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ABSTRACT Using the United States data from the 2019 Trends in International Mathematics and
Science Study, which included a total of 9924 randomly selected students in grade eight from 325
randomly selected schools, the present study examined the relationship between the students’
attitudes towards mathematics and the mathematics achievement of the students. Due to the
hierarchical structure of the educational data, multilevel statistical modeling was used to analyze the
data. While including sex and parent education level as student-level control variables and school
location and school socioeconomic status as school-level control variables, the students’ attitudes
towards mathematics demonstrated significant positive effects on the students’ mathematics
achievement. Furthermore, this relationship was shown to vary significantly across schools;
however, school disciplinary climate was not found to be a significant contributor to this variation.
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Introduction

Mathematical literacy is a key that unlocks many doors
of opportunity for K-12 students in terms of both edu-
cational success and future careers (Wang et al., 2017).
Unfortunately, mathematics is also an area in which
many students struggle to reach a level of proficiency,
and so the doors of opportunity remain locked. Among
the various factors that contribute to students” mathe-
matics achievement, research has demonstrated that
students’ attitudes towards the subject play a key role
(Arnold et al., 2019; Yerdelen-Damar et al., 2021).

Review of Literature

Student attitude towards mathematics encompasses
such things as the feelings and opinions that a student
holds about the subject (Mata et al., 2012). Attitude

towards mathematics varies significantly among stu-
dents and impacts their motivation, engagement, and
willingness to learn the subject (Kariadinata et al., 2019).
Students with positive attitudes towards mathematics
are more likely to persevere when faced with challenges
and setbacks in mathematics by seeking out additional
resources and support (Clinkenbeard, 2015).

Various factors can influence students’ attitudes
towards mathematics (Moussa & Saali, 2022). For
example, students’ previous experiences with, per-
sonal beliefs about, and self-efficacy in mathematics
can significantly impact their attitudes towards the
subject (Chirove et al., 2022). In addition, parents who
demonstrate a positive attitude towards mathematics
and express belief in their child’s ability to succeed in
the subject can foster a similar positive attitude in their
child. Furthermore, even societal beliefs and stereo-
types around mathematics can affect students’ attitudes
towards the subject (Chirove et al., 2022).
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The association between students” attitudes towards
mathematics and their performance in the subject is sig-
nificant. Many studies, such as those by Dowker et al.
(2019) and Kiwanuka et al. (2022), have found that stu-
dents with positive attitudes towards mathematics gen-
erally perform better on mathematics assessments than
students with negative attitudes. Additional studies
have demonstrated that student attitude towards math-
ematics accounts for a significant portion of the variance
in mathematics achievement (Hwang & Son, 2021).

The relationship between student attitude towards
mathematics and student mathematics achievement has
been demonstrated to hold across grade levels. A study
involving the mathematics achievement and attitude
towards mathematics of a sample of 240 elementary
students between the ages of seven and 11 found that
students whose attitudes towards mathematics are pos-
itive tend to have higher achievement in mathematics
than students whose attitudes towards mathematics are
negative (Chen et al., 2018). While controlling for other
cognitive and affective factors, the study also revealed
that student memory affects the relationship between
achievement and attitude.

In another study, Smith et al. (2014) examined data
on 7,377 randomly selected middle school students
in grade eight who participated in the 2007 Trends
in International Mathematics and Science Study
(TIMSS). Beyond measuring students’ achievement in
mathematics, TIMSS also collects information on the
background characteristics of students. Some of these
characteristics, such as the students” attitudes towards
mathematics, can potentially play a role in the stu-
dents” mathematics achievement. In addition to finding
a positiveassociation between achievement and atti-
tude, the study by Smith et al. (2014) also found a posi-
tive association between achievement and frequency of
group work in the mathematics classroom.

