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(TIMSS) 2019. The study involves 5,628 fourth-grade students whose average age was 10.1 years. The research
specifically focuses on factors such as the age of students at the beginning of schooling, attendance at preschool
institutions, and their mathematical skills before starting school. Through the application of SPSS analysis,
insights into the statistical relationships and trends between these factors are provided, emphasizing the
importance of early educational experiences to improve the quality of education in Bosnia & Herzegovina. The
analysis results show that the length of stay in preschool institutions, attendance in preschool programs, and the
early acquisition of mathematical skills (counting skills, recognition of numeral representations, numeral writing,
simple addition, and subtraction) impact later mathematical achievements of students.
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INTRODUCTION

Competencies in mathematics and science are crucial for economic and individual success, as they predict a country’s
competitiveness in socially and economically prestigious occupations. Therefore, it is important to examine the factors
influencing the development of these competencies from preschool age onwards. Examining mathematical knowledge, skills, and
achievements is a complex process as it requires reliable and valid measurement tools. In this regard, well-designed assessment
tools approved by leading international education research organizations play a crucial role. The trends in international
mathematics and science study (TIMSS) are an international assessment program for students’ mathematics and science
knowledge. It monitors trends in student achievements and teaching in fourth and eighth grade primary schools. TIMSS 2019 study
is the seventh cycle of the international student assessment, organized by the International Association for the Evaluation of
Educational Achievement (IEA). IEA and Organization for Economic Co-operation and Development (OECD) conduct research in
participating countries. The survey also includes questionnaires for students, parents, teachers, and school principals, aiming to
improve student achievement.

The performance of students in mathematics in Bosnia & Herzegovina is poor and concerning. The Agency for Pre-Primary,
Primary, and Secondary Education in Bosnia & Herzegovina (APOSO) is involved in international studies in education. Bosnia &
Herzegovina first participated in TIMSS study in 2007, conducted by APOSO during which it did not achieve high results. In the
2007 study, 4,300 students from 150 final-grade schools participated. According to the results, Bosnia & Herzegovina ranked 27t
out of a total of 50 countries, with the average score lower than the international average.

APOSO (2015, 2020) continues to participate in international studies, such as TIMSS 2019 study, to improve education in the
country. TIMSS 2019 survey for the fourth grade included 56 nations and 6 benchmarking participants, including Bosnia &
Herzegovina. All Western Balkan countries have taken part. The results have shown that the country falls short of OECD average
of 500 in mathematical achievements, with a score of 452 in TIMSS 2019 test, which falls between the intermediate international
level (475 points) and the basic level (400 points). Compared to other countries in the Western Balkans, Bosnia & Herzegovina
ranks at the lower end of the scale. Croatia achieved the best results in mathematics in the region with 509.50 points, which is
significantly above the average for Bosnia & Herzegovina. Serbia also achieved a high score of 507.88 points, while Montenegro
and North Macedonia scored 452.78 and 471.72 points, respectively, which is very close to the average score for Bosnia &
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Herzegovina. These highlights need for further education system improvement to achieve competitiveness and compliance with
international norms.

Numerous studies have confirmed that participation in quality early childhood education and care institutions positively
influences students’ achievements as well as various other areas of development (Lowe Vandell et al., 2010; Schweinhart et al.,
2005; Sylva et al., 2008). Mullis and Martin (2017) also highlight a positive correlation between students’ achievements and the
duration of attendance in early childhood education and care programs, which is supported by a series of previous TIMSS cycles.
Students’ achievements in mathematics at the international level are higher the longer they have attended early childhood
education and care (Mullis et al., 2020). Additionally, students’ achievements in mathematics at the international level are higher
when students more frequently engage in early literacy and mathematical literacy activities with their parents (Mullis et al., 2020).

One of the important recommendations of APOSO after analyzing TIMSS 2019 is the need to increase the coverage of preschool
care and education at early ages, with a particular focus on the age of three years. In this regard, the aim of this study is to
investigate how different early education factors affect mathematics attainment among students using findings from TIMSS 2019.
This research includes factors such as age at school start, attendance at preschool establishments, and specific mathematical
skills and demonstrate their impact on students’ mathematics achievements. The goal is to find any links between these factors
and mathematics results, and to determine which traits have the biggest effect on academic success.

