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Summary: Ability to work with data, as a component of mathematical literacy, is one of the necessary
segments of the general literacy of citizens of modern society. Within the mathematics curriculum it was intro-
duced much later than the traditionally studied content areas. Since its introduction on national level in 1997
until 2012, the only assessment of pupils’ achievements in mathematics at the end of elementary education was
done in 2001. Worldwide, reference data are part of the international study TIMSS.

The research reported in this paper is focused on evaluation of pupils’ achievements in the content area
data at the end of elementary school. An empirical research was conducted using a test consisting of selected
released items from TIMSS 2003 and the National Assessment of pupils’ achievements in mathematics in 2001.
The test was administered to a sample of 404 grade 5 pupils in the school year 2011/2012 (25 classes from 9
schools). The sample is not representative of the entire population hence no general conclusions may be derived.

The results reveal differences in the achievements in the content area data obtained by pupils in schools
from different areas of urbanity. The lowest results were achieved by pupils in a suburban school with a signifi-
cant percent of Roma population.

The practice of pupils reading assignments incompletely appears repeatedly as a hindering factor. The
authors recommend that pupils are trained for independent work, from reading the assignments and their re-
quirements to performing each step separately, which also preserves the cognitive level of tasks. This goal needs
to be emphasized within the national documents that determine the quality of education.
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Introduction

Professionals in any field of work make dai-
ly decisions based on the information provided by
different sources, and often collected by the users
themselves. Correctness of those decisions primar-
ily depends on the ability for properly collecting, se-
lecting, processing and interpreting data. Children,
as well, meet daily with a multitude of data from the
world that surrounds them, which raises the neces-
sity for introducing data contents into the elementa-
ry mathematics curriculum along with ways for en-
abling children to collect data, to represent data us-
ing tables and graphs, to read, to interpret and to use
data correctly and purposefully.

The content area data was introduced in the
Macedonian national mathematics curriculum for
elementary school children with the changes intro-
duced in 1997. It was introduced with 15 class hours
per year in each of the first four grades of elementary
school. In 2007, the number of hours assigned to the
content area data has been reduced to 8 and 9 class
hours per year in grade 2 and 3, respectively, and the
number of hours for the content area data has not
been specified in grades IV and V. The curriculum
goals encompassed enabling pupils to gather, classi-
fy and compare simple data as well as read and rep-
resent data in tables, bar charts and line graphs.

The scarcity of published evidence on the de-
velopment of young learners’ competence working
with data 15 years after the introduction of system-
atic instruction in the content area necessitated this
study. The main objective of the study was to exam-
ine pupils’ achievement in the content area data at
the end of elementary school, i.e. the end of grade 5.

The only research on mathematics achieve-
ments of pupils at the end of elementary school in
the Republic of Macedonia was done in 2001 by the
Department of Assessment at the Bureau for Devel-
opment of Education (Mickovska, Naceva, Aleks-
ova, 2002). The results showed that approximately
three quarters of the pupils know how to read data

from a table or a bar chart, yet have difficulties in se-
lecting data according to a given criterion; half of the
pupils have no difficulties in reading and represent-
ing data on a bar chart, but can't interpret the data;
only a quarter of the pupils are able to read and rep-
resent data on a bar chart and interpret the data, yet
have difficulties in classifying data and interpreting
data obtained using number operations; and only
about 10 % of the pupils are able to perform correct-
ly all of the above, yet have problems in interpret-
ing data on more complex tables or charts involving
number operations. Other research on mathematics
achievements of elementary school pupils have not
been undertaken at national level, because of which
it is not possible to compare and evaluate the con-
clusions drawn from the National Assessment of pu-
pils’ achievement in elementary school in 2001.

Apart from the above mentioned national
study on mathematics achievements of pupils at the
end of elementary school there are no other public
records on this issue. It is not known whether there
are differences in pupils’ mathematics achievements
on national, regional, municipality or school level
although the national mathematics curriculum is
mandatory for all schools.

