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Abstract Effective teaching of mathematics and science includes understanding
the importance of positive attitudes toward learning, and fostering their development
among students.Many studies have shown that students’motivation to learn is related
to higher achievement, but when making decisions to improve learning and practice,
it is important to recognize that cultural influences may also play a role, and estab-
lishing links between achievement and motivation are thus especially complex. As
well as measuring student achievement, IEA’s Trends in International Mathematics
and Science Study (TIMSS) thus collects data about these contexts for learning
through questionnaires completed by students and their parents, teachers, and school
principals. Data gathered by TIMSS 2019 at grade four indicate that relationships
between motivation and achievement show many similarities across the Dinaric
region, and reveal characteristics of the underlying structure of relations between
attitudes, achievement, and learning support to students in the region. As expected,
students with more home learning resources tended to show higher mathematics
and science achievement. Students’ confidence in their mathematics or science abil-
ities tended to be positively correlated with their achievement. Associations between
mathematics or science achievement and liking learning mathematics and science
were weaker than the links with reported confidence, but students who reported
feeling more confident in mathematics or science and those who reported stronger
feelings of belonging to their school were also more likely to report that they liked
mathematics and science. There was no strong association between students’ home
learning resources and liking learning subjects; thus indicates that school environ-
ment plays an important role in supporting motivation for learning. Although similar
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relations were found across the region, student attitudes in education systems where
achievement was high tended to be more negative; this is known as the attitudes-
achievement paradox. The results suggest that further studies of national attitudes
are needed to better understand local relations between student motivations and
achievement.

Keywords Attitudes toward learning · Dinaric region · Grade four education ·
Mathematics · Science · Student achievement · Student motivation · Student
self-efficacy · Teaching · Trends in International Mathematics and Science Study
(TIMSS)

1 Introduction

Effective teachingofmathematics and science includes understanding the importance
of developing and fostering positive attitudes toward learning among students. Many
studies show that students’ motivation to learn is associatedwith higher achievement.
According to Ryan and Deci (2002), self-determined, or autonomous motivation is
related to positive academic and emotional outcomes (Um, 2008). Studies in schools
(Ma &Kishor, 1997; Nicolaidou & Philippou, 2004) indicated that better motivation
leads to better knowledge ofmathematics.However, the connection between attitudes
and achievement is complex, andmeasuringmotivation across studies is also complex
(Lee&Stankov, 2018). IEA’s Trends in InternationalMathematics and Science Study
(TIMSS) has shown, for example, that there were large differences among countries
in the relationship between mean values on the scales measuring student attitudes
toward learning and their average achievement over twenty year period from TIMSS
1995 to 2015 (Mullis et al., 2016b). TIMSS has recognized enjoyment-achievement
and confidence-achievement paradoxes (Mullis et al., 2016b). In any TIMSS assess-
ment, there will always be some education systems where mean attitudes toward
learning and means for the scales measuring student self-confidence are well above
the TIMSS international average, yet mean student achievement is close to or below
the TIMSS international average. Conversely, in other education systems, means
for measures of attitudes toward learning may be relatively low, despite high mean
student achievement.

As the number of education systems participating in TIMSS has grown over
more than two decades, TIMSS has noted that in some high-achieving countries,
the percentages of students disliking mathematics have increased as achievement
increased, while in some low-achieving countries, the percentage of students who
disliked mathematics and achievement both decreased. TIMSS 2015 reported that
the average correlation coefficient between student confidence and TIMSS mathe-
matics achievement for grade four students was high (0.67), indicating that high-
achieving countries also contained larger numbers of students who felt they did not
usually do well in mathematics (Mullis et al., 2016b). Therefore, to improve educa-
tion internationally, an understanding of the within-country relationship between
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students’ attitudes toward learning and their achievement is essential to identify
which particular aspects of attitudes are most strongly linked to achievement and
conceive possible explanations for observed relationships. Such in-depth analyses
can inform strategies designed to help teachers improve specific aspects of student
motivation.

2 Background and Research Questions

We explored the relations between student achievement, student attitudes toward
mathematics and science, and the support provided by schools and families. When
making decisions designed to improve learning and practice, identifying which
factors of motivation are nationally important is an essential first step. Learning from
other systems with similar cultural backgrounds can help to inform decisions, based
on effective practices that already exist in the region. Seven participants from the
Dinaric region took part in TIMSS 2019, namely Albania, Bosnia and Herzegovina,
Croatia, Kosovo,1 Montenegro, North Macedonia, and Serbia.

Across the Dinaric region, only Serbia and Croatia had participated in both of
the two previous cycles of TIMSS (2011 and 2015). In TIMSS 2015, the mean
mathematics achievement of grade four students in Serbia was above the TIMSS
international average (scale center point); in Croatia, the mean mathematics achieve-
ment of grade four students was close to the TIMSS international average (the scale
center point), and hence lower than Serbia (Mullis et al., 2016a). The mean science
achievement of grade four students was also above the TIMSS 2015 average for both
entities, while higher in Croatia than in Serbia (Martin et al., 2016).

TIMSS traditionally measures also trends in student engagement and attitudes
toward learning of mathematics and science. To accomplish this, data about the
contexts for learning are collected through questionnaires completed by students
and their parents, teachers, and school principals (for more information, see TIMSS
& PIRLS International Study Center, 2018). Responses to items on the student ques-
tionnaire are used to build the TIMSS scales of liking learning mathematics and
science (see Yin & Fishbein, 2020, pp. 16.89–16.102). These two scales are each
modeled from students’ agreements with nine statements on his/her attitudes toward
mathematics or science, the categories that students can select from being “agree a
lot,” “agree a little,” “disagree a little,” or “disagree a lot.” The resulting continuous
scales allocate higher scale values for the students who report more positive atti-
tudes toward learning mathematics or science; these are divided into three sequential
scale intervals and, consequently, students who mostly or always “agree a lot” were
categorized as “very much like learning mathematics/science,” those who generally
“agreed a little” as “like learning mathematics/science,” and all others as “do not like

1 This designation is without prejudice to positions on status, and is in line with UNSCR 1244/1999
(United Nations, 1999) and the International Court of Justice (ICJ) Opinion on the Kosovo
declaration of independence (ICJ, 2010).
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learning mathematics/science,” depending on the score they achieved on the scale
(see Yin & Fishbein, 2020).