It is critical to underline that test findings not only reflect the current state of affairs, but also provide suggestions for
improvement. Bosnia & Herzegovina can improve its education system and students’ mathematics skills by evaluating factors that
influence performance and following best practices from other nations. Newer cycles of large-scale assessment studies, such as
IEA studies, have demonstrated that early learning activities can help lay the groundwork for positive educational outcomes in the
future (Meinck et al., 2018). TIMSS 2011 study for European Union (EU) countries found that early mathematical competencies are
linked to later success in mathematics (Soto-Calvo & Sanchez-Barrioluengo, 2016).

THEORETICAL BACKGROUND

About Preschool Education in Bosnia & Herzegovina

Bosnia & Herzegovina’s educational system is inextricably linked to the state’s organizational framework, as described in its
constitutions. The education sector coordinates with 14 ministries of education distributed across various levels of governance,
including entity levels (Federation of Bosnia & Herzegovina/FB&H and Republic of Srpska/RS), Brcko District, cantons within FB&H,
and the Ministry of Civil Affairs at the state level.

In Bosnia & Herzegovina, compulsory primary education lasts nine years, with certain districts including mandatory preschool
education in the year preceding grade 1. Children often begin elementary school at the age of six.

Strategic directions for the development of preschool education (Ministry of Civil Affairs of Bosnia & Herzegovina, 2004) in
Bosnia & Herzegovina were agreed by the Bosnia & Herzegovina Council of Ministers in 2005, with the implementation deadline
set for the end of 2010. During its 16 session of the House of Representatives on October 11 and 30, 2007, and its 9t session of the
House of Peoples on October 29, 2007, the Parliamentary Assembly strengthened the educational framework by supporting the
Framework Law on Preschool Education in Bosnia & Herzegovina. This act, which includes Article 16%, specifies the mandatory
enrollment term for preschool education (Parliamentary Assembly of Bosnia & Herzegovina, 2007).

Platform for the development of preschool education (Ministry of Civil Affairs of Bosnia & Herzegovina, 2016) was crafted by a
working group comprising representatives from the Ministry of Civil Affairs of Bosnia & Herzegovina, entity and cantonal ministries
of education, the relevant department of the Government of the Br¢ko District, and APOSO. This strategic document on the
development of preschool education serves as a guide for the competent educational authorities, aligning their policies with the
objectives of EU and the United Nations in this domain. It not only reflects the aspiration for EU integration but, more importantly,
serves as a foundational basis for formulating local strategies, plans, and other measures aimed at fostering the development of
preschool education, ensuring optimal conditions for self-driven progress.

Given that Bosnia & Herzegovina achieve below-average results in international assessments, it is important to examine
whether attending preschool education has an impact on student achievement. For Bosnia & Herzegovina, it is crucial to observe
the influence of early childhood education on the achievements of students of the same age as in neighboring countries, which
have similar school education programs. An analysis of TIMSS 2019 by the National Center for External Evaluation of Education for
the Republic of Croatia shows that students who attended early childhood education programs achieve better results, with a trend
of increasing achievements the longer they attended such programs. It was found that the highest achievements in mathematics
(509) are attained by students who attended early childhood education for three or more years, followed by students who
attended for two years (495), and one year or less (483) (National Center for External Evaluation of Education, 2019). The lowest
achievements in mathematics (464) are recorded by students who did not attend any early childhood education programs at all.
In TIMSS 2019 analysis for Serbia (Institute for Educational Research, 2021), it was shown that the better students mastered tasks
related to language and numerical literacy before starting school, and the longer they attended preschool education, the higher
their mathematics achievement was.

