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EXPLAINING DIFFERENCES FOR SERBIA AND SLOVENIA
IN MATHEMATICS ACHIEVEMENT IN FOURTH GRADE!'

This paper presents the findings that are parts of a larger international
project studying the achievements in mathematics and science for students in
primary and lower secondary education. Specifically, we focused on the study of differences
in mathematics achievement for Serbian and Slovenian fourth-graders. The study used a
sample of 7,861 fourth-grade students from Serbia (N = 3,736) and Slovenia (N = 4,125). The
results showed that Serbian students had higher overall achievement and scored higher in
both the number content and the knowing cognitive domains, whereas Slovenian students
scored higher on the geometry content and the data content domains, also having a higher
balance among achievements for both content and cognitive domains. It was also found
that Slovenian students had higher self-confidence in learning mathematics. Because there
were no other significant differences between Serbia and Slovenia with respect to two other
contextual variables and the correlations among these three contextual variables, the
explanations of the achievement differences were based upon the consideration of various
aspects of curriculum, teaching practice, and teachers’ professional development in Serbia
and Slovenia. The paper raises the question of educational implications of these findings and
the possible directions of improving the quality of mathematics teaching.

Abstract

Keywords: elementary education, mathematics achievement, self-confidence in learning
mathematics, TIMSS 2011.

1 This contribution resulted from the work of the first and the third authors on the project
Improving the quality and accessibility of education in modernization processes in Serbia (No. 47008),
financially supported by the Ministry of Education, Science and Technological Development of the
Republic of Serbia (2011-2015).
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PA3JTIUKE Y MATEMATUYKOM MNOCTUHYRY YYEHUKA YETBPTOI
PA3PEOA OCHOBHE LLUKOJIE Y CPBUIU N CJTOBEHWIN

Y pady cy uznoxeHu Hanasu Koju npedcmassbajy 0eo 0bumHoz mehyHapooHoz2
npojekma npoy4asarba nocmueHyha y4yeHUKa OCHOBHUX WKo/a y obnacmu
mamemamuke u npupodHux Hayka (TIMSS 2011). KoHkpemHuje, ycmepusu cMo ce Ha
npoyyasarse pasuka y Mamemamu4ykomM nocmuzHyhy cpnckux u CJ108eHa4YKkux y4yeHuKka
yemaspmoe paspeda OCHOBHe WKose. icmpaxusarbe je cnpogedeHo Ha y30pkKy 00 7,861
yyeHUKa 4emepmoe pa3peda ocHosHe wkose u3z Cpbuje (N=3,736) u CnoseHuje (N=4,125).
Pesynmamu ucmpaxuearea nokasyjy 0a ydeHuyu u3z Cpbuje umajy sulliu HUBO YKYNHO2
nocmueHyha u suwe ckopose y cadpXuHckom OomeHy bpoj u kozHUmMusHoM OomeHy
3Hare, 0ok yyeHuyu u3 Crio8eHuje uMajy sulle cKopose y CAOPXUHCKUM OOMeHUMA
leomempuja u [lodayu, kao u eehu 6anaHc umehy nocmuzHyha y CaOpXUHCKUM U
Ko2HUMUBHUM domeHuMa. Takobhe, ymapheHo je 0a cioseHayku yHeHUYU UMdjy 8uUUIU HUBO
Ccamonoy30arba y y4derby Mamemamuke y 00HOCy Ha ydeHuke u3 Cpbuje. C 063upom Ha mo
0a Hucy ymepheHe 3Ha4ydjHuje pasJsuke U Kopeaayuje No numarby 0py2ux KOHMeKCMYaIHUX
sapujabnu y Cpbuju u CrogeHuju, objawirberse pasauka y Mamemamuy4kom nocmuzHyhy
yyeHUKa 6a3upaHo je Ha pasmMamparby pasnuyumux acnekama Kypukysayma, HacmasHe
nNpakce U NPohecuoHanHo2 ycaspwiasara HacmasHuUKa. Y pady ce nocmassea numaree
06pazosHUX umniukayuja oobujeHux Hanaza u mo2yhux npasaya yHanpehusarba
Keasumema Hacmase MamemMamuke.

Ancmpakm

Kreyune peyu: Hacmasa, mamemamuyko nocmuzHyhe, Mamemamuy4ko camonoysoarse,
TIMSS 2011.