The international study TIMSS (Trends in
Mathematics and Science Study) conducted in 1995,
1999, 2003, 2007, 2011, examined trends in grade
4 and grade 8 pupils’ mathematics achievements in
approximately 40 countries worldwide. Macedo-
nia participated only in TIMSS 1999, TIMSS 2003,
TIMSS 2011, with a representative sample of the
population of eighth graders. In each of these stud-
ies the pupils from Macedonia demonstrated low-
er levels of achievement compared to all European
countries in the study (Mullis, Martin, Gonzalez, &
Chrostowski, 2004; Mullis, Martin, Foy, & Arora,
2012), among which countries from former Yugo-
slavia sharing similar traditions in elementary edu-
cation. For example, the international average per-
cent correct in TIMSS 2012 achieved by grade 4 pu-
pils in the content area data display — 58 % is higher
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than for the other content areas (number - 47 %, ge-
ometric shapes and measures — 49 %). Similarly, the
international average percent correct in TIMSS 2012
achieved by grade 8 pupils in the content area data
and chance - 45 % is higher than for the other con-
tent areas (number - 43 %, algebra - 37 %, geom-
etry — 39 %). The average percent correct in TIMSS
2012 achieved by grade 8 pupils in Macedonia in the
content area data and chance — 33 % is the same as
for the other content areas (number - 32 %, algebra
- 32 %, geometry - 33 %) and lower than the inter-
national average. The authors of the study remarked
having reservations about the reliability of average
achievement of Macedonian pupils because the per-
centage of students with achievement too low for es-
timation does not exceed 25 %, but exceeds 15 %.

It is important to note that Macedonian 10-11
years old elementary school pupils were not includ-
ed in any of the tests conducted under TIMSS and
therefore there is no possibility for comparison of
their achievements with the achievements of grade 4
or grade 5 pupils from other countries nor to moni-
tor trends in mathematics achievement of 10-11
year old pupils in the country over the years.

Given that, worldwide, the content area data
was introduced in the mathematics curricula for el-
ementary education significantly later than other
content areas, such as Numbers and Operations, Al-
gebra, Geometry, Measurement, TIMSS is one of the
few cross-national studies which provide research
data on student achievement in this relatively new
school mathematics content area.

Method

An empirical research has been conducted
with the aim of collecting evidence for the achieve-
ments of 5" grade pupils in the content area data. Re-
leased items from the National assessment in Mace-
donia in 2001 and from TIMSS 2003 have been used
as the test instrument (two of the items are given in
the Appendix).

The main research questions to be addressed
in the paper are:

1. What kind of knowledge, understanding
and skills do grade 5 pupils have at the end
of the school year in the content area data?

2. Are there differences in the level of achieve-
ments in the content area data among pu-
pils from schools in urban, rural and sub-
urban areas?

3. On which test items there are differences in
the students’ achievements among pupils
from schools in different areas?

4. Which errors appear most often in pupils’
responses to the test items?

The research population consisted of grade 5
pupils at the end of 2011/2012 school year. The sam-
ple consisted of 404 pupils in 25 classrooms from
nine schools in rural environments (2 schools, 3
classrooms, 44 respondents), suburban environ-
ments (1 school, 4 classrooms, 67 respondents) and
urban environments (6 schools, 16 classrooms, 303
respondents) in 4 different regions (out of 8 regions)
in the Republic of Macedonia.

Data were analyzed with the statistical pack-
age SPSS 20 using the chi - square test. A compari-
son was made of the success in solving the test by
pupils from various schools, by pupils from schools
in different areas of urbanity, and a comparison was
made of the success on each item separately by pu-
pils from different schools and different areas of ur-
banity.

Results

Statistical indicators of the results obtained
on the test conducted within the research in the
country in 2012 are shown in Table 1.

The most frequently obtained result is 12 cor-
rectly solved items out of the given 13 items (16.3%
of pupils), and the average number of correct re-
sponses on the items is approximately 10.
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Table 1. Statistical indicators of the results in 2012

N Valid 404

Missing] 0
Median 10,000
Mode 12,0
Std. Deviation 2,9466
Variance 8,683
Skewness (1,187)
Std. Error of Skewness 121
Kurtosis 1,049
Std. Error of Kurtosis 242
Range 13,0
Minimum ,0
Maximum 13,0

The distribution of the results is shown on the
histogram in Figure 2. From the value of the skew-
ness and the value of the kurtosis as well as the vis-
ual image obtained by the histogram of the distri-
bution, it can be concluded that the distribution of
results is not normal and the curve is shifted to the
right.
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Figure 2. The distribution of the test results

The achievements on each test item are represented
on the bar chart in Figure 3.
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Figure 3. The achievements on each test item

Table 4. The cognitive level of the tasks and the task
description of the items

The cognitive

Item level of the task Task description
1 |Solving routine |Reading data presented in a bar
problems chart

2 | Solving routine
problems

Reading data presented in a bar
chart

3 | Solving routine
problems

Reading data presented in a bar
chart and interpretation (compari-
son) of data

4 | Reasoning

Reading data froma table, sym-
bolically represented, and their
presentation on a bar chart

5 | Solving routine
problems

Reading data from a table

6 | Solving routine
problems

Reading data presented in a bar
chart

7 | Solving routine
problems

Reading data presented ina bar
chart

8 | Solving routine
problems

Presenting data on a bar chart

9 | Reasoning

Displaying results of operations
for solving word problem on a
bar chart

10 | Solving routine
problems

Reading and comparing data sym-
bolically represented in a table

11 |Solving routine
problems

Reading data presented in a table

12 | Applying

Reading data froma table, sym-
bolically represented, and their
presentation on a bar chart

13 | Solving routine
problems

Reading data presented on a line
graph
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The internal homogeneity of the test is rela-
tively acceptable (Cronbach’s alpha is 0.675) having
into consideration that the test consists of test items
selected from two distinct sources.

