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Abstract

In contemporary mathematics education, there is a paradigm shift toward active
learning, particularly through mathematical modelling. This study investigates the
impact of a mathematical modelling development program on traditional word
problem-solving skills of 10-11-year-old students in Croatia and Slovenia (N =
231), as perceived by students. Theoretical frameworks highlight the role of word
problems in shaping fundamental mathematical skills and emphasise the complexity
of mathematical modelling problems. The research explores the transferability of
skills acquired in the program to traditional word problem-solving. The methodology
involves workshops for teachers and students, using four mathematical modelling tasks
addressing concepts of function, criteria choice, and combinatorics. Results indicate
varied impacts on skills as perceived by students, with improvements in careful
reading, planning, and reflection regarding the solution method and accuracy of the
answer. While the study shows some progress, the short duration may limit conclusive
findings. Overall, the research underscores the potential of mathematical modelling
in enhancing problem-solving skills in primary education.

Keywords: Learning and teaching mathematics; mathematical modelling; word
problems; mathematical problems; word-problem solving skills

1297



Sabo Junger, Lipovec and Ferme: Assessing the Impact of Mathematical Modelling Education on Traditional Word ...

Introduction

In contemporary mathematics education, there is a significant shift in how learning
is perceived compared to traditional approaches. This change is characterised by a
move towards encouraging students to actively participate in acquiring mathematical
knowledge, emphasising their ability for independent and creative exploration of
mathematics. Such a transformation lays the groundwork for the practical application
of mathematical knowledge and skills, as highlighted by Kurnik (2008). Central
to this educational evolution are instructional tasks, particularly word problems
and mathematical modelling, which are not only challenging but also present rich
opportunities for learning.

Word problems, known for their complexity and as a staple in mathematics education,
have been extensively studied for over half a century. A key aspect of this study involves
exploring the relationship between traditional school word problems and mathematical
modelling problems, which are designed to reflect real-life or authentic scenarios.
While there are differing views on this relationship, with scholars like Kaiser (2017)
advocating for a clear distinction, this article adopts the perspective of Verschaffel et al.
(2020), who see word problems as a simplified form of mathematical modelling tasks.

This perspective is crucial in understanding the evolution of mathematics education.
The skills developed through mathematical modelling, especially in tackling real-life
problems, significantly impact the approach and effectiveness of solving traditional
word problems. This interconnection is highlighted by various research programs, such
as those documented by Schukajlow et al. (2018), which show the positive effects of
mathematical modelling on traditional word problem-solving skills. These programs
often use a modelling approach to address mathematical problems within realistic
contexts, underscoring the synergy between mathematical modelling and traditional
word problem-solving.

Building on this foundation, this article aims to explore this relationship further,
focusing on the skills acquired through a mathematical modelling development
program designed for 10-11-year-old students. We will investigate which specific skills
from this program can be transferred and are beneficial to traditional word problem
solving, thereby illuminating the potential of mathematical modelling as a powerful
tool in modern mathematics education.

Theoretical framework

Teachers carefully choose and utilise tasks — mathematical (word) problems that
stimulate students to engage in active thinking, analysis, and problem-solving. In this
way, problems become a crucial tool in shaping students’ fundamental mathematical
knowledge, skills, and work habits. Additionally, they contribute to the development
of their mathematical abilities and creative thinking skills (Kurnik, 2008). Solving
various mathematical word problems is a common and fundamental step in early
mathematical education. Primarily, solving mathematical problems serves as an
outstanding motivational tool for students in the context of mathematics. It also allows
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teachers to introduce new teaching topics and content interactively, facilitating the
understanding and applying mathematical concepts.

Furthermore, the process of solving mathematical problems significantly impacts
the development of students® mental abilities, including analytical thinking, problem-
solving, and critical thinking. Solving mathematical problems also enables the practical
application of mathematical knowledge in real-life situations, providing students with
a sense of the importance of mathematics in their lives (Ov¢ar, 1987). Traditional or
routine word problems in mathematics present a particular challenge for students as they
require more than mere computation. In addition to performing arithmetic operations,
the student must read and comprehend the given mathematical problem correctly,
identify the appropriate arithmetic operation or mathematical model to be applied,
calculate the task, and, ultimately, logically consider the solution before articulating it in
accordance with the posed question (Glasnovi¢ Gracin, 2013). This process emphasises
the importance of understanding the text as a crucial step in solving mathematical
problems. As noted by Stage and Kloosterman (1992), many students are content with
how they perceive mathematics and themselves as mathematics learners. Often, they
simply seek steps from the teacher for problem resolution or even skip textual tasks,
believing that they are only for excellent students and consequently difficult. Textual
(word) problems introduce an additional abstraction layer, where the student must
recognise and interpret information from the text to mathematically model and solve
it. This demands critical thinking, analytical skills, and applying mathematical concepts
to real situations. It also fosters the development of mathematical skills while enhancing
the ability to comprehend and communicate mathematical concepts in the context of
a problem. Solving mathematical word problems requires, above all, an understanding
of both the problem and its solution. Creativity comes to the forefront, involving how
to express the problem, which methods to employ, and teamwork (Begovi¢, 2015). In
Slovenia and Croatia, children become acquainted with mathematical word problems
in the first grade. Students encounter difficulties in solving word problems, which
require reading and comprehension throughout their education. For this reason, the
understanding that must be acquired at the beginning of the early school years is
defined as the ability to read the text, process it, and comprehend its meaning.

According to Kolovou (2011), the primary aim of mathematical education should
be to empower students to solve problems independently. Understanding is a strong
predictor of solving mathematical problems. Some students excel in algorithmic
calculation skills but face difficulties with word problems (Fuentes, 1998; Ozcan &
Dogan, 2018). Various problem-solving strategies can be applied to help students
overcome these difficulties. Several studies have shown that many students approach
solving mathematical problems superficially and unjustifiedly within a school
environment. Their problem-solving activity often involves performing one or more
computational operations with the numbers given in the problem, with very little or
no attention paid to other aspects of a competent problem-solving model (Verschaffel,
1999). Unlike routine problems involving routine computational operations, atypical
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problems, including word problems and mathematical modelling problems, do not
have a simple solution. They require creative thinking and applying specific heuristic
strategies to understand the problem situation and find a way to solve it. Therefore,
atypical problems, including modelling problems, are considered more complex and
challenging than routine problems (Kolovou, 2011).

The goal of education is to acquire practical knowledge that is meaningful and useful
in everyday life. Students need to learn and develop problem-solving skills that they
will apply in their daily lives. These skills include analytical and critical thinking, which
will assist them in various aspects, particularly in decision-making. Problem-solving
enables students to understand and apply reasoning in different areas of practical life
(Osman et al., 2018).

As Verschaffel (1999) notes, research has shown that many weaker students hold
incorrect beliefs about mathematics and learning mathematics, teaching, and solving
mathematical problems, such as:

o Mathematical problems have only one correct answer; There is only one correct
way to solve each mathematical problem, usually the rule that the teacher recently
demonstrated in class;

o Ordinary students cannot solve mathematical problems on their own;

o Solving a mathematical problem should not take more than five minutes;

o Being able to solve a mathematical problem is just luck;

o The mathematics we learn in school has little or nothing to do with the real world.

These beliefs are confirmed by many other studies, as solving word problems presents
a challenging and frustrating area for a significant number of students (Osman et al.,
2018; Bluman, 2005; Olga, 2010; Phonapichat et al., 2013; Verschaffel & Corte, 1993).
These are highly worrying findings since solving mathematical word problems is an
important part of problem-solving that involves real-world issues and applications
(Osman et al., 2018; Azizah et al., 2010) and is considered the most significant cognitive
activity in everyday and professional environments (Kolovou, 2011; Jonassen, 2000).

Another area of focus has been the lack of genuine general knowledge and understanding
when solving mathematical modelling tasks and interpreting mathematical word
problems in school. In the late seventies, some French and German researchers
tested elementary school children’s tendencies toward (un)realistic modelling using
nonsensical tasks such as “There are 26 sheep and 10 goats on a boat. How old is the
captain?’ They discovered that a significant number of students (up to 60%) solved
these unsolvable tasks by combining the numbers provided in the tasks to get answers
without awareness of the absurdity of the problem and their solutions (Verschaffel,
1999; Baruk, 1989; Radatz, 1983). In Radatz's study, for instance, the percentage of
children solving absurd tasks in this way increased from the early to middle grades
of elementary school before only slightly decreasing in the higher grades (Verschaffel,
1999). As stated by Vilenius-Tuohimaa et al. (2008), success in solving mathematical
word problems is strongly related to success in reading comprehension of the task
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itself. When solving mathematical tasks involving modelling, it is necessary to analyse
the entire task text carefully.

Additionally, critically observing the task text to identify key variables essential for
problem-solving and distinguishing them from less important variables is crucial
(Sabo Junger, M. & Lipovec, A., 2022). According to Verschaffel (1999), students often
skip the representation phase in solving word problems and immediately move to the
mathematical expression based on syntactic, surface-level cues. Such an approach
directly challenges and reinforces stereotypical representations of mathematical word
problems for students, as it results in a high degree of surface success.

Teachers face significant challenges in teaching mathematical modelling (Sen
Zeytun et al., 2023). Individual factors contributing to these difficulties include a lack
of mathematical conceptual understanding, difficulty connecting real-world scenarios
with mathematical concepts, a tendency to prioritise results over the modelling process,
and disorganised approaches to problem-solving. Additionally, contextual challenges
such as limited prior experience with modelling tasks and constraints on time further
complicate the teaching of mathematical modelling. Stohlmann and Yang (2023) have
identified a prevalent challenge in the realm of educational resources: teachers often
encounter difficulties in creating their mathematical modelling problems, prompting
them to turn to online materials. However, these online resources frequently fall
short of aligning with established standards of mathematical modelling. The results
revealed that a mere 6% of these resources were fully aligned with the principles of
mathematical modelling. This finding underscores the critical need for tasks that are
both rigorously tested and thoughtfully adapted from scholarly research, ensuring both
effectiveness and accuracy in mathematical modelling education. This approach has
been adopted in selecting our mathematical modelling tasks, reflecting a commitment
to educational excellence and integrity.

