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How we can support success in
solving mathematical problems?

Abstract: The basic research question dealt with in this study is how to identify the main obstacles that
students encounter in solving tasks in mathematics in order to define typical steps in mastering the mathemati-
cal skills needed for solving the applied tasks.

In conceptual terms, this study is situated into the contemporary definition of mathematical literacy
as a competence that allows the individual to understand the world in which he/she lives, and makes him/her
qualified to make informed decisions (e.g. OECD / PISA). This research had two phases. Study was divided into
two phases, both of them included sample of first-grade high school students, which is consistent with the PISA
criteria for determining sample. During students’ individual or interactive work on tasks, their comments were
collected as qualitative data in order to determine the ways in which students make mistakes, what are the diffi-
culties encountered if the tasks are placed in a realistic context, and to determine which of these errors and prob-
lems are typical. Content analysis of students’ verbal communication during task solving served to extract the
problems that make solving strategies ineffective. In the second (quantitative) phase of our research, we tested if
they could be used as a clear diagnosis that indicates a systemic deficiency in the teaching of mathematics and
instruments for assessing student achievement. The sample consisted of 379 first grade students of Belgrade high
schools. The results show that the concept of probability is intuitively close to the students’ experience. Narrative
rather than a graphical display of data is more efficient support in problem solving. Suggesting step-by-step-
approach to problem solving significantly increases performance. Recommendation for teaching practice is to
introduce the concept of probability at earlier school ages and to integrate it with other themes in mathematics.
Problem-solving strategies should be developed through active teaching of mathematics, in particular the skills
of subdivision of a problem into stages.

Key words: mathematical literacy, problem solving, probability, strategies for solving tasks, OECD/
PISA).
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How we can support success in solving mathematical problems?

Education in Serbia still lacks the established
quality assurance system, whose function is, above
all, to formulate further directions of development
of education on the basis of evidences on quality, eq-
uity, and efficiency of the current educational prac-
tices. During the past decade this gap in the national
evidences is to some extent compensated with the
results of international assessment studies of student
achievements in which Serbia was involved, such as
programs of OECD/PISA and TIMSS. The findings
of these research programs consistently show that
the educational achievements of students from Ser-
bia in terms of mathematical competence are below
the international average. The gap in achievements
compared to theT the international average is es-
pecially prominent when it comes to mathematical
tasks that have the elements of the problem-situation
that request application of mathematical knowledge
in realistic situations (Baucal, Pavlovic Babic, 2011;
Baucal, Pavlovic Babic, 2009; Baucal, 2006; OECD,
2004; OECD, 2007; OECD, 2010).

Conceptual framework: the PISA study

The research is based on materials and infor-
mation on the achievements of students from Ser-
bia within the framework of the International Pro-
gramme for Student Assessment (PISA).

The PISA study systematically monitors the
level of functional literacy in the field of mathemati-
cal, scientific and reading literacy the fifteen-year-
old have attained in a given country. These three do-
mains have been selected as the most general and
the most relevant indicators of quality and equity
of education (OECD, 2009a), as well as predictors
of economic and social growth of society (OECD,
2009b).The specificity of the PISA study is that it
does not examine the extent to which students can
reproduce knowledge they have learned in school,
but rather to what extent are they competent to un-
derstand and use available information and knowl-
edge in solving relevant real-life problems. In ad-

dition, the goal of the PISA study is to determine
the extent to which different contextual factors (the
characteristics of the education system, school char-
acteristics, the characteristics of the family environ-
ment, and the characteristics of students) are related
to the educational achievements of students (Rychen
& Salganik, 2003; OECD, 20054; Baucal & Pavlovic
Babic, 2009). OECD/PISA is arguably the most fre-
quently referred international program in the field
of education and one of the most important land-
marks for educational policy. For example, literacy
estimated according to the PISA test is one of the in-
struments that, at the EU level, is used for monitor-
ing progression toward objectives of the EU Strate-
gy 2020 (Eartl, 2006; European Commission, 2010).

The concept of mathematical literacy

Understanding the concept of mathemati-
cal literacy derived from the PISA study resulted
with the following definition: Mathematical litera-
cy assumes the individual’s ability to recognize and
understand the role that mathematics plays in the
modern world, to make decisions based on facts and
to use mathematics in order to conduct as construc-
tive and research-oriented person able to assess him-
self/herself and the environment- (OECD, 1999). In
short, the focus of such definition of mathematics,
and therefore the role of the education system in the
development of mathematical knowledge, is on the
functional aspect of knowledge, that is on the use of
knowledge.

