* (0.03)* (1.68) (0.03) (2.90) (0.03) (2.95)* (0.03)* : (2.11)* (0.04)* (2.12)* (0.03)*
Student owns mobile -6.36 -0.08 -5.79 -0.07 -3.27 -0.04 -1.55 -0.02 -0.10 0.00 0.10 0.00
phone (no) (3.65) (0.04) (3.71) (0.04) (4.02) (0.05) (4.33) (0.05) (4.70) (0.06) (4.51) (0.05)
Literacy and numeracy 8.54 0.20 6.44 0.15 6.37 0.15 7.60 0.18 7.57 0.17 7.57 0.17

readiness for school
Preschool attendance and
duration (did not attend)

1 year or less
2 years

3 years or more

Student absenteeism

(never or almost never)
once every two
months

once a month
once every two weeks

once a week

(1.15)%** (0.03)***

0.63 0.01
(4.41)  (0.05)
0.98 0.01
(5.92)  (0.07)
7.94 0.09
(7.40)  (0.09)

(1.13)*** (0.03)***

1.55 0.02
(431)  (0.05)
0.94 0.01
(5.61)  (0.07)
12.75 0.15
(7.10)  (0.08)
6.95 0.08
(6.27)  (0.08)
-1.82 -0.02
(532)  (0.06)
-16.69  -0.20
(7.09)*  (0.08)*
28.14  -0.33

(5.28)*** (0.06)***

(1.10)*** (0.03)***

3.22 0.04
(4.84)  (0.06)
-0.52 -0.01
(6.26)  (0.07)
17.52 0.21
(7.39)*  (0.09)*
5.58 0.07
(6.57)  (0.08)
0.45 0.01
(5.91)  (0.07)
-18.18  -0.22
(7.34)*  (0.09)*
2640  -0.31

(5.41)*** (0.06)***

(1.26)*** (0.03)***

-1.45 -0.02
(6.21)  (0.07)
-7.03 -0.08
(8.65)  (0.10)
11.22 0.13
(8.52)  (0.10)
-1.03 -0.01
(9.02)  (0.11)
7.61 0.09
(7.90)  (0.09)
1831 -0.22
(8.51)*  (0.10)*
-23.86  -0.28

(6.20)*** (0.07)***

(1.44)%** (0.03)***

1.51 0.02
(6.97)  (0.08)
-6.20 -0.07
(8.84)  (0.10)
15.10 0.18
(9.06)  (0.11)

5.36 0.06
(9.85)  (0.12)

7.54 0.09
(8.60)  (0.10)
2034  -0.24
(8.88)*  (0.10)*
2353 -0.28

(7.35)**  (0.08)**

(1.43)%** (0.03)***

0.38 0.00
(6.81)  (0.08)
-8.60 -0.10
(8.84)  (0.10)
14.00 0.16
(8.81)  (0.10)
4.74 0.05
(9.69)  (0.11)
7.21 0.08
(8.49)  (0.10)
21.87  -0.25

(8.85)*  (0.10)*
3461  -0.39

(8.67)*** (0.10)***
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Student-level variables

(reference category) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 6 (SE)
Student likes learning 4.24 0.10 4.29 0.10 5.05 0.12 4.67 0.11 4.82 0.11
mathematics (1.19)*** (0.03)*** ! (1.24)** (0.03)** | (1.53)** (0.04)** | (1.60)** (0.04)** | (1.55)** (0.04)**
Student confident in 9.93 0.26 9.26 0.24 7.83 0.20 7.91 0.20 8.24 0.21
mathematics (0.99)*** (0.03)*** | (1.10)*** (0.03)*** | (1.38)*** (0.04)*** | (1.50)*** (0.04)*** | (1.47)*** (0.04)***
Student sense of school -2.81 -0.08 -3.36 -0.09 -3.10 -0.08 -3.10 -0.08
belonging (0.93)%* (0.03)** | (1.11)** (0.03)** | (1.16)** (0.03)** | (1.17)** (0.03)**
Bullying? 4.59 0.12 4.94 0.13 491 0.13 5.20 0.14
(0.97)*** (0.03)*** | (1.21)*** (0.03)*** |(1.28)*** (0.04)*** | (1.26)*** (0.03)***
Class/school-level
variables (reference
category)
School mean of home 17.17 0.28 15.00 0.26 13.99 0.24 11.57 0.22 15.70 0.30 10.65 0.20
resources for learning (7.57)* (0.13)* | (7.12)* (0.13)* (7.41) (0.13) (7.23) (0.14) (9.03) (0.17) (8.07) (0.15)
School location (urban)
suburban/medium size -15.48 -0.31 -9.66 -0.21 -10.95 -0.24 -7.71 -0.18 -8.40 -0.19 -3.81 -0.09
city or large town (9.42) (0.18) | (9.34)  (0.20) | (9.30)  (0.20) | (9.82)  (0.22) | (11.43)  (0.26) (9.56) (0.21)
small town or 30.03 0.60 24.71 0.53 18.96 0.41 24.20 0.55 5491 1.23 42.47 0.94
village/remote rural (16.86) (0.32) (15.79) (0.32) (16.94) (0.35) (18.82) (0.41) i (26.49)* (0.53)* (24.77) (0.53)
Teacher age (40 years or
older)
29 years or younger -23.61 -0.47 -20.04 -0.43 -21.58 -0.47 9.73 0.22 15.59 0.35 -4.73 -0.11
(13.60) (0.27) (14.40) (0.31) (15.25) (0.33) (20.67) (0.47) (19.55) (0.44) (18.68) (0.42)
30-39 years 0.05 0.00 0.32 0.01 0.74 0.02 13.18 0.30 16.37 0.37 18.35 0.41
(8.43) (0.17) (8.02) (0.17) (8.31) (0.18) (10.96) (0.25) (14.17) (0.32) (12.26) (0.27)
Safe and orderly schools 3.04 0.12 2.43 0.11 0.32 0.01 6.63 0.28
(2.22)  (0.09) | (3.32)  (0.15) | (3.21)  (0.14) (4.00) (0.16)
School emphasis on 1.53 0.07 -0.18 -0.01 -0.26 -0.01 2.93 0.15
academic success (2.11) (0.10) (2.58) (0.13) (2.76) (0.14) (2.58) (0.13)
School discipline 0.73 0.04 -3.26 -0.18 -3.91 -0.22 -1.60 -0.09
(1.86)  (0.09) | (3.58)  (0.20) | (3.80)  (0.21) (3.74) (0.20)
Teacher years of 1.25 0.23 1.76 0.33 2.23 0.41
experience (0.59)*  (0.11)* : (0.60)** (0.11)** i (0.59)*** (0.11)***
Teacher job satisfaction 1.53 0.04 1.10 0.03 -0.03 0.00
(4.16)  (0.12) | (4.34)  (0.12) (4.03) (0.11)
E’;izrf;gt?c‘zdhiomework 1258  0.29 4.63 0.10 9.68 0.21
(8.62)  (0.20) | (8.85)  (0.20) (8.52) (0.19)

