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ABSTRACT
The purpose of this study is to examine the degree of association between reading
proficiency and performance on mathematics and science assessments for students who speak the
test language at home (TLH) and those who speak a different language at home (NTLH), in
Canada, Singapore and Indonesia. The study also investigates whether this association varies
with gender and socio-economic status (ESCS). The findings reveal significant differences in
TLH and NTLH performance scores in all three countries; with the TLH group tending to
outperform the NTLH group, except for Mathematics in Canada and Science in Indonesia. When
statistical adjustments are made for reading proficiency, the adjusted and unadjusted mean scores
for both mathematics and science show different patterns of differences for TLH and NTLH. The
NTLH adjusted means are higher in both mathematics and science in all three countries
compared to the TLH adjusted means. One explanation could be an underestimation of the
scores for NTLH due to their lower reading abilities. Further analyses on the interaction between
language group and gender reveal that, in Indonesia, female NTLH scores are higher for both
subjects, while male NTLH scores are higher only in science, compared to TLH students. These
findings point to disparities in score meaning in mathematics and science assessments, as well as
limitations in comparing performances of TLH and NTLH students within the three selected
countries. Given that numerous studies on youth comparisons across the globe often use the
PISA reading literacy test as its basis, this study adds more evidence to the importance of
considering cultural and linguistic diversity of students for appropriate comparisons within and
across countries.
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LAY SUMMARY
PISA assesses students on reading, mathematics, and science. Compared to students who
speak the test language at home (TLH), students who do not speak the test language at home
(NTLH) can be disadvantaged because of limitations in language proficiency. This study
investigates the association of reading proficiency with performance on mathematics and science
assessments of TLH and NTLH. The study also examines whether the association varies for
gender and socio-economic groups. The findings indicate that even though TLH tended to have
higher performance levels on mathematics and science assessments in almost all comparisons,
except for math in Canada and science in Indonesia, when students’ language backgrounds are
considered patterns of differences on mathematics and science assessments are reversed. The
results highlight the necessity of looking at possible impact of language competency on
assessment performance, and the importance of comparability when assessment results of
students from different language backgrounds are compared.
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CHAPTER 1
INTRODUCTION
1.1

Research Background
Increasing cultural and linguistic diversity due to globalization, transnationalism, and

internationalism has given rise to questions about the ways in which linguistic and cultural
differences are taken into account on international assessment measures for adolescent youth
(Asil & Brown, 2016; Hill & Parry, 2014; Smith, Cheema, Kumi-Yeboah, Warrican, &
Alleyne, 2018). This global phenomenon is prevalent across both Organization for Economic
Cooperation and Development (OECD) and non-OECD countries.
Such challenge demanded the need to address linguistic and cultural diversity in math,
science, and literacy assessment. However, the cultures and literacies of OECD countries tend
to be privileged on international testing; in fact, dominant languages and language ideologies
have rendered the cultural and linguistic qualities of non-OECD youth nonexistent (Brown,
2014; Hill & Parry, 2014; Shohamy, 2013). On the one hand, students considered as “elective
multilinguals” (e.g. English as a Foreign Language learner) in many OECD countries (e.g. the
United States, Australia) are expected to master second or foreign standard languages (Ellis,
2004; European Commission [EC], 2012), and tend to have their languages reflected in
international literacy measures. On the other hand, students residing in non-OECD countries
(e.g. Asia, Africa, India, Latin America, the Caribbean) function as “circumstantial
multilinguals” (e.g. English as a Second Language learner) and only need to demonstrate
proficiency on standard language literacy measures (Ellis, 2004; Wei & Su, 2012), hence their
languages are not often taken into account in these measures (Droop & Verhoeven, 2003).
1

Considering that youth who bring their distinct languages and cultures to these new countries
accounts for approximately 38.1 million (14%) of all international migrants (United Nations
[UN], 2016, 2017) across the globe, understanding the possible role of societal contexts is
important when determining the impact of linguistic and cultural differences on international
literacy measures.
1.2

Assessment Policies
Many countries require students from different language backgrounds to be tested in key

subject areas such as mathematics, science, and reading (e.g., No Child Left Behind [NCLB],
2002; Qualifications and Curriculum Authority [QCA], 2010) under the same assessment
conditions and following standardized procedures. For example, in the United States, the
reauthorization of Title 1 of the Elementary and Secondary Education Act (ESEA) of 1965,
known as the No Child Left Behind Act of 2001 (NCLB, 2002), required increased
accountability from schools, primarily measured by standardized content assessments in
English. The NCLB mandated that English language learners (ELLs) and limited English
proficient (LEP) students be tested in the same content areas and in the same testing procedure
(Menken, 2009). The latest reauthorization of the 1965 Elementary and Secondary Education
Act, the Every Student Succeeds Act (ESSA) (US Government of Education, 2017), also
mandated that all students, including English Language Learners (ELLs), graduate high school
equip for college or ready for a career. To measure progress and maintain a critical focus on
educational equity and excellence for all, ESSA regulated that states must administer annual
statewide assessments to all students, including ELLs, in reading/language arts and
mathematics in grades 3-8, and once in high school, as well as assessments once in each grade
2

level in science (US Government of Education, 2017). States were also required to conduct
annual English language proficiency assessment to all ELLs in grades K – 12, who are held to
the same high standard as native speakers but with appropriate accommodations provided
when needed.
Similarly, the United Kingdom’s Education Act of 1997, 2005, and 2011 also required
the strengthening of the accountability framework for schools, by producing similar testing
procedures and accountability standards where ELLs and native speakers of English are
required to exhibit a certain degree of English proficiency (QCA, 2010). The 2019 handbook
on the National Curriculum Assessments Code of Practice produced by the Standards and
Testing Agency (STA) also explained how the tests of the national curriculum are designed,
developed, and delivered. The popularity and relevance of the English language has led to
endeavours that require students from different language background to demonstrate
proficiency in it, regardless of whether they are native speakers or not (Dixon et al., 2012;
Grabe & Stoller, 2013; Graddol, 2006).
In Canada, education is the exclusive purview of the provincial/territorial governments.
Each province or territory has its own system of education that reflects the geographic,
linguistic, and cultural landscape (Council of Ministers of Education Canada [CMEC], 2016).
Large-scale assessments of achievement in Canada have many similarities to those in the
neighboring United States but differ with respect to their roles and functions (Ercikan, Oliveri,
& Sandilands, 2013). As in the United States, most jurisdictions in Canada implement
initiatives aimed at assessing the literacy and numeracy skills of students in both French and
English programs. Each jurisdiction uses its own proficiency evaluation scales and
3

performance criteria for various grade levels. For instance, British Columbia uses standards
defined by the Common European Framework of Reference for Languages (CEFR) to assess
student performances, both native and English Language learners alike. Although the context
of test administration varies across jurisdictions, educational achievement tests in Canada are
primarily low-stakes. Unlike tests used in the United States or in some other countries, results
from these tests are not used for high-stakes decisions, such as evaluating schools, teaching
quality, or for allocating resources to school districts or jurisdictions (Oliveri, Ercikan, &
Simon, 2015). Instead, the tests are used for curriculum planning or program monitoring, and
the data from the assessments are used to understand variables associated with learning and
achievement (Oliveri, Ercikan, & Simon, 2015).
1.3

Statement of the Problem
Large-scale, international assessments tend to be constructed in the official languages of

the country where they are administered, and sometimes do not take into account the special
needs of linguistic minority students; students who come from multiple language backgrounds
are being tested in the country’s official languages (often a single language). Such constructirrelevant demands create additional linguistic cognitive demands not targeted by the
assessment, and possibly add inaccuracies to measurement of what these students know and
can accomplish (Abedi, 2001; Abedi & Gandara, 2006; Abedi, Hofstetter, Baker, & Lord,
2001). In order to make appropriate interpretations of educational assessment results, it is
necessary to understand the factors that impact the performance of native speakers and
language minority students on standardized assessments. Given the increasing prevalence of
language diversity and multiculturism across OECD and non-OECD contexts, international
4

assessment measures must consider the undue disadvantage language minority students
undergo when they are administered tests in a language that they do not typically use at home
(Abedi, Hofstetter, & Lord, 2004; Smith et al., 2018).
In the US context, language minority students have been lagging behind their language
majority peers in all content areas, particularly academic subjects that are high in language
demand, such as Science and Math (Abedi, 2008; Abedi & Gandara, 2006). The research
suggests that several factors account for this achievement gap, including the challenge of
second language acquisition (Abedi, Leon, & Mirocha, 2003; Hakuta, Butler, & Witt, 2000),
parent education level and socio-economic status (Elosua & De Boeck, 2020; Moore, Glei,
Driscoll, Zaxlow, & Redd, 2002), inequitable schooling conditions (Abedi, Herman, Courtney,
Leon, & Kao, 2004; Gandara, Rumberger, Maxwell-Jolly, & Callahan, 2003), and
measurement tools that are not accurately assessing students’ skills and abilities (Abedi &
Gandara, 2006; Abedi, Leon, & Mirocha, 2001). Although many of these measurement
instruments are designed to measure content areas, such as science and math, they may also
have inherent language demands that might affect the performance of ELLs on these
assessments (Abedi, 2008; Abedi, Leon, & Mirocha, 2003; August & Hakuta, 1997; Menken,
2008; Solano-Flores, 2006).
Several studies have shown that limited English proficiency has significant implications
on students’ success in mathematics and science assessments (Abedi, 2004; Abedi & Lord,
2001; Ercikan et al., 2015; Solano-Flores & Trumbull, 2003). According to Martiniello (2008,
2009), ELLs confront substantial challenges because of linguistically- and culturallydependent content and representations in assessments. For example, in the German PISA 2009
5

sample, language use at home was seen as having an effect on student performance (Marx et
al., 2015). An achievement disadvantage of a quarter standard deviation on the composite
reading literacy scale was linked with not speaking the test language at home, even when the
students are comparable in terms of social and educational background statistics (Marx et al.,
2015; Organization for Economic Cooperation and Development [OECD], 2010a, 2010b).
The language challenges built into test items can impede students’ opportunities to
demonstrate what they know. Learning mathematics, for instance, is complex and requires
students to know and use a variety of knowledge, both language and non-language ways of
representing mathematical ideas (Ni Riordain & O’Donoghue, 2009). In Science, while
symbolism describes the patterns and/or relationships between the entities, language provides
the contextual information about the situation. It is not just a question of manipulating
symbols, but also about making meaning as to how different systems interact (Schleppegrell,
2007). Findings from several studies (Abedi & Lord, 2001; Alt, Arizmendi, & Beal, 2014;
Martiniello, 2008) reported that the presence of both linguistic and content biases impacted
ELL students’ performances on word-based math assessment items, hence preventing valid
assessments of math skills of students from diverse cultural and linguistic backgrounds.
Linguistic and content biases associated with assessments raised the question of whether poor
performance by culturally and linguistically diverse students reflect academic difficulty or
linguistic difference (Newkirk-Turner & Johnson, 2018). These studies highlighted the need
for greater attention to assessment procedures used when measuring performance of school -age
children in content areas such as mathematics and science.

6

Although linguistic abilities of students seem to affect their performance on assessments,
other studies suggested that the process may be far more complicated than just their language
competencies (Solano-Flores, 2006, 2008). A possibility exists for academic performance to be
interrelated with other factors, including academic literacy level, race/ethnicity, socioeconomic
status, and school and family support, and thus produces confounding effects (Karoly &
Cannon, 2007). Of these interrelated factors, English proficiency level has been proven to be
one of the contributing factors that affect student academic performance (Abedi, 2001). For
instance, Cocking and Chipman’s (1988) study demonstrated that students who speak Spanish
as their primary language scored higher on the Spanish version of the test than on the English
version of the same test. Abedi (2001) interpreted the results in such a way that, if English
proficiency was controlled, the academic gap between the students who typically speak fluent
English and/or coming from affluent families and the students who generally have a limited
English proficiency and coming from low socio-economic status (SES) families might be
different.
Most research done on language minority students has used samples from primarily
English-speaking countries, e.g., the United States, Canada, Australia, and the United
Kingdom. Hence, the focus has been mostly on English Language Learners, as they are
commonly known in these countries. Only very few studies (Fleckenstein, Leucht, Pant, &
Koller, 2016; Hopfenbeck et al., 2018) looked at language minority students in countries in
which English is not the major academic and assessment language, especially across multiple
nations with various primary academic and assessment languages (OECD, 2010a).

7

To fill this gap, this study investigated if there is differential association of reading
ability on performance in math and science assessments of linguistic minority students who do
not speak the test language at home (Non-Test Language Speaker at Home or NTLH) and
students who speak the test language at home (Test Language Speaker at Home or TLH) in
Indonesia. This association was contrasted for those of TLH and NTLH students in Canada,
Indonesia, and Singapore. The Programme for International Student Assessment (PISA) 2015
was the data source for the study; student achievement was measured using their mathematics,
science and reading scores.
1.4

Researcher Positionality
As an individual who grew up in a multi-lingual family and speaks 6 languages, the

author recognizes the complexity of having to master several home languages, and is aware of
the roles home language plays in one’s academic journey. The author has spent most of her
adult life in Asia, and has travelled extensively for work to and have friends from Singapore
and Indonesia. She has also lived in Canada for the past 10 years, and has been involved in
providing free library-organized language classes to new immigrants as well as leading the
Children Ministry at her church for several years. Her multigenerational roots in Asia add
credibility to her work; however, she is also aware that pure unbiased observation is not
possible. As she sought to present an evidence-based portrayal of student performance in
Reading, Mathematics, and Science from the three selected countries, she made explicit the
assumptions and biases that she would bring to the research. She also addressed potential
subjectivities in her research, for example, how her passion for language learning might have
shaped her approach to conducting this research.
8

1.5

Country Selection for the Study
Prior to the main research, a trial investigation was conducted to select countries for the

study. Since approximately 5,000-25,000 15-year-old students from at least 150 schools per
country did the PISA survey, from the 72 participating countries/economies, those with final
valid sample sizes of less than 5,000 were excluded. This step yields a total of 60 remaining
countries. And to ensure that the study included a good mix of students who speak the test
language at home and those who do not, only countries that have at least 20% of students
coming from one of the two language groups were selected, i.e. 80% test language speakers at
home and 20% non-test language speakers at home or vice versa. This led to a final number of
9 countries, namely Switzerland, Cyprus, Canada, United States, Qatar, United Arab Emirates,
Indonesia, Singapore, and Malaysia.
In the last step of the trial investigation, the number of students who did both Reading
and Math (Reading + Math group) and both Reading and Science (Reading + Science group)
were obtained. Only countries with a valid sample size of at least 200 students or more per
group were included; the remaining countries were Canada, Indonesia, Singapore, and United
States. Although Canada and United States have striking similarities in terms of language,
economy, population size, and education system, Canada has been performing well on the
PISA surveys. Hence, Canada was selected as an example of a high-quality, Western education
system that is comparable to some of the high performing East Asian countries such as
Singapore. And given the positionality of the researcher in terms of her personal connections to
and experiences with Singapore and Indonesia, both countries were selected, forming the
sample for the present study.
9

1.6

Research Aims, Objectives and Questions
The study aimed to explore the impact of reading ability of students on their math and

science performance, based on the PISA 2015 data derived from the following three countries:
Canada, Indonesia, and Singapore. These countries were selected for the following reasons.
Canada is a country with significant numbers of students from immigrant backgrounds;
these students face challenges different from students whose home languages are one of the
two official languages – English and French. Canada was selected because English is one of
the official languages used in the country, and most test-takers who did the English version of
the PISA 2015 assessment were TLH. Students who took the French version of the test were
excluded in the present study. Indonesia was also chosen because although Bahasa Indonesian
is the official language used in the country, more than half of the students who completed the
Bahasa Indonesian version of the PISA 2015 assessment did not speak the test language at
home; they were considered as NTLH because their home language is not the same as the
language of assessment. Singapore was also selected because there was an equal proportion
approximately of TLH and NTLH who did the English version of the PISA 2015 assessment.
Likewise, education in Singapore is bilingual with English as one of the main media of
instruction, and therefore all these students can logically be expected to have good command
of the test language.
Given the well-documented performance differences between gender and socio-economic
groups (Baker, Goesling, & Letendre, 2002; Chiu & McBride-Chang, 2010; Ercikan,
McCreith, & Lapointe, 2005a, 2005b; OECD, 2010a, 2010b), the study also examined if the
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relationship between reading ability and mathematics and science performance varies for
gender and socio-economic groups.
More specifically, the study investigated the following research questions:
RQ1: To what degree do students’ reading abilities (PISA Reading Score) account for
their math performance (PISA Math Score)?
RQ2: To what degree do students’ reading abilities (PISA Reading Score) account for
their science performance (PISA Science Score)?
RQ3: To what degree does the relationship between reading ability and mathematics
and science performance vary for gender and socio-economic groups?
1.7

Significance of the Study
The study is significant for two reasons. Ercikan and associates (2015) demonstrated that

ELLs in the United States confront substantial challenges with mathematics and science
assessments because of linguistically and culturally dependent content and representations in
assessments. There is also growing evidence that limited language proficiency has significant
implications on students’ success in mathematics and science assessment (Abedi, 2004; Abedi
et al., 2004; Abedi & Herman, 2010; Abedi & Linquanti, 2012; Noble, Risebery, Suarez,
Warren, & O’Connor, 2014; Solano-Flores & Trumbull, 2003). Hence, investigating whether
reading ability has a moderating effect on math and science performances of students from
different language backgrounds in the three selected countries can offer explanations on, and
contribute information to, the comparability and consistency of score meaning for these student
groups and is central to the validity of score interpretations. Likewise, using variables like
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gender and socio-economic status may also reveal whether the language effects vary for these
groups.
1.8

Limitations of the Study
As with most academic research, this study has its limitations. First, although the study

aims to explore the impact of the language ability of the students on their performance in the
PISA survey, only the reading ability was examined. A comprehensive testing of the multidimensionality of language competence (Jang & Roussos, 2007), i.e. listening, writing, or
speaking, was not included in this study. One reason is that reading has been considered a
major prerequisite for educational success (Fleckenstein et al., 2016), and therefore can be
regarded as the most relevant language modality in large-scale assessments. Advanced level of
reading comprehension has also been reported to facilitate the acquisition of knowledge and
new ideas (Chall, 1996). Another reason is data availability. Reading ability is the only
measure PISA used to indicate reading proficiency of students.
1.9

Dissertation Organization
To address the research questions, this dissertation is organized as follows. The first

chapter introduces the research background, statement of the problem, researcher positionality,
research aims and objectives, research questions, as well as the significance and limitations of
the study. Chapter Two reviews relevant literature in the field of large-scale assessment,
multiculturalism and multilinguality, and differential impact of language ability on math and
science performance; special attention is given to students who speak the test language at
home, and students who do not speak the test language at home. In Chapter Three, the detailed
research design, such as sampling method of PISA, participants, instrumentation, measures,
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and data collection methods are described. The data analysis plan is presented as well. Chapter
Four reports the results and interpretations of research questions. Discussion and conclusion
based on the findings, as well as implications and recommendations for future research are
reported in Chapter Five.
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CHAPTER 2
LITERATURE REVIEW
2.1

Introduction
International large-scale assessments (ILSA) have become a truly international

phenomenon (Broadfoot, 2007), and have been on the rise in the past two decades (Fischman
& Topper, 2017). In fact, every country in the world has its own system of formal examination
and educational assessment. Examples of these initiatives include not only the goal-driven
approach of the United Nations’ Sustainable Development Goals (UN, 2017) and the testdriven comparisons of specific aspects of education such as literacy (UNESCO, 2006), but also
the large-scale international surveys such as the Progress in International Reading and Literacy
Study (PIRLS, for primary schooling), the Trends in International Mathematics and Science
Study (TIMSS, covering both primary and secondary schooling), and the Programme for
International Student Assessment (PISA, for secondary schooling). All these international,
comparative testing and surveys of representative samples of pupils from both low-income and
high-income nations are prominent features in educational policy evaluation (Wyse &
Torgerson, 2017). However, the research designs used in these international surveys are
intended to establish correlations between education policies and outcomes, and not
necessarily to establish whether such policies cause the observed outcomes.
2.2