PASHULA B YCNEBAEMOCTW MO MATEMATUKE MEXXAY YYEHUKAMU
HAYAJIbHOW LUKOJbl B CEPBUI M CNNOBEHUIA

B pabome npusodsmcsa Hekomopeie pe3y/lbmamsi, NOJIyYEHHbIE 8 PAMKAX
KbYynHO20 MeXO0YHapOOHO20 NpoeKmd no U3y4YyeHUlo ycnesdemMocmu
YYEHUKO8 HAYaJ/IbHbIX WKO/ 8 06/1acmu MamemMamuku U ecmecmeeHHbIX Hayk
(TIMSS 2011). B uccrnedo8aHusax Mel OpueHMUpPOBANIUCL HA U3y4eHue pasnuyull 8
ycnesaemMocmu no  Mamemamuke y cepOCKUX U C/T0BEHCKUX Y4YeHUKO8 4emaepmozo
K/acca HayasnbHelx WKos. MccnedosaHue nposedeHo Ha npumepe 7861 yuyeHuka
yemeepmoezo knacca HayaneHoU wkossl uz Cepbuu (N=3736) u CnoseHuu (N=4125).
Pe3ynemamel ucciedosaHus nokaseleaom, 4mo yveHuku u3 Cepbuu umetom 6o0see
8bICOKUU yposeHb 0buje2o ycnexa u b6osiee 8biCOKUe pe3ysbmamsl no memam “Yucno” u
“3HaHue’; 8 mo 8pema Kak y4eHuku u3 Crio8eHuUU umetom 6osee 8bICOKUE pe3yslbmamel
no memem “lfeomempus” u “flaHHele’; a makxxe 606wy C6ANIAHCUPOBAHHOCMb MeX0y
00CMUXEHUAMU co0epXXamesibHo20 U KO2HUMUBHO20 xapakmepd. Kpome moeo, 6biio
06HApYXeHO, YMO C/TI0BEHCKUE y4eHUKU umetom 6oJsiee 8bICOKUL ypOBeHb ysepeHHOCMuU

Pe3tome
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8 cebe npu u3ydeHUU MamMemMamuku, Yem y4deHuku u3 Cepbuu. Tak Kak cyuwecmeeHHble
pa3nuyus N0 OMHOWEHUI K Opy2UM KOHMEeKCMYydsbHbIM nepeMeHHbIM He 6blau
06HapyxeHbl, 0bvsACHeHUe pasnuyuli 8 ycnegaemMocmu no Mamemamuke 6asupyemcs
Ha paccMompeHuu pas/audHbIX dchekmog y4ebH020 NaaHa u Npo2pamMmel obyqeHus, a
makxe Ha y4ebHOU npakmuke u npogeccuoHasnbHoli nodzomoeke npenodasamerned.
[ModHuMaemcs sonpoc obpaszosamesibHbIX NOCIEACMBULU NOYHEHHbIX pe3ybmamos u
B03MOXHbIX HANPABAEHUU AKMyanu3ayuu kayecmaad npenodasaHus Mamemamuku.

Kniouyeevie cnoea: obydyeHue, ycnex 8 MamemMamuke, MamemMamu4eckas
camoysepeHHocme, TIMSS 2011.

Introduction

The International Association for the Evaluation of Educational Achievement (IEA)
has conducted several international studies on mathematics and science achievements
known as TIMSS studies (for more information about these studies see http://timss.
bc.edu/). These studies have so far been realized in about 50 countries around the world
and their outcomes have influenced the development and (re)design of mathematics
and science education curricula in a number of countries (see, for example, Mullis et
al., 2008a; Mullis et al., 2012a; Robitaille, Beaton & Plomp, 2000). The TIMSS data also
influenced a great number of secondary analyses (see, for example, Kadijevich, 2008;
Robitaille & Beaton, 2002; Vandecandelaere, Speybroeck, Vanlaar, De Fraine & Van
Damme, 2012; Wilkins, 2004).

In order to support secondary analyses of the TIMSS data, the TIMSS international
databases available on http://timss.bc.edu/ contain values for many background indices
regarding home, school, mathematics and science. These indices are very important
variables because their values can help researchers explain the differences in students’
obtained achievements within and across countries, helping educators to understand
potential reasons for these differences and better manage their work on improving
educational contexts and practices.

What kinds of mathematics achievement are provided by the TIMSS studies? Apart
from the overall mathematics achievement, the TIMSS mathematical results are also
given for different content domains as well as different cognitive domains. In TIMSS 2011
Grade 4 Study, there were three content domains and three cognitive domains (Mullis,
Martin, Foy & Arora, 2012).

Content domains were Number, Geometric shapes and measures, and Data
display, or Number, Geometry, and Data, in short. These domains received 50%, 35%, and
15% of the assessment emphasis, respectively. In order to compare relative performance
in these content domains with the overall mathematics achievement, IRT scaling was
applied to place achievement in each of these three domains on the TIMSS mathematics
scale for fourth grade.
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Cognitive domains were Knowing, Applying, and Reasoning, which, as Gutvajn,
Dzinovi¢, & Pavlovi¢ (2011) note, are related to cognitive domains found in the
well-known Bloom’s taxonomy. These domains received 40%, 40%, and 20% of the
assessment emphasis, respectively. In order to compare relative performance in these
cognitive domains (requiring different skills at different difficulty levels) with the overall
mathematics achievement, IRT scaling was also applied to place achievement in each of
these three domains on the TIMSS mathematics scale for fourth grade.