(15 minutes or less)®
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Class/school-level

variables (reference B (SE) B (SE) | B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 8 (SE) B (SE) 8 (SE)
category)
Poor teacher timekeeping
(not a problem)
e -25.79 -0.59 -24.39 -0.55 -14.89 -0.33
(11.57)* (0.27)* i (11.49)* (0.27)* (8.67) (0.19)
moderate or serious -9.48 -0.22 -2.18 -0.05 13.44 0.30
problem (14.95) (0.34) (17.35) (0.39) (16.06) (0.36)
Teacher absenteeism (not
a problem)
minor problem 2.67 0.06 8.04 0.18 5.03 0.11
(13.69) (0.31) (13.45) (0.31) (11.02) (0.24)
moderate or serious -6.17 -0.14 -7.64 -0.17 -8.53 -0.19
problem (23.06) (0.53) (23.90) (0.54) (21.01) (0.47)
Teacher major area of
study (education and
mathematics)
mathematics but not -8.33 -0.19 -8.20 -0.18 -6.76 -0.15
education (9.88) (0.23) (9.26) (0.21) (8.18) (0.18)
all other majors -23.35 -0.54 -9.88 -0.22 -18.21 -0.40
(13.66) (0.31) (12.49) (0.28) (10.74) (0.23)
Professional development
hours on mathematics
(more than 35 hours)
16-35 hours -24.59 -0.56 -29.46 -0.66 -22.62 -0.50
(11.01)* (0.26)* | (11.69)* (0.26)* | (10.50)* (0.23)*
6-15 hours 3.28 0.08 -5.35 -0.12 4.99 0.11
(12.46) (0.28) (13.24) (0.30) (12.26) (0.27)
less than 6 hours -13.12 -0.30 -3.30 -0.08 4.14 0.09
(17.06) (0.39) (14.44) (0.33) (12.28) (0.27)
none 6.89 0.16 -1.71 -0.04 -2.60 -0.06
(16.99) (0.39) (21.24) (0.48) (16.21) (0.36)
Professional development 14.92 0.34 19.53 0.44 15.17 0.33
on mathematics content (11.55) (0.25) (10.85) (0.23) (10.60) (0.23)
(no)
Professional development 7.51 0.17 13.29 0.30 14.85 0.33
on mathematics pedagogy (11.18) (0.26) (11.26) (0.25) (9.46) (0.22)

(no)

44



Class/school-level

variables (reference B (SE) 6 (SE) | B(SE) 6 (SE) B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 8 (SE) B (SE) 6 (SE)
category)
Principal years of -0.13 -0.02 -0.29 -0.04
experience (0.79) (0.12) (0.71) (0.10)
Principal highest level of -3.76 -0.08 4.78 0.11
education (ISCED levels 7 (15.01) (0.34) (12.47) (0.28)
& 8 — master’s or
doctorate degree)°
Principal qualification in -4.76 -0.11 -6.06 -0.13
educational leadership (13.02) (0.29) (10.83) (0.24)
(no)
Sefhaal iz il 19.09 0.43 15.10 0.33
(10.82)  (0.23) (10.29)  (0.22)
Interaction terms
(reference category)
Student gender*Safe and -16.25 -1.13
orderly schools (5.13)**  (0.34)**
Student gender*Student
absenteeism (never or 22.88 0.26
almost never) — once a (10.44)*  (0.12)*
week
*
St e T
(30.62)** (0.34)**
29 years or younger
i (Lzsl'ke"hmd -32207.65 -18375.32 -17089.57 -14821.53 -9654.01 -8549.92 -8533.11
statistics AIC 64423.29 36784.64 34225.13 29699.05 19394.02 17193.84 17166.23
BIC 64449.71 36887.46 34362.86 29862.73 19627.00 17442.83 17431.12

Note: Null model: Intercept (SE): 402.02 (4.44), Ho=-32210.89, AIC = 64427.78, BIC = 64447.59. *p < .05; **p < .01; ***p < .001. *Higher scores indicate less frequent bullying;
bOther category: 16 minutes or more; ‘Other category: ISCED Level 6 — bachelor’s or equivalent level.
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Table A3.2. Hierarchical two-level linear regression model for science achievement, grade 4, TIMSS 2019

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7
, student-level (%) 7.6 12.2 21.0 214 22.7 225 27.4
class/school-level (%) 16.3 17.4 20.3 36.6 46.0 64.8

Intercept (SE)

381.71 (6.89)

397.44 (8.37)

415.31 (7.92)

426.93 (8.46)

427.69 (18.15)

433.35 (21.20)

320.48 (35.66)

