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Adolescents’ mathematics performance and its explanatory factors have been a crucial issue. However,
literature focusing on adolescents in Malaysia is missing. Thus, this study investigates what
individual and school factors have been associated with adolescents’ mathematics achievement over
the last two decades. We examined six-wave data of Malaysia from the Trends in International
Mathematics and Science Study (TIMSS). Multilevel modeling technique was employed for data
composed of 5557, 5314, 4466, 5733, 9726, and 7065 eighth-grade students participating in 1999, 2003,
2007, 2011, 2015, and 2019, respectively. The results showed that 65.17%, 57.44%, 65.89%, 73.00%,
43.16%, and 61.69% of the total variance in mathematics achievement was due to school differences in
these years. The findings also indicated that students with higher mathematics motivational beliefs
scored higher. Students who more frequently spoke the language of the test at home achieved lower
scores in the four waves of TIMSS; however, this trend changed in 2015 and 2019. Student educational
aspiration emerged as a positive predictor of mathematics achievement in the last two assessments of
TIMSS. Home educational resources and book ownership also significantly correlated with
mathematics achievement. At the school level, teacher gender was negatively associated with
achievement in all TIMSS waves except 2019. Students whom female teachers taught outperformed
those whom male teachers taught. This longitudinal monitoring study of Malaysian students’
mathematics performance provides empirical evidence for local practices and advances literature

based internationally.
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1. Introduction

The Malaysian education system has focused on math and science, aiming to become a STEM-driven
economy by 2025 (Blueprint, 2012). As a result, developing a high-quality science and mathematics
workforce has become critical in fostering students’ interest, attitudes, and knowledge of STEM-related
careers (Ministry of Education Malaysia, 2013). However, students struggle with fundamental math skills
and rely too heavily on calculators (Ibrahim & Othman, 2010). International assessments show a decline

in math performance over time (Mullis et al., 2020).

In 1999, Malaysia joined TIMSS, an organization that assesses students' proficiency in math and science,
identifies factors contributing to success in these subjects, monitors achievement over time, and
promotes cross-country learning among policymakers (Martin et al., 2020). TIMSS conducts assessments
every four years, allowing countries to monitor student performance and teaching factors (Mullis et al.,
2020). This study aims to examine trends in math performance among Malaysian students from 1999 to

2019 and identify key factors influencing these patterns using TIMSS data.

According to Mullis et al. (2020), Malaysian students' average math scores have been declining steadily. In
1999, the average score was 519, which decreased to 508 in 2003, 474 in 2007, and 440 in 2011. The trend
continued with scores of 465 in 2015 and 461 in 2019. The TIMSS assessment categorizes students'
performance into four levels: advanced (625), high (550), intermediate (475), and low (400). In 1999, 10% of
Malaysian students achieved the advanced level, but this percentage dropped to 6% in 2003, 2% in 2007,
2% in 2011, 3% in 2015, and 4% in 2019. Similarly, the proportion of students reaching the high level also
decreased over the years. In 1999, 36% of Malaysian students reached the high level, but this figure

declined to 30% in 2003, 18% in 2007, 12% in 2011, 18% in 2015, and 17% in 2019(Mullis et al., 2020).

In Malaysia, the educational system is centralized and provides 11 years of free education, including
primary and secondary school. Primary school is compulsory for children aged 6-11 and lasts for six
years. After primary school, students take the primary school achievement test (UPSR). Secondary school
is divided into lower secondary (Forms 1 and 2) and upper secondary (Forms 3 to 5), lasting for five years.
At the end of secondary school, all students must take the Malaysian Certificate of Education or Sijil
Pelajaran Malaysia (SPM). The results of the primary school achievement test are used as a criterion for

admission into specific secondary schools, but there is no segregation based on abilities (Yusof, 2008).

Malaysia has a diverse population with three major ethnic groups: Malay, Chinese, and Indian. The

official language is Bahasa Malaysia (BM), but many Malaysians are also proficient in English. In 2002,
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the government introduced teaching math and science in English to improve students’ skills, but in 2009,
they decided to switch back to BM as the language of instruction by 2012(Yusof, 2008). This change also

affected students’ math achievement (Thien & Ong, 2015).

This research aims to understand the factors contributing to the decline in academic performance of
Malaysian students in mathematics from TIMSS 1999 to 2011. It focuses on the correlations between
different factors at the student and school levels and mathematics achievement, specifically among
Malaysian adolescents. The study also investigates whether changes in these factors' relationships with
mathematics achievement are linked to the overall decline in performance. By providing empirical
evidence, this research offers valuable insights into the practicality of student and school-related factors
in the context of TIMSS assessments. The findings can guide policymakers in developing effective

interventions for mathematics teaching and learning.

1.1. School effectiveness model for student mathematics achievement

The "Coleman Report” marked the start of school effectiveness research (Creemers & Kyriakides, 2015). It
revealed that schools had minimal influence on students’ academic performance once family background
factors were considered. This sparked debate among scholars, leading to educational reforms and
advancements in research methods. Numerous studies have since been conducted using large-scale
assessments and sophisticated methodologies to investigate the impact of schools on student
achievement (e.g.,, Downey & Condron, 2016; Hanushek, 2016; Hill, 2017). Researchers have proposed
solutions in educational inputs and processes (Huitt, 2003), resulting in the development of various

models in school effectiveness research (e.g., Creemers & Kyriakides, 2010; Rumberger & Palardy, 2004).

Some of these models (e.g., Rumberger & Palardy, 2004, Figure 1) are based on the economic theory

known as the education production function (EPF; Hanushek, 2006).
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Fig. 1. A multilevel conceptual model of school effectiveness

In 2006, Hanushek identified three components of the educational school system: inputs, processes, and
outputs. However, according to Kolawole in 2021, school outcomes are determined by inputs and
processes. Nugba et al. (2022) further categorized factors that affect school outcomes into school inputs,
practices, and processes. School inputs refer to characteristics that impact school outcomes, such as
students’ abilities, attitudes, home environment, and resources. Examples include teacher qualifications,
student-teacher ratio, and expenditure per student. Processes encompass teaching quality, style, time
spent on subjects, student composition, school organization, disciplinary climate, and achievement

pressure.

Teacher quality is crucial for student achievement, as shown by a cross-national study (Akiba et al.,
2007). Measurable indicators like age, experience, and job satisfaction determine teacher quality.
Research indicates that older teachers are more effective, with those aged 31-40, 41-50, and 50+ scoring
higher than those aged 21-30 (Rahida et al., 2018). However, another study suggests that age does not

significantly affect academic performance (Francisco, 2020).

Many professions value employees’ experience, including education where teacher experience is
important (King Rice, 2010). Research shows a strong link between teacher experience and higher

student achievement, as well as improved test scores and behavior (Ladd & Sorensen, 2017).
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Studies show no correlation between teaching experience and academic performance in math and
science (Zhang, 2008; Deri¢ et al., 2022). Contrary to expectations, experienced teachers do not
necessarily have a greater impact on student achievement. The most significant growth in teacher

effectiveness occurs in the first three years of their career (Akiba et al., 2007).

Teachers' gender can impact students’ academic achievement through role modeling, stereotype threats,
and biases (Paredes, 2014). Female teachers may have a greater impact due to their higher levels of math
anxiety and different approaches to teaching (Antecol et al., 2015). Gender biases can also affect teacher-
student interactions (Lavy, 2008). While some studies show a positive association between female
teachers and student achievement (Ismail & Awang, 2009), others find no correlation (Holmlund &

Sund,2008).

1.2. Effects of student level factors on student mathematics achievement

Scholars agree that schools impact students' academic performance (Anderson, 2004; Rumberger &
Palardy, 2004). However, there is ongoing debate about the specific factors at the student and school level
that contribute to these differences. Research shows that student characteristics, such as beliefs, family
background, and language spoken at home, are linked to academic achievement (Rumberger & Palardy,
2004). Students' self-perception, intrinsic value, and perceived usefulness of mathematics also influence

their learning (Steinmayr et al., 2019).

Two important factors that affect a student's achievement are expectancy and values. Expectancy refers
to a student’s confidence in their ability to succeed, while values relate to the reasons for doing a task.
Values can be categorized into four types: attainment, intrinsic, utility, and cost (Wigfield et al., 2021).
Math is a key subject in schools, valued in specific fields like commerce, technology, and science (Noyes,
2016). Research shows a positive link between valuing math and academic success (Osterling &
Andersson, 2013; Hill et al., 2019). In Malaysia, eighth-grade students show interest in learning math but
don't see its practical benefits. They recognize its importance and real-world applications but view it as

unnecessary in the school curriculum (Wong & Wong, 2019).

In the PISA 2012 evaluation, Malaysian students showed higher instrumental motivation and
mathematical interest compared to the OECD average, but also had higher mathematics anxiety (OECD,
2014). Additionally, the intrinsic value of students was linked to the complexity and quantity of math

problems, while math anxiety had a negative effect on problem complexity (Guo et al., 2020).
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Self-concept is crucial for students’ academic performance, including in mathematics (Ceci et al., 2014;
Steinmayr et al., 2019; Master & Meltzoff, 2020; Zhu & Meyer, 2020). It refers to individuals' beliefs about
their abilities and encompasses various dimensions (Bandura, 1997). Studies in Malaysia have shown the
significant influence of self-concept on eighth-grade students' academic achievement Authors, 2011,
2012; Noor et al., 2009. Factors such as self-confidence, aspirations, school safety perception, and time
spent on math homework also correlate with math achievement (Noor et al., 2009). Boys tend to have

higher math self-concepts than girls (Kyriacou & Goulding, 2006).

