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Abstract: This study aims to examine the metacognitive actions exhibited by a science high school student while working on
a mathematical modeling task. The research was conducted using a qualitative case study design. The actions of a student—
selected through criterion sampling and identified as high-achieving based on pre-tests—were investigated in depth through
the modeling problem titled “Green World Gardens.” During the data collection process, the student’s problem-solving
process was audio and video recorded, and the student's thinking process was revealed through questions posed by one of the
researchers. The data were transcribed verbatim and coded both according to metacognitive actions and the phases of the
modeling process. The student’s solution was evaluated using a modeling competency assessment rubric. While coding, the
modeling process was categorized based on Borromeo Ferri’s modeling phases, and the metacognitive actions were coded
under three main components: planning, monitoring, and evaluation. The findings indicate that the student demonstrated a
high level of performance in understanding the problem, contextual interpretation, and metacognitive awareness. However, a
need for improvement was identified in constructing mathematical models and validating assumptions. It was observed that
modeling-based activities are effective in eliciting both cognitive and metacognitive actions. This study provides a detailed
perspective on the role of metacognitive skills in the mathematical modeling process and offers important insights and
suggestions for instructional practices.
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Oz: Bu calisma, bir fen lisesi 6grencisinin bir matematiksel modelleme etkinligi iizerinde ¢alisirken sergiledigi iistbiligsel
eylemleri incelemeyi amaglamaktadir. Nitel durum ¢aligmasi desenine dayali olarak yiiriitiilen arastirmada, 6lgiit 6rnekleme
yontemiyle segilen, On testler sonucunda yiiksek basar1 diizeyinde yer alan bir 6grencinin eylemleri, “Yesil Diinya Bahgeleri”
adli modelleme problemi iizerinden derinlemesine incelenmistir. Veri toplama siirecinde 6grencinin ¢dziim siireci sesli ve
goriintiilii olarak kaydedilmis; aragtirmacilardan biri tarafindan yoneltilen sorularla &grencinin diisiinme siireci ortaya
cikarilmistir. Veriler birebir yaziya aktarilmig ve bu transkriptler, hem iistbilissel eylemlere hem de modelleme siirecinin
basamaklaria gore kodlanmis ve 6grencinin ¢6ziimii, modelleme yeterlikleri degerlendirme rubrigi ile degerlendirilmistir.
Kodlama yapilirken modelleme siireci Borromeo Ferri'nin modelleme basamaklarimna, iistbiligsel eylemler ise planlama,
izleme ve degerlendirme olmak {iizere ii¢ temel iistbilissel eylem dogrultusunda kodlanmistir. Bulgular, 6grencinin problemi
anlama, baglamsal yorumlama ve istbiligsel farkindalik alanlarinda yiiksek diizeyde performans sergiledigini gostermistir.
Ancak matematiksel model kurma ve varsayimlari dogrulama alanlarinda gelisim ihtiyact oldugu tespit edilmistir.
Matematiksel modelleme temelli etkinliklerin hem biligsel hem de {istbiligsel eylemlerin ortaya ¢ikmasinda etkili oldugu
goriilmiigtiir. Bu ¢alisma, {istbilissel becerilerin matematiksel modelleme siirecindeki iglevine dair ayrintili bir bakis
sunmakta ve 6gretim uygulamalari i¢in 6nemli ipuglar1 ve 6neriler sunmaktadir.

Anahtar Kelimeler: Durum ¢alismasi, fen lisesi 6grencisi, matematiksel modelleme, istbilissel eylemler

Tiirkge siirlim igin tiklayiniz

1. Introduction

Mathematics education is a dynamic process that aims not only to transfer knowledge but also to develop
students' thinking, problem-solving, and meaning-making skills. In this context, mathematical modeling has
emerged as an effective learning and teaching approach that has attracted both national and international
attention in recent years. Modeling allows students to connect abstract mathematical knowledge to concrete
situations by exposing them to real-world problems. In this process, students not only solve problems but also
structure their thoughts, develop hypotheses, test solutions, and evaluate their results. Moreover, it offers
opportunities for reflection, revision, and improvement based on feedback, making the learning experience
iterative rather than linear. Therefore, mathematical modeling is a multifaceted process that encourages students'
active participation and supports creative and critical thinking skills (Blum & Lei3, 2007; Lesh & Doerr, 2003).

One of the most striking aspects of the modeling process is that it requires students to act with awareness of
their own cognitive processes. In this context, metacognitive awareness and strategy use play a decisive role in
modeling success (Flavell, 1979; Schraw & Dennison, 1994). Metacognitive skills represent an individual's
ability to go beyond cognitive structures and guide the process through actions such as knowing what they know,
planning what to do, monitoring the process, and evaluating the results. These skills operate as a regulatory

Corresponding Author: Esra Bukova Giizel email: esra.bukova@deu.edu.tr

Citation Information: Simgeker, M. & Bukova Giizel, E. (2025). Metacognitive actions displayed by a science high school student during
the mathematical modeling process. Turkish Journal of Mathematics Education, 6(2), 20-40.


mailto:esra.bukova@deu.edu.tr
mailto:esra.bukova@deu.edu.tr
http://www.orcid.org/0000-0001-7571-1374
http://www.orcid.org/0009-0003-5743-9719
http://www.orcid.org/0000-0001-7571-1374

Metacognitive Actions Displayed by a Science High School Student during the Mathematical Modeling Process

system, helping learners to consciously allocate cognitive resources and adapt strategies when difficulties arise.
In particular, in ambiguous, multi-step, and open-ended modeling problems, students' use of metacognitive
strategies and actions allows them to manage the process more effectively (Schoenfeld, 1987).

Studies in the international literature (Doorman et al., 2012; He et al., 2024; Hidayat et al., 2023; Kaiser &
Sriraman, 2006; Stillman et al.,, 2013) show a strong interaction between the modeling process and
metacognition. Kaiser and Sriraman (2006) stated that modeling simultaneously supports students' cognitive and
metacognitive development; Stillman et al. (2013) stated that modeling tasks provide rich contexts that reveal
metacognitive regulation skills. Similarly, Doorman et al. (2012) revealed that students consciously carry out
many metacognitive actions during the modeling process, such as questioning assumptions, making decisions,
and evaluating solution strategies. To illustrate, when students are faced with an unfamiliar modeling scenario,
they often need to revise their assumptions mid-process, indicating that metacognitive monitoring is actively
shaping their problem-solving pathway. In this context, it is emphasized that metacognition plays a critical role
in successfully completing the modeling process, overcoming encountered challenges, and developing modeling
competencies (Blum, 2015; Kaiser & Brand, 2015; Kaiser, 2007; Stillman, 2004; Zhang et al., 2024).

Hidayat et al. (2023) examined the critical role of metacognition in the modeling process and specifically
assessed the relationship between its sub-dimensions and students' horizontal and vertical mathematization
competencies. This study revealed that factors such as planning, use of cognitive strategies, and self-regulation
had significant effects, particularly on horizontal mathematization. This finding suggests that not only awareness
but also the ability to actively plan and engage in self-regulatory processes are critical for students to
successfully perform complex modeling tasks. Self-regulation was also found to be a significant determinant of
vertical mathematization. This suggests that cognitive control and strategy use shape modeling success, going
beyond metacognitive awareness. Similarly, a longitudinal study by He et al. (2025) revealed a reciprocal and
dynamic relationship between metacognition, mathematical modeling competencies, and academic achievement.
The research findings indicate that metacognitive skills predict students' modeling skills in the following year,
while prior modeling competencies can influence both metacognition and mathematical achievement. Such
evidence reinforces the view that metacognition functions as both a product and a driver of mathematical
learning.

Studies conducted specifically in Turkey show that the integration of mathematical modeling into teaching
processes is limited and that the difficulties students encounter in these processes largely stem from deficiencies
in their metacognitive actions (Ozsoy & Demircioglu, 2025; Tekin Dede & Bukova Giizel, 2013). Hidiroglu and
Bukova Giizel (2016) stated that the extent to which students use planning, monitoring, and evaluation strategies
in modeling activities directly affects their success. The research provides important findings on how students
organize modeling steps by being aware of their own cognitive processes and how metacognitive awareness
deepens the process. Mathematical modeling applications are not widely used in schools in Tiirkiye, and
students' cognitive and metacognitive development during the modeling process is not adequately monitored
(Hidiroglu & Bukova Giizel, 2015, 2016; Tekin Dede & Bukova Giizel, 2013). Research in the international
literature demonstrates that developing modeling skills not only enhances academic achievement but also
supports students' metacognitive capacities. In light of these gaps, an in-depth analysis of metacognitive
behaviors in high-achieving Turkish students can shed light on how modeling competencies can be cultivated in
similar educational contexts.

In this context, analyzing the metacognitive structure developed by high-achieving students in Turkey during
this process will offer significant contributions from both theoretical and practical perspectives. This study aims
to examine the metacognitive actions exhibited by a science high school student who achieved high success in
the centralized high school entrance exams in Turkey during the mathematical modeling process. This study
aims to provide a detailed explanation of how the student employed metacognitive actions such as planning,
monitoring, and evaluation during the modeling process; how these actions evolved throughout the process; and
at what stages cognitive awareness became evident. Adopting a qualitative and process-oriented perspective, this
study aims to elucidate the intricate dimensions of metacognitive regulation within an authentic modeling task.
The primary research question is formulated as follows: "What metacognitive actions does a science high school
student demonstrate during the mathematical modeling process?"

2. Method

This research is a qualitative case study that aims to examine the metacognitive actions of a science high
school student during the mathematical modeling process from multiple perspectives. Case studies are research
designs that allow for in-depth analysis of a specific individual, group, or process within its context and allow for
comprehensive data collection to understand the complexity of the phenomenon (Merriam, 2009; Yin, 2011).
Therefore, this design was chosen because it enables a detailed and contextualized examination of the student's
metacognitive actions throughout the modeling process.
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2.1. Participant

The study participant was selected from among science high school students participating in a more
comprehensive study. This large-scale study employed a mixed methodology, using the "Mathematical Modeling
Competency Test (adapted to Turkish by Kaya, 2018)," to determine science high school students' mathematical
modeling competencies, the "Metacognitive Awareness Scale (Akin et al., 2007)" to assess their metacognitive
skills, and the "Metacognitive Self-Regulation Scale in Problem Solving (Celik & Scale, 2017)". Based on the
scores obtained from these instruments, students were categorized into three achievement groups: low, medium,
and high. A qualitative study was conducted by selecting two students from each group. The student examined in
this study was chosen from the high-achieving group due to their exemplary performance, providing a rich case
for metacognitive analysis.