Undoubtedly, in recent years a large number
of countries (educational systems) have been devot-
ed to examination and reorganization of their own
curricula in mathematics, trying to solve the prob-
lem of “overemphasis on procedure and neglect of
understanding” (de Lange, 2003), with clear orienta-
tions towards the integration of content. For exam-
ple, in the mathematics curricula adopted in Poland,
the program contents are organized by subjects, and
at each level of education there is a list of compul-
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sory cross-curricular topics whose inclusion in the
school curriculum is the responsibility of the school
management/director (Polish Eurydice Unit, 2005).
A similar solution was applied recently in Serbia by
defining general and cross-curricular competencies
for primary and secondary education. For Poland,
we already know that applied reform measures posi-
tively affected the quality of education, which is vis-
ible, among other things, by the increase of the aver-
age achievement on the PISA tests. When it comes
to Serbia, the question whether will introduced new
competencies will find a way to become part of the
everyday teaching practice still remains open.

Another high-achieving country in mathe-
matics at the international testing is Singapore. Un-
like academic approach to teaching mathematics
which is typical in Serbia, curriculum in Singapore
is problem-solving based. In Singapore, the cen-
tral place of learning mathematics is the coopera-
tive work on problem solving with a strong empha-
sis of metacognitive strategies (Ministry of Educa-
tion, Singapore, 2013). In the textbooks, as well as in
teaching, a large number of heuristics is in use (Fan
& Zhu, 2007).

In short, based on comparative analysis of le-
gal and teaching program documents, we can esti-
mate that the curricula of education systems which
produce high mathematical achievement contain the
explicit strategies for the support and development
of higher order thinking (problem-solving, critical
thinking), while in Serbia higher order thinking is
not connected with specific content, but is only giv-
en as a general educational goal, with weak (if any)
instructional power.

The PISA achievements of students from Serbia

During the four research cycles in which Ser-
bia participated the average scores of Serbian stu-
dents in 2003 were 437 points (on the scale with
the arithmetic mean of 500, and standard deviation
of 100), in 2006 it was the same one, in 2009 it was

raised to 442 points, while in 2012 it was 445 (Pav-
lovic Babic, 2007; OECD, 2007; Baucal & Pavlovic
Babic, 2011; Pavlovic Babic,& Baucal, 2013). Tak-
ing into consideration that one year of schooling has
an average impact of 40 points on the PISA scale, it
means that SerbianSerbian students are lagging be-
hind for more than one school year compared to the
international average.

Further analysis shows that the mathemat-
ics achievement of students from Serbia gradual-
ly increases in average 2 points per year. Although
this is statistically significant, the advance rate is
very small. With the trend of 2 points per year, Ser-
bia should be about 25 years to reach the average
achievement realized by students from OECD coun-
tries in 2012 (Pavlovic Babic, & Baucal, 2013).

The average achievement has placed our stu-
dents at the second level of the PISA achievement
scale, which means that during the nine years of
schooling, on average, students are trained to apply
simple procedures, to find specific information us-
ing a single source for finding solutions in a sim-
ple situation in which all relevant information was
provided. Requirements for that level require of stu-
dents cognitive activity at the level of reproduction.

Findings from PISA 2012 cycle also show that
the achievements of 38.9% of students from Ser-
bia are below the level of functional literacy (OECD,
2013). At the same time, the achievements of just a
small number of students (4.6%) are at the two high-
est PISA math levels. This does not give an optimistic
picture of the education system. Contrary, findings
showed that the education is not oriented to compen-
sate low achievement nor to encourage high ones.

All these findings suggest persuasively the
need to improve the teaching of mathematics, par-
ticularly with regard to implementation of the ac-
quired knowledge to problem situations in real life.

The main objective of the research study, sim-
ilarly to our previous study (Ani¢ & Pavlovi¢ Babic,
2011), was to test the effectiveness of various ways
of supporting students to solve complex mathemati-
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cal problems. Previous research studies conducted
in Serbia show that the attention of researchers was
much more focused on the factors that contribute
to the achievement, such as motivation or school
anxiety (Kovac¢ Cerovi¢ i Radisi¢, 2015; Videnovi¢ i
Radisi¢, 2011) or spontaneous strategies of students
in problem solving (see, eg. Pavlovi¢ Babi¢, 2015).
But, the researches dealing with the explicit strat-
egies of problem solving are rare, at least when it
comes to Serbia.