In TIMSS 2015, about half of the students reported liking mathematics very much
in Serbia, while this applied only to 29% of students in Croatia, although, for both
Serbia andCroatia, themean score on the liking learningmathematics scale increased
between TIMSS 2011 and TIMSS 2015. This last point is interesting because an
increase in the mean score for liking learning mathematics was evident in only eight
of the 49 school systems that participated in both TIMSS 2011 and TIMSS 2015.
Achievement has increased consistently across all the groups of students by their
reports of liking learning mathematics (those who do not like, like, or very much
like) in both school systems.

TIMSS similarly uses responses to the student questionnaire to define categories
of students as being “very confident,” “confident,” or “less confident” in mathematics
or science, based on the ranges of scores on international TIMSS confidence scale
(see Yin & Fishbein, 2020). Among all the countries and systems participating in
TIMSS 2015, Serbia had the highest percentage of grade four students who reported
feeling very confident in mathematics and science (45 and 54%; Mullis et al., 2016a;
Martin et al., 2016). In Croatia, only about a third of the students were found to be
very confident in mathematics, a value close to the TIMSS average, although nearly
half of students were very confident in science.

Serbia’s mean score on the liking to learn science scale was at the international
mean in 2015 and had increased between the TIMSS 2011 cycle and the TIMSS
2015 cycle, while Croatia’s mean score was below the international mean in 2015
(Martin et al., 2016). Mean achievement increased more among the students who
did not like learning or merely liked learning science (in Serbia, by 16 points and
15 points, respectively, and, in Croatia, by 18 points and 21 points, respectively, on
a scale with mean of 500 and standard deviation of 100) than among students who
reported that they liked learning science very much (in Serbia, this increase was three
points and, in Croatia, 16 points) (Martin et al., 2012). Mean scores on the confident
in science scale were very high; these were above the TIMSS average both in Serbia
and Croatia, although Croatia’s mean score decreased between 2011 and 2015. In
both systems, better achievement was associated with higher confidence in science
(Martin et al., 2016). Therefore, in these two systems of the Dinaric region, patterns
of attitudes and achievement appear to differ. Across all the education systems that
participated in TIMSS 2015, confidence in mathematics was also found to be a
moderately strong correlate of mathematics achievement for grade four, but liking
to learn mathematics was only associated with mathematics achievement in some
systems. Another general attitude toward school, sense of school belonging, was
weakly related to grade four students’ achievement across all education systems that
participated in TIMSS 2015 (Lee & Chen, 2019).

Many researchers have focused on the relationships between student motivation
and knowledge, especially regarding mathematics. Mata et al. (2012) undertook a
large meta-analysis study, and found that mathematics achievement was influenced
by many factors, with student attitudes explaining a significant part of the variance.
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In another meta-analysis of 113 studies, Ma and Kishor (1997) concluded that rela-
tions between attitudes toward mathematics and knowledge are generally weak, but
increase in strength with the age of students. Another study showed that motivation
could explain almost a third of the variance in mathematics achievement (Lipnevich
et al., 2011). In Singapore, where the average achievement scores and attitude scale
scores for students in grade eight are traditionally among the highest of all the educa-
tion systems that participate in TIMSS, researchers believe that the reasons for those
positive relations lie within their national curriculum (Fan et al., 2005). Developing
strong positive attitudes toward learningmathematics is one of the five components of
Singapore’s mathematics framework and an important goal of teachingmathematics.

In previous TIMSS studies, comparisons of relations between attitudes and
achievement in all participating entities revealed that positive associations at the
student level become negative associations in between-country comparisons of
mean achievement and attitudes; this is termed the attitudes-achievement paradox
(first described by Bertling and Kyllonen 2013 in connection with international
large-scale assessment). The attitudes-achievement paradox has been documented
across domains and replicated across assessment cohorts (Kennedy & Trong, 2006;
Kyllonen & Bertling, 2014). Differing explanations have been proposed to explain
this paradox. In some of the highest achieving participants, this has been related to
cultural differences reflected in students’ responses to the questions; modesty bias
or negativity toward the high expectations and academic pressures widely may be
prevalent in high-achievingAsian countries (Min et al., 2016). Others have suggested
that a “big-fish-little-pond” effect may be present, where the student’s answers to
such questions can only be judged relative to the expectations and performance of
their immediate peers; a student within a group of high-achieving peers may tend
to report relatively lower confidence and enjoyment in a subject, while the same
student might report more positive attitudes toward learning if they were placed in
an environment with lower expectations (Mullis et al., 2016b). Given TIMSS 2019
provided a unique opportunity to make regional comparisons, we were interested to
learn whether this paradox was also present across the culturally relatively similar
Dinaric region; namely,whether higher achievementwas associatedwith less positive
attitudes toward mathematics and science in comparisons between these education
systems.

Seven TIMSS participants from the Dinaric region took part in TIMSS 2019. The
study data can therefore provide a comprehensive summary of students’ attitudes
and achievement (and their relationship) across this region. Our main hypotheses
were that: (a) student achievement was most strongly linked to student motivation
for learning the subject, and (b) family and school support was positively related to
attitudes toward learning and student achievement, but (c) there are differences in
mean achievement, in attitudes, or in relationships between attitudes and achievement
among participants from the Dinaric region. Our goal was to discover the relation-
ships between students’ enjoyment of learning about mathematics and science and
their respective mathematics and science achievement. Identifying the factors related
to whether or not students like to learn mathematics and science, and which of these
factors are related to achievement in each participating education system from the
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Dinaric region provides a critical understanding of differences and commonalities
among TIMSS participants in the Dinaric region. Better knowledge of the issues can
support the development of strategies for empowering teachers with an appreciation
of best methods to enhance positive student motivation within the context of their
individual education systems.

Our work was thus guided by four key research questions:

(1) Do students across the Dinaric region differ in their attitudes toward mathe-
matics and science?