What psychological constructs may in general be used to explain mathematics
achievement? Research has strongly evidenced that students’ attitudes toward
mathematics are, in general, positively related to mathematics achievement (e.g.,
Hattie, 2009). Although the definition of the construct mathematics attitude varies in
professional literature (Lin & Huang, 2014), this construct typically include the dimension
of self-concept, i.e. self-confidence in learning mathematics (e.g., Lim & Chapman, 2013),
which, when compared to other dimensions of mathematics attitude, may be the
strongest predictor of mathematics achievement (Kadijevich, 2008). Other dimension
of mathematics attitude typically found in the literature is that of liking or enjoyment of
mathematics (Kadijevich, 2008; Lim & Chapman, 2013). This dimension also positively
correlates with mathematics achievement.

What TIMSS contextual variables concerning mathematics are related to the
achievement in this subject? Although examine dimensions of mathematics attitude as
3-value ordinal variables, several official TIMSS reports evidence that these dimensions
are positively related to mathematics achievement (e.g., Mullis et al., 2008; Mullis et
al, 2012). In a secondary analysis of the TIMSS 2003 data for eight grade, realized for
137,346 students from thirty three countries that participated in this study, it was found
that, for almost all of these countries, self-confidence in learning mathematics, liking
mathematics, and usefulness of mathematics were positively related to mathematics
achievement, where the relationship between this confidence and the achievement was
the strongest one. It was also found that, for all countries, relations among these three
dimensions were positive (Kadijevich, 2008).

Wilkins (2004) also evidenced positive relationship between self-confidence in
learning mathematics and mathematics achievement at the student level (i.e. within
country). At the country level (across countries), a negative relationship was found
(the lower the confidence, the higher the achievement), which might be the result of
stricter self-evaluations in countries that maintain high standards of and expectations
for educational achievements.

It may be argued that, in general, TIMSS contextual variables are more based upon
a consensus among TIMSS national representatives what to ask TIMSS participants than
upon strong theoretical frameworks, but regarding mathematics attitude, this objection,
as Kadijevich (2008) showed, is much less relevant.

What other math-related TIMSS contextual variable may be used to explain
mathematics achievement? Apart from the relevance of attitudinal dimensions
to mathematics achievement, the TIMSS 2011 Study evidenced the relevance of
engagement in mathematics lessons as well. More precisely, it was students’ opinions
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about their engagement in mathematics lessons that were positively related to their
mathematics achievement (Mullis et al., 2012). Note that this variable (again examined
as a 3-value ordinal variable) was not used in the TIMSS 2007 Study (see Mullis et al.,
2008, for math-related contextual variables applied in that study).

What were the main aims of the study? Bearing in mind that, as Mullis et al. (2012)
show for the TIMSS 2011 Grade 4 Study, Serbia and Slovenia differed with respect to not
only overall mathematics achievement, but also individual mathematics achievements
regarding different content and cognitive domains, this study tried to explain these
differences by using students’ opinions concerning their confidence in learning
mathematics, their liking to learn mathematics, and their engagement in mathematics
lessons, as well as the relationships among the three. Furthermore, as the quality
of knowledge should be defined not only in terms of achievement (e.g., the higher
achievement, the higher the quality), but also, for example, in terms of the balance among
achievements regarding different knowledge types (Miscevi¢ Kadijevi¢, 2011) — which is
an important aim of mathematics education (Kaino, 2013) — our analysis also examined
the balance among achievements by content and cognitive domains (all expressed on a
scale with 500 as its mean values). Our aim was thus also to compare these balances for
Serbia and Slovenia and in the case of balance differences, to try to explain them by using
differences between the two countries in these three contextual variables (confidence,
liking and engagement) mentioned above and the relationships among them.

Method
Sample

This study used a sample of 7,861 students from Serbia (3,736) and Slovenia
(4,125), who participated in the TIMSS 2011 Grade 4 Study. Although 8,871 four-graders
from Serbia and Slovenia participated in this study, only students with complete data on
all examined variables were included.

Design and variables

This study utilized factorial and correlative designs. Initially, ten variables were
used. These variables, along with their measurements and reliabilities, are described in
the following bulleted paragraphs.

+ AcHiEVEMENT stands for students’ overall mathematics achievement. It was
determined as the average of the five plausible overall mathematics achievement
estimators given in the TIMSS 2011 Grade 4 official files asgsrbm5.sav and asgsvnm5.sav
for Serbia and Slovenia available at http://timss.bc.edu/timss2011/ (hereafter denoted
as official TIMSS data). The reliability of this variable (Cronbach’s alpha) was high (0.98 for
Serbia and 0.97 for Slovenia).
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« Numser denotes students’ mathematics achievement in the number content
domain. It was determined as the average of the five plausible number achievement
estimators found in the official TIMSS data. The reliability of this variable was high (0.97
for Serbia and 0.96 for Slovenia).