The chi-square test shows that there is a sta-
tistically significant difference in the success in re-
sponding correctly to the test items in the con-
tent area data among pupils from different schools,
(16, n =404) = 51,012, p <.000 Yet, the chi-square
test for two schools in the same urban area (the state
capital) shows no significant differences on each test
item. The same is true for the two rural schools in
the sample and for the two urban schools in a same
town from another region except for the results on
Item 9 (Cognitive level — Reasoning), x*(2,n = 55) =
6.35, p <.05, Cramer’s V = 0.34, and for three urban
schools in two different regions except for the results
on Item 7 (Cognitive level — Solving Routine Prob-
lems), x*(1,n = 103) = 6.04, p <.05, Phi = 0.24.

The school area as a factor

Since the best results on the test were achieved
by pupils in urban schools, and lower scores by pu-
pils in suburban and rural schools, the impact of the
school environment on the pupils’ performance on
the test was examined.

The survey included two schools from rural
areas (3 classrooms, 44 respondents), six schools
from central urban areas (16 classrooms, 303 re-
spondents) and one school from a suburban area
(4 classrooms, 67 respondents). No general conclu-
sions may be derived from the comparisons of the
results of the pupils from schools in different areas;
they may only serve the purpose of opening paths
for further investigations.
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Figure 5. Comparison of the success in responding
correctly to test items among pupils from different
areas of urbanity

The chi - square test shows that there is a sta-
tistically significant difference in the success (cate-
gorized as low with 0-4 correct responses, medium
with 5-9 correct responses and high with 10-13 cor-
rect responses on the test) in solving the test among
pupils from schools in different environments (cen-
tral urban areas, suburban area and rural areas),
with moderate level of association (y*(4,n = 404) =
42.76, p<.000, Cramer’s V = 0.23).

The Kruskal-Wallis test shows that there is a
statistically significant difference in the overall suc-
cess in solving the test among pupils from schools in
different environments (central urban areas n=303,
suburban area n=67 and rural areas n=34), y*(2,n =
404) = 35.10, p<.000. The median result achieved by
pupils in central urban schools is 11, in rural schools
is 9 and in the suburban school is 8.5. The Mann-
Whitney test revealed significant differences be-
tween the results of pupils from the central urban
schools and the results of pupils in the suburban
school (U=6005, z=5.26, p=0.000, r=0.27), and be-
tween the results of pupils from the central urban
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schools and the results of pupils in the rural schools
(U=3325, z=3.41, p=0.001, r=0.19). No significant
difference was found between the results of pupils
from the rural schools and the results of pupils in the
suburban school (U=1042, z=0.70, p=0.483, r=0.07).

There are significant differences among pu-
pils from different areas in responding correctly to
each test item (Table 6), yet the level of association is
very weak or moderate.

Table 6. Statistical significance of the difference of the
results achieved by pupils from schools in different
areas on each test item

Chi- | Asymp. Sig. N (.)f Cramer’s
square | (2-sided) df | valid \Y%
cases

Item 1 | 43.61 0.000 4| 404 0.232
Item2 | 17.30 0.002 4| 404 0.146
Item 3 | 12.61 0.013 4| 404 0.125
Item 4 | 34.30 0.000 4| 404 0.206
Item 5 | 17.43 0.002 4| 404 0.147
Item 6 | 9.47 0.050 4| 404 0.108
Item?7 | 17.57 0.002 4| 404 0.147
Item 8 | 11.76 0.019 4| 404 0.121
Item9 | 15.77 0.003 4| 404 0.140
Item 10 | 12.31 0.015 4| 404 0.123
Item 11| 14.36 0.006 4| 404 0.133
Item 12| 16.99 0.000 2| 404 0.205
Item 13| 20.2 0.000 2| 404 0.224

In general, pupils from central city schools
show greater success in solving the items on the test
in comparison to pupils in schools from suburban
areas and rural areas. Pupils from suburban areas
showed the least success.

