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STUDENTS AND CHARACTERISTICS
OF MATHEMATICS CURRICULUM

Radovan Antonijevic*
Institute for Educational Research, Belgrade

Abstract. This paper considers the main results and some educational implications of the
TIMSS 2003 assessment conducted in Serbia, in the fields of mathematics achievement of
Serbian eighth grade students and the mathematics curriculum context of their achievement. It
was confirmed that Serbian eighth graders have made average scale score of 477 points, and
with this achievement they are placed in the zone of intermediate international benchmarking
level. The average mathematics achievement of the Serbian eighth graders is somewhat above
the average international mathematics achievement. The best result was achieved in the
content domain of “algebra”, and the lower result in the content domains of “measurement”
and “data”. In the defined cognitive domains the Serbian students have achieved the best
results in “solving routine problems” and “knowing facts and procedures”, and the weaker
result in “reasoning”. Statistically significant difference was found in the mathematics
achievement between girls and boys in the Serbian TIMSS 2003 sample, so the girls’ average
scale score was 480 points and the same value for the boys was 473 points. The achieved
results raise many questions about the contents of mathematics curriculum in Serbia, its
quality and basic characteristics of its implementation. These results can be eligibly used to
improve the mathematics curriculum and teaching in Serbian primary school.

Key words: TIMSS 2003, achievement, content domain, cognitive domain, gender differen-
ces, mathematics curriculum.

The TIMSS 2003 (Trends in International Mathematics and Science Study)
is the third circle in continuing of an international assessment of fourth and
eighth grade students in the fields of mathematics and science teaching as
well as their achievement dependence of the mathematics and science
curriculum contents, school context for learning and instruction, and home
context for learning. Three circles of the TIMSS investigation have been
carried out so far, that is, every four years, in 1995, 1999 and 2003, and the
next circles will be organized in 2007, 2011 and so on. The TIMSS 1995
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investigation circle was originally named as the Third International
Mathematics and Science Study, and the TIMSS 1999 as TIMSS-R (Repeat).
The TIMSS 2003 was conducted in 49 countries worldwide, and there is a
tendency to involve new participating countries in the assessment. It can be
concluded that the TIMSS investigation is becoming a kind of a worldwide
project, in the true sense of the word, in the field of students’ achievement
assessment in the mathematics and science teaching.

A wide array of information was collected by the conducted TIMSS
2003 investigation. The information was chosen about the homes, schools,
classrooms and the mathematics and science teachers of the involving
students, and also about the mathematics and science curriculum for each
participating country. In the TIMSS assessment there is a tendency to inter-
pret students’ mathematics and science achievement against basic characte-
ristics of curriculum contents, characteristics of school mathematics and
science teaching and school environment and its educational influence, and
in respect of the characteristics of home context for learning mathematics
and science. Pieces of information were summarized and presented in the
international mathematics report (Mullis et al., 2004) and the international
science report (Martin et al., 2004). The rank of each TIMSS 2003
participating country is expected to be a relative one, because it depends of a
complex group of different factors that teaching and learning of mathematics
are influenced by, and a country’s rank on the international scale is not a
complete explanatory index of each TIMSS 2003 participating country’s
achievement in mathematics or science. The influencing factors of
achievement in the field of mathematics are different and always specific for
each participating country. Consequently, mathematics achievement depends
mainly of the following factors: mathematics curriculum contents, school
equipment, use of computers and calculators in teaching and learning,
mathematics teachers’ preparation and experience, application of some
methods in mathematics teaching, students’ motivation and their level of
educational aspiration, parent’s education level, etc.

Serbia took part in the TIMSS 2003 for the first time. The assessment
in Serbia was prepared and administered by the Institute for Educational
Research from Belgrade, as the National Research Center for carrying out
the assessment in Serbia. All investigation procedures were undertaken in
accordance with the TIMSS 2003 international survey procedures and
timelines. The field test was conducted in April, 2002, and involved only
two primary schools, 4 school classes, with approximately over 100 students.
The reasons for this minimal field test sample in Serbia were in the domains
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of financial and organizational circumstances in Serbia. The main
investigation in Serbia was conducted in May, 2003. Secondary analyses of
collected data were carried out to provide more statistical and contents
indexes on the basis of accepted proposals and suggestions presented in the
TIMSS 2003 data user guides and other manuals. Computer software used
was International Data Base (IDB) Analyzer which is compatible and
operates accompanied by the SPSS 11.0 computer statistical program.

The TIMSS 2003 defined population and sample in Serbia

In the TIMSS and PIRLS IEA studies, the standard target population is
defined as the international desired target population. There are: population
1 (fourth grade students) and population 2 (eighth grade students). Serbia, as
a participating country, has chosen population 2 generally determined in the
TIMSS 2003 investigation conception in this way: “All students enrolled in
the upper of the two adjacent grades that contain the largest proportion of
13-year-olds at the time of testing. This grade level intended to represent
eight years of schooling, counting from the first year of primary or
elementary schooling, and was the eighth grade in most countries” (Martin,
Mullis & Chrostowski, 2004). Children in Serbia enter school and start
compulsory education as 7-year-olds. It actually means that eighth graders in
Serbia are 14-year-olds, because the eighth grade is the final grade of
compulsory education in the Serbian educational system.

