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Abstract

The Trends in International Mathematics and Science Study (TIMSS) provides internationally comparable
data on students’mathematics and science outcomes. The present study examines whether school bullying
moderates gender differences in outcomes on the TIMSS mathematics test among fourth-grade students
in Bosnia and Herzegovina. The sample consisted of 3,324 fourth-grade students (1,654 girls and 1,670
boys). Mathematics achievement was assessed using TIMSS plausible values, and analyses accounted
for the complex survey design using the student sampling weights. Results showed a significant negative
association between school bullying and mathematics achievement for both genders, as well as a
significant gender % bullying interaction. Boys achieved higher scores at low and moderate levels of
bullying, whereas girls outperformed boys under high bullying exposure. This pattern was consistent
across all plausible mathematics values. The results suggest that efforts aimed at improving school
social climate and reducing bullying may play an important role in promoting both students’ academic
achievement and their well-being.
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Introduction

The Trends in International Mathematics and Science Study (TIMSS) is a large-scale
international assessment conducted at four-year intervals that measures students’ achievement
in mathematics and science and collects extensive contextual information about their learning
environments (Mullis et al., 2015). In addition to assessing academic performance, TIMSS
includes student, teacher, and school questionnaires that provide indicators of classroom
practices, school climate, and student experiences, allowing researchers to examine how social
and educational factors relate to achievement outcomes. Given its nationally representative
samples and standardised design, TIMSS is well suited for investigating associations between
school-related factors and student achievement across different educational contexts. Previous
research using TIMSS data has identified multiple individual and school-level predictors of
mathematics achievement, including students’ attitudes and self-confidence, instructional
practices, and perceptions of school safety, suggesting that everyday school experiences are
related to academic performance (Cift¢i & Yildiz, 2019; Wardat et al., 2022).

Large-scale assessments are frequently used to examine gender differences in mathematics
achievement. Overall, these differences tend to be small and do not show a consistent advantage
for either boys or girls (Meinck & Brese, 2019; Reilly et al., 2019). However, gender gaps in
mathematics performance are context-specific and differ by country, grade, and school setting.
At the fourth-grade level, mean differences in mathematics achievement are often minimal or
absent (Robinson & Lubienski, 2011), yet disparities may still appear in the distribution of
performance, with boys more frequently represented at both the lower and upper ends of the
achievement spectrum (Merkys et al., 2025). This suggests that average score comparisons may
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mask meaningful subgroup differences (Fonseca et al, 2023). In addition, psychological factors
such as mathematics anxiety and attitudes toward mathematics have been shown to differ
by gender and may contribute to variation in achievement (Megreya et al., 2025). Together,
these findings indicate that gender differences in mathematics achievement cannot be fully
understood without considering contextual and psychosocial factors that may shape students’
learning experiences.

Within educational research, school bullying is increasingly viewed as an important
indicator of school social climate. Bullying victimization is linked to emotional distress
and disengagement from school, both of which are detrimental to learning and academic
performance (Murphy et al., 2022). In addition, negative emotional states such as fear and
anxiety can inhibit classroom participation and disrupt learning processes, thereby reinforcing
academic difficulties (Celdran-Navarro et al., 2024). Perceived victimization also affects
students’ academic self-concept and overall academic engagement, further increasing
their vulnerability to poor academic outcomes (Ladd et al., 2017). Consistent with these
psychological and motivational mechanisms, a growing body of empirical evidence shows that
exposure to bullying is associated with a range of adverse academic outcomes, including lower
achievement, reduced school engagement, and poorer well-being. Students attending schools
with higher levels of bullying tend to demonstrate lower academic performance (Strom et al.,
2013). These findings are further supported by a recent meta-analysis based on TIMSS data,
which showed that bullied students achieve lower academic scores than their non-bullied peers,
with this association being more pronounced in fourth grade than in eighth grade (Ozyildirim
& Karadag, 2024).