Student-level variables

(reference category) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 6 (SE)
53.14 0.55 39.36 0.42 21.61 0.23 17.44 0.19 16.31 0.18 21.52 0.23 249.50 2.59
Student gender (male)
(8.29)*** (0.08)***: (7.04)*** (0.07)***! (6.57)** (0.07)** i (7.38)* (0.08)* | (8.29)* (0.09)* i (8.79)* (0.09)* i{(59.64)*** (0.59)***
Student immigration
status (native)
second-generation 12.11 0.13 14.70 0.16 16.13 0.18 11.93 0.13 14.12 0.15 13.25 0.14
immigrant students (8.52) (0.09) (9.16) (0.10) | (10.18) (0.11) : (11.74) (0.13) | (11.98) (0.13) (12.08) (0.13)
first-generation 44.37 0.47 36.26 0.39 30.06 0.33 37.85 0.41 32.10 0.34 37.67 0.39
immigrant students (9.32)*** (0.10)***{(10.55)** (0.11)** i (12.10)* (0.13)* i(13.30)** (0.14)** i (14.51)* (0.16)* | (13.70)** (0.14)**
Home resources for 4.19 0.06 3.11 0.05 3.31 0.05 2.58 0.04 2.85 0.04 2.83 0.04
learning (1.57)** (0.02)**: (1.78) (0.03) (1.88) (0.03) (2.43) (0.04) (2.79) (0.04) (2.79) (0.04)
Student owns mobile -3.96 -0.04 -3.16 -0.03 -2.30 -0.03 -1.99 -0.02 -1.58 -0.02 -1.45 -0.02
phone (no) (1.22)*** (0.01)***: (1.24)* (0.01)* | (1.69) (0.02) (1.94) (0.02) (1.96) (0.02) (1.96) (0.02)
Literacy and numeracy 9.51 0.20 7.29 0.16 7.11 0.15 7.33 0.16 7.62 0.16 10.35 0.21

readiness for school
Preschool attendance and
duration (did not attend)

(1.17)*** (0.02)***

(1.07)*** (0.02)***

(1.10)*** (0.02)***

(1.32)%** (0.03)***

(1.41)*** (0.03)***

(1.91)*** (0.04)***

OIS -0.81 -0.01 1.64 0.02 1.83 0.02 5.25 0.06 4.88 0.05 3.79 0.04
(5.24) (0.06) (4.92) (0.05) (4.87) (0.05) (5.08) (0.05) (5.19) (0.06) (5.14) (0.05)
2 years 10.23 0.11 10.44 0.11 8.92 0.10 11.80 0.13 8.61 0.09 6.55 0.07
(6.02) (0.06) (6.19) (0.07) (6.66) (0.07) (6.88) (0.07) (6.40) (0.07) (6.36) (0.07)
2.03 0.02 7.78 0.08 6.36 0.07 10.07 0.11 8.71 0.09 8.66 0.09
3 years or more
(7.38) (0.08) (7.02) (0.07) (7.75) (0.08) (8.27) (0.09) (8.62) (0.09) (8.49) (0.09)
Student absenteeism
(never or almost never)
e 8.03 0.09 4.09 0.04 4.43 0.05 7.90 0.09 8.14 0.08
(5.90) (0.06) (6.50) (0.07) (7.50) (0.08) (7.20) (0.08) (7.23) (0.08)
once a month 2.63 0.03 -1.46 -0.02 -2.88 -0.03 -2.91 -0.03 -2.24 -0.02
(5.09) (0.05) (6.42) (0.07) (7.24) (0.08) (7.42) (0.08) (7.39) (0.08)
S EvEny e ke -16.74 -0.18 -18.50 -0.20 -16.35 -0.18 -15.47 -0.17 -15.07 -0.16
(7.30)* (0.08)* | (7.85)* (0.09)* i (8.85) (0.10) (9.37) (0.10) (9.20) (0.10)
once a week -22.77 -0.24 -22.91 -0.25 -22.69 -0.24 -21.05 -0.23 -20.78 -0.22
(4.75)*** (0.05)***i(4.79)*** (0.05)***{(5.41)*** (0.06)***(5.67)*** (0.06)***i (5.50)*** (0.06)***
Student likes learning 4.95 0.12 4.86 0.12 5.43 0.14 5.33 0.13 5.16 0.13
science (1.27)*** (0.03)***{(1.34)*** (0.03)***! (1.66)** (0.04)** | (1.76)** (0.04)** i (1.75)** (0.04)**
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Student-level variables

