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The aim of the research is to evaluate the mathematical modeling activity of 4th-grade students
within the framework of the experiential learning theory. A reason for considering modeling
and experiential learning together is that mathematical modeling activities consist of real life
problems and allow students to learn experientially. The research was conducted as a case study
and the whole process was fulfilled remotely. 13 fourth-grade students were determined by the
convenience sampling method. The modeling activity story, modeling evaluation rubric,
observation form and semi-structured interview forms were used as data collection tools.
During the implementation process, the students were shown a digital story created by the
researchers and the problem situation was embedded in the story. The story about a virus facing
humanity asked the students to find a solution to the problem. In the context of this story, the
students carried out a mathematical modeling activity about perimeter and area. At the end of
the implementation process, a semi-structured interview form was used to get students' opinions
on the activity. As a result, from a broad perspective, it is seen that the results are promising
and positive for students. Students have achieved mathematical and mental modeling and it was
seen their motivations improved. Besides this, the area process or the concept of area is
perceived as tough rather than perimeter for students such that they made a low score on
mathematical results in subject area.
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Learning occurs in different ways and methods; it is a fact that can be shaped
according to people and their learning styles. Experiential learning (EL), on the other
hand, is a learning model put forward by Kolb (1984) that expresses the process in
which knowledge is formed through experiences. It is based on pragmatist thinking,
which characterizes the way we move from constant principles to concreteness,
competence, facts and actions (Johns, 1999). The mathematical modeling (MM)
process is closely related to EL, since the students are active, the process has a
structure that progresses with the experiences of the students and performs links to
daily life. In this research, EL might be considered a frame of mathematical modeling
in the scope of area and perimeter. A subject in which students actively learn is the
subject of area and perimeter, which has an important place in primary school
mathematics. Therefore, the area and perimeter modeling activities of fourth grade
students were evaluated within the framework of EL.

Experiential Learning (EL)

Dewey (2007) stated that learners as living organisms address problems and
solutions in their social environment. In other words, the existential process of people
cannot be separated from the environment they live in and the experiences they have
gained in this environment. Piaget discussed the schemas he put forward in the
cognitive development theory and the structuring of this in the mind during the
process from concrete experiences to the abstract (Simatwa, 2010). However, Kolb
(1984) revealed the EL theory because of the inferences that he synthesized from this
information. Accordingly, people keep in mind the information they experience or
that they believe is really important and valuable. Therefore, experience can be good
reinforcer at this point (Yilmaz, 2015). Lastly, this highlights the importance of
experience in long-term learning.

The most significant principle of EL is that learning occurs as a result of the
experiences gained. In a word, it emphasizes the experiences during the learning
process. Therefore, learning is not a result, but a process that provides the structuring
of knowledge. Experiential learning is a cycle of four stages and progresses by
including different appropriate methods and activities at each stage. At this point, the
aim of experiential learning is to achieve efficient and perdurable learning and to
minimize individual differences between students (Kolb, 1984). Learning styles are
also an important part of EL and it refers to the activities and methods appropriate to
the style learned by the individual should be used. However, the prominent one at
this point is to create a learning environment according to the characteristics of
individuals' learning styles. Learning styles, on the other hand, reveal the weaknesses
and strengths of the people and foresee the construction of the learning environment
in the most efficient way (Evin Gencel, 2008).

Smith and Kolb (1996) have defined EL as a cyclical and recurring process
consisting of four stages: concrete experience, reflective observation, abstract
conceptualization and active experimentation. The cycle begins with a concrete
experience and refers to the first point where the individual encounters experience
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first. It is the awareness stage that occurs due to internal reactions through the
experiences of the person. It is the occurrence of emotions such as curiosity and
excitement when a situation or event is encountered (Kolb et al. 1999). Learners need
to be involved and various examples from different perspectives in the concrete
experience stage. Herein, subjects related to daily life, case studies and drama
activities are included in the process for students. The reflective observation stage
involves discussing the issues related to the knowledge and experiences gained in the
concrete experience stage with different perspectives, detailed examination and
understanding in mind. At this stage, learners reason about possible solutions,
especially focusing on the problem and its critical solution (Kolb et al. 1999). The
abstract conceptualization phase emphasizes thinking through learning and regular
presentation of information. In the end, concrete experiences are abstracted in the
mind and ideas are filtered logically. Learning occurs through concrete experiences
and abstract conceptualization. At this stage, learners should learn the theoretical
knowledge in a way to establish a relationship in depth. In the last phase of the cycle,
learners have reached the point of transferring and applying them to new situations
after abstractly conceptualizing the experiences they have acquired through concrete
experience in the active experimentation process. Therefore, being active and
performing various applications is an important point that makes this stage successful.
EL theory consists of these four stages, which occur sequentially and continuously,
and it is an effective alternative for learners to learn permanently. As a sum, with
regard to EL, learning is the process by which knowledge is created through the
transformation of experience within those four stages.

EL is handled with different fields and topics such as students' academic
achievements in various disciplines such as social studies, physics education, biology,
and geography. In these studies, EL mostly measured the academic achievements and
attitudes of students through various experiences and activities. (Alemdag & Oncii,
2015; Evin Gencel, 2008; Johns, 1999; Kilig, 2002; Nichols, 2003). Besides those,
there are some studies that approach EL and learning styles (Alemdag & Oncii, 2015;
Evin Gencel, 2007; Kilig, 2002; Ozgiir, 2013). Also, web-based studies highlight
effective characteristics such as technologies, design education, attitude, behavior and
interest (Ertiirk & Sahin, 2019; Nichols, 2003; Ust et al., 2017) and, out of school EL
study has been conducted with teachers (Okur, 2012; Tas¢1 et al., 2021). Furthermore,
since learning styles are theorized together with experiential learning, it is seen that
studies deal with mathematics teaching and learning styles together (Bilgin &
Durmus, 2003; Ertekin, 2005; Peker, 2005; Sentiirk, 2010; Yenilmez & Cakir, 2005).
In those studies, in-service/pre-service teachers or students participated and
researchers mainly focused on participants’ achievements, their learning styles, and
the relationship between them with no interference. However, we could not find any
study in the literature that combines real-life situations, which form the core of EL
and MM with primary school students. As a result, it is deemed significant for
mathematics education and we decided to conduct such research. Additionally,
concrete experience, reflective observation, abstract conceptualization and active
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experimentation that constitute the components of EL stress the basic notion of MM.
In other words, we attempt to draw attention to usefulness of these two theories and
match them effectively for mathematics education.

Mathematical Modeling

Mathematical modeling is a tool that allows students to think creatively and
flexibly while trying to solve the problems they encounter and prepares students to
solve real-life problems (English, 2006; Lesh & Doerr, 2003). In other words,
mathematical modeling (MM) can be defined as associating real life with
mathematical problems. Emphasis on MM in the mathematics curriculum is to raise
students who can use the vision of the program, mathematics as required, establish a
relationship between real-life problems and mathematics, produce various solutions
to the problems they encounter and have skills such as reasoning and metacognitive
thinking (MoNE, 2018). MM includes a modeling process consisting of successive
phases. There are many theoretical models for defining the modeling process (e.g.,
Blum & Leif3, 2007; Ferri, 2006; Galbraith & Stillman, 2006; Lesh & Doerr, 2003;
Maal, 2006). In this current research, the problem and application process was created
within the framework of the 7 stage modeling process perspective, which was
accepted as a general approach and used by most researchers. In general, the following
stages are mentioned in the definition of this process; (1) understanding a real-world
situation; (2) simplifying the real-world situation to obtain a real-world model; (3)
mathematizing the real-world model, i.e., devising a plan for solving the problem by
translating the real-world model into a mathematical model; (4) applying
mathematical routines and processes; (5) interpreting the mathematical solution by
verifying that the problem accords with reality; (6) validating the results of the
previous stage, i.e., checking the adequacy of the results and repeating certain stages
or even the entire modeling process if necessary; and (7) presenting the results of the
modeling cycle. (Blum & Leif3, 2007; Borromeo Ferri, 2006).

It is worth mentioning about modeling competencies that students should have
to complete the modeling process successfully. Modeling competencies generally
cover the skills, knowledge, willingness to perform and metacognitive skills to
complete the process (Maal3, 2006). The MM process and competencies are closely
related to EL as the students are active, the process has a structure that progresses with
the experiences of the students and performs all these in connection with daily life.
Since it is necessary to have competencies to complete the modeling process, the
theoretical models that constitute the modeling process are based on defining these
competencies. Each stage of the MM process developed by Maal3 (2006) corresponds
to five basic competencies: (1) to understand the real problem and to set up a model
based on reality, (2) to set up a mathematical model from the real model, (3) to solve
mathematical questions within this mathematical model, (4) to interpret mathematical
results in a real situation (5) to validate the solution (Maal3, 2006). In addition to the
theoretical competencies, other qualifications must be possessed for modeling, such
as metacognitive competencies, the ability to work toward a goal, to defend the
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solutions with evidence and to express this defense in writing, and to have a positive
attitude toward modeling problems. In short, it is critical to have metacognitive, social
and affective skills as well as the theoretical skills required to complete the modeling
process efficiently (Erbas et al. 2016).

In the mathematical modeling process, researchers mainly focus on the
mathematical modeling and mental modeling processes as we do in this research.
Mental modeling is one of the most important concepts to be considered by students.
It includes the perceptions formed because of our actions in real life and it means to
creating a conceptual model by coding these perceptions (Hestenes, 2006). Within the
scope of mental models, it is aimed to analyze the mental perceptions that emerge
during the modeling process and transform them into an understandable structure.
Additionally, mental actions such as abstraction, generalization and representation are
included to support the development of mathematical thinking throughout the
modeling process. Abstraction is the main element of EL theory as well. The
mathematical results that we asked as a second question of the current research are
deemed to arithmetical and mathematical operations. As a whole modeling process,
we addressed the mental modeling and then mathematical modeling right after in the
scope of area and perimeter topics.

Association of EL & MM

It is necessary to create an environment with the real-world context in which
students can develop their own mathematical knowledge and models since students
cannot mentally process the mathematical knowledge and models taught to them in
the traditional way. The modeling approach introduced by Realistic Mathematics
Education (Gravemeijer & Stephan, 2002) can be seen as a modeling approach with
this perspective. From this perspective, modeling is the process of organizing and
reorganizing real-life situations and the mathematical knowledge and thinking used
to analyze them (Erbas et al., 2014), and understanding by connecting new concepts
to experientially real contexts (Herbert & Pierce, 2008). VVan Den Heuvel-Panhuizen
(2003) asserted that one should address mathematics as a human activity rather than
a topic that is conveyed from one to another and addressed that the basis of
mathematical modeling is the understanding of realistic mathematics education. In the
context of mathematical modeling and RME, which is its conceptual basis, it includes
a process in which students struggle to solve real-life problems and develop
themselves in line with this purpose (Lesh & Doerr, 2003). During this process, the
student develops the skills of mathematizing, defining and solving real-life problems
and using the model he has created to solve other problems. First, a model covers real
problem situations in terms of students in an experiential structure and supports
students' informal solutions in accordance with the solution proposals for this
situation. In other words, as students gain experience in solution strategies, the
determination of the model-based strategy depends on the mathematical structure of
the problem (Gravemeijer, 1994; Treffers, 1991).
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The real-life contexts in which math problems are adapted in RME should be so
realistic that students can take action in an experiential learning environment
(Gravemeijer & Doorman, 1999). According to Hamdani (2011), one of the teaching
materials that can be used is the experiential learning-based teaching material in
Mathematics. EL stimulates the students in their activities to think, explore, ask, make
a decision, and apply what they have learned. EL-based teaching material uses a
student-centered approach that is based on the underlying principle that people learn
best from the experience. This agrees with the research carried out by Llewellyn and
Frame (2012) which states that EL is designed to provide a comprehensive learning
experience. Besides, since EL requires learning by experiencing events and
phenomena, we cannot separate mathematics education from it. For this reason, it is
important to consider modeling together with experience (Rukayah & Mintasih,
2019). Ultimately, we can easily remark that the point that associates MM and EL is
RME.

To put it more clearly, the stages of EL and MM correspond to each other. With
the real life problem phase of concrete experience phase modeling; reflective
observation stage with the model stage formed in the student's mind about the real
problem; abstract conceptualization stage with real and mathematical model stages;
Finally, the active experience stage is related to the mathematical and real results
stages. And these statements may enlighten questions such as “Why are we doing this
assignment? What is its purpose and will | ever use it in real life?" (Daugherty, 2006).
In both modeling and EL, problem solving, brainstorming, representations, visuals,
individual studies come to the fore. Apart from these, methods such as collaborative
learning, discussion, group work are also important for EL and modeling, but these
will be explained as limitations in this research. If we focus on the fact that modeling
consists of real life problems, we can explain this relationship more clearly.
Mathematical modeling is a process and an effective material that sets out from real
life situations and requires the student to find a solution to a real problem (Neunzert
& Rosenberger 1991). The effective teaching material will help the students’
experience in learning activities; therefore, mathematics learning is more meaningful
and results in improved student cognitive ability. Thanks to the skills they have
developed, students can analyze a problem situation and determine the appropriate
solution for it. Additionally, they can test and evaluate the suitability of this solution
in a real-life context. The most critical point here is the realization of this process with
student experiences. (Mousoulides et al., 2008). Considering its characteristics,
modeling activities make it easier for the teacher to observe the student through the
role of a guide in the lesson and for the student to build their knowledge with their
own experiences (Schorr & Koellner Clark, 2003).

This study was designed as an active learning model for the MM solution process
based on the EL model. The most essential reason for considering modeling and EL
together is that MM activities consist of real life problems and allow students to learn
experientially. At this point, the results of research on RME, which is the common
point of EL and MM, reveal the importance of real life situations and learning by
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experience (Cohb et al. 2008; Fauzan et al. 2002; Gravemeijer, 1994; Laurens et al.
2017; Mulbar & Zaki, 2018; Riyanto & Putri, 2017; Van den Heuvel-Panhuizen &
Drijvers, 2020 Verschaffel & De Corte, 1997; Wubbels et al. 1997) and these are
considered evidence that forms the basis of research. We aim to evaluate the
mathematical modeling activity on perimeter and area topics of 4th-grade students
within the framework of the EL theory. Perimeter and area calculation issues, which
most teachers teach based only on the formula, are special subjects that should be
made meaningful to students. These two topics are confusing for students mostly and
it is also thought that teaching these subjects within EL might increase their
comprehension and include long-term learning. (Chappell & Thompson, 1999; Divrik
& Pilten, 2021; Jirotkova et al. 2019; Tan Sisman & Aksu, 2016; Yeo, 2008). Due to
these views, it was deemed appropriate to address the area and perimeter issues in the
study.