2.2. Data Collection Process

The data collection process was conducted through a mathematical modeling task titled "Green World
Gardens" (adapted from English by Cavus Erdem & Sahin, 2023), administered individually to students. The
"Green World Gardens" modeling task (see Appendix 1) presents a realistic, data-driven mathematical modeling
scenario grounded in practical decision-making. In the task, Serkan Bey, the owner of a newly opened
landscaping business in Bursa, is expected to hire the four most productive employees following the closure of a
previous landscaping business. Students analyze multidimensional data, such as employees' lawn mowing
frequency, working hours, distance traveled, and product sales revenue, to identify the most suitable employees
based on multiple criteria. During this process, students are expected to create a mathematical model justifying
their decision-making methods and write an explanatory letter to their employer. This task was selected because
it involves multi-step reasoning, data interpretation, and requires metacognitive engagement, providing a rich
environment for examining metacognitive processes.

During the task, the student was engaged in a natural learning environment, and the solution process was
recorded in audio and video formats, supplemented by a think-aloud protocol to capture real-time cognitive and
metacognitive processes. Throughout the process, the researcher posed semi-structured questions to probe the
student's reasoning strategies and metacognitive reflections, thus obtaining more in-depth data on the student's
cognitive and metacognitive actions. Observation notes and transcripts of the video and audio recordings served
as the primary qualitative data sources for the analysis.

2.3. Data Analysis

The student’s mathematical modeling competencies were assessed using the “Rubric for the Assessment of
Modeling Skills” (RAMS)," developed by Tekin Dede and Bukova Giizel (2018). This assessment provided a
systematic evaluation of the student's performance in each stage of the modeling process, offering quantitative
indicators of modeling competency. By integrating this assessment with metacognitive analysis, the study could
examine both cognitive and metacognitive aspects simultaneously.

Content analysis was used in the data analysis process. The analysis process was carried out in two stages:
First, the student's solution process was structured according to Borromeo Ferri’s (2006) modeling phases:
understanding the problem, simplifying, mathematizing, working mathematically, interpreting, and validating.
These phases allowed for systematic tracking of the student's cognitive and metacognitive actions throughout the
solution process. Cognitive actions exhibited at each stage were assessed using the RAMS, while metacognitive
actions were examined according to the three fundamental components defined by Flavell (1979) and Schraw &
Dennison (1994), categorized as planning, monitoring, and evaluation. These initially separate codings were then
integrated to align metacognitive actions with corresponding modeling stages, creating subcategories to interpret
the purpose and function of each action. This approach allowed for a comprehensive and holistic understanding
of the interplay between modeling competencies and metacognitive regulation. Excerpts from the transcripts,
supported by the student's own statements, are included in the presentation of the findings to provide concrete
evidence and enhance validity.

2.4. Research Ethics

This research was conducted under ethical guidelines and was approved by the Dokuz Eylil University
Social and Human Sciences Scientific Research and Publication Ethics Committee on 18 June 2025 with the
decision number 27.

3. Findings
3.1 Findings Regarding the Modeling Process

An analysis based on the RAMS, revealed that the student exhibited a multidimensional performance
throughout the mathematical modeling process.
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Table 1. RAMS Results for the Green World Gardens Solution

Level

Modeling Process Steps (0-5) Point  Explanation

Understanding the problem  (Maximum 4 3 The problem has been fully understood,;

score: 5 level and 4 points) given and requested information has
been correctly determined, and the
appropriate  relationship has been
established.

Simplifying (Maximum score: 4 level and 3 3 2 The problem has been simplified;

points) necessary  variables have  been
identified, but incorrect assumptions
remain.

Mathematizing (Maximum score: 4 level 2 1 The  assumptions are  partially

and 4 points) acceptable, but the model contains
conceptual errors.

Working mathematically (Maximum score: 3 2 Correct operations were performed on

5 level and 4 points) the faulty model.

Interpreting (Maximum score: 5 level and 4 3 2 The solution is contextually interpreted

points) correctly.

Validating (Maximum score: 7 level and 6 3 2 Some verification behavior exists, but

points) systematic control is lacking.

Modeling Skills Assessment Chart
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Figure 1. Score distribution of competencies related to the modeling process.

An examination of Table 1 and Figure 1 reveals that the student accurately grasped the problem context,
identified the relevant variables, and established a strong connection between the real-life situation presented in
the problem and the corresponding mathematical representation. He accurately identified the information
provided and requested, systematically evaluated their interrelationships, and integrated them into a coherent and
meaningful whole. Following an initial reading of the problem, the student articulated his understanding in his
own words, demonstrating comprehension of both the given data and the problem requirements. The student's
statements in the excerpt below demonstrate that he understood the problem.

Student: Now, we've been given some data here, from lawn mowing volume to working hours.
If we're going to select four of these workers, we'll choose the four workers who will
yield the most productivity.

The student's comments during the solution process indicated that he considered both the mathematical and
contextual aspects of the problem. The only notable error was his interpretation of profit from product sales as
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profit from mowing the lawn. Nevertheless, this can be regarded as a realistic interpretation and does not reflect
a fundamental misunderstanding. Therefore, the student exhibited a high level of performance in the
understanding the problem stage.

During the simplifying stage, the student accurately identified the necessary variables and formulated
generally acceptable assumptions, although some were insufficiently justified, such as assuming trucks travel at
constant speed. Additionally, certain variables were incorrectly linked. These observations indicate that the
student attempted to reduce mathematical complexity, but not all strategies were grounded in valid assumptions.
The following dialogue between the researcher and the student exemplifies his approach during the simplifying
and interpreting stages.

Researcher: Do you think this problem has any relevance to real life?

Student: This is exactly how it works in public sector recruitment and corporate recruitment
today. We can relate to it. We can also evaluate it to achieve maximum efficiency
with minimum energy.

In the subsequent analysis phase, the student endeavored to interpret the problem by applying
simplifications and assumptions, as illustrated in the following statements.

Student: For example, we can relate the amount of lawn mowing to the income generated from
products sold. But at the same time, our lawn mowing is also linked to the number of
hours worked. Because the more we work, the more we increase the labor cost.
However, we are also given another variable: truck driving distance.

Although the assumptions underlying the student's model were partially acceptable, shortcomings were
observed in translating relationships among variables into a fully valid mathematical form. Specifically, the
model dividing revenue from sales by the amount of lawn mowing lacked validity. This reflects conceptual
confusion during the 'Mathematizing' stage. Nevertheless, the student’s engagement in the modeling process
remained meaningful. He elaborated on this step as follows:

Student: For example, we have the income earned from mowing the lawn, as well as the
amount of lawn mowing. When we divide this income by the amount, we can find a
specific income coefficient, which we can model by expressing in a table graph. We
can also use inequality to compare the four most productive individuals.

Although the student's model had limitations in accuracy, his mathematical operations, sequencing, and
logical coherence were noteworthy. This indicates well-developed computational skills, enabling him to execute
correct procedures despite inaccuracies in the model. No major errors were observed, highlighting the student’s
strong proficiency in working mathematically.

The student effectively and accurately linked mathematical outcomes to real-world contexts. Findings from
the modeling process were substantiated by contextual evaluations, leading to appropriate inferences. This
demonstrates his proficient use of critical thinking and evaluative skills during the ‘'Interpreting' stage. The
excerpt below illustrates how his attention to efficiency and stability in recruitment reflects a deep understanding
and enhanced interpretive ability.

Student: Now, when we examine truck driving distances, we notice the following: While
everyone else made almost equal progress each month, Cenk drove about the same
amount in April and June, but experienced a significant drop in May. It's safe to say
he barely drove at all. In this respect, | don't find Cenk's work performance consistent.
I examine the consistency of his working hours. Overall, there isn't a significant drop.
Sometimes, there are drops of 2 hours or 5 hours between individuals. For others, it
drops. But sometimes, even if he drops by 5 hours, he makes up for those 5 hours the
following month. So, we can see stability in his working hours, but as | mentioned,
there's a significant change in Cenk's driving distance. So, I'd like to start by looking
at the graph of lawn mowing and earnings. | hope this multiple gives me a clear idea.

The student demonstrated partial verification behaviors but did not systematically assess the validity of
assumptions during the validating stage. For instance, although he observed discrepancies between lawn mowing
amounts and product sales revenue, these were not fully incorporated into the verification process. This
highlights potential areas for improving his capacity to question and refine solutions. His explanation during the
validating step is as follows:

24



Metacognitive Actions Displayed by a Science High School Student during the Mathematical Modeling Process

Student: If the problem were solved again, a similar result could be obtained, but there would
be slight differences. This depends on the precision of the calculation. If a more
detailed calculation, rather than an approximate one, were chosen, the values might
have been slightly different. But I don't think the result would have changed. Overall,
the work is going well, but | only encountered a few discrepancies in the quantity gain
table. I could have thought about this a little more and tried to find a better solution.

Overall, the student exhibited varying levels of success across different stages of the mathematical modeling
process. While high performance was observed in understanding the problem and interpreting, the student did
not reach maximum proficiency in mathematizing and validating. Moderate achievement was seen in simplifying
and working mathematically. These results suggest that the student generally mastered the modeling process but
would benefit from targeted support and guidance, particularly in model formulation and validation, to further
enhance his mathematical modeling competencies.

3.2 Findings Based on Metacognitive Development

Observation data indicated that the student exhibited a high level of metacognitive awareness, consistently
demonstrated across all stages of the mathematical modeling process.

Table 2. Metacognitive Development Indicators

Indicator Explanation

Planning Before starting to solve the problem, he analyzed the necessary
information, identified the variables, simplified the data, and
justified his assumptions.

Monitoring (Method Generation, Strategy Organized data, created a scoreboard, and built a functional

Development) model. Frequently checked the solution process and reviewed his
calculations.

Evaluation (Generalization, expression and He realized that his method could be applied to different

justification) situations.

He articulated his decisions clearly and provided strong
justifications.

The student applied metacognitive strategies including content comprehension, explanation, integration of
information into a coherent whole, and evaluation, both before and after engaging with the problem. He actively
constructed his knowledge framework by connecting the introductory text to the problem scenario, reflecting
strong contextual awareness. During the initial phase, he meticulously examined the complex dataset and
questioned relationships among variables. Faced with incomplete information, he exhibited metacognitive
flexibility by generating meaningful hypotheses to structure the situation. For instance, he recognized the need to
relate work hours to truck driving distance, proposing to calculate lawn mowing time by subtracting driving
distance from total work hours, thereby adopting a multidimensional perspective.