*Article 16 (Mandatory Enrollment Time for Children in Preschool Education) (1) In the year prior to enrollment in elementary school, preschool
education is mandatory for all children of preschool age. (2) The conditions and methods of financing, programs, and the duration of preschool
education are regulated by the competent educational authorities through the relevant law.
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Table 1. Research hypothesis

Hypothesis Null hypothesis (Ho) Alternative hypothesis (Hi)
- Total variation in students’ achievement is not statistically Total variation in students’ achievement is statistically
Total variation L . . . S ; - .
significantly associated with analyzed variables. significantly associated with analyzed variables.
- . None of analyzed variables has a statistically significant At least one of analyzed variables has a statistically
Individual variables . . L . .
impact on student achievement. significant impact on student achievement.

Early Childhood Education & Mathematical Skills

The National Association for the Education of Young Children (NAEYC) deems the early childhood education stage crucial in
fostering the early development of mathematical competencies, particularly for students facing potential challenges (Cebolla
Boado, 2011, 2012; Garrido & Cebolla Boado, 2010; Hindman, 2013). Early childhood mathematics education refers to the
education of children aged three to six years (NAEYC, 2010), which is significant for children (Clements et al., 2013). The experiences
of a child at an early age are crucial as they can contribute to the development of a formal sense of number, counting, and
fundamental arithmetic operations (Sharma, 2001).

Pre-mathematical and mathematical experiences and knowledge begin to be acquired from a very early age. According to the
curriculum for early and preschool education (B&H, 2021), early age encompasses children from birth to the end of the third year
and by the age of six, it is preschool education. In this curriculum, defined areas with learning and development outcomes, along
with corresponding indicators, are included. These domains are designed to cultivate essential competencies for lifelong learning.
Early mathematical literacy constitutes a component of the “world around us” domain, focusing on logical-mathematical
knowledge associated with recognizing quantitative relationships in the immediate environment and fostering foundational
mathematical concepts. It encompasses mathematical areas such as simple manipulation of objects, logical operations on
concrete items, set operations, perception and proper naming of space and spatial orientation, observation and differentiation of
geometric shapes and object properties, and the formation of the concept of number and measurement activities.

Several sources have examined the correlation between attendance in early childhood education and subsequent
performance in later stages (Arteaga et al., 2014; Hindman, 2013; Lehrl et al., 2016; Sylva et al., 2013; Temple & Reynolds, 2015).
Some writers link struggles with mathematical competencies to the pre-acquisition of early numeracy skills (Jordan et al., 2010).
Early proficiency in mathematical skills is also regarded as a strong predictor of later performance in mathematics (Grissmer et al.,
2013; Jordan et al., 2010; Mazzocco & Thompson, 2005; Taskin & Tugrul, 2014). Additionally, previous research has shown that
early academic skills and socio-emotional behavior are linked to later academic achievement as they provide a foundation for
positive adaptation in the classroom (Cunha et al., 2006; Entwisle et al., 2005). La Paro and Pianta (2000) discovered moderate
correlations in cognitive and academic skills, with coefficients of .43 during the transition from preschool to kindergarten and .48
during the transition from kindergarten to first or second grade. An early educational intervention has been shown to lead to
lasting decreases in the utilization of special education services, grade retention, and an improvement in educational achievement
over the long term. (Campbell et al., 2002; Lazar et al., 1982; Reynolds & Temple, 1998). According to the developmental theory,
children’s informal, intuitive understanding of early language and mathematical concepts significantly contributes to the
acquisition of more advanced skills formally taught during elementary school (Adams et al., 1998; Baroody, 2003; Griffin et al.,
1995; Tunmer & Nesdale, 1985).

In previous TIMSS research cycles, a strong positive correlation has been found between early literacy and mathematical
literacy activities with parents or other household members before starting school and students’ mathematics achievement
(Mullis & Martin, 2017; Mullis et al., 2012a, 2012b, 20164, 2016b).

METHODOLOGY

Research Design

The following are the research objectives.

1. Identifying achievement discrepancies: Determine whether there are substantial variations in mathematical
achievement between students who began school earlier and those who began later.

2. Investigating the effects of preschool education: Determine if students who attended preschool institutions performed
better in mathematics than those who did not and discover particular benefits of preschool attendance for subsequent
mathematics achievement.

3. Identifying essential mathematical talents: Determine which of the listed mathematical skills is most associated with
mathematical achievement and whether these abilities can predict future mathematical outcomes of students.