(2) Which student attitudes are related to their achievement?
(3) How are student attitudes related to support provided by their

parents/guardians and schools?
(4) Across the Dinaric region, which particular elements of all observed attitudes

are most strongly linked with student attitudes toward learning mathematics
and science, and their TIMSS 2019 mathematics and science achievement?

3 Data and Methods

We used data collected from students and their parents/guardians from seven partic-
ipants from the Dinaric region as part of TIMSS 2019. Data includes mathematics
and science achievement scores, scaled from the students’ answers to the TIMSS
2019mathematics and science test items, as well as students’ and parents’/guardians’
responses to questions or statements in theTIMSScontext questionnaires (seeTIMSS
& PIRLS International Study Center, 2018) about their learning of mathematics and
science (Table 1). All these items had four answer categories: “agree a lot,” “agree
a little,” “disagree a little,” and “disagree a lot.” The answers from all participating
students in TIMSS were modeled using item response theory (IRT) methods (see
Sect. 5 and Yin & Fishbein, 2020 for further details) to create different attitudinal
scales and indexes.

Socioeconomic status was assessed by collecting information on the learning
support materials that students could access at home. Students and/or parents were
asked whether the student had their own room, a study desk, a computer or tablet, a
mobile telephone for the student to use, family access to internet, and to assess the
number of books in the home (TIMSS & PIRLS International Study Center, 2018).
The TIMSS home resources for learning (HRL) scale was derived from students’ and
parents’ answers (Yin and Fishbein 2020, pp. 15.33–15.37). This scale can be used
to describe learning conditions of students at home in a condensed way. Similar to
other TIMSS scales, the HRL scale was further simplified by translating it to an index
variable comprising three levels: “many,” “some,” and “few” resources. We used the
index variables in the descriptive statistical analyses and the continuous variables of
scales for the regression analyses. In all our statistical analyses, we followed specific
requirements for working with international large-scale assessment data, such as
using weights, sampling errors and procedures for calculations with plausible values
(see Sect. 5).
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In some of our descriptive analyses, we combined students assigned to the high-
and medium-attitude scale categories into one group; students in the lowest attitude
scale category comprised the comparison group. For example, for many of our anal-
yses, we simplified things by combined the group of students reporting they liked
learning mathematics with the group of students that reported they liked learning
mathematics very much, to form the combined group “students who like learning
mathematics.” We applied a similar recoding scheme to the indices for students
like learning science, students confident in mathematics/science, students’ sense of
belonging, and parents’ perceptions of school performance.

4 Results

4.1 Attitudes Across the Dinaric Region

Among grade four students in the seven TIMSS 2019 participants from the Dinaric
region, we found that student reports of liking to learn mathematics and science and
feeling confident in these subjects differed across the region, while students’ sense
of school belonging and parental perceptions about their child’s school were largely
similar. In all seven participants from the Dinaric region, almost all students reported
that they felt that they belonged to their school, and nearly all parents/guardians
reported positive perceptions of school performance.

When we separated the data by education system (Fig. 1; see also Table S.3
in the supplementary materials available for download at www.iea.nl/publications/
RfEVol13), we noted similar patterns across attitudes. In Albania, Kosovo, North
Macedonia, and Montenegro, more students reported liking to learn mathematics
and science than feeling confident in these subjects. Conversely, in Croatia and
Serbia, more students reported that they felt confident in mathematics than liking
to learn mathematics. In Bosnia and Herzegovina, the percentages for these two
categories did not differ. Overall, in Croatia and Serbia, fewer students reported
positive attitudes towards learning mathematics than in other Dinaric education
systems (65% and 74%, respectively, versus >90% in Albania, Kosovo, NorthMace-
donia, and Montenegro). It is encouraging that around 80% of all students across
the Dinaric region liked learning mathematics and science and also felt confident in
these subjects. However, there seems to be some discrepancy between confidence and
achievement, at least in a cross-comparative context, as students’ mean performance
scores in Albania, Croatia, and Serbia were around the TIMSS 2019 international
average, while students in the other four education systems performed significantly
below the TIMSS 2019 international average (Mullis et al., 2020).

When we disaggregated the student distributions within each education system,
we found that the differences in the relative sizes of the extreme and moderate
groups were noteworthy. In Croatia and Serbia, the percentages of students who

http://www.iea.nl/publications/RfEVol13
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Fig. 1 Percentages of students in each category of six TIMSS 2019 attitude scales: a students
like learning mathematics, b students like learning science, c students confident in mathematics,
d students confident in science, e students’ sense of school belonging, and f parents’ perceptions
of their child’s school. Notes In Kosovo and Serbia, the national defined population covers 90–95%
of the national target population (See Table 1 for more information about the TIMSS 2019 attitude
scales (see also Table S.3 in the supplementary materials available for download at www.iea.nl/pub
lications/RfEVol13)

http://www.iea.nl/publications/RfEVol13
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Fig. 1 (continued)

liked learningmathematics or science “verymuch” and reported feeling “very” confi-
dent in mathematics or science were smaller than percentages of students who liked
learning and were confident in mathematics and science. In Croatia, this pattern was
also repeated for students’ sense of school belonging and parents’ perceptions of
their child’s school. However, in the other systems across the Dinaric region, this
situation was reversed, and the extreme categories were chosen by larger percentages
of respondents than the moderate categories. Students in Croatia and Serbia there-
fore chose the extreme answers to express their attitudes toward mathematics and
science notably less frequently than students from other parts of the region; Albanian
students and their parents/guardians tended to select the most positive attitudes.