Prior to initiating the solution process, the student analyzed required information, explicitly identified key
variables (mowing time, earnings, labor hours, truck distance), and established logical relationships among them.
This reflects effective deployment of planning and organizational skills, as illustrated in the following student
excerpts.

Student: At the same time, our lawn mowing volume is also linked to working hours. Because
the more we work, the more we increase the amount of work. But we're also given a
separate variable here, truck driving distance. And I'm a bit conflicted about
considering all these variables together and calculating efficiency accordingly.
Because we're considering truck driving distance, lawn mowing volume, and hours.
We need to consider them all together.

Student: Aside from using ratios, we will make a comparison here to measure who we can get
the most efficiency from, and in this regard, we can separate ourselves from
inequalities.

Throughout the model-building process, the student acknowledged the complexity of real-world scenarios
and strategically omitted certain variables to streamline the solution. For instance, he consciously disregarded
factors like gender and age, applying a deliberate metacognitive simplification strategy. The consideration of
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contextual details, such as hometown effects, further exemplified the student’s advanced metacognitive
awareness.

Student: First of all, both men and women applied for the job, and since we consider the labor
to be equal, we can ignore gender. Furthermore, since age doesn't matter in lawn
mowing, we can also ignore age. Furthermore, in Tiirkiye, people are often favored
based on their country of origin. Favoritism can also be shown based on country of
origin. Therefore, we can also ignore country of origin.

The student deliberately applied concepts of ratio, proportion, and inequality to represent mathematical
relationships. He systematically correlated working hours with lawn mowing outputs, deriving meaningful
conclusions for productivity evaluation. Additionally, he recognized the effect of performance fluctuations on
decision-making and highlighted the significance of consistency, noting, for instance, the risks of hiring
employees with short-term performance spikes but long-term instability.

Throughout the modeling process, the student consistently questioned his solutions, identified errors, and
formulated alternative strategies, illustrating advanced metacognitive self-regulation. These monitoring and
evaluative behaviors underscore his capacity for adaptive control. He reorganized his problem-solving approach
and assessed the applicability of his methods to other contexts, demonstrating the ability to generalize beyond
the immediate problem. The following excerpt exemplifies this reasoning.

Student: The data we had was quite complex, but we knew there was a relationship between all
the data, and by using these relationships, we could already find the correct answer.
By performing all four calculations, including ratios, proportions, and inequalities, we
obtained a general result.

In the final stage, the student interpreted analysis results and selected four employees to hire, ensuring the
choices demonstrated high performance and consistency, with clear justifications. This illustrates effective
management of the mathematical modeling process, achieved through the integration of metacognitive planning,
monitoring, and evaluation. The student defended his decisions from both mathematical and contextual
perspectives, communicating his reasoning clearly, which reflects advanced metacognitive communication skills.
Overall, he effectively employed metacognitive strategies, continuously monitored and restructured his problem-
solving process, and flexibly adapted his cognitive approaches. These findings suggest enhanced competencies at
both cognitive and metacognitive levels.

An integrated analysis of the mathematical modeling steps and metacognitive actions (Table 3) reveals the
specific metacognitive strategies employed by the student at each stage of the modeling process.

Table 3. Modeling Steps and Metacognitive Actions

Modeling Process Steps Metacognitive Actions

Understanding the Problem Before starting the problem solution, he analyzed the necessary
information and identified the variables. He defined the problem in
his own words. (Planning)

Simplification Organized and simplified the data. Created contexts between the
data. (Planning)

Mathematization Organized the data, created a scoreboard and established a
functional model. (Planning-Monitoring)

Performing Mathematical Operations He performed controlled mathematical operations based on the

model he constructed. He justified his operations at each step. He
frequently checked the solution process and reviewed his
calculations. (Monitoring-evaluation)

Interpretation Questioned the validity of assumptions, interpreted mathematical
results, and considered alternative solutions. (Evaluation)
Verification He expressed his decisions clearly, made generalizations, and gave

strong reasons. (Evaluation)

Analysis of the mathematical modeling process in conjunction with the student’s metacognitive actions
(Table 3) demonstrates the emergence of distinct strategies at each stage. Planning was predominantly utilized
during 'Understanding the problem' and 'Simplifying,’ enabling him to organize information and define variables.
During 'Mathematizing' and 'Working mathematically,’ he employed continuous monitoring and partial
evaluation strategies to justify his actions. Evaluation-focused behaviors became prominent in 'Interpreting' and
‘Validating,' as he questioned assumptions, explored alternative approaches, and supported his decisions with
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strong reasoning. These observations indicate a progressive deepening of metacognitive awareness and control
throughout the modeling process.

4. Discussion, Conclusion and Recommendations

This study comprehensively analyzed the student’s performance in both the mathematical modeling process
and associated metacognitive skills. According to the Modeling Competencies Assessment Rubric, the student
exhibited particularly strong performance in problem comprehension and contextual interpretation,
demonstrating a well-developed ability to translate real-world situations into mathematical models. Nevertheless,
conceptual errors were observed during model construction, and some assumptions lacked sufficient validity.
These findings indicate that while the student possesses solid computational skills, targeted guidance and
clarification are necessary during the modeling and validation phases. The results reinforce the notion that
mathematical modeling is inherently multidimensional, requiring not only procedural calculations but also
logical reasoning, contextual understanding, and metacognitive engagement.

Metacognitive analysis revealed that the student demonstrated strong capacities to monitor, evaluate, and
restructure his own thinking processes. He actively employed metacognitive strategies, particularly in planning,
error checking, hypothesizing, and decision-making. These observations suggest that metacognitive actions
functioned not merely as supportive tools but as central guides directing the entire modeling process, reinforcing
both process quality and outcome effectiveness.

It can be stated that metacognitive skills enable students to develop a critical perspective on their own
solution process, to restructure the process by recognizing errors, and to generate more flexible solution
strategies. Schukajlow (2011) emphasized that metacognitive strategies cannot be placed only at certain stages of
the modeling process; rather, they are necessary at every stage of the process (as cited in Vorhélter, 2025). The
findings obtained in this study also confirm this view through the metacognitive actions that emerged at each
step of the modeling process. The results revealed that the metacognitive actions exhibited by students
throughout the process both shaped the quality of the process and directly influenced their modeling
performance. This finding supports the relationship between modeling and metacognitive strategies, which has
also been emphasized in previous studies (e.g., English, 2006; Hidiroglu & Bukova Giizel, 2015).

In this context, the study provides concrete insights into the structuring of metacognitive actions within the
modeling process, offering both theoretical and practical contributions to instructional design. The results
indicate that mathematical modeling activities promote cognitive and metacognitive development
simultaneously, and that deliberate integration of such activities into curricula can enhance student learning
outcomes and performance quality.

The findings indicate that the student exhibited strong contextual understanding and metacognitive awareness
throughout the modeling process. Actively engaging in problem-solving, he generated original strategies and
demonstrated substantial problem comprehension and contextual interpretation skills. Nevertheless, limitations
in model construction and validation underscore the need for guided support, suggesting that teachers should
employ structured questioning and targeted feedback to scaffold students’ reasoning and decision-making.
Conversely, the student’s advanced metacognitive abilities facilitated a systematic approach, allowing him to
identify, correct, and refine errors effectively.

In conclusion, mathematical modeling-based activities make significant contributions to students’ cognitive
and metacognitive development. Although the study is limited to a single student and modeling task, the findings
highlight the importance of implementing targeted metacognitive strategies, such as reflective journaling,
verbalizing reasoning, and visualizing problem solving steps, to enhance students' metacognitive and modeling
skills, thereby offering valuable insights for curriculum design and teacher education. The study underscores the
value of explicitly integrating metacognitive strategies into modeling tasks within instructional design.
Accordingly, teacher education programs should incorporate content addressing both modeling pedagogy and
metacognitive strategy instruction. Future research with students of varying levels and employing diverse
modeling tasks could yield deeper insights into the interaction between modeling and metacognitive processes,
and encourage replication studies with larger samples.
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Appendix 1. Green World Gardens Task (adapted from English by Cavus Erdem & Sahin, 2023)

[ Introductory Article }

Green World Will Open Soon

Bursa is one of the greenest cities in Turkey. In spring, the rains and sunlight combine to cover the entire city
with lush green grass. Serkan Bey, a resident of Bursa and a lover of greenery, is the owner of Green World
Gardens, a new landscaping business to be opened on April 1 in the city. After working for 15 years at a major
landscaping company in Istanbul, Serkan Bey decided to establish his own business. He states: "Throughout my
life, I enjoyed spending time outdoors and | love nature. In spring, the smell of blooming flowers and freshly cut
grass is unlike anything else.” Serkan Bey graduated from the landscape architecture department. Since
childhood, Serkan Bey has been mowing lawns and hopes to carry his success at the large company into his new
venture. Having secured the necessary agreements, he believes his experience will lead Green World Gardens to
success. He emphasizes the importance of professionalism, noting: "Landscaping usually forms the first
impression for a customer. A professional, appealing, and well-maintained space is crucial even before the client
steps through the door." At his business, Serkan Bey plans to hire personnel to regularly handle lawn care and
leaf cleaning, especially during the autumn season. Regular lawn mowing is vital and, depending on weather
conditions and type of grass, is typically done once a week or every two weeks. Serkan Bey notes that his
company will handle gardens of all sizes, providing trustworthy service for owners. For more information and
free consultation, please contact Green World Gardens.

[ Preparation Questions J

1. Who is the owner of Green World Gardens?
2. What services does Green World Gardens provide to its customers?
3. How often should lawns be mowed?

4. What are the busiest months for Green World Gardens, and why?
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Appendix 1 continued

Background Information

At Green World Gardens, Mr. Serkan will provide lawn mowing service for his customers. A short time ago, an
important landscaping company in Bursa was closed, and four of its former employees applied to Mr. Serkan to
work at Green World Gardens. In order to decide which four employees he will hire, Mr. Serkan needs detailed
information about the landscaping works carried out in April, May, and June. In the previous company, lawn
mowing, fertilization, spraying against weeds and pests, and selling such products were the responsibilities of the
employees. In other companies, each employee’s total working hours, the number and size of the lawns they
mowed, and the profit they made from the products they sold were taken into account when evaluating them.
Lawn mowing times vary according to the size of the lawn. Mowing a large lawn takes more time, while
mowing a medium or small lawn takes less. In addition, lawns may have different edge trimming or pruning
requirements depending on their size. Records also include the kilometers traveled by the company trucks to
reach customers.