Girls have lower anxiety towards math, but this can lead to a negative perception of the subject (Hannula,
2002). Boys pursue math for practicality and career prospects, while girls enjoy it more (Williamson,
2004). Confidence in math abilities is linked to better performance in Malaysia (Ismail & Awang, 2009;

Nga et al., 2012; Authors, 2011).

Intrinsic value, rooted in mathematics, significantly impacts students’ academic achievement and self-
perception. It evolves as students’ progress through education and is a key objective in math education
worldwide (Mullis et al., 2020). Early development of intrinsic value predicts future success in math and
related fields Ceci et al., 2014; Gunderson et al., 2012, Master & Meltzoff, 2020). Extensive research
consistently shows its strong association with math success (e.g., Chiu & Klassen, 2010; Moyer et al., 2018;
Dowker et al., 2019: Quaye & Pomeroy, 2021). Intrinsic value is also influenced by students’ perception of
their parents’ attitudes, with middle-class students exhibiting more positive intrinsic value (Quaye &
Pomeroy, 2021). Factors such as the home environment (Jacobbe et al., 2012; Lopez & Donovan, 2009;
Evans & Field, 2020), teachers' attitudes (Marchis, 2011, Noyes, 2016), classroom instruction (Hodges &
Kim, 2013), parental aspirations (Fan & Chen, 2001), and parents’ self-efficacy in math can influence

intrinsic value (Ingram et al., 2007).

Academic performance has been extensively studied in relation to students’ educational expectations
(Chepete, 2008; Pinquart & Ebeling, 2020). A significant finding was that having high educational
expectations for future studies was identified as a predictor of academic performance (Park & Park,

2006).

Research consistently shows that students who have greater access to educational resources at home,
such as books and higher socioeconomic status, tend to perform better academically, particularly in
mathematics ((e.g., Mullis et al., 2020; Mullis et al., 2008; Lam & Zhou, 2022; Thien & Ong,2015). A study
conducted in Malaysia found that home educational resources were the most influential predictor of

mathematics achievement among eighth-grade students (Authors, 2012). Similarly, research in Malaysia
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has shown that students from homes with more educational resources achieve higher scores in both
mathematics and science (Azina et al., 2009). Additionally, students tend to perform better when their
parents have higher levels of education and when they have access to additional resources like study

desks, computers, and books at home (Ismail & Awang, 20009).

Numerous studies have found a correlation between home language and academic achievement,
particularly in mathematics. Students who speak the test language more frequently at home tend to
perform better (Van Laere et al., 2014; Strand & Schwippert, 2019; Mullis et al., 2020; Lopez-Agudo et al.,
2021). However, a study on Malaysian students showed that speaking Bahasa Malaysia at home did not
lead to higher science scores (Ng et al., 2012). This contradicts previous research (e.g., Henry, Nistor, &
Baltes, 2014; Greisen et al., 2021). Interestingly, Malaysian students who didn't speak Bahasa Malaysia at
home performed better in mathematics. Those who spoke it more frequently scored 13 points lower in

TIMSS 2007 (Mullis et al., 2008).

2. Research Questions

Mathematics is one of the most critical subjects in the educational system of any society because it has a
significant role in the development of the economy and technology. Malaysian eighth-grade students’
performance in TIMSS assessment shows a downward trend. The relationships between students’
performance in mathematics and background factors have been explored locally, nationally, and
internationally. Teacher quality is one of these factors that has been examined using indicators such as
the teacher’s age, gender, and teaching experience, school discipline, mathematics teaching affected by
resources shortage, and teacher job satisfaction. Among student-related factors, the relationships
between self-concept, intrinsic value, utility value, home educational resources, language spoken at
home, and books with mathematics achievement have been well investigated. Although the relationships
between these factors and students’ mathematics performance have been explored elsewhere, in
Malaysia, the number of comprehensive studies that have examined the relationships between the
influential factors and students’ performance over time is limited. Therefore, the present study was

designed to investigate the following questions:

1. How are student-level factors correlated to Malaysian eighth-graders’ mathematics achievement?
2. How are the school-level factors correlated to Malaysian eighth-graders’ mathematics achievement?
3. What is the trend of the relations of these factors with the mathematics achievement of Malaysian

eighth-graders across the TIMSS assessments?
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3. Methods

3.1. Samples

The data for this study were obtained from the TIMSS assessments. A total of 5557, 5314, 4466, 5733, 9726,
and 7065 nationally representative eighth-grade students from 150, 150, 150, 180, 207, and 177 secondary
schools from Malaysia participated in TIMSS 1999, 2003, 2007, 2011, 2015, and 2019, respectively. TIMSS
constantly used a two-stage stratified cluster sampling design. Schools were randomly sampled after

considering their size, and then one intact classroom within each selected school was selected.

3.2. Measures

Predicted factor (mathematics achievement): The five plausible values were averaged and used as the
predicted factor. TIMSS used a test to measure students’ mathematics achievement. Many items (e.g., 215
items in TIMSS 2007) were used to extend the coverage of the mathematics content and measure the
trends across the TIMSS assessments, many items (e.g., 215 items in TIMSS 2007) were used (Olson et al.,
2008). Indeed, implementing all the items for individual students was impossible. Thus, a matrix-
sampling design was used to assemble the items into different booklets, and each student completed only
one booklet consisting of a small sample of the items. The plausible values estimate how a student might
have performed if it had been administered to the entire items. The plausible values for individual
students were estimated based on their answers to a subtest of the mathematics items. The plausible
values for any given scale are the best available measures of students’ achievement, and they should be

used as the outcome variable in any study of student achievement (Foy & Olson, 2009).

Predictors at the student level include eight factors. (1) Self-concept, based on students’ responses to (a) I
usually do well in math, (b) I learn things quickly in math, (c) math is not one of my strengths, and (d)
math is more difficult for me on a 4-point Likert scale: 4= agree a lot; 3= agree a little; 2= disagree a little;
1= disagree a lot. The last statement is reversed coded. High: students who agreed a little or a lot on
average with all four statements; Low: students who disagreed a little or a lot, on average; Medium:
includes all other response combinations. (2) Intrinsic utility, based on students’ responses to (a) I enjoy
learning math, (b) I like math, and (c) math is boring. The scaling is similar to the self-concept. The last
statement is reversed coded. High: students who agreed a little or a lot on average with all three
statements; Low: students who disagreed a little or a lot, on average; Medium: includes all other response

combinations. (3) Utility value, based on students’ response to (a) learning math will help me in my daily
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life, (b) I need math to learn other school subjects, (c) I need to do well in math to get into the university,
(©) I need to do well in math to get the job I want, and (d) I would like a job to involve math. The scaling is
similar to the self-concept and intrinsic utility. High: students who agreed a little or a lot on average with
all four statements; Low: students who disagreed a little or a lot, on average; Medium: includes all other
response combinations. (4) Educational aspiration, based on students’ responses to “How far in school do
you expect to go?”, 1=Low, upper or post-secondary; 2= Medium, diploma or first degree; 3= High, beyond
first degree. (5) Home language, based on students’ responses to “How often do you speak the language of
test at home?”, 1= always; 2= almost always; 3= sometimes; 4= never. These codes are recoded to (0
sometimes and never; 1 always and almost always). (6) Parents’ education, based on students’ responses to
“What is the highest level of education completed by your mother (or stepmother or female guardian)
and father (or stepfather or male guardian)?”, 1= Low, less than or complete lower secondary school; 2 =
Medium, complete lower or upper secondary school; 3= High, university degree. (7) Home educational
resources, based on students’ responses to the four statements on a two-point scale: (a) having a
calculator, (b) having a computer, (c) having a study desk, and (having a dictionary). TIMSS coding was: 1=
Yes; 2= No. Responses were classified into three categories: 1= Low if responded “No” to all or three of the
four statements; 2= Medium, all other response combinations; 3= High if responded “Yes” to at least three
or all the four statements. (8) Book ownership, based on students’ responses to “How many books are
there in your home excluding magazines, newspapers, or your school books?”, 1 Low, none or enough to
fill one shelf (11-25 books); 2 Medium, enough books to fill one bookcase (26-100 books); 3 High, enough

books to fill two bookcases (101-200 books); or more.