Although these attitude scales may not be directly comparable, the mean values
reported by these scales provide an overview of prevailing attitudes within these
education systems (Table 2). In comparing national differences across the regionwith
the internationalmean of 10 points, students’ sense of school belongingwas strongest
in Albania, Montenegro, North Macedonia, and Kosovo, while student confidence
was strongest in Croatia and parents’ perceptions of their child’s school were most
positive in Serbia. Across all the participants, attitudes toward science were generally
less positive than those towardmathematics. Albanian students reported low levels of
confidence in undertaking bothmathematics and science. InMontenegro, Bosnia and
Herzegovina, and NorthMacedonia, students reported low confidence in science and
low levels of liking learning science. In Serbia, students reported low levels for liking
learning mathematics and science. Albania had the highest mean values for all scales
and Croatia had the lowest means for all scales. Albania was above the international
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means for all attitudes, while, in Serbia and Croatia, the means for several attitude
scales were below the international means. In Croatia, only the student confidence
scales showed mean values that exceeded the international means, while, in Serbia,
the attitude scales indicated students tended not to enjoy learning mathematics or
science, and lacked confidence in science.

4.2 Student Attitudes Toward Mathematics, Science,
and Their Achievement

After examining these different patterns in attitudes, we also anticipated that these
differences could be related to observed variation in student achievement on the
TIMSS 2019 mathematics and science tests. We assessed whether and what relation-
ships existed by calculating Pearson correlation coefficients (r) between student
attitudes and achievement scores. In general, we observed stronger correlations
between student achievement and student confidence in mathematics and science
than between student achievement and students’ liking to learn mathematics and
science in all participating entities from the Dinaric region (Fig. 2; see also Table S.4
in the supplementary materials available for download at www.iea.nl/publications/
RfEVol13).

According to Cohen’s standard for evaluation (see Cohen, 1992; Cohen et al.,
2003), the correlations between mathematics achievement and confidence in math-
ematics were moderate, ranging from 0.36 to 0.47. There was a difference of only
around 0.1 between the participant with the highest correlation and the one with
the lowest correlation, indicating that they were fairly similar. Correlations between
mathematics achievement and students’ liking to learnmathematics were weaker and
the range of values wider. For students in Bosnia and Herzegovina, Serbia, Croatia,
and Montenegro, the correlations were generally weak (≤0.2), while the correla-
tions with mathematics achievement in North Macedonia and Albania were slightly
stronger, but still only relatively weakly linked to liking to learn mathematics (≤0.3).
Kosovo was the only system where mathematics achievement and liking to learn
mathematics were moderately linked (a correlation of 0.35). Overall, mathematics
achievement was consistently more strongly related to confidence in mathematics
and more weakly related to liking to learn mathematics for all participants from
the Dinaric region; the trend line also showed that as the strength of the correlation
of achievement with confidence in mathematics increased, the correlation between
achievement and liking to learn mathematics tended to decrease (Fig. 2a).

Similarly, correlations between science achievement and student confidence in
science were weak for six of the participating entities (ranging from 0.26 in Serbia
to 0.33 in Kosovo), while North Macedonia exhibited a moderate correlation (0.42).
The correlations between students’ science achievement and liking to learn science
were also relatively weak, but there was a significant relationship in almost all the
Dinaric education systems, except for Serbia. North Macedonia showed the highest

http://www.iea.nl/publications/RfEVol13
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Fig. 2 Comparing the correlations between student achievement and students like learning scales
against the correlations between student achievement and the students’ confidence scales for a grade
four mathematics and b grade four science. Notes In Kosovo and Serbia, the national defined
population covers 90–95% of the national target population

correlation coefficient (≈0.3). Confidence in science was clearly more strongly asso-
ciated with science achievement than liking to learn science (Fig. 2b). Interest-
ingly, as opposed to our findings for mathematics, stronger correlations between
science achievement and confidence in science were associated with stronger corre-
lations between science achievement and liking to learn science across the region,
as indicated by the increasing trend between points representing both correlation
coefficients for each education system (Fig. 2b).
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In general, our results for the Dinaric region are consistent with previous analyses
for all systems participating in TIMSS 2015, where average confidence in math-
ematics was a stronger correlate of average achievement than average scores for
liking to learn mathematics (Lee & Chen, 2019). The weaker correlations between
achievement and liking to learn the subject compared to the correlations between
achievement and confidence similarly reflect results from other countries confirmed
by previous TIMSS studies (Mullis et al., 2016b). This may be partially because
confidence scales include the student’s self-evaluation of their knowledge in the
respective subject. The student’s assessment of their ability is likely to be based on
prior feedback received about their success in a specific subject, and it is thus not
unexpected that this would align with their measured achievement.

4.3 School Environment and Achievement

As anticipated, the attitudes of students and parents that were not directly linked to
mathematics or science were less strongly related to student achievement (Table 3).
Students’ sense of school belonging was only positively correlated with mathematics
and science achievement inKosovo; in Serbia the correlationwas negative. InCroatia,
there was a positive correlation between students’ sense of school belonging and
their science achievement. According to Cohen’s standard (Cohen, 1992; Cohen
et al., 2003), correlations of <0.2 would have only a small effect. However, Kraft
(2020) proposed that mean achievement differences of 0.05–0.2 should instead be

Table 3 Correlations between attitudes toward school and student achievement

Education
system

Correlation between students’ sense of
school belonging and grade four
student achievement in

Correlation between parents’
perceptions of their child’s school and
grade four student achievement in

Mathematics Science Mathematics Science

Albania 0.03 (0.02) 0.04 (0.03) −0.05 (0.03) −0.06 (0.03)

Bosnia &
Herzegovina

0.02 (0.02) 0.02 (0.02) 0.00 (0.02) 0.01 (0.02)

Croatia 0.03 (0.03) 0.07 (0.03) −0.01 (0.03) 0.00 (0.03)

Kosovoa 0.06 (0.03) 0.09 (0.03) −0.03 (0.02) −0.02 (0.02)

Montenegro 0.01 (0.03) −0.03 (0.02) −0.01 (0.02) 0.01 (0.02)

North
Macedonia

0.03 (0.04) 0.05 (0.04) 0.02 (0.02) 0.02 (0.02)

Serbiaa −0.06 (0.03) −0.07 (0.03) 0.07 (0.02) 0.08 (0.02)

Notes Statistically significant (p < 0.05) correlation coefficients are shown in bold. Standard errors
appear in parentheses
aNational defined population covers 90–95% of the national target population
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categorized as medium, since cross-country differences tend to be lower than within-
system differences; in this respect, the correlations here may therefore be regarded
as having medium effects.

