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Sladana Loli¢!

PROBLEM-BASED LEARNING AS A CONSTRUCTIVIST
FRAMEWORK OF EARLY MATHEMATICS TEACHING:
AN ANALYSIS OF STUDENTS’ ATTITUDES

Abstract: In the early stages of mathematics education, the founda-
tion for successful learning lies in the development of logical, critical,
and mathematical thinking. Teaching mathematics effectively means
fostering students’ ability to think independently and creatively, to so-
Ive problems and reason analytically. This research explores the impact
of a problem-based, constructivist-oriented teaching approach on stu-
dents’ attitudes towards mathematics.

The study compares the perceptions of students who experienced tra-
ditional instruction with those who participated in a problem-based
learning program. The aim of the study is to determine whether yo-
unger primary school students who have mastered mathematical con-
tent through a problem-based learning approach develop more positive
attitudes toward mathematics than those instructed through conventi-
onal teaching methods.

Using a Likert-type scale, student attitudes were assessed in terms of
interest in mathematics content, perceptions of the teaching process,
and the teacher’s approach. The results indicate statistically significant
differences in favor of the experimental group, demonstrating that con-
structivist methods contribute not only to cognitive achievement but
also to the formation of more positive emotional and motivational dis-
positions toward mathematics.

The findings support the integration of constructivist principles
into early mathematics instruction as a means to enhance student
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engagement and promote a deeper understanding of mathematical
concepts. Recommendations include increasing the use of problem-ba-
sed tasks and encouraging active, collaborative learning environments
in which students construct knowledge meaningfully.

Keywords: early mathematics education, constructivism, problem-ba-
sed learning, student attitudes, teaching approaches

Introduction

Mathematical contents are closely related to each other, so a misunder-
standing of one part of the material can lead to a misunderstanding of all con-
tents, which is why constant updating is required. The specificity of the early
teaching of mathematics is reflected in its wide application, mathematical ac-
curacy, logical rigor, and abstractness. A practical understanding of mathe-
matics enables more successful and independent functioning. “The insistence
on mathematical accuracy and logical rigor is reflected in the need for students
to know, not only the facts in question, but also other elements on which these
facts rely and from which they arise” (Sharma, 2001, p. 29). Mathematical con-
tent and activities should develop students’ interest in mathematics. They also
contribute to the development of logical thinking, the development of creative
and critical thinking. Students should be motivated to overcome obstacles and
find solutions to problems, i.e., to be creative. “Although creative inspiration is
absolutely necessary, it is also important to understand that innovative ideas
must also be practical” (Mouzas 2006, p. 1127).

From all of the above, it follows that effective early teaching of mathemat-
ics implies the active participation of students in the learning process with the
aim of developing creativity, logical-mathematical thinking.

Early mathematics teaching

The value of early mathematics lessons in the educational sense is the for-
mation of the student’s personality, the development of the desire for truthful-
ness, the development of creativity, critical reflection, and reasoning, as well as
the assessment of problem solving, problem situations, and the development of
thought processes. The thought process is a special type of process that is reg-
ulated by internal mutual relations created within that process. “The very pro-
cess of thinking consists in the transformations that the problem situation goes
through” (Kvascev, 1980, p. 77). The most accepted explanation of the flow in
solving problem tasks, according to Vilotijevi¢ (1999, p. 150), is the one in which
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it is stated that it is a thought process consisting of four stages: a) getting to
know the problem: the individual gets to know the elements of the problem,
tries to understand their mutual connections and relationships; b) narrowing the
problem: based on the analysis of the given data, the individual perceives what
is given, what is the gap that needs to be filled, what is missing, he analyzes what
is given taking into account the given and thus narrows down, concretizes the
problems, vocalizes the difficulties and looks for a way to solve them; c) setting
up a hypothesis: by analyzing the given, by observing and localizing the diffi-
culties, the individual sets up a hypothesis for solving the problem; d) checking
the hypothesis: when the hypothesis appears, the individual starts from the fact
that it is correct and that he can fill in the gap in the given data; a hypothesis is a
solution whose correctness needs to be verified.