4. Investigating how the combination of factors, such as students’ age at school entry, attendance at preschool institutions,
and specific mathematical abilities, influences mathematics achievement and identify potential interactions between
these factors that further impact mathematics achievement.

From these goals and research tasks, the hypotheses are derived and presented in Table 1.

In this paper, we have formulated several sub-hypotheses for the variables under analysis. These sub-hypotheses are crucial
for establishing clear frameworks that facilitate the analysis and interpretation of our research results, and they are presented in
Table 2.
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Table 2. Research sub-hypothesis

Variable Null hypothesis (Ho) Alternative hypothesis (Hi)
Skills/count by Ability to count by oneself does not have a statistically Ability to count by oneself has a statistically significant
him/herself significant impact on student achievement. impact on student achievement.
Skills/recognition Recognition of written numerals does not have a Recognition of written numerals has a statistically
written numeral statistically significant impact on student achievement. significant impact on student achievement.
Skills/write numbers Writing numbers does not have a s.tatistically significant ~ Writing numbers has a statist.ically significantimpact on
impact on student achievement. student achievement.
Skills/simple addition Knowledge .o.f simple addition does not h?ve a statistically Knowledge of simple addition has a.statistically significant
significant impact on student achievement. impact on student achievement.
Skills/simple Knowledge of simple subtraction does not have a Knowledge of simple subtraction has a statistically
subtraction statistically significant impact on student achievement. significant impact on student achievement.
Attended/early Attendance in early childhood education does not have a Attendance in early childhood education has a statistically
childhood education statistically significant impact on student achievement. significant impact on student achievement.
Attended/pre-primary Attendance in pre-primary education does not have a Attendance in pre-primary education has a statistically
education statistically significant impact on student achievement. significant impact on student achievement.
Age of child beginning Age of the child at beginning of school does not have a Age of the child at beginning of school has a statistically
school statistically significant impact on student achievement. significant impact on student achievement.

Table 3. Variables form ELS used to describe students’ education skills

Variable code Variable description

ASBHO4AA Did your child attend an early childhood educational program or center for children under age 3 before first grade? (yes & no)
ASBH04AB Did your child attend pre-primary educational program for children aged 3 or older, including kindergarten? (yes & no)
ASBHO4B Approximately, how long was your child in these programs altogether? (did not attend, less than 1 year, 1 year, 2 years, 3 years,

& 4 years or more)
How old was your child when he/she began the first grade of primary/elementary school? (5 years old or younger, 6 years old, 7

ASBH05 years old, & 8 years old or older)

ASBHO7A Count by himself/herself Not at all, up to 10, up to 20, & up to 100 &
ASBHO7B Could your child do following when Recognize written numbers ’ h’igher ’

ASBHO07C he/she began first grade of Write numbers

ASBHO7D primary/elementary school? Do simple addition Yes & no

ASBHO7E Do simple subtraction

Participants

In TIMSS 2019 cycle, 5,628 fourth-grade students from primary schools participated (2,876 boys, 51.00%, and 2,752 girls,
49.00%), with an average age ranging from 9.5 to 10.5 years, from 336 classrooms in 178 primary schools in Bosnia & Herzegovina.
The average age of the students was 10.1 years. Students with more severe developmental difficulties who could not
independently respond to questions were not included in the study. Each school received instructions for their educational
services to assess which students could not meet the testing requirements and, accordingly, inform parents. Parents of all
participating students signed statements confirming their awareness of TIMSS 2019 research and agreeing to the use of their
child’s data for the specified study. Data obtained through responses from school directors, teachers, parents, or legal guardians
of students participating in TIMSS are collected and stored in a pre-regulated manner. This information cannot be used to identify
individual respondents by name, and TIMSS data are secure and inaccessible to any external individuals or systems.

