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Abstract

Understanding the long-standing educational inequities associated with
socioeconomic status remains significant for transforming educational policies

and practices. To better understand entanglements among socioeconomic status
and students’ performance in mathematics, we examined different home factors
(including language of the test) that influence Lebanese learners' performance in
TIMSS. Exploring TIMSS data can assist us in identifying areas and groups of students
who require additional assistance in order to address inequities. The purpose of this
study is to investigate how language and other home factors influence Lebanese
students’ mathematics performance in TIMSS. Mathematics is taught in a foreign
language (English or French) in Lebanon, according to Language of Learning and
Teaching policy (LoLT) that dates to 1926. Using TIMSS data and hierarchical linear
modeling (HLM), we looked at how students performed in mathematics based on
the language of the test and how often they spoke it at home. Other home factors
such as parents' education level, number of books owned, and parents’ involvement
were also examined. Results show that not speaking the language of the test at
home and other SES-related factors had different but mostly significant contribution
to students’ mathematics scores. Lebanese students’ overall low performance
suggests the time is ripe for a reformed Lebanese curricula that responds to the
needs of learners and of society, taking into consideration students’ cultural capital
and language of instruction.

Keywords Language and Mathematics, Cultural capital, International assessments,
Language of instruction, TIMSS

Introduction

In today’s scientific and technological age, advanced mathematical literacy is central
for societies’ growth and well-being and for preparing youth for future challenges and
competitive careers. Mathematical literacy entails not only understanding and using
concepts, but also developing the discipline’s discourse and reasoning, and understand-
ing that mathematics exists in a real world impacted by politics, economics, and social
factors (Lemke, 2001; Moje, 2015). Lebanese students’ steadily declining performance in

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-2371-1361
http://crossmark.crossref.org/dialog/?doi=10.1186/s40536-023-00180-w&domain=pdf&date_stamp=2023-8-1

Younes et al. Large-scale Assessments in Education (2023) 11:30 Page 2 of 17

mathematics raises general concerns on the quality of mathematics education in Leba-
non, and in particular for students from lower socio-economic strata (SES) (Post et al.,
2011). Indeed, since 2007 the Trends in International Mathematics and Science Study
(TIMSS) examinations show that, not only did Lebanon’s mathematics average decline,
but has also been consistently lower than the TIMSS’ Intermediate International Bench-
mark of 475 (Mullis et al., 2020); which indicates that Lebanese students are able to apply
basic mathematical knowledge in simple situations rather than solve complex problems
(Mullis et al., 2020). Moreover, the first author has found that students in private schools
(usually the more affluent) performed significantly better in mathematics than students
in public schools in TIMSS 2007 (Younes, 2013), which indicates educational inequali-
ties based on students’ SES. To better understand entanglements among dimensions of
SES and students’ performance in mathematics, we examined different home factors
(including language) that influence Lebanese learners’ performance in TIMSS. Lebanon
is a theoretically significant case study for examining and acknowledging the nuanced
and vital student’s cultural and language capital and its role in students’ development
of advanced mathematical literacy. Around 65% of Lebanese students attend private
schools (Center for Educational Research and Development (CERD), 2020); these
schools though vary widely in terms of tuition fees and available resources (e.g., tuitions
can range from free to very high tuition-fee elite schools). Students from lower socioeco-
nomic strata attend public schools or less equipped private schools with lower or free
tuition, whereas their more affluent counterparts attend medium to high tuition private
schools. Moreover, Lebanese students learn mathematics in a foreign language (English
or French) based on a Language-in-Education policy that dates back to 1926. Consider-
ing the proficiency in the target foreign language is yet another dimension of economic
advantage, we also explored the influence of the language of the test on Lebanese TIMSS
mathematics performance.

Theoretical Framework

A sociocultural perspective emphasizes the influence of societal, home and school cul-
ture, and language on learning and development (Vygotsky, 1983), with more recent
sociocultural theories scrutinizing the central role played by social and power structures
and hierarchies in education and educational systems. Accordingly, we draw on Bour-
dieu’s concept of cultural capital and how languages and forms of languages become
symbols of power or linguistic capital (Bourdieu, 1999). Bourdieu’ social critical theory
proposes that agency and access are subject to constraints set by social and power struc-
tures. Particularly, Bourdieu suggested the concept of ‘cultural capital, which involves
familiarity with a society’s dominant culture, and “the ability to understand and use
‘educated’ language” (Sullivan, 2001, p. 893). Indeed, Bourdieu (1999) adds that modes
of transmission of linguistic capital between generations represents a particular case of
modes to legitimately transmit cultural capital between generations, with “two principal
factors of production of the legitimate competence, namely, the family and the educa-
tional system” (p. 62). Hence, educational systems become arenas for social class repro-
duction, and so educational quality along with language-in-education policies and how
they are implemented can contribute significantly to either widening or narrowing the
gaps among different factions in society (Bourdieu & Patterson, 1977). As such, lan-
guage-in-education policies are intertwined significantly with political, socioeconomic,
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ethnic, and power structures, and consequently dominate schooling and access to qual-
ity educational experiences.