Programme for International Student Assessment (PISA)
The Programme for International Student Assessment (PISA) is an international, large-

scale assessment carried out by the Organization for Economic Cooperation and Development
(OECD) in member and non-member countries/economies. It is a triennial study that measures
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the performance of 15-year-old students in three domains: mathematics, reading, and science.
Since its launch in 2000, PISA has been repeated every three years, with the most recent being
PISA 2018. One of the assessed areas in each assessment cycle is usually given greater
prominence and is chosen as the major domain, while the other two areas are assessed less
thoroughly. The domains in focus in each cycle were reading in 2000, 2009 and 2018,
mathematics in 2003 and 2012, and science in 2006 and 2015. PISA does not combine the
three domain scores into an overall score. They each have their own performance scores. In
addition to the three domains of reading, mathematics, and science, financial literacy and
problem-solving have been added in some of the cycles, as well as the new domain of global
competency introduced in 2018. Unlike other ILSA, which has a curriculum approach, the
PISA study is not directly linked to a school curriculum. Rather, it emphasizes “how well 15year-old students are able to apply the knowledge and skills they have learned by the time they
finish their compulsory schooling to real-life situations” (OECD, 2014a, 2014b). The test
content of PISA is therefore independent of the participating countries’ school curricula
(OECD, 2014a, 2014b).
The aim of PISA is to provide countries with comparable data aimed at improving their
education policies and outcomes. Only students being educated at school are tested. Each
country is required to draw a sample of at least 5,000 students. In smaller countries, an entire
age cohort may be tested. Each student sits a two-hour test, part of which is multiple-choice
and part of which requires short answers. The test items comprise both cognitive testing, as
well as questions on students’ background, such as their learning habits, motivation, and
home/family characteristics. There are many assessment materials available, so any given
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student is not tested on all items. Because the students worked on different test materials, raw
scores in each subject domain are scaled to an OECD average to enable meaningful
comparisons. The overall achievement distribution is a mean of 500 and a standard deviation
of 100. Achievement data from the latest test cycles are linked to the previous cycles using
item response theory (IRT) scale-linking methods. Proficiency estimates are also generated
using a latent regression extension of the Rasch model under IRT to provide “plausible values”
which enable unbiased estimates of between-group differences.
2.3

Education System and Assessment in Canada

2.3.1 Education System
Canada is the world’s second largest country by total area (Statistics Canada, 2011),
consisting of 13 jurisdictions (10 provinces and 3 territories). Canada is also one of the most
educated countries in the world (Statistics Canada, 2018). According to Statistics Canada
(2018), in 2016, 91 percent of people in Canada aged 25 to 64 had at least completed high
school, and 66 percent had obtained a post-secondary educational credential. These figures are
both above the OECD averages of 78 percent and 40 percent, respectively. Canada also has a
strong and well-funded decentralized public education system. There is neither a ministry of
education nor a federal education department; in fact, the country’s education system is largely
managed provincially and can receive funding from the local, provincial, and federal
governments (Klinger, De Luca, & Miller, 2008; Klinger, Maggi, & D’Angiulli, 2011).
Consequently, since each jurisdiction/province oversees its own education system, the
education system can vary between provinces. However, the standard of education still remains
consistently high in Canada.
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There is both a public and private education system in Canada. Education in Canada is
heavily subsidized by the provinces, from kindergarten through to the post-secondary level,
spending on average almost six percent of its GDP on education (OECD, 2020). This means
Canada spends proportionately more on education than the average 4.9% among OECD
countries (OECD, 2020). Access to education in Canada is available to children the year they
turn five, except in Ontario and Quebec where children may start a year earlier. Kindergarten
may also be optional depending on the province. Homeschooling is considered legal across
Canada.
The education system in Canada consists of pre-primary or kindergarten, primary,
secondary, and post-secondary schooling. Compulsory school attendance starts from 5 until the
age of 16 in all provinces, except for Manitoba, Ontario, and New Brunswick where the
required age is 18. Pre-primary or kindergarten is the first stage of education in Canada and are
offered to children between the ages of four to five. This stage is mandatory in New Brunswick
and Nova Scotia but is optional everywhere else in Canada. The next level is primary or
elementary education. This level runs from grade 1, generally at the ages of 6 or 7, and goes
until grade 7 (ages 11 to 12). The next level is secondary education or high school, which runs
from grade 8 (ages 13-14) to grade 12 (ages 17-18), followed by post-secondary education.
The school year normally runs from September until June. Canada has a wide selection of
colleges and universities, located in both urban and rural regions of the country. Postsecondary schooling is split between colleges (usually for vocational and technical training)
and degree-awarding universities (e.g. a bachelor’s, master’s, or doctorate degree).
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Canada has two official languages: English and French. English is the main language in
most provinces. However, French is also widely spoken throughout the country. Both
languages have official status at the federal level, and the federal government provides
financial resources to fund educational programs for each one. Both French or English as a
second language is generally taught from an early age.
2.3.2 Assessment in Canada
Canada has a decentralized education system. Each jurisdiction has control over its own
educational system, curricula, educational policies, and provinces can decide which
assessments to administer and to which students (Klinger, De Luca, & Miller, 2008).
Jurisdictions typically administer tests in key subject areas like mathematics, reading, and
science. Currently, every province / territory (except Nunavut) has at least one large-scale
assessment program (Klinger, De Luca, & Miller, 2008; Kocay, 2019). These assessment
programs tend to be similar in form and function across the jurisdictions (Klinger, De Luca, &
Miller, 2008). They contain both multiple-choice and constructed-response items. Most are
criterion-referenced and are often developed by Canadian teachers under the supervision and
guidance of provincial/territorial assessment offices (Ercikan, Oliveri, & Sandilands, 2013).
It is also common practice to conduct early student testing (e.g., Grade 4 Foundation
Skills Assessments in BC) without any direct associations with students’ grades, followed by
secondary examinations that have relatively major impact on students’ grades and graduation
requirements (e.g., Graduation Numeracy and Literacy Assessments in BC). Assessment
results comparing minority versus majority linguistic populations are often publicly available.
It is worth noting that achievement may vary for different student groups, such as gender,
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language, or ethnicity groups. In one study, significant differences have been found when
comparing students in Francophone minority and Francophone majority settings (Ercikan,
McCreith, & Lapointe, 2005a, 2005b). Within this context, investigating comparability across
language groups is therefore important.
2.4

Education System and Assessment in Indonesia

2.4.1 Education System
Indonesia has the fourth largest population in the world. Over the past few decades,
Indonesia has made great success in improving access to education by having students attend
school earlier and staying longer. However, the country’s education system has been criticized
for being a high-volume but low-quality enterprise that has fallen short of the internationally
competitive system (United Nations Development Program [UNDP], 2014). In fact,
Indonesia’s education system has been less successful in ensuring that the students receive an
education. Based on UNESCO’s 2012 statistics (UNDP, 2014), 42 per cent of Indonesian 15year-olds who did the PISA 2015 assessment failed to meet the minimum standards in all three
areas: reading, mathematics, and science (Hidayat & Patras, 2013; Sukyadi & Mardiani, 2011).
The reading interest index in Indonesia is only 0.001, which meant that for every 1,000 people,
only one person has an interest in reading, a situation called as ‘tragedi nol buku’ or ‘tragedy
of zero books’ (Dharma, 2014).
Indonesia’s education system has four levels of education: primary (grades 1-6), junior
secondary (grades 7-9), senior secondary (grades 10-12), and higher education. The first two
levels constitute ‘basic education’. The country’s primary and secondary education sector
(covering grades 1 to 12) has more than 266,000 schools, where 45 million students are taught
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by 2.7 million teachers (Kurniawati, Suryadarma, Bima, & Yusrina, 2018). The state
educational system is mostly non-sectarian, but it also includes some religious (typically
Islamic) schools and higher education institutions (HEIs). Approximately 85 per cent of the
students are enrolled in regular schools, which could be public, private non-religious, and
private religious. The rest are in Islamic, largely private schools called madrasahs. The
primary education (87%) and junior secondary education (75%) levels are overwhelmingly
public, whereas the proportion is more balanced at the senior secondary level (58% public and
52% private) (Kurniawati et al., 2018). Generally, state educational institutions are considered
of higher quality than private educational institutions, although there is great variation among
both public and private institutions (Rosser, 2018).
Under the decades-long rule of President Suharto, the education system in Indonesia was
highly centralized, with the Ministry of Education and Culture primarily responsible for
managing all levels of the education system, and the Ministry of Religious Affairs responsible
for funding state Islamic schools and HEIs and regulating matters related to religious
education. However, since the end of the Suharto regime in 2001 and the subsequent
democratization of Indonesia, responsibility for managing the education system has changed
significantly. Over time, various functions of the government have been decentralized and
authority was transferred over to locally elected district-level governments. This shift,
however, did not extend to higher education. In early 2000s, legislations not only introduced
free and mandatory basic education, it also gave schools greater administrative authority. The
government made a commitment to spend 20 percent of the national budget on education; the
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country spent 3.6 percent of its GDP on education in 2015 (Dilas, Mackie, Huang, & Trines,
2019).
Indonesia is a highly multicultural and multilingual society; Bahasa Indonesia is the
national language of the nation. It is widely spoken by majority of the Indonesians in ‘high’ or
public functions as a means of cementing cultural identities (Lauder, 2008). Although English
is not widely used in society, i.e. not used as a medium of communication in official domains
such as the government and the education sector, it is still seen as the most important ‘foreign’
language to be taught in Indonesia (Yusny, 2013). However, despite being considered
essential, English has never been recognized as an official ‘second’ language.
2.4.2 Assessment in Indonesia
Being the fourth most populous country in the world, Indonesia’s education system is
large (Kurniawati et al., 2018). Educational quality is a pressing concern in Indonesia.
Promotion and graduation are largely based on external national examinations, ujian nasional,
or UN, typically in a multiple-choice format at the end of each school year, and, since 2015,
the introduction of continual assessment and school-based examinations (Dilas, Mackie,
Huang, & Trines, 2019). Assessment of learning achievement is divided into two types. The
first one is ulangan or formative assessment, in which there is an endeavor to continuously
measure students’ achievement in their learning and obtain relevant information for their
learning development. The other one is ijian, a summative testing that is conducted to measure
the required learning competencies achieved by the students.
All formative and summative assessments are conducted by teachers. Schools conduct
the ujian sekolah (school tests), while the government conducts the national exams,
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administered by the National Education Standardization Board (BSNP). at schools. At the end
of basic education in grade 9, students from public schools receive the certificate of
completion, sekolah menengah pertama, or SMP, while students from private and religious
schools are awarded the certificate of completion madrasah tsanawiyah, or MT.
Senior secondary education lasts for three years in grades 10 to 12; it is neither
compulsory nor free. At the end of grade 12, students sit for school examination as well as
final external UN examination. Upon successful completion of the program, students from
regular schools receive a certificate of completion ljazah SMA, or ljazah MA for Islamic
schools. Results in high-stake national exams determine students’ acceptability in higher level
of education.
2.5

Education System and Assessment in Singapore

2.5.1 Education System
Located at the southern tip of the Malaysian peninsula, Singapore, a small island nation,
was once a British colony until gaining independence in 1965. Since independence, Singapore
has capitalized on its strategic location and entrepreneurial approach to become financially and
politically successful (Ng, 2008). The educational production of human capital has become a
priority (Koh & Paris, 2011). Education in Singapore is centralized and managed by the
Ministry of Education (MOE) (MOE, 2014). MOE controls the administration and
development of state schools; it also has an advisory and supervisory role in private schools.
The government spends about 20% of the national budget on education, and subsidizes public
state education and government-assisted private education (MOE, Singapore, 2016a). Overall,
Singapore’s success in education has been influenced by the integrated planning system of the
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Curriculum 2015 framework. The orientation of Curriculum 2015 aimed for every student to
become: a confident person who thinks independently and critically; someone who
communicates effectively; a self-directed learner; an active contributor, with innovation and
initiative; and a concerned citizen who is informed about the world and local affairs (OECD,
2012a, 2012b). The close links between policy makers, researchers and educators, and
commitment to equity and merit have become the key to Singapore’s success (Suprapto, 2016;
Tan, Koh & Choy, 2016).
Singapore’s six-year compulsory primary schooling requires all children to start at age 7,
giving them a strong educational foundation. Primary 6 students take the Primary School
Leaving Examination (PSLE) to assess their suitability for secondary education; the test
streams and places them in a secondary school course based on their learning pace, ability, and
inclinations (OECD, 2016a). Alternatively, students can also seek admission to a secondary
school based on their diverse strengths and interests through the Direct School Admission
(DSA) exercise (MOE, Singapore, 2016a), where participating schools are given greater
flexibility in selecting students. At the lower secondary levels, grades 7 and 8 students
experience a broad-based education in the languages, the humanities and the arts, mathematics
and sciences, design and technology, physical education as well as character and citizenship
education. Then they progress to upper secondary levels, grades 9 and 10, where students learn
two new languages, social studies and mathematics, and a wide range of elective subjects and
programs (MOE Singapore, 2016b).
Singapore is also a multi-ethnic and multilingual society; its language policy has been
described as a need to ensure the cohesion of its multi-ethnic fabric (e.g. Gupta, 1998; Wee,
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2003). Kuo’s (1980) account of the languages spoken within and across the ethnic groups
showed Singapore to be linguistically diverse. Singapore’s language policy initially stated that
the four official languages – Mandarin Chinese, English, Malay, and Tamil – are used as the
media of instruction. However, in the past 20 to 30 years, this has slowly shifted to English
increasingly becoming the mother tongue for most Singaporeans, especially with the younger
generations. What was once a linguistically heterogeneous group has now evolved into one
with English as an inter-group and intra-group lingua franca amongst Singaporeans, replacing
all other languages as a supra-ethnic language (Cavallaro & Ng, 2014). As a result, their ethnic
languages became more like a second language. Although the Singaporeans are English
dominant, they are still able to converse in at least two languages. Clearly, Singapore has
moved from ‘English knowing’ to ‘English dominant’ (Cavallaro & Ng, 2014). In fact, in most
international measures of literacy and numeracy skills, Singaporean children are amongst the
most competent in the world (Goh & Gopinathan, 2008, Tan, 2015).
2.5.2 Assessment in Singapore
Teachers in Singapore perform continuous assessment of their students at all levels of
education (MOE Singapore, 2016b). Students sit for national examinations at the end of
primary, secondary, and post-secondary education. These exams serve as gateways to lower
secondary, higher secondary, and tertiary education. Assessment in Singapore is high-stake,
and has a relatively major impact in determining a student’s path to higher education (Chee et
al., 2016; Lee, Goh & Birger, 2008).
Schools place students into separate exam levels based on the subjects they took in year
five and six of primary school. At the end of primary school (age 12), they take the Primary
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School Leaving Examination (PSLE) and their exam scores will help determine which band in
lower secondary education as well as which school they will attend. In short, PSLE ranking
assesses suitability for secondary school and sorts students into the appropriate secondary
school course of study. The Ministry allows some schools to practice Direct School
Admission, admitting students based on other achievements before the PSLE results are
released, to provide greater diversity in student talents and interests (MOE Singapore, 2016b).
The Ministry also helps place students who are not accepted into their schools of choice.
Post-secondary education following four years of lower secondary school begins at age
16. All secondary schools in Singapore adopt the academic grading system of the SingaporeCambridge GCE O-Level examination, which students sit at the end of four or five years of
secondary education, taking at least 6 subjects or more. Students are admitted to postsecondary schools based on their Cambridge GCE “O” level exam results, or “N” level results
if they are in the normal band. At the end of secondary education, students with the requisite
exam results can attend universities, while those who do not have the required results are
expected to study for two more years at a pre-university (or polytechnic) and pass their A
levels before entering university in Singapore. The GCE “O”, “N”, and “A” levels determine
which type of post-secondary education a student may attend (Poon et al., 2016).
2.6

Multiculturalism and Multilinguality
The concept of a “multicultural” society can be interpreted as a sociological fact, an

ideology, or as a policy (Brosseau & Dewing, 2009). As a sociological fact, multiculturalism
refers to the presence of people from diverse racial, indigenous, and ethnic backgrounds.
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Ideologically, it consists of a coherent set of ideas and ideals on cultural diversity. At the
policy level, it refers to the management of diversity through formal initiatives and policies.
“Multilinguality”, or linguistic diversity, is an integral part of cultural diversity. It allows
the transmission and sharing of knowledge from one culture to another, and from one
generation to another. It also has a crucial role in individual and group identities, as it connects
and reconcile the ideas and values of people from diverse cultural, social, economic, and ethnic
backgrounds. It is a key contributor to dialogues, individual empowerment, and social
transformations (UNESCO, 2015). With the rapid globalization, UNESCO (2015) is convinced
that multiculturalism and multilinguality have key roles to play in fostering pluralistic,
equitable and inclusive knowledge societies. In fact, the organization encourages its member
states to develop comprehensive language-related policies, allocate resources, and use
appropriate tools to promote and facilitate linguistic diversity and multilingualism.
International comparisons of student performance are becoming a new indicator of the
quality of a nation’s educational system (Lingard, 2010). Large-scale international assessments
are increasingly being used as a way to evaluate and compare the quality of the future labor
force across different countries (Schwippert & Lenkeit, 2012). However, these assessments
tend to ignore the fact that theory, policy and practice may interface with the cultures of
different host societies (Schwippert, 2007). These assessments reinforce the underlying
premise that the world of education is not culturally diverse (Benoliel & Berkovich, 2017). It
elicits an assumption that global variation in students’ academic performance is attributable to
national educational structures and policies (Feniger & Lefstein, 2014). Thus, policy makers in

26

countries with contrasting cultures have tended to follow policy ‘blueprints’ adopted by others,
with little consideration of its cultural fit.
Cultural context matters when it comes to educational achievement (Benoliel &
Berkovich, 2018). Societies differ greatly in their educational philosophy and practices, and
cultural orientations can underlie their societal structural arrangements. For example, some
education systems express more hierarchical and conservative cultural orientations, such as
Singapore, while other education systems express a more democratic and autonomous cultural
dimension, such as Canada. All these culturally-shaped beliefs and forms of interactions may
help explain the differences in the achievement levels of different countries in international
assessments, emphasizing further the importance of considering the societal and cultural milieu
of a country in international assessments of student performance (Bourdieu, 2011).
2.7

Effect of Language on Assessment
Linguistic complexity is defined by Schleppegrell (2004) as the amount of discourse

(oral or written), the variety of grammatical structures, the organization and cohesion of ideas,
and the use of text structures in specific genres. Hence, test items that consist of complicated
sentences can potentially contribute to misunderstanding for some students (Abedi & Lord,
2001), making them unable to show their ability. In their studies on the impact of language
characteristics in mathematics test items, Shaftel and associates (Shaftel, Belton-Kocher,
Glasnapp, & Poggio, 2006) claimed that removing linguistic complexity in exam items have
shown moderate increases in ELL scores compared to the original. They suspected that
linguistic complexity led to item bias.
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As the Standards for Educational and Psychological Testing stated, “in testing
applications where the level of linguistic or reading proficiency is not part of the construct of
interest, the linguistic or reading demands of the test should be kept to the minimum necessary
for the valid assessment of the intended construct” (American Education Research Association
[AERA], American Psychological Association [APA], & National Council on Measurement in
Education [NCME], 2014). Reducing linguistic complexity on test items has been strongly
encouraged by researchers as a method to increase the validity of test scores (Abedi, 2004,
2008; Kopriva, 2000).
OECD’s definition of literacy deviates from traditional notions that emphasize “mastery
of specific school [reading] curricula” (OECD, 2014a, para.3). The definition is largely
consistent with current notions of literacy as dynamic, social, cultural, and multi-faceted (Cope
& Kalantzis, 2012), which challenges the notion of literacy as a set of foundational or
constrained skills (Paris, 2005). PISA operationalizes literacy as a “student’s ability to apply
knowledge and skills in key subject areas, and to analyze, reason, and communicate effectively
as they examine, interpret, and solve problems” (OECD, 2014a, para.1).
The PISA’s concept of literacy has been applied to all three subjects of Reading,
Mathematics, and Science, and the correlations among the performance for the three subjects
were unusually high, with coefficients reaching beyond r=0.95 (Soh, 2012, 2013, 2014). Thus,
what can be said about PISA Science test is equally applicable to the PISA Mathematics and
Reading tests. The proportion of TLH and NTLH also varies from country to country. When
speakers and non-speakers of test language are pooled as a national sample, the country’s mean
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score could well be under-estimated since the non-speakers of the test language can logically
be expected to have poorer command of the test language (Soh, 2014).
According to Soh (2014), “the language of an achievement test pre-conditions the level
of performance of students who are assessed by the test via the test language” (p. 2). In the
case of multiple-choice tests, students need to understand the item stems as well as the options.
For open-ended questions, the students need to know what is being asked, and be able to write
their answers correctly. Without adequate command of the test language, the students may not
respond correctly even if they know the correct answers (Soh, 2014).
Using the argument of test language effect in terms of the students’ linguistic ability as
the background context, this study was an attempt to show that the Reading score reported in
PISA 2015 may not truly reflect the performance of the students from the three chosen
countries. More specifically, the reading score may be underestimated due to the presence of
sizable proportions of non-speakers of test language, who are by default second-language
speakers where the test language is concerned since it is not the language they speak at home
(Soh, 2014).
2.8