Predictors at the school level include six factors. (1) Teacher teaching experience as stated by teachers in
number, (2) teacher gender (male=1, female=0). (3) Teacher age, as stated by teachers in number. (4)
School discipline, based on the principal school response to (a) arriving late at school, (b) absenteeism, (c)
skipping class, (d) cheating, (e) profanity, (f) vandalism, (g) theft, (h) physical injury to other students,
and (i) physical injury to teacher or staff, on a 4-point Likert scale: 1=, not a problem; 2= minor problem;
3= moderate problem; and 4= serious problem. Cut scores divide the scale into three categories. Low:
Students in schools with hardly any problems had a maximum 13 score, corresponding to their principals
reporting that five of the nine discipline issues are “not a problem,” and the other four are “minor
problems.” Minor: Students in schools with minor discipline issues scored between 14 to 23,
corresponding to their principals reporting that five of the nine issues are a “moderate problem” and the

other four are “minor problems.” High: All other students attended schools with “moderate problems.” (5)
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Teaching affected by resources shortage for mathematics instruction, based on the principal school
response to (a) computers for mathematics instruction, (b) computer software for mathematics
instruction, (c) calculators for mathematics instruction, (d) library materials relevant to mathematics
instruction, and (e) audio-visual resources for mathematics instruction, on a 4-points Likert scale: 1= not
at all; 2= a little; 3= some; and 4= a lot. Cut scores divide the scale into three categories. Low: Students in
schools where instruction was “not affected” by resource shortages had a maximum of 7 scores,
corresponding to their principals reporting that shortages affected instruction “not at all” for three of the
five resources and “a little” for the other two. Moderate: Students who attended schools where instruction
was “somewhat affected” by resource shortages had scores between 8 and 13. High: All other students
attended schools where instruction was “affected a lot” by resource shortages. (6) Teacher job
satisfaction, based on the school principal response to (a) I am content with my profession as a teacher,
(b) I find my work full of meaning and purpose, (c) I am enthusiastic about my job, (d) My work inspires
me, and (e) I am proud of the work I do; on a 4-points Likert scale: 1= very often; 2= often; 3= sometimes;
and 4= never or almost never. Low: Students with very satisfied teachers had a maximum of seven scores
corresponding to their teachers responding “very often” to three of the five statements and “often” to the
other two. Students with somewhat satisfied teachers scored between 8 to 13, responding “sometimes” to
three of the five statements and “often” to the other two—all other students with Less than satisfied

teachers.

3.3. Data analysis

Two-level hierarchical linear modeling (HLM) was applied in this study. The TIMSS data are nested or
multilevel structured data. Students are nested within the classroom, and the classroom is nested within
schools. Thus, it makes three-level structured data: students as level-1, classroom as level-2, and school as
level-3. However, TIMSS data are three levels in nature, as with most other participating countries; in
Malaysia, only one intact classroom was sampled per school. There was no possibility of disentangling
the effect of classroom and school; thus, classroom and school combined to make the school level. The

data were analyzed using HLM6.07 (Raudenbush et al., 2004).

The Full Maximum Likelihood (FML) was used to estimate the parameters (Hox, 2009; McCoach & Black,
2008). The grand mean centering was used as a centering approach at student and school levels (for
detail, please refer to Enders & Tofighi, 2007, Hox, 2009; Tabachnik & Fidell, 2007, McCoach & Black,

2008). The TIMSS sampling design was multistage stratified cluster sampling. In these designs,

geios.com doi.org/10.32388/J9X51Q

10


https://www.qeios.com/
https://doi.org/10.32388/J9X51Q

individuals are nested within clusters and clusters nested within strata. Thus, the probability of the
selected sample units is not equal. We used sampling weight to avoid bias in parameter estimation, as
experts suggested (Asparouhov, 2005; Rutkowski et al., 2010). The house weight (HOUWGT) at the
student level and school weight (SCHWGT) at the school level (Rutkowski et al., 2010) was used as
weighting sample in this study; however, as the weighting method at the school level has changed in

TIMSS 2019, school weight factor (WGTFAC1) was used invested of SCHWGT.

34. The Estimated Models

A set of models was estimated: (a) the Null Model, in which no individual- or group-level predictors exist.
This Model is also known as a one-way ANOVA (Raudenbush & Bryk, 2002). We used this Model to
calculate the intraclass correlation coefficient (ICC), a measure of how much of the variance in
mathematics achievement was accounted for by the “cluster effect” (b) Model-1 In this Model, all the
student-level factors were included as a fixed effect. The fixed effect refers to the effect of student-level
factors that are assumed to have the same effect on achievement across all schools. (c) Model-2, in this
Model, all the school-level factors entered into the Model together. (d) Model-3 in this Model aggregates
all the student-level factors (averaged) and adds to the school-level model after controlling for all the
school-level factors, the so-called compositional or contextual effect (Gamoran, 1992). (¢) the Full Model,

in this Model, all the students- and school-level factors are added into the Model simultaneously.

4. Results

4.1. The Null Model

The proportion of variance in mathematics achievement due to school-level difference was computed by
p =190 / (190 + 0%), where p is Intra-class Correlation (ICC), o2 is the student-level variance, and 1y is the
school-level variance. In TIMSS 1999, for example, o? = 2104.71 and 7y = 3938.54. Therefore, the ICC (p) =
3938.54/ (3938.54 + 2104.71) = 0.6517. That is, 65.17% of the total variance in mathematics achievement of
Malaysian eighth- grade students was due to school-level differences. The proportion was 57.44%,

65.89%, 73.00%, 43.16%, and 61.69% in 2003, 2007, 2011, 2011, and 2019, respectively.
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4.2. Model 1

Model 1 was estimated using all the student-level factors. These factors were the same across all the
TIMSS assessments, except for TIMSS 1999, where the data for mathematics self-concept were
unavailable. The proportion reduction in the student-level variance was computed by (¢ the Null Model
-0 Model- 1)/¢? the Null Model. Model 1 accounted for 9.39%, 25.46%, 18.94%, 18.14%, 21.33%, and 17.15%
of the student-level variance in mathematics achievement in 1999, 2003, 2007, 2011, 2015, and 2019,

respectively. Theoretically, the student-level predictors also explain the school-level variance but not vice

versa. The regression coefficients of the parameters in Model-1 are presented in Table 1.

p|  TIMSS1999 TIMSS 2003 TIMSS 2007 TIMSS 2011 TIMSS 2015 | TIMSS 2019
1| Nodataavailable | 16.11%* (070) 13.07** (092) 876%* (0.75) | 18.07** (092) | 11.69** (0.82)
2| 1270%* (092) 16.71%* (0.71) 6.56** (1.15) 14.67%% (0.69) | 16.65%* (111) | 10.76** (1.00)
3 033 (0.63) 118 (0.76) 0.44 (1.16) 296 (0.77) 441%% (091) | 2.05% (0.89)
4| L&TF*(090) 0.82 (0.79) 0.10 (1.14) 0.62 (0.70) 1746%* (197) | 13.26%* (163)
5| -14.80%%(3.00) | -20.87**(2.89) | -13.20%* (2.58) | 24.62%* (2.57) | 1893** (252) | 10.21** (1.82)
6| 3.03%*(0.86) 242 (1.35) 1.07 (119) 0.48 (0.76) 4.88%% (176) | 2.64* (0.87)
7 2.02 (2.12) 2.50 (2.20) 15.42 **(2.88) 6.68**(1.06) 0.52 (177) 4,62 (1.28)
8 7.83* (3.01) 2.20 (1.39) 597 **(1.43) 2.19%(112) 5.87%% (198) | 994%* (1.83)

Table 1. Student-level parameters regression coefficients in Model-1

(1) Self-concept, (2) Intrinsic value, (3) Utility value, (4) Educational aspiration, (5) Home language, (6) Parent’s
education, (7) Home educational resources, (8) Book ownership

The values within the brackets are standard errors. (*) p <.05 and (**) p <.001

Self-concept was one of the strongest predictors of mathematics achievement in all the TIMSS cycles.
Intrinsic value also produced significant links with achievement in all the assessments. Utility value

significantly related to mathematics achievement in the last three waves of TIMSS. Educational
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aspiration produced a significant relation with mathematics achievement only in 1999, 2015, and 2019.
The relationship between the language spoken at home and mathematics achievement was negative in
TIMSS from 1999 to 2011. After controlling for the other student-level factors, students who spoke Bahasa
Malaysia more at home achieved lower scores than those who did less frequently. However, the relation
turned positive in the 2015 and 2019 assessments; that is, students who more frequently spoke Bahasa
Malaysia at home achieved higher scores than those who did less frequently. Parents’ level of education
was significantly correlated with achievement in the years 1999, 2015, and 2019. Home educational
resources were significantly correlated with mathematics achievement in 2007, 2011, and 2019, while

book ownership produced significant links with mathematics achievement in all years except 2003.

4.3. Model 2

All the school-level factors were added to Model 2. These factors are the same across all the TIMSS
assessments. However, in TIMSS 2015 and 2019, mathematics teachers’ job satisfaction was also included,
but the data for these two factors were unavailable in the previous assessments. The variance explained
by Model 2 was computed by (t00 the Null Model - t00 Model- 2)/ t00 the Null Model. Model-2
contributed 6.52%, 16.66%, 0%, 10.5%, 0.58%, and 6.26% of the school-level variance in 1999, 2003, 2007,
2011, 2015, and 2019, respectively. The regression coefficients of the parameters in Model 2 are presented

in Table 2.