Early mathematics teaching must be of high quality, interesting, dynamic,
diverse, and constantly intellectually stimulating for students. Traditional ways
of learning and teaching the content of early mathematics classes using dif-
ferent methods, forms, problems, logic, tasks of different levels of complexity,
critical thinking and reflection is to awaken and encourage students to criti-
cally solve problem situations, constantly draw conclusions, connect teaching
content and in this way nurture a critical review, instead of overloading and
memorizing students with a large number of facts and tasks.

Theoretical starting point: constructivism in teaching

Constructivism, as a modern pedagogical-psychological direction, im-
plies that the student actively builds their knowledge in interaction with the
environment, in accordance with previous experiences and thought structures.
Instead of passively receiving ready-made information, the student is placed in
the center of the teaching process and encouraged to investigate, discover, set
hypotheses, and test them through their own activity.

Hanfstingl et al. (2022) defined assimilation as the process of absorbing
new information within existing mental schemas, while they described accom-
modation as the change or formation of new schemas when the existing ones
are not sufficient - this is precisely the process that Piaget considers crucial for
cognitive development. Lev Vygotsky emphasizes the importance of the social
context and the concept of the zone of proximal development - students learn
most effectively with the help of a more competent associate (teacher or peers),
with gradual control over learning (Margolis, 2020).

Bruner (1960) proposed a spiral curriculum, in which basic ideas are revisited,
gradually expanded and added to higher levels, to achieve intuitive grasp and con-
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tinuous deepening of knowledge, while Kosheleva and Villaverde (2018) confirmed
this application in mathematics education through repetition and systematic ex-
pansion of content at higher levels of complexity. In other words, students learn
more easily and deeply if they are introduced through a gradual spiral structure of
learning, from the concrete to the abstract (Kosheleva & Villaverde, 2018).

In this research, exactly those principles were applied: the teaching is or-
ganized in such a way that it includes problem-based tasks, encourages critical
thinking and reflection, and enables students to play an active role in building
knowledge. According to this type of teaching, according to Savery and Duffy
(1996), problem-based learning in early mathematics can be seen through the
following three constructivist understandings:

1. The understanding of some content depends on the student’s experi-
ence and activities in some context.

2. Learning is the result of cognitive tension and conflict because facing a
problem is a stimulus for learning.

3. Knowledge needs to be verified through collaboration with other stu-
dents to determine what an individual knows in relation to others.

A constructivist-based upbringing - educational process that uses the
problem method implies that the child is placed in a problem situation, which
causes cognitive dissonance, encourages curiosity, an investigative spirit, and
motivation to solve problems, which is desirable from an early age (Sindi¢,
2018). In this context, problem-based learning appears as a natural application
of constructivism: students face tasks without previously known solutions, and
through thinking, analysis, and collaboration, they come to new insights.

Problem learning in early mathematics teaching

In the 21st century, student creativity is one of the most important charac-
teristics of successful students. Creativity has its roots in Latin terms meaning
to create something new, to create something new, that is, it primarily refers to
the ability to create and represents the characteristics that individuals should
possess to create a new thought or material product. The modern word crea-
tivity-creation can represent “the power of creation, invention or production;
artistic creation and participation in something useful or valuable” (Bognar &
Solomanji, 2008, p. 69). It follows from this that creativity is a very important
feature for creating new teaching models in the teaching process, and accord-
ingly, innovative students.

“A creative student should think wisely, but at the same time be flexible
and open to different alternatives” (Stevanovi¢, 2003, p. 49). Therefore, the
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creative process is the process of arriving at creative solutions, which can be
achieved in elementary mathematics classes by motivating students to find a
large number of solutions to a given problem. By applying these methods of
finding solutions in creative, unusual, and different ways, students become
more creative in the teaching process. This leads to the development of stu-
dents’ creative thinking, the teaching process becomes more creative, and the
student and the environment in which the student resides, i.e., the school en-
vironment, becomes a more comfortable and positive place for the student’s
creative work, i.e., the student creatively acquires knowledge.