It has been proven that EL improves students' mathematical thinking skills,
achievement and creativity, increases mathematics knowledge and interest and
motivation, and has a positive effect on out-of-school learning (Chesimet et al. 2016;
Eaton, 2010; Jarvis & Pell, 2005; Jose et al. 2017; Parker & Gerber, 2000; Ramey-
Gassert et al. 1994; Stake & Mares, 2001; Weinberg et al. 2011). However, no such
study that focused on area and perimeter within the scope of the MM and EL models
together was found in the literature. This study will fill this gap in the literature and
serves as an example for educators and researchers of the combination of EL and MM
together. Additionally, it is thought that the use of MM and EL processes in
mathematics lessons will widespread and will contribute to the mathematics program.
Since mathematics has an abstract and hypothetical structure, it is critical for primary
school students to make sense of mathematical concepts. For this reason, teaching
these topics with alternative methods such as MM, considering the constructivist
approach, can support the learning processes of the students. To solve this problem, it
is thought that we can be more successful in mathematics if students can study
mathematics in environments where they are active and can experience their learning.
For this reason, we expect to include more such applications that offer active
experience in learning in our programs. In this study, we demonstrated students'
ability to perform modeling activities on space and environment issues based on
experiential learning theory. Inspired by this research, examining various subjects and
concepts will make it possible to consider two different perspectives in mathematics
education together. This is the most important contribution of this research to the
literature.

For the reasons explained above, considering the MM and EL approaches
together will facilitate the implementation of MM as an approach consisting of a
deeper perspective and experience. According to Kolb, although learning is led by
stages of knowledge, it does not result in a learning outcome. For learning to occur,
the experience must be acquired and applied to new situations. We emphasize the
necessity of considering these two approaches together since mathematical modeling
is a process that accelerates our transfer of real-life experiences to mathematics and
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thus the realization of learning. It is also expected that the study will bring a new
perspective to various problem solving methods and theories, especially MM, and thus
contribute to studies that combine experiential learning with mathematics.
Specifically, the research question we addressed is as follows:

1. How are the mental models of the participants for area and perimeter?

2. How are the mathematical models of the participants about area and
perimeter?

3. What are the mathematical results of the participants about the
perimeter and area?

4. What are the views of the participants about the processes?

Method

In this part of the research, explanations about the research method, information
about the participant group, data collection process and tools, and data analysis are
given.

Research Model

In the current study, the modeling activity of primary school 4th grade students
was evaluated as a case study model which is one of the qualitative research designs.
The case study is used in cases when there is less researcher intervention based on the
questions of "how" and "why" and the situation under consideration is a current
phenomenon in the context of real life (Yin, 2003). The case study method was
preferred since it is aimed to examine the cognitive and emotional experiences of the
students during the MM process within the framework of experiential learning, and
how these experiences affect students' learning.

Participants

The study group consists of students who have just started 4th grade in a public
school in Istanbul. The research was conducted in the 2019-2020 academic year with
the participation of 13 students, 6 boys and 7 girls. The criterion sampling method,
one of the purposeful sampling methods was used since it is composed of persons,
events, objects, or situations with specified characteristics of the research
(Biiytikoztiirk et al. 2014). The reason for choosing the fourth-grade students is that
the achievements in perimeter and area subjects are located at this level. The criterion
was that the participants have not learned to calculate perimeter and area with a unit
square and that they get 32 or more scores from the metacognitive awareness
inventory applied in the first step. The scale was randomly applied to 78 fourth-grade
students and 13 of them continued until the end of the research. Students knew what
the perimeter and area were but they did not know how to measure the perimeter and
area with the unit square. Since the researchers have focused on teaching these
subjects in this study, this criterion was also considered. It is assumed that primary
school children cannot develop their models and meaning-making systems to deal
with complex situations, and MM is considered more suitable for secondary school
(English, 2010). For this reason, students with a high level of metacognitive awareness
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were included in the study since they were at a level to comprehend modeling
problems and activities. Furthermore, one only has to examine the papers of the 14th
ICMI Study on mathematical modeling and practices (Blum et al., 2007) to see the
unsatisfactory reference to mathematical modeling in the primary school years,
despite a few authors’ pleas to “fake mathematical modeling seriously... at the
elementary school-/evel” (Greer et al., 2007).

Data Collection Tools

A digital story (see appendix), modeling evaluation rubric, observation and
semi-structured interview forms developed by the researchers were used as data
collection tools. Besides, Metacognitive Awareness Inventory was used to determine
the participants. The scale was developed in two forms, and the A form, which is
suitable for the primary school level, was operated (Karakelle & Sarag, 2007; Sperling
et al. 2002). The scale was developed to measure metacognitive skills in 3rd and 9th
grade students. The scale is marked on a Likert-type scale ranging from Always (3),
Sometimes (2), Never (1) for each item, in accordance with 3rd, 4th, and 5th grade
students. To determine the reliability of the scale, test-retest method was used every
three weeks. The correlation value was found to be 0.74 (N = 356, p <0.1) and the
Cronbach alpha value was calculated as 0.64.

Research Process

This study taken place in the second semester of 2020 academic year. The first
step of the research is the application of the Metacognitive Awareness Inventory and
the determination of the participants. Before this, a pilot study was conducted using
the digital story and application of the inventory. The story was sent to the students
who did not participate in this study to ensure that the statements and questions on the
scale were understandable. All processes were handled with five students and some
parts of the story that create meaning confusion were erased. For example, the most
challenging part was the construction of the problem situation for us. Therefore we
really paid attention to student problem solving in the activity. We also changed some
parts of it after the pilot study to set an example numbers on the story, the magnitude
of the area. We also realized that students had some difficulties understanding the idea
in the story. And we decided to make it a little bit easier to make them understand
well. A week later, we conducted a real study. The goal was to complete the process
in two consecutive days for 6 hours. Teaching perimeter and area with unit squares
on the first day; the solution to the problem in the story occurred on the second day.
At the end of the first day, students were asked to draw a square area of 30x30 unit
squares on a blank page in their math notebook and keep it with them as they will use
it the next day. The whole process was carried out online via Zoom. No direct
guidance was provided for solving the problem. During the entire process, even while
solving the problem, the cameras and voices of the students were open so that
researchers interfere and make the explanation at any time that students needed.

For the modeling activity, the digital story developed by the researchers and a
problem embedded in this story was used. The digital story emphasized the perimeter
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and area issues in which students generally have misconceptions. After the researchers
created a digital story, the suitability of the problem situation for modeling and EL
was evaluated by taking the opinions of academic members who are experts in the
field of mathematics. Additionally, the modeling studies (Biber & Ozdemir, 2015;
Blum & Niss, 1991; Chamberlin, 2013; English & Watters, 2005; Lesh et al. 2000)
were discussed in various articles in the literature and the modeling problems in them
were examined and the problem situation in this research was formed. From general
perspective, a problem was created that allows experience in the EL framework. The
problem is in accordance with the six principles that were defined as the requirements
of the modeling activity, according to Lesh et al. (2000). Those are: 1) a model can be
created, defined, explained and controlled by students structurally 2) It includes a
problem situation related to real life so that students can make sense of the problem
by making use of their own knowledge and experience. 3) It should be appropriate
criteria for students to evaluate their answers and decide on the solution. 4) It allows
students to report their answers to the problem and reveal their thoughts through
mathematical relations and operations. 6) Finally, the mathematical model developed
as a product of the modeling activity should structurally be meaningful and simple in
such a way that it can be adapted to similar situations. Using realistic problems in MM
activities is one of the most important criteria. Since EL expects working in situations
that can be experienced, it becomes prominent to use a realistic and daily life problem
situations in the research. For this reason, attention was paid to the connection of the
story created with daily life, and a context suitable for the current pandemic process
was tried to be created. At the end of the activity, 10-minute long interviews were
made with each student. The interview form consists of questions about how the
students felt during the study, in which part they had difficulties and what the
difference is from previous mathematics lessons. The activities were created gradually
by the EL process. All of the participation in the concrete experience process was
considered, the problem situation was linked to daily life and lessons were taught with
various techniques. These daily life experiences are also a broad element of EL and
fit together with modeling. The digital story prepared through Storyjumper.com is
linked to daily life and emphasizes the pandemic idea experienced by the entire world
over the last couple of months. Before starting the story, questions such as social
distance and the infectiousness of the virus were used to create a sense of curiosity
and familiarity with the plot. Following the reflective observation stage, the problem
described in the digital story was considered, reasoned and solved. At this stage,
students have focused on generating ideas on possible solutions and continued this by
listening to and discussing answers. The thoughts put forward were processed based
on an abstract conceptualization. The role of the teacher is to describe the activity
while the students perform. Creative work involves a certain amount of pre-existing
domain knowledge and its transformation into new knowledge (Naikakoji et al.,
1999). It is the stage of evaluating and explaining students' problem solutions. The
role of the teacher is to promote an atmosphere of acceptance of individual
participants and diverse thinking. The data obtained from each student and the
methods they used to get the result was analyzed by the researchers with a rubric. As
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a result, solutions are discussed with the whole class and inferences are made about
the perimeter and area. In the active experimentation phase, which is the last process
of EL and a part of the modeling process, students have applied the knowledge they
have learned in new situations using digital learning tools. EL and modeling activities
can mesh together since both pioneer the experience and real life situations. Though
they both have different processes and stages and EL is broader than modeling, there
is no obstacle for them to take altogether. This research is an example of this.

Educational games on perimeter and area subjects were practiced on
Interactivesites.weebly.com and Phet.colorado.edu educational sites. Educational
games on the specified websites were presented to students as tasks, considering the
fourth grade achievements. By giving each student the right to speak and to practice,
various shapes were created in the unit squares in the websites and their perimeter and
areas were calculated. Both links were sent to the parents of the students, and the
parents were asked to solve a few examples for the children until the next day's
session.

At the end of the two sessions processed with the digital story, the evaluation
rubric shown in Table 1 was created by the researchers.

Table 1

Problem-solving evaluation rubric

Criterion 0 score 1 score 2 scores 3 scores

p . . Wrong reason and  Wrong reason and  Correct reason

enguin species -

choice reason No answer  partly correct correct species and correct
species choice choice species choice
Modeling with Modeling with Modeling with

Penguin nest No answer assumptions not assumptions is assumptions

drawing types suitable for the partly suitable for  totally suitable
problem the problem for the problem

A nest’s Correct solution Correct solution

perimeter No answer  Wrong solution and insufficient and sufficient

measurement explanation explanation

A nest’s area _ Corr_ect so_lu_tion Correct §o_|ution

No answer  Wrong solution and insufficient and sufficient

measurement

explanation.

explanation

The rubric developed by the researchers consists of four themes. These themes
were determined to meet the MM stages. For the first step of mathematical modeling,
the digital story used in the real-life problem application process was embedded. The
model formed in the student's mind about the second stage, the real problem,
corresponds to the first theme in the rubric. The third (real model) and fourth
(mathematical model) stages of the modeling process correspond to the second theme
determined for the rubric. Finally, the last two themes seen in the rubric were
determined to correspond to the mathematical results, which is the fifth stage of
modeling. To determine the level of these modeling stages in the students during the
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process, the activities and operations performed by the students were scored from 0
to 3 according to the criteria specified in the table above. The first two of the four
assessment criteria in the rubric were conducted following the modeling and the last
two were conducted by the modeling and EL base as well. Thus, both the modeling
activities and experiential responses of the students were analyzed. Online interviews
were made with each student individually at the end of the activity. Every single
interview took about 10-15 min and it is considered that none of the students affected
each other. We asked, how did you feel while practicing the activity? In which parts
did you have some difficulty? The purpose of the interview was to reveal the affective
attitudes of the students regarding the process. Besides, both researchers made
observations in all lessons and phases.

Ethical Committee Approval

This research was conducted with the permission of Kocaeli University Social
and Human Sciences Ethics Committee, dated 30.09.2020 and numbered 10017888-
199/.

Data Analysis

The data were analyzed by two researchers separately. Researchers have
received support from an instructor who was not involved in the current research so
that the evaluation has been fulfilled objectively. The researchers acknowledged the
most accurate evaluation by comparing the analysis results they obtained. However,
the answers stated at the end of the interview were analyzed with descriptive analysis.
Descriptive analysis is the type of analysis in which the obtained data are taken
without modification. The analysis process is completed with the stage of creating a
frame, processing the data according to the thematic framework, defining the data and
finally interpreting it (Altunigik et al. 2010). As a result of the rubric evaluation, the
scores of each participant were revealed and the results were examined in detail. In
addition to this, the observations made by the researchers throughout the process were
brought together. Important observations and worth explaining are also presented in
the findings section.

Some techniques such as triangulation, expert evaluation, long-term data
collection, supervision permission from the participants, repeated questioning,
reflective interpretation, and voluntary participation can be used in the research to
increase the validity and reliability (Creswell & Miller, 2000; Patton, 2002). The data
of this research were collected for about six hours, and a continuous comparison effort
was made while collecting the data. We tried to obtain detailed information about the
situations by using more than one data collection tool, which we used in this research
interview modeling task and observation. Plus those, we also used the inventory to
select the students. The results obtained were read twice by both researchers to reach
the most accurate categories. Miles and Huberman (1994) suggested that the inter-
coder reliability ratio can be calculated by dividing the number of agreed codes by the
total number of agreed and disagreed codes. In this study, the percentage of agreement
between researchers was determined as 86%.In cases where an agreement could not
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be provided, expert opinions were consulted and accepted. The answers given by the
participants in the questionnaires are shown in the findings with tabulations or direct
quotations.

The results of the research were also shared with the participants. Thus, the
students saw where they went wrong. In this regard, apart from the research process,
a zoom meeting was held with the researchers and teacher regarding the answers to
the students. By going through wrong and correct answers, students were supported
to express their opinions on their own and their friends' answers. Simultaneously, a
summary of the digital story website and its content used in the research was made in
this meeting. A supportive speech was made about the students' ability to use it
themselves. Additionally, a pilot study was conducted to predict the problems that
may be experienced in the implementation process before the study and to increase
the reliability of the study by testing the mathematical modeling efficiency. As a
result, it has been attempted to ensure validity and reliability by emphasizing
important factors such as the fact that the data reflect the truth and consistency with
each other.

Findings
In this section, the answers created by the students are evaluated and summarized

in tables. The first and second sub-problems are generally related to the modeling, the
third and fourth sub-problems are based on EL.

Findings on the First Sub-Problem

The first question was about which species of penguin the students chose to
conclude the problem in the digital story. The results regarding this question are
shown in Table 2.