More specifically, the main aim was to iden-
tify the main obstacles encountered by students in
solving these tasks, in order to, on this basis, formu-
late the typical steps in mastering the mathematical
skills needed to solve the tasks situated in real con-
text. Findings of this study can be useful from the
perspective of improvement of teaching approaches.

QUALITATIVE STUDY

The aim. The aim of the qualitative part of the
research is to identify different ways in which stu-

Figure 1: The original version of the task 3

dents make errors and to explore the difficulties they
encounter in solving PISA tasks placed in a realistic
context; finally, to identify which of these errors and
difficulties are typical for Serbian students. The find-
ings of this part of the study were used to construct
new variants of the same PISA tasks were such dif-
ficulties are escaped.

Method

Description of the instrument and the research
process. Students had to solve 6 tasks (4 taken from
PISA, and 2 developed by the authors of the pa-
per). The tasks were situated in a realistic life con-
text and suited to the school age and experience of
the respondents. Tasks tested different mathemati-
cal competences with graduated complexity. Due
to limitations in the scope of this paper, we present
only one of the tasks (Figure 1).

This is the original PISA task (Pavlovic Babic

& Baucal, 2009). It is a multiple choice question
tied to everyday experience. All relevant informa-

COLOURED CANDIES

What is the probability
that Robert will pick a red candy?

A.10%
B. 20%
C. 25%
D. 50%

Robert’s mother lets him pick one candy from a bag. He can't see the candies. The number of
candies of each colour in the bag is shown in the following graph.
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tion is given. The graph is simple and it is not essen-
tial for solving the task.

Students were expected to understand that
the probability of drawing a red candy is equal to
the percentage of red candies in the total number of
candies in the bag.

In the curriculum for primary school, graphic
data were not present until the school year 2009/10,
so that students tested here were not used to this
way of presentation of information in mathematics.

In Serbia, the concept of probability is not
mastered before this level of education, so that stu-
dents rely on implicit lay knowledge and analogies in
solving these problems. The task is solved in several
steps. Conceptual knowledge required for problem-
solving and knowledge of procedures qualifies this
task for the fourth achievement level (549 points on
a scale of achievement). At the level of OECD coun-
tries 50% of students solve this task (OECD, 2009¢).

The sample. The sample includes 15 fifteen
years olds students from upper secondary educa-
tion, i.e. students attending the first grade of the up-
per secondary schools (this educational ages being
tested in PISA).

In this part of the study 6 students from a Bel-
grade Gymnasium (2 working individually and 4
in pairs) and 9 students of a School of Economics
in Belgrade (3 individuals and 6 working in pairs).
Students were selected based on two criteria in con-
sultation with the math teacher: (a) ability to reflect
and express their thinking aloud, and (b) school
marks in mathematics. Considering that the aim of
this phase was the determination of different prob-
lem-solving strategy, the highly expressive students
with high achievement in mathematics were chosen.

Results

The content analysis was applied on data
collected during the qualitative part of the study.
Unlike other qualitative techniques, dialogic prob-
lem solving proved to be particularly suitable for the

purposes of this study (Snape & Spencer, 2003), be-
cause it is made possible insight into the strategies
that students apply. The analysis can take only those
parts of dialogues. The analysis can take only those
parts of the dialogue which were explicitly referred
to the way of solving problems. Other parts of the
dialogue, including non-verbal communication, are
ignored.

Content analysis of verbal communication
during solving all included PISA tasks revealed the
following problems, which make the solving strate-
gies ineffective:

1. Choice of the relevant data. It turned out
that the students had false expectations
that all information given must be used in
order to come up with a solution. This false
belief leads to erroneous attempts to solve,
and illogical results lead them back to the
beginning. All students were able to over-
come the difficulties, and the process lasted
from 30 seconds to 3 minutes.

2. Reading the information presented in the
picture. The picture obstructs the process
of solving the tasks in the following ways:

e Wrong interpretation of the picture
- for instance, a schematic representa-
tion of the staircase (the first task) mis-
led students to apply the Pythagorean
Theorem.

e Visually striking difference in the height
of columns on the chart led to a quick,
laconic answer that difference is great
because it is clearly so in the picture.

e Checking and comparing the informa-
tion given in the picture and in the text.
This strategy is not wrong, but it is re-
dundant and slows down the solving
process.

3. Relating the different phases during the
problem solving. All students who partici-
pated in this part of the research, except
one pair, tried to respond directly to the
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assignment, on the basis of the given in-
formation, without any attempt to analyze
and reflect.