Problem solving is one of the highest forms of learning. Savery and Duffy
(1996) believes that theory should be applied in practice, which will lead to
building knowledge and skills and structuring problems. While solving a
problem, the student is in a research position, in which he initiates creative
thinking, which implies high levels of acquired knowledge and adopted skills.
According to Horvat (2019), problem tasks should be a link between mathe-
matical content and everyday life, and unfortunately, research shows that such
tasks are insufficiently done in elementary school, because this form of work
and learning requires enormous effort and commitment from both students
and teachers. The teacher must be well prepared for the problem lesson. It is
extremely important to take into account the relationship between the con-
crete and the abstract in the initial teaching of mathematics. “For the child to
reach a higher level, he must first be exposed to concrete physical experienc-
es and learn new discoveries over time, i.e., logical-mathematical experience”
(Sharma, 2001, p. 66). That is why it is necessary to lead students to master
mathematical content in a creative, creatively interesting way, and we achieve
this by solving problem tasks and situations, by introducing tasks and content
that will not be boring to them, that is, that will deepen critical thinking and
reflection.

In any case, the learning of mathematics should begin with the introduc-
tion of problems that are adequate to the students’ real situation (contextual
problem). Yusof et al. (2012) explain that the problem-based learning model
begins with an unstructured problem that has more than one answer. Hmelo
Silver (2004), synthesizing studies on problem-based learning, observes that it
leads to deeper, more flexible mental models and more permanent knowledge.
Problem tasks place students in a research position in which their creative
thinking is encouraged, opening up space for multiple solutions, different ap-
proaches, and personal reflection (Horvat, 2019; Savery & Dulfty, 1996). Such
approaches allow not only a deeper understanding of mathematical concepts
but also a more pleasant emotional learning experience.
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It is in this context that students’ attitudes towards mathematics should
be observed, which are often negative or at least reserved, especially when the
teaching is based on mechanical learning, reproduction, and abstract tasks
without a deeper meaning for the child. Starting from the understanding that
attitude is the learned tendency of an individual to react positively or negative-
ly to a certain concept, situation, object, or other person (Aiken, 1970), the at-
titude towards mathematics can be understood as a combination of emotion-
al experience and beliefs that students develop in contact with mathematical
content. In other words, if students perceive mathematics teaching as mean-
ingful, challenging, yet accessible and creative, they are more likely to develop
a positive attitude towards this subject.

Contemporary international research (Obeng, 2025; Gémez-Chacén et
al., 2024; Zamir et al., 2023) indicates that constructivist approaches in teach-
ing, among which problem-oriented teaching has a special place, contribute
to the formation of more positive attitudes of students towards mathematics.
Despite these findings, in the educational context of Bosnia and Herzegovina,
such research is still few.

Bearing that in mind, the subject of this research examines the attitudes
of fifth-grade elementary school students about mathematics, intending to de-
termine whether the problem-based approach in teaching contributes to the
development of more positive attitudes compared to the traditional approach.

Research methodology

The research was carried out as a quantitative experimental study with
parallel groups - experimental and control - to examine the effects of prob-
lem-oriented mathematics teaching and the attitudes of fifth-grade elemen-
tary school students. The aim of the study is to determine whether younger
primary school students who have mastered mathematical content through
a problem-based learning approach develop more positive attitudes toward
mathematics than those instructed through conventional teaching methods.

The research design included a comparison of two groups of students who
were exposed to different forms of teaching during one school semester.

Following the research objective, the following hypothesis was put forward:

Fifth-grade students who learned mathematical content through a prob-
lem-based approach will show more positive attitudes toward mathematics com-
pared to students who participated in traditional classes.

The research sample consisted of 190 fifth-grade students, formed by a de-
liberate selection from two city elementary schools in Banja Luka - Elementary
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School “Ivo Andri¢” and Elementary School “Branko Copi¢”. The schools were
selected due to their similar pedagogical and socio-economic profile, thus en-
suring basic comparability of the context. The sample was additionally stand-
ardized on the basis of previous school success in mathematics and the results
of the knowledge test, which was applied before the start of the experiment,
which increased the internal validity of the research.