« GeomeTry refers to students’ mathematics achievement in the geometry content
domain. It was determined as the average of the five plausible geometry achievement
estimators found in the official TIMSS data. The reliability of this variable was high (0.96
for Serbia and 0.95 for Slovenia).

« DA denotes students’ mathematics achievement in the data content domain. It
was determined as the average of the five plausible data achievement estimators given in the
official TIMSS data. The reliability of this variable was high (0.95 for Serbia and 0.94 for Slovenia).

« KnowinG stands for students’mathematics achievement in the knowing cognitive
domain. It was determined as the average of the five plausible knowing achievement
estimators found in the official TIMSS data. The reliability of this variable was high (0.97
for Serbia and 0.96 for Slovenia).

« AppLviNG refers to students’ mathematics achievement in the applying cognitive
domain. It was determined as the average of the five plausible applying achievement
estimators found in the official TIMSS data. The reliability of this variable was high (0.97
for Serbia and 0.96 for Slovenia).

« Reasoning denotes students’ mathematics achievement in the reasoning
cognitive domain. It was determined as the average of the five plausible reasoning
achievement estimators given in the official TIMSS data. The reliability of this variable
was high (0.96 for Serbia and 0.95 for Slovenia).

- Conripence stands for student’s self-confidence in learning mathematics. For each
student, this confidence was equal to the average of his/her responses to the following
seven statements: (1) | usually do well in mathematics*; (2) Mathematics is harder for me
than for many of my classmates; (3) | am just not good at mathematics; (4) | learn things
quickly in mathematics*; (5) | am good at working out difficult mathematics problems*; (6)
My teacher tells me | am good at mathematics*; (7) Mathematics is harder for me than any
other subject (Mullis et al, 2012; p. 337). Responses were officially coded by numbers 1-4 (1
for “Agree a lot’, 2 for “Agree a little”, 3 for “Disagree a little’, and 4 for “Disagree a lot”), and,
to attain a positively-oriented measure, scoring was reversed for statements denoted by *.
The reliability of this measure was very good (0.88 for Serbia and 0.84 for Slovenia).

« Liking denotes student’s liking to learn mathematics. For each student, this liking
was equal to the average of his/her responses to the following five statements: (1) | enjoy
learning mathematics*; (2) | wish | did not have to study mathematics; (3) Mathematics
is boring; (4) | learn many interesting things in mathematics*; (5) | like mathematics*
(Mullis et al, 2012; p. 331). Responses were officially coded by numbers 1-4 (1 for “Agree
a lot”, 2 for “Agree a little”, 3 for “Disagree a little”, and 4 for “Disagree a lot”), and, to attain
a positively-oriented measure, scoring was reversed for statements denoted by “*. The
reliability of this measure was very good (0.89 for Serbia and 0.87 for Slovenia).?

2 When a two-factor solution was applied to all attitudinal statements (7 for Conribence and 5 for
Liking), a clear factor structure was obtained in both Serbia and Slovenia; seven confidence statements
loaded on the first factor, whereas the reimaging five liking statements loaded on the second factor.
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« ENGAGEMENT refers to student’s engagement in mathematics lessons. For each
student, this engagement was equal to the average of his/her responses to the following
five statements: (1) | know what my teacher expects me to do*; (2) | think of things not
related to the lesson; (3) My teacher is easy to understand*; (4) | am interested in what
my teacher says*; (5) My teacher gives me interesting things to do* (Mullis et al, 2012; p.
371). Responses were coded by numbers 1-4 (1 for “Agree a lot”, 2 for “Agree a little”, 3 for
“Disagree a little”, and 4 for “Disagree a lot”), and, to attain a positively-oriented measure,
scoring was reversed for statements denoted by *' The reliability of this measure was low
(0.69 for Serbia and 0.63 for Slovenia).

By examining also the balance among different achievements, two measures
were added to the list of initial variables. These additional variables were CoNTENT BALANCE
and COGNITIVE BALANCE.

- ConTenT BALANCE refers to the balance of student’s achievements for the three
content domains. For each student, this balance was equal to the minimum of the
achievements for these content domains divided by the maximum of these three
achievements. If, for one student, the values of variables Numser, GEomeTrY and DAta were
500, 480, and 450, the value of his/her ConTENT BALANCE was 450/500 = 0.9 i.e. 90%, which
indicates somewhat balanced achievements.