Particularly striking is the low level of suc-
cess achieved on the test by the pupils of a suburban
school in the country’s capital city. It is a school with
pupils from ethnically mixed community with a
large percentage of Roma children (20 %). On more
than 60 % of the test items, the average achievements
of the pupils of this school are the lowest compared

with the average achievements of pupils from all
other schools surveyed. TIMSS 2011 (Mullis et al.,
2012) emphasizes the fact that the most success-
ful schools are usually schools that have pupils who
come from economically better standing families,
whose native language is the language of instruc-
tion and who enter elementary education with de-
veloped numerical skills. These may be the primary
factors influencing the results obtained on the test.

With the aim of exploring the contribution of
the low test results achieved by Roma children to the
overall test achievements in the school, the Kruskal-
Wallis test was applied to the results achieved by the
other pupils in the school when the results obtained
by the Roma pupils were excluded from the analysis.
It shows that there is a statistically significant differ-
ence in the overall success in solving the test among
pupils from schools in different environments (cen-
tral urban areas, rural areas and a suburban area
— the school results without Roma pupils’ results),
x*(2,n = 391) = 19.45, p<.000. The median result
achieved by pupils in central urban schools (11) is
higher than the median results (both 9) obtained by
pupils in rural schools and in the suburban school.
Again, the Mann-Whitney test revealed significant
differences between the results of pupils from the
central urban schools and the results of pupils in the
suburban school (U=5972, z=3.18, p=0.001, r=0.17),
with weaker influence than when the results of the
Roma pupils were not excluded. As previously, no
significant difference was found between the results
of pupils from the rural schools and the results of
pupils in the suburban school when the results of
the Roma pupils were excluded (U=798, z=1.03,
p=0.302, r=0.11).

It appears that the low results achieved by the
Roma pupils (13 out of 67 pupils) in the suburban
school contribute to the significance of the differ-
ence in the success of responding correctly to almost
half of the test items (Table 7).
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Table 7. Statistical significance of the difference of
the results achieved by pupils from different areas on
each test item (without the results of Roma children
in the suburban school)

Chi - As;;mp ’ N ofvalid Cramer’s
square (2si d.e d) cases \Y%
Item1 2605 0.000 4 391 0.182
Item2 1271 0.013 4 391 0.127
Item3 416  0.385 4 391 0.073
Item4 2684 0.000 4 391 0.185
Item5 9.66  0.047 4 391 0.111
Item6 500 0288 4 391 0.080
Item7 1320 0.010 4 391 0.130
Item8 351 0476 4 391 0.067
Item9 466 0324 4 391 0.077
Item10 561 0230 4 391 0.084
Item11 853 0074 4 391 0.104
0.131
Item12 671  0.035 2 39]
0.134
Item13 710 0029 2 391

It is interesting to note that, although pupils
from rural areas generally showed lower results in
solving the test items, the best results on Item 9 were
achieved by pupils from a rural school. A possible
explanation for this deviation could be sought in the
cognitive level of Item 9 (Reasoning) or in what the
task measures, which is the pupils’ ability to display
results of addition and subtraction needed to solve a
word problem, on a bar chart. It is possible that the
teachers from this school practice to a greater ex-
tent with their pupils solving word problems which
are reduced to solving a numerical expression with
two operations, resulting in a greater pupils’ success
in setting a strategy for solving this task. However,
this assumption remains in the domain of unveri-
fied assumptions until appropriate measurement is
performed.

Interpretation of pupils’ errors in responding to
the test items and recommendations

When solving tasks in the content area data
pupils face difficulties arising from several sources.

Item 1 measured pupils’ ability to read data
presented on a bar chart. The cognitive level of the
task is defined as Solving routine problems. The most
common mistake that pupils have made in solving
Item 1 originates from pupils’ unpreparedness to lo-
cate a number on the number line.

Item 2 also measured pupils’ ability to read
data presented on a bar diagram. The cognitive lev-
el of the task is defined as Solving routine problems.
The most common error that occurred when solving
Item 2 was pupils giving answers to questions that
they assumed had been asked (Which day the most
tickets were sold?) instead of the question actually
posed on the test (Which day were sold 500 tickets?).

Item 3 measured pupils’ ability to read data
presented on a bar chart and to order data. The cog-
nitive level of the task is Solving routine problems.
As on Item 1, the most common mistake that pupils
made in solving Item 3 relates to pupils not know-
ing how to assess the position of the number on the
number line.

Item 4 measured pupils’ ability to read data
represented symbolically in a table and to represent
data on a bar chart. The cognitive level of the task is
Reasoning. Analysis of the pupils’ responses on Item
4 reveals that pupils do not know how to read a table
of symbolic representations (instead of considering
that an asterisk represents five votes, they used it as
only one vote).