TIMSS 1999 TIMSS 2003 TIMSS 2007 TIMSS 2011 TIMSS 2015 TIMSS 2019
0.83 (2.85) 3.83 (4.91) 2.16 (6.55) 420 (6.55) -376 (710) | -21.89% (8.74)
-3499%* (13.13) -37.10 **(9.39) 12.14 (13.22) -39.35* (15.55) =779 (11.73) | -40.02* (17.64)
4.58 (7.60) -6.78 (9.29) 1.00 (9.37) 0.24 (8.16) £4.65 (9.56) 40.92%* (18.00)
292 (8.68) -12.31(7.11) -2.56 (12.83) -36.34* (11.90) 52.21(28.51) | 14.700 (12.48)
-8.57 (9.04) 23.92%* (5.59) -391 (8.76) -16.38 (10.01) -10.02 (8.51) 23.32 (13.7)
No data available | No data available | No dataavailable | No dataavailable | -0.65 (8.54) (11.95)

Table 2. School-level parameters regression coefficients in Model- 2
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(1) Teacher teaching experience, (2) Teacher gender, (3), Teacher age (4) School discipline, (5) Math teaching
affected by resources shortage, (6) Teacher job satisfaction.

The values within the brackets are standard errors. (*) p <.05 and (**) p <.001

Teacher teaching experience significantly correlated with mathematics achievement in 2019, and the
correlation was negative. Students taught by teachers with more years of teaching scored lower than
others. Teachers’ gender was significantly correlated with achievement in 1999, 2003, 2011, and 2019. The
correlation was negative, indicating that after controlling for the other school-level factors in the model,
students whom female teachers taught achieved higher scores than those whom male teachers taught.
The relationship between school discipline and mathematics resource shortages, as reported by school
principals, with mathematics achievement was negative. Students who attended schools having
discipline problems and where resources for mathematics instruction were a problem achieved lower
scores than those who attended other schools. However, the relation between school discipline and

mathematics achievement was significant only in TIMSS 2011 and 2003, respectively.

44. Model 3

In Model 3, after controlling for all the school-level factors, all the student-level factors were aggregated
(averaged) and added to Model- 3. The variance explained by Model 3 was computed using (9o Model 2 -
700 Model 3)/7590 Model 2. Model 3 accounted for 13.64%, 11.09%, 75.97%, 12.07%, 35.20%, and 29.72% of
the school-level variance in mathematics achievement in TIMSS 1999,2003,2007, 2011, 2015, and 2019,

respectively. The regression coefficients of the parameters in Model 3 are presented in Table 3.
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TIMSS 1999 TIMSS 2003 TIMSS 2007 | TIMSS2011 | TIMSS2015 | TIMSS 2019
No data available | 48.25%* (7.00) 45.85% (13.00) 0.25 (5.21) 3.05 (3.55) 67.54%* (14.93)
692 (6.07) 20.82* (8.07) 2764* (11.07) 235 (6.42) 093 (3.74) 177 (12.43)
6.13 (557) 36.87* (10.27) 22.65% (9.54) 4.32 (7.40) 2.52 (4.31) 090 (10.84)
24.82 (17.61) 379 (8.77) L4ty (9.4 5.89 (5.75) 910(520) | 11750%* (14.73)
54.69% (23.77) -60.26%* (9.50) 2431(1239) | -3.06(1270) | 6.84(10.02) 33.45 (17.55)
9.69 (27.18) 35.21* (12.26) 34.81% (10.87) 052 (6.43) 749 (4.02) 4.84 (7.63)
4292 (42.66) 98.17** (2578) | 14514%* (2350) | 3.47 (8.10) 1074 (7.27) 20.73 (24.66)
£196* (20.44) 33.88 (21.41) 80.88%* (1910) | 8.06(9.33) 1576 (8.94) 20.73 (24.66)

Table 3. The compositional factors parameters regression coefficients in Model-3

(1) Mean of Self-concept, (2) Mean of Intrinsic value, (3) Mean of Utility value, (4) Mean of educational aspiration,
(5) Mean of home language, (6) Mean of parent’s education, (7) Mean of home educational resources, (8) Mean of
book ownership.

The values within the brackets are standard errors. (*) p <.05 and (**) p <.001

Mean of self-concept in 2003, 2007, and 2019, both the mean of intrinsic value and mathematics utility
value in 2003 and 2007, the mean of educational aspiration in 2019, the mean of the home language in
1999 and 2003, both means of parent’s education and mean of home educational resources in 2003 and
2007, mean of book ownership in 1999 and 2007 produced significant links with mathematics

achievement.

4.5. The Full Model

In the Full Model, all the student- and school-level factors were added into the model simultaneously to
examine the relations of the student-level factors with mathematics achievement while the school-level
factors were controlled and vice versa. The variance in mathematics achievement explained by the Full

Model was computed using (o2 of the Null Model -o? of the Full Model) / o2 of the Null Model for the
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student level and (7 of the Null Model - 1 of the Full Model) / toq of the Null Model for the school level.

The Full Model explained 9.39%, 25.46%, 18.94%, 18.14%, 21.34%, and 17.15% of the student-level variance,

and 15.11%,

35.88%,

17.31%,

21.30%,

35.57%,

and 34.12%

of the school-level variance

in

1999,2003,2007,2011,2015, and 2019, respectively. The regression coefficients of the parameters in the Full

Model are presented in Table 4.

B TIMSS 1999 TIMSS 2003 TIMSS 2007 TIMSS 2011 TIMSS 2015 TIMSS 2019
1 | Nodata available 16.08 ** (0.70) 13.08** (0.92) 8.75%* (0.75) 18.05** (0.91) | 11.68** (0.83)
2| 1270%*(092) 1672 **(0.71) 6.56%* (1.15) 14.68%* (0.69) | 16.64%* (L11) | 10.76** (1.00)
3 0.34 (0.63) 1.20 (0.76) 0.42 (1.16) 295 (0.77) 4.43%% (0.91) 2.06* (0.88)

4 4.46%* (0.80) 0.85 (0.79) 0.10 (1.14) 0.62 (0.70) 17.45%* (196) | 13.23** (1.63)
5 -14.79*%* (3.00) 20.90** (2.88) -13.21%* (2.57) 24.64%% (2.57) 18.91** (2.52) | 10.20%** (1.82)
6 3.01%* (0.86) 2.40 (1.35) 1.07 (1.19) 0.47 (0.76) 4.88%* (096) | 2.64* (0.87)

7 196 (2.11) 2.47 (2.19) 15.41%* (2.88) 6.67** (1.06) -0.54 (1.77) 4.62* (1.28)

8 7.84%* (3.01) 2.19 (140) 596** (1.40) 220 (1.13) 5.84* (199) | 993%* (1.84)
9 013 (3.27) 3.04 (4.39) 279 (596) 2.02 (6.25) 3.04(572) | -1738%* (722)
10| -3356%* (12.65) -32.17*%* (8.24) 9.78 (12.14) -38.49%* (14.15) -3.13 (9.65) 32.78% (14.56)
1 9.78 (791) -6.75 (8.18) 0.23 (8.55) 2.77 (792) 4.76 (7.69) 33.24* (15.37)
12 3.17 (8.21) -10.99 (6.50) -4.32 (11.56) -3490% (11.27) 43.37* (18.37) | 12.58 (10.68)
13 -8.23 (8.75) 20.22 **(4.83) -2.88 (790) -16.64 (9.45) -8.70 (7.43) 16.89 (11.71)
14 | No data available | No data available | No data available | No data available 0.88 (7.01) 16.66 (9.97)

Self-concept, (2) Intrinsic value, (3) Utility value, (4) Educational aspiration, (5) Home language, (6) Parent’s

Table 4. Parameters regression coefficients in the Full Model

education, (7) Home educational resources, (8) Book ownership, (9) Teacher teaching experience, (10) Teacher

gender, (11), Teacher age (12) School discipline, (13) Math teaching affected by resources shortage, (14) Teacher job
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satisfaction. The values within the brackets are standard errors. (*) p <.05 and (**) p <.001.

After controlling for the school-level factors, mathematics self-concept and intrinsic value produced
significant links with mathematics achievement in all years. Utility value was significantly correlated
with mathematics achievement in the last two waves. The relationship between educational aspiration
and mathematics achievement was significant in 1999, 2015, and 2015. The relationship between the
language spoken at home and mathematics achievement in the Full Model was negative in TIMSS from
1999 to 2011. However, the relation turned positive in TIMSS 2015 and 2019. Parent’s level of education
was significantly associated with mathematics achievement in 1999, 2015, and 2019. Home educational
resources were significantly correlated with mathematics achievement in 2007, 2011, and 2019. Book
ownership produced significant links with mathematics achievement in all waves, except for 2003. At the
school level, there was no clear pattern of relationships between the factors and mathematics

achievement when student-level factors were considered.

5. Discussion

This study examined student- and school-level factors associated with Malaysian adolescents’
mathematics achievement over the last two decades. To help the readers understand the results, first, the

main results are summarised and followed by interpretation and discussion.

5.1. Sumurizing the findings

The results suggested that more than 50% of the variation in mathematics achievement of Malaysian
students in all the six waives of the TIMSS assessment, except for TIMSS 2015 (43.16%), was due to
between-school differences indicating, that students’ mathematics achievement is highly affected by

schools.