- CoaNITive BALANCE denotes to the balance of student’s achievements for the three
cognitive domains. It was defined analogously to ConTent BALANCE. For Knowing = 500,
APrpLYING =400 and Reasoning = 420, CoNITIVE BALANCE = 80% (from 400/500), which indicates
unbalanced achievements.

By adding these two variables we focused on a numerical measure that could
tell us to what extent the examined achievements were close to each other (cf. country
profiles reported in Mullis et al., 2008, but not given in Mullis et al., 2012).

Statistical analysis

All statistical analysis (including the calculation of the Cronbach’s alpha
reliabilities), mostly realized in the SPSS program, used the official within-country
sampling weights (Joncas, 2004). The applied weights were the rescaled values of the
official totwgt variable so that, in each country, the sum of all rescaled values was equal
to the sample size.

Results

Table 1 presents the means, standard deviations and reliabilities (Cronbach’s

alpha) for the measured variables by country. Several significant differences between
and within countries were present at a 0.01 level.
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Table 1. Main data on twelve measured variables by country

Country Serbia Slovenia
(N =3,736;85.3% (N=4,125;91.8%
Variable of tested students) of tested students)
1. Achievement 522/83/0.98 515/65/0.97
Mathematics content domains
2. Number 5351 /78/0.97 505\ /67/0.96
3. Geometry 503 /89/0.96 5287 /60/0.95
4.Data 5101 /94/0.95 5357 /84/0.94
5. Content balance 0.906 / 0.056 / NA* 0.915/0.044 /NA
Mathematics cognitive domains
6. Knowing 5261 /78/0.97 512/63/0.96
7. Applying 5171 /85/0.97 5161 /63/0.96
8. Reasoning 521/95/0.96 5181 /71/0.95

9. Cognitive balance

0.937/0.040 / NA

0.949/0.032/NA

Mathematics contextual variables

10. Confidence

3.16/0.68/0.88

3.27/0.63/0.84

11. Liking

3.23/0.80/0.89

3.21/0.81/0.87

12. Engagement

3.43/0.52/0.69

342/050/0.63

Significant differences between countries are given in bold (e.g., 522 > 515 for overall mathematics
achievement) For each country, arrows (T, ) denote higher or lower particular achievements than the
overall mathematics achievement (e.g., 535 > 522 for Serbia).

* Not calculated.

Table 2 presents Pearson’s correlations between achievement variables and
balance variables on one side, and the three math-related contextual variables on the
other. Although all correlations were significant at a 0.001 level, thirty correlations (of
thirty-six in total) regarding Liking and EnGAaGemenT were below 0.15 and may thus be
practically considered as insignificant ones. What correlations did matter were those
related to Conripence. Furthermore, by applying a 0.01 significance level, there were just
two pairs of correlations with statistically different correlations for Serbia and Slovenia
(0.52 vs. 0.46 for ReasoNING; 0.34 vs. 0.27 for COGNITIVE BALANCE).
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Table 2. Correlations between nine achievement variables and three contextual variables

izll:itee\)l:umaelr‘llta ;rr?;:Ie Confidence Liking Engagement
1. Achievement 0.50/0.47+ 0.13/0.13 0.12/0.10
Mathematics content domains
2. Number 0.51/0.49 0.14/0.16 0.12/0.11
3. Geometry 0.46/0.42# 0.13/0.08 0.12/0.07
4. Data 0.47 /0.45 0.12/0.13 0.11/0.11
5. Content balance 0.31/0.28 0.13/0.16 0.17/0.13
Mathematics cognitive domains
6. Knowing 0.49/0.47 0.13/0.13 0.11/0.10
7. Applying 0.49/0.48 0.13/0.14 0.13/0.09
8. Reasoning 0.52/0.46* 0.14/0.13 0.12/0.12
9. Cognitive balance 0.34/0.27* 0.17/0.18 0.18/0.22

+ Correlation for Serbia / Correlation for Slovenia.
#7=2.20,p=0.03.
* Correlation different at a 0.001 level.

Table 3 reports Pearson’s correlations among the three math-related contextual
variables. All correlations were significant at a 0.001 level. Furthermore, by applying
a 0.01 level of significance, there was no pair of correlations with statistically different
correlations for Serbia and Slovenia.

Table 3. Correlations among three contextual variables

Variable 2 3

1. Confidence 0.51/0.53+ 0.47 /0.49
2. Liking 0.64/0.614#
3.Engagement

+ Correlation for Serbia / Correlation for Slovenia.
#72=2.18,p=0.03.

Discussion

Having in mind significant differences between Serbia and Slovenia, several
important findings emerged from this study. These findings were the following:
«  Serbia had more students with missing or incomplete data on the three
contextual variables, and so their results were removed from the official files
(14.7% vs. 8.2%).
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«  Serbian students had higher AcHievement (522 vs. 515) and scored higher on
Numser (535 vs. 505) and Knowing (526 vs. 512).