Total Working Hours Truck Distance (km)

Employees April May June Employees | April May June
Ceyhun 80 75 82 Ceyhun 190 185 200
Sinem 66 60 70 Sinem 199 195 201
Cenk 62 65 63 Cenk 188 192 193
Kadir 72 70 75 Kadir 202 203 199
Tarik 55 58 60 Tarik 177 180 182
Ayse 45 42 48 Ayse 160 164 168
Mahmut 80 70 81 Mahmut 200 204 202
Jale 90 85 89 Jale 211 205 210
Yalgin 80 75 80 Yalgin 198 201 199
Kenan 78 82 84 Kenan 185 190 198
Amount of Grass Mowed

April May June
Employees | Large Medium | Small Large Medium | Small Large Medium | Small
Ceyhun 18 15 10 19 16 11 20 17 12
Sinem 13 10 8 14 12 9 15 13 10
Cenk 14 12 9 15 13 10 16 14 11
Kadir 15 13 10 16 14 11 17 15 12
Tarik 20 16 12 21 17 13 22 18 14
Ayse 10 8 6 11 9 7 12 10 8
Mahmut 22 18 14 23 19 15 24 20 16
Jale 23 19 15 24 20 16 25 21 17
Yalgmn 16 13 9 17 14 10 18 15 11
Kenan 19 15 11 20 16 12 21 17 13
Income Earned from Sold Products (TL)
Employees Large | Medium | Small Employees | Large | Medium | Small
Ceyhun 150 175 80 Ayse 127 117 72
Sinem 75 125 70 Mahmut 150 200 100
Cenk 100 150 75 Jale 200 250 125
Kadir 125 170 65 Yalgin 130 180 90
Tarik 80 120 60 Kenan 170 225 95

Problem Statement

Mr. Serkan must decide which four of the former employees to hire for this summer. Using the data provided,
help him choose four employees to hire. Write a letter explaining your decision and the method you used in
making this selection.
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Bir Fen Lisesi Ogrencisinin Matematiksel Modelleme Siirecinde Ortaya Cikan
Ustbilissel Eylemleri

1. Giris

Matematik egitimi, yalnizca bilgi aktarimini degil; dgrencilerin diisiinme, problem ¢d6zme ve anlam kurma
becerilerini gelistirmeyi hedefleyen dinamik bir siiregtir. Bu baglamda, matematiksel modelleme son yillarda
hem ulusal hem de uluslararasi diizeyde dikkat ¢eken etkili bir 6grenme ve Ogretme yaklasimi olarak 6ne
cikmaktadir. Modelleme, Ogrencilerin gercek yasam problemleriyle karsilasmalarini saglayarak soyut
matematiksel bilgiyi somut durumlarla iliskilendirmelerine olanak tanir. Bu siirecte 6grenciler yalnizca problem
cozmekle kalmaz; aym1 zamanda diislincelerini yapilandirir, varsayimlar gelistirir, ¢dziim yollart dener ve
sonuglarint degerlendirir. Dolayisiyla matematiksel modelleme, 6grencinin aktif katilimini tesvik eden, yaratici
ve elestirel diisiinme becerilerini destekleyen ¢ok boyutlu bir siiregtir (Blum & Leil3, 2007; Lesh & Doerr, 2003).

Modelleme siirecinin en dikkat ¢ekici yonlerinden biri de, 6grencilerin kendi bilissel siire¢lerinin farkinda
olarak hareket etmelerini gerektirmesidir. Bu baglamda, Gstbilisgsel farkindalik ve strateji kullanimi, modelleme
basaris1 iizerinde belirleyici bir rol oynamaktadir (Flavell, 1979; Schraw & Dennison, 1994). Ustbilissel
beceriler, bireyin ne bildigini bilmesi, ne yapacagini planlamasi, siireci izlemesi ve sonuglari degerlendirmesi
gibi eylemlerle biligsel yapilarin 6tesine gegerek siireci yonlendirme giiciinii ifade eder. Ozellikle belirsizlik
iceren, ¢ok adimli ve acik uclu modelleme problemlerinde, 6grencilerin iistbiligsel stratejilere ve eylemlere
bagvurmalart siireci daha etkili yonetmelerini saglar (Schoenfeld, 1987).

Uluslararasi literatiirde yapilan arastirmalar (Doorman et al., 2012; He vd., 2024; Hidayat vd., 2023; Kaiser
& Sriraman, 2006; Stillman et al., 2013) modelleme siireciyle {istbilis arasinda giiglii bir etkilesim oldugunu
gostermektedir. Kaiser ve Sriraman (2006), modellemenin 6grencilerin biligsel ve iistbiligsel gelisimini ayni anda
destekledigini belirtmis; Stillman vd. (2013) ise modelleme gorevlerinin iistbiligsel diizenleme becerilerini ortaya
cikaran zengin baglamlar sundugunu ifade etmistir. Benzer sekilde, Doorman vd. (2012), &grencilerin
modelleme siireglerinde varsayimlari sorgulama, karar verme ve ¢6ziim stratejilerini degerlendirme gibi birgok
tstbiligsel eylemi bilingli sekilde yiiriittiiklerini ortaya koymustur. Bu baglamda, modelleme siirecinin basarili
bir gsekilde tamamlanabilmesi, karsilasilan zorluklarin agilabilmesi ve modelleme yeterliklerinin gelistirilebilmesi
igin Ustbiligin kritik bir rol oynadig1 vurgulanmaktadir (Blum, 2015; Kaiser & Brand, 2015; Kaiser, 2007;
Stillman, 2004; Zhang et al., 2024).

Hidayat vd. (2023), iistbilisin modelleme siirecindeki kritik roliinii inceleyerek, Ozellikle istbiligin alt
boyutlarinin 6grencilerin yatay ve dikey matematiklestirme yeterlikleriyle olan iliskisini degerlendirmistir. Bu
calismada, planlama, biligsel stratejilerin kullanimi ve 0z-diizenleme gibi unsurlarin 6zellikle yatay
matematiklestirme iizerinde anlamli etkileri oldugu ortaya konmustur. Bu bulgu, o6grencilerin karmagik
modelleme gorevlerini basariyla gerceklestirebilmesi i¢in yalnizca farkindalik degil, ayn1 zamanda aktif bir
sekilde plan yapma ve O6z-denetim siireglerini yiiritme becerilerinin kritik oldugunu gostermektedir. Ayni
zamanda, dikey matematiklestirme agisindan da 6z-denetimin 6nemli bir belirleyici oldugu saptanmistir. Bu
durum, Ustbiligsel farkindaligin Gtesine gegilerek, bilissel kontrol ve strateji kullaniminin modelleme basarisini
sekillendirdigini gostermektedir. Benzer bi¢imde, He vd. (2025) tarafindan gergeklestirilen boylamsal ¢alismada,
iistbilis, matematiksel modelleme yeterlikleri ve akademik basari arasinda karsilikli ve dinamik iliskiler oldugu
ortaya konmustur. Arastirma bulgularina gore, lstbiligsel beceriler bir sonraki yil &grencilerin modelleme
becerilerini dngérmekte, ayn1 zamanda 6nceki modelleme yeterlikleri hem {istbiligsi hem de matematik basarisini
etkileyebilmektedir. Bu karsilikli etkilesim, Gistbiligsin 6grenmenin sadece bir ¢iktis1 degil, ayn1 zamanda 6grenme
stirecini sekillendiren bir bilesen oldugunu gostermistir.

Tirkiye 6zelinde yapilan aragtirmalar, matematiksel modellemenin 6gretim siireclerine entegrasyonunun
sinirlt oldugunu ve 6grencilerin bu siireglerde karsilagtiklar: zorluklarin biiyiik 6lgiide iistbilissel eylemlerindeki
eksikliklerden kaynaklandigini gostermektedir (Tekin Dede & Bukova Giizel, 2013; Ozsoy & Demircioglu,
2025). Hidiroglu ve Bukova Giizel (2016), 6grencilerin modelleme etkinliklerinde planlama, izleme ve
degerlendirme stratejilerini kullanma diizeylerinin basarilarin1 dogrudan etkiledigini belirtmistir. Arastirma,
ogrencilerin kendi biligsel siireglerinin farkinda olarak modelleme adimlarini nasil diizenlediklerine ve iistbiligsel
farkindaligin siireci nasil derinlestirdigine dair 6nemli bulgular sunmaktadir. Tiirkiye'de matematiksel
modelleme uygulamalar1 okullarda yaygin olarak kullanilmamakta ve Ogrencilerin modelleme siirecindeki
bilissel ve tistbilissel gelisimleri yeterince takip edilmemektedir (Hidiroglu & Bukova Giizel, 2015, 2016; Tekin
Dede & Bukova Giizel, 2013). Uluslararas: literatiirde yapilan arastirmalar, modelleme becerilerinin
gelistirilmesinin yalnizca akademik basartyr artirmakla kalmayip, Ogrencilerin istbiligsel kapasitesini de
destekledigini gostermektedir. Ancak, modelleme siireglerinde iistbilise odaklanan ¢alismalarin sayis1 nispeten
azdir (Vorholter, 2021).

Bu baglamda, iilkemizde yiiksek basar1 diizeyine sahip 6grencilerin bu siireglerde nasil bir istbiligsel yap:
gelistirdiklerini analiz etmek, hem kuramsal hem de uygulamali agidan 6nemli katkilar sunacaktir. Bu ¢alisma,
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Tirkiye’de liseye giris icin yapilan merkezi sinavlarda yiiksek basari gdsteren bir Fen Lisesi dgrencisinin
matematiksel modelleme siirecinde ortaya koydugu iistbilissel eylemleri incelemeyi amaglamaktadir. Ogrencinin
modelleme siirecinde planlama, izleme ve degerlendirme gibi istbilissel eylemlerini nasil kullandigi; bu
eylemlerin siire¢ boyunca nasil evrildigi ve biligsel farkindaliginin hangi asamalarda belirginlestigi ayrintili
olarak ortaya konulmaya caligilmistir. Arastirmanin temel sorusu su sekilde belirlenmistir: “Bir Fen Lisesi
Ogrencisi, matematiksel modelleme siirecinde hangi iistbiligsel eylemleri ortaya koymaktadir?”

2. Yontem

Bu arastirma, bir fen lisesi Ogrencisinin matematiksel modelleme siirecinde gerceklestirdigi iistbiligsel
eylemleri ¢ok yonlii olarak incelemeyi amaclayan nitel bir durum c¢alismasidir. Durum calismalari, belirli bir
birey, grup ya da siirecin, kendi baglami igerisinde derinlemesine analiz edilmesini saglayan ve olgunun
karmasikligin1 anlamaya yonelik kapsamli veri toplanmasina imkan veren bir arastirma desenidir (Merriam,
2009; Yin, 2011). Bu nedenle, calismada bu desen, 6grencinin modelleme uygulamas: boyunca sergiledigi
iistbiligsel eylemleri ayrintili bigimde analiz etmek amaciyla tercih edilmistir.

