The Effect of the Language of Instruction
on Primary Students’ Performance
Evidence From Gulf States
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We explore the impact of the language of instruction on academic performance of Arabic-
speaking students who are expected to learn mathematics and science in and through a
second language (L2). Using as a theoretical background Cummins’s (1984) framework
relating language proficiency to academic achievement, we provide some insights into
the relationship between native language, second language proficiency, and academic
achievement in mathematics and science among students whose “mother tongue” is
Arabic. We employ a propensity score technique and use TIMSS 2019 standardized tests
to explain the differences in achievement in mathematics and science between two groups
of young children living in an Arabic dialect—dominated environment who get instruc-
tion in English and who receive instruction in classical Arabic. Our findings highlight
that the language of instruction accounts for the variations in performance.
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INTRODUCTION

n Arab countries, research on factors influencing performance of stu-
dents has mostly focused on socioeconomic status, school resources,
teacher performance, and community characteristics (Heyneman, 1997,
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Chapman and Miric, 2009; Bouhlila, 2011; Salehi-Isfahani et al., 2014;
Boubhlila, 2015; Bouhlila, 2017). Despite strong government support for
the education sector,! the quality of education as measured by student
performance in international evaluations such as Trends in International
Mathematics and Science Study (TIMSS) remains below international
standards.

The language capital is one aspect that may have an influence on
student performance and deserves special attention in Arab countries
(Bouhlila, 2011). Language capital, or more simply “the mother tongue,” is
defined in the literature as the set of skills that are acquired during child-
hood with no particular effort and strengthened in school (Chiswick and
Miller, 1995; Chiswick, 1991). The context of Arab countries is specific,
as there is a difference between the classical Arabic (known as fushaa) and
the different dialects spoken at home (the mother tongue). While strongly
rooted in standard Arabic, colloquial dialects vary greatly in pronunciation,
vocabulary, and grammar (Theodoropoulou & Tyler, 2014).

Because classical Arabic differs from the mother tongue, learning clas-
sical Arabic does not appear to be an easy process for students who speak
the dialect. Despite the modest linguistic gap (between the dialect and
classical Arabic), these students are unlikely to be fluent in Arabic, since
they live in a “dialect-dominated” environment. This, in turn, will severely
limit efficiency in language acquisition (Boutieri, 2012). Furthermore, it
has been demonstrated that first-language acquisition takes at least 12
years from birth (Collier, 1989). This process is not completed for Arabic-
speaking students by the time they reach this age, and it may take them
even longer to acquire the fundamentals of the language. In addition, the
majority of Arab countries are bilingual, which adds greater difficulties for
students’ academic achievement.

Bilingual education in many Arab countries has emerged from the
colonial era (Zakharia, 2016). The spread of the language of the colo-
nial power was mainly to serve its political and economic interests in the
colonized country (Shaaban and Ghaith, 1999). With the partitioning of
the Ottoman Empire into British and French mandates and protectorates
tollowing World War I, the French, Italian, and Spanish languages gained
prominence in the Maghreb region, while in the Mashreq, French, and
English spread in line with the language of the colonial power (Zakharia,
2016). The Western interests, mainly American and English, in the Middle
East following the discovery of oil there have strengthened the English-
language dominance (Karmani, 2005). Following the oil crises of the
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1970s, there was an acceleration in the teaching of English as an inter-
national language (Karmani, 2005) in the Gulf States and an integration
of the teaching of English into the states’ educational development plans
(Brewer and Goldman, 2010).

Bilingual education has given rise to an extensive amount of research
that has examined the links between bilingualism and academic perfor-
mance. In his theoretical framework, Cummins’s (1984) asserts that stu-
dents who are fluent in their mother tongue perform better academically.
Additionally, he posits that there is an interdependence between the first
language (L1), or the mother tongue, and the second language (L2), which
also influences academic achievement (Cummins, 1978). According to the
linguistic interdependence hypothesis, the development of L2 is partially
reliant on the level of development of L1, and pupils with low levels of L1
and L2 are more likely to face academic difficulties in school (Cummins,
1984).

Using the Gulf States? as a case study, we want to explain the dispar-
ity in academic achievements of two groups of young students living in a
dialect-dominated environment. The first is taught in English, while the
second is taught in classical Arabic. More precisely and based on Cum-
mins’s theoretical background, we seek to provide (a) evidence of the
language interdependence in the context of Gulf countries and (b) its link
with academic performance as measured by TIMSS 2019 standardized
tests, which evaluate students’ performance in mathematics and science.

TIMSS tests are extremely interesting measures of language pro-
ficiency because they test the student’s ability to use the language in
different contexts. The proposed items in TIMSS refer to students’
ability to apply their knowledge in various contexts, as well as analyze,
reason, and communicate when they state, solve, and interpret problems
in different contexts. The goal is not to have the student replicate what
she or he has learned at school. Hence, the tests provide a measure of
students’ abilities to think in the language and to demonstrate content
knowledge and cognitive knowledge. As a consequence, our research
allows us to not only shed light on the role of language as an explana-
tory factor for student achievement, but also to consider future language
policy in multilingual Arab states.

Our work adds to the empirical literature associating academic perfor-
mance with school language. It is conducted with three goals in mind. The
first is to expand research on variables influencing academic achievement in
the Gulf States. The second is to investigate the linguistic interdependence
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hypothesis in the context of Gulf countries. The third is to consider future
language policy in multilingual Arab countries.