Item 5 measured pupils’ ability to read data
given in a table. The cognitive level of the task is
Solving routine problems. The most common mis-
take that pupils made in solving Item 5 was not re-
sponding to the question Which class has read the
most books?, the answer of which was to be found
by comparing numbers in the summary column. In-
stead, they determined whether boys or girls read
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more books (comparison of numbers in the summa-
ry row), that is, pupils did not respond to the ques-
tion posed.

Item 6 measured pupils’ ability to operate
with data presented in a bar chart. The cognitive
level of the task is Solving routine problems. Again,
the most common error that occurred when solving
Item 6 was pupils addressing a question which they
assumed had been set (How many pupils received the
mark of excellence?) instead of the question posed
(How many pupils have been tested?).

Item 7 measured pupils’ ability to read the
data presented on a bar chart. The cognitive level
of the task is Solving routine problems. As in Item
2, Item 5 and Item 6, the most common error that
occurred when solving Item 7 was again pupils ad-
dressing a question which they assumed had been
set (Which class collected the most bottles?) instead
of the question posed (Which class collected almost
45 bottles?).

Item 8 measured pupils’ proficiency in read-
ing data presented on a bar diagram. The cognitive
level of the task is Solving routine problems. Among
those pupils who incorrectly answered the question
there were pupils who correctly entered the names of
the children under the columns in the chart accord-
ing to their height, but they either did not answer
the question or they answered a question which was
not asked (e.g. Who is the highest student? instead of
How tall is Sara?).

Item 9 measured pupils’ proficiency to repre-
sent the results of addition and subtraction used to
solve a word problem, on a bar chart. The cognitive
level of the item is Reasoning. This item is an exam-
ple of an item which most likely was solved correctly
by all pupils who have achieved international mid-
dle threshold (475 out of 800 units) in TIMSS 2003
(Mullis et al., 2004). Some pupils who did not re-
spond correctly to the question posed, had a prob-
lem with setting up a numerical expression with
two operations, and another part of the pupils were
confused by the need to identify the location of the

number 5 on the number line, which in itself is a
possible indicator that the number line as a repre-
sentation is not sufficiently present in the elemen-
tary mathematics instruction.

Item 10 measured the ability of pupils to read
data represented symbolically in a table and to com-
pare data. The cognitive level of the task is Solv-
ing routine problems. The incorrect answers reflect
a misinterpretation of the symbols in the table. In
fact, some of the pupils treated the crossed slashes
as symbols for items sold and the rest as represent-
ing unsold items.

Item 11 measured the ability of pupils to read
data presented in a table. The cognitive level of the
task is Solving routine problems. The most common
errors can be classified as partial solution of the task,
lack of attempts to solve the problem or computa-
tion of a sort instead of comparison.

Item 12 measured the ability of pupils to read
data represented symbolically in a table and to rep-
resent data on a bar chart. The cognitive level of the
task is Applying. Again, problems arise in the misin-
terpretation of the symbols in the table or failure to
accede to locate the number 9 on the number line,
or to perform a proper assessment of the height of
the column in relation to the assigned numbers.

Item 13 measured the ability of pupils to read
data represented on a line graph. The cognitive level
of the task is Solving routine problems.

Discussion of the results

The area where the school is set appears as a
significant factor in the level of development of pu-
pils’ skills for working with data. The pupils from
central urban areas show greater success in solving
the tasks on the test, compared to schools from sub-
urban areas and rural areas. Pupils from suburban
areas achieved the lowest success in responding to
the questions on the test. The results achieved by the
pupils in a suburban school were significantly lower
than the results obtained by the pupils in the central
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urban schools. On almost half of the test items the
difference originated from the contribution of the
extremely low results achieved by the Roma pupils
who represent 20 % of the grade 5 school population.
Pupils from the Roma population are considered as
a socially vulnerable group whose educational needs
are not being addressed properly despite the widely
publicized efforts of the governmental and non-gov-
ernmental sector during the last decade.

Finding the reasons that influenced the for-
mation of the resulting image is a problem, which
is not being addressed within the framework of this
paper. One of the legitimate questions that might be
asked is whether teachers who teach classes in dif-
ferent areas have adequate training and/or continu-
ing support for working with pupils in the content
area data, as well as what importance do teachers as-
sign to this content area. In this respect, the answer
could be sought in comparing and analyzing data
that would be obtained from:

- The annual, thematic and daily planning
made by teachers (intended curriculum);

- The implemented instructional activities in
the content area data (implemented curriculum);

- Teachers™ attitudes towards working with
pupils in the content area data;

- Initial pre-service training of teachers for
work in the content area data;

- In-service training of teachers for working
in the content area data.