2.1. Katilime1

Calismanin katilimcisi, daha kapsamli bir arastirmadaki fen lisesinde 6grenim goéren Ogrenciler arasindan
secilmistir. S6z konusu genis capli calismada karma yontem benimsenmis ve nicel yontem kapsaminda fen lisesi
6grencilerinin matematiksel modelleme yeterliklerini belirlemek i¢in “Matematiksel Modelleme Yeterlik Testi
(Kaya, 2018)”, iistbiligsel becerilerini degerlendirmek amaciyla “Ustbiligsel Farkindalik Olgegi (Akin vd.,
2007)” ve “Problem Cézme Siirecinde Ustbiligsel Ozdiizenleme Olgegi (Celik & Scale, 2017)” uygulanmistir.
Bu araglardan elde edilen puanlara gore dgrenciler diistik, orta ve yiiksek basar1 diizeyine sahip olmak iizere ii¢
basar1 grubuna ayrilmigtir. Her gruptan iki 6grenci segilerek nitel bir calisma yiiriitiilmistiir. Bu ¢alismada
incelenen &grenci, yiiksek basart grubundan secilmis olup, drnek performansi sayesinde iistbilissel analiz i¢in
zengin bir durum sunmaktadir.

2.2. Veri Toplama Siireci

Veri toplama siireci, 6grenciye bireysel olarak uygulanan “Yesil Diinya Bahgeleri” (English, 2003’den
uyarlayan Cavus Erdem & Sahin, 2023) adli matematiksel modelleme etkinligi {izerinden yiiriitiilmiistiir. Yesil
Diinya Bahgeleri modelleme etkinligi (bkz. Ek 1), ger¢ek yasam baglaminda karar verme siirecini temel alan,
veriye dayali bir matematiksel modelleme senaryosu sunmaktadir. Etkinlikte, Bursa’da yeni agilacak bir peyzaj
isletmesinin sahibi olan Serkan Bey’in, 6nceki bir peyzaj firmasinin kapanmasinin ardindan orada ¢alisanlardan
en verimli dort kisiyi ise alma karar1 vermesi beklenmektedir. Ogrenciler, calisanlara ait ¢im bigme sikliklar,
calisma saatleri, kat edilen mesafeler ve iiriin satig gelirleri gibi ¢ok boyutlu verileri analiz ederek, gesitli
kriterlere gore en uygun calisanlar1 belirlemeye ¢alisirlar. Bu siirecte 6grencilerden, karar verme yontemlerini
gerekeelendirdikleri matematiksel bir model olusturmalart ve igveren igin agiklayict bir mektup yazmalar
beklenir. Etkinlik, ¢ok adimli karar verme, verileri anlamlandirma ve istbiligsel siiregleri iceren zengin bir
modelleme deneyimi sunmasi nedeniyle bu ¢alismada tercih edilmistir. Etkinlik sirasinda 6grenci dogal 6grenme
ortaminda caligmaya alimmig, ¢oziim siireci bastan sona sesli diistinme yontemiyle desteklenerek sesli ve
gorintiilii bigimde kaydedilmistir. Siire¢ boyunca arastirmaci, 6grencinin diisiinme bigimlerini ve karar alma
stratejilerini daha iyi anlamak amaciyla yar1 yapilandirilmis sorular yonelterek 6grencinin bilissel gerekgelerine
ve O0grencinin Ustbiligsel diisiinme siireclerine iliskin daha derinlemesine veriler elde edilmistir. Gézlem notlari
ile video ve ses kayitlarinin dokiimleri analiz i¢in birincil veri kaynagi olarak kullanilmistir.

2.3. Veri Analizi

Ogrencinin matematiksel modelleme yeterlikleri, Tekin Dede ve Bukova Giizel (2022) tarafindan gelistirilen
“Modelleme Yeterlikleri Degerlendirme Rubrigi” kullanilarak degerlendirilmistir. Bu degerlendirme, 6grencinin
modelleme siirecindeki performansini sistematik ve kapsamli bir bigimde inceleyerek, modelleme yeterliklerinin
hangi diizeyde gergeklestigine dair nicel bir veri saglamistir. Boylece, 6grencinin hem matematiksel modelleme
becerileri hem de istbiligsel siiregleri birlikte degerlendirilebilmistir. Veri analizi siirecinde igerik analizi
yontemi kullamilmistir. Analiz siireci iki asamada gerceklestirilmistir: Ilk olarak, 6grencinin ¢dziim siireci
Borromeo Ferri (2006) tarafindan gelistirilen modelleme siireci basamaklarina gore yapilandirilmistir. Her bir
basamakta sergilenen bilissel eylemler modelldeme yeterlikleri ¢ercevesinde modelleme yeterligi rubrigi ile
degerlendirilirken tistbilissel eylemler ise, Flavell (1979) ve Schraw & Dennison (1994) tarafindan tanimlanan
iic temel {stbilissel bilesen dogrultusunda planlama, izleme ve degerlendirme kategorileri agisindan
incelenmistir Ilk asamada ayri ayr1 yapilan bu kodlamalar daha sonra biitiinlestirilmis, iistbiligsel eylemler
modelleme siirecinin ilgili basamaklariyla iligkilendirilmis ve her bir eylemin hangi amagla ortaya ¢iktigim
anlamaya yonelik alt kategoriler olusturulmustur. Boylece, modelleme yeterlikleri ile iistbiligsel eylemler
arasindaki iligkilerin biitiinciil bicimde analiz edilebilmesine olanak taninmistir. Bu yaklasim, &grencinin
modelleme siirecindeki iistbiligsel farkindalik ve kontroliiniin hangi agamalarda nasil isledigini ve bu eylemlerin
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islevlerini ortaya koymay1 hedeflemistir. Bulgular sunulurken, 6grencinin kendi ifadeleriyle desteklenen
transkriptlerden alintilara yer verilmistir.

2.4. Arastirma Etigi

Bu arastirmanin etik kurallara uygun bir sekilde yapildigi, Dokuz Eyliil Universitesi Sosyal ve Beseri
Bilimler Bilimsel Arastirma ve Yayin Etik Kurulu tarafindan 18 Haziran 2025 tarihinde 27 sayili kurul karart ile
onaylanmuistir.

3. Bulgular
3.1. Modelleme Siirecine Yonelik Bulgular

Modelleme siireci degerlendirme rubrigi temel alinarak yapilan analizde, Ogrencinin matematiksel
modelleme siirecine iligkin ¢ok boyutlu bir performans sergiledigi goriilmektedir.

Tablo 1. Yesil Diinya Bahgeleri Coziimiine iliskin MYDR Sonuglar

Modelleme Siireci Basamaklari Diizey (0-5) Puan Aciklama

Problemi Anlama 4 3 Problem tam anlamlandirtilmas;

(Maksimum diizey 5 ve 4 puan) verilenler ~ ve  istenenler  dogru
belirlenmis, uygun iliski kurulmus.

Sadelestirme 3 2 Problem sadelestirilmis; gerekli

(Maksimum diizey 4 ve 3 puan) degiskenler belirlenmis, ancak yanlis
varsayimlar var.

Matematiksellestirme 2 1 Varsayimlar kismen kabul edilebilir,

(Maksimum diizey ve 4 puan) ancak  modelde  kavramsal  hata
bulunmakta.

Matematiksel Olarak islem Yapma 3 2 Hatali model iizerinden dogru islemler

(Maksimum diizey 5 ve 4 puan) yapilmis.

Yorumlama 3 2 Coziim baglamsal olarak dogru sekilde

(Maksimum diizey 5 ve 4 puan) yorumlanmis.

Dogrulama 3 2 Bazi dogrulama davranislar1 var; ancak

(Maksimum diizey 7 ve 6 puan) sistematik kontrol eksik.

Modelleme Becerileri Degerlendirme Grafigi

Puan (0-5)

Problemi Anlama Sadelestirme Modelleme islem Yorumlama Dogrulama

Sekil 1. Modelleme siirecine iliskin becerilerin puan dagilima.

Tablo 1 ve Sekil 1 incelendiginde &grencinin, problem baglamini dogru sekilde kavradigi ve problemde
sunulan ger¢ek yasam durumu ile matematiksel temsil arasinda giiglii bir baglant1 kurdugu goriilmiistiir. Verilen
ve istenen bilgileri dogru bir sekilde tanimlamis ve aralarindaki iligkileri anlamli bir biitin igerisinde
degerlendirmistir. Ogrenci problemi okuduktan sonra kendi ciimleleri ile problem durumunu agiklamustir.
Asagidaki kesitte verilen dgrencinin ifadeleri problemi anlamlandirdigini gostermistir.

Ogrenci: Simdi bize burada bazi veriler verilmis. Cim bigme miktarlarindan ¢aligma saatlerine
kadar. Biz bu is¢ilerden 4'linii segeceksek en verim alabilecegimiz olan 4 isciyi
sececegiz.

Ogrencinin ¢dziim siirecinde yaptig1 yorumlar, problem durumunun yalnizca matematiksel degil, aym
zamanda baglamsal yoniinii de degerlendirdigini gostermistir. Bu siirecte tek belirgin hatanin, satilan iiriinlerden
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elde edilen kazanci ¢im bigme kazanci olarak degerlendirmesi oldugu belirlenmistir. Ancak bu durum, gercek
yasam baglaminda bir yorum olarak kabul edilmis ve problemin temel olarak anlagilamadigini géstermemistir.
Dolayistyla, 6grenci problemi anlama boyutunda iist diizey bir performans sergilemistir.

Ogrenci, problemi sadelestirme siirecinde gerekli degiskenleri biiyiik olgiide dogru belirlemis ve kabul
edilebilir varsayimlar gelistirmistir. Bununla birlikte, kamyonlarin sabit hizla hareket ettigi varsayimi gibi bazi
varsayimlar yeterince gerekcelendirilmemis ve bazi degiskenler arasinda hatal: ilisiler kurulmustur. Bu durum,
6grencinin modelleme siirecinde matematiksel karmasiklig1 azaltma yoniinde girisimlerde bulundugunu, ancak
bu girisimlerin her zaman gecerli varsayimlara dayanmadigimi gostermistir. Aragtirmaci ve dgrenci arasinda
gecen asagidaki diyalog 6grencinin yorumlama ve sadelestirme basamaklarindaki yaklagimini géstermektedir.

Arastirmact: Bu problemin gercek hayatla bir iliskisi var midir sence?

