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Mathematics Achievement Notably, students from more educated households consistently outperformed
TIMSS their peers from less-educated backgrounds on TIMSS, and the association

between TIMSS scores and school achievement measures was significantly
stronger for students from advantaged home environments.

Main Findings: These findings suggest that socioeconomic factors and school
contexts critically shape TIMSS performance, highlighting disparities in
educational outcomes. Furthermore, the results call for a re-evaluation of how
TIMSS data is interpreted and utilized in national education policies, especially
in addressing inequities. By illuminating the complex interplay between
individual backgrounds, school contexts, and standardized assessments, this
study contributes to a deeper understanding of TIMSS as both a tool for
measuring student achievement and a reflection of systemic challenges.

Novelty/Originality of this study: These insights have profound implications
for policymakers, educators, and researchers seeking to leverage TIMSS data for
meaningful educational improvements while ensuring equity across diverse
student populations.
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1. INTRODUCTION

The 2013 Trends in Mathematics and Science Study (TIMSS) assessment revealed a decline in
mathematics achievement in Tunisia, raising concerns about the state of mathematics education [1]. However, this
negative trend shifted with the 2015 TIMSS results, which indicated an improvement in Tunisia students'
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mathematics performance [2]. This reversal has sparked debates about the alignment between TIMSS assessments,
Tunisia national tests in mathematics, and school mathematics grades. TIMSS provides a relevant framework for
measuring mathematics skills in Tunisia, it does not fully capture all elements of the national mathematics
curriculum [3]-[5]. Moreover, the relationship between TIMSS results, national test scores, and school grades
remains unclear, highlighting the need for deeper investigation.

Understanding the relationship between international assessments like TIMSS and national education
measures is crucial for policy-making. If these assessments align closely, TIMSS results could serve as a reliable
foundation for educational reforms. Conversely, discrepancies between international and national assessments
might prompt policymakers to reconsider national curricula or introduce new education policies. For instance,
international assessments have influenced education policies globally, finding that such assessments often drive
substantial reforms [6]-[8]. Examples include the influence of TIMSS and PISA on the U.S. No Child Left Behind
Act and the restructuring of Israel’s middle school mathematics curriculum following TIMSS 1999 [9] Similarly,
Japan’s declining results in international assessments motivated a shift from a relaxed curriculum to one
emphasizing academic rigor [10]. These cases underline the importance of assessing the extent to which TIMSS
reflects national education systems. Research has shown that results from international and national assessments
do not always align. Such divergences suggest a need to examine the relationship between TIMSS and national
assessments within individual countries to understand their implications for education policy.

Role of Socioeconomic and Student Background Variables A critical factor influencing assessment
outcomes is students’ socioeconomic background. Studies consistently demonstrate that students from higher
socioeconomic backgrounds perform better academically across nations and subjects [11]-[14]. This association
extends to TIMSS mathematics achievement, where home educational resources, parental education, and school
socioeconomic context have shown significant effects [15]-[17]. For Tunisia, both individual and school-level
socioeconomic variables have been linked to TIMSS outcomes. However, the interaction between socioeconomic
factors, TIMSS results, and national assessments warrants further exploration to determine how these variables
jointly influence student achievement.

Research Gap While extensive research has examined the contextual and socioeconomic factors
influencing TIMSS results, key gaps remain. Most TIMSS studies rely solely on data from the TIMSS international
database, often overlooking national measures like school grades and national test results [18-[20]. Few studies
have attempted to link TIMSS results directly with national assessments or explored how socioeconomic factors
mediate this relationship. Additionally, while some analyses have modeled TIMSS achievement using multilevel
approaches, these have yielded inconsistent conclusions across countries, underscoring the importance of country-
specific research [21], [22]. In Tunisia, studies linking TIMSS with national achievement measures are limited.
Preliminary analyses by the Tunisia National Agency for Education (2017) focused on grade 9 mathematics and
science but lacked a comprehensive examination of grade 6 outcomes or other relevant student background
variables. Moreover, international research linking TIMSS with large-scale assessments has primarily focused on
aggregate patterns rather than individual-level connections between achievement measures.