Gaining insight into the teaching resources
that are used in a variety of environments, ranging
from textbooks, classroom materials prepared by
teachers themselves and the application of informa-
tion and communication technologies would be im-
portant. According to the findings obtained in many
studies, including TIMSS 2011 (Mullis et al., 2012)
, successful schools are schools with better working
conditions, in terms of space and in terms of teach-
ing materials such as books, computers, technolo-
gy support and the like. Another possible factor in-

fluencing pupils’ achievements is the home environ-
ment - the family support and the learning resourc-
es available to pupils in their homes, which is out-
side the scope of this research.

Among pupils from schools in different are-
as there are statistically significant differences in the
success in solving tasks on all cognitive levels: Ap-
plying (application of concepts), Reasoning, as well
as Solving routine problems.

The most frequent error originates from pu-
pils’ habit of incomplete reading of the tasks. Pu-
pils are not trained consistently to approach prob-
lems by reading and understanding the require-
ments posed by the task. Instead, they immediately
scan the problem visually, if a graph is given, with-
out completely finishing reading the question which
is posed, consequently giving an incorrect answer.
This practice is probably a consequence of possible
teachers’ tendency to read aloud and fully explain
the requirements of the tasks before inviting pupils
to work on the tasks. This practice carries a dou-
ble risk: lowering the cognitive level of the task as
well as strengthening the habit of not reading the re-
quirements of the task.

During the test, pupils demonstrated insecu-
rity when facing the challenge of how to solve a test
with ‘so many’ items. Some of the respondents were
waiting for help from the teacher or the examiner —
possibly as a consequence of the established practice
of assistance provided by teachers whenever the pu-
pils face difficulties.

What can be noticed is that pupils make mis-
takes in solving tasks the solutions of which do not
consist of a single step. This finding is most likely due
to the repeated interventions of teachers at each step
of solving the tasks with directions for pupils how
to proceed, which significantly decreases the cogni-
tive level of the problems. In this way, opportunities
to train pupils to solve problems autonomously and
to create optimal conditions for the development of
strategic thinking of pupils are not used.
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A possible factor in producing mistakes in
solving the test is the lack of practice of external
evaluation of elementary school pupils (the External
evaluation on national level has been introduced in
2013), and the fear of a new type of activity that nat-
urally occurs in children.

The authors of this paper recommend that
all pupils are trained for independent work in solv-
ing the tasks from reading the task and explaining
the task requirements to performing each step sepa-
rately. Thus, multiple positive effects on the develop-
ment of mathematical competence of pupils would
be achieved, on the development and strengthen-
ing of positive character traits such as perseverance,
persistence, patience, ability to invest focused efforts
in achieving the goal set as well as a commitment to
quality.

Also, greater attention to solving tasks with
higher cognitive demands is required, instead of
solving a multitude of routine problems. This objec-
tive should be clearly defined and adopted in the na-
tional documents that determine the quality of ed-
ucation in the country, as well as by all stakehold-
ers that influence education policy making. Com-
prehensive review of the textbooks for elementa-
ry mathematics instruction can reveal the depth of
the problem that teachers consciously or uncon-
sciously deepen through the choice of many drilling
tasks with low cognitive levels, that is, routine prob-
lems aimed at practicing formal procedures, and by
avoiding to work on tasks at higher cognitive levels
(scarcely present in textbooks as it is), which pro-
mote conceptual understanding applied in problem
solving.

Mathematics curricula and textbooks used in
school mathematics instruction are just some of the
components that need to be evaluated and, if neces-
sary, redesigned in view of changing the focus of ed-
ucation in the direction of adopting quality knowl-
edge and development of skills for solving prob-
lems. There is a need to redefine the goals of math-
ematics teaching and of didactics of mathematics
within the initial teacher education for elementary
school teachers and a need to standardize the neces-
sary elements that make up the university education
in terms of compulsory and optional mathematics
courses (CBMS, 2012). These recommendations are
a part of the recommendations found within nu-
merous international studies that deal with the issue
of the quality of teachers’ professional knowledge as
a factor in the development of mathematical compe-
tence of pupils (see for example Hill, Rowan & Ball,
2005) and recommendations for initial teacher edu-
cation (CBMS, 2001; CBMS, 2012).