Ogrenci: Bunun gilinlimiizde kamuda ise alimlarda ya da sirketlerde de aynen bdyle
islemektedir. Onunla bagdastirabiliriz. Ayrica minimum enerjiyle maksimum verimi
elde etme i¢in degerlendirme yapabiliriz.

Ek olarak verilen problem irdeleme asamasinda 6grenci su ifadelerle sadelestirme ve varsayimlarla problemi
anlamaya ¢aligmistir.

Ogrenci: Satilan {iriinlerden elde edilen kazangta biz ¢im bigme miktari1 mesela
bagdastirabiliriz. Ama ayni1 zamanda bizim bu ¢im bigme miktarimiz ¢alisma
saatleriyle de baglantilidir. Ciinkii ne kadar calisirsak miktar1 da o kadar emek
cergevesinde arttiracagiz. Fakat ayni zamanda bize burada kamyon siirliis mesafesi
gibi ayr1 bir degisken daha verilmis.

Ogrencinin gelistirdigi modelin dayandig1 varsayimlar kismen kabul edilebilir nitelikte olmakla birlikte,
degiskenler arasi iligkilerin tam olarak gecerli bir matematiksel bigime donistiiriilmesinde eksiklikler
gdzlemlenmistir. Ozellikle, satilan iiriinden elde edilen kazancin ¢im bigme miktarma béliinmesiyle olusturulan
model gegerlilik agisindan yetersiz kalmistir. Bu durum, matematiksel modellemede kavramsal bir karigikligin
varligina isaret etmistir. Bu durum, 6grencinin matematiksel yapiyt olustururken kavramsal diizeyde bazi
karisikliklar yasadigini ancak modelleme siirecine katilimimin anlamli oldugunu géstermistir. Coziim esnasinda
bu adima dair su sekilde agiklamada bulunmustur:

Ogrenci: Soyle, elimizde ¢im bigmeden elde edilen bir kazang, ayni zamanda ¢im bigme
miktar1 var. Biz bu kazanci miktara boldiigiimiizde belirli bir gelir katsayist bulabiliriz
ve bu katsayilart gene bir tablo grafinde de ifade ederek modelleyebiliriz. Ayni
zamanda esitsizlik kullanarak da biz en verimli olan 4 kisiyi boyle kiyaslayarak
bulabiliriz.

Ogrencinin kurdugu modelin dogrulugu sinirh olsa da, uyguladigi matematiksel islemler, islemlerin
siralamasi ve mantiksal biitiinliigii dikkat ¢ekmistir. Bu, 6grencinin problem ¢6zme siirecinde islem becerilerinin
gelismis oldugunu ve hatali model iizerinde bile dogru matematiksel adimlart izleyebildigini gostermistir.
Modelin ¢dziimiinde 6nemli bir hata gdzlemlenmemistir; bu da Ogrencinin matematiksel islem becerilerinin
giiclii oldugunu ortaya koymustur.

Ogrenci, elde ettigi matematiksel sonuclar1 gercek yasamla anlamli ve dogru bir sekilde iliskilendirmistir.
Modelleme siirecinin sonunda elde edilen bulgular, baglamsal degerlendirmelerle desteklenmis ve problem
durumuna uygun ¢ikarimlar yapilmistir. Bu durum 6grencinin elestirel diisinme ve degerlendirme becerilerini
etkili bicimde kullandigini gostermistir. Asagidaki kesitte de goriielcegi gibi ise alimda verimlilik ve istikrar gibi
kavramlara dikkat etmesi, siireci iyi kavradigini ve yorumlama becerisinin gelismis oldugunu ortaya ¢ikarmistir.

Ogrenci: Simdi kamyon siirlicii mesafelerini inceledigimizde sunu fark ediyoruz. Diger biitiin
insanlar hemen hemen her ay esit miktarda ilerleme kaydetmigsken Cenk Nisan ve
Haziran ayinda yaklasik esit miktarda siirerken Mayis ayinda ¢ok ciddi bir diisiis
yasamis. Neredeyse hi¢ de siirmemis diyebiliriz. Bu agidan Cenk'in is performansini
istikrarlt bulmuyorum. Caligma saatindeki istikrari inceliyorum. Genel anlamda ¢ok
ciddi bir diistis yok. Bazen kisiler arasinda 2 saatlik, 5 saatlik diisiisler var. Kimisinde
diisiiyor. Ama bazen 5 saat diigse bile sonra o 5 saati 6biir ayda tekrar telafi etmis. O
yiizden ¢aligma saati olarak istikrar1 gorebiliriz ama dedigim gibi siiriis mesafesinde
Cenk'te ¢ok ciddi bir degisiklik var. O zaman ben olaya ilk girisime ¢im bigme
miktar1 ve kazang grafiginden baslamak istiyorum. Bu kat sayida belirli bir fikre sahip
olabilecegimi umuyorum.
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Ogrenci, ¢dziim siirecinde bazi dogrulama davramslari sergilemis ancak varsayimlarin gecerliligi konusunda
sistematik bir kontrol gerceklestirmemistir. Ornegin ¢im bigme miktar: ile satilan iiriinden elde edilen kazang
arasindaki tutarsizliklari fark etmis, ancak bunlar1 dogrulama siirecine yansitmakta eksik kalmigtir. Bu durum,
Ogrencinin ¢ozlimiinii sorgulama ve yeniden yapilandirma konusunda gelisime agik bir yoni oldugunu
gostermistir. Dogrulama kisminda yaptig1 agiklama su sekildedir:

Ogrenci: Problem tekrar ¢6ziilse benzer bir sonug elde edebilirdi fakat ufak farkliliklar
olabilirdi. Bu yapilan hesabin ne kadar ince oldugu ilgilidir. Burada yaklasik
bir hesap degil, daha detayli bir hesap secilirse degerler birazcik daha farkli
cikabilirdi. Ama sonucun degisecegini diisiinmilyorum. Genel anlamda
calisma 1iyi gitmekle beraber sadece miktar kazang tablosunda biraz
celiskilerim diigtii. Onun {izerine birazcik daha diislinlip daha iyi bir yol
bulmay1 deneyebilirdim.

Genel olarak 6grencinin matematiksel modelleme siirecindeki performansi, farkli agamalarda degisen
diizeylerde basar1 gdstermistir. Problemi anlama ve gergek yasam baglaminda yorumlama boyutlarinda yiiksek
diizeyde bir performans sergilemesine ragmen, matematiksel model olusturma ve dogrulama agamalarinda
beklenen en iist diizey yeterlilige ulasamamistir. Sadelestirme ve matematiksel islemlerde ise orta diizeyde basari
gozlemlenmistir. Bu bulgular, 6grencinin modelleme siirecine genel anlamda hakim oldugunu; ancak 6zellikle
model gelistirme ve dogrulama siireclerinde gelisim alanlart bulundugunu ortaya koymustur. Dolayisiyla,
Ogrencinin matematiksel modelleme yeterliklerini daha da ilerletebilmesi i¢in bu asamalarda desteklenmesi ve
yonlendirilmesi gerektigi sonucuna vartlmistir.

3.2 Ustbilissel Gelisim Verilerine Gore Bulgular

Gozlem verileri, 6grencinin yiiksek diizeyde istbiligsel farkindalik sergiledigini ve bu farkindaligin
modelleme siirecinin tiim asamalarina yansidigini ortaya koymustur.

Tablo 2. Ustbiligsel Gelisim Gostergeleri

Gosterge Aciklama

Planlama Problem ¢6ziimiine baglamadan dnce gerekli bilgileri analiz etti,
degiskenleri belirledi. Verileri sadelestirdi, varsayimlarini
gerekgelendirdi.

Izleme (Yéntem Uretimi, Strateji Verileri diizenledi, skor tablosu olusturdu ve islevsel bir model

gelistirme) kurdu. Coziim siirecini sik sik kontrol etti, hesaplamalarini
gozden gegirdi.

Degerlendirme ( Genelleme, ifade Yonteminin farkli durumlara da uygulanabilir oldugunu fark etti.
etme ve gerekcelendirme)
Kararlarini agikga ifade etti ve gii¢lii gerekgeler sundu.

Ogrenci, problemi okumadan 6nce ve okuduktan sonra igerigi anlama, aciklama, anlamh biitiinliik olusturma
ve degerlendirme gibi istbiligsel stratejiler kullanmigtir. Giris metniyle problem durumu arasinda bag kurarak
bilgi yapisini inga etmis ve baglamsal farkindalik sergilemistir. Ik asamada, verilen karmasik veri setini dikkatle
inceledigi ve veriler arasindaki iligkileri sorguladig: tespit edilmistir. Eksik bilgilerle karsilastiginda, durumu
yapilandirmaya yonelik anlamli varsayimlar gelistirerek iistbilissel esneklik sergilemistir. Ornegin, calisma saati
ile kamyon siirlis mesafesinin iliskilendirilmesinde zorluk yasadigi, bu nedenle ¢aligma saatlerinin hem siiriis
mesafesini hem de ¢im bi¢me siiresini kapsadigina dikkat ¢ektigi goriilmiistiir. Ogrencinin, siiriis mesafesini
calisma saatlerinden ¢ikararak ¢im bi¢gme siiresini hesaplama fikrini ortaya koydugu ve boéylece problemi ¢ok
boyutlu olarak ele aldig1 belirlenmistir.

Coziim siirecine baglamadan Once hangi bilgilerin gerekli oldugunu analiz etmis, problemde yer alan
degiskenleri (¢im bigme siiresi, kazang, calisma saati, kamyon mesafesi) acik bir sekilde ifade etmis ve bu
degiskenler arasinda mantiksal iliskiler kurmustur. Bu, asagidaki iki kesitte de goriilebilecegi gibi, 6grencinin
planlama ve diizenleme becerilerini etkin sekilde kullandigin1 géstermistir.

Ogrenci: Ayn1 zamanda bizim bu ¢im bigme miktarimiz ¢aligma saatleriyle de baglantilidir.
Ciinkii ne kadar caligirsak miktar1 da o kadar emek ¢ercevesinde arttiracagiz. Fakat
ayn1 zamanda bize burada kamyon siirliy mesafesi gibi ayr1 bir degisken daha
verilmig. Ve biitiin bu degiskenleri birlikte mesela ele almak ve verimi Oyle
hesaplamak konusunda birazcik ¢eliskiye diistim. Clinkii hem biz burada kamyon
siiriis mesafesini hem ¢im bigme miktarim1 hem de saatleri diisiiniiyoruz. Hepsini
birlikte degerlendirmek konusunda.”
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Ogrenci: Oranlardan yararlanmak bir yana biz burada en fazla verimli kimlerden
alabilecegimizi 6l¢mek i¢in bir kiyaslama yapacagiz ve bu konuda da esitsizliklerden
ayrilabiliriz.”