Obijectives and Contributions of the Study This study addresses these gaps by examining the relationship
between TIMSS mathematics achievement and Tunisia national school achievement measures, including grades
and national test results, with a specific focus on grade 6. Additionally, we investigate how student background
variables, such as socioeconomic status, gender, and immigrant background, influence TIMSS performance and
its alignment with national assessments. By incorporating multilevel analyses that account for both student-level
and school-context variables, this study provides a nuanced understanding of the factors shaping mathematics
achievement in Tunisia.

2. RESEARCH METHOD

This study analyzed mathematics achievement data from the TIMSS 2015 eighth-grade cohort in Tunisia.
The TIMSS sampling procedure employed a two-stage random selection method, ensuring that the participating
students were representative of the entire eighth-grade population in Tunisia. Data were collected from 4,090
students across 150 schools. The sample included 52% boys, 20% students with non-native backgrounds (either
foreign-born or with foreign-born parents), 46% whose mothers had education beyond high school, and 37% from
households with over 100 books. The response rate was high, with only 5% of students not participating due to
absence during testing. Although students were informed that the test was significant, the low-stakes nature of
TIMSS (results not used for grading) might have influenced their effort levels. Unique to this study, Tunisia social
security numbers were collected, enabling linkage of TIMSS data to national registers containing information on
school grades, national test results, immigrant status, and parental education.

Tunisia national tests in mathematics are administered in grades 3, 6, and 9, assessing core curriculum
competencies. Designed to ensure fair and consistent grading across schools, these tests comprise multiple
subtests, including an oral component and several written tests. The oral tests are conducted in small groups, while
the written subtests require individual responses in multiple-choice, short-answer, or solution formats. Each subtest
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is time-bound, ranging from 40 to 100 minutes depending on the grade level. In this study, national test results in
mathematics from grades 6 and 9 were used. These tests serve as high-stakes evaluations, influencing grades and
public discourse about academic achievement. Although national tests measure select aspects of the curriculum on
specific test days, they are complemented by teachers' continuous assessments for grading.

Grading System, Tunisia employs a criterion-referenced grading system with a six-step scale from A to
F (A = highest, F = fail). Numeric values are assigned to these letter grades (A = 20 to F = 0), allowing for the
computation of a cumulative "merit value" based on 16 subject grades. The maximum merit value of 320
corresponds to a student achieving straight A grades. This cumulative measure serves as an indicator of overall
academic performance. TIMSS 2015, TIMSS (Trends in International Mathematics and Science Study) is a large-
scale assessment conducted every four years to evaluate student achievement and contextual factors in grades 4
and 8. TIMSS 2015 data included five plausible values for mathematics achievement, which are recommended for
use in statistical analyses to account for measurement uncertainty. Achievement levels were categorized into four
benchmarks: elementary (400474 points), average (475-549 points), high (550-624 points), and advanced (625+
points).

To explore the consistency of academic measures, TIMSS mathematics achievement results were
compared to national test scores and grades in mathematics from grades 6 and 9, as well as the cumulative merit
value from grade 9. While the TIMSS assessment occurred in grade 8, school achievement data from grades 6 and
9 provided insights into trends over time. Although grade 9 measures may reflect students’ maturation and learning
between grades 8 and 9, their inclusion was justified due to methodological similarities between TIMSS and
national tests, including their role in public discussions and policy evaluations.

Descriptive analyses included averages, standard errors, and correlations between TIMSS 2015
mathematics achievement and school performance measures. Student weights were applied to ensure
representative results, and all five plausible values for mathematics achievement were incorporated. Linear
regression models were employed to examine the association between TIMSS mathematics achievement and
students’ home background variables. Socioeconomic status (SES) was represented by mothers’ educational levels
due to data completeness. Variables such as gender, migration status, and home book quantity were also included,
consistent with prior studies. These variables were coded as follows: Gender: 0 = female, 1 = male; Migration: 0
= native-born student with native-born parents, 1 = non-native background; Mother’s education: 0 = no post-high
school education, 1 = at least one year of post-high school education; Books at home: 0 = fewer than 100 books,
1 =100+ books. Listwise deletion was applied for missing data, which ranged from 0.3% (gender) to 7% (grade 6
national test results). Although imputation could be advantageous, the low proportion of missing cases justified
the chosen approach.