Parents’ perceptions of school performance, which are based on opinions about
the effort and success of schools in helping students to achieve their full potential,
were positively related to both mathematics and science achievement in Serbia and
negatively related to science achievement in Albania. Although these relations were
again weak, they indicated that, in Albania, students of parents who have more posi-
tive perceptions of their child’s school, achieved lower scores in science than students
of parents who held more negative perceptions of their child’s school. Conversely,
in Serbia, students with higher mathematics and science achievement in the TIMSS
tests tended to have parents who reported more positive perceptions of their child’s
school than the parents of lower achieving students. Students’ sense of belonging and
parents’ perceptions of school performance were only weakly related to outcomes,
and the relationship was significant in only a few Dinaric participants. However,
these findings could arise because there is very little variation in these variables;
almost all students reported a strong sense of belonging to their school and the vast
majority of parents felt that their child’s school was doing well (see Fig. 1).

It is possible that parents may be more satisfied with how the school is working
if their children present more positive attitudes toward learning and display higher
levels of confidence in mastering important subjects. However, interestingly, in six
of the seven Dinaric education systems, parents’ perceptions of school performance
were negatively related with students’ liking to learn mathematics and science (Table
4).Moreover, in five of theDinaric participants, parents’ perceptions of school perfor-

Table 4 Correlations between parents’ perceptions of school performance and the student attitude
scales

Education
system

Correlation between parents’ perceptions of their child’s school and the TIMSS
attitude scale

Students like
learning
mathematics

Students confident
in mathematics

Students like
learning science

Students
confident in
science

Albania −0.07 (0.03) −0.08 (0.02) −0.07 (0.03) −0.06 (0.02)

Bosnia &
Herzegovina

−0.09 (0.02) −0.03 (0.02) −0.06 (0.02) −0.03 (0.02)

Croatia −0.07 (0.02) −0.07 (0.02) −0.05 (0.02) −0.05 (0.02)

Kosovoa −0.05 (0.02) −0.04 (0.02) −0.08 (0.02) −0.06 (0.02)

Montenegro −0.11 (0.01) −0.08 (0.02) −0.09 (0.02) −0.08 (0.02)

North
Macedonia

−0.03 (0.02) −0.03 (0.02) −0.03 (0.02) −0.01 (0.02)

Serbiaa −0.06 (0.02) −0.04 (0.02) −0.04 (0.02) −0.02 (0.02)

Notes Statistically significant (p < 0.05) correlation coefficients are shown in bold. Standard errors
appear in parentheses
aNational defined population covers 90–95% of the national target population
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mance were negatively related with student confidence in mathematics and, in four
participants, negatively related to student confidence in science.

These results are similar to a previous study of six parental involvement vari-
ables from TIMSS 2015 in 18 European countries (Koršňáková & Stefanik, 2019).
Parental perceptions of school performance were the weakest predictors of student
mathematics achievement, and generally non-significant, while home resources for
learningwas the strongest andmost significant predictor ofmathematics achievement
in all the 18 selected European TIMSS participants.

In order to obtain a more detailed picture of parental perspectives, we disaggre-
gated the percentages of students with parents who agreed “a lot” with the various
statements about their child’s school performance that were included on the TIMSS
scale, parents perceptions of their child school (Fig. 3). In most TIMSS participants
from the Dinaric region, parents generally agreed a lot with the statement that the
school does a good job in helping the child to become better in reading, mathe-
matics, and science, and they also seem to be mostly satisfied about being informed
on progress, being included in the child’s education, and that schools care about the
child’s progress. However, fewer parents agreed that the school provided a safe envi-
ronment and, alarmingly, far fewer parents agreed that their child’s school promoted
high academic standards. The finding that parents in Croatia were less likely to agree
a lot with the statements than parents in other parts of the region alignswith the gener-
ally larger percentages of students who were assigned to intermediate responses on
the parents’ perceptions of their child’s school scale (Fig. 1) and with less positive
attitudes in general in Croatia (Table 2).

Looking into these relations in more depth revealed other important facts about
student attitudes. First, among all TIMSS participants in the Dinaric region, the
relations between student’s sense of school belonging with liking to learn or feeling
confident in both mathematics and science were all significant and positive (Table 4).
In other words, students who felt more attached to their school also tended to report
greater enjoyment in learning and greater confidence in their capabilities, although
we did note relatively large differences in the strength of these relations among the
participating systems. In Serbia, Bosnia and Herzegovina, Montenegro, and Croatia,
relations between students’ sense of school belonging and liking to learn science, as
well as liking to learn mathematics, were moderate to strong (correlation coefficient
>0.3), while in all seven participants, the relations between students’ sense of school
belonging and students’ confidence in both mathematics and science were weak, but
nevertheless significant (Table 5).

Student attitudes appear to be more strongly connected to their achievement than
their parents’ attitudes toward their school. When defining priorities for improve-
ments in learning practices at school and system level, it is always important to
remember that the perceptions of students may differ from those of their parents,
although the results here are consistent with the proposition that the quality of the
school environment matters.
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Fig. 3 Percentages of students whose parents agree “a lot” that their child’s school: a does a good
job in helping him/her become better in reading; b does a good job informingme of his/her progress;
c does a good job in helping him/her become better in mathematics; d does a good job including
me in my child’s education; e does a good job in helping him/her become better in science; f cares
about my child’s progress in school; g provides a safe environment; and h promotes high academic
standards.Note InKosovo and Serbia, the national defined population covers 90–95%of the national
target population
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Fig. 3 (continued)

Table 5 Correlations between students’ sense of school belonging and other student attitude scales

Education
system

Correlation between students’ sense of school belonging and the attitude scale

Students like
learning
mathematics

Students like
learning science

Students confident
in mathematics

Students
confident in
science

Albania 0.23 (0.02) 0.22 (0.02) 0.15 (0.02) 0.13 (0.02)

Bosnia &
Herzegovina

0.45 (0.02) 0.42 (0.01) 0.22 (0.02) 0.29 (0.02)

Croatia 0.41 (0.03) 0.39 (0.03) 0.27 (0.04) 0.27 (0.03)