Despite substantial evidence linking bullying to academic outcomes and extensive
research on gender differences in mathematics achievement, empirical studies examining
whether the association between bullying and mathematics achievement differs by gender
remain limited, particularly in large-scale, nationally representative samples. At the same
time, boys and girls differ in their patterns of bullying involvement: boys more often report
direct forms of victimization and are more frequently classified as bully/victims, whereas
girls are more likely to experience indirect forms of bullying and to be categorised as non-
bully/non-victims (Obregon-Cuesta et al., 2022). Theoretical perspectives further suggest that
gender differences in emotional regulation (Sanchis-Sanchis et al., 2020) and coping strategies
(Kristensen & Smith, 2003) may lead to different academic consequences of bullying. Within
a transactional stress framework (Lazarus & Folkman, 1984), bullying can be conceptualized
as a chronic interpersonal stressor whose impact on academic functioning depends on students’
cognitive appraisals and coping responses. Because emotional regulation and coping strategies
differ by gender, the academic consequences of bullying may also vary for boys and girls. This
perspective provides a theoretical basis for expecting bullying to moderate gender differences
in mathematics achievement rather than merely showing a uniform negative association with
academic learning.

This issue is particularly relevant for mathematics learning, which relies heavily on
executive functions and emotional regulation (Bukva & Memisevic, 2025; Klein et al., 2019).
Taken together, these considerations suggest that bullying may moderate the association
between gender and mathematics achievement. Accordingly, the aim of the present study was to
examine whether school bullying moderates the association between gender and fourth-grade
mathematics achievement. Specifically, the study addressed the following research questions:

1. Are there gender differences in mathematics achievement among fourth-grade

students?

2. Is exposure to bullying associated with mathematics achievement?

3. Does the association between bullying and mathematics achievement differ for boys

and girls?
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Research Methodology

Study Design

This study used a cross-sectional correlational design based on secondary analysis of
data from the TIMSS 2023 assessment, which was administered during the spring of 2023. The
data were collected by the IEA using standardized procedures across participating countries.
The analyses examined associations between gender, school bullying, and mathematics
achievement in a nationally representative sample of fourth-grade students.

Participants

The initial TIMSS sample comprised 3,391 fourth-grade students from Bosnia and
Herzegovina. This sample size was determined by the TIMSS sampling design and reflects
a nationally representative sample selected by the IEA using a two-stage stratified cluster
sampling procedure. At the initial stage, schools are selected within strata defined by regional
and institutional characteristics. Next, whole classes were chosen within those schools, and
all students from the selected classes took part in the assessment (Martin & Mullis, 2019).
Following the exclusion of cases with missing information on key variables, the final analytic
sample consisted of 3,324 students (1,654 girls and 1,670 boys; M =10.2 years, SD = 0.4 years).

Procedure

The assessment was administered digitally, following the group-adaptive testing
framework implemented in TIMSS 2023 (Yin & Foy, 2021). This approach adapts the selection
of'test items to students’ estimated proficiency levels, thereby enhancing measurement accuracy.
The mathematics assessment consisted of test booklets that combined blocks of items varying in
difficulty. Through the adaptive design, students with higher achievement levels were presented
with a larger proportion of more challenging items, whereas students with lower achievement
levels received a larger number of less difficult items. In addition to the mathematics test,
students completed a questionnaire that collected information on contextual factors, including
home learning resources, which were used as a proxy for SES, and experiences of school
bullying. These questionnaire measures were designed to capture key aspects of students’
learning environments that may be associated with mathematics achievement. All assessments
were conducted under standardised conditions in accordance with TIMSS procedures, with
trained administrators overseeing test administration. Data collection consisted of two separate
mathematics testing blocks, each lasting 36 minutes and separated by a brief interval, followed
by a student survey administered for about half an hour. Data collection took place during a
designated testing window to ensure consistency across participating schools while allowing
for necessary scheduling flexibility. This study is a secondary analysis of data collected as
part of the TIMSS 2023 international assessment, which was designed and administered by
the International Association for the Evaluation of Educational Achievement (IEA). Data
collection, informed consent procedures, and ethical approvals were obtained by the IEA in
accordance with its international research and ethical standards, and the authors of the present
study were not involved in data collection and had no direct contact with participants. The
TIMSS data are publicly available for research purposes through the IEA Data Repository and
can be accessed by registered users in accordance with the IEA data use agreement. As the
dataset is fully anonymised, no additional ethical approval or participant consent was required
for the present study.
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Instrument
Mathematics Achievement