CONTEXT OF THE RESEARCH STUDY

'The Gulf States are renowned for having diverse educational systems
that educate in languages other than Arabic. Colonization and “oil” dis-
covery provided a fertile environment for the expansion of English, which
disproportionately served the economic interests of the English-speaking
nations of the West (Karmani 2005; Brewer & Goldman, 2010; Sabic-
El-Rayess, 2020). The tremendous industrial expansion that followed the
discovery of oil resulted in bilingual education in the region (Brewer &
Goldman, 2010), a consequence of the increase in the number of foreign
workers (Winckler, 2010) resulting in a high demand for foreign schools
offering international curricula (GCC Education, 2020). For many years,
public schools in the Gulf region have had the lion’s share of enrollment
(GCC Education 2020, p. 13). In Oman, for instance, total primary
school enrollment in 2012 was 248,859 students, compared to 50,612
students enrolled in private schools (GCC Education 2020, p. 64) in
Bahrain, primary and secondary enrollments were around 72 percent in
2012, compared to 28 percent in private schools (GCC Education 2020,
p. 32). However, attitudes have shifted in favor of private schools (GCC
Education, 2020) which provide foreign language instruction (Zakharia,
2016). Public schools, however, teach all subjects in Arabic and introduce
the English language as a subject from the primary grades (Zakharia,
2016). The rapid expansion of English in the Gulf region, as well as its
penetration not just in formal education but also in almost every major
public and private institution, has pushed for more incorporation of Eng-
lish and the privatization of schools (Asmi, 2013;* Brewer & Goldman,
2010).

Local nationals mainly from high socioeconomic status prefer English
instruction for their children because they believe it will help them get
global exposure (Zakharia, 2016). Arabic is only regarded as the language
of the Qur'an and the heritage language (Hamidaddin, 2008). For students,
English is viewed as more valuable in scientific and business disciplines
than Arabic (Zakharia, 2009). Furthermore, a big number of local students
want to study overseas to obtain better jobs and governments frequently
provide scholarships to local students, encouraging them to seek higher

education abroad (GCC Education, 2020).
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The use of English and/or a second language as a medium of instruction
has long been debated in the literature. In terms of job opportunities,
a second language is seen to improve students’ likelihood of securing
employment and help in job mobility (Belhiah & Elhami, 2015; Chiswick,
1991; Angrist & Lavy, 1997).

Because investments in education pay off in the form of job opportuni-
ties and higher future incomes, most parents think that learning English
as a second language and developing the necessary communication skills
should commence as early as possible (Djiwandono, 2005; Tavil, 2009;
Ching-Ying & Hsiang-Chun, 2016). In line with the adage “the earlier
the better,” and as English’s relevance in the global economy has grown,
policymakers throughout the world are also demanding earlier beginning
ages for English language learning in schools (Enever, 2012; European
Commission, 2012; Sayer, 2018; Song, 2018). 'The assumption that “the
earlier the better” is inextricably linked to achieving linguistic competency
in terms of communicating, reading, and writing skills, in other words
to ensure native-like proficiency of L2 (Mufioz, 2014a; Mufioz, 2014b;
Butler, 2015; De Wilde et al., 2021). However, research has demonstrated
that second language mastering and its relationship to academic achieve-
ment is a complicated process that extends much beyond mere verbal
communication abilities. This topic is covered in the next section.

THEORETICAL BACKGROUND

We refer to Cummins’s (1984) conceptual and theoretical framework
in our study, which distinguishes between the conversational dimension of
English language proficiency known as basic interpersonal communicative
skills (BICS) and the academic dimension of English language proficiency
known as cognitive academic language proficiency (CALP). Cummins

(2008, p. 71) defines them as follows:

BICS refers to conversational fluency in a language while CALP refers to students’
ability to understand and express, in both oral and written modes, concepts and ideas

that are relevant to success in school.

BICS is cognitively undemanding, and nonspecialized. It takes the
learner from six months to two years to develop BICS. CALP focuses on
proficiency in academic language or language used in the school in the
various content areas. The language needed for school is complex, context
specific, and specialized. It includes not only all the domains of language
(phonetics, syntax, vocabulary, discourse, etc.) but also the four language
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skills of listening, speaking, reading, and writing (Cummins, 2008) to
be mastered in each domain as well as the language to be mastered for
each subject area (mathematics, science, economics, etc.). In addition to
acquiring the language, learners need to develop skills such as analyzing,
creating, applying, comparing, classifying, synthesizing, evaluating, and
inferring when developing academic competence.

Empirical research has shown that it takes significantly longer for
students receiving second language instruction to develop age-appropriate
academic skills in L2 than it does to develop some aspects of age-
appropriate English face-to-face communication skills (Collier, 1989).

Disentangling conversational skills from academic skills in a second
language makes it possible to understand the academic difficulties
faced by L2 learners. The distinction that was made between CALP
and BICS is elaborated into a theoretical framework for relating
language proficiency to academic achievement among bilingual students.
The theoretical framework emphasizes the interrelationships between
academic performance and language proficiency in both LI and L2,
known as the linguistic interdependence hypothesis (Cummins, 1984).
This hypothesis, when combined with a second hypothesis known as the
threshold hypothesis, implies that a bilingual child must acquire certain
levels of language competence (Cummins, 1979). More precisely, a lack
of continuing L1 cognitive development during second language learning
may result in lower levels of second language competency and academic
retardation.