Home assets and mathematics performance

The intricate associations among home assets as SES indicators and TIMSS mathematics
performance has been tackled in several studies. In their study on 4th grade mathemat-
ics performance in TIMSS 2015 in Turkey, Ersan and Rodriguez (2020) included a home
resource for learning index to predict mathematics achievement. This index included
parents’ education and work, number of books at home, internet access, and whether
the student owned their own room. Home resources for learning was a strong predictor
of mathematics achievement and explained 7% of the variance within schools.

Parents’ education level has been associated with students’ performance in mathemat-
ics in several locations around the world (Ismail & Awang, 2008; Baliyan et al., 2012;
Farouk et al., 2012; Kodippili, 2011). In his study on US 8th grade students, Kodippili
(2011) found that, on average, a student whose parents had a university degree or higher
scored 21 points more than a student whose parents only finished secondary school.
Likewise, Ismail and Awang (2008)’s Malaysian study on 8th grade students, using
TIMSS 2003, found that children whose parents had at least a post-secondary education,
had a bigger chance of scoring higher in mathematics. Similarly, Farouk et al. (2012)’s
study on secondary school students in Pakistan showed mothers’ education level and
fathers’ education level affected their child’s performance in mathematics differently.
Fathers’ education only significantly affected students’ academic performance in math-
ematics if they had a bachelor’s or master’s degree while mothers with intermediate,
secondary or bachelor’s degree had significant effects on their children’s academic per-
formance in mathematics.

In their study on 32 countries, Huang and Liang (2016) showed that not only parental
education had a significant relationship with students’ performance in mathematics but
also book possession and parental expectations for their children. Educational resources
and the availability of books/reading materials at home have a role in determining how
far students go in schooling (De Graaf et al., 2000; Teachman, 1987). Teachman (1987),
used four items to measure the educational resources found at home: a specific place to
study, availability of reference books, a daily newspaper, or a dictionary/encyclopedia.
Likewise, Ismail and Awang (2008) found that 8th grade students who own books or use
computers regularly scored significantly higher in mathematics. Specifically, the use of
computers had the highest probability of students in Malaysia scoring above the interna-
tional mean and students who had one or more bookcase were “three times more likely
to score above the international average” (p. 38). Furthermore, according to De Graaf et
al. (2000), parental reading behavior plays a positive role in their children’s education
careers. Their study found that parental education was the most powerful predictor of
children’s educational attainment in the Netherlands. Based on the research presented
in these studies, it can be concluded that home resources including parental education
have significant impact on students’ mathematics performance. The research demon-
strates that the presence of books, internet access, supportive parental behaviors, and
a conducive learning environment to study at home are all associated with better stu-
dent’s academic outcomes. Therefore, policymakers and educators should consider ways
to increase access to educational resources for students, especially for those who come
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from disadvantaged backgrounds. This may involve providing educational resources to
families and promoting parental involvement in their children’s education.

Language and mathematics performance

From a sociocultural perspective, language is a significant cultural tool for co-construct-
ing meaning and higher levels of mathematical knowledge (Fernandez, 2023; Moschkov-
ich et al., 2018) where communication and developing mathematics academic discourse
are a central component of mathematics teaching and learning (Schleppegrell, 2007;
Moschkovich et al., 2018). Contrary to the traditional belief that mathematics is less
reliant on language as compared to other subjects, it is increasingly acknowledged that
language assumes as significant a role in the learning of mathematics as in the learn-
ing of the other subjects (Moschkovich, 2018). Based on the principles and standards of
the National Council of Teachers of Mathematics (NCTM, 2000), students are not only
required to develop mathematical understanding, reasoning, and problem solving, but
they also need to develop the mathematical language to formulate conjectures and jus-
tify their thinking verbally and in writing (Fernandez, 2023). Indeed, students need to be
able to “organize and consolidate their mathematical thinking through communication,’
and “communicate their mathematical thinking coherently and clearly to peers, teachers,
and others” (NTCM, n.d.). When learners get to use language meaningfully using both
every day and mathematics registers to discuss, analyze and explore their own reason-
ing as well as the reasoning of others, they develop as ‘powerful mathematical thinkers’
(Assaf & Graves, 2019). This shows that language plays an essential role in the construc-
tion and development of conceptual understanding and critical thinking skills, thus the

need of a language-rich environment.