Although mathematical modelling is well-established in secondary and undergraduate
education, until recently, it has been underemphasised at the elementary level (Turner et
al.,2024). This article explores the effectiveness of mathematical modelling in primary
education on improving traditional word problem-solving skills among 10-11-year-old
Croatian and Slovenian students. It addresses the growing emphasis in mathematics
education on developing students‘ independent and creative problem-solving abilities,
mainly through mathematical modelling. The article aims to investigate whether skills
acquired in a mathematical modelling program are transferable and beneficial to
solving traditional word problems, thereby illuminating the potential of mathematical
modelling as a tool in modern mathematics education for this specific age group.

Methodology

In this paper, we will present the results pertaining to the program conducted with
students as part of a larger project. Alongside students, primary school teachers from
Slovenia and Croatia also participated in this research. The program was carried out
between October and December 2022 in both countries.
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To conduct the research in schools, we obtained approval from the Ministry of Science
and Education of the Republic of Croatia and the Ethics Commission for Research
in the Field of Organizational Science of the Republic of Slovenia. Additionally, we
obtained consent from parents and school principals of the selected schools.

Research Design

The mathematical modelling workshop program structure encompassed three
workshops about mathematical modelling held in Croatia and an equal number in
Slovenia, culminating in a final joint workshop where all 15 teachers participated
collectively. Each workshop spanned three hours, and the course followed an iterative
spiral approach. The language of instruction corresponded to the participants’
nationality: Croatian workshops were conducted in Croatian, while those for Slovenian
teachers were held in Slovenian. Throughout each workshop session, teachers tackled
and deliberated upon a specific mathematical modelling task, contributing to the
interactive nature of the program. In total, teachers and their students completed
four mathematical modelling tasks. The first task was ‘Waste Sortin; created following
the task model ‘“The Pea Problem’ by English (2003). The second task was ‘Buying an
Electric Scooter, also designed for lower grades of elementary school use based on the
task ‘What Car to Buy?  from English (2004). The third task was Amusement Park
adapted from Bleiler-Baxter et al. (2017). The final task, ‘Christmas Dinner’, was taken
from English (2007) and reformulated to be suitable for the age group of students
participating in the research.

In the study by Lipovec and Sabo Junger (2023), the tasks were carefully categorised
into three distinct groups based on their underlying mathematical concepts. The first
group, centred around the pre-concept of a function, emphasised the relationship between
different quantities. This aspect was particularly prominent in tasks like ‘Waste Sorting’
and ‘Amusement Park’ The second group focused on the selection and significance of
criteria, a key feature in the ‘Buying an Electric Scooter’ task. The ‘Christmas Dinner’
task was uniquely designed to combine criteria-based decision-making with the pre-
concept of a function. The sequence of tasks allowed for gradual skill development,
progressing from more structured, simpler problems to more complex, open-ended
ones. The iterations of the two task types—quantity relationships and decision-making
based on criteria—were interwoven to support gradual progression.

Initially, the “Waste Sorting’ task introduced students to quantity relationships
through clear instructions and specific questions, such as determining which school
collected more waste and predicting the amounts for the fourth month. This provided
a familiar and guided entry into mathematical modelling. The next step introduced a
simpler decision-making task, ‘Buying an Electric Scooter), where students evaluated
vehicles based on limited criteria, such as price and fuel consumption, learning to
prioritise and weigh factors. In the following iteration, the Amusement Park’ task
increased the complexity of quantity relationships. Students had to analyse and connect
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multiple quantities by predicting missing waiting times for rides under varying crowd
conditions, requiring pattern recognition and refined reasoning. Finally, the ‘Christmas
Dinner’ task brought together both types. Through these interwoven iterations, the
tasks evolved from simpler, well-structured problems to increasingly open-ended and
complex scenarios. The scaffolding provided by teachers also evolved throughout the
program. In the initial tasks, support was high, with teachers guiding students step-
by-step to ensure understanding. As the tasks became more complex, scaffolding was
gradually reduced, and the approach became more open-ended. By the final stages,
students were encouraged to collaborate, explore different strategies independently,
and refine their models, fostering greater autonomy, teamwork, and critical thinking.

During the program, students regularly followed the prescribed curriculum and
dedicated 6 to 8 school hours of intensive work to solving the given mathematical
modelling tasks. In addition to these activities, they also focused on solving more
traditional word problems and problems in between lessons. In these problems, they
followed Polya’s problem-solving phases (Polya, 1957) - understanding the problem,
devising a plan, carrying out the plan, and reflecting on the solution. When teachers
returned to the workshop, they reported progress and challenging points among
students, including improved reading comprehension and general understanding of
problems. In the discussions, good practices were highlighted—for example, in the second
workshop, emphasis was placed on understanding the problems by visualisation, while
in the third workshop, the focus shifted to locating key information within the tasks.

Before the research began and after it was completed, teachers administered achievement
tests and a self-assessment inventory of mathematical problem-solving skills (MPSSI)
to their students. The details and results of this test are presented in the paper.

Sample

In the program, a total of seven fifth-grade teachers from three schools in Slovenia
participated, along with eight fourth-grade teachers from four schools in Croatia. The
variation in grade levels is attributed to the difference in the duration of primary school
education between the two countries; while primary education in Croatia spans eight
years, in Slovenia, it covers nine years. As a result, teachers worked with students of
the same age group, typically 10 or 11 years old. The study was conducted using data
gathered from a sample of 231 students, typically aged 10 or 11 years old. There were
98 (42,4%) students from Croatia and 133 (57,6%) from Slovenia.

Methods of data collection and analysis

MPSSI (Mathematical Problem-Solving Skills Inventory) was developed by researchers
based on mathematical problem-solving skills found in the literature (Chirinda &
Barmby, 2017; Hiebert & Wearne, 1993; Kadel, 1992; Polya, 1957). It was used to
determine whether ninth-grade students perceived themselves as having developed
mathematical problem-solving skills after the program. Students were required to
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evaluate their competencies on each item on a five-point scale. We chose MPSSI as a data
collection tool because it provided additional data about students that complemented
the data from the tests collected from the teachers who participated in the research,
allowing students to contribute to the data collection process fully.

The questionnaire MPSSI encompassed the following statements.

T1 I always carefully read the word problem to understand it.

T2 | underline important words in the word problem.

T3 I draw pictures to comprehend the word problem.

T4 | visualise the problem | am solving in my mind.

T5 | can distinguish different parts of the word problem.

T6 | carefully plan how | will solve the word problem.

T7 I recall other problem-solving tasks | have already solved that are similar to the
problem at hand.

T8 | can easily explain what | am doing when solving a word problem.

T9 | constantly check if the solution method is correct.

T10If I get stuck, | go back to the text of the assignment to make sure | understood it correctly.

T11 I try to find different ways to solve the word problem.

T12 At the end, | review the solution method to see if it makes sense.

T13 | verify the correctness of my answer by revisiting the text of the assignment.

Each student completed two identical questionnaires (pre- and post-program
questionnaires) under a unique code name. The code name served to compare the
results of both questionnaires. The questionnaires were distributed to students through
their class teachers. The obtained data were processed and analysed using the IBM SPSS
Statistics 29 software. We used the methods of descriptive analyses and the Paired-
Samples T Test. The notation refers to an average, while means standard deviation.

Limitations

The program was relatively short and limited. Namely, it involved only four
mathematical modelling tasks, for which the students spent only between 6 and 8
school hours. Although this time was used to work intensively on the tasks and teachers
invested additional time in preparation, the limited duration of the program can be
one reason why solving mathematical modelling tasks may not have an impact on
word problem-solving skills.

Further, this study primarily relies on students’ self-assessment of their mathematical
problem-solving skills and self-description of solving mathematical problems, offering
valuable insight into their perceptions of the problem-solving process and the strategies
they use. However, it does not evaluate the correctness of their solutions, processes, or
explanations of their work. Incorporating this aspect into the study would provide a
more complete picture of the effectiveness of the sills developed through mathematical
modelling.
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Results

For all students who expressed agreement with all statements in the pre- and post-
program questionnaires (N=214), we calculated the average agreement levels for both
sets of statements (statements of the pre-program questionnaire and statements of
the post-program questionnaire). The results of the calculations are shown in Table 1.

Table1
Average agreement levels with statements from pre- and post-program questionnaires
X S.D.
Before the program 3,931 0,518
After the program 3,939 0,542

Table 1 indicates that the average agreement level with the statements in the post-
program questionnaire is marginally higher than the average agreement level with the
statements in the pre-program questionnaire. However, statistical analysis reveals that
this difference in averages is not statistically significant (t=-0,231, P=0,818).

To ascertain whether specific students® word-problem-solving skills (as perceived
by the students themselves) are improved following the program, we computed the
average level of agreement for each statement separately in the pre- and post-program
questionnaires. We must mention that we have used only the data from participants
who provided agreement levels for a specific statement in both the pre- and post-
program questionnaires. The results of the calculations are presented in Table 2.
Additionally, we employed Paired-Samples T Tests to examine whether the difference
between the average agreement levels in the pre- and post-program questionnaire for
specific statements is statistically significant.