The TIMSS 2003 Serbian sample of schools and sample of students
was designed to comply with the accepted definition of school population
coverage and exclusions and with the defined model of school sample design
made within the TIMSS 2003 assessment frameworks and in other [EA and
ISC documents and manuals. In the TIMSS terminology, national desired
target population in Serbia is the population of all eighth grade students in
Serbia, while national defined target population in Serbia consists of all
eighth grade students in Serbia, excluding those from schools in the Kosovo
region, schools for disabled students (special education schools) and very
small schools (less than ten enrolled eighth grade students). The Kosovo
region is under UN military and administrative protection, so it was
impossible to administer and conduct the investigation in this region by the
National Research Center in Belgrade. National desired target population in
Serbia did not cover entirety of the international desired target population,
and it represents 81% coverage of this defined population. For the eighth
grade students’ samples in other participating countries, there are similar
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cases of lesser covering of the international desired target population, for
instance, in Lithuania (89%), Indonesia (80%), and Morocco (69%) (Martin,
Mullis & Chrostowski: 193-194). The national defined population of
primary schools for the TIMSS 2003 sample in Serbia consisted of 1100
primary schools. The multistage cluster sample model in Serbia included 149
primary schools, proportionally selected by cluster model of sampling from
each of the stratified region. School-level exclusions consisted of schools
near the Kosovo region, special education schools and very small schools.
An explicit stratification was not made but there was implicit stratification
by the region (Central Serbia, Belgrade and Vojvodina) and by urban—rural
criterion. There were a total of six implicit strata. After all kinds of the
applied exclusions, the Serbian sample was represented by 4296 eighth grade
students, 2206 boys, or 51.35 percent, and 2090 girls, or 48.65 percent. The
mean age of tested eighth grade students in Serbia was 14.9 years.

Performance of the Serbian students at the international benchmarks

Serbian eighth graders attained results in mathematics, which are somewhat
above the average international scale score achievement. Compared with the
international scale, we can see that the Serbian average scale score is 477
points (24™ rank on the international scale), the same average international
score is 467 points, and the best scores belong to Singapore (605 points, SE
3.6), Republic of Korea (589 points, SE 2.2), Hong Kong (Special Admi-
nistrative Region — SAR) (586 points, SE 3.3), etc. In the TIMSS 2003
investigation conception there are four international achievement
benchmarks: “advanced” (A), “high” (H), “intermediate” (I) and “low” (L).
There are three crucial factors for constituting these benchmarks and for
differentiating students’ performance among the four benchmarking levels,
at both the eighth and fourth grades, which were taken into account in the
analyses of performance at these benchmarks. These factors are (1) required
mathematical operations, (2) complexity of number or number systems, and
(3) nature of the problem situations (Mullis et al., 2004: 58). In this case, it
can be stated that the principle of cumulativeness is applied in the
conception of international achievement benchmarks, which means that each
higher benchmark level also involves requested students’ abilities and skills
that belong to lower benchmark level(s). On the basis of the general average
scale score in mathematics, we can see that Serbian students are, on average,
at the intermediate international benchmark, which is from 475 to 550 scale
score points. The intermediate international benchmark for eighth grade
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mathematics achievement is formulated in the TIMSS 2003 assessment
frameworks in the following way:

“Students can apply basic mathematical knowledge in straightforward
situations. They can add, subtract, or multiply to solve one-step word prob-
lems involving whole numbers and decimals. They can identify representa-
tions of common fractions and relative sizes of fractions. They understand
simple algebraic relationships and solve linear equations with one variable.
They demonstrate understanding of properties of triangles and basic geomet-
ric concepts including symmetry and rotation. They recognize of basic nota-
tions of probability. They can read and interpret graphs, tables, maps, and
scales” (Mullis et al., 2004: 79).

Table 1: Percentages of students that reached each international
benchmark of the mathematics achievement (Mullis et al., 2004: 64)

Advanced High Intermediate Low
(A) (H) @ (9)
Country International | International | International | International S A;/ersage
Benchmark Benchmark Benchmark Benchmark caie score
(625) (550) 475) (400)
Singapore 44 (2.0) 77 (2.0) 93 (1.0) 99 (0.2) 605 (3.6)
?Fell)g“‘m 9(0.9) 47 (1.9) 82 (1.2) 95 (0.9) 537 (2.8)
United States 7 (0.7) 29 (1.6) 64 (1.6) 90 (1.0) 504 (3.3)
Serbia 4(0.4) 21(1.1) 52 (1.4) 80 (0.9) 477 (2.6)
Int. Average 7 (0.1) 23(0.2) 49 (0.2) 74 (0.2) 467 (0.5)

() Values of standard error are given in parenthesis, because results are rounded to the nearest whole

number.

It is interesting to note the percentages of Serbian eighth graders at each
defined international benchmark and the results achieved by students in
Singapore, the most successful country in mathematics, Belgium (Flemish),
as the most successful European country, and results of USA students (see
Table 1). In the Serbian sample, 80% of students (SE 0.9) reached the L in-
ternational benchmark, 52% (SE 1.4) reached the I international benchmark,
21% (SE 1.1) reached the H international benchmark, and only 4% (SE 0.4)
reached the A international benchmark.

Students’ achievement through the mathematics content
and cognitive domains
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The assessment in the TIMSS 2003 was carried out through two concep-
tualized mathematics dimensions, the content and the cognitive dimension,
which corresponds to the earlier circles of TIMSS assessment. In the TIMSS
2003 assessment frameworks these two dimensions and belonging domains
represent the foundation of the mathematics assessment at the fourth and the
eighth grade.

The mathematics content dimension for the eighth grade is organized
across the mathematics content domains: number (topic areas: whole num-
bers; fractions and decimals; integers; ratio, proportion and percent), algebra
(patterns; algebraic expressions; equations and formulas; relationships),
measurement (attributes and units; tools, techniques and formulas), geometry
(lines and angles; two- and three-dimensional shapes; congruence and
similarity; locations and spatial relationships; symmetry and
transformations), and data (data collection and organization; data
presentation; data interpretation; uncertainty and probability) (Mullis et al.,
2001). The content domains cover the TIMSS 2003 mathematics curriculum
and its subject matter defined for the assessment. The content domains are
organized in linear order. Each content domain is structured through several
topic areas, and each topic area is explained as a list of objectives, which are
mainly in presence in a majority of participating countries.