Table 2
Descriptive analysis related to mental modeling
Participants Scores
S1 1
S2
S3
S4
S5
S6
S7
S8
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Table 2 (continued)

S9
S10
S11
S12
S13

Total
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N
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The correct choice of penguins in the study is the Macaroni penguins that allow
them to place more nests in the designated area because their nests take up less space.
We expected that the students had right reason to choose the right species. It might
show that they can perform the first step of mathematical modeling by choosing the
most appropriate one. According to Table 2, more than half of the students got 3
points, which means they chose the right penguin for the correct reason. Four students
got one point, they chose one but with the wrong reason and partially correct species,
the King penguin. Two students chose macaroni penguin as the correct species but the
wrong reason. Those students claim that macaroni penguin might be chosen because
their mothers say so or because they are small they need more nests than others need.
The other one, the Emperor, has not been selected by any students.

According to these results, although more than half of the students gave the
correct answer, it can be concluded that a result below the expectations was obtained.
In the observations that were made during the course, it was thought that most of the
students could choose the right answer, and the fact that there were students who made
the wrong choice as a result can be considered an indication that the problem situation
was not clearly understood. Additionally, at this mental modeling stage of
mathematical modeling, students were expected to express the model formed in their
minds as a verbal model, therefore, it is seen that students have difficulties expressing
their mental models verbally. Knowing that during the mathematical modeling
process, students first have difficulty expressing the real life problem with a verbal
model that will define it clearly (Kapur, 1988) explains this situation.

Findings on the Second Sub-Problem

In the second sub problem, modeling activity related to the solution of the first
problem was evaluated. After choosing one of the penguin species in the story, the
students drew nests in the area determined as 30x30, considering the information
about the penguins they chose. At this stage, it was evaluated how the students drew
the penguin nests they chose most effectively, considering their criteria. We wondered
how students reasoned about the area and criteria in the story. Besides this, we
approached what is the mathematical knowledge of the students and what kind of
conceptual problems are behind the mistakes made. The results are shown in Table 3.
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Table 3
Descriptive Analysis related to Mathematical Modeling
Participants Scores
S1
S2
S3
sS4
S5
S6
S7
S8
S9
S10
S11
S12
S13
Total
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The second sub-problem of the study is to create nests suitable for the criteria of
the selected penguin genus in the 30x30 area. Five students were able to create a model
for the situation that was completely appropriate for the problem. While five students
created a model with a situation partially suitable for the problem, three students
created a model with assumptions that were not suitable for the problem. The expected
result suitable for the problem is the most efficient use of the entire area of 30x30.
The data and hints that students will have used in the problem were given to the
students within the scope of the information about the problem. For this reason, it is
an important result that students can apply the most appropriate shape and
optimization. Examples of this are shown in Figure 1, 2, 3 and 4.

The models are shown in Figure 1 and 2 were the examples that got the highest
score, used the area most efficiently and were prepared in accordance with the criteria

Figure 1 Figure 2
Example drawn by S10 Example drawn by S8
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specified in the problem. As stated in the problem, S8 and S10 left two units of square
space between each nest and tried drawing as many penguin nests as possible.
Especially in the modeling drawing made by S8, it was seen that the area at the right
side was used effectively, just like a different shape was used in the modeling drawing
made by S10. As a result, both students got full points

Figure 3 Figure 4
Example drawn by S4 Examole drawn bv S1

In Figure 3 and 4, two unit squares that should be between each slot are ignored
and the area was not used efficiently. In the drawing of S4 shown in Figure 3, it was
seen that the student chose the right penguin species, but did not use the area
efficiently and therefore fitted fewer nests on it. In the drawing of S1 shown in Figure
4, it was seen that the student both chose the wrong species and ignored the criteria of
the problem. Therefore, S4 got two points and S1 got one point. As a result of the
observations made in this process, it should be said that the students who created these
two models worked more carefully and meticulously than the other students. It was
remarkable that most students came to a conclusion by trial and error method.

Findings on the Third Sub-Problem

In the third and fourth stages of the research, it was aimed to evaluate the
students' knowledge about the perimeter and area calculation using unit squares. At
these stages, students should pay attention to the fact that the size of one side of a unit
square is 20 cm and measure it accordingly. Findings of perimeter measurement were
shown in Table 4.
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Table 4
Descriptive analysis related to mathematical results (perimeter)

Participants Scores

S1

S2

S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
Total
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According to Table 4, five students were able to calculate the perimeter of the
nests they had created by getting full points and made the correct explanation with the
correct solution. Five students were able to measure the perimeter, but it was observed
that they ignored the fact that one side of a unit square was 20 cm. For this reason,
these students were given 2 points. While two students calculated completely wrong,
one student did not make any solution. Below is an example shown in Figure 5 and
sample dialog of the student's calculation:

Figure 5
A section of the student's answers
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Researcher: “Can you calculate the perimeter of a nest you drew?”
S11: “Yes, teacher (calculates) 10 units.”
Researcher: “How did you calculate it?”

S11: “Starting from one corner of the slot, I counted the edges and calculated 10
units.” (Wrote in her notebook)

Researcher: “So did you think of one side of the unit square as 1 unit?”
S11: “Yes teacher, I counted it as 1 unit, I did it wrong..”

Researcher: “We said in the story that unit squares in the safe zone have 20 units
per side, remember?”

S11: “I remember it now, but I didn’t think while calculating it. It slipped out of
my mind because I wanted to calculate it as soon as possible.”

Researcher: “Well, now I want you to calculate it by thinking that one side is 20
units. What can be the easiest way to calculate it?”

S11: “When I think of it as 1 unit, I have calculated 10 units. So now, I can
multiply 10 by 20 because one side is now 20 units. That way, it's easy.”

Researcher: “Then what did you calculate the perimeter of a nest?”
S11: “200 units.”

As can be seen in the above dialog, the student made the perimeter measurement
of a nest technically correct. However, she did not use the information that one side
of the unit squares in the safe zone consists of 20 units while calculating. After the
student finished the process and decided on the perimeter of the nest, the researcher
reminded her once again. Using this reminder, the student ultimately reached the
correct result by following a practical way. According to the observations, it was seen
that students had no big difficulty calculating the perimeter. They even did not use the
trial and error method to get the conclusion. It was obvious that they knew what they
needed to know to calculate the perimeter, even if some of them ignored the unit size.

The fact that the students can make the calculations of the perimeter mostly
correct may show that they are exposed to real life experiences based on finding the
perimeter and that they can solve the problem by internalizing it. The fact that they do
the calculations as one, without paying attention to the unit edge, gives us the right to
make inferences about the types of information they experience in their real life.
According to EL, learning occurs through concrete experiences and abstract
conceptualization. Therefore, learners need to learn the theoretical knowledge in a
way to build a relationship in depth. In the last phase of the cycle, learners have
reached the point of transferring and applying them to new situations. We can deduce
that the concept perimeter is well-built in the students’ minds and it enables them to
solve the referring problems in the correct way.
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Findings on the Fourth Sub-Problem

In the last phase of the research, which was evaluated with rubrics, it was aimed
to measure the students’ knowledge about the unit squares and area subjects. Findings
on area measurement were shown in Table 5.

Table 5
Descriptive analysis related to mathematical results (area)

Participants Scores

S1

S2

S3
sS4
S5
S6
S7
S8
S9
S10
S11
S12
S13
Total
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According to Table 5, only one student answered the area calculation completely
correctly, while three students ignored the fact that the length of one side of a unit
square was 20 cm. Six students who consisted of the majority measured it completely
wrong, while three students didn’t respond at all. It has been observed that arithmetic
skills come to the fore in children working in the mathematical results stage of
modeling. Although we observed that the students did not have major problems in
arithmetic in general, ignoring the important points in the problem situation led them
to the wrong conclusion. The first phase of EL, concrete experience is the awareness
stage that occurs due to internal reactions through the experiences of the person. Plus
this, abstract conceptualization phase emphasizes thinking through learning and
regular presentation of information. Learning occurs through concrete experiences
and abstract conceptualization. At this stage, learners should learn the theoretical
knowledge in a way to establish a relationship. According to this, it may be due to the
lack of experience of the students in their daily lives about the concept of area. And
therefore the wrong or incomplete positioning of the concept of area in their minds
and therefore their inability to deepen the knowledge.
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Findings on the Fifth Sub-Problem

Finally, short interviews were conducted to receive students' views regarding the
process. The questions asked in these interviews were about how students felt during
the activity and which part they had challenges in. The result is shown in Table 6.

Table 6

Opinions on the activity
Opinions of the participants The number of participants
Enjoy the activities 11
Find it a bit difficult 2

Most students stated that they enjoyed the activity, had fun and would like to do
such activities again in the future. Only two students stated that they had a little
difficulty. The dialogues between the student and the researcher regarding this were
as follows:

Researcher: “How did you feel while practicing the activity?”

S12: “I was never bored but had a little difficulty.”

Researcher: “In which parts did you have difficulty?”

S12: “The part about 20 units.”

Researcher: “Did you find it difficult to calculate the area or the perimeter?”
S12: “The perimeter. I think it would have been easier if it wasn't 20.”
Dialog with another student:

Researcher: “In which part did you have more difficulty?”

S8: “Fitting the nests was a bit difficult and complicated.”

Researcher: “When I looked at your results, I saw that you could do it. You had
a hard time but still did it. Well done!”

S8: “Yes, but it was really a bit complicated.”

As seen in the examples above, the students stated that they liked the activity.
However, the findings showed that the unit square confused the meaning and that the
students generally ignored the fact that one side of the unit square was 20 cm. Another
student stated that he had difficulty fitting the nests. Fitting the nests and placing them
within the designated area was one of the thought-provoking parts of the problem.
Apart from these, a few examples from students' statements were:

S9: “I think I understood better than the other math classes.”
S2: “I felt that I could learn the subject.”
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S4: “I didn't know much about the perimeter before, now I have learned better.”
As a result, it was stated that the students enjoyed the activity.

Discussion, Conclusion and Suggestions

In this study, it was aimed to evaluate the fourth-grade students’ MM process in
the context of the EL model. The data obtained from the research were evaluated on
the basis of modeling and EL. From a broad perspective, it is seen that the results are
promising and positive for students. EL improves students' mathematical thinking and
reasoning skills, academic achievement, creativity; increases interest and motivation
with mathematics knowledge and positively affects distance learning (Chesimet et al.
2016; Eaton, 2010; Jarvis & Pell, 2005; Jose et al. 2017; Newsome, Wardlow &
Johnson, 2005; Parker & Gerber, 2000; ; Ramey-Gassert et al. 1994; Stake & Mares,
2001; Weinberg et al. 2011). Based on some of the results of this research, we can say
that the results of our research are also similar. We have reached results such as
knowing that students have difficulties in some concepts, knowing where and why
they think about reasoning and their motivations improved.

The first problem of the research was to reveal the mental modeling situations
of the participants. Aiming to measure this situation, "Do Viruses Infect Penguins?"
It was aimed to choose a penguin species to solve the problem stated at the end of the
story. The correct choice of penguins in the study is the Macaroni penguins that allow
them to place more nests in the designated area because their nests take up less area.
The results showed that many participants chose the correct species. However, it was
seen that the total number of those who chose the Macaroni species and those who
chose the King penguins for an invalid reason was six. Since the main goal of
mathematics education is the mathematization of the child’s thinking, thought and
pursuing assumptions to logical conclusions is central to the mathematical enterprise
(Pooja, 2012). As for EL, it asserts that the acquisition of skills and construction of
knowledge by the learners is a direct result of experience. The learner can elect and
participate in experiences (Atherton, 2009). Considering that 13 students participated
in the study, this was not a number to be underestimated. As with all criteria in the
rubric, the highest score that should be obtained in this criterion was 39, while the
score received by the participants was 29. Although this result was the highest score
compared to the other results, it was lower than expected. One explanation for this
situation was that the students did not have mathematical modeling experience and
therefore they were not used to the idea of assumptions and that they might have had
trouble figuring out their assumptions for the solution of the problem. Also, when
mathematical concepts, rules and principles are perceived independently from each
other, it is very difficult to bring the necessary direction into functional memory while
studying Mathematics (Boz, 2008). Considering this situation; since the maximum
nest placement rule is given in the problem and principle that the Macaroni penguin
occupies the least area are perceived independently of each other, it is concluded that
students have difficulty choosing the appropriate penguin species for a valid reason.
In parallel with this result, it was stated that students had difficulty in understanding
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and applying the data presented in different representations (English & Watters, 2004;
Hwang, et al., 2007; Santa et al. 2019). This result, as in other results, may be due to
the lack of experience of the students in these subjects. The child, who has the subtle
knowledge and concepts acquired in experiential learning, tests this new knowledge
in the fourth stage of the cycle, which is the active application step (Kolb, 1984).
When we look at the results of this research, we see that students generally have
difficulties adapting their experiences to new situations. Considering that the stages
of observation and practice in experiential learning represent the use of various
behaviors by transferring them to later situations (Cakici, Alver & Ada; 2006), it
would not be wrong to emphasize the lack of students' ability to use appropriate
representations. Similarly, in mathematical modeling, the student's difficulties in
adapting the model she created during the process to a real life problem in the next
stages, and in using the model she created in another problem situation, can explain
this result.

Secondly, the students were asked to build penguin nests consisting of unit
squares in an area of 30x30 for the penguins they chose. In total, five students were
able to create a model for the situation that was perfectly suited to the problem. The
expected suitable result for the problem is the most efficient use of the entire area of
30x30. For this reason, it was an important result that students could apply the nests
most appropriately and could use the area efficiently. This situation is related to the
mathematization phase of mathematical modeling. In the mathematization process,
students should be able to represent the information they determined while describing
the problem situation mathematically and create the model by establishing
mathematical relations (Lesh & Doerr, 2003). Here, what we want to scale
mathematically is not exactly the use of geometric shapes, but in such a problem, it is
considered that this conceptual knowledge is also needed. Our aim is to examine
students' ability to perform mathematical modeling by creating a suitable geometric
shape by using their past experience and imagination. Students often have to
encounter problem situations that require such reasoning. Because these problems are
sheerly valuable as they allow them to both reason and create an appropriate
representation. In addition to these, students were expected to approach this question
from a creative perspective while answering it. It is known that both mathematical
knowledge and EL approach are highly correlated with creativity (Chesimet et al.
2016). For these reasons, students' realistic answers to this question are important in
terms of both modeling and experiential learning.

The most challenging and thought-provoking part of the research was the
students’ placing their penguin nests in the area. While the highest score that should
be obtained from this criterion was 39, the score obtained by the students was 28. This
score was deemed positive for the question. However, it is concluded that the fact that
the research group learned the unit square online and in a short time affected these
results. The fact that the studies conducted in the classroom allow the use of concrete
materials, and the fact that concrete situations are important for issues such as
perimeter-area stand out in these results. However, one of the most important tools
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that ensure the correct understanding of the concept by associating it with daily life to
make the abstract concepts of mathematics concrete is the MM. Without modeling,
students have the opportunity to experience concrete applications of mathematical
concepts (Cramer et al., 2003; Cavus Erdem et al., 2017; Ciltas & Isik, 2012; Lesh et
al., 2007). Due to this feature of modeling activity, it is promising to have students
who could think concretely and creatively, and form the field as it should be in the
application process.