This study analysed TIMSS 2023 data, combining students’ mathematics scores with
information from contextual questionnaires. The mathematics test was delivered in digital
format and included items from several curriculum areas, such as number, measurement and
geometry, as well as data and probability. A group-adaptive testing design was applied to ensure
that test items were matched to students’ proficiency levels. Student performance was scored and
scaled using the TIMSS international achievement scale (M = 500; SD = 100). Data preparation
followed International Association for the Evaluation of Educational Achievement (IEA)
guidelines to ensure data quality and comparability, allowing for valid analyses of mathematics
achievement within Bosnia and Herzegovina and in relation to international benchmarks.

School Bullying

School bullying was measured using the TIMSS Student Bullying scale, which is based
on students’ self-reports of exposure to eleven specific bullying behaviours. Students indicated
how frequently they experienced each behaviour (e.g., “Made fun of me or called me names,”
“Left me out of their games or activities,” “Hit or hurt me”), with response options ranging
from never to at least once a week. Responses were combined into an overall bullying score.
Based on established TIMSS cut scores, students were classified into three bullying categories
reflecting different levels of exposure. Students categorised as Never or Almost Never bullied
reported that they had never experienced at least six of the eleven bullying behaviours and
experienced the remaining behaviours only a few times per year on average. Students classified
as About Monthly bullied represented an intermediate group, reporting occasional exposure
to bullying behaviours. Students classified as About Weekly bullied reported more frequent
victimization, indicating that they experienced at least six of the bullying behaviours once or
twice per month on average, with the remaining behaviours occurring a few times per year. The
scale was coded such that higher values indicated lower exposure to bullying.

Statistical Analysis

Mathematics achievement was the dependent variable, while gender, school bullying, and
their interaction were included as predictors in the regression models. In the primary analyses,
school bullying was operationalised as a continuous student-reported bullying score and was
mean-centred prior to analysis to facilitate interpretation of main and interaction effects. In
addition, supplementary analyses were conducted using the categorical bullying classification
provided by TIMSS (low, moderate, and high exposure) to illustrate patterns of mathematics
achievement across distinct levels of bullying. These analyses were used for descriptive and
interpretative purposes and did not replace the primary continuous-variable models. In TIMSS,
achievement is represented by multiple plausible values rather than a single observed test score,
to reflect uncertainty in students’ proficiency estimates. Therefore, although the primary models
were estimated using the first plausible value, all regression models were re-estimated using the
remaining plausible values to examine whether the results were consistent across imputations.
The direction and magnitude of the parameter estimates were highly similar across plausible
values, indicating that the findings were robust to the choice of plausible value. Regression
models incorporated the TIMSS total student sampling weight to account for unequal
probabilities of selection and to ensure nationally representative estimates. Consequently, the
degrees of freedom reported for the regression models reflect the weighted population estimates
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rather than the unweighted analytic sample size. Moderation effects were evaluated based on
the statistical significance and direction of the gender x bullying interaction term. Statistical
significance was assessed using a conventional alpha level of .05. All analyses were performed
using IBM SPSS v.27 program for Windows (IBM, 2020).

Research Results

There was a negative association between school bullying (reverse-coded) and fourth-
grade mathematics achievement. On average, students exposed to higher levels of bullying
tended to achieve lower mathematics scores. Overall, gender differences in mathematics
achievement were relatively small, although statistically significant, with boys achieving
higher scores. Table 1 presents the results of the regression analysis examining gender and
school bullying as predictors of mathematics achievement. The overall regression model was
statistically significant, F' (3, 15410) = 357.0, p < .001, explaining approximately 6.5% of the
variance in fourth-grade mathematics achievement (R?> = .065). Although the proportion of
explained variance was modest, this magnitude is typical for large-scale educational studies
examining individual and contextual predictors of achievement. The standard error of the
estimate was 70.29 points, reflecting substantial variability in mathematics performance at this
grade level. Notably, interaction between gender and bullying showed the strongest standardised
effect in the model ( = .19), suggesting that boys and girls are affected differently by bullying
in relation to their mathematics performance.