Similarly, the mathematics cognitive dimension for the eighth grade is
organized across mathematics cognitive domains: knowing facts and proce-
dures (recall, recognize/identify, compute, use tools) (similarly, in the
science area there is factual knowledge), using concepts (know, classify,
represent, formulate, distinguish) (in the science area there is conceptual
understanding), solving routine problems (select, model, interpret, apply,
verify/check), and reasoning (hypothesize/conjecture/predict, analyze,
evaluate, generalize, connect, synthesize/integrate, solve non-routine
problems, justify/prove) (in the science area there is reasoning and analysis)
(Mullis et al., 2001). There is no separate mathematics cognitive domain
devoted to assessing mathematical communication abilities and skills, but
there are assessment items in the area of mathematical communication,
similar to the assessment of students’ scientific inquiry abilities and skills in
science, although both mathematical communication and scientific inquiry
were not defined as cognitive domains. The cognitive domains contain sets
of different behaviors, abilities and skills, which are expected of students as
they engage with the mathematics contents. Each cognitive domain is
structured with several abilities and skills. The mathematics cognitive
domains and belonging abilities and skills inside are organized in a
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cumulative pyramidal order, which means that more complex cognitive
domain contains contents of previous lesser complex cognitive domain. The
same characteristics we can be found in the organization of abilities and
skills inside each particular cognitive domain. Consequently, we can find the
presence of similar kind of cumulative pyramidal order inside lack defined
ability or skill, shosen to be assessed. The Serbian eighth graders’
achievement across the content domains and cognitive domains is shown in
Table 2 and Table 3.

Table 2: The Serbian students’ average achievement
across content domains

. 95% Confidence Interval

Content Domains M SE
Lower Bound Upper Bound

Number 1.60 0.02 1.57 1.64
Algebra 1.20 0.01 1.17 1.22
Measurement 0.81 0.01 0.80 0.83
Geometry 0.96 0.01 0.95 0.98
Data 0.86 0.01 0.85 0.88

¥
Data in the table are given in row scores.

The Serbian eighth grade students have made the best achievement in the
content domain of “number” and the lowest achievement in the content do-
mains of “measurement” and “data”. One of the main reasons for poor
results of the Serbian students in these two content domains comes from the
contents of mathematics curriculum for Serbian primary school, where
subject matter devoted to these domains is insufficiently and inadequately
represented.

Table 3: The Serbian students’ average achievement
across cognitive domains

. . 95% Confidence Interval
Cognitive Domains M SE
Lower Bound | Upper Bound
Knowing Facts and Procedures 1.24 0.01 1.22 1.26
Using Concepts 0.99 0.01 0.98 1.00
Solving Routine Problems 1.39 0.01 1.36 1.42
Reasoning 0.73 0.01 0.71 0.75

¥
Data in the table are given in row scores.
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Analyzing students’ achievement through cognitive domains, we can see that
the Serbian students were the most successful in the cognitive domains of
“solving routine problems” and “knowing facts and procedures”, and the
least successful in cognitive domain of “reasoning”. Students were more
successful in solving simple problem tasks in the achievement test than in
solving more complex multi-step word problem tasks, which requested
logical thinking, understanding, applying knowledge and reasoning. In the
mathematics curriculum in Serbia and in its implementation, attention is
inadequately paid to these elements.

It is interesting to note and analyze differences between the Serbian
students achievement across content domains (see Table 4).

Table 4. Statistical significance of differences between students’
achievement in various content domains

(I) Content Domains | (J) Content Domains Md (I-]) SE Sig.
Algebra 0.41 0.01 0.00
Measurement 0.79 0.01 0.00
Number
Geometry 0.64 0.01 0.00
Data 0.74 0.01 0.00
Number -0.41 0.01 0.00
Measurement 0.38 0.01 0.00
Algebra
Geometry 0.23 0.01 0.00
Data 0.33 0.01 0.00
Number -0.79 0.01 0.00
Algebra -0.38 0.01 0.00
Measurement
Geometry -0.15 0.01 0.00
Data -0.05 0.01 0.00
Number -0.64 0.01 0.00
Algebra -0.23 0.01 0.00
Geometry
Measurement 0.15 0.01 0.00
Data 0.10 0.01 0.00
Number -0.74 0.01 0.00
Algebra -0.33 0.01 0.00
Data
Measurement 0.05 0.01 0.00
Geometry -0.10 0.01 0.00

*
Data in the table are given in row scores.
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Post-hoc tests have shown significant differences in mathematics
achievement between all content domains. Previous exhibit shows
differences, expressed in average row scores, between each pair of content
domains (MD), their standard errors (SE) and significance of these
differences (Sig.). Each perceived difference between pairs of content
domains is statistically significant.

Likewise, it is interesting to analyze differences between the Serbian
students’ achievement in various cognitive domains (see Table 5).

Post-hoc tests have shown significant differences in achievement
between all content domains. Previous exhibit shows differences, expressed
in average row scores, between each pair of cognitive domains (MD), their
standard errors (SE) and significance of these differences (Sig.). Each
perceived difference between pairs of cognitive domains is statistically
significant.

Table 5: Statistical significance of differences between Serbian students’
achievement in various cognitive domains

(A) Cognitive Domains (B) Cognitive Domains MD (A-B) SE Sig.
Using Concepts 0.25 0.01 0.00
Knowing Fact and Procedures | Solving Routine Problems -0.14 0.01 0.00
Reasoning 0.51 0.01 0.00
Knowing Facts and Procedures -0.25 0.01 0.00
[Using Concepts Solving Routine Problems -0.40 0.01 0.00
Reasoning 0.26 0.01 0.00
Knowing Facts and Procedures 0.14 0.01 0.00
Solving Routine Problems Using Concepts 0.40 0.01 0.00
Reasoning 0.66 0.01 0.00
Knowing Facts and Procedures -0.51 0.01 0.00
Reasoning Using Concepts -0.26 0.01 0.00
Solving Routine Problems -0.66 0.01 0.00

¥
Data in the table are given in row scores.

The Table 6 shows results of average achievement across each content and
cognitive domain, with values of standard errors.

