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Mathematical Modeling Process as an Activity Requiring Creativity
Deniz KAYA!", Tamer KUTLUCA?

Abstract: The aim of this study is to address creativity as a measurable and conceptually assessable
dimension by incorporating it into the processes of modeling competence. For this purpose, real-world
problem situations requiring creativity were employed to evaluate the enriched structure. Usefulness,
fluency, and originality were indicators of creativity in solving real-world problems. The study was
conducted by addressing both qualitative and quantitative dimensions of the research process. The research
participants consist of 60 students taking the modeling course in mathematics teaching at the undergraduate
level. The participants, selected through criterion sampling, completed their work individually during the
data collection process. The findings of the study revealed that students’ mathematical modeling (MM)
competencies varied depending on the difficulty level and content structure of the tasks. A significant and
consistent relationship was identified among the dimensions of usefulness, fluency, and originality in
students' performance across all tasks. Overall, the findings reveal that creativity indicators—such as
usefulness, fluency, and originality—should be integrated into the structure of MM competencies, and they
contribute to opening a new avenue for future modeling studies in this direction.
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Yaraticilik Gerektiren Bir Aktivite Olarak Matematiksel
Modelleme Siireci

Oz: Bu calismanin amac, yaraticiligr modelleme yeterlik siireglerine dahil ederek 6lgiilebilir ve kavramsal
olarak degerlendirilebilir bir boyut olarak ele almaktir. Bu ama¢ dogrultusunda, zenginlestirilmis yapinin
degerlendirilmesi igin yaraticilik gerektiren gergek diinya problem durumlari kullanilmistir. Gergek diinya
problemlerin ¢6ziim siirecindeki yaraticilik gostergeleri olarak yararlik, akicilik ve orijinallik dikkate
almmugtir. Calisma, arastirma siirecinin hem nitel hem de nicel boyutlar1 dikkate aliarak yiirtitiilmiistiir.
Aragtirmanin katilimcilar lisans diizeyinde matematik &gretiminde modelleme dersini alan 60 lisans
ogrenciden olusmaktadir. Olgiit 6rnekleme yontemiyle belirlenen katilimcilar, veri toplama siirecinde
calismalarini bireysel olarak gerceklestirmistir. Calismanin bulgulari, 6grencilerin matematiksel modelleme
(MM) yeterliklerinin, gorevlerin zorluk diizeyi ve igerik yapisina bagli olarak degisiklik gosterdigini ortaya
koymustur. Tiim gorevlerde 6grencilerin performanslart incelendiginde, yararlik, akicilik ve orijinallik
boyutlart arasinda anlamli ve tutarl iligkiler belirlenmistir. Genel olarak elde edilen sonuglar, yararlilik,
akicilik ve 6zgiinliik gibi yaraticilik gostergelerinin MM yeterliklerinin yapisina dahil edilmesi gerektigini
ortaya koymakta ve bu dogrultuda yapilacak modelleme arastirmalari i¢in yeni bir alan agmaktadir.

Anahtar kelimeler: Kavramsallagtirma, yaraticilik, matematiksel modelleme, matematik 6gretmeni aday1
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Introduction

Mathematical modeling (MM) is a process skill in which daily problems are solved,
explained, tested, evaluated, and interpreted with the help of mathematical tools. For this reason,
effective use of modeling competencies (MC) is needed in organizing real-life problems (Maal3,
2006). Integrating mathematics with daily life into mathematics teaching is essential to increase
the understanding of mathematical concepts seen as complicated, complex, and abstract for
students. At this point, MC requires identifying the variables, assumptions, and related connections
of a real-life problem (translating it into mathematical language), organizing the solution process
(showing the accuracy of the process), comparing models (analyzing), and perceiving the general
scope of the model (checking the features) (Kaiser & Schwarz, 2006). This form of competence is
a practical resource that individuals can benefit from in their future careers by undertaking the task
of creating mathematical, concrete, and mental models that they can use in real life (Blomhegj &
Jensen, 2007; Blum & Leil3, 2007; Borromeo Ferri, 2018; English, 2009). These justifications
indicate that the modeling competency in the curriculum is the product of a philosophical approach
that targets success in life rather than school success (Acquah & Szelei, 2020; Vorholter, 2018).
MC requires willing effort towards aim and independent modeling (Blum, 2011; Kaiser et al.,
2006). Therefore, developing students' MC in mathematics learning and teaching involves several
procedures. First of all, the characteristic difficulties encountered in solving real-life problems are
defined by typical modeling cycles (e.g., Blum & Leif3, 2005; Galbraith & Stillman, 2006; Niss &
Blum, 2020). The identified cycles contain critical competencies for solving modeling problems
(Lu & Kaiser, 2022a). Although the proposal of different frameworks regarding modeling cycles
may cause differences in the curricula of countries, it is considered necessary in terms of both
having the potential to encourage modeling and guiding instructors (Borromeo Ferri, 2018; Niss &
Blum, 2020). Having grown substantially to form a distinct research field at the international level,
modeling discourses have empirically explored MM processes and students’ competencies, while
also defining the scope and importance of the sub-competencies associated with these processes
(Kaiser, 2017; Ludwig & Xu, 2010; Sriraman, 2009). In addition, due to the nature of modeling
problems, students approach the modeling problem with different solutions due to the clarity and
insufficient specification of the real-world problem (Schukajlow et al., 2015). Students' preference
for different solutions and being open-minded requires them to use their creativity to simplify the
current problem situation and make appropriate assumptions (Lu & Kaiser, 2022a). Therefore,
modeling developed for real-world problems does not require reaching solutions using standard
methods; on the contrary, it teaches us to look at modeling processes differently by developing new
solution methods (Blomhgj & Jensen, 2003; Blum & Leil3, 2007; Bukova-Giizel, 2021; Niss &
Blum, 2020). The number of studies exploring the relationship between creativity and MM is quite
limited, and there is a noticeable lack of research focusing specifically on the role of preservice
mathematics teachers (PMTs) in this process (e.g., Lu & Kaiser, 2022a, 2022b; Wessels, 2014).
Within the Turkish context, empirical studies that address these two concepts in an integrated
manner are rarely encountered in the literature. In particular, the scarcity of studies investigating
how preservice teachers engage with creativity indicators during the modeling process constitutes
the main rationale of this research. This study aims to increase the visibility of the dimensions of
usefulness, fluency, and originality related to creativity within the MM competency framework and
to create a resource for the field by contributing to the conceptualization of MC. Especially in
recent years, with the increasing need for creativity, the lack of evidence from empirical studies
supporting MM has been felt more deeply (Blum, 2011; Jensen, 2007; Lu et al., 2019), emphasizing
the necessity of such studies.

This study is licensed under Creative Commons Attribution-NonCommercial-NonDerivative (CC BY NC ND) 2



Van Yiiziincii Yil Universitesi Egitim Fakiiltesi Dergisi, 2026; 23(1), s. 1-24.