To account for TIMSS's two-stage sampling design, multilevel modelling was employed. These analyses
enabled simultaneous exploration of student-level and school-level factors influencing mathematics achievement.
Variables were entered hierarchically to assess their contribution to explaining variance in outcomes. Linear
regression and multilevel analyses were also used to assess the relationship between TIMSS mathematics
achievement and school measures. Given the significant gender differences observed in prior studies, gender was
included as a variable, though its impact on mathematics achievement was expected to be minimal. Migration
status was considered due to its documented influence on mathematics outcomes.

3. RESULTS AND DISCUSSION

The results in Table 1-3 are related to the first research question. In Table 1, the average scores and
standard errors on TIMSS 2015 in mathematics for students receiving different grade levels in grade 6 and grade
9 are displayed. From Table 1 it is evident that regardless of year, the higher the grades the students had, the higher
the student’s average TIMSS achievement. Although this was true in both grade 6 and grade 9, the TIMSS results
were in general higher for the different grade groups in grade 9. This is not surprising because there are more
criteria that need to be met by the end of grade 9 in comparison to grade 6. Thus, this means that a smaller
proportion of students might not have managed to get the highest mathematics grade in grade 9 (10%) in
comparison to grade 6 (16%) because there are fewer goals to achieve in grade 6. This was similar for the students
scoring highest on the national test for grade 9 (6%) compared to grade 6 (20%). Next, we examined the
proportions of students who received each grade in grade 6 and grade 9 distributed on the TIMSS achievement
levels (Table 2). By merging the two last TIMSS categories of 550-624 points and 625 or more points, we could
conduct chi- square tests that showed that grades and TIMSS achievement levels cannot be seen as independent
either in grade 6 (X2(15) = 442, p < 0.001) or in grade 9 (X2(15) = 594, p < 0.001). Noticeable is the consistency
of the overall results regardless of whether we
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Table 1. The proportions of students (%) in grades 6 and 9 receiving grades on the national mathematics
assessments and the TIMSS mathematics assessment.

Mathematics Grade National test in Mathematics
Grade % Grade 6 % Grade 9 % Grade 6 % Grade 9
16 580 (2.8) 10 596 (3.2) 20 575 (2.9) 6 607 (3.8)

18 543 (3.4) 13 562 (3.2) 16 535 (2.9) 10 578 (3.1)
20 508 (2.8) 20 526 (2.4) 16 507 (3.3) 20 542 (2.6)
20 476 (3.0) 20 492 (2.4) 21 473 (3.3) 22 498 (2.5)
17 442 (3.0) 29 449 (3.0) 15 443 (3.0) 28 458 (2.4)
5 404 (6.0) 4 388 (6.3) 5 413 (5.4) 7 405 (6.0)

TMOOm@>

Table 2. Proportions of students within each of the grades in grade 6 and grade 9 depending on TIMSS
achievement levels.

TIMSS % Grade 6 % Grade 9 % Grade 6

Grade 6 (625< 16 3 0 0 0 0
(551, 624) 20 44 21 5 1 0
(476,550) 22 45 54 49 25 82
401,475) 1 8 22 38 54 45
<400 0 1 3 7 19 46
Grade 9 (625< 24 5 1 0 0 0
(551, 624) 63 59 32 9 2 0
(476,550) 12 34 56 58 30 3
401,475) 0 2 11 29 52 38
<400 0 0 1 0 16 59

Table 3. Correlations between TIMSS mathematics achievement and the different school measures of
mathematics achievement.

Variables TIMSS G6 NT6 G9 NT9
G6 .67
NT6 .66 .89
G9 73 .69 .70
NT9 72 .66 .65 .86
Mvalue G9 .65 .61 .59 .80 73

G6 = Mathematics grade 6, G9 = Mathematics grade 9, NT = National test in Mathematics, and Mvalue G9 = Merit value in grade 9.