Kosovoa 0.17 (0.02) 0.22 (0.02) 0.11 (0.02) 0.18 (0.02)

Montenegro 0.43 (0.01) 0.34 (0.02) 0.22 (0.02) 0.22 (0.02)

North
Macedonia

0.26 (0.03) 0.27 (0.03) 0.15 (0.02) 0.17 (0.02)

Serbiaa 0.48 (0.02) 0.42 (0.02) 0.26 (0.02) 0.28 (0.02)

Notes Statistically significant (p < 0.05) correlation coefficients are shown in bold. Standard errors
appear in parentheses
aNational defined population covers 90–95% of the national target population

4.4 Relations Between Achievement and Attitudes

Wederived between-system comparisons of attitudes and achievement by comparing
mean scores on the TIMSS attitude scales with the mean achievement score for each
education system. Note that the means of different attitude scales within education
systems can also be influenced by differing cultural interpretation of the questions,
and thus comparisons are tentative.However, in general,we observed that lowermean
attitude scale scores were associated with higher mean achievement scores in both
mathematics and science, which suggests that the attitude-achievement paradox was
present across the Dinaric region (Fig. 4). Albania was an exception to this pattern,
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Fig. 4 Between-system comparisons of TIMSS 2019 achievement scores and attitudes for a grade
four mathematics, and b grade four science. Notes In Kosovo and Serbia, the national defined
population covers 90–95% of the national target population

recording both relatively high attitude scores and high student achievement; it is
perhaps noteworthy that Albania was the only Dinaric participant that was not part
of the former Yugoslavia.

To identify which factors may be linked to better learning environments and
higher achievement in each education system, a more comprehensive framework
is required. We therefore used a set of factors that describe students’ background
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and learning environments and applied four regression models to further analyze
student motivations to learn mathematics and science and student achievement in
those subjects. In these regressionmodels, factors related to the learning environment
were students’ sense of school belonging and their parents’ perceptions of school
performance. Factors related to student background were student gender and family
socioeconomic status, as well as students’ confidence in mathematics and science.

We assessed the socioeconomic status of students’ families across TIMSSDinaric
participants using the TIMSS 2019 HRL scale. In six of the seven Dinaric education
systems, large majorities (≥80% of students) belonged to the intermediate category
of students that possessed some resources at home; Albania was the exception, where
only 65% of students fell into this intermediate category. The percentages of students
having many resources at home ranged from four percent (Kosovo) to 13% (Serbia).
The percentage of students having only few resources at home were relatively low
for six of the participating systems, ranging from three percent (Croatia) to 15%
(NorthMacedonia); Albania was again the exception, with amore substantial portion
of students (30%) having few home resources for learning. Internet access is an
important element of the HLR scale, and it is noteworthy that 36% of Albanian
students did not have internet access at home; in other parts of the Dinaric region,
the percentage of students without internet at home was much smaller.

We then analyzed students’ liking to learn mathematics in terms of the five factors
that we identified as related to the learning environment and student background.
These factors explained a substantial percentage of the variance in liking to learn
mathematics in our model (the variance was >40% in four of the seven education
systems), from 21% in Kosovo to 53% in Serbia (Table 6). We also estimated the
standardized regression coefficients for each factor (Table 6). Regression coefficients
can provide greater understanding of the observed variance, indicating: (a) whether
the factormakes a significant contribution toward explaining the variance in students’
liking to learn mathematics, and (b) the relative strength of the relation between the
individual factor and students’ liking to learn mathematics, when all other factors
are kept constant. We made boys the reference group for the coefficient on gender,
thus negative values in our model indicated that girls were less likely to like to learn
mathematics than boys, and vice versa.

For all participants from the Dinaric region, we found that confidence in mathe-
matics was the factor that was most strongly related to liking to learn mathematics,
followed by students’ sense of school belonging (Table 6). The other three factors
were significantly related to liking to learn mathematics in only some education
systems, but regression coefficients were very small and thus, generally, the rele-
vance of these three factors in the model was almost negligible. Student confidence
in mathematics and their sense of school belonging seem to be much more strongly
related to positive attitudes toward learning mathematics, and thus seem to be more
strongly associated with successful learning.

We found similar results when we used regression modeling to analyze the rela-
tions of these five factors with students’ liking to learn science (Table 7). Again, these
factors explained a substantial percentage of the variance in liking to learn science
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in our model (the variance was again >40% in four of the seven education systems),
and ranged from 29% (Kosovo) to 47% (Serbia) across the Dinaric region.

The model results again indicated that student confidence in science was most
strongly associated with students’ liking to learn science. Across the Dinaric region,
students’ sense of school belonging was again also strongly related to liking to learn
science, but the standardized regression coefficients indicated that this factor made
a smaller contribution toward explaining the variance than confidence. The other
factors were significantly related to liking learning science in only a few partici-
pants and even when significant, the analyses showed relations were weak. Parents’
perceptions of their child’s school were related to liking to learn science among
students in Kosovo, but the relation was negative, meaning that the more dissat-
isfied parents are with the performance of the child’s school, the more students’
like learning science (see Sect. 4.4). Family possession of learning resources was
related to students’ liking to learn science in five of the seven Dinaric participants. In
Kosovo, havingmore home learning resourceswas positively related to liking to learn
science. In Bosnia and Herzegovina, Croatia, Montenegro, and Serbia, having more
home learning resources was negatively related to liking to learn science, a finding
that is counter-intuitive and warrants further research. We note that our regression
analysis model controlled for factors such as confidence and sense of belonging,
but the simple direct correlation coefficient between home learning resources and
liking to learn science was negative in Bosnia and Herzegovina (−0.1 ± 0.02), and
not significant in Croatia or Montenegro; it only became a positive, but small value
(0.1 ± 0.02) in Serbia. One explanation may be that families with high levels of
home learning support may put more academic pressure on students, which in turn
decreases their motivation toward learning, but it may also be that families with low
levels of home learning resources place a high value on education and more strongly
emphasize the importance of learning to their children.