The third and fourth stages of this research are all about mathematical knowledge
and it also is a part of MM. Thirdly, the mathematical results of the participants about
the perimeter were examined. Accordingly, each participant was asked to find the
perimeter of a nest regardless of the correct species selection. While five students
calculated the result completely correct, five students calculated the perimeter but
neglected to take the unit size as 20 cm. These results showed that the students
understood the perimeter but did not fully comprehend the unit square and thus caused
to make incorrect measurements. The reason for this situation was that students reach
an incorrect solution due to lack of attention while following rote methods while
solving problems. These students reached the wrong conclusion due to their inability
to use the necessary cognitive skills because they gave all their attention to the rules
they memorized (Bilen & Ciltas, 2015; Isik & Mercan, 2015). Another reason for this
result can be said to be due to the limited experience of MM activity in and out of
school, where students will work together, generate new ideas, and defend themselves
(Blum & Ferri, 2009; Eraslan & Kant, 2015). However, according to some
researchers, modeling and using models in math education complicate to
understanding the concepts (Akgiin et al., 2013; Isik & Mercan, 2015). This
emphasizes the necessity and importance of processing mathematical concepts by
combining them with experience, reasoning and creative thinking. Incorrect results
obtained by students in the concept of perimeter may be due to their not knowing
exactly what the concept of perimeter means in daily life, as well as their mathematical
knowledge. The lack of experience of a student who cannot visualize this concept in
his mind and think about it may also be a reason for interpreting these results
(Ferdianto & Hartinah, 2020). This situation once again, emphasizes the importance
of considering experiential learning together with mathematical concepts.

Fourth, the mathematical results of area measurement were examined. However,
the results on area measurement were lower than the perimeter measurement. The
reason for many mistakes made by students in area measurement was the area and
perimeter confused with each other, and it causes students not to understand these two
subjects very well and lead to misconceptions (Baturo & Nason, 1996; Chappell &
Thompson, 1999; Divrik & Pilten, 2021; Jirotkova et al. 2019; Moyer-Packenham,
2001; Outhred & Mitchelmore 2000; Tan Sisman & Aksu, 2016; Yeo, 2008).
Especially, when calculating the area, students often make mistakes caused by using
formulas, operating errors, and incorrect modeling of geometric shapes (Divrik &
Pilten, 2021). While measuring the length around a shape in the perimeter calculation,
in an area calculation, it is determined how many of the regional dimensions are
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determined within the area to be measured (Giirefe, 2018). In measuring the perimeter,
first, students should be given the opportunity to measure the distance around a region
with a rope or measuring tape with non-standard units (Cilingir Altiner, 2020). In this
way, students can first develop a model in their minds about the concept of perimeter
by gaining experience with various activities. Thereafter, a transition should be made
to the concept of area as the “section within the borders” (Giirefe, 2018). Just like the
acquisition of many concepts in mathematics, the acquisition of perimeter and area
concepts can be taught effectively with the help of various representations and models.
Thus, we believe that the ambiguity of the perimeter and area can be avoided by
experiencing real-life situations and applying various modeling activities related to
the subject.

In this study, only one student could calculate the area accurately. However, two
students could make the calculations correctly, which showed their understanding of
the area subject but did not take the 20 cm detail into consideration. Our observation
notes also prove that students have difficulty in calculating the area. To understand
the area measurement, it is necessary to understand that the area is a limited zone and
then to be able to calculate it. To calculate the area, it is necessary to understand the
measurement tool, that is, the unit. Because area measurement is the determination of
how many of the same type and suitable units of measure will be covered by a limited
plane (Reynolds & Wheatley, 1996). When the literature on the area of measurement
was examined, it was seen that students have difficulty in understanding and
associating the concepts related to measurement and in including these concepts in
the problem solving process. it is seen that they try to operate with formulas based on
memorization, without understanding the logic of concepts such as area and perimeter
(Chappell & Thompson, 1999; Martin & Strutchens, 2000; Stephan & Clements,
2003). Students may have the competence to use the information about the subject
and concept in school mathematics. However, they may have difficulty understanding
what the same information means in their daily lives. Area and perimeter subjects are
one of those subjects for the students. Another common result of the studies in the
literature is that the concepts of area and perimeter are among the concepts that
students make the most mistakes and have difficulty in understanding (Chappell &
Thompson, 1999; Geary et al., 2008; Jirotkova et al., 2019; Yeo, 2008). When we
consider this result on the basis of experiential learning, we can say that, unlike other
results, students cannot comprehend the relationship between concrete experience and
abstract concept in the EL cycle, and as a result, they have difficulty conceptualizing.
It may be correct to interpret this result in terms of mathematization, which is
considered an important component of modeling. Mathematicizing the real life
problem, that is, transforming it into a formal structure, is a difficult task due to the
complex nature of real life. For this reason, the mathematization of the problem is
possible by transforming it into a more convenient and simple structure close to the
real life problem (Kapur, 1988). In the mathematization process, students first create
a verbal model that will clearly describe the real-life problem. Then, in line with his
mathematical knowledge and experience, one creates a mathematical model and
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expresses as a symbol or formula. What is important in the formation of this model is
the mathematical experience of the individual. In addition to this, the lack of
experience of the students in the area may cause them to give wrong and incomplete
answers on this subject, as can be seen in the student mistakes on the perimeter. This
result highlights the importance of concepts such as both EL and mathematization by
showing how much student experience affects their success in school mathematics.

Within the scope of EL, perimeter and area subjects were shown to students as
subject teaching through various educational websites. Education based on EL theory
requires the organization of educational activities suitable for each learning path
(Kolb, 1984). Research results in the field of education show that the internet
environment has positive effects on students' success. (Kilig, 2002; Tower, 2002).
Therefore, EL can also be carried out online and can work out successfully. However,
the fact that the mathematics subjects discussed in this study, especially the subject of
the area, are more abstract and the subject is shown briefly and concisely in order not
to cause a distraction caused the study to result in findings lower than expected. This
situation was interpreted as a limitation of distance education especially at primary
school level. Since students are unfamiliar with methods that they do not frequently
use in daily life and even at school, there is a possibility of obtaining lower answers
than expected (Guimardes & Oliveira, 2018). Although perimeter and area subjects
can be used in daily life and school life, it has been understood that student-based
activities that require reasoning have been avoided as in this study.

Finally, semi-structured interviews with questions about what the students felt
during the process and where they had difficulties were conducted in the study. Most
of the students stated that they enjoyed the activities and had fun, and they also stated
that they had difficulties in some parts. Especially, the fact that the unit square has a
side of 20 cm was confusing for some students. There were also students who had
difficulties creating the nests, but an aim of this research was to ensure that students
reached the best solution by making reasoning and straining their minds. In MM, it is
necessary to use problems that students should think about and have different
solutions, rather than problems that students can easily solve. This is because MM s
a method that requires attention at every stage and in which metacognitive skills are
very active (Bilen & Ciltag, 2015). Therefore, while determining the study group in
this research, the metacognitive awareness scale was applied to the whole class and
the 13 students who got the highest score from the scale, that is, the highest
metacognitive awareness, was determined as the study group. According to the results
of the research, it was determined that while the students were active in the stages of
defining the problem given to them, expressing it verbally and mathematizing the
problem, they were not active in the stages of interpreting and validating the emerging
model and adapting it to another problem. Once we think from the EL perspective,
the students knew the perimeter and area on the first day's activity and made various
exercises. So they were experienced with how to calculate with a unit square.
However, in the story and problem that occurred the next day, the students had
difficulties such as measurement of area in this regard. We observed that students
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mostly had difficulties with conceptual knowledge rather than aritmatical knowledge.
They could calculate the results anyway but the lack of understanding the main topic;
area. The basis of the difficulties experienced in learning the subject is the traditional
teaching approach based on algorithms presented to the students as a formula and the
students are in this learning process with a memorized approach (Cobb et al. 2008;
Kidman & Cooper, 1997). Therefore, the teaching approach in which these algorithms
are explained clearly with mathematical expressions is critical. At this point, students
need to work on real-life problems in a non-traditional learning environment designed
with mathematical modeling activities, where they build their own knowledge with
their own experiences. This situation was interpreted as not fully comprehending the
subject as in the others. If such research is conducted face-to-face in the classroom, it
is thought that there will be many different positive results. Due to the limitations of
distance education, such as the lack of face-to-face interaction, which is one of the
most essential factors of learning environments and a part of our limitations, students'
lack of self-study habits, short and concise activities were planned and carried out.
Since perimeter and area exist in all levels of the mathematics curriculum starting
from the second year and are also related to geometry, students should understand
these thoroughly.

It has been seen that there are many activities and Web 2 applications on the
internet, especially regarding geometry-related issues. Their effective use by
educators and researchers will carry the findings to be obtained much further than the
results of this research.

In this study, we discussed experiential learning as a perspective in the problem
solving process that requires mathematical modeling, therefore, we wanted to point
out that although both perspectives have different stages and processes, EL can make
an important contribution to the mathematization process, just like in RME. Surely,
there are many studies on both issues in the literature, so we created the content by
referring to the appropriate ones, but we did not come across a study that took
completely modeling and EL. We think that this is a reason for the results that leave
us without comment at some points. We believe that there is more work to be done on
this subject. Additionally, although studies deal with perimeter and area issues, it is
recommended to conduct intervention studies to eliminate the misconceptions
between these two concepts.

The biggest limitation of this research is that students practice mathematical
activities in a short time and online. In particular, teaching online concepts that require
the use of more concrete materials, such as perimeter and area, has created a
disadvantage for us. We guess that doing such an activity in the classroom would
allow us to create a much richer findings and discussion section. Apart from this, the
fact that there are students who participated in the research before but dropped out
later and could not attend the classes can be considered as another limitation. In
addition, mathematical modeling activities are theoretically studied with the peer
education approach in the cooperative learning environment of heterogeneous groups.
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In the distance education process, which was compulsory due to the pandemic, the
mentioned criterion of mathematical modeling cannot be met, so cooperative learning
cannot be realized as a limitation.
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Ogrenme eylemi farkli yol ve yontemlerle gerceklesmektedir. Ogrenme,
kisilerin kendisine ve kendi dgrenme bigimlerine gore sekillenebilen bir gercektir.
Deneyimsel 6grenme (DO) ise Kolb (1984) tarafindan ortaya konulan ve bilginin
deneyimler yoluyla olustugu siireci belirten bir grenme modelidir. Sabit durumlardan
somutluga, yetkinlige, gergeklere ve eylemlere gecme seklini ayirt eden pragmatist
diisiinceye dayanir (Johns, 1999). Matematiksel modelleme (MM) siireci DO ile
yakindan iliskilidir, Ogrenciler etkin (aktif) oldugu icin siire¢ ogrencilerin
deneyimleriyle ilerleyen ve giinliik yagamla baglantilar kuran bir yapiya sahiptir. Bu
arastirmada DO, alan ve cevre kapsaminda bir matematiksel modelleme ¢ergevesi
olarak diisiiniilebilir. Alan ve ¢evre konusu, 6grencilerin etkin olarak 6grendikleri,
ilkokul matematiginde 6énemli bir yere sahip olan bir konudur. Bu nedenle dordiincii
simf Ogrencilerinin alan ve ¢evre modelleme etkinlikleri DO ¢ercevesinde
degerlendirilmistir.

Deneyimsel Ogrenme

Dewey (2007), dgrenenlerin “yagayan bireyler” olarak sosyal ¢evrelerindeki
sorunlar1 ve ¢oziimleri ele aldiklarini belirtmistir. Yani insanin varolus siireci, i¢inde
yasadigi ¢evreden ve bu ¢evrede kazandigi deneyimlerden ayri tutulamaz. Piaget,
biligsel gelisim kuraminda ortaya koydugu semalart ve bunun zihinde yapilanmasini
somut deneyimlerden soyuta giden siiregte ele almistir (Simatwa, 2010). Ancak Kolb
(1984) bu bilgilerden sentezledigi ¢ikarimlardan DO kuramim ortaya koymustur.
Buna gore insanlar deneyimledikleri ya da gergekten dnemli ve degerli olduguna
inandiklart bilgileri akillarinda tutarlar. Dolayisiyla deneyim bu noktada iyi bir
pekistiricidir (Yilmaz, 2015).

DO’niin en o6nemli ilkesi, 0grenmenin kazanilan deneyimler sonucunda
gerceklesmesidir. Kisacasi, DO &grenme siirecindeki deneyimleri vurgular.
Dolayistyla 6grenme bir sonug degil, bilginin yapilanmasint saglayan bir siiregtir.
Deneyimsel 6grenme dort asamali bir dongiidiir ve her asamada farkli yontem ve
etkinliklere yer verilerek ilerler. Bu noktada yasayarak grenmenin amaci, verimli ve
kalict 6grenmeyi gerceklestirmek ve dgrenciler arasindaki bireysel farkliliklart en aza
indirmektir (Kolb, 1984). Ogrenenler arasi bireysel farkliliklar kavramindan ortaya
cikan dgrenme stilleri de DO'niin dnemli bir parcasidir ve bireyin dgrendigi stile
uygun etkinlik ve yontemlerin kullanilmasi gerektigini belirtir. Ancak bu noktada 6ne
¢ikan, bireylerin 6grenme stillerinin 6zelliklerine gére 6grenme ortami olugturmaktir.
Ogrenme stilleri ise kisilerin zayif ve giiclii yonlerini ortaya ¢ikararak &grenme
ortaminin en verimli gekilde inga edilmesini dngdrmektedir (Evin Gencel, 2008).