4. Presentation of information by spatial dis-
tribution of objects, or a scheme or on the
mental plane.

Based on the identified problems, we have
intervened in tasks (re-designed them) so to avoid
typical mistakes, or to help students move on to the
next phase of problem solving. For each math prob-
lem, two additional variants were defined: Variant B,
in which the task is made easier removing barriers
in solving, and variant C, which is further facilitated
by being made the first step that leads to a solution.

QUANTITATIVE STUDY

The specific objective of the quantitative
phase of the research presented in this paper was
to whether errors and difficulties registered in the
previous phase are typical for Serbian students. Be-
ing typical, they clearly identify and indicate a sys-
temic issues in the teaching of mathematics as well
as potential validity issues related to the PISA math
tasks using for assessing math achievement of Ser-
bian students.

Method

Instruments

The research was designed so that, by inter-
vening in the nature of the tasks, we eliminate or
reduce the possibility of error and thereby increase
efficiency in solving problems. On the basis of er-
rors in problem solving, noted during the qualita-
tive study, tasks are modified in one of the follow-
ing ways: remove redundant information, remove
the image when the information are given in narra-
tive, divide the instruction into clearly defined steps
of solving process, and explicitly pointed out the na-
ture of the data.

Prior, explicit division of instruction in stag-
es (steps) results in increased success in solving the
tasks. Statistically, we expect students to be more
successful in solving B and C variants of the origi-
nal tasks.

Variables

Dependent variable:

e Mathematical achievement in solving of
problems expressed by the accuracy of
solving particular tasks in the test.

Independent variables:

e Assessment of mathematics, as a measure
of student’s school achievement;

e « The number of points in the admission
exam at the end of the eighth grade.

Control variable:

o Age of respondents. All the participants in
this study were of the same age of the for-
mal education (the first year of secondary
school).

Hypotheses

Here is the list of all hypotheses tested in the
research. In discussion, we focus on hypotheses 3, 4
and 7, which are related to the presented task 3.

1. Elimination of redundant data in the first
task increases the effectiveness in solv-
ing problems. Removing the image in the
same task, as redundant, increases success
in solving tasks.

2. Pointing to the nature of the data in the
second task increases the effectiveness in
solving tasks. Direct instruction to use of
the same data additionally increases per-
formance.

3. Definition of phases of the problem solving
increases effectiveness in solving tasks.

4. Removing image, when the data are al-
ready contained in narrative, increases ef-
fectiveness in solving problems.
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5. Referring to the position of the objects on
the plane increases the success.

6. The first graders (high school) do not have
competence to apply the reverse Pythago-
rean Theorem in a real context. We expect
that, regardless of the fact that students
meet with numerous tasks using the Py-
thagorean Theorem, the number of stu-
dents who are able to exactly solve the task
is very small.

7. School success, presented as scores in
mathematics at the end of eighth grade and
the results of the qualifying exam in math-
ematics, is a predictor of the achievement
on the math test. We expect that students
who are successful in solving math prob-
lems within a real life context will have
significantly better scores of school success
(scores in mathematics achievement in the

Figure 2: Variant B of the third task

admission exam) than the students who
fail to solve these tasks.

Instrument

Based on the findings from the qualitative
part of the study we conceived for each task two var-
iants - variant B and variant C in which the identi-
fied difficulties and errors were escaped. For exam-
ple, variant B of the task 3 is worded so that suggests
the division of tasks in phases. In this variant, the
assistance was not given either as explanation of the
concept of probability or as a suggested procedure
for solving a task.

In version C of the third task (Figure 3) the
data are supplied narratively rather than as a graph.
In addition, the word probability is replaced with the
word chance that, in our view, is closer to the stu-
dents’ experience.

Figure 2 and 3 shows a modified variant of
the task 3

COLOURED CANDIES

Fill the table with numbers
of candies of each colour.

Red Orange Yellow Green Blue
Pink  Purple Brown Total

What is the probability

that Robert will pick a red candy?

A.10%

B. 20%

C. 25%

D. 50%

Robert’s mother lets him pick one candy from a bag. He can’t see the candies. The number of
candies of each colour in the bag is shown in the following graph.
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Figure 3: Variant C of the third task

COLOURED CANDIES

A.10%
B.20%
C.25%
D. 50%

Robert’s mother lets him pick one candy from a bag. He can’t see the candies. The bag contains 6
red, 5 orange, 3 yellow, 3 green, 2 blue, 4 pink, 2 purple, and 5 brown candies.