Self-concept and intrinsic value had a solid and positive relationship with mathematics achievement in
all the TIMSS waves. However, the association for self-concept was stronger. Utility value was not
significantly correlated with achievement in the first three assessments but yielded a significant
correlation in the last three. Educational aspiration was significantly correlated with achievement in
1999, 2015, and 2019. The language spoken at home was significantly associated with achievement in all
the TIMSS assessments. The correlation was negative in the first four assessments. However, it turned

positive in the last two assessments. There was a significant correlation between parents’ education in
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1999; the significant correlation disappeared in 2003 and 2007, however, the correlation was significant
again in the last three cycles. Home educational resources were significantly related to achievement in
2007, 2011, and 2019. Book ownership was significantly correlated with achievement in all years except

2003.

Among the school-level factors, teachers’ gender was highly and negatively associated with achievement
in 1999, 2011, and 2019. Students whom female teachers taught achieved higher scores than those whom
male teachers taught. The teacher-teaching experience was negatively correlated to mathematics
achievement only in 2019. Students whom more experienced teachers taught achieved lower scores;
however, after controlling for the student-level factors, the relationship between teacher-teaching

experience turned positive.

After controlling for the school-level factors, the mean of self-concept and intrinsic value were
significantly and positively correlated to achievement in 2003, 2007, and 2019; however, the associations
were stronger in 2003 and 2007 than in 2019. Similarly, the mean utility value was significantly correlated
with achievement in 2003, 2007, and 2019; however, the correlation in 2019 was minimal. The mean of
educational aspiration was significantly correlated to achievement only in 2019. The correlation between
the mean of home language and mathematics achievement was significant in 1999 and 2003. The
correlation was positive in 1999, but it turned negative in 2003. The mean of parents’ education was
significantly and positively correlated to mathematics achievement in 2003 and 2007. The mean home
educational resources positively correlated with mathematics achievement in 2003 and 2007. The mean

of book ownership positively correlated with mathematics achievement in 1999 and 2007.

5.2. School effectiveness theory

School effectiveness and multilevel modeling theory were used as a guide to select the factors affecting
students’ mathematics achievement in this study. School effectiveness determines how various factors
correlate with students’ cognitive and affective performance (Creemers et al., 2010). From the view of the
last five decades, schools make no difference, which was the conclusion of the Coleman et al. (1966) and
Jencks et al. (1971) studies. There is a common agreement that schools make differences in students’
academic achievement, and educational policies aim to improve all schools in general and the more
ineffective schools in particular (Reynolds et al., 2000). This study provides evidence indicating that

schools make students’ academic achievement different.
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5.3. Expectancy value theory

The findings showed that the relationship between self-concept and intrinsic value with achievement
was powerful across the TIMSS assessments. The relationships between motivation and academic
achievement have been extensively investigated using the expectancy-value theory (EVT) of motivation
(Wigfield & Eccles, 2000; Eccles & Wigfield, 2002). EVT indicates that students’ expectations of success
and value in academic tasks influence achievement choices, performance, effort, and persistence
(Metzger et al.,, 2019). Utility value is one of the EVT components (Eccles & Wigfield, 2002). Beliefs in
learning mathematics are linked with more significant effort, higher self-efficacy, and engagement in
mathematical learning (Pajares & Miller, 1994) and, finally, higher mathematics achievement. Having
found a solid link between self-concept, intrinsic value, and utility value with students’ mathematics
achievement in this study provides support to the EVT and confirms prior findings (e.g., Ceci et al., 2014;
Moyer et al., 2018; Dowker et al., 2019; Steinmayr et al., 2019; Master & Meltzoff, 2020; Quaye & Pomeroy,
2021). This indicates that the weight of motivational factors on students’ achievement is higher than
students’ family background factors. This result supports Chepete’s (2008) findings, who reported that
the attitudinal factors are more effective on the variation in mathematics achievement than the family
background factors. This finding has important policy implications because these factors, to some
extent, are under the school’s control. Through formal and informal instructional activities, schools can

form, develop, and reinforce students’ motivational beliefs to enhance their academic achievement.

The findings showed that the trend of the relationships between the utility value and students’
performance was insignificant in the first three studies. However, this relationship is significant in the
following three cycles. This finding can confirm the hypothesis that the role of mathematics and related
fields, such as STEM, in technological knowledge and entrepreneurship of graduates of educational

systems is changing rapidly in the world, and the utility value of mathematical knowledge is increasing.

Home language among the other family backgrounds was the most influential factor. Non-Bahasa
speaking background students outperformed their Bahasa speaking background peers. This result is
inconsistent with the recent findings nationally and internationally (Van Laere et al., 2014; Strand &
Schwippert, 2019; Mullis et al., 2020; Lopez et al., 2021). A possible explanation for this inconsistency
might be related to the school’s location. Usually, wealthier students lived in urban areas. They were more
advantageous concerning the quality of education (e.g., experienced teacher, more instructional
resources, social combination) and family background (e.g., parents’ education, home educational

resources). Mathematics is the most challenging subject among the other school subjects (Howie, 2006).
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Generally, students need support doing their assignments and homework, particularly in mathematics.
Advantageous students in urban areas have parental support in doing assignments and homework.
Research findings suggest that homework is an influential factor that improves the academic
achievement of students who can work independently and those who have sufficient parental support to
complete home learning assignments (Henderson & Mapp, 2002; Hoover-Dempsey et al., 2001; Stronge,
2007). Moreover, this outcome may also be partially attributed to cultural differences. As mentioned
earlier, the Malaysian population consists of three distinct ethnic groups: Malay, Chinese, and Indian.
Chinese students, whether they reside in mainland China, Singapore, Taiwan, or Hong Kong, strive to
please their parents and bring honor to their families. Consequently, they exert more effort to meet their
parents’ expectations. The TIMSS results consistently reveal that the five East Asian countries, namely
Singapore, Hong Kong, Taiwan, South Korea, and Japan, which share a common culture to a large extent,
achieved the highest scores in mathematics and science at both the fourth and eighth-grade levels
among all participating nations. However, it is important to note that the self-perception of learning
these subjects, as well as the intrinsic and practical values associated with them, are not particularly high

in these countries. In fact, they are even lower than in many countries where students performed poorly.

The most likely explanation for the decline in the achievement of Malaysian eighth-graders over time
could be attributed to the change in the language of instruction for mathematics from Bahasa Malaysia to
English in 2003. That is, the Malaysian eighth-graders who participated in TIMSS 2007 studied
mathematics (science as well) in Bahasa Malaysia during their 6-years of primary education suddenly
had to switch to study both subjects in English (Yusof, 2008). Even though the TIMSS test was conducted
in Bahasa Malaysia, there are reasons for the decline. Firstly, students’ inability to master the content
taught in the English language and secondly, due to the teachers’ insufficient mastery of the English
language to explain the mathematics contents to the students. Although English is the second language
in Malaysia, as less educated parents, especially in rural areas, could not support their children in their
assignments, finally, after much debate, the government decided in July 2009 to revert from English to

Bahasa Malaysia.

6. Conclusion

The decline in mathematics performance among Malaysian eighth-grade students has been a consistent
trend in successive TIMSS assessments. This research aimed to explore the factors at both the student

and school levels that contribute to these differences in mathematics achievement. Multiple multilevel
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models were utilized to analyze the relationship between mathematics achievement and various factors,
using TIMSS data from 1999 to 2019. The analysis revealed several significant findings, ultimately leading
to the conclusion that students’ attitudinal factors (such as self-concept, intrinsic value, utility value, and
educational aspiration) and their socioeconomic backgrounds, along with compositional and contextual

factors at the school level, play a crucial role in explaining the variations in mathematics achievement.

7. Limitations

Several limitations of the study should be borne in mind in interpreting the results. First, the data
analyzed were correlational. Thus, the findings cannot be interpreted causally. Second, all data were self-
reported by the students, teachers, and principals, except for mathematics achievement scores, which is a
potential source of inaccuracy. Third, TIMSS scores do not affect students’ grades and are not considered
for purposes such as promotion and graduation. Thus, some students may not have tried their best to
answer the test questions. Fourth, our models were limited to the student and school levels, and we did

not investigate the variation in achievement between classrooms within schools.

References

¢ Authors. (2011). Unpublished doctoral dissertation.

e Authors. (2012). The Asia-Pacific Educational Researcher.

o Akiba, A, LeTendre, G. K., & Scribner, J. P. (2007). Teacher quality, opportunity gap, and national
achievement in 46 countries. Educational Researcher, 36, 369—387.

e Anderson, L. W. (2004). Increasing teacher effectiveness (2 ed.). Paris: UNESCO.

e Antecol, H, Ozkan, E., & Serkan, O. (2015). The effect of teacher gender on student achievement in
primary school: Evidence from a randomized experiment. Journal of Labor Economics, 33(6453), 38.

e Asparouhov, T. (2005). Sampling weights in latent variable modeling. Structural Equation Modeling,
12(3), 411-434.

e Bandura, A. (1997). Self-efficacy: The exercise of control. New York:W.H. Freeman.

¢ Ceci, S.J., Ginther, D. K., Kahn, S., & Williams, W. M. (2014). Women in academic science: A changing
landscape. Psychological Science in the Public Interest, 15, 75-141.

https://doi.org/10.1177/1529100614541236.

e Chepete, P. (2008). Modeling of the factors affecting mathematical achievement of form 1 students in

Botswana based on the 2003 Trends in International Mathematics and Science Study. Unpublished Doctor

geios.com doi.org/10.32388/J9X51Q

21


https://doi.org/10.1177/1529100614541236
https://www.qeios.com/
https://doi.org/10.32388/J9X51Q

of Philosophy, Indiana University.