Collier (1989) analyzed different research findings on academic
achievement in a second language. The findings give support for the
linguistic interdependence and the need for maintaining cognitive
development in L1 for young children with little or no L1 educa-
tion. Other research studies corroborate Cummins’s (1979) hypothesis.
For instance, Cuevas (1984) argued that language fluency positively
influences mathematics achievement. He argued that students must
be proficient in both L1 and L2 in order to cope with the variety of
language activities necessary for mathematics. Papanastasiou (2000)
highlighted the fact that students who took TIMSS evaluations in
a second language are the most disadvantaged. In the same vein,
Herbert et al. (2002) showed that students who received their instruc-
tion in a second language (English instead of Chinese) experienced
lower achievements than native students. Brock-Utne (2007) stressed
that English as a medium of instruction in Tanzania likely slows
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down the learning process. According to Samuelson and Freedman
(2010), using English as the only medium of instruction would not nec-
essarily enable students to engage successfully in the global economy,
since many of them will lack a strong command of academic literacy in
either their native language or English.

In sum, the expansion of English as a medium of instruction in the
Gulf States is not solely tied to colonization but is also contingent to a
large degree on serving the American and English interests. From a theo-
retical perspective, teaching in a second language has benefited from the
theoretical framework developed by Cummins (1979). His central thesis
posits that adequately developed LI skills can lead to cognitively and aca-
demically beneficial bilingualism. In this paper, we will investigate the
linguistic interdependence in the context of Gulf countries by comparing
the academic performance of two groups of students whose mother tongue
is “Arabi” (Dialect). One group is receiving instruction in English, while
the other is receiving instruction in Arabic.

TIMSS DATA AND METHODS

TIMSS Data

TIMSS assessments are intended to offer valid measurement of math-
ematics and science content and skills that are valued by the international
education community and are incorporated in participating countries’
curriculum. TIMSS was first administered in 45 countries in 1994/1995,
with only Kuwait of Arab countries taking part. However, the number of
Arab countries participating in TIMSS evaluations, whether at the fourth
or eighth grade levels, has increased since then. The most recent TTMSS
survey was conducted in 2019. It had 64 countries and 8 benchmarking
participants, with 9 Arab countries participating at the fourth grade and
11 at the eighth grade. Testing was carried out at the end of the school year
to guarantee cross-country comparability.

TIMSS reveals two realities: underachievement of Arab countries
across all TIMSS cycles (Bouhlila, 2011) and underachievement of Arab
students taking the tests in English* in comparison to native English
speaking students. While the international average for both evaluations
is set at 500, students in the Gulf States (Bahrain, Oman, Qatar, and the
United Arab Emirates) who took the tests in English lag far behind the

international average, as shown in Table Al.
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Sample Design and Exclusion

We use data from TIMSS 2019 of students in the fourth grade.
The samples are designed and conducted so that they provide reliable
estimates about their representative population. TIMSS used some
exclusion criteria at the school and student levels over its various
cycles (Martin et al., 2020). Schools are excluded if they are located
in remote areas, are extremely small (e.g., four or fewer students in
the target grade), offer a curriculum that is substantially different
from the mainstream educational system, or solely educate children
with special needs. The international within-school exclusion rules
are as follows: students with functional disabilities, students with
intellectual disabilities and students who are nonnative language
speakers. For our sample, the overall exclusion rate did not exceed
5.6% (Table A2).

Our research focuses on fourth-grade students® who took TIMSS
assessments in Arabic and English. Four Gulf States (Bahrain, Oman,
Qatar, and the UAE) provided the tests in both languages. The reason
for selecting fourth-grade students is that at this grade the predominant
use of language is cognitively demanded and context-reduced. This
means that students have to rely primarily on linguistic cues to mean-
ing and may in some cases require suspending knowledge of the “real
world” in order to appropriately interpret the logic of the communica-
tion (Cummins & Swain, 1986). Since our aim is to test the linguistic
interdependence hypothesis and its link to students’ performance, we
define two groups of students: those who took the tests in Arabic known
as the control group and those who took the tests in English known as
the treatment group. In order to get more accurate results and knowing
that only native speakers are allowed to participate in TIMSS (accord-
ing to the students’ exclusion criteria discussed above), we restricted the
participants who took the test in English to those whose both parents
were born in the country. By doing so, we excluded students who were
born from mixed marriages (having a native parent), and speak Arabic
and English at home.

With 4,047 students, the UAE has the largest sample size, followed
by Oman with 3,592 students and Bahrain with 2,787 students, while
Qatar has the smallest sample size with 1,476 students. TTMSS tests in
Arabic and English were completed by 9,790 students and 2,112 students,
respectively.
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EMPIRICAL MODEL AND TECHNIQUE

Methods

OLS regression is first used to estimate the average treatment effect
of the use of English as a medium of instruction. The variable treatment
is introduced in Equation (1) as a dummy variable. Recall that the treated
group consists of students receiving English instruction, while the control
group consists of students receiving Arabic instruction.

Pi,c,s:a0+a1Fi,c,s+a2Ti,c,s+€i,c,s (1)

Where P,_is the score of student 7 in class ¢ at school s. F,_is a vector
of individual and family background characteristics. 7' _is the treatment
variable, which is a binary variable that takes the value 1 for treated obser-
vations and 0 for control observations. To draw valid inferences, we use the
students’ sampling weights.