Smith ve Kolb (1996) DQ'yii dort asamadan olusan dongiisel ve yinelenen bir
sirec olarak tanimlamigtir:  Somut deneyim, yansitict gdzlem, soyut
kavramsallastirma ve etkin (aktif) deneyim. Dongili somut bir deneyimle baslar ve
bireyin deneyimle ilk karsilastigi noktayr belirtir. Kisinin yasadigi deneyimler
araciligiyla igsel tepkiler nedeniyle olusan farkindalik agamasidir. Bir durum ya da
olayla karsilasildiginda merak, heyecan gibi duygularin ortaya ¢ikmasidir (Kolb ve
dig., 1999). Ogrenenlerin somut deneyim asamasinda yer almalar1 ve farkli bakis
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acilarindan cesitli 6rnekler vermeleri gerekir. Burada 6grenciler i¢in giinlitk yasamla
ilgili konular, 6rnek olay calismalar1 ve drama etkinlikleri siirece dahil edilir. Yansitici
gbzlem asamasi, somut yasant1 asamasinda kazanilan bilgi ve deneyimlerle ilgili
konularin farkli bakis acilariyla tartisilmasini, derinlemesine incelenmesini ve
anlagilmasini igerir. Bu asamada &grenciler, 6zellikle soruna ve onun ¢dziimiine
odaklanarak olast ¢oziimler hakkinda akil yiiriitirler (Kolb ve dig., 1999). Soyut
kavramsallastirma asamasi, Ogrenme yoluyla diisiinmeyi ve bilginin diizenli
kullanimini vurgular. Sonunda, somut deneyimler zihinde soyutlanir ve fikirler
mantiksal olarak filtrelenir. Ogrenme, somut deneyimler ve soyut kavramsallagtirma
yoluyla gerceklesir. Bu asamada Ogrenenler teorik bilgileri derinlemesine iliski
kuracak sekilde 6grenmelidir. Dongilinlin son asamasinda &grenenler, etkin (aktif)
yasantt siirecinde somut yasantilar yoluyla edindikleri deneyimleri soyut olarak
kavramsallastirarak yeni durumlara aktarma ve uygulama noktasina gelmislerdir. Bu
nedenle etkin olmak ve ¢esitli uygulamalar yapmak bu asamay1 basarili kilan 6nemli
bir noktadir. DO kuramu, sirali ve siirekli olarak gerceklesen bu dort asamadan olusur
ve dgrencilerin kalict 6grenmeleri igin etkili bir segenektir (alternatiftir). Ozetle, DO
ile ilgili olarak, 6grenme, bu dort asamada deneyimin doniistiiriilmesi yoluyla bilginin
yaratildig siiregtir.

DO, dgrencilerin sosyal bilgiler, fizik egitimi, biyoloji, cografya gibi cesitli
disiplinlerdeki akademik basarilar1 gibi farkli alan ve konularla ele alinir. Bu
calismalarda DO, ¢ogunlukla 6grencilerin akademik basarilarini ve tutumlarim gesitli
deneyimler ve etkinlikler araciligiyla dlgmektedir (Alemdag ve Oncii, 2015; Evin
Gencel, 2008; Johns, 1999; Kilig, 2002; Nichols, 2003). Bunlarin yaninda DO ve
dgrenme stillerini ele alan aragtirmalar da bulunmaktadir (Alemdag ve Oncii, 2015;
Evin Gencel, 2007; Kilig, 2002; Ozgiir, 2013). Ayrica web tabanli-teknolojik
caligmalar, tasarim egitimi, tutum, davranis ve ilgi gibi etkili &zellikleri one
cikarmaktadir (Ertiirk ve Sahin, 2019; Nichols, 2003; Ust vd ve dig., 2017). Ayrica,
dgretmenlerle okul dis1 DO ¢aligmalar yapilmustir (Okur, 2012; Tasc1 ve dig., 2021).
Ek olarak, 6grenme stilleri yasayarak 6grenme ile birlikte kuramsallastirildigt igin
caligmalarin matematik 6gretimi ve 6grenme stillerini birlikte ele aldigi goriilmektedir
(Bilgin ve Durmus, 2003; Ertekin, 2005; Peker, 2005; Sentiirk, 2010; Yenilmez ve
Cakir, 2005). Bu arastirmalara, hizmet i¢i/hizmet dncesi 6gretmenler veya 6grenciler
katilmigtir ve arastirmacilar, herhangi bir miidahale olmaksizin, esas olarak
katilimcilarin basarilarina, 6grenme stillerine ve aralarindaki iliskiye odaklanmustir.
Ancak alanyazinda ilkokul 6grencileri ile DO ve MM'nin ¢ekirdegini olusturan gergek
yasam durumlarini birlestiren herhangi bir ¢aligmaya rastlanmamustir. Sonug olarak
da DO’niin matematik egitimi icin énemli olduguna ve bdyle bir arastirma yapmaya
karar verilmistir. Ek olarak, DO’niin bilesenlerini olusturan somut deneyim, yansitict
gdzlem, soyut kavramsallagtirma ve etkin (aktif) deneyim, MM'nin temel kavramim
vurgular. Baska bir deyisle, bu iki kuramin kullamishiligina dikkat ¢ekmek ve
matematik egitimi i¢in etkili bir sekilde kullanmak amaglanmaktadir.
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Matematiksel Modelleme

Matematiksel modelleme, dgrencilerin problemleri ¢6zmeye ¢alisirken yaratici
ve esnek diistinmelerini saglayan ve 6grencileri gercek yasam sorunlarimi ¢ézmeye
hazirlayan bir aractir (English, 2006; Lesh ve Doerr, 2003). Baska bir deyisle, ger¢ek
yagami matematiksel problemlerle iliskilendirmek olarak tanimlanabilir. Matematik
Ogretim programinda (miifredatinda) MM vurgusu, matematigi gerektigi gibi
kullanabilen, gercek yasam problemleri ile matematik arasinda iligki kurabilen,
karsilagtigt problemlere gesitli ¢oziimler iiretebilen ve karsilagtirma (muhakeme)
yapma gibi becerilere sahip dgrenciler yetistirmektir (MEB, 2018). MM, birbirini
izleyen asamalardan olusan bir modelleme siireci igerir. Modelleme siirecini
tamimlamak icin birgok kuramsal model vardir (Ornegin Blum ve Leif, 2007; Ferri,
2006; Galbraith ve Stillman, 2006; Lesh ve Doerr, 2003; Maal}, 2006). Bu arastirmada
genel bir yaklagim olarak kabul edilen ve ¢ogu arastirmaci tarafindan kullanilan 7
asamali modelleme siireci perspektifi ¢ergevesinde problem ve uygulama siireci
olusturulmustur. Bu siirecin taniminda genel olarak su agamalardan s6z edilmektedir;
(1) gergek diinyadaki bir durumu anlamak; (2) gercek diinya modelini elde etmek i¢in
gercek  diinya durumunu  basitlestirmek; (3) gercek diinya modelini
matematiklestirme, yani ger¢ek diinya modelini matematiksel bir modele ¢evirerek
sorunu ¢ozmek igin bir plan tasarlama; (4) matematiksel rutinleri ve siiregleri
uygulamak; (5) problemin gergekle uyumlu oldugunu dogrulayarak matematiksel
¢Oziimii yorumlamak; (6) Onceki asamanin sonuglarinin dogrulanmasi, yani
sonuglarin yeterliliginin kontrol edilmesi ve belirli agamalarin, hatta gerekirse tim
modelleme siirecinin tekrarlanmast ve (7) modelleme dongiisiiniin sonuglarinin
sunulmasi (Blum ve Leif3, 2007; Borromeo Ferri, 2006).

Modelleme siirecini bagarili bir sekilde tamamlamak i¢in 6grencilerin sahip
olmas1 gereken modelleme yeterliklerinden s6z etmek yerinde olacaktir. Modelleme
yeterlikleri genel olarak beceriyi, bilgiyi, gerceklestirme istegini ve siireci
tamamlamaya yonelik istbilissel becerileri kapsar (Maal3, 2006). MM siireci ve
yeterlikleri, 6grencilerin etkin olmasi, siirecin 6grencilerin deneyimleriyle ilerleyen
ve tiim bunlar1 giinliik yasamla baglantil olarak gergeklestirmesi nedeniyle DO ile
yakindan iligkilidir. Modelleme siirecini tamamlamak icin yetkinliklere sahip
olunmas1 gerektiginden, modelleme siirecini olusturan kuramsal modeller bu
yetkinliklerin tanimlanmasina dayanmaktadir. Maal3 (2006) tarafindan gelistirilen
MM siirecinin her asamasit bes temel yeterlige karsilik gelir: (1) ger¢cek problemi
anlamak ve gercege dayali bir model kurmak, (2) gercek modelden matematiksel bir
model kurmak, (3) matematiksel sorular1 bu matematiksel model iginde ¢ozmek, (4)
matematiksel sonuglar1 gercek bir durumda yorumlamak (5) ¢6ziimii dogrulamak.
Modelleme i¢in kuramsal yeterliklerin yani sira iistbiligsel yeterlikler, bir amaca
yonelik ¢alisabilme, ¢oziimleri kanitlarla savunabilme ve bu savunmay1 yazili olarak
ifade edebilme ve modelleme problemlerine karsit olumlu bir tutum sergileme gibi
bagka niteliklere de sahip olunmalidir. Kisacasi, modelleme siirecini verimli bir
sekilde tamamlamak i¢in gerekli olan kuramsal beceriler kadar {istbiligsel, sosyal ve
duyussal becerilere de sahip olmak biiyiik 6neme sahiptir (Erbas ve dig., 2016).
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Matematiksel modelleme siirecinde aragtirmacilar, bu aragtirmada ele alindig:
gibi agirlikli olarak matematiksel modelleme ve zihinsel modelleme siireglerine
odaklanmaktadir. Zihinsel modelleme, 6grenciler tarafindan dikkate alinmasi gereken
en Onemli kavramlardan biridir. Gergek yasamdaki eylemlerimiz nedeniyle olusan
algilar1 igerir ve bu algilari kodlayarak kavramsal bir model olusturmak anlamina gelir
(Hestenes, 2006). Zihinsel modeller kapsaminda, modelleme siirecinde ortaya ¢ikan
zihinsel algilarin ¢éziimlenerek anlagilir bir yapiya doniistiiriilmesi amaglanmaktadir.
Ayrica, modelleme siireci boyunca matematiksel diisiinmenin gelisimini desteklemek
icin soyutlama, genelleme ve temsil gibi zihinsel eylemlere yer verilir. Soyutlama,
DO kuraminin da ana &gesidiri. Bu aragtirmanim ikinci sorusu olarak sorulan
matematiksel sonuglar, aritmetik ve matematiksel islemler olarak kabul edilmektedir.
Tim modelleme siireci olarak bu arastirmada zihinsel modelleme ve ardindan
matematiksel modelleme alan ve ¢evre konular1 kapsaminda ele alinmstir.

Deneyimsel Ogrenme (DO) ve Matematiksel Modelleme (MM) isbirligi

Ogrenciler kendilerine dgretilen matematiksel bilgi ve modelleri geleneksel
yontemlerle zihinsel olarak isleyemedikleri i¢in, dgrencilerin kendi matematiksel
bilgilerini ve modellerini gelistirebilecekleri gergek diinya baglamina sahip bir ortam
yaratmak gerekir. Gerg¢ek¢i matematik egitimi (GME) kuramn (Gravemeijer ve
Stephan, 2002) tarafindan sekillenen modelleme yaklagimi, bu bakis agisiyla bir
matematiksel modelleme yaklagimi olarak goriilebilir. Bu agidan modelleme, ger¢ek
yasam durumlarimi ve bunlar1 ¢dziimlemek i¢in kullanilan matematiksel bilgi ve
diistinceyi diizenleme (Erbas ve dig., 2014) ve yeni kavramlar1 deneyimsel olarak
gercek baglamlara baglayarak anlama (Herbert ve Pierce, 2008) konusunda giiglii bir
yardimecr olarak goriilebilir. Van Den Heuvel-Panhuizen (2003) matematigin
birbirinden aktarilan bir konu olarak degil, bir insan etkinligi olarak ele alinmasi
gerektigini belirtmis ve matematiksel modellemenin temelinin ger¢ek¢i matematik
egitimi anlayist oldugunu belirtmistir. Matematiksel modelleme ve kavramsal temeli
olan GME baglaminda, dgrencilerin gercek yasam problemlerini ¢ézmek igin
miicadele ettikleri ve bu amag dogrultusunda kendilerini gelistirdikleri bir siireci igerir
(Lesh ve Doerr, 2003). Bu siiregte Ogrenci matematiklestirme, gercek yasam
problemlerini tanimlama, ¢6zme ve olusturdugu modeli bagka problemlerin
¢dziimiinde kullanma becerilerini gelistirir. Ilk olarak bir model, grenciler agisindan
gercek problem durumlarini deneyimsel bir yapida ele almakta ve bu duruma yonelik
¢Oziim Onerileri dogrultusunda 6grencilerin informal ¢éziimlerini desteklemektedir.
Diger bir deyisle dgrenciler ¢oziim stratejilerinde deneyim kazandik¢a model tabanl
stratejinin belirlenmesi problemin matematiksel yapisina baglidir (Gravemeijer, 1994;
Treffers, 1991).

GME'de matematik problemlerinin uyarlandig: ger¢ek yasam baglamlari o kadar
gercekci olmalidir ki Ogrenciler deneyimsel bir Ogrenme ortaminda harekete
gecebilsinler (Gravemeijer ve Doorman, 1999). Hamdani'ye (2011) gore
kullanilabilecek 6gretim materyallerinden biri de matematikte deneyimsel 6grenmeye
dayali 6gretim materyalidir. DO, etkinliklerinde 6grencileri diisiinmeye, kesfetmeye,
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sormaya, karar vermeye ve 6grendiklerini uygulamaya dzendirir. DO tabanli 6gretim
materyali, insanlarin en iyi deneyimlerden 6grendigi ilkesine dayanan Ogrenci
merkezli bir yaklasim kullanir. Bu, DO'niin kapsamli bir 6grenme deneyimi saglamak
icin tasarlandigin1 belirten Llewellyn ve Frame (2012) tarafindan yiiriitiilen
arastirmayla uyumludur. Ayrica DO, olay ve olgular1 yasayarak o&grenmeyi
gerektirdiginden matematik egitimini DO’den ayiramayiz (Rukayah ve Mintasih,
2019). Sonugta, MM ile DQO'yii iliskilendiren noktanin RME oldugu sdylenebilir.