(reference category) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 6 (SE)
Student confident in 8.98 0.20 7.85 0.18 8.16 0.18 7.89 0.17 8.09 0.17
science (1.23)*** (0.03)***i(1.24)*** (0.03)***{(1.52)*** (0.03)***(1.62)*** (0.04)***| (1.61)*** (0.04)***
Student sense of school -3.58 -0.09 -3.88 -0.09 -3.68 -0.09 -3.55 -0.08
belonging (1.10)** (0.03)** i (1.27)** (0.03)** i (1.32)** (0.03)** | (1.31)** (0.03)**
Bullying® 5.71 0.14 6.17 0.15 5.78 0.14 5.91 0.14
(1.24)*** (0.03)***{(1.36)*** (0.03)***i{(1.44)*** (0.03)*** | (1.44)*** (0.03)***
Class/school-level
variables (reference
category)
School mean of home 21.38 0.36 22.12 0.41 18.81 0.35 20.20 0.38 22.16 0.43 17.82 0.33
resources for learning (6.67)**  (0.11)** i(6.12)*** (0.11)***! (6.50)** (0.12)** i (6.97)** (0.13)** i (6.74)** (0.13)** : (5.67)** (0.11)**
School location (urban)
suburban/medium size -8.85 -0.18 -5.86 -0.13 -8.89 -0.20 -15.52 -0.34 -10.96 -0.25 -36.03 -0.79
city or large town (8.22) (0.17) (7.26) (0.16) (8.17) (0.18) (9.10) (0.20) (9.66) (0.21) i(10.25)*** (0.20)***
small town or 37.58 0.77 31.37 0.71 26.80 0.61 35.84 0.80 60.77 1.37 60.10 1.32
village/remote rural (14.65)*  (0.28)* {(13.32)* (0.28)* | (14.68) (0.32) i (17.51)* (0.37)* {(20.36)** (0.44)** {(16.90)*** (0.36)***
Teacher age (40 years or
older)
29 years or younger -29.23 -0.60 -25.94 -0.59 -30.06 -0.68 -48.67 -1.08 -43.78 -0.98 -17.31 -0.38
(13.04)*  (0.26)* i{(12.86)* (0.28)* | (14.19)* (0.31)* | (19.04)* (0.40)* {(17.99)* (0.39)* (16.16) (0.36)
30-39 years -8.08 0.17 -9.41 -0.21 -13.84 -0.31 -26.42 -0.59 -28.52 -0.64 -20.29 -0.45
(7.94) (0.16) (7.37) (0.16) (8.02) (0.17) {(11.01)* (0.24)* (10.26)** (0.23)** i (9.24)*  (0.20)*
Safe and orderly schools 1.61 0.07 4.41 0.20 5.29 0.24 9.92 0.44
(2.34) (0.11) (2.74) (0.12) (3.07) (0.13) (3.52)** (0.14)**
School emphasis on 1.38 0.07 -1.17 -0.05 -1.91 -0.09 -0.75 -0.04
academic success (1.83) (0.09) (1.95) (0.09) (1.83) (0.09) (1.72) (0.08)
School discipline 0.22 0.01 -1.67 -0.09 -1.84 -0.10 -0.85 -0.04
(1.60) (0.08) (2.55) (0.13) (2.68) (0.14) (2.51) (0.13)
Teacher years of -1.18 -0.22 -1.51 -0.28 -0.95 -0.17
experience (0.67) (0.12) ¢ (0.60)* (0.11)* (0.59) (0.12)
Teacher job satisfaction -2.64 -0.08 -3.32 -0.10 -4.52 -0.13
(3.25) (0.09) (3.34) (0.10) (3.17) (0.09)
Time assigned to science
homeworgk B 354 008 | -7.30  -0.17 547  -0.12
(10.40) (0.23) | (11.31) (0.25) (9.81) (0.22)

less)®
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Class/school-level

variables (reference B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 8 (SE)
category)
Poor teacher timekeeping
(not a problem)
e 3.63 0.08 2.50 0.06 4.86 0.11
(10.27) (0.23) (11.75) (0.26) (10.50) (0.23)
moderate or serious 1.00 0.02 -1.66 -0.04 -0.39 -0.01
problem (16.37) (0.36) (17.19) (0.39) (15.45) (0.34)
Teacher absenteeism (not
a problem)
minor problem -7.15 -0.16 1.01 0.02 -2.16 -0.05
(11.19) (0.25) (13.17) (0.30) (10.94) (0.24)
moderate or serious -16.14 -0.36 1.87 0.04 5.55 0.12
problem (14.69) (0.32) (16.55) (0.37) (13.59) (0.30)
Teacher major area of
study (education and
science)
science but not -2.38 -0.05 -2.69 -0.06 -7.35 -0.16
education (9.82) (0.22) (9.78) (0.22) (8.84) (0.19)
all other majors -16.82 -0.37 -23.80 -0.53 -34.13 -0.75
(17.36) (0.38) (18.47) (0.41) (17.72) (0.38)
Professional development
hours on science (more
than 35 hours)
16-35 hours 5.55 0.12 3.50 0.08 5.25 0.11
(14.21) (0.31) (14.09) (0.32) (11.73) (0.26)
6-15 hours 2.88 0.06 -5.01 -0.11 -4.52 -0.10
(11.07) (0.24) (12.01) (0.27) (10.92) (0.24)
less than 6 hours 13.39 0.30 18.81 0.42 12.82 0.28
(15.77) (0.34) (15.70) (0.35) (13.31) (0.29)
none -13.09 -0.29 -35.32 -0.79 -37.77 -0.83
(17.23) (0.39) i (15.06)* (0.35)* | (15.23)* (0.35)*
Professional development 11.97 0.27 9.96 0.22 11.64 0.26
on science content (no) (11.22) (0.24) (12.76) (0.28) (11.14) (0.24)
Professional development 6.66 0.15 -2.53 -0.06 -1.60 -0.04
on science pedagogy (no) (9.66) (0.21) (10.00) (0.22) (9.00) (0.20)
Principal years of -0.20 -0.03 0.15 0.02
experience (0.66) (0.10) (0.60) (0.09)
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Class/school-level

variables (reference B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 6 (SE)
category)
Principal highest level of
education (ISCED levels 7 -11.91 -0.27 -13.19 -0.29
& 8 — master’s or (10.93) (0.25) (9.41) (0.21)
doctorate degree)°
i alfcaton
o) P (9.43)  (0.21) @ (866)  (0.19)
. 4.69 0.11 7.65 0.17
Senel 2R i, (8.59)  (0.19) | (7.90)  (0.17)
Interaction terms
(reference category)
Student gender*Safe and -15.61 -0.94
orderly schools (4.93)** (0.29)**
o
2 nurmeracy readiness 629 035
y (2.57)*  (0.15)*
for school
Student gender*School
location (urban) — 75.76 0.79
suburban/medium size city (15.57)*** (0.16)***
or large town
(ng)"ke"ho"d -32681.95 -24789.30 22223.42 -17688.83 -13820.91 -12381.76 -12361.03
0
Fit
27727.81 24857.51 24822.05
statistics AlC 65371.91 49612.60 44492.84 35433.66
BIC 65398.32 49720.30 44636.27 35601.96 27375.68 25123.27 25104.77

Note: Null model: Intercept (SE): 407.42 (4.88), Ho= -32704.43, AIC = 65414.86, BIC = 65434.67. *p < .05; **p < .01; ***p < .001. *Higher scores indicate less frequent bullying;
bOther category: 16 minutes or more; ‘Other category: ISCED Level 6 — bachelor’s or equivalent level.
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Table A3.3. Hierarchical two-level regression model for mathematics achievement, grade 8, TIMSS 2019

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7
, student-level (%) 2.3 6.2 25.3 25.3 25.2 26.7 27.3
class/school-level (%) 39.5 40.7 45.4 63.4 64.0 74.4