Chiu, M. M., & Klassen, R. M. (2010). Relations of mathematics self-concept and its calibration with
mathematics achievement: Cultural differences among fifteen-year-olds in 34 countries. [DOL
10.1016/j.learninstruc.2008.11.002]. Learning and Instruction, 20(1), 2-17.

Coleman, J. S., Compbell, E. Q., Hobson, C. J., Mcpartland, J., Mood, A. M., Weinfeld, F. D., et al. (1966).
Equality of educational opportunity. Washington DC: Department of Helth, Education & Welfare Office
of Education.

Creemers, B. P. M, Kyriakides, L., & Sammons, P. (2010). Methodological Advances in Educational
Effectiveness Research, Routledge, Taylor & Francis Group, London and New York.

Creemers, B. P. M, & Kyriakides, L. (2015). A critical analysis of the current approaches to modelling
educational effectiveness: the importance of establishing a dynamic model. School Effectiveness and

School Improvement, 17, 347-366.

Creemers, B.PM., & Kyriakides, L. (2010). Using the Dynamic Model to develop an evidence-based and
theory-driven approach to school improvement, Irish Educational Studies, 29, (1).

https://doi.org/10.1080/03323310903522669.

Deri¢, 1., Elezovic, 1., & Brese, F. (2022). Teachers, Teaching and Student Achievement, In Barbara Japelj

Pavesi¢, Paulina Korsiiakova, Sabine Meinck (Eds) Dinaric Perspectives on TIMSS 2019: Teaching and
Learning Mathematics and Science in South-Eastern Europe. International Association for the
Evaluation of Educational Achievement (IEA).

Dowker, A., Cheriton, O., Horton, R., Mark, W. (2019). Relationships between attitudes and performance

in young children’s mathematics. Educ Stud Math 100, 211-230. https://doi.org/10.1007/s10649-019-

9880-5.

Downey, D. B, & Condron, D. J. (2016). Fifty Years since the Coleman Report: Rethinking the
Relationship between Schools and Inequality, Sociology of Education, 89(3) 207-220. DOL
10.1177/0038040716651676.

Eccles, J. S., & Wigfield, A. (2002). Motivational beliefs, values, and goals. Annual Review of Psychology,
53(1), 109-132. doi:10.1146/ annurev.psych.53.100901.135153.

Enders, C. K., & Tofighi, D. (2007). Centering predictor variables in cross-sectional multilevel models: A
new look at an old issue. Psychological Methods, 12(2), 121-138.

Evans, D., & Field, A. P. (2020). Predictors of mathematical attainment trajectories across the primary-
tosecondary education transition: Parental factors and the home environment. Royal Society Open

Science, 7(7), 200422. https://doi.org/10.1098/rs0s.200422.

geios.com doi.org/10.32388/J9X51Q 22


https://www.tandfonline.com/author/Creemers%2C+BPM
https://www.tandfonline.com/author/Kyriakides%2C+Leonidas
https://www.tandfonline.com/ries20
https://doi.org/10.1080/03323310903522669
https://www.researchgate.net/scientific-contributions/Ivana-Deric-2175706189?_sg%5B0%5D=RHXeyzo1wCb2MXPlJmFpmKekATb4pfllCE6d41fijUPoubP22EJ4srjoiE6beRd9n-iA2cM.c_r334XsFM-FC3rUrnG4TI510CxT8R7D1sKYjM__uStMwW8Cwq1u9qCdg9gKRLwJNTi1yCgYDl_NXJjx0Ki9FQ&_sg%5B1%5D=ikKBJbfMK3OUt0vk0mzgvpI22vQWsN5GUeJeDv0ZbL2d1zxcTIti4cLErmQFlLUCPE-8VpQ.TAaXluFdmtRXznDM9dORYhd5UF8-G0rCMg7gkbR-qlCJD_y5mULg4ZOdGCe2ng92zjOYVigsB-S8hSVl0J9pfA
https://www.researchgate.net/profile/Ines-Elezovic?utm_content=businessCard&utm_source=publicationDetail&rgutm_meta1=AC%3A35743392
https://www.researchgate.net/scientific-contributions/Falk-Brese-2206848449?_sg%5B0%5D=RHXeyzo1wCb2MXPlJmFpmKekATb4pfllCE6d41fijUPoubP22EJ4srjoiE6beRd9n-iA2cM.c_r334XsFM-FC3rUrnG4TI510CxT8R7D1sKYjM__uStMwW8Cwq1u9qCdg9gKRLwJNTi1yCgYDl_NXJjx0Ki9FQ&_sg%5B1%5D=ikKBJbfMK3OUt0vk0mzgvpI22vQWsN5GUeJeDv0ZbL2d1zxcTIti4cLErmQFlLUCPE-8VpQ.TAaXluFdmtRXznDM9dORYhd5UF8-G0rCMg7gkbR-qlCJD_y5mULg4ZOdGCe2ng92zjOYVigsB-S8hSVl0J9pfA
https://doi.org/10.1007/s10649-019-9880-5
https://doi.org/10.1007/s10649-019-9880-5
https://doi.org/10.1098/rsos.200422
https://www.qeios.com/
https://doi.org/10.32388/J9X51Q

Fan, X., & Chen, M. (2001). Parental Involvement and Students’ Academic Achievement: A Meta-
Analysis. Educational Psychology Review, 13.

Foy, P, & Olson, J. E. (2009). TIMSS 2007 user guide for the international database: International
Association for the Evaluation of Educational Achievement (IEA).

Francisco, A. R. S. (2020). Teachers’ Personal and Professional Demographic Characteristics as
Predictors of Students’ Academic Performance in English, International Journal of Management,
Technology, and Social, 5(2).

Greisen, M., Georges, C., Hornung, C., Sonnleitner, P,, & Schiltz, C. (2021). Learning mathematics with
shackles: How lower reading comprehension in the language of mathematics instruction accounts for
lower mathematics achievement in speakers of different home languages, Acta Psychologica, 221,

https://doi.org/10.1016/j.actpsy.2021.103456.

Gunderson, E. A., Ramirez, G., Levine, S. C., & Beilock, S. L. (2012). The role of parents and teachers in
the development of gender-related math attitudes. Sex Roles, 66, 153-166.

https://doi.org/10.1007/s11199-011-9996-2.

Guo, M., Leung, FK.S. & Hu, X. (2020). Affective determinants of mathematical problem posing: the

case of Chinese Miao students. Educ Stud Math 105, 367-387. https://doi.org/10.1007/s10649-020-

09972-1.

Hannula, M. (2002). Attitude toward Mathematics: Emotions, expectations, and values. Educational
Studies in Mathematics, 49, 25—46.

Hanushek, E. A. (2006) School resources. In Handbook of the Economics of Education, vol. 2 (eds E. A.
Hanushek and F. Welch), ch. 14. Amsterdam: North-Holland.

Hanushek, E. A. (2016). What Matters for Student Achievement, Updating Coleman on the influence of
families and schools, 16 (2).

Henderson, A., & Mapp, K. (2002). A New Wave of Evidence the Impact of School, Family, and
Community Connections on Student Achievement: National Center for Family & Community
Connections with Schools, Austin, TX: Southwest Educational Development Laboratory.

Henry, D. L., Nistor, N., & Baltes, B. (2014). Examining the Relationship Between Math Scores and
English Language Proficiency, Journal of Educational Research and Practice, 4 (1), p.11-29. DOL
10.5590/JERAP.2014.04.1.02.

Hill, H. C. (2017). The Coleman Report, 50 Years On: What Do We Know about the Role of Schools in
Academic Inequality?, The Annals of the American Academy of Political and Social Science 674(1):9-26.

DOI: 10.1177/0002716217727510.

geios.com doi.org/10.32388/J9X51Q 23


https://www.sciencedirect.com/journal/acta-psychologica%22%20%5Co%20%22Go%20to%20Acta%20Psychologica%20on%20ScienceDirect
https://doi.org/10.1016/j.actpsy.2021.103456
https://doi.org/10.1007/s11199-011-9996-2
https://doi.org/10.1007/s10649-020-09972-1
https://doi.org/10.1007/s10649-020-09972-1
https://www.researchgate.net/journal/The-Annals-of-the-American-Academy-of-Political-and-Social-Science-1552-3349
http://dx.doi.org/10.1177/0002716217727510%22%20%5Ct%20%22_blank
https://www.qeios.com/
https://doi.org/10.32388/J9X51Q

Hill, J., Hunter, J., & Hunter, R. (2019). What Do P~asifika Students in New Zealand Value Most for Their
Mathematics Learning? In P. Clarkson, WT. Seah., & J. Pang (Eds), Values and Valuing in Mathematics
Education Scanning and Scoping the Territory, Springer. Pp.103-114.

Hodges, C. B, & Kim, C. (2013). Improving college students’ attitudes toward mathematics.

TechTrends, 57(4), 59—66. https://doi.org/10.1007/s11528-013-0679-4.