Instruments

TIMSS 2019 survey took place in Bosnia & Herzegovina from May 20 to June 13, 2019. Two types of instruments were used in
TIMSS 2019 research: questionnaires and 14 test booklets containing questions from mathematics and science. Each task
examines one of three cognitive domains: factual knowledge, application of knowledge, or reasoning (synthesis and evaluation).
The test booklets and all TIMSS materials for the research process were translated into all three official languages in Bosnia &
Herzegovina. Students completed the test booklets and questionnaires in the language of instruction and curriculum in their
respective environments. All international standards were adhered to, and all procedures were conducted within the specified
time intervals. In addition to the test booklets, TIMSS research also applies questionnaires for students, parents, teachers, and
school directors. For the purposes of this study, we utilized the early learning survey (ELS) questionnaire. ELS was filled out by the
parents of the children who took part. The survey sought information about the kid’s early learning experiences, as well as insights
into the activities shared between the child and the parent, as well as comments about various aspects of the child’s school. It was
made clear that there were no right or wrong answers, emphasizing the importance of the information gathered in understanding
the learning processes of young infants.

Variables of Investigation

The following variables from the questionnaire ELS were considered, presented in Table 3.

The variables listed in Table 3 are independent variables, and the dependent variable consists of students’ achievements in
mathematics, represented by plausible values from one to five.
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Table 4. Years of attendance of preschool institution

Number of years Percentage (number of cases) Mathematics achievement (mean)
Not attended 18.63 445.59
Less than one year 37.51 447.09
Oneyear 13.03 447.60
Two years 7.64 463.61
Three years 12.34 477.99
Four years or more 10.86 467.40

Table 5. Attendance of preschool education programs

Preschool program Attended Percentage (number of cases) Mathematics achievement (mean)
. . YES 21.24 459.11
Early childhood education NO 78.76 254.87
Pre-primary education YES 8128 455.60
primary NO 18.72 447.06

Table 6. Mathematical skills before starting school

Answer Counting by him/herself Recognized written numeral Write numbers
Percentage Mathematics achievement Percentage Mathematics achievement Percentage Mathematics achievement
Not at all 4.29 416.15 8.01 430.44 8.73 429.92
Up to 10 25.78 426.80 33.81 437.79 37.46 442.60
Up to 20 40.88 452.11 36.54 455.74 34.95 457.49
Up to 100+ 29.05 481.42 21.64 484.13 18.86 479.68

Table 7. Simple addition & subtraction before starting school

Operation Attended Percentage (number of cases) Mathematics achievement (mean)
. . YES 72.27 462.31

Simple addition NO 27.73 427.93
. . YES 63.84 464.00

Simple subtraction NO 36.16 234.87

RESULTS

We used SPSS 25 software and IDB Analyzer for data processing. In this research, special attention is dedicated to analyzing
responses related to the duration of children’s participation in preschool education before formal education in Bosnia &
Herzegovina. Through an examination of these dynamics, we also explore the prevalence of children attending preschool
institutions in this region. Our aim is to assess the impact of this practice on their academic achievements, particularly in the field
of mathematics. The results of this comprehensive analysis, including an exploration of the frequency of enrolment in preschool
institutions in Bosnia & Herzegovina, are clearly presented in Table 4, as well as the average mathematics achievements across
these categories.

Itis surprising to find that more than 50.00% of students in Bosnia & Herzegovina either did not attend preschool institutions
or did so for less than a year. What is not surprising is that these students achieved lower results in mathematics.

We investigated the impact of attending early childhood education programs and preschool programs on mathematical
achievements. The results presented in Table 5 indicate that students who attended preschool education programs achieve, on
average, higher results in mathematics compared to those who did not participate in such programs.

The continuation of the analysis will involve a deeper examination of the data to enhance our understanding of the dynamics
of the impact of preschool programs on various aspects of student achievements. A focus in this study is placed on analyzing
students’ mathematical abilities before they start first grade of school. This specifically pertains to their counting skills,
recognition of numeral representations, and numeral writing, as illustrated in Table 6.

From Table 6, it can be inferred that there is a positive correlation between the increase in children’s mathematical skills and
their mathematical performance. For instance, as children progress in their counting, recognizing written numerals, and writing
numbers from “not at all” to “up to 100+”, a gradual improvement in mathematics achievements is observed.