The experimental group (N = 95) learned mathematics content through
problem-oriented teaching during one school semester. Within the experi-
ment, an innovative approach was applied that included different models of
interactive and collaborative learning, and the teaching activities were prob-
lem-based, designed to encourage research thinking, logical reasoning, and
active participation of students.

In the control group (N = 95), the teaching of mathematics was carried
out in the traditional way - face-to-face, with the use of textbooks, teaching
sheets, and reproductive work methods. During the experimental period, both
groups studied the same teaching content, in the same number of lessons,
within the regular curriculum.

The instruments used in all phases of the research were partially taken
from existing validated research, while the other part of the instruments was
developed independently, taking into account the age of the students and the
goals of the study. The main instrument was a questionnaire with a Likert
scale, which included several elements: students’ attitudes towards mathe-
matics, interest in learning, perception of teaching, and attitudes about the
teacher’s approach. The first scale measured the general attitude towards
mathematics and contained 15 statements, with an acceptable level of relia-
bility (a = .65). The second scale included students’ attitudes about interest
in learning, about the teaching itself and about the teacher’s approach, with
a high overall reliability (« = .88). The results were separately analyzed for
three subdimensions: interest in learning elementary mathematics (a = .69),
perception of teaching (a = .79) and assessment of the teacher’s approach to
teaching (« = .82).

The data were processed in the SPSS program, using descriptive statis-
tics (arithmetic mean, standard deviation), the Kolmogorov-Smirn test for
determining the normality of variable distributions, the t-test for independ-
ent samples (to examine the differences between the experimental and control
groups), as well as one-factor analysis of variance (ANOVA) (to examine the
connection between school and school success on student attitudes). The level
of statistical significance was set at p < .05.
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Research results

After the application of the experimental program, it was examined wheth-
er the students of younger school age who mastered the contents in the early
mathematics lesson using a problem-based approach to learning will express
more positive attitudes towards mathematics compared to the students of the
control group who learned in the usual way in traditional teaching, that is,
whether the students of the experimental group will achieve statistically more
positive attitudes about interest in mathematics compared to the students of
the control group. For this purpose, a Likert-type scale of Student Attitudes on
Mathematics was applied. The normality of the distribution of variables was
tested with the Kolmogorov-Smirnov test, which confirmed the prerequisite
for the application of parametric statistical procedures, including the ¢-test and
analysis of variance (ANOVA).

Table 1 shows the results determined at the end of the experiment.

Table 1. Students’ attitudes about mathematics in relation to the group

Group N M SD t daf p
C 95 49.02 6.39
-2.10 188 .037*
E 95 51.29 8.38

* A statistically significant difference was determined at the level of .05

Based on the data shown in Table 1, it was observed that the attitudes of
the students of the experimental group towards mathematics were more posi-
tive compared to the attitudes of the students of the control group. Students in
the experimental group demonstrated a higher mean score (M = 51.29; SD =
8.38) compared to students in the control group, whose mean score was lower
(M =49.02; SD = 6.28).The average value of the attitude of the students of the
experimental group was 3.42, while the average value of the students of the
control group was 3.27.

A slightly positive attitude was recorded in both groups, given that the av-
erage value was higher than 3. The students of the experimental group showed
a higher arithmetic average and more homogeneous attitudes about interest in
mathematics compared to the students of the control group. Based on statisti-
cal indicators (¢t = -2.10, df = 188, p = .037), a statistically significant difference
was found between the attitudes about mathematics among the students of the
control and experimental groups, at a significance level of .05.

However, it is important to note that students’ attitudes and beliefs are
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slowly formed and consolidated, especially in younger school age. The dura-
tion of the experimental program, i.e., learning mathematical content through
a problem-based approach, contributed to the achievement of a statistically
significant difference.

The second task was to examine the differences in the attitudes of the
students who participated in the experimental research on the characteristics
of early mathematics classes: that is, on the students’ interest in learning the
content of early mathematics classes, on problem-based teaching, and on the
teacher’s approach to teaching. The results are presented and analyzed sep-
arately according to the parts of the applied Scaler: Students’ attitudes about
interest in learning, about teaching, and about the teacher. Table 2 shows the
representation of students’ views on interest in learning elementary mathe-
matics classes in relation to the group.