Intercept (SE)

384.54 (4.27)

393.90 (6.09)

408.61 (5.96)

410.32 (6.24)

406.71 (16.40)

367.09 (23.42)

310.38 (36.78)

Student-level variables

(reference category) B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 8 (SE) B (SE) 8 (SE) B (SE) 6 (SE)
SwelaTEaTekr el 20.78 0.30 15.79 0.23 18.14 0.26 15.47 0.22 9.88 0.14 16.29 0.23 90.11 1.27
(5.29)%** (0.08)***| (4.78)** (0.07)** |(4.52)*** (0.07)***| (4.92)** (0.07)** | (6.06) (0.09) | (6.98)* (0.10)* | (35.49)* (0.49)*
Student immigration
status (native)
second-generation 27.44 0.40 22.17 0.32 22.45 0.32 20.24 0.29 17.59 0.25 17.51 0.25
immigrant students (6.04)*** (0.09)*** i{(5.17)*** (0.07)***{(5.52)*** (0.08)***! (7.56)** (0.11)** i (7.92)* (0.11)* (7.97)* (0.11)*
first-generation 55.40 0.80 42.56 0.61 43.43 0.63 34.47 0.49 31.83 0.45 31.92 0.45
immigrant students (6.87)*** (0.10)*** [(6.82)*** (0.10)***(7.11)*** (0.10)***|(8.79)*** (0.12)***| (9.37)** (0.13)** | (9.33)** (0.13)**
Home educational 6.68 0.15 3.85 0.08 3.65 0.08 4.17 0.09 4.09 0.09 4.10 0.09
resources (0.92)*** (0.02)*** 1(0.83)*** (0.02)***1(0.93)*** (0.02)***|(1.12)*** (0.02)*** (1.03)*** (0.02)*** (1.03)*** (0.02)***
Student owns mobile -3.47 -0.05 0.03 0.00 0.10 0.00 -1.32 -0.02 4.20 0.06 3.80 0.05
phone (no) (3.52)  (0.05) (3.74)  (0.05) | (3.77)  (0.05) | (4.82) (0.07) | (5.13)  (0.07) (5.07) (0.07)
Student absenteeism
(never or almost never)
once every two months -5.25 -0.08 -6.73 -0.10 -7.08 -0.10 -8.73 -0.12 -9.10 -0.13
(4.70) (0.07) (4.44) (0.06) (5.85) (0.08) (5.81) (0.08) (5.78) (0.08)
once a month -16.71 -0.24 -17.72 -0.26 -17.28 -0.25 -19.47 -0.28 -20.02 -0.28
(4.18)*** (0.06)***1(3.96)*** (0.06)***| (5.18)** (0.07)** |(5.06)*** (0.07)*** (5.20)*** (0.07)***
once every two weeks -20.82 -0.30 -22.48 -0.33 -27.00 -0.38 -29.92 -0.42 -30.31 -0.43
(3.74)*** (0.05)***(3.86)*** (0.06)***{(4.68)*** (0.07)***|(4.84)*** (0.07)***| (4.83)*** (0.07)***
once a week -39.72 -0.57 -41.01 -0.59 -38.91 -0.55 -44.23 -0.63 -44.52 -0.63
(4.98)*** (0.07)***1(5.15)*** (0.08)***|(6.36)*** (0.09)*** (6.40)*** (0.09)*** (6.53)*** (0.09)***
Student likes learning -4.76 -0.14 -4.25 -0.13 -4.15 -0.12 -4.30 -0.13 -4.35 -0.13
mathematics (1.07)%** (0.03)*** (1.12)*** (0.03)***| (1.49)** (0.04)** | (1.57)** (0.05)** | (1.57)** (0.05)**
Student confident in 15.27 0.44 15.04 0.43 15.27 0.44 15.24 0.44 15.26 0.44
mathematics (0.94)*** (0.03)***1(1.02)*** (0.03)***|(1.13)*** (0.03)*** (1.27)*** (0.03)*** (1.27)*** (0.03)***
Student sense of school -1.62 -0.05 -1.22 -0.03 -1.03 -0.03 -1.00 -0.03
belonging (0.79)* (0.02)* | (1.04) (0.03) | (1.12)  (0.03) (1.12) (0.03)
il 0.86 0.03 -0.37 -0.01 -0.42 -0.01 -0.43 -0.01
(0.57) (0.02) | (0.85) (0.03) | (0.91)  (0.03) (0.91) (0.03)
E’:ti:ﬁfa”;cznhomework 1119 -0.16 | -1135 -0.16 | -1140  -0.16
(3.70)** (0.05)** | (3.98)** (0.06)** | (4.01)** (0.06)**

(15 minutes or less)®
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Class/school-level