Holmlund, H., & Sund, K. (2008). Is the gender gap in school performance affected by the sex of the

teacher? Labour Economics, 15(1), 37-53. http://dx.doi.org/10.1016/j.labec0.2006.12.002.

Hoover-Dempsey, K. V,, Battiato, A. C., Walker, J. M. T., Reed, R. P, DeJong, J. M., & Jones, K. P. (2001).
Parental involvement in homework. Educational psychologist, 36, 195-2009.

Howie, S. (2006). Multi-level factors affecting the performance of South African pupils in
mathematics. In S. Howie & T. Plomp (Eds.), Contexts of learning mathematics and science (pp. 157-176):
Routledge.

Hox, J. J. (2009). Multilevel analysis techniques and applications (2 ed.): Routledge.

Huitt, W. (2003). A transactional model of the teaching/learning process. Educational Psychology
Interactive.

Ibrahim, Z. B., & Othman, K. . (2010). Comparative Study of Secondary Mathematics Curriculum
between Malaysia and Singapore, International Conference on Mathematics Education Research 2010
(ICMER 2010), Procedia Social and Behavioral Sciences, 8, 351-355.

Ingram, M., Wolfe, R., & Lieberman, J.M. (2007). The Role of Parents in High-Achieving Schools
Serving Low-Income, At-Risk Populations, Education and Urban Society 39(4):479-497. DOL

10.1177/0013124507302120.

Jacobbe, T., Ross, D. D, & Hensberry, K. K. R. (2012). The effects of a family math night on preservice
teachers’ perceptions of parental involvement. Urban Education, 47(6), 1160-1182.
https://doi.org/10.1177/0042085912447805.

King Rice, J. (2010). The Impact of Teacher Experience Examining the Evidence and Policy
Implications, National Center for Analysis of Longitudinal Data in Education Research, URBAN

INSTITUTE, To download this document, visit our web site, http://www.urban.org.

Kolawole, O. (2021). A systematic review of statistical methods for estimating an education production
function, online at https://mpra.ub.uni-muenchen.de/105283/ MPRA Paper No. 105283, posted 15 Jan
2021 01:31 UTC.

Kyriacou, C., & Goulding, M. (2006). A systematic review of strategies to raise students’ motivational

effort in Key Stage 4 mathematics. EPPI Centre, Institute of Education.

geios.com doi.org/10.32388/J9X51Q 24


https://doi.org/10.1007/s11528-013-0679-4
http://dx.doi.org/10.1016/j.labeco.2006.12.002
https://www.researchgate.net/scientific-contributions/Joyce-M-Lieberman-2032742043?_sg%5B0%5D=rZvQ4rrnxZrd2cWihNqZGfPq-wKfNg9IXj-G9UbknrAOVhmlq55fjLR3FMZFX0uWpgHPu34.drsoeZpx6U9x9t-BfIHaEzrA2eVyAb_U7OgjdZv8b056wDPlRoiPLxc28fKAaU5qPyIH_JKo7hZwjTqguh5j8Q&_sg%5B1%5D=XeVBP_b9chijahs9aiZ38TJMI1oz1wz7ODFVOCsNMCROkcOS0OijOdsIlrUjK_wReJHW_xI.SUO-iIprE7oh6kd1lQ2RxTV85vc-eBP38jwb1iJcQR4tDgcRhCP8j1diNw3kQE3qcLPsq9sitZmj9-F6e9THcg
https://www.researchgate.net/journal/Education-and-Urban-Society-0013-1245
http://dx.doi.org/10.1177/0013124507302120%22%20%5Ct%20%22_blank
https://doi.org/10.1177/0042085912447805
http://www.urban.org/
https://mpra.ub.uni-muenchen.de/105283/
https://www.qeios.com/
https://doi.org/10.32388/J9X51Q

Ladd, HF, & Sorensen, L. C. (2017). Returns to teacher experience: student achievement and
motivation in middle school, Education Finance & Policy, 12(2). https://doi.org/10.1162/EDFP a 00194.
Lam, S.M., Zhou, Y. (2022). SES-Achievement Gaps in East Asia: Evidence from PISA 2003—-2018. Asia-
Pacific Edu Res 31, 691-710. doi.org/10.1007/s40299-021-00620-7.

Lavy, V. (2008). Do gender stereotypes reduce girls’ or boys’ human capital outcomes? Evidence from a
natural experiment. Journal of Public Economics, 92(10—-11), 2083-105.

Lopez-Agudo, L.A., Gonzalez-Betancor, S.M., & _Marcenaro Gutiérrez, O.D. (2021). Language at home

and academic performance: The case of Spain, Economic Analysis and Policy, 69, pp.16-33.

Lopez, C. O., & Donovan, L. (2009). Involving Latino parents with mathematics through family math
nights: A review of the literature. Journal of Latinos and Education, 8(3), 219-230.

https://doi.org/10.1080/15348430902888666.

Marchis, L. (2011). Factors that influence secondary school students’ attitude to mathematics. Procedia
- Social and Behavioral Sciences, 29, 786—793. https://doi.org/10.1016/j.sbspro.2011.11.306.

Martin, M. O., von Davier, M., & Mullis, IV.S. (2020). Methods and Procedures: TIMSS 2019 Technical
Report, International Association for the Evaluation of Educational Achievement (IEA).

Master, A., & Meltzoff, A. N. (2020). Cultural stereotypes and sense of belonging contribute to gender
gaps in STEM. International Journal of Gender, Science, and Technology, 12, 152-198. Retrieved from
http://genderandset.open.ac.uk/index.php/genderandset.

McCoach, D. B., & Black, A. C. (2008). Evaluation of model fit and adequacy. In A. A. O'Connell & D. B.
McCoach (Eds.), Multilevel Modeling of Educational Data (pp. 315-343): IAP: Information Age Publishing,
Inc.

Metzger, S. R., Sonnenschein, S., & Galindo, C. (2019). Elementary-age children’s conceptions about
mathematics utility and their home-based mathematics engagement, The Journal of Educational
Research, 112:4, 431-446, DOL: 10.1080/00220671.2018.1547961.

Ministry of Education Malaysia. (2013). Malaysia education blueprint 2013—2025: Preschool to post-
secondary education. Putrajaya, Malaysia: Kementerian Pendidikan Malaysia.

Moyer, J. C., Robison, V., & Cai, J. (2018). Attitudes of high-school students taught using traditional and
reform mathematics curricula in middle school: A retrospective analysis. Educational Studies in
Mathematics, 98(2), 115-134. 10.1007/s10649-018-9809-4, 98, 115—134. https://doi.org/10.1007/s10649-
018-9809-4.

Mullis, I. V. S., Martin, M. O., & Foy, P. (in collaboration with Olson, J. E,, Preuschoff, C., Erberber, E.,

Arora, A., & Galia, J.). (2008). TIMSS 2007 international mathematics report: Findings from IEA’s

geios.com doi.org/10.32388/J9X51Q

25


https://doi.org/10.1162/EDFP_a_00194
https://www.researchgate.net/profile/Luis-Lopez-Agudo?utm_content=businessCard&utm_source=publicationDetail&rgutm_meta1=AC%3A12069090
https://www.researchgate.net/profile/Sara-M-Gonzalez-Betancor?utm_content=businessCard&utm_source=publicationDetail&rgutm_meta1=AC%3A4506924
https://www.researchgate.net/profile/Oscar-Gutierrez-16?utm_content=businessCard&utm_source=publicationDetail&rgutm_meta1=AC%3A3778407
https://www.sciencedirect.com/journal/economic-analysis-and-policy%22%20%5Co%20%22Go%20to%20Economic%20Analysis%20and%20Policy%20on%20ScienceDirect
https://doi.org/10.1080/15348430902888666
https://doi.org/10.1016/j.sbspro.2011.11.306
http://genderandset.open.ac.uk/index.php/genderandset
https://doi.org/10.1007/s10649-018-9809-4
https://doi.org/10.1007/s10649-018-9809-4
https://www.qeios.com/
https://doi.org/10.32388/J9X51Q

Trends in International Mathematics and Science Study at the fourth and eighth grades. Chestnut Hill,
MA: TIMSS

Mullis, LV.S., Martin, M.O., Foy, P,, Kelly, D.L., & Fishbein, B. (2020). TIMSS 2019 International results in
mathematics and Science, International Association for the Evaluation of Educational Achievement
(IEA).

Nga, KT, Layb, Y, F,, Areepattamannilc, S., Treagustd, D.F.,, & Chandrasegaran, A.L. (2012). Relationship
between affect and achievement in science and mathematics in Malaysia and Singapore, Research in
Science & Technological Education, 30(3), 225-237.

Noyes, A. (2016). Bringing Bourdieu to mathematics education: A response to Williams and Choudry:.
Research in Mathematics Education, 18(1), 22—26. https://doi.org/10.1080/14794802.2016.1141314.

Noor Azina Ismail, and Halimah Awang. (2009). Mathematics achievement among Malaysian
students: What can they learn from Singapore? International Education Studies, 2, 9-17.

Nugba, M., Amedahe, F. K., & Asamoah-Gyimah, K. (2022). Role of Input, Process Factors and School
Context on the Effectiveness of Junior High School Education in the Central Region of Ghana.
International Journal of Secondary Education, 10 (1), p. 1-12. doi: 10.11648/j.ijsedu.20221001.11.