What is the chance that Robert will pick a red candy?

There were three versions of the test, each
comprising the 6 tasks: two tasks of variant A, two
tasks of variant B, and two tasks of variant C, so that
each of the tested students took two tasks of each
variant. In this way the load was spread evenly and
the decrease of motivation for difficult tasks was
avoided. Table 1 presents the structure of all ver-
sions of the test.

Table 1. Test structure

First | Second | Third | Fourth| Fifth | Sixth
task | task task task task | task
st ) | 3 C C B | A
version
Second | o B B A | C
version
Third gl A A c | B
version

Sample

A total of 379 students from four high schools
took part in solving the tasks. The sample of schools
was expedient, and within each school the classes
have been selected randomly. In each class students
were randomly divided into three groups. Each
group worked with one version of the test.

Subsequent analysis of school success (aver-
age scores in mathematics at the end of the eighth
grade and result in the admission exam) shows that
the groups of students who worked with three ver-
sions of the test were equal in these variables. Table
2 shows data on the number of students according
to schools and the test versions, with data on school
performance.

Table 2. Sample structure and data on school performance

School 1 School 2 School 3 School 4 Total Ei:rtrfasrlcoere Sc}?(\)lzlr ?\%[Zrk
Version A 30 30 42 22 124 15.51 4.11
Version B 27 29 40 33 129 15.50 4.24
Version C 29 26 41 30 126 15.66 4.15
Total 86 85 123 85 379
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Data processing plan

The data were processed in the SPSS statistical
package. We applied the descriptive statistical analy-
sis (significance of differences of arithmetic means).

Findings

Table 3 shows the frequency response of stu-
dents.

Table 3. Response distribution according various
variants of the third task

Correct Correctly Wrong | Did not
Filled Table
Answer Answer | work
(B)
Variant A 36.51% 61.90% | 1.59%

Variant B 46.51% 96.90% | 53.49% | 0.00%

Variant C 54.03% 44.35% | 1.61%

The data show that between the students who
solved modified variants of the task and the students
who have worked with the original version, there are
significant differences in achievements. We used the
t-test for equality of proportions in the three vari-
ants of the task (every two variants were compared);
these findings are presented in Table 4.

Table 4. Testing equality of proportions with various
variants of the third task

A-B A-C B-C
if&’:rcefi 10.00% | -17.52% -7.52%
p-value 0.053* 0.003** 0.117

Analysis of the data indicates the following:

1. Practically, all students know to read data
from the chart. Although in school prac-

tice such representation of data is not used,
graphic representation of the data is un-
derstandable to students, probably as part
of their everyday experience (this kind of
presentation is often used by electronic and
printed media).

. Pointing to the first step significantly helps

in solving the task (the difference between
variants A and B). It was enough just to
point to the division of the solving process
into stages, and students would significant-
ly better do the job. This confirms the third
hypothesis of this study.

. Statistical analysis showed that between

students who worked on variant B and
those who worked on variant C there is
no significant difference in achievement.
Therefore, the analysis of the data does not
support the fourth hypothesis.

. We have analysed the extent to which

school achievement in mathematics pre-
dicts the performance on a task 3. The re-
sults are shown in Table 5. They indicate
that the seventh hypothesis is confirmed
only for the modified variants of task, and
only in the case of school success as meas-
ured by scores in mathematics in the 8th
grade. In task variant A data do not indicate
the existence of any positive correlation be-
tween success on the tasks and school suc-
cess, i.e. better academic achievement in
no way guarantees better achievements in
the test.
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Table 5. Testing difference averages in school success and wrong solution of the third task

Variant A Variant B Variant C
Correct Wrong Correct Wrong Correct Wrong
Average 4.174 4.137 4.383 4.120 4.284 3.912
Math. scores in g’g’e“ed 0.036 0.267 0.371
VIII grade erence
p-value 0.420 0.041* 0.014**

5. There is a big difference in achievements
between variants A and C. In variant C, the
task was fully translated into narrative and
the word “probability” was replaced by the
term “chance”, which is used in everyday
communication. Obviously, there were two
interventions in this task, but both in the
same spirit. Since the result for variant B
shows that the students were able in almost
hundred per cent to read the chart, we
can assume that the replacement of terms
(chance instead of probability) had greater
influence on the difference in achieve-
ments. The overall conclusion would be
that closer the task is to everyday language
and experience of students (e.g. lower level
of abstraction, less symbolic representa-
tion, informal language...), better gets the
students’ involvement in problem solving.
This leads us to the conclusion that the dif-
ference in achievement does not depend on
mathematical knowledge, but on the ability
to translate the real situation into the lan-
guage of mathematics; very likely, the same
effect happens with the direct motivation
for solving the task, which was increased
by placing the task in the known context.