Findings and recommendations derived from
reports of rigorous analysis of numerous extensive
studies worldwide (Blank et al., 2009; Yoon et al,,
2007) confirm that teachers’ substantial professional
development has significant positive effects on pu-
pils’ achievements. Accordingly, it is necessary to
detect the needs of teachers in deepening and ex-
panding their didactical and mathematical knowl-
edge for teaching mathematics and teaching the
content area data, specifically, and to design appro-
priate pre-service and in-service courses that have
the potential to contribute to the professional devel-
opment of elementary school teachers.
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Appendix

Item 4 (Item 8 of the National Assessment 2001)

Pupils voted for the most favorite sport. The resulting data are given in the table. Represent the data in
a bar chart.

Team Sport Number of votes 50 -
Basketball A
Volleyball Ak
Soccer i 07
Handball eiiolols
Each* = 5 votes 30 +
20 -
10 -
0 T T 1
Basketball Volleyball Soccker Handball

Item 5 (Item 10 of the National Assessment 2001)

The table shows data on books read in four classes in a school. In which class have the pupils read the
smallest number of books?

Class Girls Boys Total
IVa 190 102 292
IVb 130 140 270
IVc 80 80 160

Total 400 322 722

Answer:
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Yuusepsurert ,,Cs. Kupun u Meronuj, ITegaromukn ¢axynret, Ckorube
VBup y nocturnyha yueHnka oCHOBHUX LIIKO/Ia Y HacTaBHOj ob6nactu Pag ca iogayuma

CnocoOHOCT fia ce pafyu ca IOfalMMa, Kao jefHa o KOMIIOHEHTY MaTeMaTHyKe IUCMEHOCTH, je
HEOTIXO[IHM CETMEHT OIIITe MUCMEHOCTY CTAHOBHMKA MOJEPHOT APYIITBa. Y OKBMPY HACTaBHOT IIJIaHa U
IIporpaMa MaTeMaTuKe, 0Ba 0071acT je yBefleHa MHOTO KacHYje Hero TPafAMIIOHATHO U3y4aBaHe HaCTaBHe
obnactu (6pojeBu u onepanyje, anrebpa, reomerpuja u Mepeme). Of TpeHTyKa yBobherma Ha HaIlIOHaTHOM
HuBOY y 1997. rogunnu no 2012. ropune, jefyHO NpOLEHMBakbe 3Haba YYEHMKA KOja ce TU4y MaTeMaTuKe
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Ha Kpajy OCHOBHe IIKoJIe 610 je criposefieHo y 2001. Y cBeTy, pedepeHTHM HOAALM CY ieo MehyHaponHe
crypuje TUMCC.

VcrpaxuBame Koje je MpelCTaBbEHO Yy OBOM pafy je ycpencpeheHo Ha mpoueHy mocTurayha
y4yeHrKa y obmactu Pag ca ilogayuma Ha Kpajy OCHOBHe IIKone. [7TaBHa IMMTama UCTPaKMBamka § OBOM
pamy, oHOCe Ce Ha pas/iuKe y HUBOY 3Hama Mel)y ydeHMIMMa y IIKo/IaMa ca pasinmauTM CpefHaMa, Kao
U IATama Ha KOjMM 3afjall¥iMa U3 TecTa II0CToje pas/iyKe Y MOCTUTHyhMa y4eHNUKa, Kao M KaKBe Ipelike
ce Hajuyemhe rojassbyjy.

CrposepieHa je emnupujcka cryguja Kopucrehn tect cacrasben us ogabpane sagarke us TMIMCC
2003 ¥ HanuaamHOT OIleHMBama yYeHWIKMX NocTurHyha m3 maremaruke 2001. TecT je crposenieH Ha
y30pKy o 404 yyeHMKa IIeTOT paspefa Ha Kpajy mkojicke 2011/2012 (25 one/bersa 13 ieBeT IIKO/IA). Y30pak
HUje pelIpe3eHTaTUBAH 3a LIeTy ITOIIy/IaLlijy, TAKO Jja He MOTY Jia C€ M3BEMY OILITHU 3aK/byYIIN.