We also aimed to examine the extent to which the tested students possessed the skills to perform the simplest addition and
subtraction operations before starting school. Additionally, we investigated whether these abilities had an impact on their later
achievements. These results have been comprehensively presented in Table 7.

It can be concluded from Table 7 that children who could perform simple addition and simple subtraction before starting
school achieve, on average, better results in mathematics compared to children who did not possess these skills.

Table 8 illustrates the distribution of students across different age groups at the commencement of their schooling. Many
children (80.82%) start school at the age of six, with an associated mean mathematics achievement score of 453.04. A smaller
percentage begins school at ages five or younger (3.98%), seven years (14.95%), and a minimal percentage starts at eight years or
older (0.25%), with varying mean mathematics achievement scores for each group.



6/10 Biki¢ et al. / International Electronic Journal of Mathematics Education, 19(3), em0779

Table 8. Age of child beginning school

Age Percentage (number of cases) Mathematics achievement (mean)
Five years or younger 3.98 447.21
Six years 80.82 453.04
Seven years 14.95 451.09
Eight years or older 0.25 351.22

Table 9. Model summary

Model R R square Adjusted R square Standard error of estimate

1 .397° .158 .155 64.260

Note. ?Predictors: (Constant); GEN\SKILLS\SIMPLE SUBTRACTION; GEN\AGE OF CHILD BEGINNING SCHOOL; GEN\ATTEND\EARLY CHILDHOOD
EDUCATION; GEN\ATTEND\PRE PRIMARY EDUCATION; GEN\SKILLS\COUNT BY HIM/HERSELF; GEN\SKILLS\WRITE NUMBERS; GEN\SKILLS\SIMPLE
ADDITION; GEN\HOW LONG ATTENDED PROGRAMS; & GEN\SKILLS\RECOG WRITTEN NUMERAL

Table 10. Fisher’s test

Model Sum of squares df Mean square F Significance
Regression 2,356,516.19 9 261,835.13 63.410 0.000°
1 Residual 12,582,271.99 3,047 4,129.40
Total 14,938,788.18 3,056

Note. Dependent variable: Mathematics achievement & PPredictors: (Constant); GEN\SKILLS\SIMPLE SUBTRACTION; GEN\AGE OF CHILD
BEGINNING SCHOOL; GEN\ATTEND\EARLY CHILDHOOD EDUCATION; GEN\ATTEND\PRE PRIMARY EDUCATION; GEN\SKILLS\COUNT BY
HIM/HERSELF; GEN\SKILLS\WRITE NUMBERS; GEN\SKILLS\SIMPLE ADDITION; GEN\HOW LONG ATTENDED PROGRAMS; & GEN\SKILLS\RECOG
WRITTEN NUMERAL

To substantiate the first hypothesis, we used regression analysis to investigate the potential correlation between selected
independent variables and the dependent variable, with the goal of quantifying the role of these factors in explaining the
variability in students’ mathematics achievement. We used regression analysis to look at all independent variables listed in Table
3 to see how well our model predicts changes in the dependent variable.

The regression model identifies the factors that explain the collective significance of the observed variables on the achieved
outcomes. The results of the regression analysis show that the value of the regression factor is R=39.70%, and the R square shows
that the treated variables explain 15.80% of the impact on the total mathematics results from the first to the fifth plausible values.
From a global perspective, it is evident that an explanation of 15.80% of the impact is not negligible, serving as a robust indicator
that results could be improved through a proper approach to defining early education. Table 9 shows model summary.

To investigate the impact of the analyzed variables on student achievement, we conducted an ANOVA analysis, utilizing the
Fisher’s test (Table 10). The results of this analysis clearly indicate a statistically significant influence of the analyzed factors on
student mathematics achievement (p-value<0.05). F-value of 63.408 further confirms the statistical significance of the impact,
suggesting that the differences between groups are not due to chance but rather to systematically relevant factors associated with
student achievement.

In the continuation of the study, we aimed to identify which of the analyzed variables had a statistically significant impact on
student achievement, i.e., which could be considered predictors of academic success.