Validity of Inferences Made
With the increased use of large-scale assessments in recent years, it is becoming

progressively necessary for test developers to prove to stakeholders that they are assessing the
underlying skills and abilities that they are claiming to assess so correct interpretations can be
made (Baumgartner & Steenkamp, 1998; Shaw, Crisp, & Johnson, 2012). The concept of
validity has also evolved over time. Initially, it was defined in terms of whether a test measures
what it is intended to measure with respect to its underlying construct, where a construct is
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defined as the underlying, and sometimes assumed, psychological process or personal trait
rather than the test behavior or test scores (Cronbach & Meehl, 1955). Validity, as defined by
the Standards for Educational and Psychological Testing (AERA, APA, & NCME, 2014), now
refers to the degree to which the collected evidence supports the interpretations made from the
test scores based on the proposed use of the test. The process of validation encompasses the
whole assessment process, from its purpose to its intended outcome, and cannot be isolated
from its context (Messick, 1989b). Cronbach and Meehl (1955) also proposed three different
types of validity evidence that can be collected for assessments: content-related, criterionrelated, and construct-related. Since these different pieces of evidence are essentially
complimentary to one another, a unified view of validity is now defined as a combined
perspective of the test administration and the use of assessment scores, and not just the test
itself (Shaw, Crisp, & Johnson, 2012).
One of the stated uses of the PISA results, besides measuring the yield of educational
systems, is to use their scores to make comparisons between countries so they can serve as
benchmarks for each other (OECD, 2010a). It is inferred that these scores show how much and
what students in a nation can do (Ammermueller, 2013; Ammermueller & Pischke, 2009;
Haertel, 1999), so the difference in scores can be used to compare countries. According to
Messick (1989a), threats to the validity of the test score interpretation can occur from either (a)
construct-irrelevant variance (measuring something other than the construct of interest) or (b)
construct under-representation (incomplete measurement of the construct). Construct related
evidence for validity of an assessment refers to the degree of association between the test score
and what ability it is meant to describe or predict (Messick, 1989a). Haladyna and Downing
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(2004) refer construct-irrelevant variance to systematic error (rather than random error)
introduced into the assessment data variable that is unrelated to the construct being measured.
The PISA sampling frame ensures optimal representation of the 15-year-old population
using criteria of eligibility and exclusion of students and schools within each country. The
OECD has also set a high threshold of 85% response rate per country (Hopfenbeck et al.,
2018). Using age as a criterion was perceived as problematic because the sample could include
a sizeable proportion of students who had either repeated a class or skipped one (Prais, 2004).
Goldstein and colleagues (2007) proposed the incorporation of longitudinal data to account for
variability in grade retention and school starting age. Schuelka (2013) also commented on the
exclusion of students with disability from participating in PISA, and warned that this
procedure marginalized disabled students further and prevented them from taking part in any
educational equity policy.
PISA applies a very rigorous procedure of double translation and adaptation of tests from
two source versions - English and French (Grisay, de Jong, Gebhardt, Breezier, & HalleuxMonseur, 2007). Nevertheless, concerns as to the extent to which the adapted forms of PISA
are comparable to the source versions are raised, as bias could emerge due to translation
effects, differences in language, culture, curriculum coverage and so on (Grisay et al., 2007;
Nardi, 2008). Such measurement invariance in different language versions of the same test
could have serious implications on the validity of cross-lingual comparisons (e.g., Huang,
Wilson, & Wang, 2016). A considerable number of studies examined measurement invariance
and bias in PISA assessments, and most of the studies reported a substantial amount of
differential item functioning (DIF) when comparing different language versions (Chen & Jiao,
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2014; Huang, Wilson, & Wang, 2016; Oliveri & Ercikan, 2011; Oliveri, Olson, Ercikan, &
Zumbo, 2012; Xie & Wilson, 2008).
2.9

Critique of PISA
PISA has been around for nearly two decades since its first survey in 2000, and now it

has become one of the most influential international assessment programs worldwide (Zhao,
2020). The expanding influence of PISA is apparent by the increased participation of
countries/economies in the survey, initially from 32 in 2000 to 72 in 2015 (OECD, 2016a). It is
also evidenced by its expansion in the coverage of domains, from reading, mathematics, and
science, to the addition of financial literacy and collaborative problem solving (OECD, 2017a).
However, this growing influence has also been accompanied by growing criticisms from
educational researchers all over the world. The criticisms revealed a wide range of problems
with PISA, which can be summarized into four big areas.
The first criticism is the illusion of a unitary view of education, one that is primarily a
Western view of societies. The PISA framework and its tests were first developed for member
states of OECD, the majority of which includes the world’s most advanced economies. Not
surprisingly, using the framework as a benchmark for non-OECD countries can be a mismatch
to the actual needs of these countries. PISA also claims that, using a set of universal
indicators/instruments, it is possible to measure the quality of education across different
countries and education systems, despite differences in political structure, social structure,
traditions, culture, and ways of living (Sjoberg, 2015). However, in reality, there is more than
one society in the world, and these societies are diverse and different from each other –
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culturally, politically, economically and so on. Each one operates differently and present
different challenges.
The second one is the illusion of science. Although PISA follows a scientific approach to
developing test items and sampling methods, uses sophisticated psychometric theories and
complex statistical modellings in data collection and analyses, and adopts a rigorous
implementation procedures to arrive at and report the findings, PISA is still viewed as having
inherent problems that threaten the quality and validity of its findings. The first concern
involves sampling. Using age as a criterion instead of grade level was seen as problematic
because the sample includes students at different grade levels with different exposure to the
school curriculum. Another sampling problem is the issue of representativeness. For example,
low participation rates can distort any generalization of PISA results to the entire 15-year-olds
of a country. The third sampling problem is the exclusion of students with disabilities, an issue
of equity which further marginalizes students with special needs (Schuelka, 2013). The second
concern is bias in assessments. These biases include item formats, constructs, language,
culture, and text types (e.g. Hopfenbeck et al., 2018). For instance, PISA reading assessment
has been found to be girl-friendly and thus biased against boys (Solheim & Lundetrae, 2018).
PISA instruments were also found to be more comparable across Western countries than they
are across Middle Eastern or Asian countries for linguistic and cultural reasons (Grisay et al.,
2007). Studies also reported a substantial amount of differential item functioning (DIF) when
comparing different language versions (e.g. Ercikan, Oliveri, & Sandilands, 2013; Oliveri et
al., 2012). These criticisms indicate that PISA may be measuring different abilities for students
of different languages (Zhao, 2020).
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The third criticism is the illusion of interpretation. PISA has been criticized for
homogenizing education (Zhao & Gearin, 2016). Education systems and processes are
becoming increasingly homogenous and standardized, for instance, implementing similar
policies and practices regardless of the country’s local needs and context. This is problematic
because educational policies and practices are contextually and culturally sensitive, so what
works in one context may not work or may even cause damage in another (Sjoberg, 2015).
Such move also reduces diversity in educational approaches, values, processes, and talents.
The final criticism is the illusion of excellence. The PISA scores and standings on the
league tables equate high-performing countries to educational quality and effectiveness of the
education systems. However, there is no empirical evidence to justify or prove the claim that
PISA indeed measures knowledge and skills essential for the future world (Hopmann, 2008).
There is also no evidence of significant relationships between test scores and economic growth
of a country (Komatsu & Rappleye, 2017).
It is clear from the criticisms raised against PISA that it has conceptual, technical, and
interpretation issues, although users (e.g. education officials) of the outcomes normally take
the PISA scores at face value (Soh, 2014). These criticisms in the PISA literature were
considered as limitations in the present study. Care has been exercised when interpreting the
findings to ensure that the actual performance of the country was reported as accurate as
possible. These criticisms were also taken into account when making conclusions to explain
and improve understanding about the uncertainties surrounding the results.
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2.10 Chapter Summary
Education systems worldwide are faced with the same challenge of educating children
who come from multiple languages and cultural backgrounds (Bailey & Butler, 2007; Bailey,
Maher, & Wilkinson, 2018). Research has demonstrated that English language learners (ELLs)
and language minority students typically confront substantial challenges in science and math
assessments because of linguistically and culturally dependent content and representations in
assessments (Abedi, 2001, 2004; Ercikan et al., 2015; Roth, Ercikan, Simon, & Fola, 2015;
Soh, 2014). Typically, children from a different language and cultural background than the
host country tend to have lower achievement levels on large-scale assessments (Ercikan et al.,
2015).
The term linguistic minority includes a broad spectrum of students, from students who
are schooled in a language other than their first language to students who live in a linguistic
majority setting. In a testing situation, the students’ language and cultural background interact
in distinct ways. From a socio-cultural perspective, student performance on the assessment is
the outcome of a complex interaction between their background (including language, practices,
and culture) and the assessment properties (such as the targeted knowledge, the language being
used in the test, and the format of the test items) (e.g., Pellegrino, Chudowsky, & Glaser, 2001;
Solano-Flores, 2008). Duran (1989) described this complex relationship as follows:
Contemporary cross-cultural research suggests that there are intimate connections among
the ways people perceive the nature of problem-solving situations, problem-solving
tasks, the language surrounding tasks, and socio-cultural experiences. Thus, analysis of
issues affecting the testing of language minority persons is not totally reducible to
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consideration solely of how lack of familiarity with a language affects test performance.
(p. 574)
One of the advantages of PISA is that it enables comparisons among countries. The
validity of comparisons of scores, however, depends a lot on whether the tests actually assess
the same or similar knowledge and competencies across the groups and subgroups that are
compared (Hambleton, Merenda, & Spielberger, 2005). The PISA’s concept of literacy has
been applied to all three subjects of Reading, Mathematics and Science. However, PISA
involves students who speak the test language at home as well as those who do not. And when
both speakers and non-speakers are pooled as a national sample, the country mean could well
be an under-estimation of the actual milieu of the country (Soh, 2014).
Whenever students are not tested in their home language, a validity issue arises – how
does language, rather than the targeted knowledge, affect their performance? While increasing
efforts have been made to address concerns in this area, for example, by examining
equivalence of language versions, translations, student language self-identification, sources of
bias, scores from tests of similar content in different languages, and differences in test items
across international examinee populations, to name a few (e.g. Aydin, Erdag, & Tas, 2011;
Faulkner-Bond & Sireci, 2015; Oliveri, Ercikan, Zumbo, & Lawless, 2014; Solano-Flores,
Backhoff, Contreras-Nino, & Vazquez-Munoz, 2015), there still continues to be a lag in test
development and validation practices that embrace International Test Commission (ITC)
guidelines concerning language for test development and evaluation (Anderson, Lin, Tregust,
Ross & Yore, 2007; Rios & Sireci, 2014). As a result, patterns persist in international testing
across the languages and cultures of young learners; these tests do not consider the effects of
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students’ linguistic background and cultures on reading literacy assessment (Smith, Frazier,
Lee, & Chang, (2018).. These tests also fail to acknowledge the need for evidence supporting
more valid interpretations of assessments for linguistic minorities (Collier, 1987; Cronbach,
1989, Cummins, 1979).
The language complexity of the assessment instruments can be a factor affecting student
performance on the test. Students must learn how to discern the meaning of a problem, which
involves recognition of how the linguistic, cognitive, and social systems interact in any given
test item. It demands that students comprehend the test items (including the language of
presentation), formulate an approach to solving the problems, and apply the most appropriate
knowledge to solve the problems correctly (Martiniello, 2009). The true competency of the
student is undeniably affected by whether they have adequate language proficiency to read,
understand, and write in the language in which they are tested (Abedi, 2004; Solano-Flores,
2008). When an assessment presents linguistic demands that are not targeted by the
assessment, student competencies may be under-estimated.
Assessment of knowledge and competencies of English language learners (ELLs) has
been researched extensively in the United States. It has been shown that the linguistic demands
of assessments indeed lead to an under-estimation of competencies of ELLs (Abedi, 2004) and
as much as about 40% measurement error can be attributed to language and its interaction with
other factors (Solano-Flores & Trumbull, 2003). The purpose of this study is to investigate
whether the language ability of TLH and NTLH students from the selected countries has a
differential impact on their reading, mathematics, and science performance in the PISA 2015
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assessment cycle. The findings can provide information as to how the language spoken at
home can potentially affect their performance on PISA.
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CHAPTER 3
METHODOLOGY
3.1

Research Background
PISA is a large-scale, international assessment that surveys 15-year-old students’

performance in mathematics, reading, and science – the three literacy areas. In addition to
assessment components, the PISA assessment also collects a wide variety of contextual data
about students’ demographic backgrounds, their learning attitudes and behaviours, their
parents, and their schools. The OECD develops the PISA assessments in three-year cycles for
OECD and non-OECD countries, with one of the three literacy areas (math, science, and
reading) being the focus of the survey in any given year. PISA has been conducted every three
years since 2000; the most recent cycle is PISA 2018.
As opposed to academic achievement, the aim of PISA is to assess the extent to which
students can apply what they have learned during their years of compulsory schooling to real
life problems as represented in the assessments (Smith, Frazier, Lee, & Chang, 2018). This
differs, in part, from other international measures, such as the Progress in International
Reading Literacy Study (PIRLS) and the Trends in International Mathematics and Science
Study (TIMSS) which focus on school-based academic achievement. Another feature of PISA
is that country level samples are nationally representative of their target populations, thus
allowing statistical results to have wider generalizability (Smith et al., 2018).
In 2015, the sixth cycle of PISA was completed, with a major focus on the science
domain. The science framework was originally developed for PISA 2006, but the framework
has kept its essential features in 2015 to allow for trend analysis in performance over time. In
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addition, two major improvements for PISA 2015 were made. First, “knowledge about
science” has been defined more clearly into two components – procedural knowledge and
epistemic knowledge (OECD, 2015a). The 2015 science framework is discussed in more depth
in section 3.2 below. The second change was the move from a paper-based to a computerbased assessment. Prior to 2015, PISA was implemented through a paper-based format. But
recognizing the pervasiveness of computer-based tools in the 21st century, PISA 2015 assessed
all subjects for the first time via computer, although paper-based assessment instruments were
still provided for countries that chose not to do the test using computers (OECD, 2015a).
3.2

PISA 2015 Science Framework
The PISA 2015 Science framework is divided into three competencies, three knowledge

types, and three areas of knowledge of science. In the PISA context, science refers to
“scientific literacy”, which is defined as the ability to engage in reasoned discourse of
scientific ideas and science-related issues as well as three “competency” subscales relating to:
a) explaining phenomena scientifically, b) evaluating and designing scientific enquiry, and c)
interpreting data and evidence scientifically (OECD, 2016a).
Student performance is based on their knowledge of science content as well as
procedural and epistemic knowledge of science. “Content knowledge” refers to knowledge of
facts, concepts, ideas, and theories about the natural world that science has established.
“Procedural knowledge” refers to the knowledge of the practices and concepts on which
empirical enquiry is based, while “epistemic knowledge” refers to an understanding of the role
of specific constructs and defining features essential to the process of knowledge building in
science. The main features of the PISA 2015 science framework are presented in Figure 3.1.
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Figure 3.1
Main Features of the PISA 2015 Science Framework
Contexts
• Personal
• Local /
national
• Global

Requires
individuals
to display

Competencies
• Explain
phenomena
scientifically.
• Evaluate and
design scientific
inquiry.
• Interpret data
and evidence
scientifically.

How an individual does this is influenced by

Attitudes

Knowledge

• Interest in science
• Valuing scientific
approaches to enquiry
• Environmental
awareness

• Content
• Procedural
• Epistemic

Note: Source: PISA 2015 assessment and analytical framework (OECD, 2017a, p.25)

In addition, PISA 2015 also measures students’ interest in and awareness of science and
environmental issues as well as their perceived value of scientific approaches to enquiry. Three
competencies are used to describe how a scientifically literate person engages in issues and
ideas related to science. These competencies are described in Table 3.1.
Each of the scientific competencies requires some content knowledge (knowledge of
theories, explanatory ideas, information, and facts), an understanding of how such knowledge
has been derived (procedural knowledge), as well as the nature of that knowledge (epistemic
knowledge). The three main areas of science knowledge are physical systems, living systems,
and Earth and space systems (OECD, 2016b). This knowledge is classified according to the
three broad content areas described in Table 3.2.
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Table 3.1
Science Competencies
Competency

Description

Explain phenomena being able to recognize, offer, and evaluate explanations for a range of
scientifically
natural and technological phenomena by demonstrating the ability to:
• Recall and apply appropriate scientific knowledge.
• Identify, use, and generate explanatory models and representations.
• Make and justify appropriate predictions.
• Offer explanatory hypotheses.
• Explain the potential implications of scientific knowledge for society.
Evaluate and design being able to describe and appraise scientific investigations and propose
scientific enquiry
ways of addressing questions scientifically by demonstrating the ability to:
• Identify the question explored in a given scientific study.
• Distinguish questions that could be investigated scientifically.
• Propose a way of exploring a given question scientifically.
• Evaluate ways of exploring a given question scientifically.
• Describe and evaluate how scientists ensure the reliability of data,
and the objectivity and generalizability of explanations.
Interpret data and
evidence
scientifically

being able to analyze and evaluate data, claims, and arguments in a
variety of representations and draw appropriate scientific conclusions by
demonstrating the ability to:
• Transform data from one representation to another.
• Analyze and interpret data and draw appropriate conclusions.
• Identify the assumptions, evidence, and reasoning in science-related
texts.
• Distinguish between arguments that are based on scientific evidence
and theory, and those based on other considerations.
• Evaluate scientific arguments and evidence from different sources
(e.g., newspapers, journals, the Internet).

Note. Source: PISA 2015 assessment and analytical framework (OECD, 2016a, p.27-28)
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Table 3.2
Content Knowledge of Science
Content Knowledge
Physical systems

Description
This requires knowledge of the structure of matter,
properties of matter, chemical changes of matter, motion
and forces and action at a distance, energy and its
transformation, and interactions between energy and matter.

Living systems

This requires knowledge of cells, the concept of an
organism, humans, populations, ecosystems, and biosphere.

Earth and space systems

This requires knowledge of the structures of the Earth
systems, energy in the Earth systems, change in Earth
systems, Earth’s history, Earth in space, and the history and
scale of the universe and its history.
Note. Source: PISA 2015 assessment and analytical framework (OECD, 2016a, p.28)

3.3

PISA 2015 Science Achievement Results by Proficiency Level
PISA developed benchmarks that related a range of scores in science to levels of

knowledge and skills that are measured by the assessment. Although these levels are not linked
directly to any specific program of study in science, in the PISA context they provide an
overall picture of students’ accumulated understanding of science at age 15. PISA science
literacy is expressed on a seven-level proficiency scale, in which tasks at the lower end of the
scale (Level 1) are deemed easier and less complex than other tasks at the higher end of the
scale (Level 6). This progression in task difficulty/complexity applies to both the overall
science scale and for each competency and knowledge area (OECD, 2015a).
Table 3.3 provides a summary description of the tasks that students can do at the seven
proficiency levels for overall science, along with the corresponding lower limit for each level.
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It is assumed that students classified at a given proficiency level can engage with that task
successfully at that level as well as those at the lower levels.
Table 3.3
PISA 2015 Science Proficiency Levels
Level Lower Percentage a Task characteristics
score
limit
6
707.93
1.1%
Students at Level 6 of the PISA science assessment can
successfully complete the most difficult PISA items. At Level
6, students can:
• Draw on a range of interrelated specific ideas and concepts
from the physical, life, Earth, and space sciences, link
different information sources and representations, and
move flexibly among them;
• Use content, procedural, and epistemic knowledge to offer
explanatory hypotheses of novel scientific phenomena,
events, and processes or to make predictions;
• Discriminate between relevant and irrelevant information
and draw on knowledge external to the normal school
curriculum when interpreting data and evidence;
• Distinguish between arguments that are based on scientific
evidence and theory and those based on other
considerations; and
• Evaluate competing designs of complex experiments, field
studies, or simulations and justify their choices.
5

633.33

7.7%

At level 5, students can:
• Use abstract scientific ideas or concepts to explain
unfamiliar and more complex phenomena, events, and
processes involving multiple causal links;
• Apply more sophisticated epistemic knowledge to evaluate
alternative experimental designs and justify their choices
and use theoretical knowledge to interpret information or
make predictions; and
• Evaluate ways of exploring a given question scientifically
and identify limitations in interpretations of data sets,
including sources and the effects of uncertainty in
scientific data.
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Level Lower Percentage a Task characteristics
score
limit
4
558.73
26.7%
At level 4, students can:
• Use more complex or more abstract content knowledge,
which is either provided or recalled, to construct
explanation of more complex or less familiar events and
processes;
• Conduct experiments involving two or more independent
variables in a constrained context;
• Justify an experimental design, drawing on elements of
procedural and epistemic knowledge; and
• Interpret data drawn from a moderately complex data set or
less familiar context, draw appropriate conclusions that go
beyond the data, and provide justifications for their
choices.
3

484.14

54.0%

At level 3, students can:
• Draw upon moderately complex content knowledge to
identify or construct explanations of familiar phenomena;
• Construct explanations with relevant cueing or support in
less familiar or more complex situations;
• Draw on elements of procedural or epistemic knowledge to
carry out a simple experiment in a constrained context; and
• Distinguish between scientific and non-scientific issues and
identify the evidence supporting a scientific claim.

2

409.54

78.8%

Level 2 is considered the baseline level of science proficiency
that is required to participate fully in modern society. At level
2, students can:
• Draw on everyday content knowledge and basic procedural
knowledge to identify an appropriate scientific explanation,
interpret data, and identify the question being addressed in
a simple experimental design;
• Use basic or everyday scientific knowledge to identify a
valid conclusion from a simple data set; and
• Demonstrate basic epistemic knowledge by being able to
identify questions that could be investigated scientifically.
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Level Lower Percentage a Task characteristics
score
limit
1a b 334.94
94.5%
At level 1a, students can:
• Use basic or everyday content and procedural knowledge
to recognize or identify explanations of simple scientific
phenomena;
• Undertake structured scientific enquiries with no more than
two variables with support;
• Identify simple causal or correlational relationships and
interpret graphical and visual data that require a low level
of cognitive demand; and
• Select the best scientific explanation for given data in
familiar personal, local, and global contexts.
1b b

260.54

99.4%

At level 1b, students can:
• Use basic or everyday scientific knowledge to recognize
aspects of familiar or simple phenomenon; and
• Identify simple patterns in data, recognize basic scientific
terms, and follow explicit instructions to carry out a
scientific procedure.
Note. Source: PISA 2015 results: Excellence and equity in education (OECD, 2016b)
a

Percentage of students across the OECD who are able to perform task at this level or above.

b

Level 1 is used interchangeably with Levels 1a and 1b.