Discussion and Conclusion

The qualitative part of the research shows that
most students understand the concept of probabil-
ity, although they did not encounter with this no-
tion at school; they translate it as “chance” or “likeli-
hood”. This notion is so natural that some students
were not even aware of the fact that it was not a part
of the school teaching.

The results of the quantitative part of the
study show that students have more difficulties with
segmentation of the solution process into the stages
than with the concept of probability. It is clear that
in a naive form this concept should be introduced
much earlier in school curriculum, mostly due to
the great importance that the probability and statis-
tics play in contemporary society. Today, the con-
cepts of statistical probability are a part of general
education; it goes without saying that the admission
tests for almost all jobs contain problems of that
kind. The absence of probability and statistics from
teaching mathematics in Serbia is systemic; it would
be much better if teaching mathematics incorpo-
rates these concepts soon and in the early grades of
elementary school. Problems of probability and sta-
tistics are by their nature realistic and can greatly in-
spire students. In addition, knowledge of basic sta-
tistical concepts expands students’ opportunities for
research, not only in mathematics, but also in other
areas.
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In accordance with the best educational prac-
tices in the world, teaching of mathematics in Ser-
bia should be a problem and project oriented. In
this way, we could achieve greater involvement of
students in teaching/learning process and develop
problem-solving strategies needed for the further
education, as well as for functioning in daily life. It
is also the basis for developing higher order think-
ing including critical thinking.

Initial teacher education in Serbia, as it is
today, is more focused on building mathematical
knowledge and less on the development of teacher
competencies. This is why we recommend that the

initial education and professional training of teach-
ers include, in greater extent, the development of
teaching skills, aimed at organizing problem solving
and project-oriented teaching.

Even with unchanged initial teacher education
and unchanged mathematics curricula in schools in
Serbia, we believe that it is possible to make chang-
es at the classroom level. Even very strict curricula
still leave the place for teachers to bring a problem-
solving and project component in the teaching of
mathematics. In that way, students would be more
engaged during the class, teaching would be more
interesting, and achievements would increase.
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np ViBan Aunh

Bucoka mkona 3a nadpopmaimoHe texnonoruje, beorpay, Cp6uja

ap Jdparumna ITaBmoBuh ba6uh

®unosodckn pakynret, Yansepsurer y beorpany, Cpbuja
Kako ce Moske mocnemnTH yCEIHOCT YYeHUKA y peliaBalby MaTeMaTHYKHX podiaema?

OCHOBHO UCTPaXMBAYKO MNTaHe KOjIM ce 6aBMMO y OBOM pajiy je MUTambe NIeHTU(PNKOBaba ITOTPell-
HIX CTpaTeTyja ¥ OCHOBHUX IIpellpeKa y pelllaBamy IpoOIeMCKIX 3ajlaTaka M3 MaTeMaTHKe, Kako 61 ce fedu-
HIICaJle yCIIellIHe TOfpIIKe y IIPoliecy pelllaBama, a Koje JoBojie 10 ycIexa.

VcTpaxxuBame je peann3oBaHo y Be ¢ase. KBamuTaTuBHUM UCTpaXXMBambeM, y YCIOBUMA UHANBULY-
aJIHOT pajia MM pajia y 1apy Ha 3a/laTKy, HaCTOja/IM CMO Jia yTBPAMMO Ha KOje HayMHe Y4eHMIM Ipelle U Ha
Koje rmoTemnikohe HamIase Mpy pelaBamy 3a/jaTaka CMEIITEHNX Y pealaH KOHTEKCT, Kao I fla e YTBPAY Koje Off
THX Ipelllaka 1 moTrenrkoha cy TMnm4He. AHa/lIM30M cafip>kaja BepOaHNX MCKa3a Y4eHNMKa TOKOM pelllaBamba
3ajlaTaKa U3JIBOjeHM Cy IIpo6IeMM KOji YMHe CTpaTeruje pelraBama HeednKacHIM.