Table 1
A Regression Analysis Predicting Mathematics Achievement

Predictors B SEB B t p

Gender 9.1 1.1 .06 8.0 <.001
Bullying 2.2 0.8 .07 27 .006
Gen x Bull 3.6 0.5 19 73 <.001

Note. Results are reported for the first plausible value of mathematics achievement (PV1). The same pattern of
effects, including the interaction of gender and bullying, was observed across all plausible values.

To better illustrate the significant gender x bullying interaction, estimated marginal
means of mathematics achievement were examined across levels of school bullying separately
for boys and girls. As shown in Figure 1, mathematics achievement declined for both boys and
girls as bullying increased, but the pattern of decline was not the same for the two groups.
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Figure 1
Estimated Marginal Means of Fourth-Grade Mathematics Achievement by Gender Across
Levels of School Bullying
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As can be seen from Figure 1, among girls, mean mathematics achievement decreased
from 460.5 points at low levels of bullying to 417.1 points at high levels of bullying, a difference
of approximately 43 points on the TIMSS scale. Among boys, the corresponding decline was
larger, with mean scores decreasing from 472.0 points under low bullying to 408.1 points under
high bullying, a difference of approximately 64 points. At low and moderate levels of bullying,
boys demonstrated higher mathematics achievement than girls. In contrast, under conditions of
high bullying, girls outperformed boys in mathematics achievement.

Discussion

The aim of the present study was to examine whether school bullying moderates gender
differences in fourth-grade mathematics achievement using data from TIMSS. Consistent
with prior research (Graham, 2025; Huang, 2022; Nakamoto & Schwartz, 2010), these results
indicated that school bullying was negatively associated with mathematics achievement for
both boys and girls. Also, small gender differences in mathematics achievement were observed,
with boys achieving slightly higher scores on average, aligning with findings from earlier
studies (Grgi¢ & Memisevic, 2025; Penner & Paret, 2008).

In addition, a significant interaction was observed between gender and school bullying
in relation to mathematics achievement. The results demonstrate that gender differences in
mathematics achievement vary depending on students’ exposure to bullying. Boys outperformed
girls in mathematics achievement when bullying levels were low or moderate. In contrast,
girls achieved higher mathematics scores when bullying was high. It is important to note that
mathematics achievement decreased as bullying increased for both boys and girls, suggesting
that bullying is harmful for all students, even though its impact differs by gender. This study
suggests that bullying may be more strongly associated with lower mathematics performance
among boys than among girls.
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One possible explanation relates to gender differences in emotional regulation and
coping strategies. Previous research shows that girls tend to use emotion regulation strategies
more often than boys, which may help protect their academic performance when facing
negative social experiences (Sanchis-Sanchis et al., 2020). Another factor that may contribute
to better adjustment among girls is their greater tendency to seek social support when facing
adverse experiences (Zimmermann & Iwanski, 2014). Additionally, girls often report higher
empathy, better communication, and more social support, which may help them stay engaged
in school when the environment is challenging (Sun & Stewart, 2007). Generally, a disruptive
school climate negatively affects academic achievement (Blank & Shavit, 2016). Ongoing peer
bullying can disturb classroom activities, lower students’ engagement, and make it harder for
students to focus on academic tasks. In addition to its impact on learning outcomes, bullying has
been linked to negative long-term health consequences, including dysregulation of cortisol and
increased inflammation, which may elevate the risk of illness and disease later in life (Schacter,
2021). Bullying involvement has also been associated with mental health problems and sleep
problems (Hysing et al., 2021). These findings underline the importance of addressing school
bullying in educational contexts, given its relevance for both academic outcomes and students’
long-term health.