Table 6: The Serbian students’ average achie*vement across
content and cognitive domains

Contents .. . 95% Confidence Interval
Domains (Cognitive Domains M SE Lower Bound |Lower Bound
INumber Knowing Facts and Procedures 1.80 0.02 1.75 1.84
Using Concepts 1.42 0.02 1.38 1.45
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Solving Routine Problems 2.72 0.03 2.66 2.79
Reasoning 0.48 0.01 0.47 0.50
Knowing Facts and Procedures 1.76 0.02 1.72 1.80
Using Concepts 1.04 0.02 1.01 1.07
Algebra Solving Routine Problems 100 | 001 0.97 1.03
Reasoning 0.98 0.02 0.94 1.02
Knowing Facts and Procedures 1.20 0.02 1.17 1.23
Measurement Using Concepts 0.45 0.00 0.44 0.46
Solving Routine Problems 1.20 0.02 1.16 1.24
Reasoning 0.41 0.01 0.39 0.42
Knowing Facts and Procedures | 0.91 0.01 0.89 0.94
Geometry Using Concepts 0.84 0.01 0.82 0.87
Solving Routine Problems 1.19 0.02 1.16 1.22
Reasoning 0.90 0.01 0.87 0.92
Knowing Facts and Procedures 0.55 0.00 0.55 0.56
Data Using Concepts 1.20 0.01 1.18 1.23
Solving Routine Problems 0.83 0.01 0.80 0.85
Reasoning 0.87 0.01 0.85 0.90

: Data in the table are given in row scores.

It is interesting to note distribution of students’ achievement in each
content domain, through each cognitive domain, that is, to note how
cognitive domains are distributed across content domains. Here, we can see
statistically significant interaction between the content and cognitive
domains (F=1861.56, d=3, Sig. 0.00). Therefore, we can conclude that there
is not constantly lower achievement in the same cognitive domains through
all content domains, and it is evident that the lowest achievement is in
cognitive domain of “reasoning”, but only through some of the content
domains (number, algebra and measurement). In the other content domains
lowest achievement is in the other cognitive domains: “using concepts” in
geometry and “knowing facts and procedures” in data domain.

Gender differences in the mathematics achievement

There are some differences between boys’ and girls’ achievement which was
confirmed in a group of participating countries. (Mullis et al., 2004: 48). The
international mathematics average scale score is 467 points for girls (SE 0.6)
and 466 points for boys (SE 0.6). Absolute value of difference is only 1
point (SE 0.6) and it is not statistically significant at the international level.
In the Serbian sample boys’ average scale score is 473 points (SE 2.9) and
girls’ average scale score is 480 points (SE 2.9). As we can see, absolute
value of difference is 7 scale score points (SE 2.8). The gender differences in
Serbian eighth grade students sample are statistically significant. We can
perceive that statistically significant gender achievement differences are
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confirmed in eighth grade students’ samples of several participating
countries (see Table 2). Girls have better results than boys in the eighth
grade students’ sample of Serbia, Republic of Macedonia, Armenia,
Republic of Moldova, Singapore, the Philippines, Cyprus, Jordan (absolute
value of difference is 27 points, SE 6.8) and Bahrain (32 points, SE 3.3).
Boys are more successful than girls in the eighth grade students’ sample of
the United States, Italy, Hungary, Lebanon, Belgium (Flemish), Morocco,
Chile, Ghana and Tunisia (24 points, SE 1.9). Also, these cases of
differences can be found in eighth grade students’ mathematics achievement
in benchmarking participants’ sample of Indiana State (US) and Quebec
Province (Canada).

It is too hard to provide appropriate explanation for the confirmed
gender differences in eighth grade students’ achievement in these
participating countries and also for the Serbian eighth grade students’ gender
differences in the mathematics achievement. We don’t consider that reasons
for these differences are found in the domain of intellectual abilities’
differences between two genders. Reasons for the gender differences can be
various, such as teachers’ gender participation, students’ level of educational
aspiration by gender, characteristics of gender general educational
aspiration, etc. It is not possible to work out an exact level of the factor
influence in this field.

Table 7: Average mathematics achievement differences by gender
(Mullis et al., 2004: 48)

Girls Boys
Countries Students’ Average Students’ A;Ce:ilege ( All>)s iﬁ%{:{iﬁue)
Percentage | Scale Score Percentage Score
Int. Average 50(0.2) 467 (0.6) 50(0.2) 466 (0.6) 1(0.6)
United States 52 (0.7) 502 (3.4) 48 (0.7) 507 (3.5) 6(1.9)
Serbia 49 (0.8) 480 (2.9) 51(0.8) 473 (2.9) 7(2.8)
Jordan 49 (1.7) 438 (4.6) 51(1.7) 411 (5.8) 27 (6.8)
Bahrain 50 (0.4) 417 (2.4) 50 (0.4) 385 (2.4) 32 (3.3)
Indiana* 49 (1.2) 502 (5.1) 51(1.2) 514 (5.8) 12 (3.4)
Quebec* 50 (1.6) 540 (3.7) 50 (1.6) 546 (3.3) 6(3.3)

() Values of standard error are given in parenthesis, because results are rounded to the nearest whole
number.

* Benchmarking participants.
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Mathematics achievement through each defined Serbian sample strata

As we have pointed out before, the TIMSS 2003 sample of Serbian primary
schools and eighth grade students are separated into 6 strata, based on
implicit stratification model. Table 8 shows the results within the framework
of these strata. This model of sample stratification was based on the
previously discussed and formulated hypotheses that could be applied in
general for the Serbian primary school students’ achievement in each field of
knowledge attainment: (1) students from urban areas achieve better results
than students from rural areas; and (2) students from Belgrade region
achieve better results than students from other regions in Serbia. There are
various reasons for these assumptions and they can be located in the domain
of economic power specific for each region and urban or rural area. As con-
sequences of economic strength, there are some factors that actualize influ-
ence, directly or indirectly, on students’ achievement, such as quantity and
quality of school equipment, parents’ level of education, home educational
capacities, such as computer, the Internet, number of books in home, etc. In
southern parts of Serbia there are extremely economically undeveloped com-
munities. These parts of the country belong to the region of Central Serbia,
and primary and secondary schools there have no proper conditions for the
functioning, and there are many weaknesses in curriculum implementation.
For these reasons, lower students’ achievement was expected beforehand in
primary schools of this region.