A study by Hemmings and Kay (2010) examined the
relationships among prior mathematics achievement,
current mathematics achievement, and current attitude
towards mathematics, among other variables. For a
sample of 78 high school students in grade 10, the data
included students’ scores from a standardized mathe-
matics test they took in grade seven, scores from a stan-
dardized mathematics test they took in grade 10, and
scores from a questionnaire they completed in grade
10 that measured their attitudes towards mathematics.
The study revealed that a significant positive correlation
exists between students’ attitudes towards mathematics
and their mathematics achievement in both grade seven
and grade 10.
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A study by Hemmings et al. (2011) extended the
study by Hemmings and Kay (2010) by considering the
effect of sex on the relationships among prior mathe-
matics achievement, current mathematics achievement,
and attitude towards mathematics. The sample includ-
ed 53 female and 47 male high school students in grade
10. Overall, the data revealed that females are more
likely than males to have a positive attitude towards
mathematics. Further, the researchers found that prior
mathematics achievement and attitude towards math-
ematics, when taken together, are good predictors for
current mathematics achievement.

While the relationship between student attitude
towards mathematics and student mathematics achieve-
ment is well-established (Arthur, 2019; Ma & Kishor,
1997), it is also complex and multifaceted. Therefore,
the present study sought to join the ongoing body of
research seeking to explain this relationship by address-
ing the following three research questions:

1. What is the nature of the relationship between
student attitude towards mathematics and student
mathematics achievement, with control over sex and
parent education level at the student level and city
population size and school socioeconomic status
(SES) at the school level?

2. How does the relationship between student attitude
towards mathematics and student mathematics
achievement vary across schools?

3. How does school disciplinary climate contribute to
the school-level variation?

Method

Data

TIMSS is an international assessment of fourth- and
eighth-grade students conducted every four years
by the International Association for the Evaluation of
Educational Achievement (IEA). The aim of TIMMS is
to measure students’” mathematics and science achieve-
ment, with the goal being to enable “countries around
the world to make evidence-based decisions to improve
educational policies related to mathematics and science
teaching and learning” (IEA, n.d.).

TIMSS 2019 made use of a multi-stage, random sam-
pling procedure involving both stratified and cluster
methods for obtaining its sample. First, for each partic-
ipating country, a number of schools with students in
grades four or eight was randomly selected based on
the number of students enrolled. Next, for each selected
school, a number of classes was randomly selected from
the subpopulation of all classes meeting TIMSS eligibility



criteria. Finally, every student in the select- Table 1
ed classes was invited to participate in the

study (Martin et al., 2020). In addition to the

Items Used to Construct Composite Variable of Student Attitude
Towards Mathematics

standardized achievement tests, students,

ltems Possible Responses

as well as teachers and principals, filled out
questionnaires that included information
about beliefs and background character-
istics of the students and schools. In our
study, we considered only the U.S. sam-
ple of eighth-grade students, utilizing the
nationally representative sample of 9924
students from 325 schools (Egan et al., 2022).

Outcome Variable

How much do you agree with these
statements about learning mathematics?

® | enjoy learning mathematics.

e | wish | did not have to study mathematics.*

* Mathematics is boring.’

® | learn many interesting things in mathematics.
¢ | like mathematics.

¢ | like any schoolwork that involves numbers.

¢ | like to solve mathematics problems.

e | look forward to mathematics lessons.

¢ Mathematics is one of my favorite subjects.

0 = disagree a lot
1 = disagree a little
2 = agree a little

3 =agree alot

TIMSS 2019 included over 200 items in
its assessment of mathematics (Martin et

Note. Students chose one of the possible responses for each statement.
" Responses for this item were reverse coded.

al., 2020). These items measured student
achievement across four mathematical

content domains: number, algebra, geometry, and data
and probability. The number domain included topics
such as integers, fractions, decimals, ratios, and pro-
portions; the algebra domain included topics such as
expressions, operations, equations, relationships, and
functions; the geometry domain included topics such
as geometric shapes, transformations, area, volume,
and the Pythagorean theorem; the data and probability
domain included topics such as data collection, graphs,
numerical summaries, interpretation of data, and basic
probability (Mullis & Martin, 2017).