Table 2. Students’ interest in learning the content of early mathematics classes in
relation to the group

Group N M SD t df p
C 95 35.08 7.15
-2.48 188 .014*
E 95 37.29 4.94

* A statistically significant difference was determined at the level of .05

The results of the application of the scale showed that after the implemen-
tation of the experimental program, the students of the experimental group
showed a higher degree of interest in learning the content of the early math-
ematics lessons compared to the students of the control group. Among the
students of the experimental group, a higher arithmetic mean (M = 37.29) and
greater homogeneity in attitudes, i.e. less dispersion (SD = 4.49), was found,
compared to the students of the control group, where the arithmetic mean was
lower (M = 35.08), and the dispersion was greater (SD = 7.15).

Based on the average value of the attitude, which was 3.73 for the students
of the experimental group and 3.51 for the students of the control group, it can
be concluded that in both cases, slightly positive attitudes towards the learning
of mathematical content were identified.

Based on the statistical indicators (t = -2.48, df = 188, p = .014), a statisti-
cally significant difference was found between the attitudes of the students of
the experimental and control groups regarding their interest in learning con-
tent from the early mathematics classes, at a significance level of .05.

Table 3 shows the results of students’ attitudes regarding teaching in rela-
tion to the group.
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Table 3. Students’ attitudes about mathematics teaching in relation to the group

Group N M SD t df p
K 95 39.09 6.00
-.29 188 .78
E 95 39.34 5.71

Based on the data shown in the previous table, it was observed that the
students of the experimental group had a slightly more positive attitude to-
wards teaching compared to the students of the control group. The students of
the experimental group evaluated problem-based teaching, and the students of
the control group evaluated traditional teaching. Based on statistical indicators
(t =-0.29, df = 188, p = .78), it was determined that there was no statistically
significant difference. However, this does not imply that problem teaching was
not effective.

It was concluded that the students from both groups assessed the quality
of teaching approximately similarly, which indicates that traditional teaching
also has certain values. Based on the average attitude values, which were 3.91
for the control group and 3.93 for the experimental group, it was observed that
the attitudes were slightly positive. These results indicated the need for addi-
tional educational activities for students, regardless of the type of teaching.
Constantly encouraging and motivating students through various activities
and procedures is necessary in the process of learning the content from the
early mathematics classes.

Apart from the students’ interest in learning the contents of the early
mathematics classes and the assessment of the implemented classes, the stu-
dents’ attitude about the teacher’s approach in classes is also significant.

In the experimental group, the teachers applied the problem-based ap-
proach, while in the control group, they applied the traditional approach. Data
on how the students of the control and experimental groups evaluated the
teachers’ approaches are shown in Table 4.

Table 4. Students’ attitudes about the teacher in relation to the group

Group N M SD t Df p
C 95 38.26 5.90
-2.05 188 .042%
E 95 39.94 5.34

*A statistically significant difference was determined at the level of .05

At the end of the school year, the students of the control and experimental
groups evaluated the teacher’s approach in teaching similarly. In both cases, a
slightly positive attitude was recorded, whereby the average value of the atti-
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tude was 3.83 among students of the control group and 3.99 among students of
the experimental group. Nevertheless, statistical indicators (¢ = -2.05, df = 188,
p =.042) indicated the existence of a statistically significant difference between
students’ attitudes about the teacher’s approach, in favor of the experimental
group, at the level of p = .05.

The attitude of the students about the teacher’s approach is of particular
importance because, in contrast to the assessment of teaching, it was precisely
in this dimension that a statistically significant difference was shown in favor
of the problem-based approach.

Discussion

The results of the research show that the experimental program of prob-
lem-based learning has a positive impact on students’ attitudes towards mathe-
matics and on their interest in learning the content of early mathematics classes.
Statistically significant differences in favor of the experimental group (¢ = -2.10; p
<.05and t=-2.48; p <.05) confirm that the problem-based approach contributes
not only to cognitive, but also to affective learning outcomes. Also, Obeng (2025)
in his research in a secondary school context found that PBL has a positive effect
on students’ self-confidence and affective attitude towards mathematics. Also,
Gomez-Chacon et al. (2024) confirms with his research that different approach-
es to constructivist-based teaching contribute to the improvement of attitudes
towards mathematics in terms of the perceived usefulness of mathematics and
self-knowledge regarding mathematical competences.