Table 8: Mathematics and science achievement
in the Serbian implicit strata

Content Domains F Df Sig.
Mathematics 59.29 5.4289 0.00
Number 63.56 5.4289 0.00
Algebra 49.32 5.4289 0.00
Measurement 57.74 5.4289 0.00
Geometry 65.39 5.4289 0.00
Data 59.14 5.4289 0.00
Science 58.91 5.4289 0.00
Biology 61.67 5.4289 0.00
Chemistry 55.03 5.4289 0.00
Physics 56.91 5.4289 0.00
Geography 60.63 5.4289 0.00
Environment Science 42.43 5.4289 0.00
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F — Fisher’s F-test; Df — Degrees of Freedom; Sig. — Significance.

The Table 8 shows that there are statistically significant differences in
students’ achievement across 6 implicit strata in the Serbian sample. These
differences are confirmed between general mathematics and science achie-
vement and also between each assessed content domain in both mathematics
and science areas.

Table 9: Mathematics achievement across the Serbian implicit strata

Implicit Stratum Code N MNPV MNPV SE
Central Serbia: Urban 1707 487 4.5
Central Serbia: Rural 686 442 5.6
Belgrade: Urban 662 506 8.1
Belgrade: Rural 207 449 5.2
Vojvodina: Urban 659 487 4.6
Vojvodina: Rural 375 463 6.5
TOTAL 4296 477 2.6

The Table 9 shows general differences that were confirmed across strata in
the Serbian eighth grade students’ sample. We can see that the students from
Belgrade—Urban strata made the best achievement and the students from
Central Serbia-Rural strata made the lowest achievement. Generally, it was
confirmed that students from rural areas achieve lower results than students
from urban areas, and the decreasing of successfulness in urban areas has the
following order: Belgrade—Central Serbia—Vojvodina, however, there is a
small difference between students’ achievement in Central Serbia and Voj-
vodina (less than 1 scale score point). The characteristic of students’ achie-
vement in rural strata is the fact that students from Vojvodina have better
achievement results than students from Belgrade and Central Serbia. The
main reason for this order of achievement level across rural strata is bigger
economic strength of rural settlements in Vojvodina than that of rural set-
tlements in other two regions in Serbia. Vojvodina is the most powerful
agricultural region in Serbia.

Table 10: Mathematics and science achievement across
the Serbian urban and rural strata

Content Domains F Df Sig.
Mathematics 245.23 1.4293 0.00
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Number 252.95 1.4293 0.00
Algebra 208.96 1.4293 0.00
Measurement 240.16 1.4293 0.00
Geometry 260.77 1.4293 0.00
Data 234.06 1.4293 0.00
Science 208.34 1.4293 0.00
Biology 204.48 1.4293 0.00
Chemistry 230.73 1.4293 0.00
Physics 202.93 1.4293 0.00
Geography 237.64 1.4293 0.00
Environment Science 151.23 1.4293 0.00

F — Fisher’s F-test; Df — Degrees of Freedom; Sig. — Significance.

The Table 10 shows that there are statistically significant differences across
urban and rural strata in the Serbian sample. These differences are confirmed
between general mathematics and science achievement and also between
each assessed content domain in both mathematics and science areas.

The Table 11 separately shows students’ achievement from urban and
rural strata across the mathematics content domain. It is evident that the
highest achievement belongs to students from Belgrade—Urban in the area of
algebra (512 scale score points, SE 7.3), and the lowest achievement belongs
to students from Central Serbia—Rural in the area of data (422 points, SE
5.0). This structure of students’ results across the mathematics content
domains imagines general scope of results in mathematics across three
region strata. Also, it is in accordance with the main characteristics of overall
achievement of Serbian eighth grade students in mathematics.

Table 11: Mathematics achievement across the Serbian implicit strata
and the mathematics content domains

Content Domains

5
y 5 2
5] ] g k5]
Implicit Stratum Code 'g @D § g g
z < = ©) A
Central Serbia: Urban 487 (4.9) | 498 (4.4) | 486 (4.9) 481 (5.7) | 465 (4.7)

Central Serbia: Rural 444 (4.9) | 457 (4.5) | 440 (4.8) | 434(47) | 422(5.0)
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Belgrade: Urban 507 (8.6) | 512(7.3) | 506 (7.9) | 500 (8.4) | 487 (8.9)
Belgrade: Rural 449 (4.2) | 461 (5.6) | 445(3.6) | 449 (6.3) | 436(6.2)
Vojvodina: Urban 486 (4.5) | 497 (4.5) | 485(4.9) | 483(5.6) | 466 (4.0)
Vojvodina: Rural 466 (7.1) | 477 (6.1) | 461 (6.0) | 460 (7.0) | 444 (6.8)
TOTAL 477 (2.8) | 488 (2.5) | 475 (2.5) | 471 (3.0) | 456 (2.6)
OVERALL 477 (2.6)

Comparison with the groups of countries’ achievement
and with the international mathematics achievement

It is interesting to make some kinds of comparison between Serbian
students’ achievement and students’ achievement in other relevant groups of
the TIMSS participating countries. For that purpose, we have chosen the
possibility to compare Serbian achievement and that of the Balkan countries
(Bulgaria, Republic of Macedonia, Romania, Hungary and Slovenia),
European countries and achievement at the international level. These kinds
of comparisons are presented in Table 12.

As we can see, the Serbian students have achieved the best results in
the cognitive domains of “solving routine problems” and “knowing facts and
procedures” and the lowest results in the cognitive domain of “reasoning”.
Compared with the group of the Balkan countries, which have similar edu-
cational systems to the Serbian, students in Serbia have better achievement
in all content areas in the cognitive domain of “reasoning”, and the best
achievement in the content domain of “geometry”. In the same reasoning-
geometry cognitive-content areas, Serbian students have better achievement
than the international average achievement, but not better than the average
achievement of European sample.