To measure student mathematics achievement for
our study, we used as our outcome variable a student’s
overall score (combining the four content domain
scores) on the TIMSS mathematics assessment. For ref-
erence, scores on the TIMSS assessment are distributed
according to a bell-shape with a mean (referred to as the
scale centerpoint) of 500 points and a standard devia-
tion (SD) of 100 points (Mullis et al., 2020).

Predictor Variables

For the present study, our predictor variables were
derived using information gathered from the student,
teacher, and principal questionnaires (see Martin et al.,
2020). The primary predictor variable for our study was
student attitude towards mathematics, measured at the
student level.

Student Attitude Towards Mathematics.

TIMSS 2019 measured the type of attitude students
have towards mathematics by using information gath-
ered from some student questionnaire items (see
Table 1). Based on student responses, TIMSS created (and

standardized) a composite variable of student attitude
towards mathematics, where each student was assigned
one score (Cronbach’s a = .94; Martin et al., 2020).

School Disciplinary Climate.

Based on information gathered from the school ques-
tionnaire, TIMSS 2019 determined whether each
school’s disciplinary climate is considered to be prob-
lematic. The variable of school disciplinary climate
(1 =problematic, 0 = not problematic) was included as a
school-level variable.

Student-Level Control Variables.

There are some variables that often differ from student
to student that are related to the students’ personal and
family backgrounds. These variables, sometimes called
student background characteristics, often help explain
variation in students’ performance in academic subject
areas in general, and in mathematics in particular (Ma
et al., 2008). Two such variables include a student’s sex
and the education level of the student’s parent(s), mea-
sured by whether the student has at least one parent
with a bachelor’s degree or higher. The present study
included sex (1 =male, 0 = female) and parent education
level (1 = at least bachelor’s degree, 0 = less than bache-
lor’s degree) as student-level control variables.

School-Level Control Variables.

As with background characteristics of students, there are
variables that often differ from school to school that may
also help explain the variation in students’ mathematics
achievement (Ma et al., 2008). Two such variables include
the population size of the city where a school is located
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and the school’s SES. As a result, the present study includ-
ed city population size (1 = at least 50,000 people; 0 = less
than 50,000 people) and school SES (0 =high SES, 1 =mid-
dle SES, 2 = low SES) as school-level control variables.

Statistical Analysis

Due to the hierarchical structure of the educational data,
multilevel statistical modeling was used to analyze the
data. Specifically, we employed a hierarchical linear
model (HLM) with two levels (student and school). The
analysis included three steps. Step one incorporated the
null model, meaning that neither the student nor school
level included any predictor variables. The purpose of
the null model was to estimate the mean student math-
ematics achievement and to determine how the variance
in student mathematics achievement is split between
the student and school levels. Here is the null model:

MATHij = Bg; + 1j;

Boj =Yoo * Ug;
where MATHj; is the mathematics achievement for stu-
dent i in school j, By is the mean mathematics achieve-
ment for school j, Iy is the error term representing the
unique effect associated with student i in school j, ygq
is the grand (overall) mean mathematics achievement,
and uy; is the error term representing the unique effect
associated with school .

For step two of the analysis, student attitude towards
mathematics, as well as all other control variables at
both the student and school levels, were included in
the model. The purpose of this model was to deter-
mine whether student attitude towards mathematics
has a statistically significant relationship with student
mathematics achievement. Further, in this model, stu-
dent attitude towards mathematics was allowed to vary
randomly at the school level to determine any school-
to-school variance in its relationship with student math-
ematics achievement. The first two research questions
were addressed using the results from this second step.
Here is the model at this step:

MATH;; = B; + 1j (ATT);; + B5 (SEX)j+ B3 (PED)jj +1
Boj =Yoo * Yo (SES); + Y02 (POP); + uy;