KBaHTUTAaTMBHIM MCTPaXMBambeM IIPOBEPaBaIyi CMO y K0joj Mepy Cy Tpellke ¥ HoTemkohe ycTaHo-
B/bEHE Y IIPeTXO/IHOj (hasyl TUIIMYHE, IIITO MOXe OMTY jacaH AMjarHOCTMYKY 3HAK KOjU yKasyje Ha CHCTEMCKI
HEJI0CTAaTaK y HACTaBM MaTeMaTuKe ¥ MHCTPYMEHTUMA 3a IPOLleHy MoCTUrHyha yyeHnKa.

Ys0pak y4eHnKa obyxsara IleTHaeCTOTO/VIIIbAKe, OffHOCHO YYeHNUKe IPBOT pa3pesia 13 YeTVPH Cpefibe
mkosie y beorpagy. ¥ KBanmuTaTMBHOM JIeNTy MCTPaXKMBakbha yYeCTBOBAJIO je IIeTHAECT YIE€HMKA, a Y KBAaHTUTA-
TUBHOM TPUCTa CefaMJIECET U JIeBET yYEHNMKA. Y30PaK IIKO/IA je IIPUTOfIaH, a y CBAKOj LIKO/IN Cy TeCTUPaHa
IIe/1a ofie/berba Koja Cy HaCyMIYHO n3abpaHa.

Y3opak 3agaTaka YMHM IIeCT IpoOIeMCKIX MaTeMaTNYKIX 3a/jaTaka, off KOjuX Cy 4YeTHpH Ipey3eTa U3
MmebyHapopnHor mporpama nposepe yaeHnukux nocturayha (OELI/ITVICA), a gBa ¢y cacTaBWIN ay TOPY OBOT
paza. 3ajaly cy CMELITeHN) Y pealaH KOHTEKCT U Y CK/Iafly CY ca y3pacTOM M MCKYCTBYMA VICIIMTaHMKA. 3afaly
TECTUPAjy pasmM4InTe MaTeMaTUIKe KOMIIETeHI[yje U IPafyupaHi Cy 110 KOMIJIEKCHOCT.

AHanusoM caapskaja BepOalHMX MICKa3a YYeHMKA TOKOM pelllaBama 3ajlaTaka U3JIBojuu cy ce cnefehn
npo6/IeMy KOju 4iHe CTpaTeruje peasama HeepukacHuM: (1) V360op peneBaHTHUX MOfjaTaKa — IOKa3aso ce
fla Cy y4eHMIM MMajIy OTPeIllHa OYeK1Balba Jja CBM JJaTy MOflally MOpajy Aa ce ynoTpebe fa 61 ce ZOLIIO KO
perema; (2) YnTame CIMKOM JaTHX IOJATaKa — C/IMKA je OMeTasIa IIPolLiecC pelllaBamba 3aaTaka Ha ciefiehe Ha-
YJHe: IIOTPEIIHO MHTepIpeTHpalbe CIINKe, IOTPEelTHO MHTepIIpeTupambe 300r HejacHohe y rpadpuyKoM IpuKa-
3y IofaTaKa, IpoBepaBambe U ynopehusame nogaraka Kojy Cy JaTy CIMKOM M TeKCTOM, LITO JOBOAMU IO YCIIO-
paBama Ipolieca pelraBama 3aarka; (3) [loBesnuBame pasmnunTux ¢asa y pelrapamy 3alaTKa — IOKa3aIo ce
fla yY9eHUIIM TTOKYIIaBajy Aa AMPEKTHO foh)y o pelema 6e3 peTXOiHe aHA/IM3€e PACIIONIOKMBUX ITOfaTaKa; (4)
IIpencrap/parbe, CXeMOM MM Ha MEHTA/THOM IUIaHY, TOfaTaKa O IPOCTOPHOM pacropeny objexara.

Ha ocHOBY youeHUX po6ema, MHTepBEHMCAIN CMO Y 3a/lalliMa TaKo fla ce U306erHy TUIMYHE TPelIKe
VTV TIOMOTHE YYeHNIIMMa y TIpe/lackKy Ha HapefiHe dase pellaBama mpobnema. 3a cBaku 3ajjlaTak GopMysuca-
He Cy /iBe O/laKllIaHe Bep3uje: b Bepsnmja, y K0joj je mar [upeKTHMjM IpKKa3 IoflaTaka, u 1l Bepsuja, y kojoj ce
YYEeHMIIM HaBOJie Ha IIPBM KOPAaK y pelllaBamby 3a/jaTkKa.
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3a morpebe oBOr pajia MpUKa3aHe Cy aHa/M3e KOje ce OfHOCe Ha IIPOOIeMCKH 3ajlaTaK 13 00/IacTy Be-
poBaTHohe y KojeM Cy mogary fatu rpagukom.