The Lebanese context
The educational system in Lebanon is trilingual with mathematics and science taught
and assessed in an international language (English or French). Almost all private and
public schools teach mathematics in a second language (L2), either in French or English,
starting from kindergarten all the way through high school. A small number of schools,
particularly in rural areas, use Arabic (L1) for teaching mathematics in grades 1 through
6, and later shift to using L2 after grade 6 (El Mouhayar & Jurdak, 2013). Lebanon’s
language-in-education policy is rooted in the country’s history ! and the independence
of modern Lebanon (1946) with an economy reliant on commerce and tourism: Using
L2 in mathematics instruction is believed to develop students’ mathematics curiosity
and give them access to worldwide resources while being aligned with the language of
instruction adopted in a wide range of universities (Dandashly, 2014). Parents usually
decide whether they would like their children to be in the English or French track. There
is almost an even distribution of students between French or English-medium schools:
students in French-medium schools comprise 49.6% of the student population and the
English-medium schools 50.4% (CERD, 2020).

Mathematics achievement in Lebanese schools, though, has been steadily declining in
the last three decades (Chahine et al., 2011), with the rate of success in official examina-
tions not surpassing 60% in 2007 (Chahine, 2011). In addition, most Lebanese students

! Foreign missionary schools prior to twentieth Century and the French mandate over Lebanon from 1920 to 1943.
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are performing at the low benchmark in TIMSS since 2003 (Antoun et al., 2023; Cha-
hine, 2011; Mullis et al., 2016, Mullis at el. 2020). This might be due to students’ limited
proficiency in the language used for mathematics instruction, which in turn impedes
conceptual understanding (Chahine, 2011; Dandashly, 2014). Indeed, mathematics and
language learning are deeply interwoven (Prediger & Wessel, 2013). Yet, there is very few
published research in Lebanon on this topic. In multilingual settings, such as in Leba-
non, learners, often encounter academic content and discourse in an unmastered lan-
guage (Jakobson & Axelsson, 2017; Lee et al., 2019), and so the the role of language is
even more prominent.

Mathematics in Lebanon emerged as an obstacle to a number of students with limited
foreign language proficiency, stopping them from choosing to pursue higher levels of
education (Chahine, 2011). It is believed that understanding mathematics necessitates
that both teachers and students master the language of instruction (LOI) as language
is the foundation for deep mathematical understanding (Molina, 2012). L2 learners are
required to acquire the identical academic content as students learning in L1, while
developing proficiency in L2 (Prinsloo & Harvey, 2018). Accordingly, language’s pivotal
role in students’ education emerges as a means of exclusion or inclusion of students in
classroom learning (Prinsloo & Harvey, 2018). When the language of instruction is not
students’ first language, limited proficiency in L2 would hinder them from meaningfully
contributing to class discussions and articulating their ideas freely (Brock-Utne, 2013;
Dandashly, 2014; Jhagroo, 2015), thus distracting their concentration and attention and,
particularly, impeding their capacity to understand and solve mathematical word prob-
lems (Dandashly, 2014). Moreover, it has been found that students learning math in first
language (L1) achieve better in both subjects, have higher conceptual understanding,
and do better on exercises that require higher cognitive levels of thinking than students
who are taught using the second language (L2) (Dandashly, 2014; Prediger et al., 2019).

Indeed, language ability is a predictor of the performance of students in math (Abedi
& Lord, 2001). In South Africa, where mathematics is taught in L2, one of the factors
associated with low performance in TIMSS is a lower frequency of “speaking the lan-
guage of the test at home” (Juan & Visser, 2017; Prinsloo & Harvey, 2018). This indicates
the strong influence of foreign language proficiency on students’ performance. More
particularly, studies have revealed that the language used in word problems in math-
ematics influence students’ understanding and capacity to resolve the problems, with
the difficulties generally lying in the contexts and situations that the problem presents
(Schleppegrell, 2007). Indeed, it is through language that mathematical ideas develop
(Schleppegrell, 2007). Research has shown that when the language of instruction dif-
fers from students’ home language, students might face difficulties in academic learning.
Ismail and Awang (2008) found that using the language of the test at home had no effect
between medium and low achievers but had an effect between the high and medium
achievers and high and low achievers.

The impact of the language of instruction on the achievement of Lebanese students
in mathematics was examined by Dandashly (2014). Her study showed that Grade 5
and Grade 11 students who had learned math and science in first language (L1) at the
elementary level achieved better in both subjects, had higher conceptual understand-
ing, and did better on exercises that require higher cognitive levels of thinking than stu-
dents who were taught using the second language (L2). Yet, Dandashly’s (2014) study did
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neither take into consideration nor provide information regarding the socioeconomic
status (SES) of the Lebanese students who were subjected to the study.