B1j=Y10*t uyj
ﬁzj =Y20
B3="Y30

where MATHj; is the mathematics achievement for
student i in school j, [301 is the mean mathematics
achievement for school j, (ATT); is the attitude towards
mathematics score for student i in schoolj, ;s the slope
associated with (ATT)y, (SEX);; is the sex for student i in
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school j, By; is the slope associated with (SEX);;, (PED);
is the parent education level for student i in school j, B5;
is the slope associated with (PED)j; rj; is the error term
unique to student i in school j, Yqq is the grand (overall)
mean mathematics achievement, (SES); is the SES for
school j, v, is the slope associated with (SES)j, (POP)
j is the city population size for school j, v, is the slope
associated with (POP)j, ug; is the error term of school j
unique to the intercept, vy is the effect of (ATT);;, uy; is
the error term of school j unique to the slope of (ATT)y,
Y20 is the effect of (SEX);;, and y3 is the effect of (PED)j;.

Finally, in step three of the analysis, school disci-
plinary climate was added to the model at the school
level to examine whether it contributes to the between-
school variance in the relationship between student
attitude towards mathematics and student mathe-
matics achievement. The third research question was
addressed using the results from this third step. Here is
the model at this step:

MATHj; = Bg; +1; (ATT);5+B; (SEX);; + B3j (PED);; + 15

Boi =Yoo * Yo1 (SES); + Y02 (POP); + ug;

B1j=Y10+ Y11 (DIS);+uy;

B2j=Y20

B3j=Y30
where MATHij is the mathematics achievement for
student i in school j, By is the mean mathematics
achievement for school j, (ATT)j; is the attitude towards
mathematics score for student i in school j, By is the
slope associated with (ATT)y, (SEX)jj is the sex for
student i in school j, By is the slope associated with
(SEX);;, (PED)j; is the parent education level for student
iin schoolj, B33; is the slope associated with (PED)y, ry; is
the error term unique to student i in school j, v is the
grand (overall) mean mathematics achievement, (SES);
is the SES for school j, Y, is the slope associated with
(SES);, (POP); is the city population size for schoolj, g,
is the slope associated with (POP)j, up; is the error term
of school j unique to the intercept, vy, is the effect of
(ATT)j;, (DIS);j is the disciplinary climate for school j, 13
is the slope associated with (DIS);, uy; is the error term
of school j unique to the slope of (ATT)j;, vy is the effect
of (SEX);, and 3 is the effect of (PED);;.

Results

Descriptive Statistics

We calculated descriptive statistics for each of the pre-
dictor variables in order to explore their primary fea-
tures (see Table 2).



Table 2
Descriptive Statistics for Predictor Variables

M SD
Student-level variables
Student attitude towards mathematics’ 0.00 1.00
Sex (1 = male, 0 = female) 0.50 0.50

Parent education level (1 = at least bachelor’s 0.41 0.49
degree, 0 = less than bachelor’s degree)
School-level variables

School disciplinary climate (1 = problematic, 0.61 0.49
0 = not problematic)

City population size (1 = at least 50,000 people; 0.48 0.50
0 = less than 50,000 people)

School SES (0 = high SES, 1 = middle SES, 1.33 0.81

2 =low SES)

' This variable was standardized.

Student-Level Variables.
The TIMSS 2019 index used to measure student attitude
towards mathematics was standardized to have a mean
of 0 with an SD of 1. Regarding the sex of the students,
50.3% were male, and 49.7% were female. In terms of
parent education level, about 41% of the students had
at least one parent with a bachelor’s degree (or higher).
School-Level Variables. About 48% of the schools
were in cities whose population size was 50,000 or
greater. In terms of SES, 22% of the schools were high
SES, 23% of the schools were middle SES, and 55% of
the schools were low SES. The disciplinary climate was
considered to be problematic in 61% of the schools.