Van Yiiziincii Yil University Journal of Education, 2026, 23(1), p. 1-24. DOI: 10.33711/yyuefd. 1788468

Mathematical Modeling Competencies

Blum and Kaiser (1997) emphasized that the MM process and MC are closely intertwined,
and addressed them through a set of sub-competencies. These sub-competencies are grouped under
the headings of understanding the real problem and building a model based on reality, creating a
mathematical model from the real model, solving the model, interpreting mathematical results, and
verifying the solution. Blomhgj and Jensen (2003) defined modeling sub-competencies within the
framework of modeling cycles. They stated the sub-competencies as formulating the given problem
to determine the characteristics of the real situation, selecting relevant objects and relationships,
presenting relationships mathematically consistently, using mathematical methods, interpreting the
results, and evaluating the accuracy of the results. Ikeda and Stephens (1998) emphasized finding
answers to some questions to understand students' MC. They stated that students' competencies in
determining the mathematical focus of the problem, choosing the variables correctly, idealizing the
assumptions, analyzing the primary variable, reaching appropriate results, and interpreting the
results should be questioned. In addition, Borromeo Ferri (2006) offered a widely cited explanation
of MC, aligning it with the phases of the modeling cycle: understanding the problem, simplifying,
mathematizing, working mathematically, interpreting, and verifying. The current debate about MM
today is aimed at global MC, which assume that individuals must successfully carry out all MM
processes and sub-competencies of modeling, which take into account individual stages in the
modeling cycle (Lu & Kaiser, 2022a). Nevertheless, the widely recognized structure of the MM
cycle encompasses specific sub-competencies corresponding to each phase of the process. These
sub-competencies involve formulating assumptions and simplifying the real-world situation,
translating the problem into mathematical terms, systematically constructing or extending the
model using coherent strategies, and ultimately interpreting and validating the outcomes within the
context of the original real-world scenario (Kaiser, 2007; Maal}, 2006). In summary, we can say
that mathematical MC does not have standardized and common aspects. Creativity makes its
presence felt at all stages of the modeling cycle, especially since there are unlimited methods to
solve real-world problems and modeling processes include daily life contexts (Kaiser & Brand,
2015; Lu & Kaiser, 2022a, 2022b; Wessels, 2014).

Creativity and Its Relationship with Mathematical Modeling

Creativity is a highly complex concept at every moment and area of our lives. Although
many definitions have been made about creativity from the past to the present, none have achieved
widespread validity. However, creativity, which is increasingly accepted as an important trend of
modern life, is characterized by not being afraid to think differently, discovering new relationships,
creating extraordinary connections, presenting innovative perspectives, questioning conventional
situations, not being afraid to experiment, seeing opposing contexts, and being willing to think
(e.g., Amabile, 1996; Barker, 2002; Feldman, 1999; Robinson, 2011; Torrance, 1998). When we
look at the aspects of creativity, we find that the structures of fluency (generating new ideas),
flexibility (offering a different perspective), originality (designing something new), and elaboration
(developing ideas) come to the fore (Guilford, 1977; Leikin, 2013; Renzulli, 2012). Silver (1997)
and Torrance (1966) discussed creativity in the context of problem-solving, stating that
determining multiple solutions to a problem is fluency, developing different solutions is flexibility,
and producing new solutions as much as possible is originality. Leikin (2013) advanced this
structure by drawing attention to the pivotal importance of multiple solutions in fostering
mathematical proficiency. She framed fluency as the productive generation of numerous solutions,
interpreted flexibility as the strategic grouping of those solutions, and portrayed originality as the
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innovative integration and structuring of diverse problem-solving approaches. These initiatives are
essential in evaluating problem-solving skills regarding flexibility, fluency, and originality (e.g.,
Cai & Hwang, 2002; Leikin, 2013; Lu & Kaiser, 2022b; Van Harpen & Sriraman, 2013). Therefore,
it is clear that these concepts have practical implications. As Freudenthal (1991) points out, the
mathematical world becomes genuinely creative when it is mathematized. Students can solve
problems for a given situation and generalize their models for similar situations, enhancing their
mathematical creativity (Chamberlin & Moon, 2005). This underscores the need for an
understanding that transfers real-life contexts, such as mathematical modeling, to the learning
environment, enabling students to find creative ways to solve problems (Hébert et al., 2002; Lesh
et al., 2000; Greefrath & Vorholter, 2016; Runco, 2010; Stillman et al., 2013).

Evaluating Creative Dimensions in Mathematical Modeling

The MM is driven by the understanding of "promoting mathematics as a human activity
that answers problems of a different nature that gives rise to mathematical concepts, ideas, and
procedures" (Stillman, 2019, p. 9). While the ideas, concepts, and structures developed individually
are transferred to the outside in modeling activities, on the other hand, the development of the skills
of creative thinking, gaining different perspectives, creating thinking, and deciding on the most
effective and correct one based on various thoughts are developed through authentic problems that
reflect the real-world context (Borromeo Ferri & Blum, 2014). For this reason, innovative insights
that emerge in individual modeling processes can be included in the processes from a creativity
perspective to be measured in the sub-competencies of modeling (Lu & Kaiser, 2022a). The three
components of creativity, fluency, flexibility, and originality, are frequently used in studies on
mathematical creativity (Pitta Pantazi et al., 2018). However, whether these three components are
sufficient for creativity indicators in modeling studies or whether other criteria are necessary still
needs to be fully clarified. In our creative modeling work, we focused on usefulness rather than
flexibility. This preference stems from the belief that usefulness more directly captures the real-
world applicability and relevance of modeling solutions—central goals of MM. While flexibility
highlights the variety of ideas or approaches, usefulness aligns better with evaluating whether a
solution is not only original but also functional in authentic contexts. In the study by Lu and Kaiser
(2022a), usefulness is an essential component in MM problems. One of the theoretical frameworks
in which creativity is evaluated in preservice teachers' MM is made by Wessels (2014), which
considers fluency, flexibility indicators, and usability. Fluency, which reflects the productivity of
the modeling process, is evaluated according to the number of unique solutions generated and is
generally classified into low, medium, or high levels (Lu & Kaiser, 2022a). Flexibility emphasizes
the versatility of solutions, ideas and approaches introduced during the modeling process. Wessels
(2014) emphasizes that flexibility and fluency require a rich data set in his theoretical framework
and mentions the importance of ideas in all possible processes. Based on the components and
theoretical frameworks related to creativity and MM requires a sustainable process skill, we also
included the usefulness dimension in the creativity indicator. Usefulness is essential, especially in
modeling studies that seek ways to solve real-world problems and make them applicable. Since
fluency and flexibility are very close, and it is challenging to determine flexibility in modeling
cycles, we did not consider them. We created the creativity construct of our study by adding
originality, one of the essential components of creativity. While considering all these processes,
we tried to reveal the impact of the modeling study in a different geography, using the theoretical
infrastructure presented by Lu and Kaiser (2022a) as a reference. We aimed to make the impact of
creativity indicators in MM studies more evident and to increase the prevalence of such studies.

This study is licensed under Creative Commons Attribution-NonCommercial-NonDerivative (CC BY NC ND) 4



Van Yiiziincii Yil Universitesi Egitim Fakiiltesi Dergisi, 2026; 23(1), s. 1-24.

Van Yiiziincii Yil University Journal of Education, 2026, 23(1), p. 1-24. DOI: 10.33711/yyuefd. 1788468

Research Questions

In this study, we examined the answers provided by students in MM processes, focusing on
the usefulness, fluency, and originality indicators of creativity. The unique process of MM
competencies and modeling cycles was explored, revealing new perspectives at each stage. We
found that the indicators of creativity—usefulness, fluency, and originality-are integral features of
MC in all processes of the modeling cycle. This conceptual understanding led us to evaluate the
MM competencies of PMTs within the scope of the study. Creative aspects of MM processes were
examined through the research questions (RQs) presented below.

RQ 1. To what extent did the modeling approaches employed by the PMTs in the three tasks reflect
varying levels of MC?

RQ 2. To what extent did the PMTs demonstrate MC, as evaluated through the creativity aspects
of usefulness, fluency, and originality within the context of the three modeling tasks?