The aim of OLS regression is to examine if there are any significant
differences in performance between the treatment and control groups.

To gain a better understanding of performance differences, and
because it is not straightforward to directly compare the outcomes for
these two groups because those who choose English education may
differ from those who choose Arabic, we use the propensity score
matching technique. The propensity score matching (PSM) is a quasi-
experimental method in which the researcher creates an artificial con-
trol group by matching each treated unit with a nontreated unit with
similar characteristics. PSM, in particular, computes the probability of
a unit enrolling in a program based on observed characteristics. This is
the propensity score. Then, based on the propensity score, PSM assigns
treated units to untreated units. PSM is based on the assumption that
untreated units can be compared to treated units based on some observ-
able characteristics, as if the treatment had been fully randomized
(Rubin, 2001).

The use of the matching technique is to control the potential confound-
ing influence of pretreatment variables (individual and family variables).
We utilize a logit model to predict children’s propensity for the treatment
group. Following that, we use the Nearest Neighbor Matching to pair cases
in both groups based on their likelihood of experiencing a treatment. We

use matching with replacement to identify neighbor cases (Frisco et al.,
2007).
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Variables

This section describes the outcome variables used for the purpose of
this study as well as the covariates.

Outcome variables. TIMSS standardized tests are interesting measures
of language proficiency because they assess the student’s ability to think
in the language and to use the language in order to demonstrate content
knowledge and cognitive knowledge in mathematics and science rather
than replicating what was done in class.

'The dependent variables are overall performance in mathematics and
science as well as cognitive and content performance in mathematics and
science. In sum, we have six dependent variables: Overall achievement
in mathematics and science, achievement in mathematics and science
content domains, and achievement in mathematics and science cognitive
domains.

Number, measurement and geometry, and data are the three content
areas of mathematics. Expressions, basic equations, and relationships,
as well as fractions and decimals, are all part of the number content
domain. The computation of whole numbers was required in the num-
ber domain. Pre-algebra principles included the concept of variables
(unknowns) in basic equations, as well as preliminary understandings of
quantity connections. Using a ruler to measure length, calculating areas
and perimeters of basic polygons, and calculating volumes using cubes,
as well as determining the qualities and characteristics of lines, angles,
and a variety of two- and three-dimensional objects, were all part of the
measurement process. Geometry entailed explaining and drawing a wide
range of geometric forms, as well as exploiting geometric relationships
to solve issues (Table 1).

'The data content domain was divided into two sections: reading
and interpreting and representing data and using data to solve problems
(Martin et al., 2020). Life science, physical science, and Earth science
are the examples of the science content domains. Topics in life science
include organism features and life processes, life cycles, reproduction,
and heredity, organisms, environment, and their interactions,
ecosystems, and human health. Students were required to understand
general features of organisms, how they work, and how they interact
with other species and their environment, as well as basic scientific
topics such as life cycles, heredity, and human health (Table 1).

The physical science content domain covered topics such as matter
categorization and properties, as well as changes in matter; energy forms
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Table 1. Content Performance

Subject

Areas

Percentage

Sections

Mathematics

Number

50%

- Expressions
- Basic equations
- Relationships

- Fractions and decimals

Measurement
and Geometry

30%

For Measurement:

- Using a ruler to measure
length.

- Calculating areas and
perimeters of simple polygons

- Using cubes to determine
volumes

- Identifying the properties
and characteristics of lines, angles,
and a variety of two- and three-
dimensional shapes

For Geometry:

- Describing and drawing
a variety of geometric figures

- Using geometric relationships
to solve problems

Data

20%

- Reading, interpreting, and
representing data
- Using data to solve problems

Science

Life Science

45%

- Characteristics and
life processes of organisms

- Life cycles, reproduction,
and heredity

- Organisms, environment,
and their interactions; ecosystems.

- Human health

Physical
Science

35%

- Classification and properties
of matter and changes in matter

- Forms of energy
and energy transfer

- Forces and motion

Earth Science

20%

- Earth’s physical charac-
teristics, resources, and history

- Earth’s weather and climates

- Earth in the Solar System

Note. The percentage represents how much the specific area contributes to content performance.
Source: Mullis et al. (2020).
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and energy transmission; and forces and motion. Students were quizzed
on physical states of matter (solid, liquid, and gas), as well as typical
changes in the state and shape of matter; common forms and sources
of energy and their practical applications; and fundamental concepts of
light, sound, electricity, magnetism, and forces and motion. The Earth
science domain includes the physical properties, resources, and history of
the Earth, as well as the weather and climates of the Earth and its loca-
tion in the Solar System. Students were required to explain the structure
and physical attributes of the Earth’s surface, as well as the utilization
of the planet’s most essential resources. They were asked to define some
of Earth’s processes in terms of visible changes, as well as identify the
time span over which such changes happened. They were also questioned
about Earth’s position in the Solar System based on observations of
changing patterns on Earth and in the sky (Table 1). Moreover, students
were required to use a variety of cognitive abilities throughout the above-
mentioned topic categories.

The cognitive abilities were divided into three general categories:
knowing, applying, and reasoning (Table 2). The knowing domain focuses
on the facts, concepts, and processes that students must grasp, whereas
the applying domain focuses on students’ capacity to apply information
and conceptual understanding to solve problems or answer questions. The
reasoning domain extends beyond the solution of basic issues learned in
math or science classes to include novel scenarios, complicated settings,

and multistep problems (Martin et al., 2020).