Use data from grade 6 or grade 9. It is also interesting to note that no student with a grade of A got fewer
than 400 points on the TIMSS achievement scale. Likewise, no student with a grade lower than C reached the
TIMSS advanced level.

The overall correlations, which were used to examine the relationships between grades, national tests,
and TIMSS achievement can be seen in Table 3 in general and in Table 4 for different subgroups of students. The
correlations between grades and national tests for both grade 6 (0.89) and grade 9 (0.86) were strong and positive.
This indicates that the national test helps the teachers in their grading exactly as it is supposed to do. Recall that
the aim of the national tests is to support an equal and fair grading process and to give information about how the
knowledge demands are fulfilled on a school level and on a national level. From Table 3 it is evident that the
highest correlation with TIMSS was for mathematics grade 9 (.73), followed by national test grade 9 (.72). This is
not surprising if we believe that these achievement measure- ments measure similar things and because these were
collected only one year after (grades and national tests in grade 9) or two years before (grades and national tests
in grade 6) the TIMSS assessment was conducted. The correlations are quite high and in line with our expectations,
although we thought they would be closer to the correlation between grades and national test results. It is interesting
to note that the correlation between merit value and TIMSS was quite high, even though the merit value is a
combined measure of 16 subject grades in grade 9. The merit value indicates what is usually seen in school studies
— that students who perform well in one subject area also tend to perform well in other subject areas.
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Table 4. Correlations between TIMSS mathematics achievement and the different mathematics achievement
measures according to the students’ background variables.
Variables  Girls Boys Tns Imm Lmed Hmed Lbook Hbook

G6 .69 .69 .67 .66 .63* 67* .64* .68*
NT6 .68 .67 .67 .67 .63 .63 .64 .67
G9 74 74 74 71 67* 74* .68* 74*
NT9 .66 .66 73 71 67* 74* .69* 73*
Mvalue G9 .68 .68 67* 61* .60* .64* .60 .63

* p-value < 0.05.

G6 = Mathematics grade 6, G9 = Mathematics grade 9, NT6 = National test grade 6, NT9 = National test grade 9. Mvalue = Merit value. Tns
= parents or student born in Tunisia, Imm = Nonnative students or nonnative parents. Lmed = Student’s mother has at most high school
education, Hmed = Student’s mother has higher education than high school education, Lbook = Student’s home has 100 or fewer books, Hbook
= Student’s home has more than 100 books.

The results in Tables 4 and 5 were used to answer the second research question. When examining the sub
correlations of the measures in Table 3, no significant differences in the relationships were found between girls
and boys, as seen in Table 4. If the student was nonnative or had nonnative parents only gave a significant correla-
tion difference in the merit value. This is not surprising because the merit value contains all subject areas and thus
it is possible that language issues will have a stronger effect on that measure. The relationship was significantly
different for most achievement measures if the mother had a high educational level or if the student lived in a home
with more than 100 books. The exceptions were for national test score in grade 6 and students from homes with
high number of books and the merit value. The latter result is probably due to the diversity among school subjects,
which the merit value captures.

Correlation can only give us a measure of the linear relationship between two variables. To answer the
second and third research questions, and to be able to examine the impact of several variables on both student and
school levels, we used linear regressions and multilevel analyses. In the left part of Table 5 linear regressions and

Table 5. Regression and multilevel analyses with TIMSS mathematics achievement as the dependent variable
and student background variables and different types of grades as the independent variables.
Variables G6 G6 G6 NT6 NT6 NT6

Iitt‘;ff:;t 501.27 (2.09) 502.26 (1.88) 502.80 (1.74) 503.77 (1.94) 504.67 (1.74) 504.46 (1.59)
Achieve* 9.75(0.30) 9.06(0.29) 9.04(0.29) 9.24(0.31) 851(0.30) 8.47 (0.30)
Sex 10.78 (1.96) 10.87 (1.97) 1036 (2.16) 10.45 (2.16)
Imm 633 (2.82) -5.58(2.73) “8.19 (3.05) —5.78 (2.96)
Book 16.96 (1.81) 15.88 (1.84) 16.46 (1.92) 1552 (1.94)
Med 10.35 (1.86) 9.96 (1.88) 1138 (2.00) 10.94 (2.05)
School
2172 (9.35)
Imm_A
Book_A 57.93 (10.44) 36,57 (9.59)
R 045 0.48 0.48 0.43 0.46 0.46