3.4

PISA 2015 Reading and Mathematics
Since reading and mathematics were minor domains in PISA 2015, there were fewer

assessment items in these two areas compared to the major domain of science. As minor
domains, reading and mathematics were measured only as an overall performance instead of at
a detailed level, and as such were not reported by performance levels or competency subscales.
3.4.1 PISA 2015 Reading and Mathematics Performance Scores
The scores for reading and mathematics among OECD countries are expressed on a scale
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with an average of 500 and a standard deviation of 100 (OECD, 2016a). This average was
established when the domain was the focus of the assessment (i.e., in year 2000 and a reexamination in 2009 for reading; 2003 and further revision in 2012 for mathematics). The
reading and mathematical literacy components of both the computer-based and paper-based
instruments were composed of the same clusters of reading and mathematics trend items. But
compared with previous PISA assessments, the number of trend items in PISA 2015 for
reading and mathematics was increased for a better construct coverage while reducing the
number of students responding to each question. This design was intended to reduce potential
bias while stabilizing and improving trends measurement.
3.4.2 Reporting Proficiency in Reading
PISA 2015 reading literacy scale was based on PISA 2009, and is divided into seven
levels (OECD, 2015a). Level 6 is the highest described level of proficiency (Level 5 was the
highest level before PISA 2009). Level 1b is the bottom level of proficiency in PISA 2015.
Since PISA 2009, Level 1 was re-labelled as Level 1a, and a new level, Level 1b, was added to
describe students who were previously rated as “below level 1”. Levels 2, 3, 4 and 5 remained
the same in PISA 2015. A full description of the proficiency levels is included in Appendix B.
3.4.3 Reporting Proficiency in Mathematics
The six proficiency levels used in the PISA 2015 mathematics assessment are the same
as those established for PISA 2003 and 2012 assessments, when mathematics was the major
area of assessment (OECD, 2015a). Level 6 is the highest described level of proficiency, while
1b is the bottom level of proficiency. A description of the mathematical skills, knowledge and
understanding that are required at each level of the scale is presented in Appendix C.
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3.5

Research Design
Large-scale international assessments like Programme for International Student

Assessment (PISA) (OECD, 2017a, 2017b) collect data by administering achievement tests to
students of many different languages from participating countries. As a normal practice, tests
are presented to students in their respective language of instruction – the language officially
sanctioned as the country’s medium of teaching, e.g., English in USA, German in Germany,
Finnish in Finland (Soh, 2014). However, as Soh (2014) noted, the language used for teaching
and assessment may not always be the same as the language spoken at home by all students of
a participating country, thus the country’s performance in international studies like PISA could
be affected if the participating students are non-speakers of the test language. Although PISA
has exercised care to ensure that the resultant test scores across countries are of a high degree
of comparability and validity, the actual performance of the country may still be distorted to a
certain extent due to the students’ linguistic background.
This is an exploratory, quantitative study focusing on correlational relationships. The
main methodology focused on a correlational analysis examining the relationship between
language proficiency and performance in science and math assessments through an analysis of
covariance. The study is designed to better understand whether language proficiency might be
a factor that affects the math and science achievement scores when students are speakers or
non-speakers of the test language. As noted earlier, the research done thus far on this topic was
conducted in countries that are English-speaking, thus were solely focused on English
language learners. To build upon this body of research, this study addresses possible impact of
language on performance of students in Canada, Indonesia, and Singapore, and involves test
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administered in English in Canada and Singapore and Bahasa Indonesia in Indonesia. The data
used in this study are drawn from the Organization for Economic Cooperation and
Development’s Programme for International Student Assessment 2015 (PISA) (OECD, 2017a,
2017b).
3.5.1 Assessment Domains
The PISA 2015 assessed three domains for all countries. These three core domains in the
PISA assessment are reading literacy, scientific literacy, and mathematical literacy. They are
defined by PISA (OECD, 2017a, p.15) as follows:
Reading literacy (hereinafter referred to as reading) is an individual’s capacity to
understand, use, reflect on, and engage with written texts, in order to achieve one’s goals,
develop one’s knowledge and potential, and participate in society.
Scientific literacy (hereinafter referred to as science) is an individual’s ability to engage
with science-related issues, and with the ideas of science, as a reflective citizen. A
scientifically literate person is willing to engage in reasoned discourse about science and
technology, which requires the competencies to explain phenomena scientifically,
evaluate and design scientific enquiry, and interpret data and evidence scientifically.
Mathematical literacy (hereinafter referred to as mathematics) is an individual’s capacity
to formulate, employ and interpret mathematics in a variety of contexts. It includes
reasoning mathematically and using mathematical concepts, procedures, facts, and tools
to describe, explain and predict phenomena. It assists individuals to recognize the role
that mathematics play in the world and to make the well-founded judgments and
decisions needed by constructive, engaged, and reflective citizens.
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Each of the literacy domains assessed by the PISA 2015 encompasses construct
definitions that stress key knowledge and skills needed to function in everyday tasks and be an
active member of society. These definitions also incorporate tasks that require critical thinking,
problem solving, decision making, evaluating, applying, and extrapolating students’
knowledge to novel situations as they would beyond classroom setting (OECD, 2017a).
3.5.2 Reading Score
OECD’s PISA definition of literacy deviates from traditional notions that emphasize
“mastery of specific school [reading] curricula” (OECD, 2014a, p.25). PISA operationalizes
literacy as a “student’s ability to apply knowledge and skills in key subject areas, and to
analyze, reason, and communicate effectively as they examine, interpret, and solve problems”
(OECD, 2014a, p. 25). This definition challenges the notion of literacy as a set of foundational
or constrained skills (Paris, 2005); instead, it suggests that literacy is dynamic, social, cultural,
and multi-faceted (Cope & Kalantzis, 2012).
As opposed to an assessment of achievement, PISA is a literacy assessment that
evaluates students’ readiness for everyday reading-related tasks that they may face after
leaving school. In this respect, PISA does not seek to measure reading-related skills that
students have mastered at school. Rather, it seeks to measure students’ capability to put their
knowledge into practical use (OECD, 2017a, 2017b). PISA provides five “plausible” values for
a student’s reading score because each student completed only a subset of the items (OECD,
2015a). This use of plausible values as scores for each student is discussed in more depth in
Section 3.7.
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3.5.3 Socio-economic Status
Socio-economic status (SES) is typically defined by family income, level of poverty in
the child’s neighborhood, educational attainment by parents, and occupation of the heads of
households (Clements & Sarama, 2008). Many studies found that SES is a strong predictor of
student achievement and is associated with large differences in performance in most countries
and economies that participated in PISA (OECD, 2014a). Researchers have examined the
effect of SES on mathematical achievement (Frenette, 2007), and children from disadvantaged
low-income families perform substantially worse in mathematics than their counterparts from
higher income families (National Mathematics Advisory Panel [NMAP], 2008). Chiu (2007,
2009, 2010) also reported a strong association between family communication and academic
performance. Their research revealed that children show higher academic performance when
parents are more involved in their children’s learning activities. Socio-economically
advantaged students and schools also tend to outscore and outperform their disadvantaged
peers by a large margin (Baker, Goesling, & Letendre, 2002; OECD, 2014a). Although having
low SES does not necessarily equate to a negative effect on academic performance, it is
considered a dominant trend that can be associated to unfavourable educational outcomes
(Baker, Goesling, & Letendre, 2002).
3.5.4 Test Language
One context in which home language and test language matters is the PISA assessment. It
is widely agreed that proficiency in the language in which a test is administered tends to affect
examinees’ performance on the test (Faulkner-Bond & Sireci, 2015). Regardless of the lack of
intent to draw inferences for PISA about language spoken at home, increasingly, research
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demonstrates the effects of language on PISA mathematics and science literacy assessments
(e.g., Ercikan et al., 2015; Geva, 2006; Gottardo & Mueller, 2009). In comparison, fewer
studies have concentrated on the effects of language on the PISA reading literacy assessment;
in fact, there is little information about the impact of linguistic differences from students’
backgrounds on their achievement in PISA measures (e.g., Asil & Brown, 2016). Given that
the PISA reading literacy test is used as a basis for numerous comparisons of youth across the
globe, by determining the impact of students’ language status on PISA reading literacy
performance, evidence about the validity of students’ performance on the assessment as
indicator of knowledge, skills and competencies, and the interpretation of this performance can
be obtained. Such findings can help determine consistency of findings across studies and arrive
at more definitive and accurate conclusions (Makel & Plucker, 2014). Such studies also align
with the International Test Commission’s (ITC) guidelines concerning validity that recommend
determining student proficiency in the language of test administration and aligning them with
the appropriate language version of the test administered (International Test Commission
[ITC], 2017, 2018).
3.6

PISA Sampling, Sampling Weights and Booklet Design

3.6.1 PISA Sampling
PISA employs a two-stage stratified sampling design. In the first stage, within each
country individual schools are sampled using probability proportional to size sampling. A
minimum of 150 schools are selected in each country; if a participating country has fewer than
150 schools then all schools participate. In the second stage, within each participating school a
predetermined number of students are selected as the target cluster size or ‘eligible students’ –
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usually 42 students in computer-based countries and 35 students in paper-based countries
(OECD, 2016a, 2016b). Students within the sampled schools are randomly selected with equal
probability. In schools with fewer than the number of target cluster size, then all students are
selected. In total, a minimum sample size of 5250 students is needed in computer-based
countries, and 4500 students in paper-based countries, or the entire population if it is less than
the target cluster size.
3.6.2 Sampling Weights and Booklet Design
Sampling weights are used to make valid estimates and inferences of the target
population and calculate appropriate estimates of sampling error. In terms of scaling, a matrixsampling of items or rotated block design method is used, whereby participants are given only
a small sample of all the items and their responses placed on a common scale to provide an
overall picture. In such sampling design, assessment items are assigned to several blocks that
are then combined in systematic ways into a set of booklets, with each student completing just
one booklet.
Computer-based Format. The 2015 PISA computer-based assessment included six
clusters from each of the trend domains of science, reading, and mathematics, and an
additional six clusters of new science literacy test items, and three clusters of new
collaborative problem-solving materials. The clusters were allocated in a rotated design using
66 test forms to create six groups (OECD, 2016a, 2016b). Each booklet was composed of
various combinations of clusters. Some students did booklets containing items from all the
three areas, while others took part solely in one (the area of focus, science) or two areas (the
area of focus, science, and one from the other two areas, reading and mathematics). For this
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study, only the first twelve clusters on science, reading, and mathematics literacy were used;
the three clusters on collaborative problem solving were excluded.
According to the design,
• 33 percent of students within each school were assigned to one of 12 science literacy
and reading literacy test booklets;
• 33 percent were assigned to one of 12 science literacy and mathematics literacy test
booklets;
• 22 percent were assigned to one of 6 science literacy and collaborative problemsolving test booklets;
• 4 percent were assigned to one of 12 science literacy, mathematics literacy, and
collaborative problem-solving test booklets;
• 4 percent were assigned to one of 12 science literacy, reading literacy, and
collaborative problem-solving test booklets; and
• 4 percent were assigned to one of 12 science literacy, reading literacy, and
mathematics literacy test booklets.
In the design, approximately 65 percent of science items were multiple-choice formats
and 35 percent were constructed responses. For reading and mathematics items, approximately
40 percent were multiple choice formats and 60 percent were constructed responses.
Paper-based format. For the 2015 PISA paper-based version assessment, only six
clusters from each of the trend domains of science, reading, and mathematics literacy were
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included. The clusters were also allocated in a rotated design to create three groups of test
booklets. According to the design,
• 44 percent of students within each school were assigned to one of 6 science literacy
and reading literacy test booklets;
• 44 per cent were assigned to one of 6 science literacy and mathematics literacy test
booklets;
• 12 percent were assigned to one of six science literacy, reading literacy, and
mathematics literacy test booklets.
All students who took the paper-based assessment answered science items, but not
everyone answered mathematics and/or reading items.
3.7

Plausible Values
Since students receive only a subset of all assessment items in PISA 2015, the

measurement of individual proficiency is expected to have large measurement error due to
small number of items administered to individual students (von Davier, Gonzalez, & Mislevy,
2009). In order to address this, the multiple imputation method, also referred to as the plausible
values approach (Mislevy, 1991; Rubin, 1987), is used to reflect the estimates of population
characteristics. Missing information that is present due to the matrix sampling design used in
PISA is arranged into a non-monotone missing data pattern, where all variables are highly and
positively correlated (e.g. Durrant, 2009; Horton & Kleinman, 2007; Wilson & Lueck, 2014).
A set of scores referred to as plausible values (PVs) is generated for each student.
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The PVs approach uses students’ responses to the subject-based items collected from the
cognitive questionnaire, together with other data collected from the student background
questionnaire, parent questionnaire and school questionnaire, in order to directly estimate the
characteristics of student populations and subpopulations. In this way, estimates of student
performance may be obtained on the assessment even though each student responds only to
just a subset of the assessment items. PVs are not considered as test scores for individual
students, but rather as a measure of performance of the population. A more detailed description
about plausible values can be found in Monseur and Adamas (2009).
Since 2000, student proficiency estimates in PISA survey were computed through
plausible values. Commonly, five PVs are generated for each student on each performance
scale. Statistical analyses are performed independently on each of the five plausible values and
results are aggregated to obtain the final estimates of the statistics and their respective standard
errors (OECD, 2017a). The plausible value methodology, combined with the replicates,
requires that the parameter, such as a mean, a standard deviation, a percentage, or a correlation,
has to be computed 85 times (i.e. 5 plausible values by one student final weights and 80
replicates) to obtain the final estimate of the parameter and its standard error (OECD, 2017a).
Working with only one plausible value can provide unbiased estimate of population
parameters, but it cannot estimate what five plausible values can do - the imputation error that
reflects the influence of test unreliability for the parameter estimation. The smaller the sample
size, the greater is the imputation error. Hence, using all five plausible values may provide a
better picture of the substantial differences in student performance, especially for small
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samples. In the PISA 2015, ten PVs were generated for each student; all ten PVs were used in
the data analyses of the present study.
3.8

Dataset
The present study is based on PISA 2015 Student Questionnaire data, which are well

documented and freely downloadable from the official OECD website (www.pisa.oecd.org).
Approximately 540,000 students participated in the PISA 2015, representing about 29 million
15-year-olds across 72 participating countries / economies (OECD, 2016a).
As briefly mentioned in Chapter 1, Canada, Indonesia, and Singapore were selected from
the PISA 2015 dataset after a review of their test-takers’ background information that exhibit
the following characteristics in line with the purpose of this research:
•

Canada – being a country where most test-takers took the English version of the
PISA 2015 assessment, and with the majority of them being speakers of the test
language (i.e. TLH). The PISA test taken by the students was computer-based.

•

Indonesia – being a country where the test-takers took the PISA 2015 assessment
using the Bahasa Indonesian version, but a majority were non-speakers of the test
language (i.e. NTLH). The PISA test used by the students was the paper-based
version because the country was not yet ready to transition to a computer-based
assessment. The paper-based test comprised a subset of the tasks included in the
computer-based version, all of which were developed in earlier cycles of PISA. The
newly developed tasks for science and reading in PISA 2015 was not included in the
paper-based test.
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•

Singapore – where an equal proportion of TLH and NTLH took the PISA 2015
assessment in English. Singaporean students took the computer-based PISA test.

These three countries were selected also because they represented different performance
levels on PISA, with Singapore achieving the highest level of performance in Science, Reading
and Mathematics, and outperforming both Canada, one of top performing countries, and
Indonesia, a relatively low performing country. Furthermore, the three countries were also
chosen for data availability; these three countries have sufficiently large sample sizes for TLH
and NTLH groups analyses and comparison within these countries.
In total, seventy-two countries participated in PISA 2015; approximately 5,000 - 25,000
students aged 15 from at least 150 schools in each country did the PISA study. The PISA 2015
was administered in schools during regular school hours. The assessment was a two-hour
paper/computer-based test. In addition, students also completed a 35-minute student
background questionnaire providing information about themselves and their home. An
overview of PISA 2015 (internationally and the three selected countries) is given in Table 3.4.
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Table 3.4
Overview of PISA 2015 (International and the Three Selected Countries)
International

Canada

Indonesia

Singapore

Participating countries

72

Whole

Whole

Whole

Population

Youth aged 15

Same

Same

Same

No. participating students 5,000-25,000 per country

20058

6513

6115

Domains

Same

Same

Same

English,

Bahasa

English

French

Indonesian

Computer

Paper

Major: Science
Minor: Reading and Math

Language in which test

47 languages

was administered
Format of assessment

Computer/Paper

Computer

Note. Source: PISA 2015 results: Excellence and equity in education (OECD, 2016b)

3.9

Target Population
The data for this study were drawn from the publicly accessible Student Questionnaire

data. A total of 32,686 students representing 15-year-old students who are native English
speakers, English language learners, and language minority speakers living in Canada,
Indonesia and Singapore formed the analysis population. Their performance in science, reading
and mathematics in the 2015 PISA were also collected. Figure 3.2 and Table 3.5 show the
research sample for the data.
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Figure 3.2
Research Samples Using PISA 2015 Data
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Table 3.5
Target Population
N

N

Language of test

Other language

Countries Language

All

Valid

N

%

N

%

Canada

20058

19536

15902

81.40

3 551

18.18

6513

6513

2254

34.61

4 013

61.63

6115

6098

3087

50.63

3 005

49.29

32686

32147

21243

66.08

10 569

32.88

Selected

Test

English &
French

Indonesia

Bahasa
Indonesian

Singapore

English

Total

Note. Source: PISA 2015 results: Excellence and equity in education (OECD, 2016b)

3.10 Samples for the Study
The target study samples for the three selected countries ranged between 6,115 students
from Singapore to 20,058 students from Canada, as shown in Table 3.5. Students were further
selected to include only those who did both reading and math (R+M group) and both reading
and science (R+S group). After preliminary screening and following the eligibility criteria for
the research samples described in Figure 3.2, a total of 12,489 students met the inclusion
criteria and were included in the final sample group of the present study (Table 3.6).
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Table 3.6
Final Sample Group for Canada, Indonesia, and Singapore

Countries Domain
Canada a

Reading

Total
(valid)
8236

6347

Science

20,058

15445

3637

3637

Mathematics 3625

3625

Science

6513

6513

Singapore Reading

4783

4783

Mathematics 2509

2509

Science

6115

6115

TOTAL

Reading + Science

Lang Non- Mis Total Lang
Total Test Lang sing
Test
Test
6349 529 75
16 620 5367

Mathematics 8244

Indonesia Reading

Reading + Math

Final

Non- Mis Total
Lang sing
Test
808 168 6343

278

430

37

745

1294 2212 129 3635

118

123

0

241

1209 1293 9

925

628

1606 7870 4313

2511

12489

Note. Both Canada [124] and Singapore [702] used the computer version of the assessment.
Indonesia [360] used the paper version of the assessment.
a

The numbers only represent students who did the English version; French was excluded.