RQ 3. To what extent are PMTs' competencies in modeling approaches correlated with the
dimensions of creativity? If a relationship exists, how substantial is its strength?

Method
Research Model and Participants

This study draws upon three key dimensions of creativity—usefulness, fluency, and
originality—which are regarded as fundamental components of MM competence and practice. The
research adopted both qualitative and quantitative aspects of a situation. In this context, while the
participants' responses were discussed in the qualitative dimension, the students' creativity scores,
including usefulness, fluency, and originality, were evaluated in the quantitative dimension. The
study's participants consist of 60 PMTs studying at a state university. Criterion sampling, among
non-random sampling methods, was preferred in determining the study group. Students taking the
undergraduate Modeling in Mathematics Teaching course were chosen as the criterion. As such,
all participants were PMTs in their third or fourth year of study, with an average age of 21.3 years.
The participants had no prior experience with MM tasks. 70% (n=42) of the participants were
female and 30% (n=18) were male students. It is anticipated that PMTs possess the mathematical
knowledge prescribed in the undergraduate program standards established by the Council of Higher
Education (Council of Higher Education [CoHE], 2023). Modeling in mathematics teaching
undergraduate course content; (i) MM and problem solving, (i1) modeling process, (iii) modeling
cycle (defining problem, manipulation, prediction/verification), (iv) model development steps, (v)
model development principles, (vi) implementation of modeling activities in mathematics classes
and the role of the teacher, (vii) preparing MM activities and (viii) monitoring PMTs' mathematical
thinking processes. After taking the modeling course in mathematics teaching, the participants
gained and applied a lot of experience with MM approaches and modeling tasks.

Data Collection

Before practicing mathematical modeling tasks requiring creativity, PMTs were asked to
complete a survey to determine their experiences. In the next step, PMTs were asked to work
individually on three modeling tasks in 6-course hours (270 minute) without assistance. When
designing MM tasks, the indicators of being able to think independently, questioning, thinking
critically, to thinking flexibly, solving problems, interpreting, and experiencing were considered.
Problem situations were chosen due to the tasks being open-ended, under-defined, and conducive
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to multiple solution approaches (Lu & Kaiser, 2022a). The open-ended nature of these tasks was a
deliberate choice to foster creativity and independent thinking among the PMTs. Modeling tasks
require extensive MC, mathematical thinking, and creative solutions. Three tasks related to MM
reflect daily life situations involving peeling apples, making a World Cup football, and refueling,
respectively. Task 1 consists of a study called Pineapple in Mathematics. This modeling considers
the situation where a pineapple seller artistically peels it and creates attractive spirals on the back.
PMTs were asked to think mathematically about peeling a pineapple and produce solutions,
considering why the seller peeled the pineapple in a spiral manner (Lu & Kaiser, 2022a, 2022b).
Ludwig and Xu (2010) applied a similar MM situation to 1108 German and Chinese students aged
15-17. Designed as an open-ended task, this modeling scenario includes mathematical concepts
like three-dimensional shapes, trigonometric rules, and polynomial functions. Figure 1 shows the
problem situation for the MM task.

Figure 1
Modeling Task Named Mathematics in Pineapple (Lu & Kaiser, 2022a, pp. 295)

Task 1. Mathematics in pineapple: The situation: April is pineapple season. When we buy a pineapple, the vendor usually peels it
artistically for us, Leaving attractive spirals behind. Please think about this peeling process mathematically, and consider why the vendor
peels the pineapple in this way. (1) Show your opinion(s): (2) Translate it/them into mathematics; (3) Provide solutions; and (4) Demonstrate
your opinion(s).

S s - The pineapple before . ™
The pineapple before removing the part inedible The pineapple after

peeling peeling

Task 2 consists of a work called making a football ball. From a mathematical perspective,
this modeling evaluates how long it takes a FIFA football ball manufacturer to produce a quality
football. FIFA World Cup is an international football organization. Many countries participate in
this football tournament, and a broad audience follows it. Although the PMTs were knowledgeable
about the problems involving daily life situations, they needed to learn how the football ball, the
most essential part of the tournament, was made. Therefore, PMTs were shown photos of the
modeling task and were asked to think about the task. In this MM task, PMTs were asked to
calculate the time spent to produce a football and evaluate it from a mathematical perspective (Lu
& Kaiser, 2022a). Figure 2 shows the problem situation for the MM task.

Figure 2
Modeling Task Named Making up a Football (Lu & Kaiser, 2022a, pp. 295)

This study is licensed under Creative Commons Attribution-NonCommercial-NonDerivative (CC BY NC ND) 6
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Task 2. Making up a football: The 2018 FIFA Weorld Cup was just successfully held in Russia. From group stage to quarterfinals, and to
the final game, it attracted many fans’ attention. Actually, there are different expectations towards the football among different groups of
interest. The Adidas Company supplies the footballs for FIFA. Do you know how the FIFA footballs are made by hand? The following

==

pictures shows how a manufacturer makes:

(@ 57
el

A football1s finally made
S—— -

The manulacturer 15 Sewin: up
the pieces of the footba

en sewn up

A football broken after several years and
here we can see the thread

The mamufacturer was paid related to the number of soccer balls of good guality. Pleaze evaluate how long it takes to make a soccer ball
from a mathematical perspective. Write down the process of thinking, and solve the problem.

The last task consists of a problem situation called refueling. In this MM, the profitability
of gas station choice is discussed. It has been handled with a design frequently encountered by
PMTs daily and requires mathematical understanding. The original form of the problem situation
was developed by Lu and Kaiser (2022a) but was adapted to facilitate knowledge by participating
PMTs. Unlike the other two tasks, it is designed to make it easier for students to generate ideas
about a situation they are more familiar with. Similar situations of the modeling studies included
in Task 2 and Task 3 were also applied by Blum and Leif3 (2005) to investigate what a changing
teaching culture would look like in concrete terms. Figure 3 presents the problem for the MM task.

Figure 3
Modeling Task Named Refuelling (Lu & Kaiser, 2022a, pp. 295)

Task 3. Refuelling: Mr. Lokman lives in Nevgehir. The nearest gas station in Nevgehir i3 20 km away from his house. The nearest gas
station in Kayseri iz 80 km away. Mr. Lokman usually goes to Kayszeri to buy gasoline for his Volkswagen CC 1.8T because the fuel price
13 20,54 TL/L at Kayseri gas station and 20,97 TL/L in Nevgehir. Some information about Mr. Lokman's car, CC 1.8T, is presented below.
FAW-Volkswagen

Length = Width » Height (mm): 4799=1853x1417 Weight of the car (kg): 1533
Fuel consumption measurement (L/100km): 7.3 Capacity of the fuel tank (L): 70.00
Warranty: 2 years 60.000 km Capacity of the fisel trunk (L): 332

Iz it worth it for Mr Lokman to go to the Kayseri station to fill up on zasoline? Please provide vour opinions and demonstrate your argument.

In the determined tasks, the creativity exhibited by the PMTs at each stage of modeling
competencies was tried to be prioritized. PMTs' worksheets related to the given MM tasks were
collected and analyzed using a graded rubric based on a qualitative content analysis approach that
includes the application of strict quality standards recommended by Mayring (2014).