G6 = Mathematics grade 6. NT6 = National test in mathematics in grade 6. *Achieve = Achievement measure used varies and the achievement
measure used is given as the name of each column. Sex =1 if boy, 0 if girl. Imm = 1 if student or student’s parents not born in Tunisia. Med =
1 if student’s mother has higher education than high school education, 0 otherwise. book = 1 if student’s home has more than 100 books,
Imm_A = aggregated Imm, Book_A = aggregated book. R2 = Explained variance.

Multilevel analyses are displayed for the subject grade 6 achievement measures and likewise in the right
part of Table 5 these are given for the grade 6 national test achievement measure. Note that we examined all
possible average student background variables on the school level, but only the significant school-level variables
are shown in Table 5. The analyses indicated that on average being a nonnative student meant that TIMSS
mathematics achievement was on average lower and being a boy meant on average a higher TIMSS mathematics
achievement. A home with many books and a mother with a higher education were associated with higher TIMSS
achievement in general. In addition, regardless of which achievement measure was used, being in a school with
students with many books at home gave on average higher TIMSS achievement. In contrast, the aggregated
immigration variable was only significant for national tests data. Students who received a higher grade in the
national achievement measures had on average higher TIMSS mathematics achievement.

The multilevel analyses were similar to the linear regressions with student home background in terms of
proportion of explained variance, which ranged from 0.46 (national tests) to 0.48 (grade 6). The explained variance
with only the achievement measure and no other school background measure was a bit lower at 0.43 (national test)
and 0.45 (subject grades). The intraclass correlation coefficients (ICCs) in the multilevel analyses were 0.11
(national test) and 0.13 (grade 6). Thus, the school context seemed to only have a small impact on the students’
results.
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Summarising the findings from the perspective of the posed research questions, there seems to be a quite
high association between TIMSS mathematics achievement and national school achievement in Tunisia, although
the association is lower than between the two national achievement measures. Further, there appears to be a strong
association with TIMSS mathematics achievement and students’ home background variables when it comes to
immigration and socioeconomic status in terms of books at home and parental educational level, while there is no
strong association with gender. Finally, the school context in terms of the average student background seems to
only be able to explain a small amount of the variance.

This study aimed to examine the relationship between grades, national test scores, and TIMSS (Trends in
International Mathematics and Science Study) mathematics achievement, as well as to analyze how TIMSS
achievement relates to different student subgroups. The findings underscore a strong correlation between TIMSS
results and national test scores and grades in Tunisia, regardless of whether these relationships are analyzed before
TIMSS (grade 6) or after TIMSS (grade 9). Interestingly, when the merit value, which combines grades from 16
subjects, was used as a measure of achievement, the relationship was slightly weaker. This is expected given the
inherent variability introduced by the involvement of multiple teachers in grading across various subjects. These
findings align with prior studies such as Heppt, Tahir & Pant, which showed minimal gender differences, but
notable effects of students’ socio-economic backgrounds, including the mother’s educational level and the number
of books at home, on academic performance [23]-[25]. These results resonate with findings from previous studies
[26]-[30].

The use of multilevel analysis to address the hierarchical structure of TIMSS data, incorporating unequal
probability sampling, added robustness to this study. This approach provided nuanced insights into both student-
and school-level influences on achievement. Although certain aggregated variables, such as the number of books
at home, were significant when using grade 6 and national test scores, the aggregated migration variable only
showed significance in national test analyses. Comparisons with linear regression analyses revealed that school-
level variables accounted for only a small variance in achievement [31]-[33].