Y KBaIMTaTMBHOM Jie/ly MCTpaKMBama ce I0Ka3ano fa BehnHa yueHuKa 3Ha 3a mojam BeposarHohe,
MaKo ce ca TUM II0jMOM HUCY CYCpe/lu y IIKOJN, ¥ IpeBOje Ta MOjMOBUMA ,laHca win ,moryhuoct®. Taj
II0jaM je TOMKO IPVPOJAH yIeHMIIMA 1a HEeKM HUCY HY 3HA/IM [a Y IIKO/IM HUCY YYWIM HUIITA O BEPOBAT-
Hohn.

Pesynratu KBaHTUTaTMBHOT flefla MCTPaKMBamba MOKa3yjy #a je Behu mpobmeM yyeHnumma fja nope-
e mpobeM y dase Hero caM KOHIIENT BepoBaTHohe. JacHO je fa oBaj KOHLeNT Tpeba Ha jeflaH HaMBaH HAYMH
MHOTO paHUje 3y4aBaTy y LIKOJIN, a HajBMIIIe 300T BeMKOT 3HaYaja KOjyi BepoBaTHOhA 1 CTaTUCTUKA UTPaAjy Y
caBpeMeHOM JipymITBy. CTaTMCTUYKO-BEPOBAaTHOCHN KOHILIENITY Ce laHac yOpajajy y ommreo6pa3oBHe, 1 CKO-
PO Ia HeMa IIOCTIOBA Tfie Ce 3a IpyjeM He pajie TeCTOBM KOju cafipxke rmpobneme u3 ope obmactu. I[Ipobnem
MamKa BepoBaTHOhe U CTaTUCTHUKe Yy HacTaBu MaTeMaTnke y Cpouju je cuctemcku u 6mhe 60/be 3a HacTaBy
MaTreMaTyKe aKo ce OBU KOHIIENITI YCKOpo Hal)y y HIDKMM pa3penuma ocHOBHe 1ukorte. [Tpo6memu 13 BepoBart-
HONe ¥ CTaTUCTHKe CY 110 CBOjOj IPUPOAY PeaTMCTUYHMU U MOTY Y BE/IMKOj Mepy MHCIIMpUcaTH yyeHnke. Ocum
TOTa, I03HaBahe OCHOBHVX CTATMCTUYKMX KOHIIENaTa IpOLIMpYje yd4eHNIMMa MOTyhHOCTH 3a MCTpaKMBad-
KU paji, He caMo U3 IIpefiMeTa MaTeMaTnKa Beh 1 y ipyrum obrmactuma.

Hanasy ncrpaxupamwa Morim 61 fa MMajy MMIUIMKaIje M Ha CUCTeMCKa pelllerba Koja ce IPUMembYjy
y o6pa3oBamy, ali 1 Ha CBAaKOJHEBHY HACTaBHY Ipakcy. VIHOBUpamwe IporpaMa MHUIMjaTHOT 00pa3oBama
HACTaBHNMKA MaTeMaTyKe, Kao ¥ IporpamMa KypMUKylTyMa 3a OCHOBHE M Cpefiibe IIIKOJe, Tpebano 6u ma npe
y TIpaBIly Nofip)KaBama HACTAaBHMYKMX KOMIETEHIVja 3a MPOOIeMCKY U IMPOjeKTHO OPraHM30BaHY HACTaBY
KOjoM 61 ce TIofp>Kay BUIIN 0OIMIM MUIIJberba KO y4eHMKa. Y OYeKMBarby IPOMeHa Ha CICTEMCKOM HIMBOY
Moryhe je yHanpeauTy 1 CBaKOZHEBHY paji y YYMOHMIM TaKO LITO O ce Kpo3 IMpobeMcKe 3ajiaTKe U KOolle-
PaTMBHM PaJ] yYEHMKA Ha IbJMa IIOCTUTAO0 BUIIM CTEIIEH aHTa)KOBatbha YYeHMKa y HaCTaBy, TIOIUTA0 KBAIUTET
HacTaBe U yHarpesuaa obpasoBHa HocTurHyha yueHnka y o671acTyt MaTeMaTHKe.

Kmyune peuuy: MaTeMaTIYKa IICMEHOCT, pelllaBarbe Ipo0ieMa, BepoBaTHONa, cTpaTeryje pelaparma 3a-
maraka, mporpam IIVICA.
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