Data Analysis

The PMTs' solution processes for modeling tasks were evaluated in two steps. In the first
step, their solution processes for three modeling tasks were analyzed in the context of the MC levels
of modeling approaches. This analysis revealed significant progress and potential for further
growth, making the audience feel optimistic. In the second step, their MC were examined in the
context of indicators of creativity. MC includes the individual's ability to manage the modeling
process effectively, make purposeful efforts, and be willing to produce solutions. Maal} (2006)
stated that MC is understanding the real problem and building a model based on reality, creating a
mathematical model from the actual model, solving mathematical problems with the help of a
mathematical model, and verifying the solution. Kaiser and Schwarz (2006) stated MC as solving
real-life problems with mathematical expressions, activating metacognitive knowledge within the
scope of modeling processes, understanding the relationship between mathematics and real life,
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perceiving mathematics as a process, and being aware of the features of MM. Borromeo Ferri
(20006) stated that the cognitive skills needed for a successful modeling process are understanding
the problem effectively, simplifying the problem, mathematizing the problem, working
mathematically, interpreting, and verifying. Based on these explanations, we can say that modeling
tasks involve multiple solution scenarios and have alternative solution steps rather than a single
direct line. Therefore, a three-level subcategory was created: high-medium-low, depending on the
suitability of the modeling procedures. While making the rating tool, similar measurement tools in
the literature were examined and reorganized (Asempapa, 2018; Lu & Kaiser, 2022a, National
Council of Teachers of Mathematics [NCTM], 2020). Subcategories reflecting the competence
demonstrations of MM approaches are presented in Table 1.

Table 1
Adequacy Demonstrations of Mathematical Modeling Approaches

Level Descriptions Examples

Uses the MM process Task 1# A satisfactory strategy has been developed for spiral

effectively to formulate, peeling of pineapple. Mathematical relationships were

represent, analyze and  developed by establishing connections between the lengths

interpret mathematical ~ between the spirals, and the results were obtained and

High  models, successfully interpreted by putting forward ideas such as simplifying the

completes modeling tasks problem and representing the pineapple as a cylinder.

and reflects the modeling 7ask 2# The variables required for modeling approaches

process in its solutions.  have been appropriately determined. For example,
parameters such as the number of sides of the ball and the
time required to sew the edges are defined correctly. By
converting the data into mathematical form, the steps to
obtain results and interpretation were organized and
appropriate tools were used.
Task 3# Modeling approaches include appropriate variables.
For example, the price per liter of refueling or comparative
refueling costs are conveniently organised. The data were
mathematicalized, simplified, analyzed and interpreted using
appropriate tools.

The MM process is used Task I# Approaches to spiral peeling of pineapple have been

to formulate, represent, proposed, but modeling tools to develop or define

analyze and interpret mathematical relationships have not been clarified.

mathematical models, but Task 2# Although modeling approaches included variables

Medium is assigned to the medium (number of edges, duration, etc.), the process was not

level when deficiencies managed effectively because they did not contain appropriate

are found in the modeling mathematical relationships.

cycles and improvement Task 3# Modeling approaches include variables but fail to

is required. establish appropriate mathematical relationships between
refueling at two locations or involve certain types of routine
solutions.
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It is assigned to a low Task 1# The approaches carried out for the modeling process
level when it is notata  are not successful enough and there is no mathematical
Low sufficient level in using  attempt on the spiral peeling of pineapple.

the MM process, Task 2# The approaches carried out for the modeling process
formulating, representing, are not successful enough and appropriate parameter
analyzing and selection has not been made.

interpreting. Task 3# Modeling approaches merely restate the problem

situation and there is no attempt at the modeling process.
Note: Adapted from Asempapa, 2018; Lu & Kaiser, 2022a; NCTM, 2020

In the next coding step, MC were analyzed independently in the context of usefulness,
fluency, and originality, which were considered indicators of creativity. When evaluating solution
processes involving creativity indicators, definitions and explanations in the relevant literature
were used (e.g., Amabile, 1996; Guilford, 1950; Kattou et al., 2013; Klavir & Gorodetsky, 2011;
Leikin & Lev, 2013; Lu & Kaiser, 2022a; Mann, 2006; Osborn, 1953; Preiser, 1976; Sriraman,
2009; Torrance, 1988).

Table 2
Classification of Creativity Aspects by High, Medium, and Low Levels

Creativity  Levels Tasks
Aspects

Task 1# Recognizes the transformation of the pineapple fruit into a
Usefulness cylinder, a geometric object, and its expansion due to peeling, makes
application(s), and understands that pineapple peeling can continue.
[It involves High  Task 2# It establishes a connection between the number of sides and side

realizing the lengths using geometric shapes and formulates the model by developing a
necessity of mathematical understanding of the football ball's production time.

the Task 3# Applies equations and inequalities, understands functional
approaches relationships, and uses algebraic structures to express mathematical
used for each relationships in gas station choice.

given MM Task 1# It defines the structure formed by peeling the pineapple fruit,
task and makes attempts, and depicts the relationships of the structure, but these
using them to Medium situations are limited.

benefit the Task 2# It specifies a procedure for planting a football that requires
evaluation geometric shapes, but its use is problematic.

and task Task 3# It performs arithmetical operations and certain calculations
solution regarding the amount of gasoline consumed, but the task's results are
processes] limited.

Task 1# Failure to realize how the peeling marks of the pineapple fruit

will benefit the solution, making incorrect inferences, producing wrong
Low solutions, or not taking any approach at all.

Task 2# Producing incorrect parameters or not taking any approach

regarding the construction and production time of the football.

Task 3# It exhibits limited or no practical attempts at mathematizing

gasoline consumption.
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Fluency

High
[1t includes
the speed
and
accuracy of
generating a
different
number of

Task 1# Solutions are produced that include expanding the cylinder shape
formed by peeling the pineapple fruit, and different axioms are considered
by presenting information proving the ideas.

Task 2# Two or more models for sewing footballs are attempted, and the
different processes involved in developing the models are explained in
detail.

Task 3# Considers different situations and demonstrates probabilistic
thinking processes when choosing a gas station.

Task 1# Comparisons are made regarding the marks from peeling the
pineapple fruit, but it isn't easy to produce different solutions.

solutions for Medium Task 2# It establishes a relationship between the number of sides of the

each given
MM task]

Low

football ball and geometric shapes, makes calculations, and presents the
findings without developing different models.

Task 3# It realizes the most suitable conditions for refueling and considers
different possibilities but develops limited procedures for the cost table.

Task 1# It shares inconsistent information based on peeling the pineapple
fruit and does not create any modeling loops or make any attempt.

Task 2# A consistent model that evokes the sewing and production time
of the football cannot be developed, or no attempt is made.

Task 3# It does not attempt to identify the appropriate fuel station,
establish the conditions for refueling, perform inconsistent mathematical
manipulations of the problem, or develop an understanding.

Originality

[It includes High

Task 1# It effectively uses mathematical tools that prove the continuity of
the peeling traces of the pineapple fruit and rarely used inequality
systems, sequences, coordinate systems, analytical planes, etc., associated
with structures

ideas that Task 2# It evaluates the football ball's planting time from a different
emerge perspective and calculates it using unusual methods/representations.
through Task 3# It determines additional variables taken into account by a small
fluent and number of students (duration, malfunction, alternative route, efc.) and
flexible uses transformations between representations effectively and qualifiedly.
thinking, Task 1# It indicates the expansion of the cylindrical structure formed by
qualified peeling the pineapple fruit using different mathematical tools, but there is
inferences, a participant or participants who create similar structures.

quality Medium Task 2# It produces extraordinary solutions that consider the perfection of
evaluations, the football ball's sewing, but it makes incorrect/incomplete conclusions
and in practice.

thematically Task 3# It justifies the fuel station selection and applies mathematical
rare structures (inequality, equation, rational number, etc.) determined for the
approaches variables, but it cannot fully determine the consistency between the

to each MM parameters.

task] Task 1# Does not develop original inferences about the pineapple's

Low

genealogy and design of the process cycle or shows no initiative regarding
the assigned tasks.
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Task 2# Solutions for planting a football are produced using a single
parameter or do not show any initiative regarding the given tasks.
Task 3# Operates(s) using only the values given in the task, prefers
mathematical tools commonly used among participants, or shows no
initiative regarding assigned tasks.