In Table 11 are results of multiple regression analysis designed to identify potential predictors or factors that may significantly
impact the dependentvariable, in this case, student mathematical achievement (dependent variable: mathematics achievement).
Each variable listed in the model represents a potential predictor, and the corresponding coefficients indicate the strength and
direction of their influence on student success in math. These variables are described in Table 3.

The results in Table 11 provide information about the beta coefficient, i.e., the standardized regression coefficient, whose
magnitude indicates the extent to which each of the predictor variables determines the criterion or dependent variable. For
variables ASBH04AA, ASBH04AB, ASBH04B, ASBHO7A, ASBH07B, ASBH07C, ASBHO7D, Sig.<0.05, indicating that they have a
statistically significant impact on the achieved results in mathematics. Variables ASBH05 and ASBHOTE have Sig.>0.05, indicating
that these predictor variables do not have a statistically significant impact on the achieved results. The practical significance of
regression analysis lies in identifying the key factors that account for 15.80% of the variability in the achieved results. The key
factors are “age of child beginning school” and “simple subtraction.” These two pivotal factors should be utilized in future early
education development strategies to enhance the quality of early education and to reach as many children as possible,
encouraging them to engage in logical thinking when solving basic mathematical problems.

DISCUSSION

Given the crucial role that preschool institutions (kindergartens) play in the development of a child’s pre-mathematical skills,
we explored whether the duration of a child’s attendance in preschool institutions influences their achievements in mathematics.
The results indicated that students who attended preschool for more than one year achieved better results than those who either
did not attend preschool at all or attended it for less than a year. Thus, a positive correlation has been confirmed between
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Table 11. Standardized regression coefficients

Unstandardized coefficients Standardized coefficients

Model B Standard error Beta T Significance
(Constant) 363.282 15.217 23.873 0.000
GEN\ATTEND\PRE PRIMARY EDUCATION 8.473 3.522 0.053 2.406 0.016
GEN\ATTEND\EARLY CHILDHOOD EDUCATION 16.612 4.025 0.095 4.127 0.000
GEN\HOW LONG ATTENDED PROGRAMS 9.338 1.124 0.237 8.307 0.000
1 GEN\AGE OF CHILD BEGINNING SCHOOL -2.111 2.770 -0.013 -0.762 0.446
GEN\SKILLS\COUNT BY HIM-/HERSELF 18.629 2.035 0.221 9.156 0.000
GEN\SKILLS\RECOG WRITTEN NUMERAL 9.216 2.516 0.118 3.663 0.000
GEN\SKILLS\WRITE NUMBERS -5.610 2.436 -0.072 -2.303 0.021
GEN\SKILLS\SIMPLE ADDITION -24.054 4.353 -0.156 -5.525 0.000
GEN\SKILLS\SIMPLE SUBTRACTION -0.710 4.079 -0.005 -0.174 0.862

Note. ?Dependent variable: Mathematics achievement

students’ achievements and the duration of attendance in early childhood education and care programs, as well as across a series
of previous TIMSS cycles (Mullis et al., 2012a, 2012b, 2016a, 2016b).

Regarding preschool education programs, we differentiate between early childhood education and pre-primary education.
Our results show that the difference in achievements among children from early childhood programs proved to be smaller
compared to programs involving older children, aged three and above. Children who attended these programs achieved better
results than those who did not.

As previous studies (Grissmer et al., 2013; Jordan et al., 2010; Mazzocco & Thompson, 2005; Taskin & Tugrul, 2014) have shown
that early acquisition of mathematical skills is considered a strong predictor of later achievements in mathematics, we examined
whether developed abilities such as counting skills, recognition of numeral representations, and numeral writing have an impact
on achievements. Children who can count independently, recognize written numerals, and write numbers tend to achieve better
results in mathematics compared to those who lack or have less developed these skills. The obtained data are consistent with
previous TIMSS research cycles, where a strong positive correlation was found between the success in performing early
mathematical literacy tasks at the beginning of the first grade of primary school and students’ mathematics achievement (Mullis
& Martin, 2017; Mullis et al., 2012a, 2012b, 2016a, 2016b).When it comes to mathematical abilities like simple addition and
subtraction, we observed that students who had developed these skills achieved better results. However, simple subtraction does
not have a statistically significant impact on the outcomes. Since subtraction is the inverse operation of addition, children may
use addition as the primary method for solving subtraction problems. This could result in the performance of subtraction not
showing a significant influence, as the same mental processes are applied through the addition operation.