variables (reference B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 8 (SE) B (SE) 8 (SE) B (SE) 6 (SE)
category)
School mean of home 27.21 0.61 24.39 0.60 22.21 0.52 23.74 0.57 25.97 0.62 26.91 0.57
educational resources (3.70)*** (0.08)*** i(3.40)*** (0.08)***i(3.67)*** (0.08)***:(4.24)*** (0.10)***(5.32)*** (0.11)***} (5.29)*** (0.11)***
School location (urban)
suburban/medium size -6.63 -0.21 -8.79 -0.30 -10.80 -0.35 3.47 0.11 6.64 0.22 9.63 0.28
city or large town (5.37) (0.17) (4.86) (0.16) i (5.03)* (0.16)* | (5.28) (0.17) (6.19) (0.20) (6.22) (0.17)
small town or 0.83 0.03 -2.18 -0.07 -4.79 -0.16 -0.98 -0.03 2.05 0.06 4.58 0.13
village/remote rural (7.39) (0.23) (6.84) (0.23) (7.36) (0.24) (7.13) (0.24) (11.06) (0.36) (11.13) (0.32)
Teacher age (40 years or
older)
29 years or younger -9.81 -0.30 -11.77 -0.39 -12.72 -0.41 -22.96 -0.76 -20.08 -0.66 -23.36 -0.68
(8.36) (0.25) (7.88) (0.26) (8.30) (0.27) | (15.40) (0.49) | (19.13) (0.62) (19.05) (0.54)
30-39 years -3.95 -0.12 -4.00 -0.13 -0.61 -0.02 -6.02 -0.20 -5.54 -0.18 -6.51 -0.19
(4.75) (0.15) (4.50) (0.15) (4.85) (0.16) (9.72) (0.32) : (11.15) (0.36) (11.35) (0.33)
Safe and orderly schools 0.57 0.04 1.85 0.12 0.87 0.05 0.87 0.05
(1.03) (0.07) (1.38) (0.08) (1.68) (0.10) (1.62) (0.09)
School emphasis on 2.92 0.20 2.40 0.16 1.80 0.13 5.76 0.36
academic success (1.12)** (0.07)** i (1.57) (0.10) (2.70) (0.12) (2.48)* (0.13)*
School discipline 0.05 0.00 -2.23 -0.21 -2.60 -0.24 -3.11 -0.25
(0.83) (0.07) (1.50) (0.14) (1.92) (0.18) (1.93) (0.15)
Teacher years of -0.28 -0.07 -0.49 -0.12 -0.60 -0.13
experience (0.69) (0.16) (0.88) (0.22) (0.88) (0.19)
Teacher job satisfaction -1.87 -0.08 -1.07 -0.05 -1.70 -0.07
(2.21) (0.09) (2.18) (0.09) (2.15) (0.08)
E’;i:i;gt?c‘zdh?mework 650 022 | 1039 034 1377 040
(15 minutes or less)® (5.12) (0.17) (6.03) (0.20) (6.21) (0.17)
Poor teacher timekeeping
(not a problem)

. 6.14 0.21 7.38 0.25 7.72 0.23
mlegeiebie: (7.12)  (0.23) | (8.34) (0.27) @ (7.64)  (0.22)
moderate or serious -1.58 -0.05 1.67 0.06 10.83 0.32
problem (11.47)  (0.38) | (15.21) (0.50) (14.07) (0.40)

Teacher absenteeism (not
a problem)
minor problem -2.58 -0.09 -3.46 -0.12 -1.30 -0.04
(6.76) (0.22) (7.99) (0.26) (7.43) (0.22)
moderate or serious -20.51 -0.68 -20.00 -0.66 -28.83 -0.84
problem (11.34) (0.37) | (13.91) (0.45) (14.24)*  (0.39)*
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Class/school-level

variables (reference B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 8 (SE) B (SE) 8 (SE) B (SE) 6 (SE)
category)

Teacher highest level of

education (Up to ISCED 28.40 0.95 54.32 1.80 67.81 1.99
level 6 — bachelor’s or (13.35)*  (0.46)* {(15.71)** (0.56)** |(17.26)*** (0.52)***

equivalent level)©
Teacher major area of
study (mathematics and
mathematics education)
mathematics but not -2.03 -0.07 -5.55 -0.18 -5.02 -0.15
mathematics education (6.44) (0.21) (7.31) (0.23) (7.25) (0.21)
e e ol 4.00 0.14 -0.44 -0.01 -5.21 -0.15
(8.74) (0.30) (9.16) (0.30) (9.65) (0.27)
Professional development
hours on mathematics

(more than 35 hours)

16=35 hours -15.52 -0.52 -14.62 -0.48 -18.01 -0.53
(7.44)* (0.24)* (8.62) (0.27) (8.67)* (0.24)*
-4.68 -0.15 -0.91 -0.03 -2.98 -0.08
6—15 hours

(7.23)  (0.24) | (7.97) (0.26) | (7.67)  (0.22)
732 025 | -999  -0.33 1123  -0.33

(8.94)  (0.30) | (8.94) (0.29) @ (8.69)  (0.25)
2228 075 | -1937 -0.64 @ -2404  -0.71
(11.69) (0.39) | (11.70)  (0.39) | (12.16)*  (0.35)*

less than 6 hours

none

Professional development
on mathematics content
(no)

Professional development

7.65 0.25 4.33 0.14 5.13 0.15
(4.86) (0.16) | (5.31) (0.17) | (5.06)  (0.15)

on mathematics pedagogy -4.76 -0.16 -0.02 -0.01 1.28 0.03
(o) (6.15)  (0.21) | (7.05)  (0.23) (6.95) (0.20)
Principal years of -0.24 -0.06 -0.34 -0.07
experience (0.38) (0.09) (0.39) (0.08)
Principal highest level of
education (ISCED levels 7 -4.32 -0.15 1.36 0.03
& 8 — master’s or (11.75) (0.39) (11.86) (0.35)
doctorate degree)?
Principal qualification in 12.85 0.42 11.58 034
educational leadership ) ' ) ’
(o) (8.06)  (0.27) (7.68) (0.22)
9.32 0.31 9.76 0.28

School library (no)

(6.98) (0.22) | (6.95)  (0.19)
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:::?gf::,i:en;?;ry) B(SE)  6(SE) B(SE)  6(SE) | B(SE) 6(SE) . B(SE) 6(SE) @ B(SE) 6(SE) . B(SE) 6(SE) . B(SE)  6(SE)
*

S o

success

' (L;s”ke“hood -32290.17 -27131.49 -25465.23 -23557.67 -13670.53 -12113.38 -12109.54

:;tatistics AlC 64588.35 54288.99 50968.47 47163.34 27423.06 24316.77 24311.07
BIC 64614.93 54373.18 51090.67 47315.85 27661.20 24572.77 24572.76

Note: Null model: Intercept (SE): 394.83 (2.88), Ho=-32297.78, AIC = 64601.56, BIC = 64621.49. *p < .05; **p < .01; ***p < .001. *Higher scores indicate less frequent bullying;
bOther category: 16 minutes or more; “Other category: ISCED levels 7 & 8 — master’s or doctorate degree; YOther category: ISCED Level 6 — bachelor’s or equivalent level.
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Table A3.4. Hierarchical two-level regression model for science achievement, grade 8, TIMSS 2019