«  Slovenian students scored higher on Geometry (528 vs. 503) and Data (535
vs. 510) and had higher ConTent BALANCE (0.915 vs. 0.906) and COGNITIVE BALANCE
(0.949 vs. 0.937).

«  Slovenian fourth-graders had higher ConriDencE (3.27 vs. 3.16).

«  For Serbian students, there was stronger positive relationship between
ReasoniNg and ConriDence (0.52 vs. 0.46).

«  For Serbian students, there was stronger positive relationship between
CoaNiTive BALANCE and Conripence (0.34 vs. 0.27).

Some issues on missing data. We first focus on students removed from the official
data files because their data on the three contextual variables were incomplete or
missing. There were many such students in both Serbia (643, 14.7% of the original Serbian
sample) and Slovenia (367, 8.2% of the original Slovenian sample). An additional analysis
evidenced that the values of ConriDENCE were not available for 388 Serbian students (8.9%)
and 198 Slovenian students (4.4%). Having in mind the following numbers of excluded
students by contextual variable (ConFIDENCE: 388 vs. 198; LikiNg: 250 vs. 175; ENGAGEMENT: 199
vs. 132; the first number refers to Serbia), it might be that, contrary to Slovenian students,
Serbian fourth graders would rather not respond to some items than gave responses
that they did not know or were, in their view, not for the public. Note that AcHievement of
the excluded students was below the international average of 500 points (481 in Serbia
and 491 in Slovenia).

Why did Serbian students have higher overall mathematics achievement? Serbian
students had higher AcHievement but lower Conripence. To explain this discrepancy, several
lines of reasoning may be pursued. A summary of three lines follows.

« At country level, there is a negative relationship between achievement and
self-confidence (Wilkins, 2004), possibly influenced by standards of and
expectations for educational achievements: the higher the standards, the
higher the achievement but the lower the confidence (because students
evaluate their abilities in a more rigorous way). This does not apply,
however, because compared to Serbia, Slovenia has higher standards of and
expectations for educational achievements.

«  There may be a high level of anxiety of Serbian students regarding their
mathematics learning (Radisi¢, Videnovi¢ & Baucal, 2014). Higher math-
anxiety usually goes with lower mathematics achievement (e.g., Cates &
Rhymer, 2003; OECD, 2013). Furthermore, higher math-anxiety results in
lower self-confidence in learning mathematics (see OECD, 2010, for this
negative relationship). It should be thus expected that Serbian students
would have AcHievement that is lower than Slovenian students. This did not
happen, however.

«  Higher Conripence of Slovenian students may be a sign of overestimation
of their own abilities. Unskilled students may be unaware of their limited
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abilities for several reasons (for reasons, see, for example, Ehrlinger, Johnson,
Banner, Dunning & Kruger, 2008). Poor metacognitive abilities, for example,
would rather block than develop student’s educational potential. This
overestimation may be a simple way to avoid facing failure in mathematics
(Dweck, 2006), which would also rather block than develop student’s
educational potential. Because students with lower achievement and higher
confidence generate a negative correlation between these two variables (that
lowers a positive relationship between the two for other students), it may be
clear why two positive relationships — between Reasoning and ConFiDENCE, and
between Coaniive BALANCE and CoNFIDENCE — were stronger for Serbian students.

Why were there other differences in mathematics achievement for Serbian and
Slovenian students? Because there were almost no significant differences between
Serbia and Slovenia with respect to ConFiDENCE, LikING, and ENGAGEMENT as well as the
relationships among these three math-related contextual variables, an explanation
of these differences calls for the consideration of curriculum, teaching practice, and
teachers’ professional development in Serbia and Slovenia. There is a little doubt that
the differences are the result of the type of mathematical tasks widely used in Serbian
and Slovenian classrooms. Having in mind within country achievement differences in
Serbia and Slovenia, it is clear that mathematical tasks in Serbian classrooms focus on
numbers and operations with them and on learning (knowing) facts and procedures,
whereas mathematical tasks in Slovenia rather focus on geometry and measurements,
displaying data, and mathematical reasoning.

Slovenian curriculum is more focused on reasoning and problem solving,
whereas Serbian curriculum is more focused on the cognitive domains of knowing
and applying (Baucal, Radisi¢ & Stankovi¢, 2014). Furthermore, while Serbian math
curriculum for primary schools (available at www.zuov.gov.rs/novisajt2012/naslovna_
nastavni_planovi_programi.html), as being mostly unchanged for almost twenty-five
years?, has not benefitted from the use of previous TIMSS and PISA results for Serbia, the
situation in Slovenia is quite different as summarized below.