Table 2
Average agreement levels with each statement from the pre- and post-program questionnaires and their comparison
Paired-Samples Increase
1/
T-Test for
Statement N Pre-prog. Post-prog. - decrease
comparison of @) in
averages
average
T1 | always carefully read 231  4,34(0,746) 4,42(0,747) t=-1,521 1
the word problem to
understand it. P=0,130
T2 I underline important 231 3,58(1,139) 3,35(1,176) t=2,832 ¢*
words in the word problem. P=0,005
T3 I draw pictures to 230 2,62(1,315) 2,45(1,276) t=1,903 3
comprehend the word _
problem. P=0,058
T4 | visualise the problem | 231 4,18(0,929) 4,13 (0,933) t=0,784 3
am solving in my mind. P=0,434
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Paired-Samples Increase
M/
T-Test for
Statement N Pre-prog. Post-prog. - decrease
comparison of (4)in
averages
average
T5 | can distinguish different 227 3,97 (0,909) 4,01 (0,971) t=0-,610 1+
parts of the word problem. P=0542
T6 | carefully plan how | will 229  4,12(0,880) 4,14 (0,980) t=-0,0174 1+
solve the word problem. P=0 862
T7 I recall other problem- 229 3,72(1,031) 3,74 (1,151) t=-0,266 1
solving tasks | have already P=0791
solved that are similar to the !
problem at hand.
T8 | can easily explain what 227 3,79(1,016) 3,82(1,033) t=-0,395 T
| am doing when solving a P=0693
word problem. !
T9 | constantly check if the 231 3,90(1,017) 4,10(1,013) t=-2,315 4+
solution method is correct. P=0.021
T10If I get stuck, I gobackto 230  4,52(0,775) 4,47 (0,780) t=0,840 3
the text of the assignment . P=0,402
to make sure | understood it
correctly.
T11 I try to find different 229 3,90(0,931) 3,88(1,021) t=0,180 3
ways to solve the word P=0.857
problem. !
T12 At the end, | review the 229 4,16(0,960) 4,22(0,912) t=-0,904 T
solution method to see if it P=0367
makes sense. ’
T13 | verify the correctness of 230  4,19(0,932) 4,27 (0,896) t=-1,228 4
my answer by revisiting the P=0221

text of the assignment.

* Statistically significant at the 5 % level.

It is evident that the agreement levels increased for 8 out of 12 statements, namely
for statements T1, T5, T6, T7, T8, T9, T12, and T13, whereas for the other four
statements, the agreement levels decreased. The results of the Paired-Samples T-Tests
are presented in Table 2, indicating that for statements T2 and T9, we can confirm
a statistically significant difference at the 5 % level. In contrast, for statement T3, we
observe a statistically significant trend in averages at the 10 % level.

Discussion

The above-presented results indicate no statistically significant differences in average
agreement levels with the statements in pre- and post-program questionnaires. Hence, we
generally cannot confirm an improvement in students’ skills in solving word problems
after the program intervention. Some potential factors influencing the outcomes of
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the study are the variety of listed skills, the duration of the program and the quantity
of textual tasks assigned.

However, we have discovered that specific students® word problem-solving skills, as
perceived by the students themselves, are improved.

Our discussion will be methodically organised according to the substance of
the arguments, which are categorised into two principal sections. The first section
encompasses arguments pertaining to the general mathematical modelling theory.
These arguments are instrumental in elucidating the findings associated with statements
T1,T2,T8,T9,and T10. They offer a crucial theoretical underpinning and contextual
background, essential for interpreting the specific outcomes of these statements. The
second section will focus on arguments related to the particularities of the selected
mathematical modelling problems used in the program. Within this section, the
arguments will be further segmented into two distinct subgroups. The first subgroup
will examine arguments related to statements in which the chosen tasks were found
to be ineffective in fostering the development of specific problem-solving skills, as
identified in the MPSSI, specifically referring to statements T3, T4, and T11. Conversely,
the second subgroup will delve into statements where the tasks successfully nurtured
these skills, as demonstrated in statements T5, T6, T7, T12, and T13. This structured
approach ensures a comprehensive and systematic analysis, enabling us to delve deeply
into the nature and implications of the arguments with clarity and focus.

Based on the results presented in Table 2, we observe an increase in careful reading
with comprehension, as anticipated. This can be attributed to the nature of problem
tasks involving mathematical modelling, which differ from the typical word problems
students are accustomed to. Consequently, students may engage in more precise
reading of the text to fully comprehend the context. In addition, as noted by Blum
(2015), students often face challenges right from the initial reading of a problem task,
which can also be attributed to careful reading. In contrast, regarding statement T2,
we observe a statistically significant decline, which aligns with the theory. Namely,
in mathematical modelling tasks, the strategy of underlining keywords is usually not
employed, as the tasks themselves do not rely on keywords, as is the case in typical
word problems. Therefore, students do not have specific strategies, such as that one,
for solving problem tasks involving mathematical modelling (Blum, 2015). We further
observe a marginal, albeit statistically insignificant, rise in students’ agreement with
statement T8, T can easily explain what I am doing when solving a problem task’ The
existing literature uniformly asserts that engagement in mathematical modelling tasks
fosters active learning, emphasising that mathematical modelling itself is a form of
active learning (Blum, 1993). Since active learning shows the potential for facilitating
more straightforward explanations of one’s problem-solving process, we believe that
the mentioned result regarding T8 follows the general properties of mathematical
modelling. One of them is also the repeated improvement of the chosen method of
solving. This is crucial in the process of mathematical modelling, where constant
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iteration and improvement of the chosen solution method or model occur (Stohlmann
& Albarracin, 2016). This is evident in the results of statement T9, where we observe a
statistically significant increase in the continuous verification of the solution method.
Interestingly, this contradicts the findings of Nurkaeti (2018), who identified that
students often struggle to evaluate the accuracy of their answers retrospectively. In
addition, Nurkaeti (2018) suggest that the reason for that is understanding, planning,
and implementing problem-solving erroneously.

Furthermore, a decline is observed in statement T10, specifically concerning
encountering difficulties. Since mathematical modelling tasks do not have a unique
solution (Sabo Junger & Lipovec, 2022) and students were aware of this before the
start of the program, they likely did not encounter difficulties. The notion that a word
problem involving mathematical modelling has a unique solution is contrary to the
goal of mathematical modelling. Therefore, students can exchange ideas about possible
solutions, as the task is not limited to a unique solution (Sabo Junger, Lipovec, 2022),
which was not the case before the program in the students’ classrooms when solving
textual tasks. All their considerations about the given problem were acceptable and,
ultimately, potential solutions.

Now, we will focus on arguments related to the particularities of the selected
mathematical modelling problems used in the program. The problems we used could not
facilitate some skills noted in MPSSI because of their content. We observed a decrease
in students’ agreement levels with certain statements pertaining to word problem-
solving skills following the program. Such a situation occurred with the results for
statements T3 and T4, specifically concerning drawing pictures while solving tasks
and visualising the problem. The observed trend could be attributed to the absence
of the need for drawing in solving four mathematical modelling tasks used in the
program. With the selection of used modelling tasks, we can also explain the decrease
in agreement levels with statement T11, which states, I try to find different ways to
solve a given problem. Namely, in the modelling tasks that students worked on, the
only chosen method was improving; there was no need to seek multiple different
ways. Additionally, note that some students who find mathematics challenging may
refuse to work on tasks altogether if they do not immediately receive guidelines for
the correct solution, up to the solution itself (Pehkonen, 2017).

On the other hand, chosen problems did facilitate several skills listed in MPSSI. In
the case of statements T’5, which addresses how a student distinguishes different parts
of a problem task, and T6, which states careful planning of the solution approach for a
given task, we observe improvement. All modelling tasks in our research can be broken
down into parts, and in the last presented task, ‘Christmas Dinner), we can precisely
see the necessity for careful planning of the method or approach to solving. Children’s
solutions to this task clearly demonstrated the need to consider and contemplate
each part of the task and its function in the final model or solution (English, 2007).
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Improvement is also evident in statement T7, which states how I use similar problems
I have already solved to solve the given problem. Our first task, ‘Waste Sorting), and the
third presented task, Amusement Park), are problems related to the pre-concept of a
function, while the second task, ‘Buying an Electric Scooter’, and the last, fourth task,
‘Christmas Dinner’, revolve around the choice and importance of selecting different
criteria (Lipovec & Sabo Junger, 2023). Due to this interconnection and similarity in
the types of given tasks, students could, when solving the third and fourth tasks, recall
or refer to the methods and approaches they used in the first and second tasks. Next,
improvement is also evident in the last two statements, T12 and T13, which state how
I reflect on the solution method to see if it makes sense for the given task and verify
the accuracy of the solution by reviewing the task text. This was clearly demonstrated
in students’ solutions for the second task, ‘Christmas Dinner’ and ‘Buying an Electric
Scooter’. In this task, students had to rank their ideas, weigh them, and decide which
criterion was more important. They constantly referred to the task text, ultimately
selecting the most crucial and effective model for obtaining the solution. Throughout
this process, they continuously checked the accuracy of their model and reasoning
(English, 2004). The findings suggest that carefully selected modelling tasks contribute
to the enhancement of certain word problem-solving skills. However, it is important
to note that these improvements did not reach statistical significance.

In our analysis of the study's findings, we observed statistically significant differences
in two key statements: T2 (I underline important words in the word problem.) and
T9 (I constantly check if the solution method is correct.).

For statement T2, there was a statistically significant decrease, indicating that the
strategy of underlining keywords, often referred to as the ,keyword strategy’ is ineffective
in mathematical modelling problems. This observation aligns with our results and
corroborates the scepticism of other researchers regarding the efficacy of this strategy,
even for word problems(for review, see Xin, 2019). Powell et al. (2022) report that for
single-step routine word problems, the keywords strategy led to a correct solution in
less than 50% of cases, and for multi-step routine problems, the success rate dropped
even below 10%.

Conversely, the skill identified in T9 demonstrated a statistically significant increase,
underscoring its importance in mathematical modelling. This skill, involving constant
validation of the solution method, is a fundamental characteristic of mathematical
modelling, resonating with its iterative nature. As defined by Stohlmann and Albarracin,
‘Mathematical modelling is an iterative process that involves the open-ended, real-world,
practical problems that students make sense of with mathematics using assumptions,
approximations, and multiple representations. Other sources of knowledge besides
mathematics can be used as well.” (Stohlmann & Albarracin, 2016, p.1). This definition
highlights the iterative process as a core element of mathematical modelling, suggesting
that the increase in skill observed in T9 is not only significant but also essential for
successful engagement with complex, real-world mathematical problems.
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Conclusion

In summarising our study‘s findings, we observed notable advancements in certain
aspects of students’ word problem-solving skills through the use of mathematical
modelling tasks, despite a general lack of statistically significant improvement across
most areas measured by the Mathematical Problem-Solving Skills Inventory (MPSSI).
A key insight from the study is the statistically significant decrease in the use of the
keyword strategy (statement T2), reinforcing the notion that this approach is less effective
for mathematical modelling problems. This aligns with broader academic scepticism
regarding the efficacy of keyword strategies in complex problem-solving scenarios.
Conversely, a significant increase was noted in statement T9, which focuses on the
iterative verification of solutions. This highlights the critical importance of continuous
evaluation and adjustment in the process of mathematical modelling, resonating with
the iterative nature of mathematical problem-solving as emphasised by Stohlmann and
Albarracin (2016). The increase in this skill underscores the value of mathematical
modelling tasks in fostering deeper, more analytical approaches to problem-solving,
essential for real-world applications. Overall, our findings suggest that while not all
traditional word problem-solving skills are enhanced through mathematical modelling,
specific skills, particularly those involving critical evaluation and iterative refinement,
are significantly developed, offering valuable insights for future educational practices
and curriculum development in mathematics.