Dandashly’s (2014) findings are in accordance with the findings of de Araujo et al.
(2018) who examined empirical studies, between 2000 and 2015, that focus on math-
ematics teaching and learning with K-12 English language learners (ELLs) in various
context (e.g. US, Australia, UK, South Africa), in order to get insights into the field’s cur-
rent state. Their review of the literature revealed that the mathematical performance of
ELLs is related to their proficiency in both their L1 and their second language (L2). ELLs
who are highly proficient in both L1 and L2 have a better performance on mathemati-
cal assessments when compared to students who lack proficiency in these languages
(Clarckson, 1992; de Araujo et al., 2018; Ni Riorddin and O’Donoghue, 2009). As Molina
(2012) argued, from a language viewpoint, the development of conceptual comprehen-
sion requires students to thoroughly master the symbolism and academic language
which are essential components of mathematics. This means that students need to have
the ability to not only identify and comprehend nuances in the symbolism and language,
but also to decipher meanings of symbols and words in various mathematical frame-
works and to differentiate the meanings of mathematical words from other potential

meanings those words might have.

Present study and research questions

Research questions

In this study, TIMSS data of Lebanese students is explored to better understand the
influence of language and other home factors on students’ mathematics performance.
Close analysis of TIMSS data can help us counter structured inequalities by identifying
areas and groups of students that need more support (Perry et al., 2022). As importantly,
TIMSS scores can indicate educational effectiveness of mathematics curricula and
instruction (Eriksson et al., 2018), and thus inform curricular reforms that have been
long overdue in Lebanon, where the most recent reform was carried out in 1997 (with
revisions in 2005). Specifically, our study addresses the following questions:

+ Is there a difference in the mathematics performance of Lebanese students in TIMSS
based on the language of the test (English and French)?

+  What home factors affect the students’ performance in mathematics in TIMSS?

+ Does the frequency in which the language of the test is spoken at home affect the
students’ performance in mathematics? And how does this vary across the two

languages in Lebanon?

Methods

Statistical analyses

For our study, we used the Lebanese 8th grade TIMSS 2015 and TIMSS 2019 data for
mathematics (Mullis et al., 2016, 2020). We chose to focus on two years instead of one to
see the similarity and differences between the years and to see whether results replicate
across the years. Based on a nationally representative sampling by TIMSS, 3873 students
were selected from 138 different schools across Lebanon for the TIMSS 2015 exam and
4730 students were selected from 204 schools for the TIMSS 2019 exam. For all analyses,
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we divided the students by the language of the test (English or French). The number of
students and schools in each track (English or French) are presented in Table 1. Some
schools have both English and French tracks and one class from each track was sampled.

As our study is concerned with how learners’ cultural and language capital can affect
students’ performance, we focused on language, parents’ education level, and home
assets (e.g., number of devices, number of books, availability of internet at home, etc.) as
variables. If more than 75% of the students owned the asset, then this asset was excluded
from the study (e.g. have internet at home, own tablet, have more than one bathroom).
Subsequently, the factors that were included in the study were: frequency of the language
spoken at home, mother’s education level, father’s education level, parent involvement,
number of books owned, number of devices owned, own a study desk, own a room, own
a mobile, own a gaming system, and have a home cinema. Some variables were recoded
or reverse coded as needed.

First, we compared the performance of the students in mathematics based on the lan-
guage of the test, by looking at the means for each language in 2015 and 2019 separately
and the TIMSS benchmarks attained for each year. TIMSS has four defined achieve-
ment benchmarks (score in parentheses): Low (400), Intermediate (475), High (550) and
Advanced (625). Then, to check whether there is a difference in the mathematics scores
of students who took the test in English or French we performed and independent t-test
for each of the TIMSS 2015 and 2019 data.

Second, using hierarchical linear modelling (HLM) (Raudenbush & Bryk, 2002), we
examined whether the performance of students in mathematics was affected by the lan-
guage and home variables. HLM takes into account that the students are nested within
schools; therefore, taking into account students’ individual differences and students’
grouping in schools (Hox, 2010; Raudenbush & Bryk, 2002). In addition, HLM allows
for the use of plausible values which is the form of the TIMSS raw data (Raudenbush &
Bryk, 2002; Rutkowski et al., 2010; Von Davier et al., 2009). Furthermore, weights were
computed for each level. At the students’ level, the students’ weight was calculated by
multiplying the class weight and the student weight while the school weight was used for
the second level (Rutkowski et al., 2010).

For the HLM analysis, first, an unconditional model with students nested within
schools was fit to calculate the intra-class correlation (ICC) and determine whether ana-
lyzing the data as 2-levels is appropriate (Raudenbush & Bryk, 2002). This HLM analysis
was performed for both English and French for both TIMS 2015 and TIMSS 2019. Then,
each of the language and home variables was added to the unconditional model at the
students’ level for each of the English and French tracks for both years to check whether
this variable has an effect on students’ mathematics performance. In addition, we ran
the same HLM test for different content areas within mathematics (Number, Algebra,
Geometry, Data and Chance) and the frequency of the language spoken at home to see
whether the language affects content areas differently. Lastly, we checked which factors
still contributed in explaining the students’ mathematics performance, when combined.