Interestingly, the perception of the teaching itself is not significantly dif-
ferent between the experimental and control groups. This finding indicates
that students, even when exposed to different work methods, may have a sim-
ilar overall experience of teaching. This may mean that even traditional teach-
ing has certain values that students recognize and appreciate. The perception
of teaching among students did not show significant differences between the
groups, which confirms the conclusions of the research by Zamir et al. (2023)
that students’ attitudes about teaching do not only depend on the method of
work, but also on additional factors such as motivation, self-confidence and
the value that mathematics has for the student. Also, the factors that could
influence the perception of teaching may be related to other factors such as the
experience and perception of the teacher and the feeling of involvement.

The most notable positive effect of problem-based mathematics learning
in our study was observed precisely in the way students assessed their teach-
ers approach (t = -2.05; p < .05), which indicates that the teacher’s approach

139



Sociological discourse, year 14, number 26 / july 2025 129-143

is a key component in shaping students’ affective attitudes towards mathemat-
ics. This result indicates that the problem-based approach not only affects the
attitudes towards the subject, but also the way students perceive the teacher.
Likely, greater interaction, the possibility of expressing opinions, and openness
in work contribute to this experience.

Additionally, Cazzola (2018) points out that in the context of prob-
lem-based learning, the teacher’ role is not to convey ready-made knowledge
but to create opportunities for students to discover mathematical concepts
through the research process, which encourages deeper understanding and
greater emotional engagement of students. In accordance with Piaget’s un-
derstanding that the child actively constructs knowledge through experience,
problem tasks stimulate thought development through concrete situations,
while Vygotsky emphasized the importance of social interaction and verbal-
ization within the zone of proximal development, which is at the core of the
problem-based approach. Boaler (1998) points out that students develop a
more positive attitude towards mathematics when they have a sense of auton-
omy and when knowledge is connected to real contexts. Thus, the affective
and cognitive components of learning become inseparable, and the teacher
becomes a mediator and supporter, not an authority. The findings of this study
point to the need to redefine the role of the teacher in modern mathematics
teaching, from a passive transmitter of knowledge to an active designer of an
environment for research, collaboration, and dialogue. Such practice also re-
quires appropriate initial training, which Cazzola (2018) points out, calling for
changes in the education programs of future teachers.

Taken as a whole, problem-based learning is an approach that improves
both educational and upbringing outcomes. Its application is recommended,
noting that it would be useful to conduct longitudinal studies to determine
whether the positive effects are permanent and whether they persist in later
grades.

One of the key limitations of this study is the duration of the experimen-
tal program, which was limited to one school semester. Although the results
showed statistically significant differences in students’ attitudes, it is possible
that a longer period of implementation would allow for deeper and more sta-
ble formation of attitudes, as well as more lasting changes in learning.

Conclusion

The results of the research indicate that problem-oriented teaching of
mathematics, based on constructivist principles, contributes to the formation
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of more positive attitudes of students of younger school age towards mathe-
matics. Students who learned through problem tasks showed a greater interest
in learning, a higher level of engagement, and a more positive perception of
the teacher and the teaching process compared to students who were involved
in traditional teaching.

Although not all differences were found to be statistically significant,
the application of the constructivist approach in early mathematics teaching
shows the potential for improving both educational and upbringing outcomes.
Positive attitudes towards mathematics must be formed in this developmental
period because they later influence the student’s motivation, self-confidence,
and success in mathematics.

It is recommended that early mathematics teachers apply problem tasks to
a greater extent, encourage thought processes, and enable students to actively
build their knowledge through research, collaboration, and reflection.

Introducing constructivist methods not only contributes to academic
achievement but also shapes lasting attitudes towards learning as a meaningful
and challenging process.
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