Table 12: Serbian, Balkan, European
and the international mathematics achievement

Content Domains

=
[}
o 5 2
2 £z 2
£ o s 1S 8
. . =] — O o <
Cognitive Domains Z. < = ) )
Knowing Facts Int. Level 1.43 1.42 1.11 0.96 0.54

and Procedures

Europe 1.61 1.61 1.29 1.08 0.60
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Balkans 1.56 1.58 1.15 0.90 0.49

Serbia 1.80 1.76 1.20 0.91 0.55

Int. Level 1.38 0.97 0.46 0.89 1.22

. Europe 1.54 1.08 0.53 0.98 1.37
Using Concepts

Balkans 1.35 0.98 0.43 0.87 1.21

Serbia 1.42 1.04 0.45 0.84 1.20

Int. Level 2.83 0.94 1.25 1.15 0.96

Solving Routine Europe 3.07 1.04 1.43 1.25 1.08

Problems Balkans 2.73 0.94 1.19 1.18 0.84

Serbia 2.72 1.00 1.20 1.19 0.83

Int. Level 0.53 1.07 0.42 0.84 0.96

. Europe 0.59 1.17 0.47 0.95 1.10

Reasoning
Balkans 0.47 0.95 0.39 0.88 0.85
Serbia 0.48 0.98 0.41 0.90 0.87

¥
Data in the table are given in row scores.

The mathematics curriculum for Serbian primary school

In the TIMSS 2003 assessment frameworks there is the mathematics and
science curriculum model conceptualized at three levels, or there are three
aspects of the curriculum: (1) intended curriculum, (2) implemented cur-
riculum, and (3) attained curriculum (Mullis et al., 2001: 3). The intended
curriculum represents basic characteristics of national, social and educational
context as a basis for structuring the scope and contents of curriculum and
teaching process realization. This aspect is explained as a prescriptive level
of curriculum. The implemented curriculum represents school, teacher and
classroom context, with their basic characteristics, which is essential for
organizing teaching in classroom. The attained curriculum is the aspect
which refers to student outcomes and characteristics in terms of knowledge,
abilities and skills which students are able to develop and attain in the
process of mathematics and science teaching.

In Serbian educational system there are school subjects’ curricula as
well as mathematics curriculum, defined at national level, with the support
of the Ministry of Education in the domain of fulfilling all needed requests
for its efficient implementation, such as providing proper instructional
guides, a system of school inspections and monitoring, and supplying
schools with recommended textbooks and other instructional materials.

Instructional time in the framework of mathematics curriculum is one
of important factors in students’ achievement, but not a crucial one, in
explaining the results in the TIMSS 2003 assessment. Instructional time per
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se has to be connected with other characteristics of mathematics curriculum,
in order to provide a more complete explanation. In the lower grades of
primary school in Serbia (from the first to the fourth grade) there are 5 hours
weekly and 180 hours annually for mathematics teaching. In the upper
grades, the fifth, sixth and seventh grades, there are 4 hours weekly and 144
hours annually, and in the eighth grade there are 4 hours weekly and 136
hours annually for mathematics teaching.

One of the characteristics of the Serbian mathematics curriculum is the
fact that important mathematics concepts are attained through separate in-
struction units and integral proceedings are not applied in solving problems.
The basic mathematics concepts need to be attained and developed through
continuity in the mathematics curriculum implementing, and later to be inter-
connected into some kind of students’ conceptual systems. This characterizes
the main concepts in the geometry area, but insufficient attention is directed
to those concepts. There is not enough instructional time for these concepts
in the scope and contents of mathematics curriculum. It is very important
that geometric concepts are mutually interconnected and with other
mathematics concepts, because of the fact that there are complex tasks in
geometry area, which request more interconnected knowledge for their
solving in mathematics teaching.

The analysis of achievement in the TIMSS 2003 test items shows that
Serbian eighth grade students are less successful in items which request
logical thinking and operations of reasoning, as well as in items which
request understanding conceptual essence and interrelationships, and the
least successful in items which request analyzing different situations and real
applying of this knowledge. The Serbian eighth graders have shown better
achievement in items which request knowledge of facts and procedures, and
application of this kind of mathematical knowledge and skills. Of course, the
reasons for such composition of students’ achievement in Serbia are found in
the characteristics of the Serbian mathematics curriculum. In the
mathematics curriculum and its implementation in the teaching process
attention is not directed to developing complex thinking operations, such as
reasoning, understanding, logical thinking etc, which are needed for solving
complex mathematical problems.

The TIMSS 2003 achievement test is based on many items in the
domain of problem-solving, and this kind of tasks is chosen because it is
present in the mathematics curriculum of many TIMSS 2003 participating
countries. However, in Serbian mathematics curriculum problem-solving
tasks are present to a small extent and this is the reason why Serbian students



Radovan Antonijevic¢ 242

achieved lower results in items involving complex non-routine problems and
multi-step word problems. The Serbian students are more successful in
solving routine problems, which is a characteristic of the mathematics
curriculum in Serbia. To illustrate this kind of deficiency in mathematics
teaching in Serbia, we are presenting an item example and achieved results
from the international mathematics report (Mullis ez al., 2004). It is a kind of
complex multi-step word problem from the data content domain, which
belongs to the advanced international benchmark. This item requires of
students to select relevant information from the given table, in order to
calculate which of the two phone plans would be less expensive for the
users, and then justify their answer in terms of the monthly fee and free
minutes for telephoning in each phone plan. The top-performing countries in
this item were Japan (49% of success, SE 2.2), Australia (44%, SE 2.2), and
Serbia is ranked 30™ with 12% of success (SE 1.3). The international
average in this item was 21% of success (SE 0.3). Achievement in this item
properly illustrated characteristics of the Serbian mathematics curriculum
and teaching in the area of possibilities given for problem solving exercising
and developing these kinds of students’ mathematical abilities and skills. In
other words, to develop any kind of cognitive ability or skill in mathematics
teaching means to provide preliminary curricular and teaching contents’
possibilities for these processes.