Regarding the age at which children start school in Bosnia & Herzegovina, the majority of children (80.82%) begin school at
the age of 6. Based on the test achievements, we see that these students achieved the best results, with a mean mathematics
achievement score of 453.04. Therefore, we can conclude that our analysis justifies children starting school at the age of 6 and that
it has a positive impact on their mathematics achievements.

Based on regression analysis presented in Table 9, in relation to the number of variables included in TIMSS testing, the first
hypothesis was confirmed. The total variation in students’ achievement is statistically significantly associated with the analyzed
variables. Based on the ANOVA analysis, our findings support our second hypothesis, asserting that some of the analyzed variables
have a statistically significant impact on student achievement.

The results presented in Table 11 show that a child attending an early childhood educational program or center before the
first grade has a statistically significant impact on the achieved results in mathematics. Another variable with a statistically
significant impact on the outcomes is whether the child attended a pre-primary educational program, including Kindergarten, at
the age of three or older. These considerations indicate that many of the observed dependent variables influence students’
mathematical achievements.

Thus, our results are consistent with previous TIMSS research cycles and TIMSS analyses of neighboring countries, where a
strong positive correlation was found between attending early childhood education and care programs and students’
mathematics achievement.

CONCLUSIONS

This research provides a deeper insight into the educational landscape of the region, emphasizing the significance of preschool
education in the context of children’s subsequent mathematical success. The analysis suggests the possibility of a positive impact
of preschool programs on achievements. The results show that students who attended a preschool institution for more than one
year, at the age of less than three and more than three years, and who developed the ability through preschool programs:
independent counting, recognition of numeral representations, and numeral writing, as well as simple addition and subtraction,
achieved better results in TIMSS. Therefore, early childhood education and developed mathematical skills influence the
mathematical achievements of students in Bosnia & Herzegovina. It isimportant to emphasize that the length of stay in preschool
institutions has an impact on students’ achievements because they are exposed for a longer period to the expert presentation of
mathematical concepts through the early childhood education curriculum.
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Our analysis highlights the importance of early education and attendance in preschool institutions, regardless of the student’s
age, as they acquire fundamental mathematical skills and stimulate the desire to learn. Our results support the recommendation
of APOSO, which suggests an increase in the number of children covered by early childhood care and education, with a focus on
children from the age of three. These findings encourage further reflection on the importance of integrating preschool programs
into the educational process, with a particular emphasis on the early years of a child’s development and their preparation for later
academic challenges.

The results of this research are important because they reveal significant predictors of mathematical achievements of the 4th
grade elementary school students. Efforts invested in improving the factors that influence students’ mathematical achievements
provide an opportunity to achieve competitiveness and compliance with international standards.

Future research could emphasize the changes that have occurred in early childhood education improvement from 2019 to the
present. By collecting data on reforms being implemented in similar educational systems and identifying key factors that differ
from more successful educational systems, this information could be used to improve Bosnia & Herzegovina’s results in
international assessments.

Limitations of Study

The limitations of this study originate primarily from the inherent nature of the variables used within the framework of TIMSS
and other large-scale studies. In these studies, data on the relationship between early cognitive competencies and later academic
achievements are frequently covered superficially with a small number of questions, limiting the depth and precision of the
analysis.

Gathering information from parents or guardians about their children’s mathematical development presents an additional
methodological challenge. Parents and guardians frequently lack confidence in categorizing and quantifying their children’s
mathematical competencies in comparison to their peers, particularly when identifying advanced mathematical skills, such as
those related to numerical manipulation.

Due to the inconsistency in the legal regulations regarding preschool programs at the state level and the inconsistency in the
mandatory attendance of these programs across the cantons of Bosnia & Herzegovina, it cannot be claimed that all respondents
attended a uniform preschool program under the same standards and conditions.
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