Table 2. Cognitive Performance

Subjects Areas Percentage | Sections

Mathematics | Knowing 40% - 'The facts, concepts, and pro-

and Science cedures students need to know
Applying 40% - 'The ability of students to apply

their knowledge and conceptual under-
standing to solve practical problems or
provide answers

Reasoning | 20% - 'The solution of familiar problems
to encompass unfamiliar situations,
complex contexts, and multistep problems

Note. The percentage represents how much the specific area contributes to cognitive performance.
Source: Mullis et al. (2020).

In TIMSS, student achievement is represented by sets of five plausible
values (Martin et al., 2016; Mislevy, 1991). Plausible values are imputed values
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drawn from the estimated ability distributions. Plausible values are generated
by making use of all available background data of the students. Plausible values
are not intended to be estimates of individual student scores, but rather are
imputed scores for like students—students with similar response patterns and
background characteristics in the sampled population—that may be used to
estimate population characteristics correctly (Martin et al., 2020). A detailed
review of the plausible values methodology is given in Mislevy (1991).

Covariates. 'The core explanatory variables are individual and family
background characteristics. These variables and their codings are listed in
Table A3. Controlling for socioeconomic status (SES) and pre-education
is important as they may influence the rate at which a second language
is learned. Individual factors include the students’ age, gender, and the
number of years in pre-primary education. Family factors include parents’
education and educational resources at home. The latter was constructed
based on the data reported by students and their parents regarding the
number of books and other study materials in their homes, the parents’
levels of education (National Academies of Sciences, Engineering, and
Medicine, 1997), and the parents’ employment. Cut scores were used
to define students into three categories: students with many resources,
students with some resources, and students with few resources. All the
nominal variables were introduced in the model as dummies. In terms of
gender, females are assigned as 1, and males as 0. Parent’s education levels
are presented in four categories: some primary, lower secondary, upper
secondary, post secondary and university or higher. The category some pri-
mary is considered as a reference category. For home resources, students are
assigned to three categories, which are the following: students with many
resources, students with some resources, and students with few resources.
The category few resources is considered as a reference category.

Descriptive Statistics

This section presents the descriptive statistics of the outcome variables
and the covariates used. Table 3 displays descriptive statistics for students.

'The mean of the outcome variables in both the treated and control
groups is less than 500 points, which is the international average. The
average age of the tested students is 9.8 years, and the sample is roughly
divided into boys and girls. Students typically received two years of pre-
primary education. Furthermore, 50 percent of parents have a university
degree or higher and more than 80 percent of students have access to some
home educational resources.®
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Table 3. Descriptive Statistics
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Variables Mean of Mean of Mean of Effect Size
Total Sample | Control Group | Treatment | (Cohen’sd)
(Arabic) Group
(English)
Mathl 460.913 461.989 455.923 -0.0653
Math2 460.249 461.301 455.369 -0.0641
Math3 461.279 462.144 457.266 -0.0531
Math4 460.247 461.223 455.724 -0.0594
Math5 460.143 461.481 453.945 -0.0811
Sciencel 467.79 473.490 441.364 -0.306
Science 2 466.356 472.555 437.623 -0.332
Science 3 466.1598 471.981 439.174 -0.313
Science 4 465.37 471.388 437.474 -0.319
Science 5 467.4827 473.472 439.717 -0.320
Content_ Mathl 458.665 459.631 454,188 -0.0576
Content_ Math 2 457.2484 458.074 453.418 -0.0488
Content_ Math 3 458.873 460.070 453.325 -0.0715
Content_ Math 4 457.8296 459.095 451.962 -0.0751
Content_ Math 5 457.447 458.496 452.582 -0.0623
Cognitive_ Math1 458.9122 459.8861 454.397 -0.0580
Cognitive_ Math 2 458.765 459.851 453.728 -0.0650
Cognitive_ Math 3 459.625 460.249 456.731 -0.0376
Cognitive_ Math 4 457.961 458.922 453.506 -0.0574
Cognitive_ Math 5 458.229 459.363 452.968 -0.0679
Content_ Sciencel 466.585 472.679 438.333 -0.321
Content _Science 2 464.148 470.346 435.420 -0.324
Content _ Science 3 464.439 470.272 437.400 -0.304
Content _Science 4 463.175 469.103 435.700 -0.310
Content _ Science 5 466.731 472.44 440.267 -0.299
Cognitive _ Sciencel 478.573 491.080 438.510 -0.518
Cognitive _Science 2 477.419 489.250 439.518 -0.488
Cognitive _ Science 3 477.617 489.885 438.318 -0.505
Cognitive _ Science 4 476.566 488.902 437.047 -0.503
Cognitive_ Science 5 478.568 490.706 439.683 -0.498
Age 9.693 9.689 9.709 0.0473
Sex 0.534 0.539 0.508 -0.0623
Pre-Education 1.723 1.700 1.828 0.109
Parents Education
Some primary 0.0409 0.0451 0.0214 -0.135
Lower secondary 0.0461 0.0529 0.0146 -0.222

(Contimued)
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Table 3. Continued

Upper secondary 0.287 0.327 0.104 -0.578
Post-secondary 0.157 0.159 0.142 -0.0467
University or higher 0.469 0.416 0.718 0.640
Resources
Few resources 0.0467 0.055 0.01 -0.273
Some resources 0.881 0.888 0.847 -0.123
Many resources 0.0723 0.057 0.143 0.296
Number of Observations
Total sample 11,902
Control group 9,790
Treatment group 2,112

Note. Data on cognitive performance is not available for Oman. Math, Science, (i=1...5)

represent overall performance in mathematics and science respectively.