Table 1 Number of students and schools in the english and french tracks

English Track French Track
Number of students  Number of schools  Number of students  Number of schools
TIMSS 2015 1507 (42.8%) 63 2366 (57.2%) 87

TIMSS 2019 2632 (51.8%) 115 2098 (48.2%) 105
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Table 2 Performance of 8th grade Lebanese students in math in TIMSS 2015 and 2019

Language N Mean SD SE
2015* English 1507 438.68 73.90 7.07

French 2366 44524 76.14 4.54
2019 English 2632 430.82 69.90 418

French 2098 42768 7513 537

* The difference between English and French was statistically significant (p<.05) in 2015

Table 3 Number of students at each of the TIMSS benchmarks in 2015and 2019

2015 2019

English French English French
Below the Low Benchmark (< 400) 451 (31.06%) 574 (28.27%) 988 (33.59%) 786 (37.86%)
Low Benchmark 556 (36.30%) 790 (35.34%) 1063 (40.44%) 769 (34.47%)
(400<x<475)
Intermediate Benchmark 404 (25.98%) 743 (28.14%) 487 (21.15%) 440 (21.97%)
(475 <x<550)
High Benchmark 93 (6.41%) 244 (7.79%) 86 (4.36%) 99 (5.52%)
(550<x<625)
Advanced Benchmark (> 625) 3(0.25%) 15 (0.46%) 7 (0.46%) 3(0.18%)
Results

General achievement of Lebanese students

Table 2 presents the average performance of students in the English and French tracks in
2015 and 2019. In 2015, as seen in Table 2, the French track students scored higher than
the English track students in mathematics and the difference was statistically significant
(p=.008). On the other hand, in 2019, the English track students scored higher than the
French track students but the difference was not statistically significant (p=.14).

Using the IEA IDB Analyzer (IEA, 2019) for the TIMSS 2015 and TIMS 2019 data,
we extracted the number of students performing at each of the TIMSS benchmarks. As
seen in Table 3, more than two thirds (67% and 74%) of the English track students and
more than half (64% and 72%) of the French track students scored below the Intermedi-
ate Benchmark (low and below low benchmarks) in both years. In 2019, the percentage
of students scoring below the Intermediate Benchmark was higher than in 2015 in both
English and French. Interestingly, a higher percentage of students scored below the low
benchmark in 2019 than in 2015 especially in the French track. Less than 10% of the stu-
dents were able to attain the High Benchmark across the years. Less than 1% of the stu-
dents were able to attain the Advanced Benchmark in Mathematics in both the English
and the French tracks in 2015 and 2019.

How often the language of the test is spoken at home
Table 4 presents the percentages of students based on how often these students spoke
the language of the test at home. More than three quarters of the English track students
spoke English at home either “never” or “sometimes” across the two years, whereas in
the French track in 2015, around two thirds of the students spoke French at home either
“never” or “sometimes” but that number was around 80% in 2019. Mainly, the majority
of the students spoke the language of the test “sometimes” at home.

For HLM, the data was divided by TIMSS 2015 and TIMSS 2019 and by the language
of the test (English and French) separately. A 2-level unconditional model was fit with
students nested within schools for each language and year independently. The Intraclass
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Table 4 How often learners speak the language of the test at home

2015 2019
ATHOME English French English French
Never 11.1% 15.4% 15.7% 30.5%
Sometimes 67.8% 53% 64.9% 49.9%
Almost Always 14.1% 19% 12.4% 12.7%
Always 7% 12.9% 7% 6.9%

Note. Data from Mullis et al. (2016) and Mullis et al. (2020)

Mathematics 2015 Mathematics 2019

460 460

440 440

420 420

400 400

380 380

360 360
Never Sometimes  Almost Always Always Never Sometimes Almost Always  Always
e=@==English Math e=@==French Math e=@==rFnglish «=@==—French

Fig. 1 Difference on average in scores based on the frequency of the language spoken at home

correlation was over 30% for both the English track and the French track and both 2015
and 2019, which are large values according to Hox (2010). Which means that more than
30% of the variance is between schools, therefore, analyzing the data as 2-levels using
HLM is appropriate.

The HLM results indicated that the effect of the frequency of the spoken language at
home on the students’ performance depends on the language of the test, i.e., the effect
is not the same for the English and French tracks. In 2015, on average, the difference
between the students’ scores at each level of the frequency of the spoken language at
home was 10.18 points (p<.001) for English and 3.49 points (p=.163) for French. Which
means the difference in mathematics scores, in 2015, on average, between someone who
never spoke the language of the test at home and someone who always spoke the lan-
guage of the test at home was 30.5 points for English and 10.47 points for French. In
2019, on average, the difference between the students’ scores at each level of the fre-
quency of the spoken language at home was 7.72 points (p=.003) for English and 3.33
points (p=.235) for French. Which means the difference in mathematics scores, in 2019,
on average, between someone who never spoke the language of the test at home and
someone who always spoke the language of the test at home was 23.16 points for English
and 9.99 points for French. The differences were statistically significant for the English
track in both years but not for the French track in either year. In other words, how often
students spoke the language of the test at home significantly affected their mathematics
scores if they were in the English track but did not significantly affect their mathematics
scores if they were in the French track. The graphs in Fig. 1 below show the difference,
on average, in the scores of the students depending on the frequency of the language
spoken at home in both years.