DO ve MM asamalar1 birbirini biitiinler niteliktedir. Soyle ki, DO’de somut
yasantt asamasi modellemenin gercek yagam problemi asamasi ile; MM’de
6grencinin gergek problem hakkinda zihninde olusturdugu model asamast ile yansitici
gozlem asamasi; gercek ve matematiksel model agamalari ile soyut kavramsallagtirma
asamast; Son olarak, DO’de aktif deneyim asamasi, matematiksel ve ger¢ek sonug
asamalariyla iligkilidir. Ve bu ifadeler “Bu 6devi neden yapiyoruz? Amaci nedir ve
gercek yagamda kullanir miyim?" sorularina 1s1k tutabilir (Daugherty, 2006). Hem
MM hem de DO 'de problem ¢dzme, beyin firtinasi, temsiller, gorseller, bireysel
caligmalar 6n plana ¢ikmaktadir. Modellemenin gercek yasam problemlerinden
olustugu gergegine odaklanirsak, bu iligkiyi agiklayabiliriz. MM, gercek yasam
durumlarindan yola ¢ikan ve Ogrencinin gercek bir probleme ¢6ziim bulmasini
gerektiren bir siire¢ ve etkili bir materyaldir (Neunzert ve Rosenberger 1991). Etkili
Ogretim materyali, 6grencilere 6grenme etkinliklerinde yardimci olur; bu sekilde
matematik Ogrenmek daha anlamlidir ve Ogrencilerin biligsel becerilerinin
gelismesine yol acar. Ogrenciler gelistirdikleri beceriler sayesinde bir problem
durumunu analiz edebilir ve buna uygun ¢6ziimii bulabilirler. Ek olarak, bu ¢ézliimiin
gercek yasam baglamina uygunlugunu test edebilir ve degerlendirebilirler. Buradaki
en kritik nokta ise bu siirecin 6grenci deneyimleriyle ger¢eklestirilmesidir.
(Mousoulides ve dig., 2008). Modelleme etkinlikleri, 6zellikleri dikkate alindiginda,
Ogretmenin derste rehber rolilyle 6grenciyi gozlemlemesini ve Ogrencinin kendi
deneyimleriyle bilgilerini yapilandirmasini kolaylastirmaktadir (Schorr ve Koellner
Clark, 2003).

Bu ¢alisma, DO modeline dayali MM ¢dziim siireci i¢in aktif bir §grenme modeli
olarak tasarlanmistir. Modelleme ve DO'yii birlikte ele almanin en temel nedeni, MM
etkinliklerinin gergek yasam problemlerinden olusmasi ve Ogrencilerin yasayarak
ogrenmelerine olanak saglamasidir. Bu noktada DO ve MM'nin ortak noktasi olan
GME ile ilgili aragtirma sonuglari, gercek yasam durumlarinin ve yagayarak
O6grenmenin dnemini ortaya koymaktadir (Cobb ve dig. 2008; Fauzan ve dig. 2002,
Gravemeijer, 1994; Laurens ve dig. 2017; Mulbar ve Zaki, 2018; Riyanto ve Putri,
2017; Van den Heuvel-Panhuizen ve Drijvers, 2020;Verschaffel ve De Corte, 1997;
Wubbels ve dig., 1997). Bu arastirmalar, bu ¢alismanin temelini olusturan kanitlar
olarak kabul edilir. Bu ¢aligmada 4. sinif 6grencilerinin ¢evre ve alan konularinda
matematiksel modelleme etkinligini DO kurami cercevesinde degerlendirmeyi
amaglamaktayiz. Cogu 6gretmenin sadece formiile dayali olarak 6grettigi cevre ve
alan hesaplama konular1 6grenciler i¢in anlamli hale getirilmesi gereken 6zel bir
konudur. Bu iki konu c¢ogunlukla d6grenciler i¢in kafa karistiricidir ve ayrica bu
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konularin DO kapsaminda 6gretilmesinin onlarin kavramalarim artirabilece@i ve uzun
stireli 6grenmeyi icerebilecegi diisiiniilmektedir. (Chappell ve Thompson, 1999;
Divrik ve Pilten, 2021; Jirotkova ve dig. 2019; Tan Sisman ve Aksu, 2016; Yeo,
2008). Bu goriislerden dolay1 bu calismada alan ve ¢evre konularinin ele alinmasi
uygun goriilmistiir.

DO'iin 6grencilerin matematiksel diisiinme becerilerini, basarilarin1 ve
yaraticiligini gelistirdigi, matematik bilgisini, ilgi ve motivasyonunu artirdig1 ve okul
dis1 6grenme iizerinde olumlu etkisi oldugu kanitlanmistir (Chesimet ve dig., 2016;
Eaton, 2010; Jarvis ve Pell, 2005; Jose ve dig., 2017; Parker ve Gerber, 2000; Ramey-
Gassert ve dig. 1994; Stake ve Mares, 2001; Weinberg ve dig., 2011). Ancak
literatiirde MM ve DO modelleri kapsaminda alan ve gevreyi bir arada ele alan bir
calismaya rastlanmamistir. Bu c¢alisma literatiirdeki bu boslugu dolduracak ve
egitimciler ve arastirmacilar i¢in DO ve MM 'nin birlikte kombinasyonuna drnek teskil
edecektir. Ayrica matematik derslerinde MM ve DO siireclerinin kullaniminin
yayginlasacagi ve matematik programina katki saglayacagi diisiiniilmektedir.
Matematigin soyut ve varsayimsal bir yapist oldugu icin ilkokul 6grencilerinin
matematiksel kavramlar1 anlamlandirmasi kritik 6nem tasimaktadir. Bu nedenle bu
konularin MM gibi alternatif yontemlerle yapilandirmaci yaklasim dikkate alinarak
islenmesi 6grencilerin 6grenme siireglerini destekleyebilir. Bu sorunu ¢ézmek igin
ogrencilerin aktif olduklar1 ortamlarda matematigi dgrenmeleri ve &grenmelerini
deneyimlemeleri  durumunda  matematikte daha basarili  olabilecegimiz
diistiniilmektedir. Bu nedenle, 6grenmede aktif deneyim sunan bu tiir uygulamalara
programlarimizda daha fazla yer vermeyi umuyoruz. Bu calismada, 6grencilerin
deneyimsel 6grenme teorisine dayali olarak mekan ve gevre konularinda modelleme
etkinlikleri ger¢eklestirme becerilerini gosterdik. Bu arastirmadan esinlenerek ¢esitli
konu ve kavramlarin incelenmesi matematik egitiminde iki farkli bakis agisini bir
arada ele almayr miimkiin kilacaktir. Bu arastirmanin literatiire en dnemli katkisi

budur.

Yukarida agiklanan nedenlerle MM ve DO yaklasimlarim birlikte ele almak,
MM'nin daha derin bir bakis agisi ve deneyimden olusan bir yaklasim olarak
uygulanmasini kolaylastiracaktir. Kolb'a gore 6grenme, bilgi asamalar tarafindan
yonlendirilse de, bir grenme ¢iktisiyla sonuglanmaz. Ogrenmenin gergeklesmesi igin
deneyim kazanilmali ve yeni durumlara uygulanmalidir. Matematiksel modelleme,
gercek yasam deneyimlerimizi matematige aktarmamizi ve dolayisiyla 6grenmenin
gerceklesmesini hizlandiran bir siire¢ oldugundan, bu iki yaklasimin birlikte ele
almmas1 gerekliligini vurgulamaktayiz. Ayrica ¢alismanin MM bagta olmak {izere
cesitli problem ¢6zme yontem ve kuramlarina yeni bir bakis agis1 getirmesi ve boylece
deneyimsel Ogrenmeyi matematik ile birlestiren caligmalara katki saglamasi
beklenmektedir. Tiim bunlar sonucunda bu aragtirmanin sorular1 agagidaki gibidir:

1. Katilimcilarin alan ve ¢evre konusundaki zihinsel modelleri nasildir?
2. Katilimcilarin alan ve ¢evre konusundaki matematiksel modelleri nasildir?
3. Katilimcilarin alan ve ¢evre konusundaki matematiksel sonuglari nelerdir?
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4. Katilimcilarin arastirma siirecine iliskin goriigleri nelerdir?

Yontem

Aragtirmanin bu bdliimiinde arastirma yontemi, katilimer gruba ait bilgiler, veri
toplama siireci ve araglari ile verilerin analizine dair agiklamalara yer verilmistir.

Arastirma yontemi

Bu ¢alismada ilkokul 4. sinif grencilerinin modelleme etkinligi nitel arastirma
desenlerinden durum c¢alismasi modeliyle degerlendirilmistir. Durum g¢alismasi,
“nasil” ve “neden” sorularima dayali arastirmaci miidahalesinin daha az oldugu ve
incelenen durumun ger¢ek yasam baglaminda giincel bir olgu oldugu durumlarda
kullanilmaktadir (Yin, 2003). Ogrencilerin MM siirecindeki biligsel ve duygusal
deneyimlerini deneyimsel 6grenme cergevesinde incelemek ve bu deneyimlerin
ogrencilerin 6grenmelerini nasil etkiledigini incelemek amaglandigindan bu aragtirma
bir durum c¢aligmasi olarak nitelendirilmektedir.

Katihimeilar

Calisma grubu, Istanbul'da bir devlet okulunda 4. smifa yeni baslayan
ogrencilerden olugsmaktadir. Aragtirma 2019-2020 egitim-6gretim yilinda 6 erkek ve
7 kiz olmak {iizere 13 dgrencinin katilimiyla gergeklestirilmistir. Amacl drnekleme
yontemlerinden biri olan 6l¢iit drnekleme yontemi, arastirmanin belirli 6zelliklerine
sahip kisi, olay, nesne ya da durumlardan olustugu i¢in kullanilmistir (Biiylikdztiirk
ve dig., 2014). Katilimc1 grubu olarak 4.sinif 6grencilerinin segilmesinin nedeni ¢evre
ve alan konularindaki kazanimlarin bu diizeyde yer almasidir. Arastirmada bir 6l¢iit
ise katilimeilarin birim kare ile ¢evre ve alan hesaplamayi 6grenmemis olmalart ve
birinci adimda uygulanan {stbiligsel farkindalik envanterinden 32 ve {izeri puan
almalaridir. Olgek 78 dérdiincii simf grencisine rastgele gonderilerek uygulanmis ve
bunlardan 13" arastirmanin sonuna kadar devam etmistir. Siirecin basinda dgrenciler
¢evre ve alanin ne oldugunu biliyorlardi ama birim kare ile ¢evre ve alani nasil
Olceceklerini bilmiyorlardi. Arastirmacilar bu ¢alismada bu konularin gretimine
odaklandiklar1 i¢in bu 6l¢iit de dikkate almmustir. Ilkokul g¢ocuklarinin karmasik
durumlarla basa ¢ikmak i¢in modellerini ve anlamlandirma sistemlerini
geligtiremedikleri varsayllmakta ve MM'nin ortaokul i¢in daha uygun oldugu
diistiniilmektedir (English, 2010). Bu nedenle modelleme problemlerini ve
etkinliklerini kavrayacak diizeyde olduklari i¢in iistbiligsel farkindalig: yiiksek
ogrenciler ¢aligmaya dahil edilmistir.

Veri Toplama Araclari

Veri toplama aract olarak, arastirmacilar tarafindan gelistirilen dijital 6ykii (eke
bakiniz), modelleme degerlendirme rubrigi, gézlem ve yar1 yapilandirilmis goriisme
formlar1 kullanilmistir. Ayrica katilimeilari belirlemek icin Ustbilissel Farkindalik
Envanteri kullanilmustir. Olgek iki formda gelistirilmis ve ilkokul diizeyine uygun
olan A formu uygulanmistir (Karakelle ve Sarag, 2007; Sperling ve dig.,. 2002).
Olgek, 3. ve 9. smuf ogrencilerinin iistbilissel becerilerini &lgmek amaciyla
gelistirilmistir. Olgek her madde igin 3., 4. ve 5. simf dgrencilerine goére Her zaman
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(3), Bazen (2), Higbir zaman (1) arasinda degisen likert tipi bir Olgekte
isaretlenmektedir. Olcegin giivenirligini belirlemek i¢in ii¢ haftada bir test-tekrar test
yontemi kullanilmigtir. Korelasyon degeri 0,74 (N=356, p<0,1) olarak bulunmus ve
Cronbach alfa degeri 0,64 olarak hesaplanmuistir.

Arastirma Siireci

Arastirmanin ilk asamas1 Ustbilissel Farkindalik Envanteri'nin uygulanmasi ve
katilimcilarin belirlenmesidir. Bunun dncesinde dijital 6ykil ve envanter uygulamasi
kullanilarak baska bir katilimer grubuyla pilot calisma yapilmstir. Olgekte yer alan
ifadelerin ve sorularin anlagilir olmasi igin bu ¢alismaya katilmayan 6grencilere oykii
gonderilmistir. Bes 6grenci ile tiim siirecler ele alinmis ve dykiiniin anlam karmasasi
yaratan bazi boliimleri silinmis, hikayedeki sayilar1 degistirilmistir. Ayrica
6grencilerin hikayedeki fikri anlamakta zorlandiklarini da fark ettikten sonra daha iyi
anlamalart i¢in hikayeyi biraz daha kolaylastirmaya karar verilmistir. Bir hafta sonra
da gercek bir calisma yiiritilmistiir. Birinci giin birim karelerle ¢evre ve alan
Ogretimi yapilirken; ikinci giin hikayedeki sorunun ¢6ziimii ele alinmistir. Birinci
giiniin sonunda 6grencilerden matematik defterlerindeki bos bir sayfaya 30x30 birim
karelerden olusan bir kare alani ¢izmeleri ve ertesi giin kullanacaklari i¢in yanlarinda
bulundurmalar1  istenmistir. Tim slire¢ Zoom iizerinden online olarak
gerceklestirilmigtir. Sorunun ¢ézliimii i¢in dogrudan bir 6gretim saglanmamistir. Tiim
stire¢ boyunca, problem ¢oziilirken bile 6grencilerin kameralar1 ve sesleri agik
tutulmus, dgrencilerin ihtiya¢ duydugu her an arastirmacilar miidahale edip agiklama
yapmuistir.

Modelleme etkinligi i¢in arastirmacilar tarafindan gelistirilen dijital dykii ve bu
Oykiide yer alan bir problem kullanilmistir. Dijital dykii, 6grencilerin genel olarak
kavram yanilgilarina sahip oldugu ¢evre ve alan konularimi vurgulamistir.
Arastirmacilar dijital 6ykii olusturduktan sonra matematik alaninda uzman &gretim
iiyelerinin goriigleri alinarak problem durumunun MM ve DO'ye uygunlugu
degerlendirilmistir. Ayrica literatiirdeki g¢esitli makalelerde modelleme ¢aligmalari
(Biber ve Ozdemir, 2015; Blum ve Niss, 1991; Chamberlin, 2013; English ve Watters,
2005; Lesh ve dig. 2000 ) ele alinmig, bu ¢aligmalardaki modelleme sorunlar
incelenmis ve bu arastirmadaki problem durumu olusturulmustur. Genel bir bakis
acisiyla, DO cercevesinde deneyime izin veren bir problem yaratilmistir. Problem,
Lesh ve dig.’ye (2000) gore modelleme faaliyetinin gereklilikleri olarak tanimlanan
alt1 ilkeye uygundur. Bunlar: 1) Ogrenciler tarafindan yapisal olarak olusturulabilen,
tamimlanabilen, agiklanabilen ve kontrol edilebilen bir modeldir. 2) Ogrencilerin
kendi bilgi ve deneyimlerinden yararlanarak problemi anlamlandirabilmeleri igin
gercek yasamla ilgili bir problem durumu icerir. 3) Ogrencilerin cevaplarim
degerlendirmeleri ve ¢6ziime karar vermeleri i¢in uygun kriterler olmalidir. 4)
Ogrencilerin probleme verdikleri cevaplari matematiksel iliskiler ve islemler
araciligiyla rapor etmelerini ve diislincelerini ortaya ¢ikarmalarini saglar. 6) Son
olarak modelleme etkinliginin iirlinii olarak gelistirilen matematiksel model benzer
durumlara uyarlanabilecek sekilde yapisal olarak anlamli ve basit olmalidir. MM
etkinliklerinde gergekgi problemlerin kullanilmasi en énemli kriterlerden biridir. DO
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yasanabilecek durumlarda calismayir beklediginden, arastirmalarda gergek¢i ve
giinliik yasam problem durumlarinin kullanilmasi 6n plana ¢ikmaktadir. Bu nedenle
olusturulan hikayenin giinliik yasamla baglantisina dikkat edilmis ve mevcut pandemi
stirecine uygun bir baglam olusturulmaya calisilmistir. Etkinlik sonunda her 6grenci
ile ortalama 10 dakikalik goériismeler yapilmigtir. Goriisme formu, 6grencilerin
calisma siiresince kendilerini nasil hissettikleri, hangi kisimlarda zorlandiklari ve
onceki matematik derslerinden farklarinin ne oldugu ile ilgili sorulardan
olusmaktadir. Etkinlikler, DO siireci tarafindan asamali olarak olusturulmustur.