Solving mathematical problems plays several crucial roles in the educational process.
It fosters motivation, provides an opportunity for learning and skill development,
contributes to psychological growth, and enables the practical application of
mathematical knowledge, making it an integral part of mathematics education
(Ov¢ar, 1987). It is noteworthy that, even in a relatively short and limited program
(involving only four mathematical modelling tasks) conducted with students solving
problem-based textual tasks that include mathematical modelling, there was a slight,
albeit statistically insignificant, progress in solving such tasks. This suggests that
over a systematic, extended period, the impact would be inevitable when dealing
with textual problem tasks involving mathematical modelling. During the research,
students regularly followed the prescribed curriculum, dedicating a total of six to eight
school hours to solving the given tasks, depending on the teacher. Therefore, more
time would likely have a significant impact on the resolution of such problem-based
textual tasks. Undoubtedly, mathematics serves as a potential medium for enhancing
students’ abilities to engage in critical thinking and mathematical reasoning through
solving mathematical problems (Osman et al., 2018). Textual problems not only assess
students’ mathematical knowledge but also serve as a tool for developing interpretation
skills and the practical application of mathematics, making them a crucial component
of mathematical education.

The results of our study and its limitations offer us some additional research questions
that could be addressed in further studies. For example, a longer-term program could
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be conducted in which students solve a larger number of mathematical modelling
problems, which could potentially have a greater impact on students’ word problem-
solving skills. Additionally, further studies could integrate evaluations of solution
correctness and performance measures of students’ word problem-solving skills to
complement their self-assessment.
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Procjena utjecaja poucavanja
matematickoga modeliranja na
tradicionalne vjestine rjesavanja

problemskih zadataka u
hrvatskih i slovenskih ucenika u
dobi od 10 do 11 godina

Sazetak

U suvremenoj nastavi matematike prisutan je pomak prema aktivnom ucenju, osobito
kroz matematicko modeliranje. U ovoj studiji istraZuje se utjecaj programa razvoja
matematickoga modeliranja na vjestine rjesavanja tradicionalnih matematickih
zadataka, kako ih percipiraju ucenici dobi od 10 do 11 godina u Hrvatskoj i Sloveniji
(N = 231). Teorijski okviri naglasavaju vaznost matematickih zadataka u oblikovanju
temeljnih matematickih vjestina te isticu sloZenost problema matematickoga
modeliranja. U istraZivanju se razmatra mogucnost prijenosa vjestina stecenih
u programu na rjesavanje tradicionalnih matematickih problemskih zadataka.
Metodologija ukljucuje radionice za ucitelje i ucenike, pri cemu se koristi Cetiri
zadatka matematickoga modeliranja koji obuhvacéaju pojmove funkcije, odabira
kriterija i kombinatorike. Rezultati pokazuju razlicite ucinke na vjestine prema
percepciji ucenika, s poboljsanjima u Citanju s razumijevanjem, planiranju i refleksiji
u vezi s metodom rjesenja i tocnoséu odgovora. Iako je u studiji pokazan odredeni
napredak, kratko trajanje istraZivanja moze ograniciti konacne zakljucke. Opéenito,
istraZivanjem se naglasava potencijal matematickoga modeliranja u unaprjedenju
vjestina rjesavanja problemskih zadatka u osnovnoskolskoj nastavi.

Kljucne rijeci: matematicko modeliranje, matematicki problemi, tekstualni zadatci,
ucenje i poucavanje matematike, vjestine rjesavanja tekstualnih problemskih zadataka

Uvod

U suvremenoj nastavi matematike dolazi do zna¢ajnoga pomaka u na¢inu na koji se
pristupa ucenju u usporedbi s tradicionalnim pristupima. Ova promjena obiljeZena je
pomakom prema poticanju uc¢enika na aktivno sudjelovanje u stjecanju matematickoga
znanja, naglasavajuci njihovu sposobnost za neovisno i kreativno istrazivanje matematike.
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Takva transformacija postavlja temelje za prakti¢nu primjenu matematickoga znanja
i vjestina $to je istaknuto u radu Kurnika (2008). U sredi$tu ove obrazovne evolucije
nalaze se nastavni zadatci, osobito tekstualni zadatci i matemati¢ko modeliranje, koji
nisu samo izazovni, ve¢ takoder pruzaju bogate mogu¢nosti za ucenje.

Tekstualni zadatci, poznati po svojoj slozenosti i kao neizostavan dio nastave
matematike, prouc¢avani su vise od pola stoljeca. Klju¢ni aspekt ovoga istrazivanja
ukljucuje ispitivanje odnosa izmedu tradicionalnih $kolskih tekstualnih zadataka i
problema matematickoga modeliranja koji su osmisljeni kako bi odrazavali stvarne
ili autenti¢ne situacije. Iako postoje razli¢ita misljenja o ovom odnosu, pri ¢emu neki
znanstvenici poput Kaisera (2017) zagovaraju jasno razdvajanje, u ovom ¢lanku
prihvacena je perspektiva Verschaffela i sur. (2020), koji tekstualne zadatke vide kao
pojednostavljenu verziju zadataka matemati¢koga modeliranja.

Ova perspektiva klju¢na je za razumijevanje evolucije u nastavi matematike. Vjestine
koje se razvijaju kroz matematicko modeliranje, osobito pri rjeSavanju problema iz
stvarnoga Zivota, znac¢ajno utje¢u na pristup i u¢inkovitost rje$avanja tradicionalnih
tekstualnih zadataka. Navedena povezanost istaknuta je u razli¢itim istrazivackim
programima, kao oni koje su dokumentirali Schukajlow i sur. (2018) i koji pokazuju
pozitivne uc¢inke matematickoga modeliranja na vjestine rjesavanja tradicionalnih
tekstualnih zadataka. Ovi programi cesto koriste pristup modeliranja za rjeSavanje
matematickih problema u realnim kontekstima, ¢ime se naglasava sinergija izmedu
matematickoga modeliranja i tradicionalnoga rjeSavanja tekstualnih zadataka.

Polazeéi od ove osnove, cilj ovoga ¢lanka jest dodatno istraZiti ovaj odnos, fokusirajuéi
se na vjestine ste¢ene kroz program razvoja matemati¢koga modeliranja namijenjenoga
udenicima u dobi od 10 do 11 godina. Istrazit ¢emo koje se specifi¢ne vjestine iz
ovoga programa mogu prenijeti i biti korisne za rje$avanje tradicionalnih tekstualnih
zadataka ¢ime ¢emo osvjeziti potencijal matemati¢koga modeliranja kao moénoga
alata u suvremenoj nastavi matematike.

Teorijski okvir

Utitelji pazljivo biraju i koriste zadatke — matematicke (tekstualne) probleme koji
poti¢u ucenike na aktivno razmisljanje, analizu i rjeSavanje problema. Na taj nacin
problemi postaju klju¢ni alat u oblikovanju temeljnih matematickih znanja, vjestina i
radnih navika ucenika. Osim toga, oni pridonose razvoju matematickih sposobnosti i
kreativnoga razmisljanja (Kurnik, 2008). Rjesavanje razli¢itih matematickih problemskih
tekstualnih zadataka uobicajen je i temeljni korak u ranom matemati¢kom obrazovanju.
Na prvom mjestu, rjeSavanje matematickih problema predstavlja izvanredan motivacijski
alat za ucenike u kontekstu nastave matematike. Takoder, omogucuje uciteljima
da interaktivno uvedu nove nastavne teme i sadrzaje, olaksavajuci razumijevanje i
primjenu matemati¢kih pojmova. Stovise, proces rjesavanja matematickih problema
znacajno utjeCe na razvoj mentalnih sposobnosti u¢enika, uklju¢ujuéi analiticko
razmi$ljanje, rjeSavanje problema i kriticko razmisljanje. Rjesavanje matematickih
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problema omogucava i prakti¢nu primjenu matemati¢koga znanja u stvarnim Zivotnim
situacijama, pruzajudi ucenicima uvid u vaznost matematike u njihovim Zivotima
(Ov¢ar, 1987). Tradicionalni ili rutinski tekstualni zadatci predstavljaju poseban
izazov za ucenike jer zahtijevaju vi$e od puke ra¢unske obrade. Osim $to mora izvoditi
aritmeticke operacije, u¢enik mora pravilno procitati i razumjeti zadani matematicki
problem, prepoznati odgovarajucu aritmeti¢ku operaciju ili matematicki model koji
treba primijeniti, izracunati zadatak te, na kraju, logicki razmotriti rjeSenje prije nego ga
iznese u skladu s postavljenim pitanjem (Glasnovi¢ Gracin, 2013). Taj proces naglasava
vaznost razumijevanja teksta kao klju¢noga koraka u rje$avanju matematickih problema.
Kako isticu Stage i Kloosterman (1992), mnogi ucenici zadovoljavaju se na¢inom na
koji percipiraju matematiku i sebe kao u¢enike matematike. Cesto jednostavno traze
od ucitelja korake za rjeSenje problema ili ¢ak preskacu tekstualne zadatke, smatrajudi
ih teske i stoga primjerene samo za izvrsne ucenike. Tekstualni problemi uvode
dodatni sloj apstrakcije pri ¢emu u¢enik mora prepoznati i interpretirati informacije
iz teksta kako bi ih matematicki modelirao i rijesio. To zahtijeva kriticko razmisljanje,
analiticke vjestine i sposobnost primjene matematickih pojmova na stvarne situacije.
Takoder potice razvoj matematickih vjestina dok istovremeno pobolj$ava sposobnost
razumijevanja i komunikacije matematickih pojmova u kontekstu problema. Rje$avanje
matematickih tekstualnih problemskih zadataka zahtijeva, prije svega, razumijevanje
problema i njegovoga rje$enja. Do izrazaja dolazi i kreativnost, uklju¢ujuéi nacin na koji
prikazati problem i koje metode primijeniti, uz timski rad (Begovi¢, 2015). U Sloveniji i
Hrvatskoj djeca se upoznaju s matemati¢kim tekstualnim zadatcima u prvom razredu.
Ucenici se suoc¢avaju s poteSko¢ama u rjesavanju tekstualnih zadataka koji zahtijevaju
Citanje i razumijevanje kroz cijelo obrazovanje. Iz toga razloga, razumijevanje koje se
mora usvojiti na pocetku osnovnoskolske nastave definirano je kao sposobnost ¢itanja
teksta, obrade i razumijevanja njegovoga znacenja.