Within each of the content areas for mathematics, on average, the difference between
someone who never spoke the language of the test at home and someone who always
spoke the language of the test at home was between 27 and 39 points for the English
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track in 2015, and between 8 and 16 points for the French track, in 2015 (see Table 5).
The lowest difference in score in mathematics for both English and French tracks was for
Number and the highest difference in score was in Data and Chance in 2015. As for 2019,
on average, the difference between someone who never spoke the language of the test at
home and someone who always spoke the language of the test at home was between 18
and 44 points for the English track, and 9 and 19 points for the French track. The lowest
difference in score for both the English and French tracks was in Geometry. The high-
est difference in score for both English and French tracks was in Data and Chance. It is
interesting to note the low performance of students in both tracks in Data and Chance.
Lebanese students have consistently performed lower in Data and Chance than other
content areas in TIMSS (see e.g. Younes, 2013). One explanation might be that in 2019
for example, 4 out of the 6 topics of Data and Chance tested in TIMSS were not taught in
the Lebanese curriculum in grade 8 (Mullis et al., 2020). Also from the authors’ experi-
ence and work with teachers, the chapters on data and probability are usually left until
the end of the year if the teacher has time and usually not taught.

Home factors

To check which home factors affect students’ performance in mathematics, we ran an
HLM for each of English and French tracks (2015 and 2019) with each of the home fac-
tors. The factors were: mother’s education level, father’s education level, number of
books owned, number of devices owned, own a study desk, own your own room, own
a mobile phone, own a gaming device, and own a home cinema. Factors that did not
statistically significantly contribute to the students’ performance in 2015, neither in the
English nor in the French tracks were excluded from the study. The four remaining fac-
tors were: mother’s education level, father’s education level, number of books owned,
and number of devices owned. Parents’ education level was divided into 4 levels: (a) high
school or below, (b) post high school, (c) bachelor’s degree, (d) masters or doctorate. The
number of books owned was divided into 5 levels: (a) 0—-10 books, (b) 11-25, (c) 26—100,
(d) 101-200, (e) more than 200. The number of devices found at home was divided into 5
categories: (a) none, (b) 1-3, (c) 4—6 (d) 7-10, (e) more than 10. Unfortunately, the num-
ber of devices found at home was not available in the TIMSS 2019 data so it was ana-
lyzed for the TIMSS 2015 data only. The rest of the variables were used for both years.

Table 5 The average difference in achievement between someone who “never spoke the language
of the test at home”and someone who “frequently spoke the language of the test at home”in
content areas

English French
2015 Number 27.75% 831
Data and Chance 38.88* 15.56%
Geometry 32.34* 9.12
Algebra 31.23% 12.69
Mathematics 30.5% 10.47
2019 Number 34.26* 18.27*
Data and Chance 44.43% 18.63
Geometry 1791 8.67
Algebra 20.01* 10.35
Mathematics 23.16* 9.99

*p<.05
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Table 6 Differences in scores between first and last levels of home factors

English French

2015 2019 2015 2019
Mother’s Education Level 11.91 28.53% 21.06* 22.32*%
Father's Education Level 17.28 22.98* 26.07* 21.15
Number of Devices at Home 29% NA 33.24% NA
Number of Books at Home 31.52% 19.64% 37.2% 16.52%

*p<.05

Table 7 Factors affecting students’ performance in mathematics

English Track French Track

2015 2019 2015 2019

Coefficient P Coefficient P Coefficient P Coefficient P

Value Value Value Value

Frequency 8.44* 0.034 746* 0.005  NA NA NA NA
of spoken
language
at home
Mother's NA NA 7.30% <0.001 3.02 0228 7.11* 0.002
Education
Father’s NA NA 392 0.101 404 0.16 NA NA
Education
Number of 5.63* 0.032 NA NA 6.31* 0.037 NA NA
Devices at
Home
Number of 5.84* 0019 214 0346 604 0132 482* 0.046
Books at
Home
*p<.05

The effect of the four factors on students’ scores between the lowest level and the high-
est level of each factor is presented in Table 6. All four factors contributed statistically
significantly to the students’ scores in the French in 2015 but only the mothers’ educa-
tion and the number of books had significant contributions in 2019. In the English track,
only the number of books and the number of devices at home significantly affected stu-
dents’ mathematics scores in 2015, but, both parents’ education level and the number of
books affected the students’ scores in 2019.

To check which factors still affected students’ performance after controlling for other
factors, a 2-level HLM model was fit with the factors that were statistically significant
for each of English and French tracks for 2015 and 2019 separately. The coefficients for
each factor are presented in Table 7. The coefficients represent in general the amount
of change each one unit of the factor contributes to the change in the students’ perfor-
mance scores and whether this change is statistically significant.