3.11 Language Spoken at Home
The study investigates the association of language proficiency and performance to
Mathematics and Science assessments. The first step in the analyses was to identify the home
language background of the students, which was a key defining variable for the language
groups of all three countries included in the study.
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In PISA 2015, students were asked to report what language they speak at home with a
single item (International Language at Home (hereinafter referred to as Language at Home or
Language Group), ST022Q01TA, “which language do you speak at home most of the time?”).
Based on the responses, the students were divided into two language groups: students who
speak the test language at home (TLH), and students who are non-speakers of the test language
at home (NTLH). 7,870 of the students (63.0%) spoke the language of assessment (Test
Language Speaker at Home, or TLH), while 4,313 (34.5%) spoke other languages at home
(Non-Test Language Speaker at Home, or NTLH). Table 3.7 describes the language spoken at
home.
Table 3.7
Language Spoken at Home
International Language at

Canada

Indonesia

Singapore

Total

Language of Test

5367 (84.6%)

1294 (35.6%)

1209 (48.2%)

7870 (63.0%)

Other Language

808 (12.8%)

2212 (60.8%)

1293 (51.5%)

4313 (34.5%)

Missing

168 (2.6%)

129 (3.6%)

9 (0.3%)

306 (2.5%)

TOTAL

6348 (100%)

3642 (100%)

2504 (100%)

12489 (100%)

Home (ST022Q01TA)

3.12 Instrument
The PISA 2015 survey focused on science, with reading, mathematics and collaborative
problem solving as minor areas of assessment. PISA 2015 also included an optional assessment
of young people’s financial literacy. In general, PISA assesses not only whether students can
reproduce knowledge, but also whether they can extrapolate from what they have learned and
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apply their knowledge in new situations. Specifically, it emphasizes the mastery of processes,
the understanding of concepts, and the ability to function in various types of situations (OECD,
2015a).
The instruments for the PISA 2015 data collection that generated the sample for this
study included a student questionnaire and cognitive booklets. Test items were a mixture of
multiple-choice questions, and questions requiring students to construct their own responses.
The items were organized in groups based on a passage setting out a real-life situation. About
810 minutes of test items for science, reading, mathematics and collaborative problem solving
were covered, with different students taking different combinations of test items. Computerbased tests and paper-based tests were used, and the assessments lasted approximately two
hours for each student.
Students also completed a 35-minute background questionnaire, which sought
information about the students themselves, their homes, and their school and learning
experiences. There were also optional questionnaires for parents, teachers (Science teacher and
General teacher) and school principals. Such data collected were not included in the sample of
the present study. The data for each of the three countries in the sample were analyzed
separately, and findings are presented in Chapter 4 - Results.
3.13 Measures
The descriptions of the variables included in the analysis of this study are presented in
Table 3.8. Each variable is described separately.
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Table 3.8
Descriptions of Variables Included for Analysis
Factor

Description

Reading Score

Overall reading score

Mathematics Score

Overall mathematics score

Science Score

Overall science score

International

International language of students at home. Binary variable (1 = Language

Language at

of test, 2 = Other Language)

Home

Note: This is the variable used to separate students into TLH and NTLH
groups in the present study

Gender

Binary variable (1 = Female, 2 = Male)

SES Index (ESCS)

PISA-developed mean-standardized scores from set of component
variables: (a) Parental education (PARED) – highest education of parents
in years, (b) Highest parental occupation (HISEI), (c) Home possessions
(HOMEPOS)
All three components are standardized to have a mean of zero and standard
deviation of one after imputation

3.13.1 Covariate Variable (CV)
Reading Score. The PISA Reading test is made up of three subtests dealing with aspects
of cognitive strategies, approaches, or purposes that participants use to negotiate their way
into, around, and between texts (OECD, 2017a, p. 56). The first subtest, Access and Retrieve,
assesses skills related to finding, selecting, and collecting information. The second subtest,
Integrate and Interpret, evaluates processing of what is read to make sense of a text; this
requires the understanding of relationships between different parts of a text. The third subtest,
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Reflect and Evaluate, involves drawing on knowledge, ideas, or values external to the text,
reflecting on a text, and relating own experience or knowledge to the text. The reading score
has an OECD mean of 500 and a standard deviation of 100 points. The total Reading Score, a
single reading literacy scale which is an overall combination of the three subtest scores, was
used as the covariate (CV) variable for this study. As explained in section 3.7, because students
completed only a subset of the items in the test booklets, PISA provided ten plausible values
(PVs) for a student’s reading score; all ten PVs were used in the analyses.
3.13.2 Dependent Variables (DV)
Mathematics Score. A mathematics score, treated as a proxy for math ability, measures
the individual’s mathematics performance (OECD, 2017). In mathematics, PISA measures
students’ ability to activate their knowledge and skills to solve problems found in real-life
situations. It centers around three major domains of assessment: Mathematics Content
Categories, Mathematics Contexts, and Mathematical Processes. As mentioned before, the
math score has an OECD mean of 500 and a standard deviation of 100 points.
Science Score. The science score reflects students’ performance in science through
questions related to contexts, knowledge, competencies, and attitudes. Students engage with
science-related issues, explain phenomena scientifically, evaluate and design scientific
enquiry, and interpret data and evidence competently. The science score also has an OECD
mean of 500 and a standard deviation of 100 points.
3.13.3 Independent Variables (IV)
Home Language Status. The PISA 2015 home language status is based on students’
responses to one item [ST022Q01TA], asking if the language spoken at home most of the time
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was the language of testing, the official national language, or another language. Based on the
responses, students for this study are categorized into two groups: students who speak the test
language at home (TLH), and students who do not speak the test language at home (NTLH).
For the three sampled countries, the language in which the test was offered was also the
language of instruction. Out of the total 12,494 students who formed the final study sample, as
shown previously in Table 3.7, 63% of the students (n = 7,872) spoke the test language (TLH)
and the remaining 34.5% (n = 4,316) spoke other languages at home (NTLH).
Gender. Gender is a basic demographic characteristic included in the study. A binary
variable was used to indicate the gender of each adolescent. Female was coded as 1 and male
was coded as 2.
Socio-Economic Status (SES) / Economic Social-Cultural Status (ESCS). PISA
developed its own instrument to measure the socio-economic characteristics of the students.
The “index of economic, social, and cultural status (ESCS) variable (OECD, 2016a) was
considered/identified as the SES variable, and the two labels SES and ESCS will be used
interchangeably hereinafter. The ESCS has a mean of zero and a standard deviation of one. It
was measured using three standardized indicators, including parental education (in years of
schooling), highest parental occupation (as measured by the International Socio-Economic
Index of Occupational Status), and home possessions (e.g., such as books at home), to
formulate a single ESCS index. To create distinctly high and low SES groups, the ESCS
variable was divided into three equal proportions. Individuals with ESCS values in the top 33%
were classified as the “high ESCS” group, whereas individuals who had ESCS values in the
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bottom 33% were classified as the “low ESCS” group. The ESCS variable was recoded into 1
= low ESCS and 3 = high ESCS.
3.14 Analyses
The statistical results in this study were based on secondary analysis of a survey-based,
nationally representative sample of 15-year-old students from Canada, Indonesia, and
Singapore. Prior to analyses, several steps were taken. Student data from the three selected
countries was downloaded from the OECD website and merged to create a master dataset.
Factors (variables) of interest were investigated as described below. The SPSS version 27
statistical software was used in analyzing the sample in this study.
Home language background was the key defining variable in categorizing students from
all three countries into two groups: students who speak the test language at home (TLH), and
students who do not speak the test language at home (NTLH). To ascertain the effect of test
language in each country, comparisons were made with the sample as a whole and as
subsamples of TLH and NTLH students. The research focused on the differential relationships
between reading proficiency and mathematics and science achievement, and comparability and
consistency of score meaning for TLH and NTLH students in each country.
3.14.1 Descriptive Statistics
Descriptive statistics were obtained for the combined total scores of the PISA Reading,
Math, and Science for all participants in each of the three countries separately. These statistical
options included the average scores, percentages, standard deviations, and correlations.
Significance testing using two-sample t-tests was used to see whether the difference between
the language groups is significant or due to random chance. Effect size (Cohen, 1988) in terms
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of standardized mean difference was also calculated to evaluate the magnitude of the
difference between these groups. All analyses were conducted at 0.05 significance level.
3.14.2 Analysis of Covariance (ANCOVA)
A key method for examining the degree to which a particular variable can account for
variation in an outcome variable is Analysis of Covariance (ANCOVA) (Maxwell,
O’Callaghan, & Delaney, 1993). ANCOVA can be thought of as an extension of Analysis of
Variance (ANOVA) because they are both used to determine whether there are any significant
differences between two or more independent groups on a dependent variable. However,
whereas the analysis of variance (ANOVA) looks for differences in group means, the
ANCOVA looks for differences in adjusted means (i.e. adjusted for the covariate). Compared
to ANOVA, the ANCOVA method has the additional benefit of ‘statistically controlling’ for a
third variable (sometimes known as a ‘confounding variable’) that has an influence on the
dependent variable and which can affect the results. This third variable is called the covariate.
This method allows for estimating adjusted mean scores of the outcome variable when the
covariate is taken into account. They are included in the analysis to create a hierarchical
regression in which the dependent variable is the outcome. In an ANCOVA analysis, the
covariate is entered in the first block. In the second block, the dependent variables are entered
to see what effects independent variable(s) has/have after the effect of the covariate is
considered.
Including covariates in ANCOVA serves two purposes. The first reason is to reduce
within-group error variance. The effect of the independent variable(s) can be assessed by
comparing the amount of variability in the data that the study can explain against the
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variability that it cannot explain. If the ‘unexplained’ variance can be explained in terms of
covariates, then the error variance can be reduced, thus allowing for a more accurate
assessment of the effect of the independent variable(s). Another reason for including covariates
is that it can help in the elimination of unmeasured variables that may confound the results. If
any variables are known to influence the dependent variable(s), then ANCOVA is ideally
suited to remove the bias of these variables from the comparisons. Once a possible
confounding variable has been identified, it can be measured and entered as a covariate in the
analysis.
ANCOVA was the main data analysis method used in this study. Reading scores served
as the covariate (CV) for each group comparison of TLH and NTLH. Mathematics and science
scores were the dependent variables (DV), while independent variables (IVs) included a
grouping variable that identified students as TLH or NTLH, as well as gender and socioeconomic status (ESCS).
ANCOVA Assumptions. ANCOVA has the same assumption as any linear model,
except that there are two additional important considerations. The first assumption required for
ANCOVA analyses is the independence of the covariate and treatment effect. That is, the
covariate should not be different across the groups in the analysis. The second assumption is
the homogeneity of regression slopes. This means that the CV must not have a differential
association with the DV at different levels of the IV. If this assumption is violated, then
ANCOVA results cannot be interpreted meaningfully for different levels of the IV (Henson,
1998; Shadish, Cook, & Campbell, 2002).
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In the present study, all assumptions of ANCOVA were tested. (1) Linearity of
regression: A linear relationship exists between the dependent variable (DV) and the covariate
(CV). (2) There needs to be homogeneity of error variances. The error is a random variable
with conditional zero mean and equal variances for different treatment classes and
observations. (3) There needs to be homogeneity of regression slopes. The slope of the
regression lines should be all equal and parallel to each other. (4) There is no interaction
between the independent variable (IV) and the covariate. Residuals (error terms) should be
normally distributed. (5) Independence of error terms. The errors are uncorrelated, i.e. the error
covariance matrix is diagonal. If the assumptions of ANCOVA are met, then the adjusted mean
scores for math and science are compared for TLH and NTLH group. If assumptions are not
met, appropriate adjustments are made to the modelling of dependent, covariate and
independent variables before comparing scores for TLH and NTLH.
3.15 Chapter Summary
International studies like PISA assess students on core subjects such as Reading,
Mathematics and Science. However, students who do not speak the test language at home can
be disadvantaged because of limitations in language proficiency. This study investigated the
possible association of language proficiency and performance on Mathematics and Science
assessments of students from Canada, Indonesia, and Singapore, using data from the PISA
2015. These countries were selected due to their characteristics in providing important insights
about the key research questions: a large proportion of non-speakers of the test language
different from English such as Indonesia, a country with language-minority immigrants such as
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Canada, and bilingual speakers who were taught effectively in the test language and a second
home language such as Singapore.
Most research done on language-minority students has used samples from primarily
English-speaking countries, e.g., the United States, Australia, Canada, and the United
Kingdom, where the focus has mostly been on English Language Learners. This research, with
the methodology and approach as explained in this chapter, however, did not only include the
English Language Learners, but it also included students in which English is not the major
academic and assessment language as well as students taught effectively in the test language
and a second home language. It is anticipated that the study may likely reveal differential
impact of language ability on performance in math and science assessments of students from
English and non-English backgrounds. And given the well-documented performance
differences between gender and socio-economic groups, this study may also shed light as to
whether the relationship between reading ability and mathematics and science performance
vary with gender and socio-economic groups.
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CHAPTER 4
RESULTS
4.1

Re-statement of the Research Problems
The purpose of this study is to investigate the association of reading proficiency and

performance on Math and Science assessments using PISA 2015. To add to the current body of
research, the following research questions were addressed in this study.
RQ1: To what degree do students’ reading abilities (PISA Reading Score) account for
their math performance (PISA Math Score)?
RQ2: To what degree do students’ reading abilities (PISA Reading Score) account for
their science performance (PISA Science Score)?
RQ3: To what degree does the relationship between reading ability and mathematics
and science performance vary for gender and socio-economic groups?
The research hypothesized that speaking the test language at home or not accounts for
variation on their performance in PISA 2015. For the purposes of this study, TLH students are
defined as “those who speak the test language at home”, whereas NTLH refers to “students
whose home language is not the test language of the PISA assessment in their respective
countries of residence”.
4.2

Descriptive Analyses
Descriptive statistics of the study population’s performance in 2015 PISA Science,

Reading, and Mathematics were obtained. These statistical results included the mean scores by
subject for Canada, Indonesia, and Singapore. The mean scores of the TLH and NTLH groups
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on individual subjects and the significance level for the three countries were also calculated
(Table 4.1).
Table 4.1
Study Population’s Performance in 2015 PISA Science, Reading, and Mathematics (Language
Group)
Mean
Selected

Subjects

Countries
Canada

Indonesia

Singapore

Test

Sample

Score

Format

Size

(subject)

TLH
Mean

NTLH
SE

Score

Mean

SE

Score

Science

Computer 6348

519.66

521.94*** 1.20 510.37

3.19

Reading

6348

518.94

520.96*

1.17 511.51

3.08

Mathematics

619

504.64

504.03

3.41 508.03

9.01

3642

409.77

411.60

1.95 410.10

1.27

Reading

3642

406.35

413.81*** 2.13 403.64

1.37

Mathematics

745

390.26

398.77*

3.29

Science

Paper

4.65 385.18

Science

Computer 2504

546.04

570.91*** 2.72

Reading

2504

525.94

551.49*** 2.52

Mathematics

239

551.68

574.07*** 7.42

Note. TLH, Test Language Speakers at Home; NTLH, Non-Test Language Speakers at Home.
In Canada, only students who did the English version of the PISA questionnaire were included.
*p < 0.05, two-tailed. ***p < 0.001, two-tailed.

For all three countries, the TLH group has a higher mean score on all three subjects
compared with the NTLH group, except for Canada where the NTLH group has a higher mean
score in mathematics than the TLH group but the difference was not statistically significant. In
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Canada, the mean score difference between TLH and NTLH was found to be significant for
science and reading. In Indonesia, the reading and mathematics scores between TLH and
NTLH were found to be significantly different, whereas in Singapore the mean score
difference between TLH and NTLH was found to be significantly different for all three
subjects.
4.3

Correlations
Correlation measures the strength of the linear association between two quantitative

variables, in this case, the dependent variables mathematics and science scores and the
covariate reading score. The reading score, mathematics score, and science score were
correlated with each other using pairwise deletion, with a null hypothesis that there is no
correlation among the variables. In Tables 4.2 to 4.3, Pearson’s correlation matrices displaying
the r values at 95% confidence level for each pair of quantitative variables from the three
countries are presented.
For Canada, a fairly strong positive correlation (+/- 0.80 or higher) was found between
reading and math scores (r = 0.882), reading and science scores (r = 0.933), and math and
science scores (r = 0.942) (Table 4.2). As reading score increases, math and science scores also
increase. Similarly, as math score increases, science score also tends to increase.
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Table 4.2
Correlational Matrix among the Main Variables (Canada)
Canada
Reading Score

Reading Score
Pearson’s r

Math Score

Science Score

1

Sig (2-tailed)

Math Score

Science Score

N

6348

Pearson’s r

.882***

Sig (2-tailed)

.000

N

619

619

Pearson’s r

.933***

.942***

Sig (2-tailed)

.000

.000

N

6348

619

1

1

6348

***p < 0.001, two-tailed.

Similar findings were also noted for Indonesia. In Table 4.3, a fairly strong positive
correlation (+/- 0.80 or higher) was found between reading and math scores (r = 0.805),
reading and science scores (r = 0.842), and math and science scores (r = 0.887). As reading
score increases, math and science scores also increase. Similarly, as math score increases,
science score also tends to increase.
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Table 4.3
Correlational Matrix among the Main Variables (Indonesia)
Indonesia
Reading Score

Reading Score Math Score
Pearson’s r

Science Score

1

Sig (2-tailed)

Math Score

Science Score

N

3642

Pearson’s r

.805***

Sig (2-tailed)

.000

N

745

745

Pearson’s r

.842***

.887***

Sig (2-tailed)

.000

.000

N

3642

745

1

1

3642

***p < 0.001, two-tailed.

In Singapore, a fairly strong positive correlation (+/- 0.80 or higher) was found between
reading and math scores (r = 0.890), reading and science scores (r = 0.945), and Math and
Science scores (r = 0.941) (Table 4.4). As reading score increases, math and science scores
also increase. Similarly, as math score increases, science score also tends to increase.
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Table 4.4
Correlational Matrix among the Main Variables (Singapore)
Singapore
Reading Score

Reading Score
Pearson’s r

Math Score

Science Score

1

Sig (2-tailed)

Math Score

Science Score

N

2504

Pearson’s r

.890***

Sig (2-tailed)

.000

N

239

239

Pearson’s r

.945***

.941***

Sig (2-tailed)

.000

.000

N

2504

239

1

1

2504

***p < 0.001, two-tailed.

Reading proficiency was found to be highly correlated with mathematics and science
scores. The correlations for all three countries were higher between reading and science
(Canada, r = 0.933; Indonesia, r = 0.842; Singapore, r = 0.945) than reading and mathematics
(Canada, r = 0.882; Indonesia, r = 0.805; Singapore, r = 0.890). This suggests that reading
proficiency is associated with student performance, more so in science than in mathematics.
4.4

Performance Scores and Means Comparisons

4.4.1 Language at Home
The differential relationships between reading proficiency and performance on
mathematics and science assessments, and how this relationship affects the comparability of
scores for TLH and NTLH students were examined. The reading, mathematics, and science
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scores of TLH and NTLH students were calculated, and an independent samples t-test was
used to test for statistical differences in the sample means of the language groups within
countries. A t-test for equality of means was obtained, using a significance level of 0.05 as the
threshold. The descriptive statistics and independent samples t-test results are summarized in
Table 4.5.
Table 4.5
Performance Scores and Language Group Comparisons
Country

Subject

Canada

TLH

NTLH

t-Test

N

Mean

SD

N

Mean

SD

t

p

Reading

5374

520.96

85.41

806

511.51

87.35

2.92

<0.05

Math

528

504.03

78.42

75

508.18

77.99

-0.43

<0.67

Science

5374

521.94

87.95

806

510.37

90.67

3.47

<0.001

Indonesia Reading

1295

413.81

76.82

2217 403.64

64.65

4.01

<0.001

Math

278

398.77

77.51

430

385.18

68.29

2.39

<0.05

Science

1295

411.60

70.14

2217 410.10

59.93

0.64

<0.50

Singapore Reading

1203

551.49

87.46

1292 502.64

96.59

13.26

<0.001

Math

116

574.07

79.88

123

95.94

3.82

<0.001

Science

1203

570.91

94.28

1292 523.15

104.83

11.98

<0.001

530.56

Note. TLH, Test Language Speaker at Home; NTLH, non-Test Language Speaker at Home. tTest value, “equal variances not assumed” when the t-Test value was found to be significantly
different; “equal variances assumed” when the t-Test value was found to be insignificant.

Findings summarized in Table 4.5 indicate significant differences between TLH and
NTLH students’ reading scores in all three countries (Canada, t = 2.92, p < 0.05; Indonesia, t =
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4.01, p < 0.001; Singapore, t = 13.26, p < 0.001). Statistically significant differences between
the two language groups’ mathematics scores were also found in Indonesia and Singapore
(Indonesia, t = 2.39, p < 0.05; Singapore, t = 3.82, p < 0.001). Science scores between TLH
and NTLH students were also significantly different in Canada and Singapore (Canada, t =
3.47, p < 0.001; Singapore, t = 11.98, p < 0.001). Where significant differences were
identified, the TLH student group outperformed the NTLH student group.
4.4.2 Gender Group Comparisons
According to research, student characteristics such as gender can affect both English
language and content assessment outcomes (Cole, 1997; Coley, 2001; Freeman, 2004; Hakuta,
Butler, & Witt, 2000; Klecker, 2006). This section analyzed the performance scores of females
and males in each of the three countries on three assessments, reading, mathematics, and science.
Gender (ST004D01T), an independent variable where 1 = female and 2 = male, was used to
indicate the gender of each respondent.
The differential relationships between reading proficiency and performance on
mathematics and science assessments, and how this relationship affects the comparability of
scores for female and male students were examined. The reading, mathematics, and science
scores of female and male students were calculated. An independent samples t-test was used to
test for statistical differences in the sample means, using a significance level of 0.05 as the
threshold. The descriptive statistics and independent samples t-test results are summarized in
Table 4.6.
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Table 4.6
Gender Group Comparisons
Country

Subject

Canada

Reading

Female
N

Mean

Male
SD

N

3109 533.21

82.37

Math

295

492.62

Science
Indonesia Reading

Mean

t-Test
SD

t

p

3239 505.25

86.72

13.18

<0.001

75.65

324

515.59

78.50

-3.70

<0.001

3109 519.26

86.16

3239 520.05

90.66

-0.35

<0.72

1862 418.53

67.78

1780 393.61

69.30

10.97

<0.001

Math

377

394.15

73.66

368

386.27

70.17

1.49

<0.14

Science

1862 411.98

64.14

1780 407.47

63.28

2.14

<0.05

Singapore Reading

1225 535.69

91.38

1279 516.60

98.35

5.03

<0.001

Math

114

548.30

82.10

125

98.61

-0.55

<0.58

Science

1225 542.16

97.87

1279 549.76

106.89

-1.86

<0.06

554.76

Note. t-Test value, “equal variances not assumed” when the t-Test value was found to be
significantly different; “equal variances assumed” when the t-Test value was found to be
insignificant.