Prema Kolovouu (2011), primarni cilj matemati¢koga obrazovanja trebao bi biti
osnazivanje ucenika za samostalno rje$avanje problema. Razumijevanje je snazan
prediktor uspje$nosti u rjeSavanju matematickih problema. Neki ucenici iznimno
su vjesti u algoritamskim vjestinama ra¢unanja, ali imaju poteskoc¢a pri rjesavanju
tekstualnih zadataka (Fuentes, 1998; Ozcan i Dogan, 2018). Razlicite strategije rjeSavanja
problema mogu se primijeniti kako bi se u¢enicima pomoglo u prevladavanju tih
poteskoca. Brojna istrazivanja pokazala su da mnogi ucenici pristupaju rjeSavanju
matematickih problema na povr$an i neosnovan nacin unutar $kolskoga okruzja.
Njihova aktivnost u rje$avanju problema cesto se svodi na izvodenje jedne ili vise
racunski operacija s brojevima navedenim u zadatku, uz vrlo malo ili nimalo paznje
prema drugim aspektima kompetentnoga modela rjeSavanja problema (Verschaffel,
1999). Za razliku od rutinskih problema koji uklju¢uju primjenu rutinskih ra¢unalnih
operacija, atipi¢ni problemi, uklju¢ujuéi tekstualne zadatke i probleme matematickoga
modeliranja, nemaju jednostavno rje$enje. Oni zahtijevaju kreativno razmisljanje
i primjenu specifi¢nih heuristickih strategija za razumijevanje situacije problema i
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pronalaZenje nacina za njegovo rjesavanje. Stoga se atipi¢ni problemi, uklju¢ujuci
probleme modeliranja, smatraju slozZenijima i izazovnijima od rutinskih problema
(Kolovou, 2011).

Cilj obrazovanja je stjecanje prakti¢noga znanja koje je smisleno i korisno u
svakodnevnom Zzivotu. U¢enici moraju nauciti i razviti vjestine rje$avanja problema
koje ¢e primjenjivati u svojem svakodnevnom Zivotu. Te vjestine uklju¢uju analiticko
i kriticko razmisljanje koje ¢e im pomod¢i u razli¢itim aspektima, osobito u donosenju
odluka. Rjesavanje problema omogucuje uéenicima razumijevanje i primjenu rasudivanja
u razli¢itim podruéjima prakti¢noga zivota (Osman i sur., 2018).

Kao $to istice Verschaffel (1999), istraZivanja su pokazala da mnogi ucenici koji
postizu slabiji uspjeh imaju pogre$na uvjerenja o matematici i u¢enju matematike,
poucavanju i rjeSavanju matematickih problema, poput: matematicki problemi imaju
samo jedan to¢an odgovor; postoji samo jedan ispravan nacin rje$avanja svakoga
matematickog problema, obi¢no pravilo koje je ucitelj nedavno demonstrirao u
razredu; obi¢ni ucenici ne mogu samostalno rijesiti matematicke probleme; rjeSavanje
matematickoga problema ne bi smjelo trajati vi$e od pet minuta; moguénost rjeavanja
matematickoga problema je samo sre¢a; matematika koju u¢imo u $koli ima malo ili nista
zajednickoga sa stvarnim svijetom. Ova uvjerenja potvrduju brojna druga istraZivanja
jer rjeSavanje tekstualnih zadataka predstavlja izazovno i frustrirajuc¢e podrudje za
znacajan broj uc¢enika (Osman i sur., 2018; Bluman, 2005; Olga, 2010; Phonapichat i
sur., 2013; Verschaffel i Corte, 1993). Navedena uvjerenja izazivaju veliku zabrinutost
jer je rjeSavanje matematickih tekstualnih zadataka vazan dio rjeSavanja problema koji
ukljucuje stvarne Zivotne situacije i primjene (Osman i sur., 2018; Azizah i sur., 2010)
te se smatra najvaznijom kognitivnom aktivno$éu u svakodnevnim i profesionalnim
okruzjima (Kolovou, 2011; Jonassen, 2000).

Drugi smjer istrazivanja fokusirao se na nedostatak istinskoga opc¢eg znanja i
razumijevanja tijekom rjesavanja zadataka matematickoga modeliranja i interpretacije
matematickih tekstualnih zadataka u $koli. Krajem sedamdesetih godina prosloga
stoljeca neki su francuski i njemacki istrazivaci ispitivali sklonosti u¢enika u osnovnoj
$koli prema (ne)realistickom modeliranju koriste¢i besmislene zadatke poput: ,,Na
brodu je 26 ovaca i 10 koza. Koliko godina ima kapetan?” Otkrili su da je znacajan
broj u¢enika (do 60 %) rje$avao ove nerjesive zadatke kombinirajuci brojeve navedene
u zadatku kako bi dobili odgovore bez svijesti o apsurdnosti problema i njihovim
rje$enjima (Verschaffel, 1999; Baruk, 1989; Radatz, 1983). U Radatzovom istraZivanju,
na primjer, postotak u¢enika koja su na ovaj nain rjesavala apsurdne zadatke povecao
se od pocetnih do srednjih razreda osnovne $kole, prije nego $to je samo blago opao
u vis$im razredima (Verschaffel, 1999). Kako navode Vilenius-Tuohimaa i sur. (2008),
uspjeh u rjeSavanju matematickih tekstualnih zadataka snazno je povezan s uspjehom
u razumijevanju procitanoga zadatka. Pri rjeSavanju matematickih zadataka koji
uklju¢uju modeliranje potrebno je pazljivo analizirati cijeli tekst zadatka. Takoder
Kklju¢no je kriticko promatranje teksta zadatka kako bi se prepoznale varijable vazne
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za rje$avanje problema te ih razlikovati od manje vaznih varijabli (Sabo Junger, M. i
Lipovec, A.,2022). Prema Verschaffelu (1999), u¢enici Cesto preskacu fazu predstavljanja
u procesu rje$avanja tekstualnih zadataka te odmah prelaze na matematicki izraz
temeljen na sintakti¢kim, povrs$inskim naznakama. Takav pristup izravno izaziva i
ucvrscuje stereotipna tumacenja matematickih tekstualnih zadataka kod ucenika jer
rezultira visokim stupnjem povrs$inskoga uspjeha.

Utitelji se suocavaju sa znacajnim izazovima u pouc¢avanju matematickoga modeliranja
(Sen Zeytun i sur., 2023). Pojedini faktori koji pridonose tim potesko¢ama uklju¢uju
nedostatak matematickoga konceptualnog razumijevanja, teSkoce u povezivanju stvarnih
situacija s matemati¢kim pojmovima, sklonost davanju prednosti rezultatima umjesto
samom procesu modeliranja te neorganizirane pristupe rje$avanju problema. Osim
toga, kontekstualni izazovi, poput ograni¢enoga prethodnog iskustva sa zadatcima
modeliranja i vremenskih ogranicenja, dodatno kompliciraju poucavanje matematickoga
modeliranja. Stohlmann i Yang (2023) identificirali su jedan od cestih izazova u
podrudju obrazovnih resursa: ucitelji se ¢esto suoc¢avaju s poteSko¢ama u stvaranju
vlastitih zadataka matemati¢koga modeliranja $to ih navodi na kori$tenje online
materijala. Medutim, ti online resursi cesto nisu uskladeni s postoje¢im standardima
matematickoga modeliranja. Rezultati su pokazali da je samo 6 % tih resursa potpuno
uskladeno s nacelima matematickoga modeliranja. Navedeni rezultat naglasava kriti¢nu
potrebu za zadatcima koji su testirani i pazljivo prilagodeni na temelju znanstvenih
istrazivanja kako bi se osigurala u¢inkovitost i to¢nost u pouc¢avanju matematickoga
modeliranja. Ovaj pristup primijenjen je i u odabiru nasih zadataka matematickoga
modeliranja, odraZavajudi opredjeljenje za obrazovnu izvrsnost i integritet.

Tako matemati¢ko modeliranje ima dobro uspostavljenu istraziva¢ku osnovu u
srednjoskolskom i visokogkolskom obrazovanju, donedavno je bilo nedovoljno
naglaeno na osnovnoskolskoj razini (Turner i sur., 2024). U ovom c¢lanak istrazuje
se u¢inkovitost matemati¢koga modeliranja u osnovnom obrazovanju u pobolj$anju
vjestina rjesavanja tradicionalnih tekstualnih zadataka kod u¢enika dobi 10-11 godina
u Hrvatskoj i Sloveniji. U ¢lanku se govori o sve naglasenijoj potrebi da se nastava
matematike usmjerava na razvoj sposobnosti uc¢enika za samostalno i kreativno
rjeSavanje problema, osobito kroz matematicko modeliranje. Cilj ¢lanka jest istraziti
jesu li vjestine steCene u programu matematickoga modeliranja prenosive i korisne
za rjeSavanje tradicionalnih tekstualnih zadataka ¢ime se nastoji osvijetliti potencijal
matematickoga modeliranja kao alata u suvremenoj nastavi matematike za ovu
specifi¢cnu dobnu skupinu.