For the English track, how often the language of the test was spoken at home, the
number of books, and the number of devices still statistically significantly affected the
students’ performance in 2015 while frequency of the language spoken at home and
mothers’ education significantly affected the students’ scores in 2019. For the French
track, how often students spoke the language of the test at home, parents’ education,
and the number of books found at home did not contribute significantly to students’
performance in mathematics in 2015. Only the number of devices found at home sig-
nificantly affected the students’ mathematics performance in 2015. In 2019, the mother’s
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education level and the number of books at home significantly affected students’ perfor-
mance in mathematics.

Discussion

Lebanese students’ low performance in TIMSS is a source of concern (Tables 2 and 3),
with more than 60% of students across language tracks (French and English) performing
at the low and below the low Benchmark in 2015 and 2019. In 2015, around 33% of the
English track students and 36% of the French track students scored at or above the Inter-
mediate benchmark. In 2019, only around 26% of the English track students and 28% of
the French track students scored at or above the Intermediate Benchmark. Additionally,
the percentage of students scoring at the Intermediate Benchmark or higher in mathe-
matics decreased from 2015 to 2019, indicating that, across tracks, students demonstrate
basic knowledge of concepts rather than being able to engage deeply with mathematics
by communicating and applying mathematical knowledge in everyday and abstract con-
texts. In line with previous research (e.g., Ersan and Rodriguez, 2020; Huang and Liang,
2016; Perry et al., 2022), we found that not speaking the language of the test at home
and other home factors; mainly mother’s education level, father’s education level, num-
ber of books and devices owned; had varying but mostly significant contribution to stu-
dents’ mathematics scores. After controlling for other factors and excluding factors that
did not contribute significantly, the mother’s education level was significantly associ-
ated with Lebanese students’ mathematics performance for both the English and French
track students in 2019. A mothers’ education level is not only an SES-indicator, but may
also reflect kinds of support they provide for their children. “Frequency of speaking the
test language at home” was significantly associated with higher mathematics scores for
the English track students across both years (Table 7), indicating that students in the
English track who spoke the language of the test more frequently at home were more
likely to perform better in mathematics in both years. In the 2015 TIMSS, the number
of devices owned was significantly associated with higher mathematics scores in both
tracks. Number of devices owned can also be a SES indicator, in the sense that more
affluent parents can afford to buy more devices and possibly give their children more
access to information.

The various SES indicators intersect substantially, particularly with speaking the for-
eign language at home. A higher educational level of parents indicates higher proficiency
in a foreign language, as almost all higher-education institutions in Lebanon adopt
English or French as the language of instruction, therefore, parents that are more edu-
cated can provide more opportunities for their children to develop proficiency in the
foreign language (e.g., access to more books). Moreover, as mentioned above, parents
with higher educational level are more likely to have better paying jobs, which would be
reflected in the number of books and devices owned.

Limited proficiency in the language of instruction influences learners’ performance
and conceptual understandings; for example, Perry et al. (2022) found that, in addition
to being an Indigenous Australian, not speaking English at home had significant nega-
tive relationships with PISA performance in all three subjects. Similarly, in South Africa,
Prinsloo and Harvey (2018) found that one of the factors associated with low perfor-
mance in TIMSS is a lower frequency of “speaking the language of the test at home”
From a sociocultural perspective, disciplines, including mathematics, have unique
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ways of constructing and communicating knowledge (disciplinary-discourses) (Lembke,
2005), whereby students’ meaningful engagement in disciplinary practices and dis-
course is a significant segue to deep learning (Moore & Schleppegrell, 2020). Students
deploy language to explain mathematics concepts and carry out procedures: through
such interactions, they reason about the mathematical concepts and develop under-
standing (Fernandez, 2023). If students are only allowed to use the language of instruc-
tion in content classes, which is the case in many Lebanese mathematics and science
classes (Salloum, 2021), then learners’ contribution to class discussions and articulation
of mathematical ideas are suppressed due to limited foreign language proficiency. The
language of mathematics can be challenging to all learners, and even more so to multi-
lingual learners, who would be at a disadvantage lest provided with purposeful and stra-
tegic scaffolds as they navigate and build on their various linguistic resources (Salloum,
2021; Prediger et al., 2019).

Accordingly, students’ access to higher levels of disciplinary literacy in mathematics
can be constrained by their level of foreign language proficiency, which may very well
restrict their access to dominant discourses and employment opportunities in a highly
technological global economy. According to Shuyab (2016), designating a foreign lan-
guage to teach science and mathematics, without providing the necessary supports and
opportunities to develop adequate language proficiency, has resulted in structural barri-
ers that especially disadvantage and marginalize students from economically depressed
groups; thus sustaining what has been termed as ‘linguistically structured inequalities’
(McCarty et al., 2011). In Lebanon, dropout rates (especially for lower SES boys) are at
their highest in grades 6 and 7 when all schools have to shift to teaching science and
mathematics in the foreign language. Our results further highlight inequities connected
to language and home factors, whereby the various home factors connected to SES sig-
nificantly contributed to students’ achievement in mathematics. Thus, issues of social
justice, power distribution, and equity are seemingly undermined and consequently un-
addressed in our educational system (de Araujo et al., 2018; Shuyab, 2016; Tamim, 2014).