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7
, student-level (%) 9.6 11.8 23.1 23.0 24.0 25.5 27.2
class/school-level (%) 37.9 39.1 45.6 65.5 69.8 79.0

Intercept (SE)

406.87 (4.78)

412.26 (5.99)

427.80 (6.01)

437.21 (6.16)

462.45 (13.44)

441.38 (19.49)

426.88 (24.75)

Student-level variables

(reference category) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 8 (SE)
50.40 0.62 45.83 0.57 42.28 0.53 35.42 0.45 34.88 0.44 39.89 0.50 74.88 0.92
Student gender (male)
(5.80)*** (0.07)***i(5.26)*** (0.06)***:(5.00)*** (0.06)***i{(5.03)*** (0.06)***: (7.10)*** (0.08)***: (7.52)*** (0.09)***:{(25.07)** (0.31)**
Student immigration
status (native)
second-generation 25.22 0.31 22.15 0.28 20.70 0.26 33.19 0.42 31.81 0.40 31.84 0.39
immigrant students (6.31)*** (0.08)***i(5.85)*** (0.07)***! (6.13)** (0.08)** i (7.73)*** (0.10)***: (8.36)*** (0.11)***:(8.36)*** (0.11)***
first-generation 53.93 0.67 42.57 0.53 44.95 0.57 44.76 0.56 43.75 0.55 43.76 0.54
immigrant students (7.72)*** (0.09)***{(7.72)*** (0.10)***{(8.34)*** (0.10)***! (8.96)*** (0.11)***} (9.67)*** (0.12)***{(9.57)*** (0.12)***
Home educational 7.03 0.13 4.17 0.08 4.16 0.08 5.16 0.10 5.39 0.10 5.44 0.10
resources (0.93)*** (0.02)***i(0.89)*** (0.02)***:(0.93)*** (0.02)***! (1.34)*** (0.03)***} (1.40)*** (0.03)***i(1.40)*** (0.03)***
Student owns mobile -0.25 0.00 -0.04 0.00 -1.35 -0.02 -3.04 -0.04 -0.32 0.00 -1.32 -0.02
phone (no) (3.97) (0.05) (4.05) (0.05) (4.12) (0.05) (5.90) (0.07) (6.32) (0.08) (6.53) (0.08)
Student absenteeism
(never or almost never)
once every two months 2.46 0.03 2.54 0.03 -3.73 -0.05 -5.55 -0.07 -5.16 -0.06
(4.59) (0.06) (4.77) (0.06) (6.04) (0.08) (6.26) (0.08) (6.26) (0.08)
-7.15 -0.09 -7.93 -0.10 -11.55 -0.15 -13.34 -0.17 -12.49 -0.15
once a month
(4.32) (0.05) (4.29) (0.05) (5.26)* (0.07)* (5.34)* (0.07)* i (5.24)* (0.07)*
once every two weeks -10.48 -0.13 -12.70 -0.16 -9.67 -0.12 -10.40 -0.13 -10.19 -0.13
(5.31)* (0.07)* | (5.83)* (0.07)* (7.23) (0.09) (7.47) (0.09) (7.49) (0.09)
once a week -37.93 -0.47 -39.38 -0.50 -44.29 -0.56 -46.77 -0.58 -47.10 -0.58
(4.58)*** (0.06)***{(4.68)*** (0.06)***! (6.50)*** (0.08)***: (6.44)*** (0.08)***i{(6.46)*** (0.08)***
Student likes learning -0.38 -0.01 -0.02 0.00 -0.57 -0.02 -0.85 -0.02 -0.79 -0.02
science (0.86) (0.02) (0.91) (0.03) (1.112) (0.03) (1.17) (0.03) (1.18) (0.03)
Student confident in 11.66 0.29 10.98 0.28 11.14 0.28 11.35 0.28 14.09 0.35
science (0.98)*** (0.02)***{(1.08)*** (0.03)***i (1.39)*** (0.03)***: (1.54)*** (0.04)***i{(2.02)*** (0.05)***
Student sense of school -2.94 -0.07 -1.09 -0.03 -1.20 -0.03 -1.15 -0.03
belonging (0.85)** (0.02)** (1.29) (0.03) (1.45) (0.04) (1.45) (0.04)
Bullying? 3.73 0.10 1.77 0.05 1.49 0.04 1.32 0.03
(0.75)*** (0.02)***{ (1.19) (0.03) (2.21) (0.03) (1.21) (0.03)
E';::;Eg:kt (01”5 S e or 1192 -015 | -1237 015 -11.94  -0.15
(3.65)**  (0.05)** i (3.99)** (0.05)** | (3.99)** (0.05)**