Metodologija

U ovom radu predstavit ¢emo rezultate istrazivanja provedenoga s uc¢enicima kao
dio veéega projekta. Uz ucenike, u ovom istrazivanju sudjelovali su i u¢itelji osnovnih
$kola iz Slovenije i Hrvatske. Projekt se odvijao od listopada do prosinca 2022. godine
u obje drzave.
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Kako bismo proveli istrazivanje u $kolama, dobili smo odobrenje Ministarstva
znanosti i obrazovanja Republike Hrvatske te Etickoga povjerenstva za istrazivanje u
podrudju organizacijskih znanosti Republike Slovenije. Dodatno, dobili smo suglasnost
roditelja i ravnatelja odabranih $kola.

Dizajn istrazivanja

Struktura programa radionica matemati¢koga modeliranja obuhvatila je tri radionice
o matematickom modeliranju odrzane u Hrvatskoj i jednako toliko u Sloveniji, a zavrsila
je zajedni¢kom zavr$nom radionicom u kojoj su sudjelovali svi u¢itelji zajedno. Svaka
radionica trajala je tri sata, a nastavni proces slijedio je iterativni spiralni pristup. Jezik
nastave bio je prilagoden nacionalnosti sudionika: radionice u Hrvatskoj odrzane
su na hrvatskom jeziku, dok su radionice za slovenske ucitelje bile na slovenskom
jeziku. Tijekom svake radionice ucitelji su se bavili i raspravljali o odredenom zadatku
matematickoga modeliranja ¢ime je program zadrzao interaktivan karakter. Ukupno
su ucitelji i njihovi ucenici rijesili ¢etiri zadatka matematickoga modeliranja. Prvi
zadatak bio je ,,Razvrstavanje otpada”, osmisljen prema modelu zadatka ,,Problem s
grahom” (English, 2003). Drugi zadatak bio je ,Kupnja elektri¢noga skutera’, takoder
dizajniran za niZe razrede osnovne $kole, temeljen na zadatku ,,Koji automobil kupiti?”
(English, 2004). Tre¢i zadatak bio je ,Lunapark’, adaptiran prema Bleiler-Baxter i sur.
(2017). Posljednji zadatak preuzet je iz English (2007) pod nazivom ,,Bozi¢na vecera’,
preoblikovan je kako bi bio prikladan za dobnu skupinu u¢enika koji su sudjelovali u
istrazivanju. U istrazivanju Lipovec i Sabo Junger (2023) zadatci su pazljivo kategorizirani
u tri razlicite skupine prema osnovnim matematickim pojmovima na kojima se temelje.
Prva skupina, koja je bila usmjerena na prekoncept funkcije, naglagavala je odnos
izmedu razli¢itih koli¢ina. Ovaj aspekt bio je posebno izrazen u zadatcima poput
»Razvrstavanja otpada” i ,,Lunaparka”. Druga skupina bila je fokusirana na odabir i
znacaj kriterija $to je klju¢no obiljeZje zadatka ,, Kupnja elektri¢noga skutera”

Zadatak ,,Bozi¢na vecera” bio je jedinstveno osmisljen kako bi povezao donosenje
odluka temeljenih na kriterijima s predkonceptom funkcije. Niz zadataka omogucio
je postupno razvijanje vjestina, napredujudi od strukturiranijih i jednostavnijih
problema prema sloZenijim i otvorenim. Iteracije dviju vrsta zadataka — odnosa
koli¢ina i dono$enja odluka prema kriterijima - bile su medusobno isprepletene radi
podrske postupnom napredovanju. U pocetku je zadatak ,,Razvrstavanje otpada” uveo
ucenike u odnose koli¢ina uz jasne upute i konkretna pitanja, poput utvrdivanja koja je
$kola skupila vi$e otpada te predvidanja koli¢ina za ¢etvrti mjesec. Time je u¢enicima
pruzen poznat i voden ulazak u matematicko modeliranje. Sljede¢i korak ukljucivao je
jednostavniji zadatak donosenja odluka, ,, Kupnja elektri¢noga romobila”, pri ¢emu su
ucenici procjenjivali vozila na temelju ogranicenih kriterija, poput cijene i potro$nje
goriva, uceci pritom odredivanje prioriteta i vaganje ¢imbenika. U daljnjoj iteraciji,
zadatak ,,Lunapark” povecao je sloZenost odnosa koli¢ina. U¢enici su morali analizirati
i povezati viSe koli¢ina predvidajuci vremena ¢ekanja na voznje u razli¢itim uvjetima
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guzve §to je zahtijevalo prepoznavanje uzoraka i unaprijedeno rasudivanje. Konacno,
zadatak ,,BoZi¢na velera” objedinio je oba tipa. Kroz ove iteracije zadatci su evoluirali
od jednostavnijih, dobro strukturiranih problema prema sve otvorenijim i sloZenijim
scenarijima. Potpora ucitelja takoder se postupno mijenjala tijekom programa. U
pocetnim zadatcima potpora je bila velika pri ¢emu su ucitelji u¢enike vodili korak po
korak kroz proces kako bi osigurali razumijevanje. Kako su zadatci postajali sloZeniji,
podrska se smanjivala, a pristup je postajao sve otvoreniji. U zavr$nim fazama ucenici
su bili poticani da rade suradnicki, istrazuju razlicite strategije samostalno i usavr$avaju
svoje modele ¢ime su razvijali ve¢u samostalnost, timski rad i kriti¢ko razmisljanje.

Tijekom programa ucenici su redovito pratili propisani kurikul i posvetili izmedu
6 do 8 skolskih sati intenzivnom radu na rje$avanju zadanih zadataka matematickoga
modeliranja. Uz ove aktivnosti dodatno su se usredotocili na rjeSavanje tradicionalnijih
tekstualnih zadataka i problema medu nastavnim satima. U ovim zadatcima slijedili
su Polyaove faze rjesavanja problema (Polya, 1957) - razumijevanje problema, izradu
plana, provodenje plana i refleksiju o rjeSenju. Kada su se uitelji vratili na radionicu,
izvijestili su o napretku i izazovima medu ucenicima, uklju¢ujuéi poboljsanja u
¢italackom razumijevanju i opéem razumijevanju problema. U raspravama su istaknute
dobre prakse — primjerice, na drugoj radionici naglasak je bio na razumijevanju
problema vizualizacijom, dok se na tre¢oj radionici fokusirao na pronalazenje klju¢nih
informacija unutar zadataka.

Prije pocetka programa i nakon njegovoga zavr$etka, u¢itelji su u¢enicima podijelili
testove postignuca te inventar samoprocjene vjestina rjeavanja matematickih problema
(MPSSI). Detalji i rezultati ovoga testa predstavljeni su u ¢lanku.

Uzorak

U programu je sudjelovalo ukupno sedam ucitelja petih razreda iz tri osnovne
$kole u Sloveniji, zajedno s osam ucitelja Cetvrtih razreda iz Cetiriju osnovnih $kola u
Hrvatskoj. Varijacija u razrednim razinama povezana je s razlikom u trajanju osnovnoga
$kolovanja izmedu dviju zemalja; dok osnovno obrazovanje u Hrvatskoj traje osam
godina, u Sloveniji obuhvaca devet godina. Stoga su ucitelji radili s u¢enicima iste
dobne skupine, obi¢no u dobi od 10 ili 11 godina. Istrazivanje je provedeno na temelju
podataka prikupljenih od 231 u¢enika u dobi od 10 ili 11 godina. To¢nije 98 (42,4 %)
ucenika iz Hrvatske i 133 (57,6 %) ucenika iz Slovenije.

Metode prikupljanja i analize podataka

MPSSI (Mathematical Problem-Solving Skills Inventory) razvili su istrazivaci na
temelju vjestina rjeSavanja matematickih problema navedenih u literaturi (Chirinda i
Barmby, 2017; Hiebert i Wearne, 1993; Kadel, 1992; Polya, 1957). Navedeni alat koristio
se kako bi se utvrdilo smatraju li u¢enici devetih razreda da su razvili vjestine rje$avanja
matematickih problema nakon programa. U¢enici su morali procijeniti svoje vlastite
kompetencije za svaki element na petostupanjskoj skali. Odabrali smo MPSSI kao
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alat za prikupljanje podataka jer je pruzio dodatne informacije o u¢enicima koje su

dopunjavale podatke s testova koje su prikupili ucitelji koji su sudjelovali u istrazivanju,

omogucujuci u¢enicima da u potpunosti doprinesu procesu prikupljanja podataka.
Upitnik MPSSI obuhvacao je sljedece tvrdnje.

T1 Uvijek pazljivo ¢itam tekstualni problem kako bih ga razumio/la.

T2 Podcrtavam vazne rijeci u tekstualnom problemu.

T3 Crtam slike kako bih razumio/la tekstualni problem.

T4 Zamisljam problemski zadatak koji rjesavam u svojoj glavi.

T5 Mogu odvojiti razli¢ite dijelove tekstualnoga problema.

T6 Pazljivo planiram kako ¢u rijesiti tekstualni problem.

T7 Sjecam se drugih problemskih zadataka koje sam prije rijesio, a koji izgledaju kao
problem koji radim.

T8 Lako mogu objasniti $to radim kada rjeSavam tekstualni problem.

T9 Stalno provjeravam je li nacin na koji rjeSavam ispravan.

T10 Ako zapnem, vra¢am se na zadatak da provjerim jesam li ga dobro razumio.

T11 Pokusavam pronadi razli¢ite nacine za rjeSavanje tekstualnoga problema.

T12 Osvréem se na nacin na koji sam rijesio zadatak da vidim ima li smisla.

T13 Provjeravam je li moj odgovor toc¢an vracajuci se na zadani problem.

Svaki ucenik ispunio je dva identi¢na upitnika (upitnik prije i nakon programa)
pod jedinstvenim §ifriranim imenom. Sifrirano ime sluZilo je za usporedbu rezultata
obaju upitnika. Upitnike su uc¢enicima podijelili njihovi razredni ucitelji. Prikupljeni
podatci obradeni su i analizirani pomocu softvera IBM SPSS Statistics 29. Koristili
smo metode deskriptivne analize i Paired-Samples T Test-a. Oznaka X odnosi se na
prosjek, dok SD oznacava standardnu devijaciju.