Data Analysis

Based on the PMTs' responses, the coding of MC and creativity indicators was made
independently by the first author and a field expert teaching modeling education in mathematics at
the undergraduate level. In order to ensure the reliability of coding, all 60 student texts were coded.
The reliability of the comparative agreement between two raters was calculated as .82 according
to the kappa measure. According to Altman (1991), if the weight kappa between raters on all
dimensions is greater than >0.81, it means that there is 'very good' agreement, that is, almost perfect
agreement (p. 404). This high level of agreement indicates that the coding process was consistent
and reliable. For each modeling task, competency indicators and three aspects of creativity were
first examined using the descriptive analysis method. In the next step, the Friedman test was used
to compare the PMTs' competency and creativity performances in three modeling tasks. Friedman
test is a non-parametric form of one-way analysis of variance for repeated measurements. Dunn-
Bonferroni post hoc tests were used to determine the source of significant differences between
indicators. Finally, to calculate the correlation coefficient between PMTs' performances on
different indicators, Spearman conducted a partial correlation analysis to calculate the relationship
between competency and indices representing the three aspects of creativity.

Results

PMTSs’ Performance Based on Their Competency in Three Modeling Tasks

PMTs' competency levels in the general modeling approach in the three given tasks include
correct solutions that meet criteria such as effective use of processes, purposeful effort, providing
a mathematical understanding of the current problem, and testing the model's accuracy.

Table 3

PMTs’ Performance Distribution by Competency Levels in Three Distinct Modeling Tasks
Levels Task 1 Task 2 Task 3

High 25% [15] 27% [16] 77% [46]
Medium 15% [9] 50% [30] 15% [9]

Low 60% [36] 23% [14] 8% [5]

As indicated in Table 3, approximately 77% of the PMTs presented successful approaches
to the tasks named refueling (task 3), 27% to make a football (task 2), and 25% to math in pineapple
(task 1). According to the Friedman test analysis findings, a significant difference was observed
between the MC of the PMTs in the three types of tasks given (x*(2)=58.805, p<.001). After
Bonferroni correction, according to the Dunn-Bonferroni post hoc test analysis findings, it was
determined that there were significant differences between task 1 and task 2 (p<.001), task 1 and
task 3 (»p<.001), and task 2 and task 3 (p<.001). Based on these findings, PMTs showed the highest
performance in task 3 and the lowest performance in task 1.
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For Task 1, many PMTs realized that the shape formed due to the peel mark of the pineapple
was a cylinder, but they had problems applying the properties of the cylinder expansion, which is
a solid object. They experienced difficulties, especially in later, base, and surface area applications.
Approximately 60% of the PMTs could not perform effectively at the proficiency level. 15% of
the PMTs provided information about the properties of the right circular (2nrh), cylinder as the
lateral area of the cylinder, the base area of each circle since its bases are equal circles (wr2), and
the sum of the lateral area and two equal base areas for the surface area 2nrh+2nr2=2nr(h+r). They
could not effectively manage the process by developing unclear ways to simplify the problem. For
Task 2, half of the PMTs demonstrated medium competency. If half of the PMTs knew the number
of sides available on a standard football (a traditional football consists of 32 panels, 20 hexagons,
and 12 pentagons), they would be able to perform at a high level of competency. Many PMTs could
not establish an effective relationship between the football ball's number of sides and the properties
of the geometric shapes. Thus, many PMTs could not use appropriate mathematical tools to deal
with the current difficulties and uncertainties. However, 27% of the students managed the modeling
process effectively by successfully attempting to solve the current problem. In this context, a series
of formulas [Euler's formula: eix=cos(x)+isin(x); C60: It has a cage like fused ring structure fullere:
60 carbon atoms are bonded to its three neighbors; trihedral pyramidal forms of honeycombs h
{3,4,3}; hexagon: d=V3/2 D etc.] were used to calculate the number of sides of the football ball. It
is noteworthy that PMTs performed more effectively on Task 3 compared to other tasks. 77% of
the PMTs were able to provide adequate approaches for the given task, but they were often unable
to go beyond arithmetical operations when developing solutions to the problem at hand. Even
though the PMTs operated the modeling processes effectively, the majority of the answers
consisted of arithmetic mean and algebraic structures.

PMTSs’ Competency in Modeling Tasks Based on Creativity Indicators
Table 4
Analysis of PMTs at Varying Usefulness Levels in Three Modeling Tasks

Levels Task 1 Task 2 Task 3
High 23% [14] 20% [12] 39% [23]
Medium 32% [19] 25% [15] 53% [32]
Low 45% [27] 55% [33] 8% [5]

Table 4 shows that PMTs demonstrated high levels of usefulness performance, with 23%
in task 1, 20% in task 2, and 39% in task 3. On the other hand, 45% of the PMTs showed low
performance in task 1, 55% in task 2, and 8% in task 3. Approximately one-third of the PMTs
performed at a medium level on task 1, one-quarter on task 2, and just over half on task 3. It was
observed that there were significant differences between the PMTs' usefulness performances in
each task type (x*(2)=17.745, p<.001). The result of further analysis to determine the source of
significant differences shows significant differences between task 1 and task 3 (p<.001) and task 2
and task 3 (p<.001). On the other hand, it was determined that there was no significant difference
between task 1 and task 2 (p=.074). These findings show that PMTs showed the highest usefulness
performance in task 3 and the lowest in task 2.

Table S
Analysis of PMTs at Varying Fluency Levels in Three Modeling Tasks
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Levels Task 1 Task 2 Task 3
High 5% [3] 13% [8] 23% [14]
Medium 63% [38] 72% [43] 70% [42]
Low 32% [19] 15% [9] 7% [4]

Table 5 shows that PMTs' solution stages in the tasks are limited and do not prefer different
solution approaches. In each task, the majority of PMTs demonstrated medium fluency
performance. The high concentration at this level indicates that a large number of PMTs have the
potential to achieve fluency in modeling approaches. As a matter of fact, in task 3, some of the
PMTs tried different systems of equations, but they could not produce solutions to test their
accuracy. It was observed that there were significant differences in terms of PMTs' fluency
performance in the context of the tasks (x%(2)=26.957, p<.001). The result of further analysis to
determine the source of these significant differences shows that there are significant differences
between task 1 and task 2 (p<.001), task 1 and task 3 (p<.001), and task 2 and task 3 (p=0.012).

Table 6
Analysis of PMTs at Varying Originality Levels in Three Modeling Tasks

Levels Task 1 Task 2 Task 3

High 12% [7] 22% [13] 20% [12]
Medium 18% [11] 32%[19] 38% [23]
Low 70% [42] 46% [28] 42% [25]

Table 6 indicates that PMTs' task modeling approaches are not thematically uncommon.
Especially in task 1, the majority of the PMTs do not make traditional inferences and do not exhibit
extraordinary approaches that will make a difference. Similarly, in task 2 and task 3, nearly half of
the PMTs showed low level performance in terms of originality. 18% of the PMTs performed
medium on task 1, 32% on task 2, and 38% on task 3. Additionally, there were significant
differences in terms of originality between the tasks (x*(2)=14.947, p<.01). Further analysis to
determine the source of significant differences revealed that significant differences were observed
between task 1 and task 2 (p=.002) and task 1 and task 3 (p=.002), while no significant difference
was observed between task 2 and task 3 (p=.868). These findings clearly show that PMTs cannot
ensure originality in using mathematical tools and that there are difficulties in reflecting different
parameters into solutions in the real world. Therefore, PMTs' performance in generating new ideas
and their efforts to develop innovative mathematical understanding of given problems remained
low.