Findings summarized in Table 4.6 indicate statistically significant differences between
female and male students’ reading scores in all three countries (Canada, t = 13.18, p < 0.001;
Indonesia, t = 10.97, p < 0.001; Singapore, t = 5.03, p < 0.001). Statistically significant
differences were also found between female and male students’ mathematics scores in Canada
(Canada, t = -3.70, p < 0.001) and science scores in Indonesia (Indonesia, t = 2.14, p < 0.05).
Female students in Canada performed better in reading as compared to male students (mean
score: 533.21 versus 505.25), while male students outperformed female students in math (mean
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score: 515.59 versus 492.62). In Indonesia, where significant differences were identified, the
female group outperformed the male group in both reading (mean score: 418.53 vs. 393.61)
and science (mean score: 411.98 vs. 407.47). In Singapore, females performed better in reading
when compared to males (mean score: 535.69 vs. 516.60).
4.4.3 Socio-economic Status (SES) Group Comparisons
The family socio-economic status was examined using the PISA’s ESCS index of
economic, social, and cultural status. PISA’s ESCS index is derived from three standardized
indicators, including parental education, highest parental occupation, and home possessions. Its
high validity and reliability have been illustrated in the PISA 2015 Technical Report (OECD,
2017b), hence this derived variable of ESCS index was used directly in the present study to
measure SES.
The ESCS scores were divided into three equal proportions; individuals with ESCS
values in the top 33% were classified as “high SES” (coded as High ESCS=3), whereas
individuals who had the bottom 33% ESCS values were classified as “low SES” (coded as Low
ESCS =1). To show distinctly the ESCS groups, only the high SES and low SES groups were
included in the analyses. The performance scores of high and low ESCS group were examined
using an independent samples t-test, with a significance threshold level of 0.05. The t-test
results are provided in Table 4.7.
The findings showed significant differences in mean scores between the low ESCS and
high ESCS students for all three subjects. Reading scores were significantly different in all
three countries (Canada, t = -22.06, p < 0.001; Indonesia, t = -21.22, p < 0.001; Singapore, t = 22.56, p < 0.001). Significant differences in mathematics scores between the low ESCS and
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high ESCS students were also found in Canada, Indonesia, and Singapore (Canada, t = -7.39, p
< 0.001; Indonesia, t = -11.19, p < 0.001; Singapore, t = -6.06, p < 0.001). The same results
were also noted with the science scores, which were significantly different for low and high
ESCS students in Canada, Indonesia. and Singapore (Canada, t = -21.88, p < 0.001; Indonesia,
t = -21.04, p < 0.001; Singapore, t = -21.95, p < 0.001). Where significant differences were
identified, the high ESCS group outperformed the low ESCS group.
Table 4.7
SES (ESCS) Group Comparisons
Country

Subject

Canada

Reading

Low ESCS
Mean

t-Test

SD

N

Mean

SD

t

2054 492.14

82.38

2054

548.89

82.53

-22.06 <0.001

Math

209

476.90

74.01

197

533.26

79.65

-7.39

Science

2054 492.80

84.58

2054

550.91

85.62

-21.88 <0.001

Indonesia Reading

1211 380.31

63.63

1212

438.27

70.61

-21.22 <0.001

Math

236

359.25

61.92

261

427.47

73.93

-11.19 <0.001

Science

1211 387.04

53.99

1212

439.55

68.14

-21.04 <0.001

831

478.98

89.95

831

575.52

84.46

-22.56 <0.001

Math

74

507.29

82.79

76

591.78

87.91

-6.06

Science

831

496.12

98.27

831

597.83

90.50

-21.95 <0.001

Singapore Reading

N

High ESCS

p

<0.001

<0.001

Note. Low ESCS, 33% lowest ESCS index values; High ESCS, 33% highest ESCS index
values. t-Test value, “equal variances not assumed” when the t-Test value was found to be
significantly different; “equal variances assumed” when the t-Test value was found to be
insignificant.
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4.5

Analysis of Covariance (ANCOVA)
In this study, reading scores served as the covariate (CV) for each of the group

performance comparisons of TLH and NTLH students, male and female groups, and low and
high ESCS values. Mathematics and science scores were the dependent variables (DV), while
Language at Home was the independent variable (IV) that grouped and identified students as
TLH or NTLH. Other independent variables included gender and ESCS. They will be
discussed in subsequent sections.
4.5.1 Assumptions
To determine if the CV (reading scores) significantly interacts with the IV (language at
home), as well as whether there are interactions between the language at home group and
gender, and between the language at home groups and ESCS, an ANCOVA model including
the IV, CV, and the interaction term between the IV and CV was tested. All the assumptions
for ANCOVA, including linearity of regression, normality of residuals, homogeneity of
variances, homogeneity of regression lines, and independence of error terms were tested. For
those ANCOVA analyses where the assumption of uniformity of regression lines was violated,
ANCOVA was performed separately for each level of the IV (i.e. separate model for TLH and
NTLH). A significance level of p<0.05 was applied to all ANCOVA analyses when assessing
for statistical significance (p value).
4.6

ANCOVA Results

4.6.1 Language at Home (Language Group)
The homogeneity of variances assumption for the language group was tested using
ANCOVA analysis. The Levene’s test of equality of error variance was found to be
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statistically insignificant for the language group in both dependent variables, indicating that the
variance is homogeneous for all groups. The homogeneity of regression slopes assumption was
also tested, and the results of the ANCOVA analyses are presented in Table 4.8.
Table 4.8
ANCOVA Results (Language Group)
Dependent
Variable (DV)
Mathematics

Variable

F

p

Canada

Language Group*Reading Scores

0.77

0.38

0.001

(IV) Language Group

1.57

0.21

0.003

(CV) Reading Scores

904.22

0.00

0.602

Language Group*Reading Scores

0.20

0.65

0.000

(IV) Language Group

0.09

0.76

0.000

(CV) Reading Scores

1269.75

0.00

0.643

Language Group*Reading Scores

0.01

0.92

0.000

(IV) Language Group

0.01

0.91

0.000

(CV) Reading Scores

768.58

0.00

0.766

Language Group*Reading Scores

0.00

0.96

0.000

(IV) Language Group

0.09

0.76

0.000

(CV) Reading Scores

19315.03

0.00

0.758

Language Group*Reading Scores 3.92

0.05

0.001

(IV) Language Group

8.25

0.00

0.002

(CV) Reading Scores

8661.93

0.00

0.712

Language Group*Reading Scores

2.39

0.12

0.001

(IV) Language Group

1.59

0.21

0.001

(CV) Reading Scores

19358.87

0.00

0.886

Indonesia

Singapore

Science

Partial Eta

Country

Canada

Indonesia

Singapore

Square
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Note. ANCOVA, analyses of covariance; DV, dependent variables; IV, independent variables,
CV, covariate. ANCOVA results highlighted in bold indicate that assumption of uniformity of
regression slopes was not met.

Of the six models that were used in testing the homogeneity of regression slopes
assumption, only one significant interaction between the IV and CV was identified. In
Indonesia, the interaction for science scores as the DV (F (1, 3508) = 3.92, p < 0.05) was
found to be significant, which suggested violation of the homogeneity of regression slopes
assumption for ANCOVA analyses. In the remaining models, no significant differences in the
interaction between the IV and CV were found.
For the model where homogeneity of regression slopes assumption was violated, further
analyses were conducted. Instead of conducting the ANCOVA analysis across different
language groups (TLH and NTLH), the relationship between the CV and the DV was examined
separately for each level of the IV (i.e. TLH and NTLH groups were analyzed separately)
(Ercikan et al, 2015). For analyses that met the homogeneity of regression slopes assumption,
the ANCOVA models were applied without the CV and IV interaction term.
One purpose of this analysis is to examine the degree to which mathematics and science
scores of TLH and NTLH might be impacted by their reading score. In Table 4.8, it can be
seen that reading scores accounted for a large proportion of variance in both mathematics (up
to 77%, since partial eta squared = 0.766) and science (up to 89%, since partial eta squared =
0.886). Like the findings reported by Ercikan and colleagues (2014), in the Canadian analyses
reading scores contributed to more variance in science (76%, partial eta squared = 0.758) than
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in mathematics scores (60%, partial eta squared = 0.602). The same findings were found for
Indonesia, where reading scores contributed to more variance in science (71%, partial eta
squared = 0.712) than in mathematics (64%, partial eta squared = 0.643). Reading scores also
contributed to more variance in science (89%, partial eta squared = 0.886) than in mathematics
(77%, partial eta squared = 0.766) for Singapore. One possible explanation is the fact that
science requires higher language (reading) demand.
The ANCOVA result for the model that violated the homogeneity of regression slopes
assumption is summarized in Table 4.9. In Indonesia, the interaction between the IV and CV
for science scores was found to be significant. This indicated that there were different
associations between reading and science scores in Indonesia for TLH and NTLH groups. In
the ANCOVA analyses, reading scores exhibited a stronger association with the DV science
scores for the TLH group versus the NTLH group (76% versus 68%). In Table 4.10, the group
means comparison showed that the TLH performed better than the NTLH.
Table 4.9
ANCOVA Results for the Model that Violated the Homogeneity of Regression Slopes
Assumption (Language Group)
Dependent
Variable (DV)
Science

p

Partial Eta

Country

Variable

F

Indonesia

Language Group (TLH)*Reading Scores

4069.79 0.00

0.759

Language Group (NTLH)*Reading Scores 4624.23 0.00

0.676

Square

Note. ANCOVA, analyses of covariance; DV, dependent variables; TLH, test language
speakers at home; NTLH, non-test language speakers at home. Since the assumption of
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uniformity of regression slopes was not met for the model, a separate fit statistic, significance
level, and effect size was generated for TLH and NTLH groups in Indonesia (Science).

Table 4.10
ANCOVA Results, Descriptive Statistics, and Mean Differences in Science Achievement in
Indonesia (Language Group and Reading Scores)
Science (DV)

Language
Group

Mean (SE)

SD

n

TLH

411.60 (1.95)

70.14

1295

NTLH

410.10 (1.27)

59.93

2217

Source

SS

df

MS

F

p

Language Group

9671.60

1

9671.60

8.25

0.004

Reading Scores

10155146.19

1

10155146.19

8661.93

0.000

Language Group*Reading Scores 4594.53

1

4594.53

3.92

0.048*

Error

3508

1172.39

4112740.93

Note. ANCOVA, analyses of covariance; DV, dependent variables; TLH, test language
speakers at home; NTLH, non-test language speakers at home. Since the assumption of
uniformity of regression slopes was not met for the model, a separate fit statistic, significance
level, and effect size was generated for TLH and NTLH groups in Indonesia (Science).
*p < 0.05.

4.6.2 Gender
The variation of degree of association between reading and mathematics and science
scores was examined. The Levene’s test of equality of error variance was found to be
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statistically insignificant, suggesting a homogeneous variance for the gender groups in both
dependent variables. In addition, a two-way ANCOVA analysis was performed to determine
whether there is an interaction effect between language group (IV) and gender (IV) on the
mathematics scores (DV) and science scores (DV) of TLH and NTLH, after controlling for
reading scores (CV). The same assumptions and analyses as discussed in section 4.5.1 were
applied, but with language at home and gender as the IVs.
An ANCOVA model including language group and gender as IV, reading score as CV,
and the interaction term between language group and gender was tested. Further ANCOVA
analysis was performed separately when the assumption of uniformity of regression lines was
violated. The results of the ANCOVA analyses are presented in Table 4.11.
Of the six models that were analyzed using ANCOVA, a significant interaction between
language group and gender was found in one of the models, which suggested a violation of the
homogeneity of regression slopes assumption for ANCOVA analyses. In the Indonesian
analyses, the interaction was found to be significant for mathematics scores as the DV (F
(1,703) = 5.26, p < 0.05). This indicates that the mathematics scores of TLH and NTLH, when
reading is taken into account, vary between males and females. No significant differences in
the interaction between the gender and the IV were found in the remaining models.
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Table 4.11
ANCOVA Results (Language Group and Gender)
Dependent
Variable (DV)
Mathematics

Variable

F

p

Canada

Language Group*Gender

0.08

0.78

0.000

(IV) Language Group

3.06

0.08

0.005

(CV) Reading Scores

2818.73

0.00

0.825

Language Group*Gender

5.26

0.02

0.007

(IV) Language Group

0.26

0.61

0.000

(CV) Reading Scores

1360.25

0.00

0.659

Language Group*Gender

0.29

0.59

0.001

(IV) Language Group

1.53

0.22

0.006

(CV) Reading Scores

884.72

0.00

0.791

Language Group*Gender

2.55

0.11

0.000

(IV) Language Group

4.07

0.04

0.001

(CV) Reading Scores

52724.99

0.00

0.895

Language Group*Gender

0.58

0.45

0.000

(IV) Language Group

24.63

0.00

0.007

(CV) Reading Scores

9289.03

0.00

0.726

Language Group*Gender

1.89

0.17

0.001

(IV) Language Group

2.23

0.14

0.001

(CV) Reading Scores

24111.35

0.00

0.906

Indonesia

Singapore

Science

Partial Eta

Country

Canada

Indonesia

Singapore

Square

Note. ANCOVA, analyses of covariance; DV, dependent variables; IV, independent variables;
CV, covariate. ANCOVA results highlighted in bold indicate that assumption of uniformity of
regression slopes was not met.
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Further analysis was conducted on the model that violated the homogeneity of regression
slopes assumption. For analyses that met the homogeneity of regression slopes assumption, the
ANCOVA models were applied without the CV and IV interaction term.
The ANCOVA results for the model that violated the homogeneity of slopes assumption
is summarized in Table 4.12. In Indonesia, the interaction between the IV and CV for
mathematics scores was found to be significant. This indicated that the different associations of
the reading and mathematics scores varied when the interaction between the language
background and gender variables were examined. In the ANCOVA analyses, reading scores
exhibited a slightly stronger association for female (68.4% accounting for variation) as
compared to 64.3% for male students.
Table 4.12
ANCOVA Results for the Model that Violated the Homogeneity of Regression Slopes
Assumption (Language Group and Gender)
Dependent
Variable

Country

Variable

F

Mathematics Indonesia Language Group*Reading Scores (Female) 383.85
Language Group*Reading Scores (Male)

311.97

p

Partial Eta
Square

0.00

0.684

0.00

0.643

Note. ANCOVA, analyses of covariance; DV, dependent variables; Since the assumption of
uniformity of regression slopes was not met for the model, a separate fit statistic, significance
level, and effect size was generated for female and male groups in Indonesia (Mathematics).
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4.6.3 Socio-economic Status
A two-way ANCOVA analyses of the IVs, CV, and DV, including the interaction term
between language group (IV) and ESCS (IV) was tested to determine if the mathematics and
science scores of TLH and NTLH also vary for ESCS when reading scores is taken into
account. Further ANCOVA analysis was performed separately for TLH and NTLH groups of
low ESCS and high ESCS when the assumption of uniformity of regression lines was violated.
The homogeneity of variances assumption for the ESCS group was also tested and found to be
statistically insignificant, suggesting a homogeneous variance for the ESCS groups in both
dependent variables. The results are presented in Table 4.13.
No significant interactions between language group and ESCS were found in the six
models that were analyzed using ANCOVA. This indicates that the mathematics scores of TLH
and NTLH, when reading is taken into account, does not vary for low ESCS and high ESCS
group.
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Table 4.13
ANCOVA Results (Language Group and ESCS)
Dependent
Variable (DV)
Mathematics

Variable

F

p

Canada

Language Group*ESCS

2.44

0.09

0.008

(IV) Language Group

5.11

0.02

0.009

(CV) Reading Scores

1924.01

0.00

0.764

Language Group*ESCS

0.15

0.86

0.000

(IV) Language Group

7.09

0.01

0.010

(CV) Reading Scores

1028.11

0.00

0.595

Language Group*ESCS

0.77

0.46

0.007

(IV) Language Group

3.12

0.08

0.013

(CV) Reading Scores

735.26

0.00

0.760

Language Group*ESCS

0.88

0.41

0.000

(IV) Language Group

4.30

0.04

0.001

(CV) Reading Scores

37659.03

0.00

0.860

Language Group*ESCS

0.63

0.53

0.000

(IV) Language Group

65.09

0.00

0.018

(CV) Reading Scores

7247.19

0.00

0.674

Language Group*ESCS

0.24

0.87

0.000

(IV) Language Group

0.02

0.89

0.000

(CV) Reading Scores

16983.59

0.00

0.872

Indonesia

Singapore

Science

Partial Eta

Country

Canada

Indonesia

Singapore

Square

Note. ANCOVA, analyses of covariance; DV, dependent variables; IV, independent variables;
CV, covariate. ANCOVA results highlighted in bold indicate that assumption of uniformity of
regression slopes was not met.
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4.7

Group Differences Adjusted for Reading Proficiency

4.7.1 Language Group
The adjusted and unadjusted means of mathematics and science scores for TLH and
NTLH are summarized in Table 4.14. After statistically adjusting for reading scores using the
ANCOVA model for each country, the scores for the NTLH adjusted means were higher than
the TLH adjusted means in both mathematics scores and science scores. This finding was
similar in all three countries, except for mathematics scores in Canada.
Table 4.14
Adjusted and Unadjusted Means for Each Language Group
Mathematics
Country

Language Group
TLH

Canada

Science

Unadj Mean (SE) 504.03 (3.41)
Adj Mean (SE)

NTLH

TLH

NTLH

508.18 (9.01)

521.94 (1.20)

510.37 (3.19)

503.19*** (1.60) 513.80*** (4.26) 518.26* (0.44)

Indonesia Unadj Mean (SE) 398.77 (4.65)

520.75* (1.13)

385.18 (3.29)

411.60 (1.95)

388.96 (2.61)

391.68 (2.09)

406.49*** (0.96) 412.96*** (0.73)

Singapore Unadj Mean (SE) 574.07 (7.42)

530.56 (8.65)

570.91 (2.72)

523.15 (2.92)

555.13 (3.90)

545.44 (1.00)

547.40 (0.96)

Adj Mean (SE)

Adj Mean (SE)

548.20 (4.15)

410.10 (1.27)

Note. TLH, test language speakers at home; NTLH, non-test language speakers at home.
*p < 0.05. ***p < 0.001.