«  Thefindings of IAEP 1991 and TIMSS 1995 studies evidenced that, before the
introduction of new mathematics curriculum in Slovenia in 1998, Slovenian
pupils were very skilful in doing calculations, whereas they were somewhat
worse with the understanding of fundamental mathematical concepts. These
studies also evidenced that when compared with pupils from other countries,
they considerably lacked knowledge about data processing and problem
knowledge (Coti¢, Felda & Hodnik Cadez, 2003). In this new curriculum, and
its updated 2011 version, the main emphasis is on the use of mathematical
knowledge and problem solving, and, as a result of this orientation, teachers
use mathematical tasks not only to consolidate basic skills, but also to solve

3 Regarding the content of this curriculum introduced in 2006, just the volume of cube
and rectangular cuboid was removed from its previous 1991 and 1996 versions. Other topics are
more or less the same (in most cases even their formulations is the same).
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real life situations, and promote learning strategies in problem solving.
Regarding data processing, this curriculum also systematically addresses it,
from early to later grades, bearing in mind that, in general, data processing is
an effective way to develop quantitative understanding and reasoning and
improve problem knowledge connecting mathematics with other school
subjects (Zakelj, 2010).

«  On the basis of the results of Slovenian pupils in national and international
assessments (Japelj Pavesic¢ et al., 2005, Mullis et al., 2008), the modernization
of curricula for elementary schools was made from 2008 to 2011. As regards the
2011 math curriculum, improvements were made with respect to both content
and didactics. There are three themes in each grade (Logic and language,
and Data processing introduced in 1998, and Mathematical problems and
problems of life situations introduced in 2011), and, in each grade, the focus
is on developing the techniques of reading text and interpreting it having in
mind mathematical content and objectives (Zakelj etal, 2011).

According to the responses of the National Research Coordinators for the two
countries, some TIMSS content topics were not included in the curriculum: for the
numberdomain with 8 topics, 3 were notincluded in Serbia, whereas 4 were notincluded
in Slovenia; for the geometry domain with 7 topics, 3 topics were not included in both
Serbia and Slovenia; for the data domain, while all topics were included in Slovenia,
none of them was included in Serbia (Mullis at al., 2012). Firstly, regarding content, it
is clear that fourth-grade mathematics curriculum needs some improvements in both
countries, especially in Serbia where the data domain is completely missing. Secondly,
regarding didactics, it seems that, in general, tasks on geometry and measurements are
better treated in Slovenia, whereas tasks on numbers are better treated in Serbia. The
second conclusion is supported by Baucal et al. (2014), who found that while tasks on
geometry and measurements were easier for Slovenian students, tasks in the number
domain were easier for Serbian students.

Having in mind the content of the previous paragraph as well as the fact that,
in general, teaching approaches differ in Serbia and Slovenia [e.g., instruction in Serbia
not only heavily focus on memorizing facts, rules and procedures (69% vs. 5%), but also
relies much more on frontal work with the whole class having direct teacher guidance
(43% vs. 13%); see Exhibit 8.27 on p. 398 in Mullis et al., 2012], it may be understood not
only why Serbian students scored higher in the knowing cognitive domain (average
percent correct: 60% vs. 57% for all TIMSS students), but also why they scored higher
in the number content domain (average percent correct: 54% vs. 47% for all TIMSS
students), whereas Slovenian students scored higher in the geometry content domain
(average percent correct: 57% vs. 50% for all TIMSS students). (For given data, see Exhibit
E.1 on p. 460 in Mullis et al., 2012.)

Tasks on data processing in Serbia and Slovenia. There is an emphasis on data
processing tasksin Slovenia, which considerablyimproved Slovenian TIMSS achievement
in the data content domain from 512 in 2007 to 532 in 2011 (or, in terms of average

32



Explaining differences for Serbia and Slovenia in mathematics...

percent correct, from 64% to 68%). According to Zakelj et al. (2011), Slovenian students
learn to collect, compile and present data and undertake their first empirical studies in
the first three years, whereas in the next three years they learn to use digital tools to
help them with these activities. Contrary to this successful Slovenian experience, data
processing tasks are rarely solved by Serbian fourth graders because these tasks have
been neglected in teacher professional development.

To illustrate the neglect of data processing tasks in Serbia, let us consider in-
service development of elementary teachers in Serbia for teaching mathematics. For
many teachers of elementary mathematics, this development has been arranged by
Mathematical Society “Arhimedes” (see Kenderov et al., 2009, for more detail about
this society and its numerous activities). When we focused on the period 2007-2010
(20 meetings with teachers were arranged), it was found that tasks on data and their
presentations were only sporadically examined. Note that when some twenty years ago
lower-secondary math teachers in Serbia were asked what areas should be removed
from the curriculum, the topic of data was their first choice not only because teacher
professional development had neglected this topic, but also because teachers found
this topic to be not that mathematical (Kadijevi¢, Marinkovi¢ & Brki¢, 2004).