Correlations Between Competency in Modeling Approaches and Creativity

The conceptual structure of modeling tasks directed to PMTs contains features that
encourage creativity. We also analyzed the relationships between creativity indicators and PMTs'
modeling proficiency performances. This way, we tried to determine the relationship between the
criteria defined for modeling approaches and usefulness, fluency, and originality with a holistic
understanding. With the help of Spearman correlation analysis, we aimed to reach more in-depth
findings by describing in detail the relationship between MM competence and indicators of
creativity.
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Table 7 shows that the correlations between MC and all identified aspects of creativity were
significant. The correlation between competence and usefulness is respectively; 15(60)=.646, p<.01
for task 1, rs(60)=.643, p<.01 for task 2, rs(60)=.503, p<.01 for task 3. While the correlation between
task 1 and task 2 is very close to each other, the correlation value in task 3 is slightly weaker. The
correlation between competence and fluency is respectively; rs(60)=.496, p<.01 for task I,
15(60)=.579, p<.01 for task 2, rs(60)=.449, p<.01 for task 3. While the correlation between task 1
and task 3 is very close to each other, the correlation value in task 2 is slightly stronger. The
correlation between competence and originality is respectively; rs(60)=.752, p<.01 for task 1,
15(60)=.724, p<.01 for task 2, rs(60)=.475, p<.01 for task 3.

Table 7
Relationships Between Different Aspects of PMTs' Performance on Modeling Tasks

Tasks Creativity Indicator Adequacy Usefulness Fluency Originality
Adequacy 1 .646%* 496%* J752%*
Task 1  Usefulness 1 .662%* 607**
Fluency 1 S01**
Originality 1
Adequacy 1 .643%* ST79%* 124%*
Task 2 Usefulness 1 A452%* 683 %%
Fluency 1 617%*
Originality 1
Adequacy 1 503%* 449%* AT5%*
Task 3 Usefulness 1 .608** 279*
Fluency 1 301*
Originality 1

*p<.05, **p<.01

While the correlation between task 1 and task 2 is very close and strong, the correlation
value in task 3 is weak. According to the findings, the relationship between competence and
originality is higher than other indicators. Similarly, there is a strong connection between
competence and usefulness. However, the relationship between proficiency and fluency is close to
medium level. When we look at the relationship between creativity indicators, highest relationship
was between usefulness and originality (rs(60)=.683, p<.01) in task 2, while the lowest was between
usefulness and originality (r5(60)=.279, p<.05) in task 3. Also, strong relationships were detected
between usefulness and fluency (rs(60)=.622, p<.01) in task 1, fluency and originality (rs(60)=.617,
p<.01) in task 2, and usefulness and fluency (rs(60)=.608, p<.01) in task 3.

Table 8
Partial Correlations Between PMTs' Creativity Indicators in Modeling Tasks

Tasks Creativity Indicator Usefulness Fluency Originality
Usefulness 1 A67* 271%*

Task 1  Fluency 1 182
Originality 1
Usefulness 1 116 489%**

Task 2 Fluency 1 364**
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Originality 1

Usefulness 1 533%* 152
Task3  Fluency 1 203

Originality 1

*p<.05, **p<.01

Table 8 indicates the effect of modeling capabilities, held constant, on the parameters of
usefulness, fluency, and originality. In this way, the effects of more than one variable thought to
be related to the variable in question were controlled. According to partial correlation coefficients,
significant relationships were determined between usefulness and fluency (rs(60)=.467, p<.01),
usefulness and originality (rs(60)=.271, p<.05) in task 1, usefulness and originality (rs(60)=.489,
p<.01), fluency and originality (rs(60)=.364, p<.01) in task 2, and usefulness and fluency
(rs(60)=.533, p<.01) in task 3.

Discussion and Conclusion
Reasons for Considering Modeling Competencies as Creativity-Based

By examining the definitions, explanations, evaluations, inferences, and approaches in the
literature from past to present regarding the concept of creativity, which is a complex structure, we
showed that the current forms of creativity components are also present in the measurement tool.
Based on the application of modeling tasks on Chinese students (Lu & Kaiser, 2022a), we tested
the usability of creativity components for Turkish students. In this way, we emphasized that the
conceptual structure of MC and the enriched creativity components of students who will engage in
similar modeling tasks in different cultures and geographies can be measured. In particular, a
different sub-indicator, such as the usefulness dimension, produces comparable results for
creativity and is also a guide for modeling studies to be carried out in a similar direction. Although
this indicates that MC that require creativity are applicable and sustainable, they are not included
in many creativity explanations and definition criteria (e.g., Blomhgj & Jensen, 2003; Sriraman,
2009). This study examines the extent to which creativity impacts PMTs” MC throughout all phases
of the modeling cycle, as observed in their responses to three modeling tasks. Therefore, we aimed
to present qualified findings to the field by referring to current research on creativity and the few
studies conducted on this subject (e.g., Lu & Kaiser, 2022a, 2022b; Wessels, 2014). Especially
considering the limited number of studies on the usefulness criterion, we determined that usefulness
in MC is essential and should be considered. Although usefulness remains in the background in
many creativity-requiring studies, it is essential in modeling studies. It has been stated that it
supports both the modeling process and sub-competencies (Lesh et al., 2000; Lu & Kaiser, 2022a).
For example, in task 1, although most of the PMTs failed the task, they made attempts to understand
the cylindrical structure of the pineapple fruit and, accordingly, the general properties of the
cylinder, creating shapes representing the peeling marks of the pineapple and scoring them as
medium level usefulness. Because PMTs tried to provide usable evidence and create strategies.
Similar findings were seen in the study by Lu and Kaiser (2022a). Therefore, usefulness provides
both usefulness and shareability for modeling. Similarly, in task 2, which required creativity, PMTs
ingeniously emphasized the features of the geometric structure of the football ball. They attempted
to establish a relationship between the number of sides, demonstrating high and medium levels of
usefulness. This indicates that PMTs first apply their creative thinking to understand the nature of
the problem in order to use mathematical tools effectively. Because the first step in MM studies is
to understand the problem and organize possible original hypotheses (Borromeo Ferri, 2006; Maal,
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2006; Vorholter, 2018). In addition, according to the correlation coefficients, it was determined
that there was a close to medium level relationship between the usefulness of the modeling
approaches and proficiency in task 3, which was less challenging for the students. Usefulness in
Task 3 aims to use only mathematical structures that can be shared in similar situations, while
competence only considers suitability for tasks. Although the correlation coefficients in task 1 and
task 2 were above the medium level, they did not clearly demonstrate that there was a strong link
between usefulness and competence. Considering the three types of tasks, depending on the
difficulty level of the tasks, the usefulness indicator can be effective in revealing creativity in
modeling tasks. Lu and Kaiser (2022a), drawing attention to this situation, stated that usefulness
can be a unique indicator to determine creativity in MM.