Somut yagant1 siirecine katilimin tamami diigtiniilmiis, problem durumu giinliik
yasamla iliskilendirilmis ve ¢esitli tekniklerle dersler islenmistir. Giinliikk yagam
deneyimleri de DO’niin genis bir unsurudur ve modelleme ile uyumludur.
Storyjumper.com iizerinden hazirlanan dijital hikaye, giinliilk yasamla baglantili ve
son birka¢ aydir tiim diinyanin yasadigt pandemi fikrini vurgulamistir. Hikayeye
basglamadan 6nce sosyal mesafe ve viriisiin bulagiciligi gibi sorular olay 6rgiisiine dair
merak ve aginalik yaratmak i¢in kullanilmistir. Yansitict gozlem asamasinin ardindan
dijital 6ykiide anlatilan problem ele alinmis, gerekgelendirilmis ve ¢oziilmiistiir. Bu
agsamada Ogrenciler olasi ¢6ziimler hakkinda fikir {iretmeye odaklanmiglar ve bunu
tiim cevaplart dinleyerek ve tartisarak siirdiirmiislerdir. Ortaya konulan diisiinceler
soyut bir kavramsallastirmaya dayali olarak islenmistir. Ogretmenin rolii, 6grenciler
gerceklestirirken etkinligi anlatmaktir. Yaratici ¢aligma, belirli bir miktarda 6nceden
var olan uzmanlig1 ve bunun yeni bilgiye doniistliriilmesini igerir (Naikakoji ve dig.,
1999). Ogrencilerin problemlere yonelik ¢dziimlerinin degerlendirildigi ve
aciklandig1 asamadir. Ogretmenin rolii, bireysel katilimcilarin ve cesitli diisiincelerin
kabul edildigi bir atmosfer yaratmaktir. Her bir 6grenciden elde edilen veriler ve
sonuca ulagmak i¢in kullandiklar1 yontemler, aragtirmacilar tarafindan bir dereceli
puanlama anahtari ile analiz edilmistir. Sonug olarak ¢oziimler tiim sinifla tartisiimig
ve ¢evre ve alan hakkinda ¢gikarimlarda bulunulmustur. Interactivesites.weebly.com
ve Phet.colorado.edu egitim sitelerinde cevre ve alan konulu egitici oyunlar
uygulanmistir. Belirlenen web sitelerinde yer alan egitici oyunlar, dordiincti sinif
kazanimlar1 dikkate alinarak 6grencilere gérev olarak sunulmustur. Her 6grenciye s6z
ve uygulama hakki verilerek web sitelerindeki birim karelerde c¢esitli sekiller
olusturulmus ve bunlarin ¢evre ve alanlari hesaplanmustir. Her iki link de 6grenci
velilerine gonderilmis ve velilerden ertesi giinkii oturuma kadar ¢ocuklar igin birkag
ornek ¢ozmeleri istenmistir. DO’niin son siireci olan ve modelleme siirecinin bir
pargast olan aktif deneme asamasinda 6grenciler, dijital 6grenme araclarini kullanarak
ogrendikleri bilgileri yeni durumlarda uygulamislardir. DO ve modelleme etkinlikleri
hem deneyime hem de ger¢cek yasam durumuna Onciiliik ettigi icin i¢ ige
gecebilmektedir. Her ikisinin de farkli siiregleri ve asamalar1 olmasma ve DO’niin
modellemeden daha genis olmasina ragmen, birlikte ele almalarinda higbir engel
yoktur. Bu arastirma buna bir 6rnektir.

Dijital 6ykii ile islenen iki oturumun sonunda arastirmacilar tarafindan Tablo
1'de gosterilen degerlendirme rubrigi olusturulmustur.
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Tablo 1
Problem ¢ozme degerlendirme rubrigi
Olgiitler 0 puan 1 puan 2 puan 3 puan
Penguen tiirii Yanhs seb?p le . Yanls sebeple Dogru §~ebep le
. . Cevapsiz  kismen dogru tiir S . dogru tiir
secim sebebi . dogru tiir segimi .
se¢imi segimi
Probleme uygun  Probleme kismen Probleme
Penguen yuvasi olmayan uygun tamamen uygun
e Cevapsiz
olusturma tiiri varsayimlarla varsayimlarla varsayimlarla
modelleme modelleme modelleme
. Dogru ¢oziim Dogru ¢6ziim
Bir yuvann Cevapsiz  Yanlig ¢oziim ancak yetersiz ve dogru
gevre Olglimii
aciklama aciklama
- Dogru ¢6ziim Dogru ¢6ziim
Bir yuvanm Cevapsiz  Yanlis ¢oziim ancak yetersiz ve dogru
alan 6lglimii
aciklama aciklama

Aragtirmacilar tarafindan gelistirilen dereceli puanlama anahtari puan
siralamasindan olugmaktadir. Bu temalar MM asamalarint karsilayacak sekilde
belirlenmistir. Matematiksel modellemenin ilk adimi i¢in ger¢ek yasam problemi
uygulama siirecinde kullanilan Sykiiye yedirilmistir. ikinci asama olan asil problem
hakkinda 6grencinin zihninde olusturulan model, dereceli puanlama anahtarindaki
birinci temaya karsilik gelmektedir. Modelleme siirecinin ii¢iincii (ger¢cek model) ve
dordiincii (matematiksel model) asamalari rubrik igin belirlenen ikinci temaya karsilik
gelmektedir. Son olarak dereceli puanlama anahtarinda goriilen son iki temanin
modellemenin besinci asamast olan matematiksel sonuglara karsilik geldigi
belirlenmistir. Siire¢ boyunca 6grencilerde bu modelleme asamalarinin ne diizeyde
oldugunu belirlemek i¢in 6grencilerin gergeklestirdigi etkinlik ve islemler yukaridaki
tabloda belirtilen kriterlere gére 0'dan 3'e kadar puanlanmistir. Dereceli puanlama
anahtarinda yer alan dort degerlendirme kriterinden ilk ikisi modellemeyi takiben, son
ikisi de modelleme ve DO bazinda yiiriitiilmiistir. Bdylece ogrencilerin hem
modelleme etkinlikleri hem de deneyimsel tepkileri analiz edilmistir. Etkinlik
sonunda her 6grenci ile bireysel olarak online goriismeler yapilmistir. Her bir goriisme
yaklagik 10-15 dakika siirmiistiir. Bireysel goriismeler olmasi sebebiyle higbir
ogrencinin  birbirini  etkilemedigi  diisiiniilmektedir. Ogrencilere: “Etkinligi
uygularken nasil hissettin? Hangi boliimlerde zorlandin?” sorulari yoneltilmistir.
Gorligmenin amact, Ogrencilerin siirece iliskin duyussal tutumlarini ortaya
¢ikarmaktir. Ayrica her iki aragtirmact da tiim derslerde ve asamalarda godzlem
yapmuistir.
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Verilerin Analizi

Veriler iki arastirmaci tarafindan ayri ayr analiz edilmistir. Degerlendirmenin
objektif bir sekilde yerine getirilmesi i¢in arastirmacilar miitabik olmadiklar1 konuda
aragtirmada yer almayan bir 6gretim elemanindan destek almistir. Arastirmacilar elde
ettikleri analiz sonuglarini karsilastirarak en dogru degerlendirmeyi kabul etmislerdir.
Gorlisme sonunda verilen cevaplar betimsel analiz ile ¢6ziimlenmistir. Betimsel
analiz, elde edilen verilerin degistirilmeden alindigi analiz tiiriidiir. Cergeve
olusturma, tematik ¢erceveye gore verilerin iglenmesi, verilerin tanimlanmasi ve son
olarak yorumlanmasi agamasi ile analiz siireci tamamlamir (Altunigik ve dig., 2010).
Dereceli puanlama anahtar1 degerlendirmesi sonucunda her bir katilimcinin aldigi
puanlar ortaya ¢ikarilmig ve sonuglar ayrintili olarak incelenmistir. Bunun yamn sira
aragtirmacilarin siire¢ boyunca yaptiklar1 gdzlemler bir araya getirilmistir. Onemli ve
aciklanmaya deger gézlemler de bulgular boliimiinde sunulmustur.

Aragtirmada gecerlik ve giivenirligi artirmak igin gesitleme, uzman
degerlendirmesi, uzun siireli veri toplama, katilimcilardan katilma izni, tekrarli soru
sorma, yansitict yorumlama ve goéniilli katilim gibi bazi teknikler kullanilabilir
(Creswell ve Miller, 2000; Patton, 2002). Bu arastirmanin verileri yaklasik alt1 ders
saatinde toplanmis ve veriler toplanirken veriler arasinda siirekli bir karsilagtirma
cabasinda bulunulmustur. Arastirmada goriigsmeler, modelleme etkinligi ve sinif igi
gozlemler ile birden fazla veri toplama aracini kullanarak durumlar hakkinda detayli
bilgi elde etmeye c¢alisilmistir. Elde edilen sonuglar en dogru kategorilere ulasmak
i¢in her iki arastirmaci tarafindan iki kez okunmustur. Miles ve Huberman (1994),
kodlayicilar arast giivenilirlik oraninin, iizerinde anlasilan kod sayisinin, tizerinde
anlagilan ve anlagmaya varilmayan kodlarin toplam sayisina bolinmesiyle
hesaplanabilecegini one siirmiistiir. Bu galismada arastirmacilar arasindaki anlagma
yiizdesi %86 olarak belirlenmistir. Uzlagi saglanamayan durumlarda uzman
gorislerine bagvurulmustur ve kabul edilmistir. Katilimcilarin anketlere verdikleri
cevaplar bulgularda tablolarla veya dogrudan alintilarla gosterilmistir.

Aragtirmadan elde edilen sonuglar katilimeilar ile paylasilmigtir. Boylece
ogrenciler nerede yanlig yaptiklarini gérme firsatina sahip olmuslardir. Bu baglamda
arastirma siireci diginda arastirmaci ve dgretmen ile dgrencilerin cevaplarina iligkin
yakinlastirma toplantis1 yapilmistir. Ogrencilerin dogru ve yanlis cevaplari iizerinden
gecerek hem kendilerinin hem de arkadaslarinin cevaplarina iligkin goriiglerini ifade
etmeleri desteklenmistir. Eszamanli olarak bu toplantida aragtirmada kullanilan dijital
oykii sitesi ve igerigi hakkinda kisa bir 6zet yapilmistir. Ogrencilerin kendilerinin
kullanabilmeleri konusunda destekleyici bir konusma yapilmistir. Ayrica uygulama
stirecinde yaganabilecek sorunlar1 ¢aligma dncesinde tahmin etmek ve matematiksel
modelleme etkinligini test ederek ¢alismamin giivenirligini artirmak amaciyla pilot
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calisma yapilmistir. Sonug olarak verilerin ger¢egi yansitmast, birbiriyle tutarli olmasi
gibi dnemli unsurlar vurgulanarak gecerlilik ve giivenirlik saglanmaya calisiimustir.

Bulgular

Bu bolimde 6grencilerin olusturduklar1 cevaplar degerlendirilerek tablolar
halinde 6zetlenmistir. Birinci ve ikinci alt problemler MM’ye, t¢iincti ve dérdiincii
alt problemler ise DO’ye dayanmaktadir.

Birinci Alt Probleme iliskin Bulgular

Aragtirmada ilk olarak ogrencilerin dijital hikayedeki problemi sonucuna
ulagtirmak i¢in hangi penguen tiiriinii sectigi sorulmustur. Buna iligkin elde edilen
veriler Tablo 2’de gosterilmistir.

Tablo 2
Zihinsel Modellemeye Iliskin Betimsel Analiz
Zihinsel Modelleme

Katilimcilar Puan

K1

K2

K3

K4

K5

K6

K7

K8

K9

K10

K11

K12

K13
Toplam

PP WWNWWNWWE WP

N
©

Calismada dogru penguen tiirli se¢imi, yuvalari daha az yer kapladigi icin
belirlenen alana daha fazla yuva yapmalarini saglayan Macaroni penguenleridir.
Ogrencilerin dogru tiirii secmek igin en uygun olani segerek ilk adim matematiksel
modellemeyi gerceklestirebileceklerini gosterebilir. Tablo 2'ye gore Ogrencilerin
yarisindan fazlasinin 3 puan almasi dogru nedenden dolay1 dogru pengueni segtikleri
anlamia gelmektedir. Iki grenci Macaroni penguenini dogru tiir olarak se¢mis ancak
nedeni yanligtir. Bu &grenciler, Macaroni pengueninin anneleri dyle sdyledigi i¢in
veya kiiglik olduklari i¢in digerlerinden daha fazla yuvaya ihtiyaglari oldugu igin
secilebilecegini belirtmislerdir. Imparator penguen ise higbir &grenci tarafindan
secilmemistir.