Ogranicenja

Program je bio relativno kratak i ograni¢en. Naime, obuhvacao je samo Cetiri zadatka
matematickoga modeliranja za Cije su rjeSavanje ucenici utro$ili svega izmedu 6 i 8
$kolskih sati. Iako je to vrijeme bilo iskori$teno za intenzivan rad na zadatcima, a
ucitelji su ulozili dodatno vrijeme u pripremu, ograniceno trajanje programa moze
biti jedan od razloga zasto rjeSavanje zadataka matemati¢koga modeliranja mozda
nema utjecaj na vjestine rjeSavanja tekstualnih zadataka.

Nadalje, ovo istrazivanje primarno se oslanja na samoprocjenu u¢enika o njihovim
vjeStinama rje$avanja matematickih problema te na njihov opis vlastitoga pristupa
rje$avanju problema, §to pruza vrijedan uvid u njihove percepcije procesa rjesavanja
problema i strategije koje koriste. Medutim, istraZivanje ne ocjenjuje to¢nost njihovih
rjeSenja, procesa ili obja$njenja rada. Ukljucivanje toga aspekta u istrazivanje omogucilo
bi cjelovitiji uvid u u¢inkovitost vjestina razvijenih kroz matematicko modeliranje.
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Rezultati

Za sve ucenike koji su izrazili suglasnost sa svim tvrdnjama na upitnicima prije i
nakon programa (N = 214), izrac¢unali smo prosje¢ne razine suglasnosti za obje skupine
tvrdnji (tvrdnje u upitniku prije programa i tvrdnje u upitniku nakon programa).
Rezultati izracuna prikazani su u Tablici 1.

Tablica 1

Tablica 1 pokazuje da je prosje¢na razina suglasnosti s tvrdnjama u upitniku nakon
programa tek neznatno vi$a od prosje¢ne razine suglasnosti s tvrdnjama u upitniku
prije programa, no statisticka analiza otkriva da ta razlika u prosjecima nije statisticki
znacajna (t = -0,231, P = 0,818).

Kako bismo utvrdili jesu li vjestine rjeSavanja tekstualnih zadataka kod odredenih
ucenika (prema njihovoj vlastitoj procjeni) pobolj$ane nakon provedenoga programa,
izra¢unali smo prosje¢nu razinu slaganja za svaku tvrdnju zasebno u upitnicima prije
i nakon programa. Vazno je napomenuti da smo koristili samo podatke sudionika
koji su u oba upitnika, i prije i nakon programa, iskazali razinu slaganja s odredenom
tvrdnjom. Rezultati tih izra¢una prikazani su u Tablici 2. Nadalje, koristili smo ¢-fest
za zavisne uzorke kako bismo ispitali je li razlika izmedu prosje¢nih razina slaganja u
upitnicima prije i nakon programa za pojedine tvrdnje statisticki znacajna.

Tablica 2

Vidljivo je da su razine suglasnosti porasle za 8 od 12 tvrdnji, a to¢nije za tvrdnje
T1,T5,T6,T7,T8,T9, T121T13, dok su za preostale 4 tvrdnje razine suglasnosti
smanjene. Rezultati Paired-Samples T testova prikazani su u Tablici 2, pokazuju¢i da
za tvrdnje T2 i T9 moZemo potvrditi statisticki znacajne razlike na razini od 5 %, dok
za tvrdnju T3 primje¢ujemo statisticki znacajan trend porasta u prosjecima na razini
od 10 %.Vrh obrasca

Rasprava

Prikazani rezultati ukazuju na to da nema statisticki znacajnih razlika u prosje¢nim
razinama slaganja s tvrdnjama u upitnicima prije i nakon programa. Stoga, opéenito
gledano, ne mozemo potvrditi pobolj$anje vjestina ucenika u rje$avanju tekstualnih
zadataka nakon provedene intervencije programa. Moguci ¢imbenici koji su utjecali
na ishode istrazivanja uklju¢uju raznolikost navedenih vjestina, trajanje programa te
broj tekstualnih zadataka koji su zadani.

Medutim, ustanovili smo da su se kod odredenih ucéenika, prema njihovoj vlastitoj
procjeni, vjestine rjeSavanja tekstualnih zadataka ipak poboljsale.

Nasa ce rasprava biti sustavno organizirana prema sadrzaju argumenata, podijeljenih
u dvije glavne cjeline. Prvi dio obuhvaca argumente koji se odnose na op¢u teoriju
matemati¢koga modeliranja. Ti su argumenti klju¢ni za obja$njenje nalaza povezanih
s tvrdnjama T1, T2, T8, T9 i T10 te pruzaju vaznu teorijsku osnovu i kontekst za
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interpretaciju specifi¢nih rezultata tih tvrdnji. Drugi dio fokusira se na argumente
vezane uz specifi¢nosti odabranih problema matematickoga modeliranja koristenih
u programu. U okviru ovoga dijela argumenti ¢e biti dodatno podijeljeni u dvije
podskupine. Prva podskupina analizira argumente vezane uz tvrdnje u kojima se
pokazalo da odabrani zadatci nisu bili u¢inkoviti u poticanju razvoja specifi¢nih
vjeStina rjesavanja problema pri ¢emu se posebno referira na tvrdnje T3, T4 1 T11.
S druge strane, druga podskupina bavi se tvrdnjama u kojima su zadatci bili uspje$ni
u razvijanju tih vjestina, $to je vidljivo u tvrdnjama T5, T6, T7, T121T13.

Ovakav strukturirani pristup osigurava sveobuhvatnu i sustavnu analizu, omogucéujuci
nam dublje razumijevanje prirode i implikacija argumenata s jasno¢om i fokusom.

Na temelju rezultata prikazanih u Tablici 2, uo¢avamo ocekivani porast pazljivoga
¢itanja s razumijevanjem. To se moze pripisati prirodi problemskih zadataka koji
uklju¢uju matematicko modeliranje, a koji se razlikuju od uobic¢ajenih tekstualnih
zadataka na koje su u¢enici navikli. Posljedi¢no, u¢enici su skloniji preciznijem ¢itanju
teksta kako bi u potpunosti razumjeli kontekst. Osim toga, kako istice Blum (2015),
ucenici se Cesto suocavaju s izazovima veé pri prvom citanju problemskoga zadatka $to
dodatno doprinosi ¢itanju s razumijevanjem. Nasuprot tome, kod tvrdnje T2 uo¢avamo
statisticki znacajan pad $to je u skladu s teorijom. Naime, u zadatcima matematickoga
modeliranja strategija podcrtavanja klju¢nih rijeci obi¢no se ne primjenjuje jer se ti
zadatci ne oslanjaju na klju¢ne rijedi, za razliku od uobicajenih tekstualnih zadataka.
Stoga ucenici nemaju specificne strategije, poput te, za rjeSavanje problemskih zadataka
koji uklju¢uju matemati¢ko modeliranje (Blum, 2015). Nadalje, uo¢avamo blagi, iako
statisticki neznacajan, porast slaganja ucenika s tvrdnjom T8:,,Lako mogu objasniti $to
radim dok rjeSavam problemski zadatak.” Postoje¢a literatura dosljedno naglasava da
angazman u zadatcima matemati¢koga modeliranja potice aktivno ucenje pri ¢emu je
samo matematicko modeliranje oblik aktivnoga ucenja (Blum, 1993). Budu¢i da aktivno
ucdenje moze olaksati jasnije objasnjenje procesa rje$avanja problema, vjerujemo da
spomenuti rezultat u vezi s tvrdnjom T8 proizlazi iz op¢ih svojstava matematickoga
modeliranja. Jedno od tih svojstava je i kontinuirano pobolj$avanje odabrane metode
rjesavanja. To je klju¢no u procesu matematickoga modeliranja pri ¢emu dolazi
do stalnoga iteriranja i unaprjedenja odabrane metode ili modela (Stohlmann i
Albarracin, 2016). Ovaj proces vidljiv je u rezultatima tvrdnje T9 u kojima se uocava
statisticki znacajan porast u kontinuiranoj provjeri metode rjesavanja. Zanimljivo je
da to proturjedi rezultatima Nurkaeti (2018) koji je utvrdio da ucenici ¢esto imaju
poteskoca s retrospektivnim vrednovanjem to¢nosti svojih odgovora. Nurkaeti (2018)
sugerira da je razlog tome nerazumijevanje, pogre$no planiranje i provedba procesa
rjeSavanja problema. Nadalje, zabiljeZen je pad kod tvrdnje T10, koja se odnosi na
suocavanje s potesko¢ama. Budu¢i da zadatci matemati¢koga modeliranja nemaju
jedinstveno rjeSenje (Sabo Junger i Lipovec, 2022) i ucenici su toga bili svjesni prije
pocetka programa, vjerojatno nisu nailazili na poteskoce. Ideja da tekstualni zadatak iz
matematickoga modeliranja ima jedinstveno rjeSenje suprotna je cilju matematickoga
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modeliranja. Stoga uenici mogu razmjenjivati ideje o mogu¢im rjesenjima jer zadatak
nije ogranicen na jedno rjesenje (Sabo Junger i Lipovec, 2022), $to nije bio slucaj prije
programa u ucionicama tijekom rjesavanja tekstualnih zadataka. Sve njihove zamisli
o zadanom problemu bile su prihvatljive i u kona¢nici potencijalna rjeenja.