Model olusturma siirecinde 6grenci, gergek yasamin karmagikligini tanimis ve ¢6ziim siirecini sadelestirmek
adia bazi degiskenleri bilingli olarak goz ard1 etmistir. Ornegin, cinsiyet, yas gibi degiskenlerin etki etmedigini
varsayarak analizi sadelestirmesi, bilingli bir iistbiligsel stratejidir. Bu asamada gergek hayat ile ilgili verdigi
bilgiler (Memleket etkisi gibi) 6grencinin farkindaliginin yiiksek oldugunu gostermistir.

Ogrenci: Oncelikle kadin ve erkekler ise bagvurmus ve biz burada emegi esit kabul edecegimiz
i¢in cinsiyeti yok sayabiliriz. Bunun diginda, ¢im bigme isinde yasinda bir 6nemi
olmadig i¢in yasi da yok sayabiliriz. Ayn1 zamanda Tiirkiye'de insanlar memlekete
gore ¢ok kayirmali. Memlekete gore kayirmalar da yapilabiliyor. O yiizden memleketi
de yok sayabiliriz.”

Ogrencinin matematiksel iliskileri ortaya koymada oran-oranti ve esitsizlik kavramlarmm bilingli sekilde
kullandig1 anlagilmistir. Calisma saatleri ile ¢im bigme miktarlari arasinda dogru oranti kurdugu ve bu sayede
verimlilik degerlendirmesi i¢in anlaml ¢ikarimlar yaptig1 goézlenmistir. Performanstaki dalgalanmalarin karar
verme siirecini etkiledigini ifade ettigi ve istikrarin dnemine vurgu yaptig1 goriilmiistiir. Ornegin, ii¢ aylik siirecte
iyi performans gdsteren ancak uzun vadede istikrarsiz olan c¢alisanlarin ise alinmasiin riskli olabilecegini
belirtmistir.

Stire¢ boyunca ¢ozlimiinii siirekli olarak sorgulamis, hatalarini fark etmig ve alternatif ¢éziim yollart
gelistirerek Ustbilissel 6z-diizenleme becerisini ortaya koymustur. Bu izleme ve degerlendirme davranislari,
metabiligsel 6zdiizenleme yetenegini ortaya koymustur. Ogrenci ¢dziim siirecini yeniden yapilandirmis ve
olusturdugu yontemin baska durumlarda da kullanilabilirligini degerlendirmistir. Bu durum, grencinin yalnizca
mevcut probleme degil, benzer problemlere yonelik de genelleme yapabildigini gostermistir. Asagidaki kesit bu
agikalmalar1 6rneklemektedir.

Ogrenci: Elimizdeki veriler gayet karmasiktt ama bildigimiz bir sey var ki biitin veriler
arasinda bir iliski vardi ve biz bu iligkileri kullanarak zaten dogru cevabi bulabilirdik.
Yaptigimiz biitiin bu dort islem oran oranti ve esitsizliklerle birlikte genel bir sonucu
da elde etmis olduk.

Son olarak, 6grencinin verilerden elde ettigi analiz sonuglarimi yorumlayarak ise alinacak dort calisani
belirledigi gozlemlenmistir. Segilen ¢alisanlarin yiiksek performans ve istikrar gosterdigini ifade ettigi ve bu
kararint agik¢a gerekgelendirdigi tespit edilmistir. Bu durum, 6grencinin istbilissel planlama, izleme ve
degerlendirme siireglerini basariyla entegre ederek matematiksel modelleme siirecini etkili bigimde yonettigine
isaret etmistir. Ogrenci elde ettigi sonuglar1 gerekcelendirmis, kararlarmi hem matematiksel hem de baglamsal
acidan savunmus ve bagkalarinin anlayabilecegi sekilde agik bir bicimde ifade etmistir. Bu, metabiligsel iletisim
becerisinin gelismis oldugunu gostermistir. Ozetle, 6grenci iistbilissel becerilerini etkili bir sekilde kullanmus,
problem ¢ézme siirecini siirekli olarak kontrol etmis, yeniden diizenlemis ve biligsel stratejilerini esnek bigimde
uyarlamistir. Bu bulgular, 6grencinin hem biligsel hem de {stbiligsel diizeyde derinlesmis yeterlikler
sergiledigine isaret etmektedir.

Matematiksel modelleme siireci basamaklar1 ve iistbiligsel eylem bulgulart birlikte analiz edildiginde
Ogrencinin hangi basamakta hangi iistbiligsel gelisim diizeyinde davranig sergiledigi Tablo 3’te gdsterilmistir.

Tablo 3. Modelleme Basamaklar1 ve Ustbiligsel Eylemler

Modelleme Siireci Basamaklari Ustbiligsel Eylemler

Problemi Anlama Problem ¢6ziimiine baglamadan 6nce gerekli bilgileri analiz etti,
degiskenleri belirledi. Kendi climleleri ile problem tanimladi.
(Planlama)

Sadelestirme Verileri diizenledi ve sadelestirdi. Veriler arasinda baglamlar
olugturdu. (Planlama)

Matematiksellestirme Verileri diizenledi, skor tablosu olusturdu ve islevsel bir model
kurdu.(Planlama-izleme)

Matematiksel Olarak Kurdugu model dogrultusunda kontrollii matematiksel islemler

Islem Yapma gergeklestirdi. Her adimda iglemlerini gerekgelendirdi. Coziim
siirecini sik sik kontrol etti, hesaplamalarini gozden gegirdi. (izleme-
degerlendirme)

Yorumlama Varsayimlarin gegerliligini sorguladi, matematiksel sonuglar1
yorumladi. Alternatif ¢6ziim yollar1 diisiindii. (Degerlendirme)

Dogrulama Kararlarini agikga ifade etti, genellemeler yapti ve giiclii gerekgeler

sundu. (Degerlendirme)
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Matematiksel modelleme siireci ile 6grencinin iistbilissel eylemleri birlikte analiz edildiginde, her bir
modelleme basamaginda belirli {istbilissel stratejilerin 6n plana ¢iktig1 goriilmiistiir (Tablo 3). Ogrenci, problemi
anlama ve sadelestirme asamalarinda agirlikli olarak planlama becerilerini kullanmis; gerekli bilgileri analiz edip
degiskenleri belirleyerek siirece yapi kazandirmistir. Matematiksel model olusturma ve islem yapma
asamalarinda ise izleme ve kismen degerlendirme stratejileri ile ¢dzliim siirecini siirekli gdzden gegirmis,
islemlerini gerek¢elendirmistir. Yorumlama ve dogrulama asamalarinda ise degerlendirme diizeyinde eylemler
one ¢ikmig; Ogrenci varsayimlari sorgulamis, alternatif yollar diisiinmiis ve kararlarmi giiglii gerekgelerle
desteklemistir. Bu bulgular, 6grencinin modelleme siireci boyunca {istbiligsel farkindalik ve kontrol diizeyinin
giderek derinlestigini ortaya koymaktadir.

4. Tartisma, Sonu¢ ve Oneriler

Bu arastirmada 6grencinin matematiksel modelleme siirecine ve iistbilissel becerilerine yonelik bulgular
detayli bi¢cimde analiz edilmistir. Modelleme Yeterlikleri Degerlendirme Rubrigi kapsaminda, 6grencinin
ozellikle problemi anlama ve baglamsal yorumlama alanlarinda yiiksek performans sergiledigi goriilmiistiir. Bu
durum, 6grencinin ger¢ek yasam durumlarimi matematiksel modellere doniistiirebilme kapasitesinin gelismis
oldugunu gostermektedir. Bununla birlikte, 6grencinin matematiksel model olusturma siirecinde bazi kavramsal
hatalar yaptig1 ve varsayimlarinin gegerliligi agisindan sinirliliklar oldugu belirlenmistir. Bu bulgu, 6grencinin
matematiksel iglem becerilerinin yeterli olmakla birlikte, model olugturma ve dogrulama siireglerinde daha fazla
yonlendirme ve kavramsal netlige ihtiya¢ duydugunu ortaya koymaktadir. Modelleme siireglerinin ¢ok boyutlu
yapisinin yalnizca matematiksel islemleri degil, ayn1 zamanda mantiksal, baglamsal ve {istbiligsel diisiinmeyi de
gerektirdigi bu calismayla somut bicimde desteklenmistir.

Ustbiligsel bulgular ise 6grencinin kendi diisiinme siireclerini izleme, degerlendirme ve yeniden yapilandirma
becerilerinin yiiksek oldugunu ortaya koymustur. Ozellikle planlama, hata kontrolii, varsayim olusturma ve karar
verme silireclerinde aktif {istbiligsel stratejiler kullandigr gozlemlenmistir. Bu durum, 6grencinin modelleme
stireci boyunca metabiligsel eylemleri yalnizca destekleyici degil, ayn1 zamanda yonlendirici bir ara¢ olarak
kullandigini gostermektedir.

Ustbiligsel becerilerin, dgrencinin kendi ¢6ziim siirecine elestirel bir bakis gelistirmesini, hatalar1 fark ederek
stireci yeniden yapilandirmasini ve daha esnek ¢oziim stratejileri {iretmesini sagladigi soylenebilir. Schukajlow
(2011), tstbiligsel stratejilerin modelleme siirecinin yalnizca belirli asamalarina yerlestirilemeyecegini; bu
stratejilerin siirecin her asamasinda gerekli oldugunu belirtmistir (akt. Vorholter, 2025). Bu ¢aligmada elde
edilen bulgular da, modelleme siirecinin her basamaginda ortaya ¢ikan iistbilissel eylemlerle bu goriisii
dogrulamaktadir. Bulgular, 6grencilerin siire¢ boyunca sergiledikleri istbiligsel eylemlerin hem siirecin niteligini
sekillendirdigini hem de modelleme performansint dogrudan etkiledigini ortaya koymustur. Bu sonug, dnceki
arastirmalarda da vurgulanan (6rnegin, English, 2006; Hidiroglu & Bukova Giizel, 2015) modelleme ile
iistbiligsel stratejiler arasindaki iliskiyi desteklemektedir.

Bu yoniiyle ¢aligma, iistbilissel eylemlerin modelleme siirecinde nasil yapilandigini somut bigimde ortaya
koymakta ve O6gretimsel tasarimlar icin hem kuramsal hem de uygulamali katkilar sunmaktadir. Elde edilen
bulgular, matematiksel modelleme etkinliklerinin yalnizca biligsel degil, ayn1 zamanda {istbiligsel gelisimi de
destekledigini ve bu tiir etkinliklerin 6gretim siirecine entegre edilmesinin dgrenci basarisini artirabilecegini
gostermistir.