less)?
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Class/school-level

variables (reference B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 8 (SE)
category)
School mean of home 28.03 0.61 25.49 0.60 21.87 0.51 21.33 0.55 20.23 0.55 18.59 0.46
educational resources (4.16)*** (0.08)***:(4.12)*** (0.09)***i(4.54)*** (0.10)***{ (4.13)*** (0.10)***: (4.66)*** (0.11)***i{(4.37)*** (0.11)***
School location (urban)
suburban/medium size -7.02 -0.21 -7.48 -0.25 -8.50 -0.28 -7.82 -0.27 -6.53 -0.24 -7.84 -0.26
city or large town (5.65) (0.17) (5.15) (0.17) (5.19) (0.17) (6.08) (0.21) (5.96) (0.22) (5.70) (0.19)
small town or 0.35 0.01 -2.71 -0.09 -2.24 -0.07 0.61 0.02 3.12 0.11 -3.79 -0.13
village/remote rural (8.28) (0.25) (8.22) (0.27) (8.52) (0.27) (8.14) (0.28) (8.44) (0.32) (8.53) (0.28)
Teacher age (40 years or
older)
29 years or younger -9.55 -0.29 -8.28 -0.27 -17.24 -0.56 1.49 0.05 9.78 0.35 3.56 0.12
(10.34)  (0.31) (9.17) (0.30) (9.12) (0.30) (11.87) (0.41) (13.38) (0.48) i (12.88) (0.43)
30-39 years -1.06 -0.03 -1.13 -0.04 -3.97 -0.13 -0.81 -0.03 -2.14 -0.08 -20.34 -0.68
(4.80) (0.14) (4.59) (0.15) (4.72) (0.15) (6.27) (0.22) (6.47) (0.23) i (7.79)** (0.23)**
Safe and orderly schools 2.45 0.16 3.01 0.20 2.29 0.16 1.96 0.13
(1.24)*  (0.08)* (2.32)* (0.08)* (1.40) (0.09) (1.44) (0.09)
School emphasis on 2.50 0.17 0.45 0.03 0.07 0.01 0.46 0.03
academic success (1.13)* (0.08)* (2.35) (0.10) (1.24) (0.10) (2.29) (0.09)
School discipline 0.13 0.01 0.07 0.01 0.64 0.07 0.13 0.01
(0.96) (0.08) (1.16) (0.112) (1.14) (0.12) (1.13) (0.11)
Teacher years of 0.56 0.15 0.54 0.15 0.54 0.14
experience (0.47) (0.12) (0.48) (0.13) (0.51) (0.13)
Teacher job satisfaction -3.47 -0.15 -3.19 -0.14 -3.35 -0.14
(2.41) (0.10) (2.47) (0.11) (2.36) (0.10)
Time assigned to science 864  -030 -498  -018 -7.03  -0.23
Ezgfwork S [l ILFES G 6.37)  (0.22) | (6.32)  (0.23) | (5.91) (0.19)
Poor teacher timekeeping
(not a problem)
minor problem -0.02 0.00 2.15 0.08 0.82 0.03
(8.55) (0.30) (8.32) (0.30) (7.67) (0.26)
moderate or serious 8.14 0.28 13.22 0.48 12.78 0.42
problem (11.38) (0.39) (11.46) (0.41) i (10.64) (0.36)
Teacher absenteeism (not
a problem)

. -3.51 -0.12 1.19 0.04 2.17 0.07
minor problem (7.01)  (0.24) | (6.79)  (0.25) | (6.24)  (0.21)
moderate or serious -21.43 -0.75 -17.19 -0.62 -16.62 -0.55
problem (8.61)* (0.29)* (8.26)* (0.29)* | (7.64)* (0.25)*
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Class/school-level

variables (reference B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 6 (SE) B (SE) 8 (SE) B (SE) 8 (SE)

category)

Teacher highest level of

education (Up to ISCED -5.26 -0.18 -3.91 -0.14 -8.79 -0.29

level 6 — bachelor’s or (12.99) (0.45) (13.17) (0.48) (12.29) (0.40)

equivalent level)®

Teacher major area of

study (science and science

education)
science but not science -10.46 -0.37 -11.49 -0.42 -11.88 -0.40
education (6.76) (0.24) (6.62) (0.24) (6.43) (0.22)
e e ol 12.21 0.43 22.96 0.83 20.62 0.69

(11.37) (0.39) (10.73)*  (0.37)* | (9.38)* (0.31)*

Professional development

hours on science (more

than 35 hours)

0.68 0.02 -3.53 -0.13 -3.66 -0.12
=B [N (7.57)  (0.26) | (7.63)  (0.28) | (7.06)  (0.24)
6-15 hours 3.92 0.14 -0.71 -0.03 -4.61 -0.15

(6.53) (0.22) (6.72) (0.24) (6.57) (0.22)
less than 6 hours 0.83 0.03 -0.04 0.00 3.27 0.11

(8.63) (0.30) (8.80) (0.32) (8.49) (0.28)
none 0.73 0.03 3.65 0.13 6.03 0.20

(14.42)  (0.50) | (15.01)  (0.54) | (14.52) (0.48)
Professional development 7.01 0.25 8.62 0.32 11.07 0.37
on science content (no) (7.01) (0.25) (7.78) (0.28) (7.34) (0.24)
Professional development -3.52 -0.12 -0.02 0.00 0.27 0.01
on science pedagogy (no) (8.32) (0.29) (8.96) (0.33) (7.98) (0.27)
Principal years of -0.09 -0.02 -0.19 -0.05
experience (0.35) (0.09) (0.35) (0.08)
Principal highest level of
education (ISCED levels 7 473 0.17 6.23 0.21
& 8 — master’s or (13.27) (0.48) (13.36) (0.45)
doctorate degree)?
Principal qualification in
educaF;io:al leadership 3.02 0.11 “0.05 0.00
(no) (6.33) (0.23) (6.46) (0.22)
. 6.66 0.24 9.22 0.31
School library (no) (6200  (0.23) @ (5.81)  (0.20)
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Interaction terms
(reference category) B(SE) 6(SE) = B(SE) B(SE) | B(SE) 6(SE) = B(SE) B(SE) | B(SE)  6(SE) = B(SE)  B(SE) | B(SE) 6(SE)
Student gender*Student -4.88 -0.35
confident in science (1.91)* (0.13)*
Student gender*Teacher 39 15 0.40
age (40 years or older) — . oy
30.39 years (10.20)** (0.12)
(ng)"ke"hood -32968.21 -29618.39 -27632.53 -25284.64 -14301.28 -13016.61 -13004.99
0,
Fit
statistics AIC 65944.43 59262.78 55303.05 50617.28 28684.55 26123.23 26103.99
BIC 65971.01 59262.78 55426.29 50770.87 28923.63 26381.44 26373.68

Note: Null model: Intercept (SE): 431.76 (3.69), Ho= -33003.98, AIC = 66013.96, BIC = 66033.89. *p < .05; **p < .01; ***p < .001. *Higher scores indicate less frequent bullying;
bOther category: 16 minutes or more; ‘Other category: ISCED levels 7 & 8 — master’s or doctorate degree; YOther category: ISCED Level 6 — bachelor’s or equivalent level.
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