Estimating the Mean and Partition of Variance
for Mathematics Achievement
The outcome variable for the present study was stu-
dent mathematics achievement. However, since TIMSS
uses a plausible-value approach to assign scores to
students, descriptive statistics could not be calculat-
ed. Rather, we used the null model from an HLM to
produce estimates for both the mean and the variance
for student mathematics achievement. The estimated
mean mathematics achievement for the students was
519.49 (t = 117.84, p < .001), which is about one-fifth of
an SD higher than the overall TIMMS mean of 500.
After using the HLM to partition the variance in stu-
dent mathematics achievement, we found that about 54%
can be attributed to student-level differences, while about
46% can be attributed to school-level differences (variance
at student level: 02 = 5241.79, variance at school level: T =
4458.44; 0%/(0*+1)=0.54, 1/(0%+71)=0.46). As the school-lev-
el variance was statistically significant (x? = 6576.05, p <
.001), we affirmed that the mathematics achievement of
students does indeed differ from school to school.

Relationship With Student Attitude Towards
Mathematics
Student attitude towards mathematics was shown to
have a statistically significant relationship with student
mathematics achievement (¢ = 18.82, p <.001), even when
controlling for the student-level variables of sex and
parent education level and the school-level variables of
city population size and school SES. In particular, each
1-point increase in student attitude towards mathemat-
ics was associated with an increase of 22.42 points in stu-
dent mathematics achievement. As such, we found that
student mathematics achievement is positively related
to student attitude towards mathematics.

With the TIMSS mathematics achievement having
a mean of 500 points and an SD of 100 points (Mullis
et al., 2020), the effect size calculation was straight-
forward, yielding an effect size of 22.42% of an SD
(Cohen’s d=22.42/100=0.2242) for student attitude
towards mathematics.

Between-School Variance in Relationship With
Student Attitude Towards Mathematics

In addition to examining the relationship between
student attitude towards mathematics and student
mathematics achievement, we also examined wheth-
er this relationship varies from school to school.
Indeed, the between-school variance in the relation-
ship between student attitude towards mathematics
and student mathematics achievement was shown to
be statistically significant (x, = 282.53, p = .023). In
other words, the extent to which a student’s math-
ematics achievement is related to the student’s atti-
tude towards mathematics depends on the school in
which the student is enrolled.

Contribution of School Disciplinary Climate to
Relationship With Student Attitude Towards
Mathematics

Because a statistically significant between-school vari-
ance exists in the extent to which student mathemat-
ics achievement is related to student attitude towards
mathematics, disciplinary climate was included in the
model as a school-level variable to determine if it helps
explain the between-school variance; however, it was
not found to do so (t =-0.23, p = .817). In other words,
there is insufficient evidence to conclude that differ-
ences in schools’ disciplinary climates help explain
why the relationship between student attitude towards
mathematics and student mathematics achievement is
greater at some schools than at others.
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HLM Model Performance

To determine how well the HLM model performed, we
calculated the proportion of variance explained. Spe-
cifically, the full model explained roughly 14% of the
student-level variance in student mathematics achieve-
ment and roughly 41% of the total school-level variance
in student mathematics achievement. As a whole, the
full model explained roughly 27% of the total variance
in student mathematics achievement. Based on the stan-
dard benchmarks used in educational research (see Gaur
& Gaur, 2006), these results are considered acceptable,
demonstrating that the HLM model performed well.

Discussion

Revisit of Research Literature

Although there is a substantial amount of literature
on the positive relationship between student attitude
towards mathematics and student mathematics achieve-
ment, most studies have involved relatively small, non-
random samples from relatively small geographical
regions (e.g., one school district). In addition, most exist-
ing studies have not taken into account the hierarchi-
cal structure of educational data. The use of large-scale,
randomly selected data for the present study lends fur-
ther evidence of a positive relationship between student
attitude towards mathematics and student mathematics
achievement. Further, the present study made use of
multilevel modeling techniques to account for students
being nested within schools. Taken together, these con-
stitute a marked improvement in research methodology.
As a result, our study contributes to the research liter-
ature by yielding findings that are more generalizable.