Our research has uncovered a unique perspective on the relationship between fluency and
MC. We found a medium level relationship, which differs from the strong connection between
fluency and creativity suggested by previous studies (e.g., Hébert et al., 2002; Runco, 2010). In
contrast to the study by Lu & Kaiser (2022a) that suggests a lower relationship, our research
indicates a concentrated relationship at a medium level. Although it is generally accepted to follow
multiple solution processes in modeling studies (e.g., Galbraith & Stillman, 2006; Stillman et al.,
2013), it is also very important that the general view of the model suggests multiple solution paths
(Kaiser & Brand, 2015). One of the study's striking findings is the strength of the relationship
between MC and originality in tasks 1 and 2. The fact that tasks 1 and 2 are more difficult has
highlighted the originality of modeling tasks.

Students' Mathematical Modeling Performances as an Activity Requiring Creativity

While Turkish PMTs were able to follow the stages of the modeling process more
effectively than peers without modeling experience, their MM competency, with the exception of
one task, fell significantly short of the expected standard. Especially considering the presence of
mathematical operations in task 3, the PMTs mostly remained at the operational level. Although
there are many reasons for this situation, adopting more operational approaches in the curriculum
is effective. The findings revealed in the context of MC confirmed Leikin's (2013) statement that
the fit criterion effectively produces valid results. Similarly, in the study conducted by Lu and
Kaiser (2022a), the suitability criterion was evaluated as an essential structure in MC. Only 25%
of the PMTs demonstrated adequate approaches in task 1 and 27% in task 2. These tasks contained
unusual content that brought creativity to the fore. Therefore, PMTs could not organize and apply
their mathematical knowledge effectively in this modeling task, which has yet to be encountered.
However, this differed for PMTs who encountered similar situations (task 3). The most important
reason for this situation is that task 3 contains more information than other tasks. While the
correlation values between usefulness, fluency, and originality, indicators of MC and creativity in
the study, were at a medium level or above in task 1 and task 2, the correlation values in task 3
remained at a medium level. This emphasizes that task 1 and task 2 need to follow richer processes
for usefulness, fluency, and originality. PMTs' performance well below expectations in these
challenging tasks indicates the impact of their creativity. The relationship between proficiency and
creativity indicators in task 3 confirms this rationale. Indeed, in task 3, only one-fifth of the students
performed with indicators of originality. For this reason, the difficulty of the tasks restricts PMTs
from doing different experiments and developing different perspectives. These findings are also
reflected in the study conducted by Lu and Kaiser (2022a).
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As a result, PMTs could have performed better regarding creativity indicators. This
situation was observed mainly in the fluency and originality dimensions. This situation shows that
PMTs do not make enough effort and have difficulty reaching multiple solutions. These findings
are consistent with the results of modeling studies but reveal that PMTs have difficulty producing
alternative ways in modeling studies (Bukova-Glizel, 2021; Lu & Kaiser, 2022a; Schukajlow et al.,
2015). However, considering the innovative approaches in the teaching programs of nations (e.g.,
NCTM, 2020), this undesirable situation may vary over time. In particular, the increasing
importance of fluency and originality in many nations and expressing their necessity with vital
discourses will undoubtedly lead to a growing awareness of creativity in modeling studies (Blum,
2011; Lu & Kaiser, 2022a; Wessels, 2014).

Limitations and Agenda and Implications for Future Research

It is generally recommended that MM studies be carried out and organized in groups
(Ludwig & Xu, 2010). In our study, the tasks directed to the PMTs to evaluate their performances
were carried out individually. This can be considered a limitation of our study, but revealing
individual creativity in group modeling studies poses specific difficulties. Among these difficulties,
modeling studies require process skills, and the inability to determine who organized the
usefulness, fluency, and originality can be cited. Another limitation is the difficulty in the
multidimensional evaluation of modeling processes. Because techniques such as thinking aloud,
clinical interviews, and interviews are needed to detail students’ mental processes and better
elaborate their thoughts (Clement, 2000). However, our study evaluated the modeling processes
based on the PMTs' answers. To minimize this limitation, we tried to address creativity indicators
holistically. In addition, although the tasks directed at students are implemented in different
countries (e.g., China and Germany), the validity of originality in other languages needs to be
tested. Tasks 1 and 2, which require creativity and were developed by Lu and Kaiser (2022a), are
similar to the modeling problem in task 3, developed by Blum and Leif3 (2005). A further limitation
is the restricted number and variety of modeling tasks, which may limit the applicability of the
creativity indicators across different contexts and content domains. Since our study was aimed at
Turkish students, changes were made in the proper names to make the task contents understandable.
Therefore, as the number of similar studies increases, richer knowledge of MC that require
creativity and the reliability of the assessment tool will also increase. Furthermore, the study was
conducted with a limited sample from a single state university in Turkish, which restricts the
generalizability of the findings to broader populations. Conducting this study, especially at the
undergraduate and high school levels, will be an essential opportunity for future researchers,
underscoring the significance of our work. In this way, comparisons between different reference
groups and measures that can be taken for future modeling studies can be more easily achieved. In
addition, processes can be further detailed by conducting longitudinal studies. At the same time,
effect levels can be determined by changing creativity indicators.
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Genis Ozet

Giris

Matematiksel modelleme, giinliik yasamda karsilasilan problemlerin matematiksel araglar
yardimiyla ¢6ziildiigi, aciklandigi, sinandigi, degerlendirildigi ve yorumlandig: siire¢ becerisidir.
Bu nedenle, gercek yasam problemlerini diizenlerken etkili bir sekilde modelleme yeterliklerinin
kullanilmasina ihtiya¢ duyulmaktadir (Kaiser, 2007; MaaB, 2006). Ogrenciler tarafindan karmasik,
soyut ve anlasilmasi gii¢ olarak goriilen matematiksel kavramlarin daha 1yi kavranabilmesi i¢in
matematigin giinliik yasamla iligkilendirilerek 6gretime entegre edilmesi biiylik 6nem tasir. Bu
baglamda modelleme yeterligi; gercek yasam problemine iliskin degiskenlerin, varsayimlarin ve
iligkili baglantilarin tanimlanmasini, bu problem durumunun matematiksel dile ¢evrilmesini,
¢Oziim siirecinin diizenlenmesini, modellerin karsilastirilmasini ve modelin genel yapisinin kontrol
edilmesini gerektirir (Kaiser & Schwarz, 2006; Lu & Kaiser, 2022a). Bu yeterlik, bireylerin gercek
yasamda kullanabilecekleri somut ve zihinsel modeller olusturma gorevini listlenmeleri agisindan
gelecekteki kariyerlerinde faydalanabilecekleri pratik bir kaynak olarak degerlendirilmektedir
(Blomhgj & Jensen, 2007; Blum & Lei3, 2007; Borromeo Ferri, 2018; English, 2009). Tiim bu
gerekeeler, modelleme yeterliginin miifredattaki varliginin, yalnizca okul basarisin1 degil yasam
basarisini da hedefleyen felsefi bir yaklagimin {iriinii oldugunu gostermektedir (Acquah & Szelei,
2020; Vorholter, 2018). Modelleme yeterligi, amaca yonelik istekli ¢aba ve bagimsiz modelleme
stireci gerektirir (Blum, 2011; Kaiser vd., 2006; Wessels, 2014). Modelleme problemlerinin dogasi
geregi, 6grenciler belirsizlik iceren durumlarla karsilastiklarinda farkli ¢oziimler {iretebilir ve bu
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durum onlarin yaratict diisiinme becerilerini devreye sokmalarini zorunlu kilar (Lu & Kaiser,
2022b). Ancak matematiksel modelleme ile yaraticilik arasindaki iliskiye odaklanan ¢aligmalarin
siirli olmasi, bu alanda yeni arastirmalara duyulan ihtiyaci da artirmaktadir (Blum, 2011; Jensen,
2007; Lu vd., 2019). Bu ¢alisma, yaratict diisiinmenin orijinallik, akicilik ve yararlik boyutlarini
matematiksel modelleme yeterligi ¢ercevesinde goriinilir kilmay1 ve bu kavramsal anlayisa katki
sunmay1 amaclamaktadir.