From a school-based perspective, the present findings point to the importance of bullying
prevention efforts that address the broader social climate of classrooms, particularly in the
early years of schooling. It is encouraging that bullying prevention programmes are effective
in decreasing bullying and victimization. A systematic review has shown that approximately
half of the studies examining bullying perpetration (11 out of 22) and about two-thirds of
the studies focusing on bullying victimization (18 out of 27) reported statistically significant
programme effects (Evans et al., 2014). However, the magnitude and sustainability of these
effects vary considerably across programmes, suggesting that effectiveness is shaped by
multiple interacting factors operating at the individual, classroom, school, and family levels.
Teachers are considered key figures in the effectiveness of antibullying programmes, and their
intervention is crucial in stopping bullying behaviour when it occurs. Teachers’ attitudes, self-
efficacy, and knowledge are determinants of the programme effectiveness (van Verseveld et al.,
2019). Bullying prevention programmes are more effective when they move beyond student-
focused activities and adopt a broader, school-wide approach. Programmes that actively involve
parents through meetings, training, and communication with teachers are more likely to reduce
bullying (Kolbert et al., 2014).

Overall, the findings suggest that bullying is linked to both lower mathematics
achievement and gender differences in performance. The interaction of gender and bullying
indicates that negative school environments may affect boys’ learning more strongly than
girls’, although achievement declines for both genders as bullying increases. These results
support the view that bullying should be considered not only as an interpersonal issue, but
also as a classroom- and school-level factor relevant for educational equity. These findings
suggest that efforts to improve mathematics achievement, particularly in the early grades,
should consider school climate and peer relations alongside instructional quality. Interventions
aimed at reducing bullying may yield not only academic benefits, but also the benefits to the
overall students’ well-being. Given the differential sensitivity observed between boys and girls,
prevention strategies may benefit from being responsive to gender-related differences in coping
and adjustment, without reinforcing stereotypical assumptions.

Several limitations should be acknowledged when interpreting these results. First, the
cross-sectional design of the TIMSS data prevents causal conclusions regarding the direction of
the associations between bullying and mathematics achievement. Second, bullying was assessed
using student self-reports, which may be affected by reporting biases, social desirability, and
individual differences in how bullying behaviours are perceived and interpreted (Koca Guler &
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Gokalp Yavuz, 2025). Additionally, this study relied on a broad, composite measure of bullying,
which does not allow differentiation between specific forms of bullying (e.g., physical, verbal,
relational). Different types of bullying may have distinct associations with academic outcomes,
which could not be examined within the current analytic framework. Another limitation is
that boys and girls may differ in how they report bullying, with some forms being captured
better than others by self-report measures (Sawyer et al., 2008). Next, the present analyses did
not explicitly model the full hierarchical structure of the TIMSS data (students nested within
classes and schools). Although the use of sampling weights supports population-representative
estimates, future studies should apply multilevel modelling to examine whether the interaction
of gender and bullying varies across schools or educational contexts. Finally, the use of data
from a single country, Bosnia and Herzegovina, limits the extent to which the findings can be
generalised to other educational systems, highlighting the need for replication in other national
contexts. Future research would benefit from longitudinal designs that allow examination of
developmental trajectories and causal relations between bullying and academic achievement
over time, as well as from multi-informant approaches incorporating reports from teachers,
parents, and peers. In addition, examining classroom- and school-level protective factors, such
as teacher support and peer norms, could help clarify why some students remain academically
successful despite adverse social experiences.

Conclusions and Implications

This study demonstrates that school bullying is associated with lower mathematics
achievement and, importantly, that this association differs between boys and girls. Previous
studies have linked bullying to academic outcomes. The present findings add to this literature
by showing that this association differs between boys and girls in fourth grade. These results
highlight that peer relations and school climate play an important role in shaping early academic
trajectories in a gender-sensitive manner. Therefore, in addition to effective educational practices,
improving mathematics achievement in the early grades should include both anti-bullying
measures and social-emotional support. At the same time, the findings should be interpreted
with caution due to the cross-sectional design and reliance on self-report measures. Future
studies using longitudinal data are needed to examine the directionality of the associations
between bullying and academic achievement and to assess whether gender differences in these
associations persist over time. Additionally, incorporating reports from teachers, parents, and
peers, as well as school-level indicators of prevention and support programmes, would provide
a more comprehensive understanding of how schools can reduce the academic risks associated
with bullying.
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