Educational Implications

While we recognize that variables being correlated
does not necessarily mean there is a causal relationship
between them, there is a clear connection between atti-
tude and achievement; thus, it follows that using strate-
gies that foster a positive attitude towards mathematics
is crucial in promoting student academic achievement
in the subject. One such strategy is to address any nega-
tive beliefs or stereotypes that students may hold about
mathematics (Awoniyi & Butakor, 2021). This can be
done by challenging misconceptions and providing
examples of successful individuals who have excelled in
mathematics. By debunking the idea that math is only
for “geniuses” or “mathematical prodigies,” students
can develop a more positive view of their own potential
in mathematics and become more motivated to succeed
in the subject (Hwang & Son, 2021).
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Since the classroom environment plays a crucial role
in shaping students’ attitudes towards mathematics
(Awoniyi & Butakor, 2021), another strategy for foster-
ing positive attitudes is for teachers to create a supportive
and inclusive learning environment. This can be achieved
by valuing and respecting every student’s contribution,
providing opportunities for collaborative learning, and
promoting a growth mindset. Furthermore, integrating
real-world applications and problem-solving activities
into the mathematics curriculum can also help students
develop a positive attitude towards the subject. By demon-
strating the relevance and practicality of mathematics in
everyday life, students can see the value in learning the
subject and become more engaged (Elgi, 2017).

Teachers can also influence students’ attitudes
towards mathematics through their own attitudes
towards the subject. This relationship between teacher
attitudes and student attitudes towards mathematics is
well-established and supported by research (Elgi, 2017;
Hwang & Son, 2021). Teachers who demonstrate enthu-
siasm for the subject, provide clear explanations, and
create a supportive learning environment can help stu-
dents develop a positive attitude towards mathematics,
which, in turn, can also increase the students’ academic
achievement in the subject (Awoniyi & Butakor, 2021).
Because of this connection, it is imperative that edu-
cational administrators aim to help teachers improve
(when needed) their own attitudes towards mathe-
matics in order to establish a supportive and engaging
classroom learning environment that fosters students’
interest in and enthusiasm for mathematics (Ayob &
Yasin, 2017).

Moreover, it has been observed that a decline in stu-
dent enrollment in advanced mathematics classes may
be attributable to poor attitudes towards mathematics
(Arnold et al., 2019). This decrease in enrollment lim-
its the number of students who can pursue careers in
science, technology, engineering, and mathematics
(STEM) fields, demonstrating that fostering positive
attitudes towards mathematics among students is not
only important for their academic success but also
for their future career prospects in fields that rely on
mathematical proficiency. This connection raises con-
cerns among mathematics educators and educational
policymakers, as well as society as a whole, about the
continued STEM workforce shortage (U.S. Chamber of
Commerce Foundation, 2022).

Limitations and Suggestions
While this study found that student mathematics achieve-
ment is positively related to student attitude towards



mathematics, only certain student and school background
characteristics were included in the study. Future studies
could examine the ways in which student attitude towards
mathematics interacts with other such variables, including
student race/ethnicity (Parks & Schmeichel, 2012). Includ-
ing other key background variables could provide further
insight into the relationship between attitude and achieve-
ment. In addition, student attitude towards mathematics
could be considered alongside other outcome variables
in mathematics. For example, one could analyze whether
improving students” attitude towards mathematics helps
decrease students’ mathematics anxiety.

Another key finding from the study is that the relation-
ship between student attitude towards mathematics and
student mathematics achievement varies across schools,
meaning there are school-level variables that affect the
relationship. Since school disciplinary climate was not
found to contribute to the relationship, future studies
could consider other school-level variables that might help
explain the variation. An obvious limitation of this study
is that it only included the U.S. data from TIMSS 2019. It
is possible that the relationship between student attitude
towards mathematics and student mathematics achieve-
ment might also vary across countries. With that in mind,
future research could examine the larger set of TIMSS data
that includes other countries and country-level variables.

Finally, this study measured student attitude towards
mathematics in a particular way, specifically by making
use of TIMSS’ composite variable of student attitude
towards mathematics developed using information
obtained through the TIMSS 2019 student questionnaire.
While the TIMSS attitude variable had a high level of
internal consistency, for future studies, researchers
could seek to measure student attitude towards mathe-
matics in different ways by using other well-established
attitude surveys or even designing their own.
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