One of the reasons for lower achievement of Serbian students can be
found in the fact that Serbia belongs to the group of participating countries
which use testing the least as a method of assessment and evaluation in the
mathematics teaching. Concretely, in the Serbian primary school
mathematics teaching, as well as in teaching other school subjects,
standardized assessment tests are not used. There is a practice of using non-
standardized series of mathematics tasks which are not adapted to the levels
of individual students’ abilities and skills in the mathematics area. These
series of the mathematics tasks are not a proper factor to influence students’
development of mathematical abilities and skills. Also, some kind of
standardized system of evaluation and monitoring of students’ progress in
this area has not been established. Obviously, training students for the final
exam at the end of primary school is not enough to prepare and get Serbian
eighth graders used to the testing methods of assessment and testing
atmosphere, characteristic of the TIMSS 2003 testing of achievement.

Evidently, one of the elements characterizing the mathematics cur-
riculum implementation is that there is too much formalism, which can be
expressed by the phrase “semantics is hidden by syntax”. Many students
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need, first of all, “translation” of tasks’ content, that is, appropriate
explanation of the real subject-matter in mathematics tasks to better
understand the inner essence of cognizing subject matter. It is somewhat
absent in many cases in the Serbian mathematics curriculum. The Serbian
eighth grade students were restricted in the area of mathematical
communication, which is one of the elements present in the TIMSS 2003
curriculum. In some test achievement tasks some students had a problem to
discover the main request in the task, and this is the reason for their lower
achievement results on the tasks. In general, it seems that the presence of
complex task text meaning is restricted for students who were deprived in
the domain of the mathematics communication exercising, and it is also one
of the characteristics of the Serbian mathematics curriculum.

Some elements of the mathematics curriculum enable students, first of
all, to adopt and exercise the procedures for solving mathematical tasks, such
as solving equations, practical use of Pythagorean theorem, solving more or
less complex mathematical tasks in the area of two- or three-dimensional
shapes in geometry etc. The adopting and exercising these mathematical pro-
cedures represent the main part of implemented mathematics curriculum in
Serbian primary schools. Those are important activities in mathematics
teaching, but not sufficient for developing mathematical concepts in
teaching. On the contrary, there is a strong need for organizing students’
activity to enable them to discover the contents of scientific mathematical
concepts. This would prepare students for adequate transfer of the attained
mathematical abilities and skills, which are assessed in the TIMSS
mathematics achievement test. It is especially significant to provide
possibilities for students’ development in solving complex multi-step
problems as mathematically arranged problems from everyday living.
Coupled with mathematical concepts’ development, it can be a proper way
for improving students’ mathematics achievement in the Serbian primary
school.

The mathematics curriculum for the Serbian primary school is tradi-
tionally conceptualized in accordance with the old didactic and methodolo-
gical standpoints, mostly rejected in the mathematics curriculum in other
countries. In attempts to modernize the mathematics curriculum some reform
steps were made to unburden students in mathematics teaching. One of the
reasons for lower results than expected is students’ overburden in mathema-
tics teaching, and the similar situation can be perceived in curricula of other
school subjects in the Serbian primary school. In this sense, the mathematics
and science curricula enable students to memorize a great amount of infor-
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mation in instructional process, which overburden them and deprive them of
other activities in cognizing process in teaching. In the procedure of concep-
tualizing modern mathematics curriculum for the Serbian primary school, it
must be taken into account those students’ educational needs and aspirations
are different compared with the period of 10 years ago and before that time,
when the present Serbian mathematics curriculum was conceptualized.

Educational implications

The results that Serbian eighth grade students achieved in the TIMSS 2003
assessment in mathematics are somewhat above the international average
achievement. These results don’t support expectations in the field, based on
rich tradition and potentials for mathematics education in Serbian
educational system. One of the main reasons for this achievement level can
be looked for in the fact that contents of the mathematics curriculum for the
Serbian primary school don’t fully cover the TIMMS curriculum scope,
content domains and chosen topic areas inside.

However, Serbian eighth grade students don’t achieve better results in
other assessments, for example, at the final exam at the end of eighth grade.
In other words, the reasons for these levels of results in the TIMSS asses-
sment have to be found in mathematics teaching practice and in its charac-
teristics. To make some steps of improving the mathematics teaching achie-
vement, we have to search for appropriate answers to the following
questions: What is the nature of the mathematics subject matter in all grades
of primary school? What should mathematics teacher know about
mathematics fundamentals? How much is the mathematics curriculum
directed to developing students’ cognitive abilities and skills? Are different
instructional methods used really literally or essentially? What kinds of
psychological and methodological knowledge and practical experiences do
mathematics teachers possess? How much is the mathematics teaching
methodology really developed and used in the mathematics teaching
process? What elements of the mathematics teachers’ preparation can be
improved? etc. All these questions are initialized inter alia by the Serbian
eighth grade students’ mathematics achievement in the TIMSS 2003
assessment.

There is an urgent need for making some kind of new foundations of
the modern mathematics curriculum, which will overcome, completely or
partially, the present deficiencies in the Serbian mathematics curriculum
contents, its conception and strategy of implementation. On the basis of the
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mathematics achievement of Serbian eighth graders and of the findings about
crucial characteristics of the mathematics curriculum for the Serbian primary
school, obtained by the secondary analysis of the TIMSS 2003 assessment
data, it is needed to make strategic thorough reconstruction of the mathema-
tics curriculum by taking into account that modern informatics era requests
some different conception and organizational solutions.