Not speaking the test language at home did not have the same effect on mathematics
performance in the French track. The differences between the two tracks are interesting
and can afford various interpretations. In Lebanon, English is regarded as an interna-
tional and modern language for science, trade, and technology; and French is regarded
as a language of education and culture and even more importantly as an identity marker
for certain Lebanese groups (Diab, 2009; Orr & Annous, 2018; Shaaban & Ghaith, 1999).
The French’s language status as an identity marker may have undermined the influence
of the frequency of speaking the foreign language at home for Lebanese groups who per-
ceive French as a second language rather than the foreign language and have historically
spoke it at home regardless of SES. It could be that for this group, other SES factors asso-
ciated with cultural capital, such as the mother’s educational level, emerged stronger in
relation to the TIMSS achievement.

There is a reason to believe that another contextual practice may have mediated the
negative effect of not speaking the language of the test at home in the French schools.
In Lebanon, it is not uncommon for more affluent English-Educated” parents to send
their children to prestigious private French schools to give them the advantage of a third

% In Lebanon, many identify as English-educated or French-educated based on the dominant foreign language in the
schools they attended.
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language, thus enhancing their children’s economic opportunity (Baladi, 2018; Dagher
& BouJaoude, personal communication). Such private schools usually have more quali-
fied teachers and are better resources for building students’ language proficiency, even
when the foreign language is not frequently deployed at home. Therefore, such students,
even if they do not speak French at home, are more likely to have parents, and especially
mothers, who are highly educated, thus neutralizing the influence of not speaking the
language of the test at home.

Conclusion and implications

All students need to be enabled for developing their cultural capital and gaining higher
educational credentials. Lebanese students’ overall low performance indicates that they
are experiencing school mathematics as facts and skills that are mostly detached from
their daily lives. A possible cause of such state is outdated and inflexible curricula and
the persistence of traditional content-centered approaches that target lower-level learn-
ing rather than interactive inquiry-based teaching and learning. Learners’ mathematics
TIMSS performance seems to also be associated with different SES indicators, mainly
home and family assets and foreign language proficiency. In this paper, we tried to
show interrelations between different SES factors and foreign language as the medium
of instruction and mathematics achievement, especially in terms of its implications for
students from disadvantaged groups. Our results suggest that designating a foreign lan-
guage as the medium of instruction intersects with other SES factors and contributes to
educational inequities.

An “idealistic” implication of this research at the national level would involve equi-
table allocation of human and physical resources in schools to narrow gaps among stu-
dents from different socio-economic strata (Salloum, 2021; Perry et al.,, 2022). On a more
practical level, quality teaching and learning that promotes deeper conceptual learning
requires high levels of interactions and collaboration for students to construct mean-
ings, connect prior ideas to new ones and express understandings, and so requires high
language proficiency in both the home and foreign language (Barwell, Wessel & Parra,
2019; Lee et al., 2019). Reaching this goal requires curricular reforms and compels us as
teacher educators to better prepare mathematics teachers for responsive teaching that is
addresses the needs of socio-economically diverse learners. Such preparation requires
transforming mathematics teachers’ views on how language and mathematics are intri-
cately connected (Fernandez, 2023), and developing their competence for practices and
strategies that support diverse students’ mathematics learning (Prediger et al., 2019).
Both instructional materials (e.g., textbooks) and teacher preparation need to highlight
critical awareness of how language is used in mathematics to construct present, and rep-
resent knowledge, thus enabling and empowering students to participate and expand
their mathematical linguistic repertoires (Schleppegrell, 2020).

Multilingualism is an important identity marker for the Lebanese, who view Leba-
non as a global economy and as a ‘bridge’ connecting the East and the West (Baladi,
2018; Tohme, 2019); hence, maintaining a multilingual education policy coheres with
such identity marker. However, in addition to responding to the society’s needs, it is also
important for education to respond to diverse learners’ needs. In our global environ-
ment, innovation in science and technology can drive growth and improve quality of life,
and so our curricula (content and teaching methods) and teacher education need to be
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reformed to as to build content through linguistically responsive and interactive teach-
ing approaches that involve students in collaboratively solving meaningful problems
and designing creative solutions, while building on diverse learners’ holistic linguis-
tic resources (e.g., home language) and supporting their language needs (Gajderowicz
& Jakubowski, 2022; Prediger et al., 2019). It is then that we can aspire for empowered
learners who apply mathematical knowledge, communicate it and reason with it for a
better future.
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