We also modeled the relations among the five factors and liking to learn with
TIMSS mathematics and science achievement (Table 8). In four school systems, the
combination of the six factors explained considerable percentages of the variance
in mathematics achievement (22–41% across the Dinaric region; see Table 8). In all
the education systems, students’ confidence in mathematics was positively related
to their mathematics achievement when controlling for all other factors, but varied
from being strongly related to mathematics achievement in Croatia, Serbia, and
Bosnia and Herzegovina, to more weakly related to mathematics achievement in
Kosovo and Albania. The second factor that was strongly related to mathematics
achievement was the socioeconomic status of students’ families as assessed by their
home resources for learning. All the relations were positive, indicating that more
home resources for learning and greater confidence can both be positively associated
with higher achievement in TIMSS. Liking to learn mathematics was positively
related to mathematics achievement in three participants, most strongly in Kosovo.
However, in Bosnia and Herzegovina, students with lower mathematics achievement
scores reported that they liked learning mathematics more than their high-achieving
peers.
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In general, we found differing results across the seven Dinaric participants,
leading to a range of different conclusions and interpretations about how students’
learning environments and attitudes toward learning may affect student outcomes.
For example, in Bosnia and Herzegovina, Croatia, and Kosovo, our modeling indi-
cated that boys achieved higher TIMSS mathematics scores keeping all other factors
constant, but, in the other four school systems, there were no gender differences in
average mathematics achievement.

In Albania, mathematics achievement tended to be positively related to home
learning resources, then to students’ confidence, followed by liking to learn mathe-
matics, but the analysis indicated that mathematics achievement was related nega-
tively, albeit weakly, to students’ sense of school belonging. In Bosnia and Herze-
govina, mathematics achievement was most strongly positively related to students’
confidence in mathematics, and then to home learning resources, while the relations
with liking to learn mathematics and gender were both weakly negative. In Croatia,
Montenegro, and Serbia, student achievement was most strongly positively related
to students’ confidence and slightly less strongly related to more home learning
resources, but there was also a weakly negative relationship with students’ sense of
school belonging. In Croatia, gender was also related to mathematics achievement,
with female students tending to score lower in TIMSS thanmale students. In Kosovo,
three predictors showed similar strong relations with mathematics achievement:
liking mathematics, feeling confident, and having more home learning resources. As
in Croatia, female students tended to score lower on the mathematics test. In North
Macedonia, home learning resources was the strongest positively related predictor of
mathematics achievement, followed by a less positive relation with students’ confi-
dence; while there was also a positive relation to liking to learn mathematics, this
was very weak.

We found that science achievement was generally less strongly related to the
factors included in our analyses. In all participating school systems, the strongest
predictor of higher science achievement was having more home learning resources
(Table 9). This predictor was strongest in Serbia, while Kosovo and Bosnia and
Herzegovina showed home resources for learning was a much weaker predictor of
achievement. Students’ confidence in science was also positively related to higher
achievement in all TIMSS participants from theDinaric region. Girls achieved higher
scores in North Macedonia, but modeling showed there were no gender differences
in achievement in other parts of the region. In Serbia, liking to learning science
and sense of school belonging had negative relations with achievement, indicating
students who scored highly on these scales tended to have lower science achievement
scores. In Montenegro, the relation between sense of school belonging and science
achievement was also weakly negative.
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5 Discussion

Our starting hypothesis that student achievement is most strongly linked to student
motivation for learning the subject could be only partially supported, as we found
that achievement was most strongly linked to student confidence in a subject. Our
hypothesis that more family and school support for learning would be related to
more positive student attitudes and better achievement could not be supported since,
although sense of school belonging can be counted as school support and tended
to be linked to positive attitudes toward mathematics and science, home learning
resources were mostly negatively associated with students’ liking of mathematics
and science. Increased family and school support for learning was also generally
unrelated to higher student achievement; while home learning resources were posi-
tively associated with achievement, there was no consistent strong positive relation
with sense of school belonging.

In comparison to other systems in the Dinaric region, Albanian students had
very strong positive attitudes toward mathematics and science, but, conversely, they
reported the lowest confidence inmathematics and science, and their science achieve-
ment was negatively related to parents’ perceptions of their school. When assuming
all other factors were equal for all students, higher mathematics achievement was
predicted for students who more often reported liking to learn mathematics, who
were more confident in mathematics, and who had more home learning resources,
but, curiously, achievement was also related to a lower sense of school belonging.
Higher science achievement was predicted for students who were more confident in
science and had more home learning resources.

In Bosnia and Herzegovina, the percentages of students who liked mathematics
and science were similar to the percentages of students who felt confident about
the subjects, but all these percentages were lower than the percentages of students
who had a positive sense of school belonging and had parents who reported positive
perceptions of their child’s school. Higher mathematics and science achievement
were negatively related to liking to learnmathematics or science but positively related
to student confidence and access to home learning resources. It was interesting that
studentswith lowermathematics achievement scores reported that they liked learning
mathematics more than their high-achieving peers. One explanation may be that less
privileged students get more attention from their teachers, and that this investment
by their teachers consequently increases their enjoyment in learning mathematics.

In Croatia, the percentage of students who liked to learn mathematics was the
lowest among all participating Dinaric school systems, and they tended to report the
lowest percentages of positive attitudes in all our analyses. While science achieve-
ment was positively related to students’ sense of school belonging, mathematics
achievement was negatively associated with students’ sense of school belonging.
Also noteworthy were the generally low levels of satisfaction reported by Croatian
parents with their child’s school when compared to the other TIMSS participants in
the region; this potentially merits further research at a national level.



Students’ Interests, Motivation, and Self-beliefs 95

In Kosovo, of the percentages of students expressing confidence in learning were
low (and lower for science than for mathematics) when compared to the percentages
of students sharing other attitudes, which were generally highly positive. Mathe-
matics and science achievement were positively related to students’ sense of school
belonging. Students who were more likely to report liking to learn mathematics
or science, who were more confident, and who had more home learning resources
tended to score more highly in TIMSS.

In Montenegro, students were less likely to feel confident than to like learning
about mathematics, and especially science, which they like to learn very much.
Almost all students shared a positive sense of school belonging and almost all parents
held positive perceptions of their child’s school.