Table 3 reveals that students who took the tests in Arabic outperformed
those who took the tests in English. The average effect size in mathematics
overall evaluation as well as content and cognitive performances is negative.
‘Though the effect size is small in mathematics and medium in science (for
more detailed explanations for the range of variation of &, see Borenstein,
2009; Hattie, 2009), the negative sign of 4 indicates that learning in Eng-
lish is less effective than learning in Arabic.

RESULTS AND DISCUSSION
This section discusses first the OLS results (Tables 4 and 5), then pro-

pensity score matching results (Table 6). OLS regression was conducted sep-
arately five times for each specific performance (overall performance, content
performance, and cognitive performance) and for each evaluation. Rubin’s
rules (Rubin, 1987) were used to produce the final parameter of interest.
TIMSS, like any other survey data, has missing data. This issue arises when
students and school principals fail to complete certain questionnaire items.
Missing values in Stata are handled by default using “listwise deletion”
which means that Stata will remove any observation that is missing on the
outcome variable or any of the predictor variables. Because missing data in
the students’ background variables were generally low, “listwise deletion”
was used to exclude missing data (Tabachnik & Fidell, 2007).

In this study, we use a version of Rubin’s Rules to obtain the final
estimates drawn from the five plausible values. The details of the procedure
are shown in Figure 1.
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Step 1: Estimate the statistic/model of interest five times, once using each of the
plausible values. This will generate five separate parameter estimates () and five estimates of
the sampling error (gy,).

Step 2: To produce the final parameter and sampling error estimates, one simply takes

5
the average of the five estimates produced in step 1: S, = Z’"’:ﬂ and. o, =
pv
Egv:1 Ipv
npy
Where:

B.= Final estimate of the parameter of interest

o, = Final estimate of the sampling error

Ny, = The number of plausible values (five)

Step 3: Estimate the magnitude of the imputation error, based upon the following
formula:

— Z?)U:l(ﬁpv - .B*)Z

S,
Ny — 1
Where:
6. = The magnitude of the imputation error.

Step 4: Calculate the value of the final standard error by combining the sampling error

(o,) and the imputation error (4,) via the following formula:

Standard error = /0*2 +(@1+ ni). 82
pv

One can then use the final parameter estimate (f3,) and its standard error to conduct

hypothesis tests and construct confidence intervals following the usual methods.

Figure 1. Rubin’s Rules

In both evaluations, family variables have a significant positive influence on
overall, cognitive, and content performance. This result is consistent with the
majority of earlier investigations (Ammermiiller et al., 2005; Wémann, 2003,
2004; Chiu & Khoo, 2005). In terms of individual student characteristics, and
regarding mathematics evaluation, the coeflicient of sex is not significant. How-
ever, girls outperform boys in science. Preschool education participation has a posi-
tive and significant influence on overall performance, content performance, and
cognitive performance, which is in line with previous studies (Holla et al., 2021).
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Table 4. OLS Results for Science
Variables Overall Content Performance | Cognitive
Performance Performance
TREAT -53.878*** -54.423*** -63.503***
(2.798) (2.811) (2.959)
Age 19.668*** 19.316*** 21.955%**
(2.605) (2.677) (2.808)
Sex 14.820*** 15.995%** 11.863***
(1.933) (2.0778) (2.381)
Pre-education 8.475% 8.403*** 5.662***
(0.918) (0.891) (1.00548)
Parents’ education
Lower secondary 1.432 1.0742 -9.833
(7.394) (7.307) (8.887)
Upper secondary 24.989* 26.904*** 11.456
(6.795) (6.369) (7.520)
Post-secondary 46.425%* 49.196"** 27.222%
(6.717) (6.921) (8.1435)
University 68.624*** 71.569*** 47.417%
(6.466) (6.346) (7.422)
Resources
Some resources 32.881*** 33.752%* 20.379**
(6.832) (5.827) (8.135)
Many resources 61.943%** 63.856™** 46.497***
(7.442) (6.732) (9.0715)
Constant 182.767*** 180.938*** 208.290™**
(25.623) (26.432) (28.612)
R-Squared 0.11698 0.11698 0.11
Number of 11,902 11,902 8,310
Observations

Notes. Standard errors are in parentheses. Significance levels: *** p<.01, ** p<.05, * p<.1. Data on

cognitive performance is not available for Oman.
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Table 5. OLS Results for Mathematics