In-service development of primary mathematics teachers in Serbia and Slovenia.
A continuously updated list of programs for in-service development (obligatory!) of
Serbian teachers of mathematics, accepted by Serbian educational authorities, can be
found at http://katalog2015.zuov.rs/ (follow the link matematuka). There were about
forty programs in July 2014, and according to their descriptions, most of them were
also designed for elementary teachers (dominant topics were geometry, visualization,
and problem solving for above-average students; there was no program with focus on
data processing). Each of these programs is usually arranged for 20-30 participants in
a form comprising lectures and workshops. As some improvements of the classroom
work on the basis of a particular program may only be attained when few hundreds of
elementary teachers have been involved in it, these improvements may only happen
in the long run. Note that programs for technology integration are not described in
terms of possible gains regarding content, pedagogy and technology. An increasing
importance of successful technology integration (see, for example, the Technology
Principlein NCTM, 2000), calls for the use and implementation of a suitable framework for
teacher professional development, such as TPCK - Technological Pedagogical Content
Knowledge (Kadijevich, 2012; see also www.tpack.org).

Rules on further education and training for professionals in education in Slovenia
(2004) are implemented in various forms of programs (Cencic, 2011). In-service training
(that is optional) has primarily been arranged by the ministry responsible for education.
A catalogue of available programs can be found at http://lim1.mss.edus.si/katis/default.
aspx, and, in 2014/15, there were about 20 seminars for teachers of mathematics in
primary and secondary education. Like in Serbia, this training involves rather a small
numbers of teachers. There is also a catalogue of programs offered (free of charge)
by the National Educational Institute of the Republic of Slovenia (www.zrss.si). This
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institute has been for 20 years carrying out the work of so-called study groups that
focus on exchange of experience, system innovations, and changes in curriculum and
examinations. In 2012/13 and 2013/14, primary mathematics topics were: updates of
2011 mathematics curriculum, crossing ten, problem solving, patterns, and assessment
(two times of 4 hours of direct instruction was followed by a work in web classrooms).
Because curriculum improvements in Slovenia are developed in schools (through action
research involving teachers and curriculum planners), the preparation of curriculum
documents and relevant didactic materials, and the introduction of innovations into
practice take place simultaneously, which is according to Schollaert (2006), a good way
to attain a successful curriculum update.

The balance of achievements by content domain and cognitive domain. The means
of the two balance variables were above 0.90 (90%), which is quite satisfactory. Slovenian
students had higher both ConTent BALANCE (0.915 vs. 0.906) and CoGNITIVE BALANCE (0.949 vs.
0.937). As the differences were just at a one-percent level (e.g., 0.949 - 0.937 =0.012 i.e.
1.2%), they do not have practical significance. However, there were more students is
Serbia with CoNiTive BALANCE below 0.90 (14.4% vs. 6.4% in Slovenia; weighted data were
used). Regarding ConTeNT BALANCE, there figures were as much as 39% for Serbia vs. 33.9%
for Slovenia (again, weighted data were used), which strongly supports the conclusion
that relating different content areas is not that strong in elementary mathematics
teaching in Serbia and Slovenia. As these balance differences cannot be explained with
empirical or educational differences reported in this article, further research may focus
on the question of balance and main factors influencing it, possibly taking into account
the issue of overestimating one’s own abilities.

Closing remarks

Regarding curriculum and teacher education, elementary math teachers in
Slovenia should also focus on the number content domain and the reasoning cognitive
domain, whereas these teachers in Serbia should eventually deals with the topic of
data processing as well as make tasks on geometry and measurement more accessible
to students. Furthermore, in both Serbia and Slovenia, teachers should improve their
classroom work to relate different content areas.

Students’ attitudes toward mathematics are, in general, positively related
to mathematics achievement (e.g., Hattie, 2009), and a critical dimension of these
attitudes are students’ self-confidence in learning mathematics (e.g., Kadijevich, 2008).
In both Serbia and Slovenia, achievement variables were mostly related to CoNFIDENCE.
Although we do not know whether self-confidence in learning mathematics influences
achievement or it is vice versa, a portion of learning tasks should be designed in a way
that helps students build their self-confidence in learning mathematics. As mathematics
teachers have a tendency to focus on one aspect of mathematical proficiency (e.g.,
knowing) hoping that other aspect(s) would develop more or less spontaneously
(Kilpatrick & Swafford, 2002), this way should require combining knowledge and
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skills from different content domains, or different cognitive domains. Relating
different content domains can be attained by solving mathematical tasks in
several ways. In doing that - of course, by using technology when appropriate
— we would not only provoke and possible strengthen self-confidence in learning
mathematics (cf. Eisenberg, 1991), but also promote a (more) balanced acquisition
of different knowledge types, which is an important educational goal suggested
by the results of the TIMSS studies.
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