Sada ¢emo se usredotoditi na argumente vezane uz specifi¢nosti odabranih zadataka
matematickoga modeliranja koristenih u programu. Problemi koje smo koristili nisu
mogli potaknuti razvoj odredenih vjestina navedenih u MPSSI zbog svojega sadrzaja.
Uodili smo pad razina slaganja u¢enika s odredenim tvrdnjama koje se odnose na
vjestine rje$avanja tekstualnih zadataka nakon programa. Takva situacija dogodila
se s rezultatima za tvrdnje T3 i T4 koje se konkretno odnose na crtanje slika tijekom
rjeSavanja zadataka i vizualizaciju samoga problema. Ovaj trend moZe se pripisati
¢injenici da u Cetiri zadatka matemati¢koga modeliranja kori$tena u programu nije
bilo potrebe za crtanjem. Pad razina slaganja s tvrdnjom T11 koja glasi: ,,Pokusavam
pronaci razli¢ite nacine za rjesavanje zadanog problema”, takoder mozZemo objasniti
odabirom zadataka. Naime, u zadatcima matematickoga modeliranja na kojima su
ucenici radili jedini zahtjev bio je kontinuirano unaprjedenje odabrane metode, nije
bilo potrebe za trazenjem vise razli¢itih na¢ina rje$avanja. Dodatno, treba napomenuti
da neki ucenici koji smatraju matematiku izazovnom mogu potpuno odbiti raditi na
zadatcima ako odmah ne dobiju upute za ispravno rjeSenje, pa ¢ak i samo rjesenje
(Pehkonen, 2017).

S druge strane, odabrani zadatci potaknuli su razvoj odredenih vjestina navedenih u
MPSSI. U slu¢aju tvrdnji T5 koja se odnosi na sposobnost u¢enika da razlikuje razlicite
dijelove problemskoga zadatka i T6, koja isti¢e pazljivo planiranje pristupa rje$avanju
zadanoga problema, uocavamo napredak. Svi zadatci matemati¢koga modeliranja
kori$teni u naSem istrazivanju mogu se ra$¢laniti na dijelove, a kod posljednjega
zadatka ,,Bozi¢na vecera” jasno je vidljiva potreba za pazljivim planiranjem metode ili
pristupa rjesavanju. Rjesenja ucenika za navedeni zadatak jasno su pokazala potrebu za
razmatranjem i promisljanjem o svakom dijelu zadatka i njegovoj ulozi u kona¢nom
modelu ili rjeSenju (English, 2007). Napredak je takoder vidljiv kod tvrdnje T7 koja
se odnosi na koristenje sli¢énih problema koje je ucenik ve¢ rijesio pri rje$avanju
zadanoga problema. Na$ prvi zadatak, ,Razvrstavanje otpada”i tre¢i zadatak ,,Lunapar
povezani su s predkonceptom funkcije, dok se drugi zadatak ,,Kupnja elektri¢noga
romobila” i posljednji, ¢etvrti zadatak, ,,BoZi¢na vecera” fokusiraju na izbor i vaznost
odabira razli¢itih kriterija (Lipovec i Sabo Junger, 2023). Zbog medusobne povezanosti
i sli¢nosti zadanih problema, ucenici su se prilikom rje$avanja trecega i ¢etvrtoga
zadatka mogli prisjetiti metoda i pristupa koje su koristili u prvom i drugom zadatku.
Daljnji napredak vidljiv je kod posljednje dvije tvrdnje, T12 i T13, koje se odnose na
refleksiju o metodi rje$enja kako bi se provjerilo ima li smisla za zadani zadatak te na

»

provjeru to¢nosti rjeSenja analizom teksta zadatka. To je jasno pokazano u rjeSenjima
ucenika za drugi zadatak ,,Kupnja elektri¢noga romobila® U ovom zadatku ucenici
su morali rangirati svoje ideje, odmjeriti i odluciti koji je kriterij vazniji. Neprestano
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su se vracali na tekst zadatka kako bi na kraju odabrali najvazniji i naju¢inkovitiji
model za dobivanje rjesenja. Tijekom toga procesa kontinuirano su provjeravali
to¢nost svojega modela i obrazlozenja (English, 2004). Nalazi sugeriraju da pazljivo
odabrani zadatci matematickoga modeliranja doprinose razvoju odredenih vjestina
rje$avanja tekstualnih zadataka. Medutim, vazno je napomenuti da ova poboljsanja
nisu bila statisticki znacajna.

U analizi rezultata istrazivanja uocene su statisticki znacajne razlike u dvije klju¢ne
tvrdnje: T2 (Podcrtavam vazne rijeci u tekstualnom zadatku.) i T9 (Stalno provjeravam
je li metoda riesavanja ispravna.).

Za tvrdnju T2 zabiljeZen je statisticki znacajan pad $to ukazuje na to da strategija
podcrtavanja klju¢nih rijeci, éesto nazivana ,,strategijom klju¢nih rijeci, nije u¢inkovita
u zadatcima matematickoga modeliranja. Ovo zapazanje slaZe se s na$im rezultatima
te potvrduje skepticizam drugih istrazivaca o ucinkovitosti ove strategije ¢ak i kod
tekstualnih zadataka (za pregled vidjeti Xin, 2019). Powell i sur. (2022) navode kako je
kod jednostavnih, rutinskih tekstualnih zadataka strategija klju¢nih rijeci rezultirala
to¢nim rjeSenjem u manje od 50 % slucajeva, dok je kod rutinskih problema s vise
koraka uspjesnost pala ispod 10 %.

Nasuprot tome, vjestina identificirana u tvrdnji T9 pokazala je statisticki znacajan
porast, naglasavajuci njezinu vaznost u matematickom modeliranju. Ova vjestina,
koja ukljucuje stalnu provjeru ispravnosti metode rjeSavanja, temeljna je znacajka
matematickoga modeliranja $to je u skladu s njegovom iterativnom prirodom. Kako
su Stohlmann i Albarracin definirali: Matematicko modeliranje je iterativni proces koji
ukljucuje otvorene, stvarne, prakticne probleme koje ucenici razumiju koriste¢i matematiku
uz pretpostavke, aproksimacije i razlicite prikaze. Takoder se mogu koristiti i drugi izvori
znanja osim matematike.” (Stohlmann i Albarracin, 2016, str. 1). Ta definicija naglasava
iterativni proces kao srz matematickoga modeliranja, sugerirajuci da je porast vjestine u
T9 ne samo znacajan, ve¢ i klju¢an za uspjesno suoc¢avanje s kompleksnim matematickim
problemima iz stvarnoga svijeta.

Zakljucak

U sazetku rezultata nasega istrazivanja, uoceni su znacajni napredci u odredenim
aspektima sposobnosti u¢enika za rje$avanje tekstualnih zadataka zahvaljujui koristenju
zadataka matematickoga modeliranja, unato¢ opéenitom izostanku statisticki znacajnoga
pobolj$anja u vecini podrudja mjerenih Inventarom vjestina za rje$avanje matematickih
problema (MPSSI). Klju¢no otkrice istrazivanja jest statisticki znacajan pad u koristenju
strategije klju¢nih rijeci (tvrdnja T2), $to dodatno potvrduje da je ovaj pristup manje
ucinkovit u rjeSavanju zadataka matematickoga modeliranja. Ovi rezultati u skladu su
s ra$irenim akademskim skepticizmom prema ucinkovitosti strategije klju¢nih rijeci
u sloZenim scenarijima rje$avanja problema. Nasuprot tome, zabiljeZen je znacajan
porast u tvrdnji T9 koja se fokusira na iterativnu provjeru rje$enja. Ovo istic¢e klju¢nu
vaznost kontinuirane evaluacije i prilagodbe u procesu matematickoga modeliranja $to
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rezonira s iterativnom prirodom rje$avanja matematickih problema, kako su naglasili
Stohlmann i Albarracin (2016). Povecanje te vjestine naglasava vrijednost zadataka
matematickoga modeliranja u poticanju dubljega i analiti¢nijega pristupa rjeSavanju
problema $to je od sustinske vaznosti za primjenu u stvarnim situacijama. Sveukupno,
nasi rezultati sugeriraju da, iako se ne poboljsavaju sve tradicionalne vjestine rje$avanja
tekstualnih zadataka putem matematickoga modeliranja, odredene vjestine, posebno
one koje ukljuc¢uju kriticku evaluaciju i iterativno usavr$avanje, zna¢ajno se razvijaju.
To pruza vrijedne uvide za buduce obrazovne prakse i razvoj kurikula u matematici.

Rjesavanje matematickih problema igra kljuénu ulogu u obrazovnom procesu. Potice
motivaciju, pruza priliku za u¢enje i razvoj vjestina, doprinosi psiholo$kom razvoju te
omogucava prakti¢nu primjenu matematickoga znanja ¢ine¢i ga neizostavnim dijelom
matematickoga obrazovanja (Ovcar, 1987). Zanimljivo je da je ¢ak i relativno kratak i
ogranicen program (koji uklju¢uje samo Cetiri zadatka matematickoga modeliranja)
rezultirao blagim, iako statisticki neznacajnim, napretkom u rje$avanju takvih zadataka.
To nam sugerira da bi sustavni i dugotrajniji pristup neminovno imao ve¢i utjecaj na
sposobnost rjesavanja tekstualnih zadataka s elementima matematickoga modeliranja.
Tijekom programa ucenici su redovito pratili propisani kurikul te su ukupno posvetili
izmedu 6 i 8 $kolskih sati rje$avanju zadataka, ovisno o uéitelju. Stoga bi dulje vrijeme
za rje$avanje ovakvih zadataka vjerojatno imalo znacajniji utjecaj. Nema sumnje da
matematika predstavlja potencijalni alat za jacanje sposobnosti u¢enika u kritickom
misljenju i matematickom zaklju¢ivanju kroz rjeSavanje matematickih problema (Osman
i sur.,2018). Tekstualni zadatci ne samo da procjenjuju matematicko znanje u¢enika,
ve¢ takoder sluze kao alat za razvoj interpretacijskih vjestina i prakti¢ne primjene
matematike ¢ine¢i ih klju¢nim dijelom matematickoga obrazovanja.

Rezultati nasega istrazivanja, zajedno s njegovim ograni¢enjima, otvaraju dodatna
istrazivacka pitanja koja bi se mogla obraditi u budu¢im studijama. Primjerice, mogao
bi se provesti dugoro¢niji program u kojem ucenici rjesavaju veéi broj zadataka
matematickoga modeliranja $to bi potencijalno imalo vedi utjecaj na njihove vjestine
rje$avanja tekstualnih zadataka. Nadalje, buduce studije mogle bi uklju¢iti evaluaciju
to¢nosti rjeSenja i mjerenje u¢inka vjestina rje$avanja tekstualnih zadataka kako bi se
dopunila samoprocjena ucenika.
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