School quality exerts a larger influence on achievement in low-income countries compared to high-
income countries like Tunisia. Conversely, family background factors, such as socioeconomic status, exert
stronger effects in high-income contexts [34], [35]. These findings are consistent with other large-scale
assessments, such as SAT studies, which demonstrate correlations between standardized test performance, high
school grades, and socioeconomic factors. SAT performance among nonnative students, TIMSS results showed
lower achievement for nonnative students, highlighting a persistent challenge in addressing disparities. A unique
contribution of this study is its integration of TIMSS mathematics achievement with individual students' grades
and national test scores in Tunisia. Including grade 6 measures and background information strengthens the
explanatory power regarding Tunisia students' TIMSS mathematics performance. The strong correlations observed
suggest that TIMSS can be effectively used as a trend indicator for student performance over time, providing
strategic value for policymakers and educators. Although the study was conducted in a Tunisia context, its
implications are likely relevant for other countries participating in TIMSS. Similar analyses in different national
contexts could further validate these findings and provide comparative insights.

The study’s findings emphasize the potential of TIMSS as a diagnostic and strategic tool for monitoring
educational progress over time. Policymakers in Tunisia and other participating countries can leverage TIMSS
data to align national assessments with international benchmarks, aiding in the formulation of evidence-based
educational strategies. Moreover, the results highlight the importance of addressing socioeconomic disparities and
supporting nonnative students to enhance equity and performance in education systems. Despite its contributions,
the study has several limitations. First, it is confined to the Tunisia context, which may limit the generalizability
of the findings to countries with differing educational systems and socio-economic profiles. Second, the study
relied on aggregated variables, which may obscure individual-level nuances. Third, the merit value's variability,
influenced by subjective grading practices, may introduce bias in the analyses. Finally, the cross-sectional nature
of TIMSS data restricts causal interpretations, emphasizing the need for longitudinal designs to better understand
the dynamics of achievement over time.

Future research should extend this analysis to other countries to examine the consistency and variability
of the findings across diverse educational contexts. Additionally, longitudinal studies incorporating more granular
measures of socioeconomic factors and school quality could provide deeper insights into causal relationships.
Educational interventions targeting nonnative students and those from socioeconomically disadvantaged
backgrounds should be prioritized to bridge achievement gaps. Policymakers should also consider refining national
assessments to enhance alignment with TIMSS, ensuring their utility as tools for international comparison and
policy evaluation.

4. CONCLUSION
This study highlights the robust relationship between TIMSS mathematics achievement, national test
scores, and school grades in Tunisia, offering critical insights into the alignment between international assessments
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and national educational metrics. The findings underscore the significant influence of socioeconomic factors,
including parental education and the availability of educational resources at home, on academic performance,
while confirming minimal gender disparities in achievement. By integrating TIMSS data with individual grades
and national test scores, this research demonstrates the potential of TIMSS as a strategic tool for monitoring student
performance over time and shaping educational policy. The analysis further reveals that, in Tunisia, student-level
factors such as family background play a more substantial role in academic success compared to school-level
variables, corroborating the Heyneman-Loxley effect observed in high-income countries. These findings also
underscore the persistent challenges faced by nonnative students, drawing attention to the urgent need for targeted
interventions aimed at reducing achievement gaps and promoting equity in education.

The implications of this study extend beyond Tunisia, providing valuable guidance for countries
participating in TIMSS and similar international assessments. Policymakers can utilize these findings to strengthen
the alignment of their national assessments with international benchmarks, enabling more effective tracking of
educational trends and disparities. Additionally, the strong association between TIMSS results and national metrics
suggests that countries can strategically use TIMSS data to refine their educational policies and interventions.
Efforts to address disparities highlighted in this study should prioritize improving access to educational resources
for socioeconomically disadvantaged students and offering tailored support for nonnative students. Investments in
inclusive policies and practices could significantly enhance equity and performance within diverse educational
systems.

To maximize the utility of TIMSS and deepen our understanding of the determinants of academic success,
future research should extend this analysis to other national contexts, exploring variations in the relationships
between achievement metrics across diverse educational systems. Longitudinal studies incorporating more
granular data on socioeconomic factors and school quality are necessary to unravel the causal mechanisms behind
these findings. Moreover, exploring the effectiveness of targeted interventions for disadvantaged subgroups will
provide actionable insights for creating equitable and high-performing education systems globally.
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