The adjusted mean scores reflected a different pattern of group differences between TLH
and NTLH in different countries. In mathematics, the score gap between the TLH and NTLH
groups stayed significant (p<0.001) only in Canada, in favor of the NTLH adjusted scores
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(even though they were not significant based on the unadjusted scores). In science, the adjusted
differences between the TLH and NTLH remained significant for both Canada and Indonesia,
even though they were also initially insignificant based on the unadjusted mean scores. The
significant differences favored both the Canada NTLH group (p<0.05) and the Indonesia
NTLH group (p<0.001).
When the unadjusted and adjusted means of TLH were compared, the mathematics and
science scores did not change greatly for Canada, but changed a bit for Indonesia, and changed
a lot for Singapore. The changes with TLH mean scores tend to be in the opposite direction,
hence leading to lower scores in the adjusted means as compared to the unadjusted means.
When the unadjusted and adjusted means of the NTLH group were compared, the changes for
Canada and Indonesia was also found to be small, but the change in score gap for Singapore
was found to be large. The change with the mean scores was also found to be in the opposite
direction but leading to higher scores in the adjusted means as compared to the unadjusted
means.
4.7.2 Gender Group
Another purpose of the study was to examine to what degree the relationship between
reading ability and mathematics and science performance of TLH and NTLH varies for gender
groups. Since only Indonesia demonstrated statistically significant interaction between gender
and the language background, as explained earlier in section 4.6.2 (see Tables 4.11 and 4.12),
the adjusted and unadjusted means for each language group by gender in mathematics and
science for Indonesia are presented in Table 4.15.
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The results indicated somewhat differential relationship between reading and
mathematics and science scores for language group and gender. Except for the science scores
of males, the TLH group (unadjusted means) outperformed the NTLH group for both gender
groups. But when the reading scores were taken into account, the adjusted mean scores of both
gender groups indicated higher performance for NTLH compared to TLH, except for
mathematics scores in males.
Table 4.15
Adjusted and Unadjusted Means for Each Language Group by Gender (Indonesia)
INDONESIA
Mathematics

Science

Gender

Language Group

Female

Unadj Mean (SE)

399.08 (6.32)

390.48 (4.91)

414.88 (2.66)

Adj Mean (SE)

388.44* (3.39)

398.42* (2.92)

408.53*** (1.27) 415.44*** (1.02)

Unadj Mean (SE)

398.40 (6.89)

380.35 (4.41)

407.70 (2.86)

408.86 (1.79)

Adj Mean (SE)

390.89 (3.80)

384.53 (2.83)

405.28* (1.37)

410.14* (0.99)

Male

TLH

NTLH

TLH

NTLH
411.37 (1.81)

Note. TLH, test language speakers at home; NTLH, non-test language speakers at home.
*p < 0.05. ***p < 0.001

4.8

Chapter Summary
The purpose of this study was to examine the relationship between reading proficiency

and performance on mathematics and science assessments, and how this relationship affects
comparability of scores and score meaning for TLH and NTLH from Canada, Indonesia, and
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Singapore. The study also investigated to what degree this relationship varies for gender and
socio-economic groups.
The TLH groups for all countries exhibited higher mean scores in all three subjects
compared to their NTLH counterparts, except for math in Canada and Science in Indonesia
where the differences were not significant. In addition, reading proficiency was found to be
highly correlated with mathematics and science scores. A fairly strong positive correlational
relationship (+/- 0.80 or higher) was found between reading and math scores, reading and
science scores, and math and science scores for all three countries. As reading score increases,
math and science scores also increase. And as math score increases, science score also tends to
increase. The correlations for all three countries were higher between reading and science than
between reading and mathematics.
When the performance scores were compared, the TLH and NTLH students’ reading
scores in all three countries revealed significant differences. The mathematics scores of TLH
and NTLH were significantly different in Indonesia and Singapore, while science scores were
significantly different in Canada and Singapore. Where significant differences were found, the
TLH group outperformed the NTLH group.
Significant differences were also noted between female and male students’ reading scores
in all three countries, mathematics scores in Canada, and science scores in Indonesia. Female
students outperformed the male students, except for Canada where male students performed
better in mathematics. When ESCS group comparisons were made, the findings revealed
significant differences in the mean scores between the low ESCS and high ESCS students in all
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three subjects. This result was similar in all three countries. Where significant differences were
identified, the high ESCS group outperformed the low ESCS group.
The results from the ANCOVA analyses indicated that reading proficiency accounts for
a large proportion of variance in both mathematics and science. In mathematics, across all
three countries, reading proficiency accounted for as high as 77% of the variance (ranging
between 60% and 77%). In science, reading proficiency accounted for approximately 89% of
the variance (ranging between 71% and 89%) in Canada, Indonesia, and Singapore. Reading
scores contributed to more variance in science than in mathematics, and the trend was similar
across the three countries. In Canada, reading scores contributed to as high as 76% of the
variance in science while in mathematics it only accounted for 60% of the variance. In
Indonesia, there was more variance in science (71%) than in mathematics (64%). In Singapore,
the variance in science was 89% while in mathematics it was 77%.
While the interaction effects between language groups and reading scores were
insignificant in Canada and Singapore, the interaction effect between language group and
reading scores was significantly different in Indonesia. This finding points to differences in the
relationship between reading proficiency and performance on science assessment of TLH and
NTLH in Indonesia, with the results indicating a higher association for TLH. This result
supported previous research on the effects of reading proficiency on mathematics and science
assessment performance (e.g., Abedi & Gandara, 2006; Hudson, Lane, & Pullen, 2005; Noble
et al., 2014). The findings also provided an estimate of the size of possible language
background effects on student performance in Indonesia.
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The interaction effects of language group (TLH and NTLH) and ESCS in all countries
were also analyzed, and no significant differences in the interaction between language group
and ESCS were identified. This indicates that the differential relationship in the reading score
and performance assessment between TLH and NTLH does not vary for ESCS.
There is evidence across the three countries that group differences in mathematics and
science scores are different when the students’ reading proficiency levels are taken into
account. After statistically adjusting for reading scores, the NTLH adjusted means were higher
in both mathematics and science in all three countries compared to the TLH adjusted means,
even though they were initially lower than TLH based on the unadjusted mean scores except
for mathematics in Canada. The varying patterns of performance difference in mathematics
and science revealed that scores for NTLH students may be underestimated, a phenomenon
that has already raised serious concerns (Abedi & Gandara, 2006; Korpershoek, Kuyper, & van
der Werf, 2014; Solano-Flores, 2008).
Since Indonesia demonstrated statistically significant difference in the language group
and gender interaction (see Tables 4.11 and 4.12), further analyses on the group means of TLH
and NTLH were made by looking at the interactions between language group and gender. In
Indonesia, the adjusted mean scores of females were lower in TLH than in NTLH for both
mathematics and science. The significance favored the NTLH female groups for both subjects.
For males, the adjusted mean was also higher for NTLH in science, but lower in mathematics.
The score gap was significant only in science, favoring NTLH male students.
In the present study, when the group means were adjusted to take reading proficiency
into account, the adjusted and unadjusted mean scores for both mathematics and science
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showed different results. Even though the relationship between reading proficiency and
performance on mathematics and science assessments identified in the ANCOVA revealed
significant differences in the unadjusted mean scores between TLH and NTLH in all three
countries, the pattern of the differences pointed to different results when reading proficiency
scores were adjusted. A similar pattern was also noted in the interaction effects between
language group and gender, and between language group and ESCS in Indonesia.
The findings in the study confirmed that the reading scores reported in PISA 2015 may
not truly reflect the performance of the three selected countries. More specifically, the reading
scores may have been underestimated due to the presence of sizable proportions of nonspeakers of test language (NTLH) who are, by default, second-language speakers where the
test language is concerned since it is not the language they speak at home. The NTLH’s
linguistic background may distort the mean scores of their performance to varying extent.
Since ANCOVA captures correlational associations but not causal relationships, the results
need to be interpreted with caution. The reading performance that accounts for variation in
science and mathematics scores may not necessarily indicate that reading proficiency led to the
achievement gap differences identified in the study.
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CHAPTER 5
DISCUSSION
5.1

Context for the Research
Today’s knowledge-based economy driven by globalization, advances in information and

communication technologies, and reduced trade barriers have changed the type of knowledge
and skills future economy requires. There is a much higher demand for the next generation to
develop a strong set of foundational skills upon which further learning can be built. Many
international large-scale surveys are used worldwide to test the scholastic performance on
mathematics, science, and reading of students.
The OECD has developed a common tool – PISA – to measure the extent to which youth,
at age 15, have acquired some of these knowledge and skills that are essential for full
participation in modern societies. PISA is designed to provide international indicators of the
skills and knowledge of 15-year-old students, and to shed light on a range of factors that
contribute to successful students, schools, education systems, and society (OECD, 2016a). It
measures skills that are generally recognized as key outcomes of the educational process
(OECD, 2016a).
PISA, administered by OECD, is a wide-scale, evaluative study used to compare the
education systems of countries. It focuses on the skills of students in using their accumulated
knowledge to solve problems they might face in real life rather than assessing their academic
knowledge in relation to a particular school curriculum (OECD, 2016a, 2016b). The PISA
survey gathers information for a thorough comparative analyses of student performance near
the end of their compulsory education. It also permits exploration of the ways these student
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performances vary across different social and economic groups, as well as identify factors that
influence achievement within and between countries. PISA has brought significant public and
educational attention to international assessments and has generated data that enhanced policy
makers’ abilities to formulate decisions based on evidence.
5.2

Overview of Research Purpose
Since 2000, the OECD has organized PISA assessment rounds for member countries,

non-member countries, and partner countries, to assess school-system performance of upper
secondary students in three core subjects, mathematics, reading, and science. Due to the rigour
of the background analytic reports prepared by PISA, and its large sample size, PISA has
become one of the benchmarks in making international comparisons.
For large scale assessments like PISA, as a normal practice, data are collected by
administering tests to students in their respective language of instruction – the language
officially sanctioned as the country’s medium of teaching, e.g., English or French in Canada;
Bahasa Indonesia in Indonesia; and English in Singapore. However, as the language used for
teaching and assessment may not be the same as the home or first language of all students, then
their performances may be affected by their proficiency in the language of the test. Variations
in student linguistic backgrounds may therefore distort the assessment results to varying
degrees and the results may not be accurate indicators of the students’ performances (Abedi,
Urrutia, & Shneyderman, 2005).
The main purpose of this study was to investigate the association of reading proficiency
and performance on Math and Science assessments using PISA 2015. Specifically, there were
three research questions that guided the study: 1) To what degree do students’ reading abilities
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(PISA Reading Score) account for their math performance (PISA Math Score)? 2) To what
degree do students’ reading abilities (PISA Reading Score) account for their science
performance (PISA Science Score)? 3) To what degree does the relationship between reading
ability and mathematics and science performance vary for gender and socio-economic groups?
This chapter begins with a summary of the major findings addressing the three research
questions. The implications of these findings are also discussed, as well as the limitations of
the current research. The chapter concludes with future research directions.
5.3

Summary of Findings Addressing Research Questions 1 and 2
In examining the relationship between reading proficiency and performance in

mathematics and science, the study hypothesized that speaking the test language at home or not
influences their performance in PISA 2015. ANCOVA analyses were conducted based on
language group, i.e. TLH students who speak the language of assessment at home, and NTLH
students whose home language is not the language of the PISA assessment in their respective
countries of residence.
ANCOVA analyses revealed that reading scores accounted for a large proportion of
variance in the mathematics (up to 77%) and science scores (up to 89%) in all three countries
When the interaction effects between reading scores and language groups were examined, the
results revealed significant difference in the relation of reading scores with science scores of
TLH and NTLH in Indonesia; the results exhibited a much stronger association for TLH group.
This finding further supported previous research on the effects of reading proficiency on
mathematics and science assessment performance (e.g., Abedi & Gandara, 2006; Bussiere,
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Knighton, & Pennock, 2001; Elosua & De Boeck, 2020; Ercikan et al., 2015; Hudson, Lane, &
Pullen, 2005; Leung, 2014; Noble et al., 2014).
When the group mean differences were adjusted to take reading proficiency into account,
the adjusted and unadjusted mean scores for both mathematics and science showed different
results. With the exception of mathematics scores in Canada and science scores in Indonesia,
even though TLH had higher unadjusted mathematics and science scores than NTLH, the
findings pointed to the opposite direction when reading proficiency scores were taken into
account. The adjusted mean scores reflected a different pattern of group differences; the NTLH
group was found to have higher scores in both mathematics and science in each country
compared to the TLH. The score differences in mathematics between TLH and NTLH stayed
significant for Canada, while in science it was significant for Canada and Indonesia; the
differences favored the NTLH group.
The varying patterns of performance difference in mathematics and science point to an
underestimation of the scores for NTLH due to language demands of the assessment, a
phenomenon that has already raised serious concerns in other research (e.g. Abedi, 2001;
Ercikan et al., 2015; Smith, Frazier, Lee, & Chang, 2018; Soh, 2011, 2014; Solano-Flores,
2008).
5.4

Summary of Findings Addressing Research Question 3
Additional ANCOVA analyses were conducted, with reading scores as a covariate, to

determine whether the association of reading with Mathematics and Science performance
varied for gender and SES groups, when TLH and NTLH were compared.
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Although gender differences have been observed in assessments (Cole, 1997; Coley,
2001; Freeman, 2004; Logan & Johnston, 2010), from the ANCOVA results in the present
study, the interaction effect between the language group and gender was only found to be
significant in the mathematics performance in Indonesia. That is, in Canada and Singapore, the
relationship between reading proficiency and Math and Science performance was similar
across the gender groups when the TLH and NTLH language groups were compared. In
Indonesia, the differential relationship of reading with performance in Math and Science for
gender groups revealed that the TLH and NTLH comparisons varied when reading proficiency
was taken into account. For females, when reading proficiency was taken into account, NTLH
outperformed the TLH group in both Mathematics and Science. Whereas for the males in
Indonesia, the performance comparison for the language groups was reversed only for Science,
with NTLH outperforming TLH.
On the other hand, the ANCOVA analysis on the interaction effect between TLH and
NTLH and SES groups revealed no significant interactions, indicating that the relationship
between reading ability and mathematics and science performance for the three countries does
not vary with SES groups.
5.5

Implications of the Research Findings
The conceptual grounding of this study was informed by the literature in the research

domains of ecological framework, second language acquisition theory, and componential
model of reading. These theories also guided the interpretations of the findings and the
implications of the research findings as discussed in subsequent sections.
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5.5.1 Bronfenbrenner’s Macro- and Micro-systems Ecological Framework as Validity
Evidence
Bronfenbrenner (1976) argued that traditional experimental research involves largely
unfamiliar, artificial, and unnecessary rigid environments for both the researcher and the
research subject, which could obscure key findings. He identified the importance of using an
ecological framework to understand the nested and complex relationships among the various
systems that play a role in human development. Bronfrenbrenner (1977, 1995) conceptualized
the ecological environment as multiple, nested levels of environmental influence, and proposed
a framework that viewed the progression of human development as evolving through
increasingly complex interactions between the organism and its ecological environment.
Bronfrenbrenner’s ecological framework underwent two major significant changes since
its first inception in the 1970s. In the initial phase, he defined ecological theory
(Bronfenbrenner, 1974) as the study of human development in contextual environments, which
included the upper layer of immediate settings such as home and school, and the supportive
layer such as the geographical and institutional contexts (social systems). He further expanded
his layer model into a more complex series of systems interdependent of each other. In this
revised framework (Bronfenbrenner, 1977), the ecological environment became a nested
arrangement of structures, each contained within the next. These structures were referred to as
the macrosystem, exosystem, mesosystem, and the microsystem. In the 1990s, more revisions
were made, namely the general ecological model or bioecological paradigm (Bronfenbrenner
& Ceci, 1994), the process-person-context-time model, and inclusion of the new structure
‘chronosystem’ (Bronfenbrenner, 1995).
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For the purpose of this study, Bronfenbrenner’s model was used to understand how the
students’ performances in PISA 2015 were impacted by factors at both macro and micro
system levels. In Bronfenbrenner’s model, the macrosystem level is defined as the overarching
level, representative of the economic, social, and political systems that is exerting influence on
the students. The microsystem level is defined as the activities and interpersonal relations
experienced by the student on a day-to-day basis, including interactions with family and peers.
Both macrosystem and microsystem were included in guiding the conceptualization of this
study.
Student achievements on international tests differ sharply across countries. Students in
high performing countries such as Canada and Singapore score consistently higher across
several international comparisons than students from low performing countries such as
Indonesia, in mathematics, reading, and science (Chiu & Joh, 2015; OECD, 2011). These
differences in academic achievement might stem from several factors, such as the country’s
economic and cultural differences. Studies using PISA data have shown that there are
substantial differences in student achievement at the country macrosystem and the individual
microsystem (Chiu & Khoo, 2005). Both are discussed below.
A macrosystem represents the cultural and political objectives that drive the educational
priorities of a country (Bronfenbrenner, 1995). At the national (macrosystem) level, these
initiatives reflect the interplay of cultural, economic, and social beliefs, and the political
objectives that emerge from these beliefs. For instance, the countries with higher average test
scores are generally much wealthier (e.g., as measured by gross domestic product (GDP) per
capita) and have greater levels of equity (e.g., income) than the countries with lower average
107

test scores. Students in countries with greater economic productivity also show higher
academic achievement (Chiu & McBride-Chang, 2010). Their study revealed that the country’s
resources provide students with more learning opportunities, and governments tend to invest
more in education by building more educational infrastructure and providing better educational
resources. These differences suggest that both greater educational resources and more equal
distribution of resources contribute to greater student learning and academic achievement.
A case in point is Singapore. Being a multi-ethnic economy, Singapore has a peculiar
situation when language is concerned. Singaporean students from single or mix families
normally speak another language other than English at home. This means that the assessment
language of PISA, English, is not the home language for a considerable number of the
Singapore sample. However, despite this, Singapore has been consistently among the top
ranking countries on PISA. One possible explanation for this success is that the education
system and initiatives (macrosystem) in Singapore may have provided rich learning
opportunities to students, preparing them to become bilingual, self-directed learners of the 21 st
century (Cheung, Sit, Soh, Leong, & Mak, 2014; Deng & Gopinathan, 2016).
In Indonesia, although students who completed the PISA assessment in their home
language performed better than students who were non-speakers of the test language at home,
in general, Indonesia was still below the OECD average in all three subjects. One possible
explanation for this phenomenon is that Indonesia’s educational system (macrosystem) has
been reported to be inadequate (Hidayat & Patras, 2013). Another reason is that the teaching
and learning outcomes were considered misaligned with curriculum goals (Sukyadi &
Mardiani, 2011). These concerns can act as a catalyst in driving policy at the macrosystem
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level, a policy that recognizes the importance of providing quality curricula and meaningful
learning outcomes for the students in the 21 st century.
On the other hand, in the microsystem, the focus is on the student and the interaction s/he
has with the environment, peers, teachers, and family. The microsystem level involves all the
relationships that interact directly with the student. At the school microsystem, students in
richer countries often have more school resources, and have teachers with higher qualifications
and better training. The teachers also use effective teaching methods to create a supportive
classroom atmosphere. These advantages help students in privileged schools learn better as
compared to their counterparts in poorer schools/countries. In Indonesia, learning inequality is
evident between urban and rural schools. Schools in rural and remote areas have very few
facilities, which may have limited their students’ range of educational opportunities. Rural
schools also tend to have relatively untrained teachers (or unmotivated to remain in such rural
areas), hence teaching and learning is often of low quality.
At the home microsystem, many Singaporeans see family as the backbone of society.
Parents maintain a culture where talent can be developed through hard work and perseverance,
thus children in Singapore are expected to work hard on academics from an early age. Families
have moral obligations to develop every child to their fullest potential, and to have respect for
learning and scholarship. The focus is to perform well academically in order to “have a better
future”.
At the classroom microsystem, the schools within each country are culturally diverse,
with a mix of students from different language backgrounds, which could fuel differences in
learning opportunities and student achievement. For example, students in richer countries not
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only showed higher academic achievement, stronger links between family support and
academic performance were also reported in some studies (Chiu, 2007, 2010; Chiu & Chow,
2010). Canada is one of the most diverse countries in the world, featuring a highly dispersed
population, two official languages, and a large number of immigrants. Despite such diversity in
language background, Canada’s overall PISA scores has consistently ranked well above the
OECD average on the three subjects. The students who took the English version of the PISA
survey were also mostly speakers of the test language at home. Such diversity in the students’
educational and skills profile has led to higher performance in the assessment.
The findings in this study highlighted contextual and socio-cultural differences at both
macrosystem and microsystem levels for the three countries. This study also illustrated how
the macrosystem and microsystem structures in Bronfrenbrenner’s ecological framework can
facilitate a better understanding of student performance in PISA 2015 (microsystem) within the
greater context of the national educational priorities (macrosystem). The framework has
allowed for a clear description of the relationships between a combination of contextual
variables, such as home language, gender and SES, and test performance, in a systematic way.
The current findings have also made it evident that multiple factors across multiple ecological
contexts can directly or indirectly affect the academic achievement in students. Thus, both the
macrosystem and microsystem of one’s ecology should be tapped to understand how students’
academic achievement develops, and study the extent to which the two levels interact, and
which combination of factors best support academic achievement.
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5.5.2 Language Effects Explained Using Cummins’ Second Language Acquisition Theory
The second language acquisition theory by Cummins (2009) identifies two types of
language proficiency: conversational (Basic Interpersonal Communicative Skills or BICS) and
academic (Cognitive Academic Language Proficiency or CALP). Conversational proficiency is
the ability to converse in the language used in social and personal situations, and can take two
to three years to acquire (Cummins, 1980, 1983). Academic proficiency, which includes
reading literacy, is the ability to understand the academic language predominantly used in
schools and official settings, and can take seven to ten years of consistent effort in strong
academic environments to acquire (Cummins, 1981a, 1981b, 1981c, 2009; Suarez-Orozco,
Suarez-Orozco, & Todorova, 2008). Conversational language and academic language are not
always acquired to the same level of proficiency (Krashen, 2000); in fact, the time to develop
academic language proficiency is much longer than the conversational language proficiency
(Cummins, 2009).
The relationship between reading proficiency and academic achievement has been well
documented. Cummins, as early as 1981, argued that ELL students need to master the
academic English skills needed to understand the content, and communicate that content
knowledge on standardized tests (Cummins, 1981a, 1981b). Abedi and Gandara (2006) added
that grade school students can take approximately five to seven years to acquire English
language proficiency. If one does not have adequate competency in the language of the test, it
becomes challenging for them to perform well on the test especially when it involves reading
and writing. Brown (2005), and Rabinowitz and colleagues (2005), studied the effects of
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language proficiency on standardized tests, and they found that as language proficiency
increases, the standardized test score also increases.
PISA administers tests in the students’ medium of instruction, with a tacit assumption
that the students are proficient in that language, and that their performance would not be
adversely affected (Soh, 2014). However, as shown by the findings in this study, speaking the
test language at home or not is strongly associated with the student performance in
mathematics and science assessment. In fact, the study findings indicate that the test language
of PISA may pre-condition the level of performance of students who are assessed via the test
language. These language challenges can attenuate students’ opportunities to demonstrate what
they know. Without sufficient command of the test language, the student may not respond to
the test question correctly even if they know the correct answers. PISA also involves students
who speak the test language at home as well as the non-speakers. These students may therefore
have an advantage over others, which may have implications for interpretation of assessment
results.
The present study elucidated the problem of test language effect in international
assessments, using PISA 2015 reading scores to illustrate. The proportion of NTLH varied
widely among the three countries, and hence the magnitude of the effect also varied. When the
proportion of NTLH in the sample is large, like in Indonesia, the effect of underestimation of
mathematics and science scores at the country level may be larger than compared to the other
two countries (Soh, 2014). One way to adjust for this type of underestimation is to adjust the
estimation by controlling for reading scores (the ‘covariate’ as in this study). Another way of
adjusting for the underestimation is to take into account the proportion of test language
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speakers versus non-speakers, and then combine the scores of TLH and NTLH duly weighted
by their respective proportions in the overall sample (Soh, 2014).
Cummins’ theory was relevant to the goals of the present study. His BICS/CALP
distinction (Cummins, 1981a) helped explain the possibility that some second language
learners or language minority students may take longer than 7 years to approach normal levels
of CALP. He also showed that bilingual students were unfairly disadvantaged in literacy test
results, hence assessments like PISA may have created academic deficits because they failed to
distinguish between L2 BICS and L2 CALP (Cummins, 1983). With the increasing presence of
language diversity in schools, Cummins’ theory provided additional contextualization of the
present study.
5.5.3 Home Environment as Guided by the Componential Model of Reading Framework
The Componential Model of Reading (CMR) (Aaron , Joshi, Gooden, & Bentum, 2008)
consists of three primary domains, namely, the cognitive, psychological, and ecological
domains. According to the CMR model, reading performance is influenced by the factors
included in the Simple View of Reading (SVR) cognitive domain (Hoover & Gough, 1990) as
well as factors from the psychological and ecological domains. The Simple View of Reading
describes reading comprehension as the product of decoding and linguistic comprehension
component abilities (Gough & Tunmer, 1986). The psychological domain includes teacher and
student variables such as locus of control, learning styles, motivation and interest, and gender
differences (Aaron et al, 2008). The ecological factors include characteristics of students’
home environment, such as families’ socio-cultural status, number of books in the home, and
home literacy environment and dialects (Chiu, McBride-Chang, & Lin, 2012).
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In a longitudinal study on the emergence of reading comprehension problems in L1 and
L2, Kieffer (2010) found L2 students and students from low SES homes to be overrepresented
in the group of struggling readers. In most OECD countries, students with immigrant
background and indigenous languages and cultures have a more disadvantaged socio-economic
background than their native peers (OECD, 2010b), hence partially explaining for their low
performance level in reading and other domains. Jerrim (2012) investigated the association of
SES (represented by parental occupation) and reading achievement for different performance
levels across Australia, Canada, Finland, Germany, the UK, and the USA. He found that the
association was stronger in the USA and the UK than in most other countries, and that it is
particularly strong at high performance levels.
Cross-country research by Martins and Veiga (2010) used a multi-dimensional SES
measure including, for example, parents’ education, and books and home possessions. They,
too, showed that SES gaps in math achievement were particularly large in the UK, Germany,
Belgium, Greece, and Portugal but much lower in Sweden and Finland. They added that
inequalities decreased in Germany and Spain but increased in France and Italy. Chiu et al
(2012) also tested the CMR model using PIRLS 2006 data, and found that the ecological
domain comprising variables such as the school climate, attitude about reading, number of
books at home, socio-economic status, and resources explained the greatest variance in reading
comprehension at the country level (61%).
The psychological and ecological domains of the CMR framework were used to help
understand and explain the indirect effects and contributions, if any, of home literacy
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environments, gender differences, and socio-economic status to the reading abilities of the
TLH and NTLH groups.
5.5.4 Measurement Comparability
The final implication of the research findings indicates the importance of the type of
analyses that should be conducted at the test level for examining comparability of performance
results across countries. Previous research has demonstrated differences in measurement
incomparability identified at item and test levels, such as those identified by confirmatory
factor analyses and DIF analysis (Byrne, 2008; Byrne, & van de Vijver, 2010, 2014; Ercikan &
Koh, 2005; Oliveri, Ercikan, Zumbo & Lawless, 2014). Ercikan and colleagues (2015)
demonstrated the limitations in validity of comparisons, when the population heterogeneity of
language groups is not properly taken into account.
The results in this study point to the possibility of using ANCOVA analyses as an
alternative approach to examining measurement comparability at the test level (Rheinheimer,
& Penfield, 2011; Shieh, 2020). Evidence of differential score meaning and comparability for
TLH and NTLH mathematics and science assessments highlighted the importance of
minimizing the effects of reading on assessments, as an inaccurate estimation of student
performance in mathematics and science assessment, especially for the NTLH group, can
impact the accuracy of group comparisons (e.g. Ercikan & Solano-Flores, 2014; Hu & Bentler,
1999). Furthermore, the findings indicate that comparability of findings need to be examined
and interpreted with more caution. If the comparability of scores is not demonstrated, then the
intention to compare TLH and NTLH language groups may not yield accurate results for
meaningful inferences. For example, decisions concerning educational policies, comparisons of
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student achievement across language groups, and program / evaluation development may not
be done appropriately.
The results of this study highlight the necessity to look at the possible role of contextual
factors at both macro and micro levels, such as educational policies and socio-cultural
background, language effect on performance in math and science assessments, home
environments such as gender and socio-economic status, and measurement comparability when
assessment results of TLH and NTLH groups are compared. The current study integrated
theories from the ecological framework, second language acquisition, reading model, and
measurement concepts in order to gain a more holistic understanding of the association
between reading proficiency and performance in mathematics and science assessments of TLH
and NTLH students from Canada, Indonesia, and Singapore. These theories were also utilized
in guiding the interpretations of the findings and future recommendations.
5.6