In North Macedonia, the percentages of students who liked to learn mathematics
and science were higher than the percentages of students who felt confident in these
subjects, and close to the high percentages of students with a positive sense of school
belonging and had parents who held positive perceptions of their child’s school.

In comparison, Serbia demonstrated large differences in attitudes, with relatively
low percentages of students liking to learn or being confident in mathematics or
science and high percentages of students with a positive sense of school belonging
and with parents who held positive perceptions of their child’s school performance.
Mathematics and science achievement were negatively related to students’ sense of
school belonging, but positively related with parents’ perceptions of their child’s
school.

Overall, our results indicate that, in Croatia, North Macedonia, Montenegro, and
Serbia, students who were more confident in mathematics or science and who had
more home learning resources tended to achieve higher mathematics and science
TIMSS scores.Higher achievement also showed a negative associationwith students’
sense of school belonging in Montenegro and Serbia.

In addition, assuming that all other factors are equal for all students, boys tended
to score more highly in mathematics than girls in Bosnia and Herzegovina, Croatia,
and Kosovo, while girls tended to score more highly in science than boys in North
Macedonia.

In general, we found that achievement was not directly linked to students’ sense
of school belonging, while the associations with parental perceptions of their child’s
school were unexpected and not easy to explain with our multivariate analyses.
However, we can suggest some explanations for the weak relations that we observed.
In line with world trends, school systems across the region have focused more on
issues of equality and equity in education. Therefore, more emphasis has been given
to providing better learning conditions for underprivileged students, which could,
in turn, create more positive perceptions of schools among parents and a stronger
sense of school belonging among underprivileged and lower achieving students. Our
analysis of parental perceptions suggests that policymakersmaywish to focus on how
schools canbetter involveparents in their child’s education in someparts of the region.
In addition, the TIMSS scale for sense of school belonging also contains items related
to students’ feelings of safety; responses to such items may more closely reflect
concepts of not being bullied than environments supporting achievement. Further
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study needs to examine the reasons for the relatively weak observed correlations
between students feeling that they are not bullied and their sense of school belonging
(this correlation was 0.20 in Croatia, Kosovo, and North Macedonia, 0.22 in Serbia
and Bosnia and Herzegovina, 0.23 in Montenegro, and 0.25 in Albania).

6 Conclusions

We found that the relations among different attitudes across the Dinaric region were
complex, and that there was some evidence for the attitude-achievement paradox,
identified previously in other parts of the world (Min et al., 2016). For all Dinaric
TIMSS participants, the relations between students’ sense of school belonging and
both liking to learn and feeling confident inmathematics and science were significant
and positive. The percentages of students that had a positive sense of school belonging
and students with parents that had positive opinions about their child’s school were
high across the Dinaric region (>90% for both). This implies strongly that schools
across the region are respected and valued institutions, with great power to support
change and help stabilize society.

However, the percentages of students with positive attitudes toward learning both
subjects and feeling confident in these subjects differed somewhat across the Dinaric
region. We observed regional variations in the levels of positive attitudes of students
had toward learning and their school climate.We did not anticipate that more positive
attitudes of students’ towards learning science or mathematics would generally be
related to more positive parental perceptions of school performance. In most of
the TIMSS participants from the Dinaric region, we found more positive students’
attitudes among students with less home resources for learning than among students
with more home resources for learning (which is a measure of the family support).
These findings further support the important roles that school climate and teachers
play in motivating students for learning as part of the learning process in schools.

The relationships between attitudes and achievement are complex. We found that
while students may report positive attitudes toward learning both mathematics and
science, enjoyment of learning is not the strongest predictor of achievement in the
Dinaric region. Student achievement was much more strongly correlated with confi-
dence inmathematics or science thanwith liking to learn these subjects. As expected,
higher achievement was also associated with higher levels of home resources for
learning in all school systems. However, the associations between achievement and
students’ sense of school belonging and/or parents’ perceptions of their child’s school
differed across the region and were only significant in a few cases. These findings
are in accordance with previous results from TIMSS 2015, which showed that confi-
dence is a strong correlate of achievement while sense of school belonging is not. As
a school’s emphasis on academic success is highly related to student achievement
(Mullis et al., 2016a), a focus on developing a supportive school climate should be at
the heart of principals’ and policymakers’ efforts to improve teaching and learning
for students.



Students’ Interests, Motivation, and Self-beliefs 97

What to do with these findings? Our results suggest that, to foster better achieve-
ment, the Dinaric school systems should recognize that students’ confidence inmath-
ematics and science seems to be a more important factor than their enjoyment in
learning the subjects. Although we assume that many teachers and schools already
encourage positive attitudes toward learning mathematics and science among their
students, and that fostering an enjoyment of mathematics and science is addressed in
student textbooks and promoted in new teaching approaches and by the use of tech-
nology, this analysis of theTIMSS2019data suggests thatmore canbedone.Teachers
also need to identify strategies and teaching approaches that develop students’ confi-
dence in their ability to learn and the application of their knowledge and skills.
They also need to recognize that, while the factors linked to positive attitudes toward
learning (such as gender or parental attitudes) may differ for each school system,
a sense of school belonging seems to play a consistently important role in student
enjoyment of mathematics and science. While the availability of home resources for
learning is a key predictor of student achievement, it is a poor predictor of student
attitudes like enjoyment of learning or self-efficacy.

Our analyses provide some important general messages for policymakers across
theDinaric region: strong factors exist in schools and classes that have an influence on
students’ interest, enjoyment, and knowledge of mathematics and science. Schools
and teachers can benefit from a better understanding of the varying contributions
of competing factors acting within their education system, and there are clearly
advantages to sharing inspiring examples and successes from neighboring school
systems when planning stimulating school environments. Education systems may
need to work on changing common misconceptions about the associations between
attitudes toward education and achievement if they are to turn their efforts into
effective improvements for learning. The varying associations that we observed by
analyzing the TIMSS 2019 data for the school systems of the Dinaric region, and
comparison of their relative strengths or weaknesses can help to determine specific
policy measures to help address problems.
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