Variables Overall Content Cognitive
Performance Performance Performance
TREAT -22.0150%*** -22.275"** -21.443%**
(4.107) (2.519) (2.601)
Age 14.727%+* 14.924%* 15.0190™**
(4.336) (2.321) (2.294)
Sex 1.477 1.965 2.365
(3.406) (1.808) (1.808)
Pre-education 5.882%** 6.0776** 6.528%**
(1.495) (0.779) (0.763)
Parents’ education
Lower secondary -4.364 -6.170 -4.848
(13.257) (6.879) (6.628)
Upper secondary 11.177 12.198* 12.101*
(11.809) (6.0104) (5.683)
Post-secondary 29.070** 29.548* 29.00265*
(12.143) (5.933) (5.708)
University 46.298*** 47.158*** 46.557***
(11.725) (5.807) (5.542)
Resources
Some resources 27.0560™* 28.311%** 28.450***
(11.515) (5.371) (5.159)
Many resources 52.0494*** 54.701** 53.621%*
(12.7648) (6.340) (6.279)
Constant 254.0285*** 247.0467*** 245.953***
(45.925) (23.0469) (23.461)
R-Squared 0.07166 0.07194 0.07202
Number of 11,902 11,902 11,902
Observations

Note. Standard errors are in parentheses, significance levels: *** p<.01, ** p<.05, * p<.1

Additionally, OLS results show that students taking the tests in Eng-
lish have significantly lower achievement in mathematics and science than
their peers who passed the tests in Arabic. To provide more evidence for
this finding, we estimate a propensity score model. The results are displayed

in Table 6.
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Table 6. ATET Nearest Neighbor Results

ATE TREAT (1vs. 0) Mathematics Science
Overall Performance 27277 -60.981***
(3.0246) (3.509)
Cognitive Performance -27.459*** -62.0945***
(3.176) (3.269)
Content Performance -26.782%** -72.470%**
(3.464) (3.752)

Note. Standard errors are in parentheses significance levels: ™** p<.01, ™ p<.05, * p<.1.

Students who received English-language mathematics instruction
(Treatment group) had their overall, cognitive, and content scores reduced
by 27.2; 27.4, and 26.7 points, respectively, when compared to students who
passed the Arabic-language Mathematics test (Control group). Similarly,
students who received science instruction in English (Treatment group)
had their overall, cognitive and content scores fall by 60.9, 62.1, and 72.4
points, respectively, as compared to students in the control group. This sug-
gests that performance at this grade level is lower when education is offered
in English. All the differences are statistically significant at the 1% level.

Our findings reveal that students whose mother tongue is Arabic
and with early English learning experience score significantly lower in
TIMSS evaluations than their peers who take the tests in Arabic. The
differences are more noticeable in science than in mathematics. The learn-
ing of mathematics and science requires a variety of linguistic skills that
second language learners may not have mastered by the age of nine. Even
though mathematics language seems to be abstract, the study of math-
ematics (especially at the primary level) begins with the study of real
world problems and requires the application of the language. Therefore,
the language plays an important role in conveying mathematical knowl-
edge to students and in knowing how abstraction is interpreted (Ferrari,
2003). Likely, the difference in science proficiency between the treatment
and control group is manifest. This provides evidence that a first language
enhances more science learning than a second language. At grade 4, sci-
ence context domains are more linked to real-world situations and thus
to “home language.” Students need to develop a deep understanding of
science concepts, make connections among concepts, and apply concepts
in explaining natural phenomena or real-world situations. Students in sci-
ence classes must be engaged in science inquiry, have to negotiate ideas,
and justify claims based on evidence. It has been shown that sometimes,
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and for effective instruction in science, teachers focus on students’ home
language as an instructional support. They use students’ home language to
explain science terms (Goldenberg, 2013).

A key premise in the literature is that age is significant in child lan-
guage acquisition, whether in L1 or L2 (Collier, 1989; Oliver and Azkarai,
2017). Given that the critical period of 12 years is required to be fully
proficient in the first language (Collier, 1989), students in Arab countries
at the age of nine (fourth grade) have not yet begun to complete full cogni-
tive development in the first language and so do their peers in their native
languages. Nonetheless, the difference is that English native speakers are
approaching the completion of L1 acquisition, whereas students whose
“mother tongue” is Arabic (Dialect) require additional years to improve their
Arabic language skills. So they lag behind their peers in terms of years
of L1 acquisition. The mismatch between the language of the home and
the language of the school makes those students less proficient in “modern
Arabic”

Having English instruction does not boost performance. Further-
more, in these standardized assessments, students assessed in English
do not achieve native-speaker norms. The difference in results between
native speakers and bilingual students is around 100 points, as indicated
in Table Al. The linguistic mismatch, which results in low levels of L1
proficiency, along with bilingualism is identified in this research as a factor
of academic and cognitive retardation (Table 6). This finding supports the
interdependence hypothesis, which predicts that the development of L2
school language is partly reliant on the level of development of L1 school
language (Cummins, 1978).

CONCLUSION

In this study, we explore the impact of the language of instruction
(English in this case) on academic performance of Arabic speaking stu-
dents who are expected to learn mathematics and science in and through
a second language (L2) before they have become adequately proficient
in that language. Having as a theoretical background Cummins’s (1984)
framework relating language proficiency to academic achievement, we
provide some insights into the relationship between L1, L2 proficiency
and academic achievement in mathematics and science among Arab
students. We employ propensity score technique and used TIMSS 2019
standardized tests to explain the difference in cognitive and content
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academic results in mathematics and science between two groups of
young children living in Gulf States and living in a dialect-dominated
environment who got instruction in English and who received instruc-
tion in Arabic. Our findings highlight that the language of instruction
in the two groups accounts for the variations in performance. Children
who began studying L2 at a young age without having fully developed
L1 exhibited deficits in overall, content, and cognitive performance as
compared to those who began their Arabic instruction at the same age.
'The finding of this research is consistent with Cummins’s (1984) linguis-
tic interdependence hypothesis. This study helps us to think about future
language policy not only in the Gulf States, but also in Arab countries
that are all multilingual. Strengthening early exposure to the Arabic
language (modern Arabic) will minimize the retardation produced by
the mismatch between students’ mother tongue and the school lan-
guage. Arabic should be taught and learned in schools in a more practi-
cal manner. Furthermore, audio-visual tools for learning Arabic should
be provided, which have the advantage of not only developing fluency
in the language but also developing cognitive and academic aspects of
the language. Lastly, bilinguals with sufficient competency in one of
their languages would experience no such academic disadvantages and
students fully proficient in both languages would enjoy cognitive and
academic advantages associated with bilingualism.