CpenyHa y K0joj ce Ha/la3y IIKOJIA YMHM Ce fia je BakaH (aKTOp y pa3Bojy y4eHMUYKMX BeLITVHA
3a paji ca HOfalMMa. YUYeHMIM U3 LIeHTPAalTHMX I'PafCKMX CpPefMHa IIoKa3yjy Behm ycmex y pernaBamy
3ajjaTaKa Ha TecTy y nopebhemy ca yueHMIMMa U3 IIKOJIA y IPUTPAACKUM U CEOCKUM CpefiiHaMa. Y YeHNLH
U3 IPUIPAJCKUX Je/I0Ba CY HOCTUIIM HAjHIOKM YCIIeX Y pelllaBaky 3ajlaTaka Ha TecTy. Pesynraru yyeHuka
U3 jefiHe TIPUTPaJiCKe IIKOJIe Cy OM/IM 3HAYajHO HIDKM Off pe3y/Tara Off IIOCTUTHYTHX Off CTpaHe yYeHMKa
y LieHTpa/Ha rpajicka noppydja. Ha oko mo/oByHM 3afaTaka Ha TeCTY pas/nKa y IOCTUTHYhy npousiasu
U3 eKCTPEMHO HUCKUX pe3y/TaTa pOMCKe fiele Kojux uMa 20% y IOoIyIanyjy yYeHNKa IIeTOT paspefa y T0j
KO/, 3a y4eHMKe POMCKe IOy Ialuje ce CMaTpa Jia IPeACTaB/bajy COLMjaTHO YTPOXKeHY IPYIly Ha duje
ce obpasoBHe OTpebe He OATOBapa affeKBaTHO 6e3 0631pa Ha YBEINKO peKIaMipaHe Hallope BIaAVHOT I
HEBJIaJINHOT CEKTOPa TOKOM IIOC/IEfHH-€ JieLieHNje.

Hajuenrha rpemika moTude ofi yueHnIKe HaBUKe [ja He YUTAjy O Kpaja 3aXxTeBe U yIyTCTBA 3a U3PALLy
3ajlaTKa. YYeHMIY ce He MPUIpeMajy KOH3UCTEHTHO fia puiase mpobaemMyMa untajyhu u pasymesajyhn
yC/IOBe JaTe y 3ajalMa. YMeCTO TOTa, OHM BU3YeTHO CKeHMPajy IpobieM YKOIMKO je faT rpadyKoH, 6e3
YMTama 3aXTeBa /10 Kpaja, IITO pe3y/ITHpa IOrpelHUM oforopopoM. OBa Ipakca je BepoBaTHO MOCeNNIIA
Moryhe TeHIeHI[Mje HACTaBHMKA fla Y HOTITYHOCT O6jacHe 3aXTeB 3a/jaTKa IIpe Hero IITO I030BY YUeHNKe
Ta camu pajie 3agarke. OBa Ipakca HOCH JYIUIM PU3MK: YMab/Bambe KOTHUTMBHOT HMBOA 3aJaTKa Kao 1
jauarbe HaBMKa 32 He YNTameM 3aXTeBa 3a/laTKa.

YdueHuny taxkohe mpase rpellike Ipy pellaBamy 3a/jaTaka YKONMKO je TIOTPeOHO BHUIE Off jeHOT
Kopaka. J1 oBo ce HajpepoBaTHMje joraha 360r TOHOB/bEeHUX MHTEPBEHIIMja HACTABHIUKA IIPY CBAKOM KOPaKy
pelliaBama 3ajaTKa ca yIyTCTBMMA YYeHMIVIMA KaKo Jla pellaBajy, a TO 3Ha4ajHO yMakbyje KOTHUTUBHYU HUBO
npo6nema. Ha oBaj HaunH, MoryhHocTI ia ce 06y4aBajy yueHUIIM fla pelliaBajy mpobieMe caMOCTATHO U Ja
ce CTBapajy ONTMMAIHY YCIOBM 3a PAa3BOj CTPTETMjCKOT MUIIUbEIba YUeHMKA Ce He KOPICTe.

AyTopu mpenopydyjy fa ydeHunm O6ymy oOydeHNM 3a caMOCTagaHa pajj, Aa CAMOCTAIHO YUTajy
3ajlaTake U [ja M3BOJE CBe KOpaKe pelllaBarba, YuMe he ce o4yBaTy KOTHMTMBHM HUBO 3afaraka. Takobe,
HEOIIXO[HA je TOCBeTUTH Belly MaXKiby pelllaBarby 3afiaTaka Koju yHampelyjy KOHIenyTamaHo pasyMeBarbe
IpUMeEeHO Y IPO6IEMCKOM peliaBamby YMeCTO pellaBaiba MHOLITBA PYTUHCKIX Ipo6/IeMa Koju MMajy 3a
Wb yBeXk6aBame popManHux npouenypa. OBy LiybeBU Tpeba fa 6yny jacHo gedMHMCaHN Y HALMOHATHUM
TOKYMeHTMMa Koju ofipeDyjy KBanmuTeT 06pa3BoBarba y 3eM/bH.

Kmwyune peuu: nocturnyha y matemMaruiy, 06pa3soBHO Meperbe, IIOfally, yIeHNIM OCHOBHE LIKOJIE.
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