Note. This article is a result of the project »Education for knowledge-based
society« No. 149001 (2006-2010), financially supported by the Ministry for
Science and Environmental Protection, Republic of Serbia.
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PanoBan AHToHMjeBUh
[IOCTUT'HY'RE U3 MATEMATHUKE
YYEHUKA OCMOI PA3PEJIA YV CPBEUIA
1 KAPAKTEPUCTUKE HACTABHOI ITPOTPAMA MATEMATUKE
Ancmpaxm



Radovan Antonijevic¢ 246

VY pany ce pa3marpajy IJIaBHH pe3yiITaTH U onpeleHe menaromnike NMIUTAKAIIje UC-
tpaxuBamba TIMSS 2003 peanuzosanor y Cpouju, y obnactu yTBphuBama mocTur-
Hyha y4eHHKa ocMOr paspena M3 MaTeMaTHKe, Y KOHTEKCTY HAacTaBHOI' Iporpama
MaTeMaTHKe. Y CTaHOBJbEHO je Jla Cy YUeHHIM ocMor paspexa y CpOuju mocTurim
pesynraT of 477 ckalHHX IOSHA U ca OBHM PE3yJTaTOM OHHM Ce Hajlase y o01acTu
cpenmer MehyHnaponnor pedepentHor HuBoa. Hajoosbu pes3ynrar U3 MaTeMaTHKE
NOCTHTHYT je y oOnactu »anreOpa«, a HajcnabWju pesynraTH y obiacTuMa
»MEPEHEK U »IOJAUNK. Y OKBHPY Ne(QUHHUCAHHX KOTHHTHBHHX JIOMEHa, OCMalH y
CpOuju nocturiu cy Hajoosbe pe3ysITaTe y OKBUPY IOMEHA »pelllaBambe PYTHHCKUX
npoOiieMa« M »3Hambe YMIEHUIA U MOCTYINaKa«, a Hajcabuju pe3yiraT y OKBHPY
JIOMeHa »pe3oHoBame«. CTaTUCTUYKY 3HayajHa pasiuka yTepheHa je 3a nocrurayhe
JeBOojumIia u nedaka, y oksupy TIMSS 2003 y3opka y Cpbuju, Tako 1a je mpocedaH
pesynrar aeBojunna 480 CKaJHHX IOEHA, JIOK je MpocedyaH pe3ynrat nedaxka 473
CKaJHUX TMoeHa. [IOCTUrHYyTH pe3ynTaTH OTBapajy OpojHa MUTama O caapxkajy
HacTaBHOT Iporpama maremarike y CpOuju, HeroBoM KBAIUTETY M peaIH3allHjH.
OBu pe3yiTaté MOry OMTH Ha oapeheHW HauMH KOpHIINEeHW y MUJbY YHamnpehema
HACTaBHOT MPOrpaMa 1 HacTaBe MaTeMaTHuKe y OCHOBHO] mikonu y Cpouju.

Kwyune peuu: TIMSS 2003, nocrurnyhe, 1oMeH caapikaja, KOTHUTHBHE pa3JvKe,
TMIOJTHE pa3JIMKe, HACTaBHHU IIPOrpaM MaTeMaTHKe.

PanoBan AHTOHHEBUY
ITOCTMXXKEHN A YUHAILIMXCSI BOCBMbBIX KIIACCOB CEPBCKHMX HIKOJI B
OBJIACTU MATEMATHUKHU U XAPAKTEPUCTUKHA

VUYEBHOH [TPOI'PAMMBI ITO MATEMATHUKE
Pestome

B pabGore paccmarpuBaloTCS ~ TJIaBHBIE  pe3yJbTaTbl W ONpeJelieHHbIC
nenaroruyeckue MMIUIMKanuu nposeneHHoro B CepOum uccnenoBanust TIMSS
2003 B oOnacTd BBIABICHHS TIIOCTIDKCHHN YYAIlIMXCS BOCBMBIX KJIACCOB TIO
MaTeMaTHKe, B KOHTEKCTe y4YeOHOH mNporpaMmbl HO MaTeMaTHKe. Yualuecs
3aKJIIOUUTENBHBIX KJIaCCOB BOCBMHJIETHUX LIKOJ B CepOuM JOOMJIMCH pe3ylibTara,
passstomierocst 477 6aiaM NpeaoKeHHOH MIKaJIbl, KOTOPBIA HAXOAUTCS B 001aCTH
CPelHeTO MEXIYHApOOHOTO pedepeHTHOro YpoBHS. Jlydmmx pe3yiapTaToB
ydarmmecs: JOOMIUCh B 00IacTH albreOphl, a XyIIHUX B 00IaCTAX «U3MEpEHHe» U
«IaHHBIE». B pamkax oIpeneseHHBbIX KOTHUTHUBHBIX c(ep, BOCBMUKIACCHUKU B
CepOun JTyqmux pe3ybTaToB JOOWINCH B cepax «pelieHne PyTHHHBIX MpoOiem»
U «3HaHMe (HaKTOB M IIOCTYNKOB», a XYJHIIEro pe3yjibTaTa B paMKax c¢epsl
«yMo3aKkmodeHus»». CTaTUCTUYECKH 3HAYMMbl OTJIMYUS MEXAY HOCTHXCHUSIMU
JIEBOYEK U MaJIbYMKOB, TaK YTO CPEITHHUN pe3yibTaT neBovek paBHsierTcs 480 Oamiam
NPE/TI0KEHHOM IIKaNbl, B TO BPeMsI KaKk CPEJHHN pe3ysIbTaT MalbYMKOB PaBHACTCS
473 OGamnmam. IlocTikeHHs ydamuxcs OTKPBIBAIOT MHOTOYHCIICHHBIE BOIPOCHI O
COZIepXKAaHMAX ydeOHOM mporpaMMel To MaTematuke B CepOum, a Takke 0 KadecTBe
U peallu3aluy NporpaMMsbl. Pe3ysIbTaThl HCCIIEA0BaHUS MOTYT OBITh ONpEJEICHHBIM
00pa3oM HCIIOIb30BaHbI B LIEISIX NOBHIIIEHUS AP(PEKTHUBHOCTH yueOHBIX IPOrpaMM
[0 MaTeMaThke M CaMoro mpouecca OOy4YEeHHs MaTeMaTHKE B BOCHBMIJICTHHX
mkosiax Cepbun.

Kniouegvie cnosa: TIMSS 2003, mocrikenue, cdepa colepikaHui, KOTHUTUBHbIC
OTJINYHS, TTOJIOBBIE OTIIMYUS, ydeOHasl IporpaMMa 1o MaTeMaTuke.
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