Notes
1. https://data.worldbank.org/indicator/SE.XPD.TOTL.GB.ZS?locations=ZQ.

2. Arab countries are Algeria, Bahrain, Comoros, Djibouti, Egypt, Iraq, Jordan, Kuwait, Lebanon,
Libya, Mauritania, Morocco, Oman, Palestine, Qatar, Saudi Arabia, Somalia, Sudan, Syria, Tunisia,
the United Arab Emirates, and Yemen. The Gulf States are a subset of Arab countries.

3. Reference cited in Zakharia (2016, pp. 1-13).
4. Most of the Arab countries administered TIMSS evaluations in Arabic (Mullis et al., 2020).

5. All students enrolled in the grade that represents four years of schooling counting from the
first year of ISCED Level 1, providing the mean age at the time of testing is at least 9.5 years. It
is worth noting that eighth-grade students were excluded from our analysis because they do not
have data on pre-primary education that corresponds to the number of years in pre-primary
education for each student. Excluding this variable may bias the results for eighth-grade students
since pre-education provides opportunities for children to acquire certain knowledge about letters
and language.

6. Resources are not correlated with parents’ education since it is not a linear combination of the
variables used to construct it. The variance inflation factor (VIF) of the model =4.84<10, so there is
no problem of multicollinearity.


https://data.worldbank.org/indicator/SE.XPD.TOTL.GB.ZS?locations=ZQ
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Table A1. Students’ Performance in TIMSS 2019 (English)

Mathematics Science
International 500 500
Average
Overall Content | Cognitive | Overall Content | Cognitive
performance performance
TREATMENT Group
The sample 460.886 | 460.034 | 476.69 441.873 440.16 | 441.045
of the pres-
ent study
Native Speakers
England 559.151 559.129 | 560.610 539.912 539.285 | 539.150
USA 546.430 545.584 | 546.396 548.542 | 548.085 | 548.570
Table A2. Coverage and Exclusion Rates
Country | Coverage | Overall exclusion | Schools | Students
Bahrain 100% 0.8% 0.4% 0.4%
Oman 100% 2.2% 1.4% 0.8%
Qatar 100% 2.2% 1.2% 1%
Dubai 100% 5.6% 2.6% 3%

Source. Mullis et al. (2020).
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Table A3. Dependent Variables List, Coding, and Meaning

List of Variables

Coding

Meaning

Overall Performance

Math1-Math5

asmmat 01-05

The 1st to 5th plausible value of
Overall Performance in Mathematics

Overall Performance
Sciencel-Science5

asssci 01-05

The 1st to 5th plausible value of
Overall Performance in Science

Content Performance
Math1-Math5
(50%Number, 30%
Measurement

and Geometry

and 20% Data)

0.5* asmnum
01-05 +0.3*
asmgeo 01-05
+0.2*asmdat
01-05

The 1st to 5th plausible value of
Content Performance in Mathematics

Cognitive Performance

0.4* asmkno

The 1st to 5th plausible value of

(45% Life Science, 35%

Math1-Math5 01-05 +0.4* Cognitive Performance
(40% Knowing, asmapp 01-05 + in Mathematics

40% Applying and 0.2* asmrea

20% Reasoning ) 01-05

Content Performance 0.45% asslif The 1st to 5th plausible value of
Sciencel-Science5 01-05 +0.35* Content Performance in Science

assphy 01-05

(40% Knowing,
40% Applying and
20% Reasoning )

Physical Science and +0.2%assear

20% Earth Science) 01-05

Cognitive Performance 0.4* asskno The 1st to 5th plausible value of
Sciencel-Science5 01-05 +0.4* Cognitive Performance in Science

assapp 01-05
+0.2%assrea

01-05

Note. For each subdomain, five plausible values are also derived. They are referred to in the table as
01-05. Coding of the sub domains are highlighted in column two. Source: Fishbein et al. (2021).
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Table A4. Independent Variables’ List, Coding, and Meaning

List of Coding Meaning

Variables

Age asdage Quantitative variable which indicates student’s age.
Sex asbg01 Dummy variable which takes the value

1 for female and 0 for male.

Pre-Education | asbh04b | Quantitative variable which indicates the number of
years in pre-primary education for each student.

Education asdhedup | Categorical variable which reflects parents’ education
level as follows; some primary, upper secondary, post
secondary and university or higher. The category
some primary is considered as reference category.

Resources asdghrl | A score calculated based on the number of books and
other study materials in the students’ homes, their
parents’ level of education, and their parents’
employment. Scores were used to define stu-

dents into three categories: students with Many
Resources, students with Some Resources and
students with Few Resources. The category few

resources is considered as a reference category.

Source: Fishbein et al. (2021).