Bu ¢alismada elde edilen bulgular dogrultusunda, 6grencinin matematiksel modelleme siirecinde gii¢lii bir
baglamsal anlayisa ve fstbiligsel farkindaliga sahip oldugu goriilmiistiir. Problemi anlamada ve baglamsal
yorumlamada yiliksek diizeyde performans sergileyen 6grenci, modelleme siirecine etkin bigimde katilim
saglamig ve Ozgilin ¢oziim stratejileri gelistirmistir. Ancak, model olusturma ve dogrulama asamalarinda
gozlemlenen sinirliliklar, 6grencilerin bu siireglerde daha fazla yonlendirme ve destek ihtiyaci oldugunu ortaya
koymaktadir. Bu nedenle, dgretmenlerin modelleme siirecine rehberlik edecek sekilde yapilandirilmis soru
sormalari, &grenci diisiinme siireglerine yonelik yonlendirici geribildirimler sunmalar1 onerilmektedir. Buna
karsin, 6grencinin metabilissel becerilerinin gelismis olmasi, ¢6ziim siirecine sistemli bir yaklagim sergilemesini
saglamis ve hatalarinm fark ederek yeniden yapilandirma yetenegini ortaya koymustur.

Sonug olarak, matematiksel modelleme temelli etkinlikler, 6grencilerin biligsel ve listbiligsel gelisimlerine
onemli katkilar saglamaktadir. Calisma tek bir 68renci ve modelleme gorevi ile sinirli olsa da, bulgular,
Ogrencilerin istbiligsel ve modelleme becerilerini gelistirmek i¢in yansitict giinliik tutma, diisiinceleri sozlii ifade
etme ve problem ¢ozme adimlarimi gorsellestirme gibi hedefe yonelik {istbiligsel stratejilerin uygulanmasinin
O6nemini vurgulamaktadir; bu da dgretim tasarimlarii ve 6gretmen egitimi igin degerli bilgiler sunmaktadir.
Calisma, 6gretim tasariminda iistbiligsel stratejilerin modelleme gorevlerine agik¢a entegre edilmesinin dnemini
ortaya koymaktadir. Ogretmen egitim programlarina hem modellemenin hem de iistbiligsel strateji dgretimini
kapsayan igeriklerin dahil edilmesi dnerilmektedir. Gelecekte yapilacak arastirmalar, farkli diizeydeki dgrenciler
ve cesitli modelleme gorevleri kullanilarak, modelleme ve istbilissel siiregler arasindaki etkilesimi daha
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derinlemesine anlamaya olanak saglayabilir ve daha bilyiik 6rneklemlerle yinelenebilirlik galigmalarini tegvik
edebilir.

Aciklama: Bu ¢alisma, Dokuz Eyliil Universitesi Egitim Bilimleri Enstitiisii’'nde Prof. Dr. Esra Bukova Giizel
damismanliginda Miinire Simseker tarafindan yiiriitiilen “Fen Lisesi Ogrencilerinin Matematiksel Modelleme
Siireclerinde Ortaya Cikan Ustbilissel Eylemlerdeki Gelismeler” baslikli doktora tezinin bir béliimiine
dayanmaktadir.

Finansman: Bu ¢aligma i¢in herhangi bir fon bildirilmemistir.

Cikar beyam: Yazar herhangi bir ¢ikar catigmasi beyan etmemektedir.
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Bir Fen Lisesi Ogrencisinin Matematiksel Modelleme Siirecinde Ortaya Cikan Ustbiligsel Eylemleri

Ek 1. Yesil Diinya Bahgeleri Etkinligi (English, 2003’den uyarlayan Cavus Erdem & Sahin, 2023)

Tamtici Makale
Yesil Diinya Yakinda A¢ilacak

Bursa, Tiirkiyenin en yesil sehirlerinden birisidir. flkbaharda yagan yagmurlar, giines 15181 ile
birlestiginde sehrin her tarafinda yesil ¢imlerle kaplanir. Bursada yasayan ve yesili gok seven
Serkan Bey, sehirde 1 Nisanda agilacak son peyzaj isletmesi olan Yesil Diinya Bahgeleri'nin sa-
hibidir. Serkan Bey, ¢cimlere yabanci degil ve istanbul'da biiyiik bir peyzaj sirketinde 15 yil ¢a-
hstiktan sonra kendi peyzaj isletmesini kurma karar1 almistir. “Hayatim boyunca disanda vakit
gecirmekten zevk aldim ve dogay: seviyorum, baharda acan ¢igeklerin kokusu ve yeni bigilmis
¢imlerin kokusu gibisi yoktur.» diyen Serkan Bey peyzaj mimarlig boliimii mezunudur.
Serkan Bey kiigiikliigiinden beri ¢im bigiyor ve yeni isinde eski sirketindeki basarisim ya-
kalayacagin1 umuyor. Isletmesi igin gerekli anlagmalar yapan Serkan Bey, isindeki basariy1
“Diganidaki peyzaj genellikle bir misterinin bir isletmeye iligkin ilk izlenimidir, bu nedenle
miisteri kapidan igeri girmeden 6nce profesyonel, ¢ekici ve bakimh bir alana sahip olmak ¢ok
onemlidir” diigiincesine baghyor. Serkan Bey isletmesinde az sayida personeli ile bah¢elerinin
diizenli ¢im bakimi ve yaprak temizleme islemlerini sonbahar aylarina kadar yapmay planl-
yor. Diizenli ¢im bakim énemlidir ve ¢ogu ¢im, hava durumuna ve ¢imin tiiriine bagh olarak
bir ya da iki haftada bir bicilmektedir. Serkan Bey isletme olarak her boyutta ¢imle ilgilene-
ceklerini ve ev sahiplerinin bahgelerini giivenle teslim edeceklerini belirtmektedir. Daha fazla
bilgi veya licretsiz bir peyzaj tamitimu igin, Yesil Diinya Bahgeleri ile iletisime gecin.

Hazirlik Sorulan

1. Yesil Diinya Bahgeleri'nin sahibi kimdir?
2. Yesil Diinya Bahgeleri miisterilere ne tiir hizmetler saghyor?
3. Cimlerin ne siklikla bigilmesi gerekir?

4. Yesil Diinya Bahgeleri i¢in en yogun aylar ne zaman? Neden?
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Ek 1’in devamui

Ui Bilgilendirme

Yesil Diinya Bahgeleri'nde Serkan Bey, miisterileri igin gim bigme hizmeti sajilayacak. Kisa bir siire énce Bursada énemli
bir peyzaj isletmesi kapand: ve o isletmenin eski misterileri Yesil Diinya Bahgeleri ile anlasmak igin Serkan Beye kapa-
nan igletmenin eski galiganlardan 4'ini ise almasim teklif ettiler. Miisteri toplamak igin bu telifi kabul eden Serkan Bey,
ige alacafi cahiganlan belirlemek igin gegen yil nisan, mayis ve haziran aylarinda yapilan peyaaj igleriyle ilgili bilgi alde.
Eski calisanlar, cimleri bigmekten ve giibre, yabani ot dldiirtcn ve bicek ilac: gibi diger bahge firiinlerini satmakian so-
rumiuydu. Digier isletrne, her galiganin her ay kag saat cahstifin, her galisanin bictifii ¢imlerin sayisin ve difier dranleri
satarak ne kadar para kazandiklarim kaydetmigtir. Bigilen gimler biviik orta ve kiigiik elmak izere lice ayrilmsnr. Bii-
yik isler, orta veva kigik islere gire daha biiyitk cimlere veya ek islere sahip olabilir. Bam cimler kiigiik olabilis, fakat ¢im
bicmenin yaninda isin boyutunu belirleyen farkh tirlerde kenar ditzeltme veya budama yapilmas: gerebebilir. Kayitlarda
ayrica her ay misterilere giden sirket kamyonunun kat edilen kilometresi de ver almaktadur,

Toplam Calisma Saati Hamyon Silriiy Mesafesi (km)
Calisanlar Misan Mayis Haziran Calizanlar Misan Mayis Haziran
Ceyhun B0 &0 Al Ceyhun 198 200 1)
Sinem 75 L= 70 Sineny 199 201 198
Cenk &6 B4 63 Cenk 197 19 198
Kadir 45 S0 55 Kadir 201 03 199
Tartk &7 i ] 79 Tank 200 194 o0
Avse &85 0 74 Ayge 198 196 195
Mahmut B T8 78 Mahmut 00 204 202
Jale 4y 42 45 Jale 196 198 197
Yalqin a0 75 & Yalgm ol 03 204
Kenan 78 7B 79 Kenan 195 195 198
Toplam Cim Bigme Miktary
Nisan Mayis Haziran
Calisanlar
Bibyiik Cirta Kiigiik Bilyiik Oirta Kiigiik Biiyiik Oirta Kilgiik
Ceyhun 15 12 30 15 14 34 16 15 35
Sinerm 18 ] EE] 19 12 15 14 16 35
Cenk 14 L6 22 15 16 22 13 15 n
Kadir 15 13 15 14 13 17 15 12 18
Tark mn 12 14 n 14 16 0 13 25
Ayse 16 27 3z 14 18 13 15 14 42
Mahmut iz 12 9 30 11 ] k] 10 13
Jale 9 12 12 12 15 16 & 10 12
Yalgin 13 14 3z 13 33 1] 15 35 12
Kenan 12 11 15 11 L] 26 13 14 30
Sanlan Urlinlerden Elde Edilen Kazang itl) Satilan Urlinlerden Elde Edilen Kazang (tl)
Caliganlar Biiyiik Orta Kilgiik Calisanlar Biiyiik Orta Kiiiik
Cevhun 150 175 170 Avge 127 153 165
Sinem 75 &0 B0 Mahmut 110 115 120
Cenk 125 150 150 Jale 55 L all
Kadir &0 72 685 Yalgin 300 255 75
Tarik 135 130 125 Kenan 200 250 285
Problem Durumu

Serkan Bey'in bu vaz igin eski peyzaj isletmesinden hangi dirn calisan ise almak istedigine karar vermesi gerekivor.
Verilen bilgileri kullanarak, Serkan Bey'in dirt kisiyi belirlemesine yardime: olun. Karanma verirken kullandifnnez
yontemi agiklayan bir mektup yaznn, biylece Serkan Bey her yaz yeni qaliganlan ige almak igin yinteminizi kullanabilsin.
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