OECD. (2014). In PISA 2012 results: What students know and can do- Student performance in

mathematics, reading and science (Revised ed, Vol 1. OECD Publishing.

https://doi.org/10.1787/9789264208780.

Olson, J. E.,, Martin, M. 0., & Mullis, L. V. S. (2008). TIMSS 2007 technical report: International Association
for the Evaluation of Educational Achievernent (IEA).

Osterling, L., & Andersson, A. (2013). Measuring immeasurable values. In A. Lindmeier & A. Heinze
(Eds.), Proceedings of the meeting of the 37th Conference of the International Group for Psychology of
Mathematics Education (pp. 17-24). Kiel: PME.

Pajares, F., & Miller, M. D. (1994). Role of self-efficacy and self-concept beliefs in mathematical problem
solving: A path analysis. Journal of Educational Psychology, 86(2), 193—203.

Paredes, V. (2014). A teacher like me or a student like me? Role model versus teacher bias effect.
Economics of Education Review, 39, 38—49.

Park, C., & Park, D. (2006). Factors affecting Korean students’ achievement in TIMSS 1999. In S. Howie
& T. Plomp (Eds.), Contexts of Learning Mathematics and Science (pp. 177-191): Routledge.

Pinquart, M., & Ebeling, M. (2020). Students’ expected and actual academic achievement — A meta-

analysis, International Journal of Educational Research, 100. doi.org/10.1016/j.ijer.2019.101524Get rights

and content.

geios.com doi.org/10.32388/J9X51Q 26


https://doi.org/10.1080/14794802.2016.1141314
https://doi.org/10.1787/9789264208780
https://www.sciencedirect.com/journal/international-journal-of-educational-research%22%20%5Co%20%22Go%20to%20International%20Journal%20of%20Educational%20Research%20on%20ScienceDirect
https://doi.org/10.1016/j.ijer.2019.101524%22%20%5Ct%20%22_blank%22%20%5Co%20%22Persistent%20link%20using%20digital%20object%20identifier
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S0883035519315204&orderBeanReset=true%22%20%5Ct%20%22_blank
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S0883035519315204&orderBeanReset=true%22%20%5Ct%20%22_blank
https://www.qeios.com/
https://doi.org/10.32388/J9X51Q

Quaye, J., & Pomeroy, D. (2021). Social class inequalities in attitudes towards mathematics and
achievement in mathematics cross generations: a quantitative Bourdieusian analysis, Educational

Studies in Mathematics,109:155-175. https://doi.org/10.1007/s10649-021-10078-5.

https://doi.org/10.1007/s10649-021-10078-5.

Rahida Aini Mohd Ismail, Rozita Arshad, & Zakaria Abas. (2018).Can Teachers’ Age and Experience
influence Teacher Effectiveness in HOTS?, International Journal of Advanced Studies in Social Science
& Innovation (IJASSI), 144— 158. DOIL: 10.30690/ijassi.21.11.

Raudenbush, S. W,, & Bryk, A. S. (2002). Hierarchical linear models: Application and data analysis methods
(Second ed.): Thousand Oaks, CA:Sage.

Raudenbush, S. W, Bryk, A. S., Cheong, Y. F,, Congdon, R., & Toit, M. (2004). HLM6 hierarchical linear &
nonlinear modeling: Application and data analysis methods: SSI Scientific software international, Inc.
Reynolds, D., et al. (2000). An introduction to school effectiveness research. In Teddlie and D. Reynolds
(Eds.), The International Handbook of School Effectiveness Research: Falmer Press.

Rumberger, R. W, & Palardy, G. J. (2004). Multilevel models for school effectiveness research. In D.
Kaplan (Ed.), The Sage handbook of quantitative methodology for the social sciences (pp. 235-258):
Thousand Oaks, Calif: Sage.

Rutkowski, L., Gonzalez, E., Joncas, M., & von Davier, M. (2010). International large-scale assessment
data: Issues in secondary analysis and reporting. Educational Researcher, 39(3), 142-151.

Steinmayr, R., Weidinger, A.F,, Schwinger, M., & Spinath, B. (2019). The Importance of Students’
Motivation for Their Academic Achievement — Replicating and Extending Previous Findings, Front.

Psychol, 10. https://doi.org/10.3389/fpsyg.2019.01730.

Strand, O., & Schwippert, O. K. (2019). The impact of Home Language and Home Resources on Reading
Achievement in tenyear-olds in Norway, PIRLS 2016” Nordic Journal of Literacy Research, Vol. 5(1),
2019, pp. 1-17. doi: https://doi.org/10.23865/njlrv5.1260.

Stronge, J. H. (2007). Qualities of Effective Teachers (2 ed.): Association for Supervision and
Curriculum Development.

Tabachnik, B. G., & Fidell, L. S. (2007). Using multivariate statistics (5 ed.): Pearson Education, Inc.

Thien, L. M., & Ong, M. Y. (2015). Malaysian and Singaporean students’ affective characteristics and
mathematics  performance:  Evidence  from  2012.  Springer Plus, 4,  563-577

https://doi.org/10.1186/s40064-015-1358-z.

Van Laere, E., Aesaert, K., & van Braak, J. (2014). The Role of Students’ Home Language in Science

Achievement: A multilevel approach, International Journal of Science Education, 36(16). doi:

geios.com doi.org/10.32388/J9X51Q

27


https://doi.org/10.1007/s10649-021-10078-5
https://doi.org/10.1007/s10649-021-10078-5
https://exeliqpublishing.com/ijassi/
https://exeliqpublishing.com/ijassi/
https://doi.org/10.3389/fpsyg.2019.01730
https://doi.org/10.23865/njlr.v5.1260
https://doi.org/10.1186/s40064-015-1358-z
https://www.researchgate.net/profile/Evelien-Van-Laere?utm_content=businessCard&utm_source=publicationDetail&rgutm_meta1=AC%3A7061324
https://www.researchgate.net/profile/Koen-Aesaert?utm_content=businessCard&utm_source=publicationDetail&rgutm_meta1=AC%3A3192102
https://www.researchgate.net/profile/Johan-Van-Braak?_sg%5B0%5D=dbIgGeST6pInw5SOe9YD-PvBzIHRtUgkxnc_7gdQDGpDwJm7fd5EzNaJyk6exVBfDadwTtU.JcVMiHxUW4JkJ5Q0EcoUwbl-RKFNx5KGUDJrDCHSMHx86vpH_K8eZ6FAAw71hggC1LgzMpcTpTkQi4OWnyTNOQ&_sg%5B1%5D=LWctwwx3KFvyzblmbB_5UIinWVhwwSIv0OljQ9dPLCzZRUElT7GDC9Jz7h0H2NX7nPmEx7k.y3CZSuZrcrZ8Dr7dBBBGmFB7KPzmGyAF285ETMVi_BoxdXVAyo8hMhKAr2zLmxOCBg-hA3_4oKN6TViaugDjzg
https://www.qeios.com/
https://doi.org/10.32388/J9X51Q

10.1080/09500693.2014.936327.
o Wigfield, A., Muenks, K., Eccles, J. S., (2021) Achievement Motivation: What We Know and Where We
Are Going. Annual Review of Developmental Psychology, 3(1), 87-111. https://doi.org/10.1146/annurev-

devpsych-050720-103500.

o Wigfield, A., & Eccles, J. S. (2000). Expectancy-value theory of achievement motivation. Contemporary
Educational Psychology, 25(1), 68—81. d0i:10.1006/ceps.1999.1015.

» Williamson, A. (2004). Take-up of Mathematics beyond GCSE. Unpublished study for the City of York
LEA.

« Wong, S. L., & Wong, S. L. (2019). Relationship between interest and mathematics performance in a
technology enhanced learning context in Malaysia, Research and Practice in Technology Enhanced
Learning, 14(21). doi.org/10.1186/s41039-019-0114-3.

¢ Yusof, H. (2008). Malaysia. In I. V. S. Mullis, M. O. Martin, J. F. Olson, D. R. Berger, D. Milne, & G. M.
Stanco (Eds.), TIMSS 2007 encyclopedia: A guide to mathematics and science education around the
world (Vol. 2, pp. 375—384). Chestnut Hill, MA: TIMSS & PIRLS International Study Center, Lynch
School of Education, Boston College.

e Zhang, D. (2008). The Effect of Teacher Education Level, Teaching Experience, And Teaching
Behaviors on Student Science Achievement. Unpublished PhD dissertation, Utah State University, USA.

e Zhuy, S., & Meyer, P. (2020).A Comparative Study of Mathematics Self-Beliefs between Students in

Shanghai-China and the USA. Asia-Pacific Edu Res 31, 81-91. doi.org/10.1007/s40299-020-00540-y.

Declarations

Funding: No specific funding was received for this work.

Potential competing interests: No potential competing interests to declare.

geios.com doi.org/10.32388/J9X51Q 28


https://doi.org/10.1146/annurev-devpsych-050720-103500
https://doi.org/10.1146/annurev-devpsych-050720-103500
https://www.qeios.com/
https://doi.org/10.32388/J9X51Q