Yontem

Bu arastirma, matematiksel modelleme yeterligi baglaminda yaraticiligin temel bilesenleri
olan yararlik, akicilik ve orijinallik boyutlarini temel almaktadir. Aragtirmada durumun hem nitel
hem de nicel boyutlar1 ele alinmistir. Bu baglamda, katilimcilarin verdikleri yanitlar nitel boyutta
tartisilmis, yararlik, akicilik ve orijinallik gibi yaraticilik gostergelerini igeren puanlamalar ise nicel
boyutta degerlendirilmistir. Arastirmanin calisma grubunu, bir devlet {iniversitesinde 6grenim
goren 60 matematik 6gretmeni aday1 olusturmaktadir. Calisma grubunun belirlenmesinde segkisiz
olmayan ornekleme ydntemlerinden &lgiit drnekleme tercih edilmistir. Olgiit olarak matematik
ogretiminde modelleme lisans dersini alan 6grenciler esas alinmistir. Katilimeilarin %701 (n=42)
kadin, %30’u (n=18) erkek &grencilerden olusmaktadir. Ogretmen adaylarinin, Yiiksekogretim
Kurulu (YOK, 2023) tarafindan belirlenen lisans program standartlarinda éngériilen matematiksel
bilgiye sahip olduklar1 varsayilmaktadir. Bu ders kapsaminda modelleme ve problem ¢ézme,
modelleme siireci ve dongiisli, model gelistirme ilkeleri, sinif i¢i uygulamalar ve 6gretmen rolii,
Ogretmen adaylarinin matematiksel diisiinme siireclerinin izlenmesi gibi icerikler yer almaktadir.
Ders sonunda katilimcilar, modelleme yaklagimlarini deneyimlemis ve uygulamaya aktarmislardir.
Ayrica, acik uclu, farkli ¢6ziim yollarina olanak taniyan ve bagimsiz diisiinmeyi tesvik eden ti¢
modelleme gorevine bireysel olarak cevap vermislerdir.

Bulgular

Calismada, matematik 6gretmeni adaylarinin {i¢ farkli matematiksel modelleme gorevinde
gosterdikleri performanslar, modelleme yeterligi cergevesi ve yaraticilik gostergeleri baglaminda
degerlendirilmistir. Ogretmen adaylarmin gorevlerdeki yeterlik diizeyleri; siireci etkili kullanma,
amaca yonelik caba gosterme, problemi matematiksel agidan anlama ve modeli dogrulama
kriterlerine dayali olarak analiz edilmistir. Elde edilen bulgulara gore, 6gretmen adaylar1 en ytliksek
performansi yakit ikmali (Gorev 3) gorevinde gosterirken, en diisiik performansi ise ananasin
soyulmasi (Gorev 1) gorevinde gostermistir. Gorev 1°de 6gretmen adaylarinin biiyiik bir bolimii
silindirin geometrik 6zelliklerini tanimlamakta basarili olsa da bu temel bilgileri matematiksel
modellemeye doniistiirmede yetersiz kalmistir. Gorev 2°de, 6grencilerin yarisi orta diizey yeterlik
gostermistir; bu gorevde futbol topunun geometrik yapisini anlamlandirmakta ve matematiksel
iliskilendirmeler kurmakta zorluklar yasanmistir. Temel siirecler yaraticilik gostergeleri agisindan
degerlendirildiginde, 6§retmen adaylarinin en yiiksek yararlilik ve akicilik performansint Gorev
3’te sergiledigi, en distik yararhlik performansini ise Gorev 2°de gosterdigi tespit edilmistir.
Orijinallik diizeyinde ise tiim gorevlerde diisiik performans dikkat cekmistir. Ogretmen adaylarmnin
tematik olarak siradis1 ya da yenilik¢i fikirler liretme konusunda zorlandiklari goriilmektedir.
Friedman testi ve Dunn-Bonferroni sonrasi yapilan analizlerde ise hem yeterlik hem yaraticilik
gostergelerinde gorevler arasinda anlamli farklar oldugunu gostermistir. Spearman korelasyon
analizleri sonucunda, yeterlik ile 6zellikle orijinallik ve yararlilik arasinda gii¢lii, akicilikla ise orta
diizeye yakin iliskiler bulunmustur. Ancak yeterlik etkisi kontrol altina alindiginda, yaraticilik
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gostergeleri arasindaki iligkilerin giliciinde azalma oldugu, yani bu boyutlar arasinda dogrudan
iliskinin zayifladig1 belirlenmistir.

Sonug ve Tartisma

Modelleme siireglerinde 6grencilerin performanslari, ele aliman problem durumlarinin
yapisina gore anlamli sekilde degisiklik gostermektedir. Ozellikle yaratic1 diisiinmeyi gerektiren
ve onceden deneyimlenmemis problem durumlarinda 6grencilerin yeterlik diizeylerinin diistiigii,
buna karsin iglem temelli yapilarin yer aldigi durumlarda daha yiiksek performans sergiledikleri
gozlemlenmistir (Lu & Kaiser, 2022a). Yararlilik gostergesi, 6grencilerin matematiksel ¢6ziim
yollarini degerlendirme, uygulama ve problem durumuna uygun bir sekilde kullanma kapasitelerini
Olcmek acisindan 6nemli bir belirteg olarak 6ne ¢ikmistir. Ancak bu gosterge, Sriraman (2009) gibi
bazi ¢alismalarda yaraticiligin tanim kriterleri arasinda yer almasa da matematiksel modelleme
baglaminda uygulanabilir ve paylasilabilir yapisiyla (Lesh vd., 2000) 6nem kazanmaktadir. Lu ve
Kaiser (2022b) da yararliligi, modelleme siireclerinde yaratici diisiinmeyi belirlemek icin 6zgiin
bir gosterge olarak degerlendirmistir. Akicilik ile modelleme yeterligi arasinda orta diizeyde iliski
saptanmig, bu durum 6nceki arastirmalarla (Hébert vd., 2002; Runco, 2010) kismen Ortiismektedir.
Ayrica, 6zellikle zorlayict ve 6zgiin yapilandirma gerektiren durumlarda orijinallik ile yeterlik
arasinda daha gii¢lii iliskiler kurulmustur (Barbosa, 2006; English, 2009; Kaiser & Schwarz, 2006).
Bu baglamda, 6gretim programlarinda yaratici diisiinmeyi destekleyen giinliik yasam durumlarini
yansitan modelleme etkinliklerine daha fazla yer verilmesi ve 6grencilerin ¢oklu ¢oziim yollarimi
deneyimleyebilecegi 6grenme ortamlarinin yayginlastirilmast onerilmektedir. Nitekim bulgular,
yararlilik, akicilik ve orijinallik gibi temel yaraticilik gostergelerinin modelleme yeterliklerinin
yapisina dahil edilmesinin 6nemli oldugunu ortaya koymakta; bu dogrultuda yiiriitiilecek benzer
calismalara yeni bir bakis a¢is1 kazandirmaktadir.
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