Contributions of the Dissertation to PISA Research Literature
The purpose of this study is to examine the comparability of mathematics and science

scores among students who speak the test language at home and those who are non-speakers of
the test language at home. The study also investigates whether the association of reading
language proficiency and performance on mathematics and science assessments in Canada,
Indonesia, and Singapore varies with gender and socio-economic groups. The results of this
dissertation have implications for educational policy and practice relating to using ecological
framework as validity evidence, test language effect, and measurement comparability.
The results of this dissertation made several contributions to PISA research literature.
First, although linguistic abilities of students seemed to affect their performance on
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assessments, the use of ecological framework suggested that the process may be far more
complex than just the language competencies of the students alone. A possibility exists for
academic performance to be interrelated with other factors, including educational policies and
initiatives, academic literacy level, gender, and SES, which could produce confounding effects.
Next, the dissertation findings also provided some clarity around test language effect on
student performance in math and science, for native speakers as well as ELLs and language
minority students, who are either test language speakers or non-test language speakers at home.
In previous research on examining the effects of test language, researchers have compared
PISA results of ELLs and language minority students using samples drawn primarily from
English-speaking countries. The present study not only looked at an English-speaking country,
such as Canada, but also at a country in which English is no the major academic and
assessment language, such as Indonesia. Moreover, the study also investigated a country where
students are using both English and a Mother Tongue Language as the lingua franca, such as
Singapore.
In addition, whereas other studies looked at the effect of test language between and
within countries and systems, using country as the unit of analysis and country means as the
‘country score’ for comparisons, the current study only looked at the effect country by country,
and found that the use of the ‘country score’ may not be entirely applicable at the student level.
The findings suggested that there is a systematic relationship between being able to speak the
test language at home and performance on the assessment across the three selected countries.
The varying patterns of performance difference in mathematics and science also pointed to an
under-reporting of the scores for NTLH due to language demands of the assessment.
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Therefore, the country scores (and the rankings based on these) are likely to be confounded by
the presence of NTLH in the national samples. Ranking countries on their ‘country score’, with
the presence of NTLH, could lead to questions regarding the validity of the reading means as
truly reflecting students’ reading competency. Conducting a multi-level analysis that separates
country effects and student effects for a deeper understanding of test language effect may be an
area worth investigating in future.
Lastly, the results of the dissertation are likely to be useful in informing the research on
measurement comparability in PISA assessment. Specifically, the results in the present study
indicated the importance of examining measurement comparability to better understand the
score differences of student groups in the respect subject domains. The fact that the group
means were different / reversed when reading scores (as covariate) were controlled underscores
the importance of investigating for measurement comparability before making any claims
about the score differences. Given that the PISA reading literacy test is often used as a basis
for numerous comparisons of youth across the globe, this study added more evidence to the
importance of determining consistency in the findings to arrive at more definitive and accurate
results.
5.7

Limitations
The first limitation is due to the use of reading proficiency as the only variable for

examining potential language effects. Writing proficiency in English, measured using
constructed response items, may be another subskill that can be used to determine performance
assessments. The inclusion of writing proficiency as an additional covariate (CV) may account
for greater degrees of variation in mathematics and science assessments.
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Second, using only one variable ‘international language at home’ to determine language
grouping has low measurement accuracy. In PISA 2015, students were asked to report what
language they spoke at home, using a single item in the questionnaire [#22, International
Language at Home, “which language do you speak at home?”]. Based on the answers, the
samples for this study were divided into TLH and NTLH. The self-reporting of data by 15years-olds of their most-commonly spoken language at home may have included some
inaccuracies, as their responses can easily be influenced by how they understand the question,
by their perceptions, or by social desirability bias. Thus, by relying on a single self-report
indicator used in PISA, it is reasonable to expect some level of discrepancy in the language
groupings. Such low reliability in reported language used at home may have added unintended
variability to the reading proficiency levels of TLH and NTLH. This can lead to
underestimation of correlational relationships between reading ability and mathematics and
science scores.
5.8

Future Directions
Educational policymaking is becoming increasingly influenced by standardized global

comparisons, assessments, and policy borrowing (Sivesind, Afsar & Bachmann, 2016). Due to
PISA, national curricula are now beginning to resemble one another with regards to curricular
subjects, content, and skills (Zilliacus, Holm & Sahlstrom, 2017). The results of PISA have
stirred discussions in many countries and have been of great concerns to researchers about how
well they are preparing students for life in an increasingly technological world in which
increasing levels of literacy are needed (e.g. Zhao, 2020).
There are several different areas of research that deserve further study.
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First, the effectiveness of efforts on minimizing test language effects on mathematics and
science performance may vary for TLH and NTLH students, therefore limitations of score
meaning and how scores are reported need to be addressed. One suggested approach is to
include measurement error due to language group, i.e. language can be considered as a source
of such measurement error. Including error as part of reporting is likely to lead to more
cautious interpretation of scores. For example, small performance differences identified as
statistically insignificant between TLH and NTLH may change to a statistically significant
difference when measurement error due to language (e.g. reading scores) is taken into
consideration. As a result of the inclusion of measurement error due to language, changes in
scores will undoubtedly affect the outcome, either as a gain or drop in performance.
Another area that needs to be addressed is how the students are grouped using the
variable ‘International Language at Home’. The groupings of the students into TLH and NTLH
based on one question in PISA assessment can impact the accuracy of group comparison as
well as overall results. Asking students to self-report whether the most-commonly used
language at home was the test language or not may also lead to measurement inaccuracies; the
possibility of a discrepancy between what is reported and what is the actual case can exist. One
suggestion involving NTLH groupings is to measure and report the language proficiency of
these students along with their mathematics and science scores. In OECD’s framework
(OECD, 2016b), Level III is considered a key measure of success in PISA and is often used as
a benchmark for national standards in several countries (Fleckenstein et al., 2016; OECD,
2011). Reading proficiency at this level is characterized by Bussiere and colleagues (2001) as
having the ability to “compare, contrast, and categorize competing information according to a
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range of criteria” (p. 24). The language proficiency at Level III needs to be established using
empirical evidence before findings can be meaningfully interpreted. For example, students
with scores below the identified ‘meaningful’ level threshold will be considered inappropriate
in measuring mathematics and science knowledge and skills and will therefore be excluded
when comparing TLH and NTLH performance.
What constitutes ‘International Language at Home’ is also another area of future
research. Central in this notion is the fact that language is not fixed and clear-cut, but rather it
is a fluid construct which incorporates multiple levels of complexity. One suggestion is to
provide a clear definition of the variable ‘international language at home’ to address the
increasing linguistic diversity brought about by globalization. There needs to be a clear
definition of language, e.g. ‘home language’, ‘mother tongue’, ‘immigrant language’, and
‘indigenous language’. As students with different languages and identities interact in a
culturally transforming society, a move from a restricted definition of language towards a
pluralistic approach is needed now more than ever. Policies and practices that respect the
language of linguistic minority students, while finding common ground between the home and
mainstream culture, remains important.
The findings from the study underscore the importance of identifying the elements and
relations within multiple ecological levels to describe and establish the condition of the
learning ecology of the student. One suggestion is the use of the ecological model of
Bronfenbrenner to systematically analyze the horizontal and vertical interactions of factors
affecting student achievement. Such approach can lead to a comprehensive understanding of
the dynamics of the interactions between students and their multi-level interacting
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environments. Future comparative work on student achievement should consider country-level
predictors in a more extensive way to help explain further the patterns of educational
achievement in each country.
Although PISA test items go through multiple phases of piloting and field testing, OECD
does not report any efforts on minimizing language burden on the examinees. Another
direction for future research can be the inclusion of language and cultural perspectives, or
reviews for language complexity, in the test development. ANCOVA or other measurement
comparability statistical analyses needs to be complemented by other sources of validity
evidence such as those based on student response processes. For example, cognitive interviews
that focus on examinee response processes may help identify problems with assessment tasks
or determine how overall language of the assessment may be affecting NTLH performance (see
Noble et al., 2014). Such approaches are useful in determining linguistic and cultural aspects of
items that may contribute to measurement error for NTLH students.
Lastly, the trend towards multiculturalism and multilinguality may have implications in
determining what should be regarded as appropriate patterns of school organizations in
different societies, indicating the need for cross-cultural aspects in educational assessment and
policy. One suggestion is to take into consideration the influence of the socio-cultural
dimensions at the national level to make the educational system in each country more effective
and socially responsive. As 21st century students live in an interconnected, diverse, and rapidly
changing world, developing an assessment with a global and intercultural outlook is both an
opportunity and a challenge. Different approaches to teaching, learning, and assessment can
only be truly understood when placed in their respective cultural context.
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5.9

Conclusion
There is growing evidence that limited language proficiency has significant implications

on students’ success in mathematics and science assessment. The present study investigated the
association between reading ability and mathematics and science performance of TLH and
NTLH students (research questions 1 and 2). It also investigated whether such association
varies for gender and SES (research question 3). The present study allowed for a deeper
understanding of reading proficiency effect on mathematics and science performance of 15year-old students from Canada, Indonesia, and Singapore. Findings from the study have shown
the importance of reading ability in mathematics and science assessments. The results revealed
reading proficiency to be crucial for both mathematics and science performance; students’
mathematics and science scores were influenced by their level of reading ability. Although
gender and SES differences have been observed in a number of cross-sectional studies (Cole,
1997; Coley, 2001; Freeman, 2004), these differences did not result in differential relationship
between reading proficiency and Math and Science performance in the present study. The
association of reading ability with mathematics and science performance of TLH and NTLH
was different only in males and females’ mathematics performance in Indonesia. The
association of reading ability and mathematics and science performance did not vary for SES
in all three countries.
The results in the present study also offered explanations and contributed information to
the comparability and consistency of score meaning, which is central to the validity of score
interpretations. Based on the results of this study, it can be concluded that caution must be
exercised when comparing language groups within countries, and therefore in making
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comparisons across countries. The findings in this study highlight the point that inferences
made from the ANCOVA analyses which include reading as a covariate are likely to result in
more appropriate score interpretations. Given that the PISA reading literacy test is often used
as a basis for numerous comparisons of youth across the globe, this study added more evidence
to the importance of comparability of assessment results within and across countries.
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Appendix B
PISA 2015 Reading Proficiency Levels
Level

Task characteristics

6

Lower
score
limit
698

5

626

Tasks at this level that involve retrieving information require the reader to locate and
organise several pieces of deeply embedded information, inferring which information
in the text is relevant. Reflective tasks require critical evaluation or hypothesis,
drawing on specialised knowledge. Both interpretative and reflective tasks require a
full and detailed understanding of a text whose content or form is unfamiliar. For all
aspects of reading, tasks at this level typically involve dealing with concepts that are
contrary to expectations.

4

553

Tasks at this level that involve retrieving information require the reader to locate and
organise several pieces of embedded information. Some tasks at this level require
interpreting the meaning of nuances of language in a section of text by taking into
account the text as a whole. Other interpretative tasks require understanding and
applying categories in an unfamiliar context. Reflective tasks at this level require
readers to use formal or public knowledge to hypothesise about or critically evaluate a
text. Readers must demonstrate an accurate understanding of long or complex texts
whose content or form may be unfamiliar.

3

480

Tasks at this level require the reader to locate, and in some cases recognise the
relationship between, several pieces of information that must meet multiple conditions.
Interpretative tasks at this level require the reader to integrate several parts of a text in
order to identify a main idea, understand a relationship or construe the meaning of a
word or phrase. They need to take into account many features in comparing,
contrasting, or categorising. Often the required information is not prominent or there is
much competing information; or there are other text obstacles, such as ideas that are
contrary to expectation or negatively worded. Reflective tasks at this level may require
connections, comparisons, and explanations, or they may require the reader to evaluate
a feature of the text. Some reflective tasks require readers to demonstrate a fine

Tasks at this level typically require the reader to make multiple inferences,
comparisons and contrasts that are both detailed and precise. They require
demonstration of a full and detailed understanding of one or more texts and may
involve integrating information from more than one text. Tasks may require the reader
to deal with unfamiliar ideas, in the presence of prominent competing information, and
to generate abstract categories for interpretations. Reflect and evaluate tasks may
require the reader to hypothesise about or critically evaluate a complex text on an
unfamiliar topic, taking into account multiple criteria or perspectives, and applying
sophisticated understandings from beyond the text. A salient condition for access and
retrieve tasks at this level is precision of analysis and fine attention to detail that is
inconspicuous in the texts.
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understanding of the text in relation to familiar, everyday knowledge. Other tasks do
not require detailed text comprehension but require the reader to draw on less common
knowledge.
2

407

Some tasks at this level require the reader to locate one or more pieces of information,
which may need to be inferred and may need to meet several conditions. Others require
recognising the main idea in a text, understanding relationships, or construing meaning
within a limited part of the text when the information is not prominent, and the reader
must make low level inferences. Tasks at this level may involve comparisons or
contrasts based on a single feature in the text. Typical reflective tasks at this level
require readers to make a comparison or several connections between the text and
outside knowledge, by drawing on personal experience and attitudes.

1a

335

Tasks at this level require the reader to locate one or more independent pieces of
explicitly stated information; to recognise the main theme or author’s purpose in a text
about a familiar topic, or to make a simple connection between information in the text
and common, everyday knowledge. Typically, the required information in the text is
prominent and there is little, if any, competing information. The reader is explicitly
directed to consider relevant factors in the task and in the text.

1b

262

Tasks at this level require the reader to locate a single piece of explicitly stated
information in a prominent position in a short, syntactically simple text with a familiar
context and text type, such as a narrative or a simple list. The text typically provides
support to the reader, such as repetition of information, pictures, or familiar symbols.
There is minimal competing information. In tasks requiring interpretation, the reader
may need to make simple connections between adjacent pieces of information.

Note. Source: PISA 2015 assessment and analytical framework (OECD, 2017a, p.61)
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Appendix C
PISA 2015 Mathematics Proficiency Levels
Level

Task characteristics

6

Lower
score
limit
669

5

607

At Level 5, students can develop and work with models for complex situations,
identifying constraints and specifying assumptions. They can select, compare, and
evaluate appropriate problem-solving strategies for dealing with complex problems
related to these models. Students at this level can work strategically using broad, well
developed thinking and reasoning skills, appropriate linked representations, symbolic
and formal characterisations, and insight pertaining to these situations. They begin to
reflect on their work and can formulate and communicate their interpretations and
reasoning.

4

545

At Level 4, students can work effectively with explicit models for complex, concrete
situations that may involve constraints or call for making assumptions. They can select
and integrate different representations, including symbolic, linking them directly to
aspects of real-world situations. Students at this level can utilise their limited range of
skills and can reason with some insight, in straightforward contexts. They can construct
and communicate explanations and arguments based on their interpretations, arguments,
and actions.

3

482

At Level 3, students can execute clearly described procedures, including those that
require sequential decisions. Their interpretations are sufficiently sound to be a base for
building a simple model or for selecting and applying simple problem-solving strategies.
Students at this level can interpret and use representations based on different information
sources and reason directly from them. They typically show some ability to handle
percentages, fractions, and decimal numbers, and to work with proportional
relationships. Their solutions reflect that they have engaged in basic interpretation and
reasoning.

2

420

At Level 2, students can interpret and recognise situations in contexts that require no
more than direct inference. They can extract relevant information from a single source

At Level 6, students can conceptualise, generalise, and utilise information based on their
investigations and modelling of complex problem situations, and can use their
knowledge in relatively non-standard contexts. They can link different information
sources and representations and flexibly translate among them. Students at this level are
capable of advanced mathematical thinking and reasoning. These students can apply this
insight and understanding, along with a mastery of symbolic and formal mathematical
operations and relationships, to develop new approaches and strategies for attacking
novel situations. Students at this level can reflect on their actions and can formulate and
precisely communicate their actions and reflections regarding their findings,
interpretations, arguments, and the appropriateness of these to the original situation.
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and make use of a single representational mode. Students at this level can employ basic
algorithms, formulae, procedures, or conventions to solve problems involving whole
numbers. They are capable of making literal interpretations of the results.
1

358

At Level 1, students can answer questions involving familiar contexts where all relevant
information is present, and the questions are clearly defined. They are able to identify
information and to carry out routine procedures according to direct instructions in
explicit situations. They can perform actions that are almost always obvious and follow
immediately from the given stimuli.

Note. Source: PISA 2015 assessment and analytical framework (OECD, 2017a)
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