Bu sonuglara gore 6grencilerin yarisindan fazlasi dogru cevap vermesine ragmen
beklentilerin altinda bir sonug¢ elde edildigi sOylenebilir. Ders boyunca yapilan
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gozlemlerden, d6grencilerin ¢ogunun dogru cevabi segebildikleri goriilmiistiir. Yanlis
secim yapan 6grencilerin olmasi problem durumunun tam olarak anlasilamadiginin
bir gostergesi olarak almabilir. Ayrica matematiksel modellemenin bu zihinsel
modelleme asamasinda 6grencilerin zihinlerinde olusturduklar1 modeli sézel olarak
ifade etmeleri beklendiginden 6grencilerin zihinsel modellerini sozel olarak ifade
etmekte zorlandiklar1 goriilmektedir. Matematiksel modelleme siirecinde 6grencilerin
oncelikle gergcek yasam problemini onu net bir sekilde tanimlayacak sézel bir modelle
ifade etmekte zorlandiklarini bilmeleri (Kapur, 1988) bu durumu agiklamaktadir.

ikinci Alt Probleme iliskin Bulgular

Aragtirmanin  ikinci alt probleminde birinci sorunun ¢odziimiine iliskin
modelleme etkinlikleri degerlendirilmistir. Ogrenciler, hikayede bahsi gegen penguen
tirlerinden birini segtikten sonra segtikleri tiire ait bilgiyi goz 6niinde bulundurarak
30x30 olarak belirlenen alana yuvalar ¢izmislerdir. Ogrencilerin bu asamada,
sectikleri penguen tiirlerine uygun olarak alani en etkili bi¢imde ve 6lgiitler uygun
olarak hazirlamasi degerlendirilmistir. Elde edilen veriler Tablo 3’te gésterilmistir.

Tablo 3
Matematik Modellemeye Iligkin Betimsel Analiz
Matematiksel Modelleme
Katilimcilar Puan
K1
K2
K3
K4
K5
K6
K7
K8
K9
K10
K11
K12
K13
Toplam

NNWWWWNENNE WP

N
[ee]

Caligmanin ikinci alt problemi ise 30x30’luk alanda secilen penguen cinsinin
kriterlerine uygun yuvalar olusturmaktir. Bes 6grenci tamamen problem durumuna
uygun bir model olusturabilmistir. Bes 6grenci kismen probleme uygun bir durumla
model olustururken, i &grenci probleme uygun olmayan varsayimlarla model
olusturmustur. Probleme uygun beklenen sonug, 30x30'luk alanin tamaminin en
verimli sekilde kullanilmasidir. Ogrencilerin problemde kullanmis olacaklar1 veri ve
ipuclar1 problemle ilgili bilgiler kapsaminda 6grencilere verilmistir. Bu nedenle
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ogrencilerin en uygun sekli ve optimizasyonu uygulayabilmeleri 6nemli bir sonugtur.
Bu durum 6rnekleri asagida gosterilmistir.

Resim 1 ve Resim 2’de gosterilen modellemeler en yiiksek puani alan, alani en
verimli sekilde kullanan ve problemde belirtilen 6lgiitlere uygun olarak hazirlanan
orneklerdir. K8 ve K10 problemde belirtildigi iizere her bir yuvanin arasinda iki birim
karelik alan birakmis ve olabilecek en fazla sayida penguen yuvasi yapmaya
calismuslardir. Ozellikle K8’in yaptigi modelleme ¢iziminde alanm en saginda
bulunan alanin efektif bir bigimde kullanildigi; K10’un ¢iziminde ise farkli bir seklin
kullanildigi goriilmektedir. Bu degerlendirmeler sonucunda her iki 6grenci de tam
puan almiglardir.

Resim 1 Resim 2

K10 un ¢izdigi modelleme 6rnegi K8'in ¢izdigi modelleme Srnegi

Resim 3 ve 4'te her yuva arasinda olmasi gereken iki birim kare goz ard1 edilmis
ve alan verimli kullanilmamaigtir. Resim 3'te gosterilen K4 ¢iziminde grencinin dogru
penguen tiiriinii sectigi ancak alani verimli kullanmadigi ve bu nedenle {izerine daha
az yuva sigdirdig1 goriilmiistiir. Resim 4'te gosterilen K1 ¢iziminde 6grencinin hem
yanlig tiirli sectigi hem de problemin kriterlerini goz ardi

ettigi goriilmiistiir. Dolayisiyla K4 iki, K1 bir puan almistir. Bu siirecte yapilan
gozlemler sonucunda bu iki modeli olusturan dgrencilerin diger 6grencilere gore daha
dikkatli ve titiz calistiklar1 sdylenmelidir. Cogu Ogrencinin deneme yanilma
yontemiyle bir sonuca varmasi dikkat ¢ekiciydi.
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Resim 3 Resim 4
K4'’iin ¢izdigi modelleme érnegi K1’in ¢izdigi modelleme drnegi

Uciincii Alt Probleme iliskin Bulgular

Aragtirmanin  iiglinci ve dordiincii asamasinda 6grencilerin  ilk giin
gerceklestirilen iki saatlik oturumlarda anlatilan birim kareler ile c¢evre ve alan
konularina dair bilgilerini 6lgmek amaclanmigtir. Bu asamalarda 6grencilerin bir
birim karenin bir kenarinin 6l¢iisiiniin 20 cm olduguna dikkat etmeleri ve buna gore
hesaplama yapmis olmalari gerekmektedir. Cevre 6lgmeye iliskin elde edilen bulgular
Tablo 4’te belirtilmistir.

Tablo 4
Matematiksel sonuca(gevre) iliskin betimsel analiz
Matematiksel Sonug
(Cevre Olgmeye iliskin)

Katilimcilar Puan
K1 0
K2 2
K3 1
K4 3
K5 3
K6 2
K7 3
K8 1
K9 3

(devam)
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Tablo 4 (devam)
K10 3
K11 2
K12 2
K13 2
Toplam 26

Tablo 4’¢ gore bes 6grenci tam puan alarak olusturduklart yuvalarin gevresini
hesaplayabilmisler ve dogru ¢oziim ile dogru agiklama yapabilmislerdir. Bes 6grenci
¢evre dlgmeyi yapabilmis ancak bir birim karenin bir kenarinin 6l¢iisiinii 20 cm olarak
almanmuglardir. Bu sebeple bu ogrencilere 2 puan verilmistir. Iki 6grenci cevre
hesaplamasini tamamen yanlis yaparken bir 6grenci higbir hesaplama yapmamustir.

Asagida bir Ogrencinin ¢evre hesaplamasina iliskin 6rnek diyalog yer
almaktadir.

Resim 5
K11’in yanitlarindan bir kesit

Arastirmaci:  “Bana ¢izdigin yuvalardan bir tanesinin ¢evresini hesaplar
misin?”

K11: “Evet 6gretmenim. (Hesaplar) 10 birim 6gretmenim.”
Arastirmact: “Nasil 10 birim olarak hesapladin?

Kl11: “Yuvanmn bir késesinden baslayarak kenarlart saydim 10 birim oldu.”
(Defterine yazar)

Arastirmaci: “Anladim. Peki birim karenin bir kenar: 1 birim olarak mi
diistindiin?”’
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K11: “Evet 6gretmenim 1 birim olarak saydim, yanlis yapmigim...”

Arastirmaci: “Biz hikayenin icerisinde giivenli bolgedeki birim karelerin her
birinin bir kenarmin 20 birim oldugunu soylemistik, hatirliyor musun?”

K11: “Simdi hatirladim ogretmenim ama ¢evresini hesaplarken unutmustum.
Hemen hesaplayayim derken o aklimdan ¢ikmus.”

Arastirmaci: “Peki simdi senden bir kenarimin 20 birim oldugunu diisiinerek
hesaplamant istesem, kolay yoldan nasil hesaplanabilir? ”

K11: “Ogretmenim ben 1 birim olarak diigiindiigiimde 10 demistim ¢evresine o
yiizden simdi 10 ile 20°’yi ¢arpabilirim ¢iinkii bir kenart artik 20 béyle kolay olur.”

Arastirmaci: “Giizel bir yol, peki ka¢ bulursun o zaman bir yuvanin ¢evresini?”’
K11: “200 olur 6gretmenim.” (Zihninden hesaplamaya ¢alisir)

Yukaridaki diyalogda goriildiigii iizere, 6grenci olusturdugu bir yuvanin gevre
Olciimiinii teknik olarak dogru yapmustir. Fakat uygulama siirecinde kullanilan dijital
hikayenin i¢inde vurgulanan bilgilerden, giivenli bélgenin igerisindeki her bir birim
karenin bir kenarmmin 20 birimden olustugu bilgisini hesaplama yaparken
kullanmamustir. Arastirmaci, 6grenci islemini bitirdikten ve yuvanin gevresine karar
verdikten sonra kendisine bir kez daha hatirlatma yapmis ve bu hatirlatma
dogrultusunda dgrenci pratik bir yol izleyerek dogru sonuca ulagmistir.

Dérdiincii Alt Probleme Iliskin Bulgular
Aragtirmanin rubrik ile degerlendirilen son asamasinda ilk giin anlatilan birim

kareler ile alan konularina dair bilgilerini 6l¢gmek amaglanmistir. Alan Slgmeye iliskin
elde edilen bulgular Tablo 5’te belirtilmistir.

Tablo 5
Matematiksel Sonuca(Alan) Iligkin Betimsel Analiz
Matematiksel Sonug
(Alan Olgmeye iliskin)

Katilimcilar Puan

K1 0
K2
K3
K4
K5
K6
K7

PR R R RN

(devam)



630 Dilara Yilmaz Can ve Giilcenur Kesebir

Tablo 5 (devam)

K8
K9
K10
K11
K12
K13
Toplam 16

OO WMNN K-

Tablo 5’e¢ gore yalnizca bir Ogrenci alan hesaplamasini tamamen dogru
cevaplamistir. Ug grenci alan hesabini dogru yapmus ancak bir birim karenin bir
kenarinin uzunlugunun 20 cm oldugunu goz ardi etmistir. Cogunlugu olusturan 6
Ogrenci tamamen yanlig ¢6ziim yapmis olup ii¢ 6grenci hicbir islem yapmamustir.

Besinci Alt Probleme iliskin Bulgular

Arastirmada son olarak 6grencilerin siirece iligkin goriislerini almak icin kisa
goriismeler gergeklestirilmistir. Bu goriismelerde sorulan sorular, 6grencilerin
etkinlikler boyunca kendilerini nasil hissettigi ve nerelerde zorlandigidir. Siirece
iligkin katilimer goriigleri hakkindaki bulgular Tablo 6’da verilmistir.

Tablo 6
Stire¢ hakkindaki goriisler
Katilimeilarin Gortsleri Katilimer Sayisi
Etkinliklerden keyif almak 11
Biraz zor bulmak 2

Ogrencilerin biiyiik ¢ogunlugu etkinliklerden keyif aldigini, eglendigini ve
ileride tekrar bu gibi etkinlikler yapmak istediklerini belirtmislerdir. Yalnizca iki
Ogrenci biraz zorlandigin ifade etmistir. Buna dair bir 6grenci ve arastirmact arasinda
gecen diyalog soyledir:

Arastirmacu: “Etkinlikleri uygularken kendini nasil hissettin?

K12: “Hig stkilmadim ama biraz zorlandim 6gretmenim.”
Arastirmaci: “Nerelerde zorlandin?”

K12: “20 cm vardi ya orasi.”

Arastirmaci: “Alant mi yoksa ¢evreyi hesaplarken mi zorlandin bu 20 cm ile
peki?”

1l

Kli2: “Cevreyi ogretmenim. 20 olmasayd: bence daha kolay olurdu.’
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Diger bir 6grenci ile gergeklesen diyalog ise asagida verilmistir:
Arastirmacy: “Hangi kisimlarda daha ¢ok zorlandin?
K8: “Yuvalar: sigdirmast biraz zor ve karisik oldu.”

Arastirmact: “Sonuclarina baktigimda yapabildigini gérdiim. Zorlanmigsin ama
yine de yapmissin.”’

K8: “Evet ogretmenim ama biraz karisikti gercekten.”

Yukaridaki 6rnekte gorildigii gibi 6grenciler etkinlikleri sevdiklerini ifade
etseler de elde edilen bulgular 6zellikle birim karenin anlam karmasasi yarattigini ve
bir kenarinin 20 c¢cm olmasmin &grenciler tarafindan genel olarak gdrmezden
gelindigini isaret etmektedir. Diger bir 6grenci ise yuvalar1 sigdirmakta zorlandigini
ifade etmistir. Yuvalarmn sigdirilmasi ve belirlenen alan igine yerlestirilmesi
problemin diigiindiiriicii olan 6nemli kisimlarindan birisidir. Bu durum, bir¢cok
ogrencinin zorlandig1 degerlendirme rubrigi sonucunda da 6ne ¢ikan bulgulardan biri
olmustur. Bunun disinda dgrencilerin ifadelerinden birkag 6rnek siralamak gerekirse:

K9: “Bence diger matematik derslerinden daha giizel aklima girdi konular.”

>

K2: “Konuyu égrenebildigimi hissettim.’
K4: “Cevreyi eskiden ¢ok bilmiyordum simdi daha iyi 6grendim.”
Sonug olarak dgrencilerin etkinlikler boyunca keyif aldigi gézlemlenmistir.

Tartisma ve Sonug¢

Bu ¢aligmada, dordiincii sinif 6grencilerinin matematiksel modelleme siirecini
deneyimsel o6grenme modeli baglaminda degerlendirmek hedeflenmistir. DO,
Ogrencilerin matematiksel diisinme ve akil yiiriitme becerilerini, akademik
basarilarini, yaraticiliklarini gelistirir; matematik bilgisi ile ilgi ve motivasyonu artirir
ve uzaktan 6grenmeyi olumlu etkiler (Chesimet, ve dig., 2016; Eaton, 2010; Jarvis ve
Pell, 2005; Jose ve dig., 2017; Newsome ve dig. 2005.; Parker ve Gerber, 2000; ;
Ramey-Gassert et al. 1994; Stake ve Mares, 2001; Weinberg ve dig., 2011). Belirtilen
aragtirmalarin sonuglarindan yola ¢ikarak bu aragtirma sonuglarinin da benzer oldugu
soylenebilir. Ogrencilerin bazi kavramlar hakkinda akil yiiriitmekte zorlandiklar1 ve
bunlardan farkli olarak motivasyonlarinin artmasi sonuglarina ulasilmistir.

Arastirmanin ilk problemi, katilimcilarin zihinsel modelleme durumlarini ortaya
¢ikarmak olmustur. Bu durumu 6l¢meyi amaglayan “Viriisler Penguenlere Bulagir
m1?” hikayesinin sonunda belirtilen problemi ¢6zmek i¢in bir penguen tiirii se¢ilmesi
amaglanmistir. Calismada dogru penguen se¢imi, yuvalari daha az yer kapladigi igin
belirlenen alana daha fazla yuva yapmalarini saglayan Macaroni penguenleridir.
Sonuglar bir¢ok katilimcinin dogru tiirii sectigini gostermistir. Matematik egitiminin
temel amaci ¢ocugun akil yliriitmesi ve matematiksellestirebilmesi oldugundan,
mantiksal sonuglara varmak i¢in varsayimlari takip etmek ve diisiinmek matematiksel
girisimin merkezinde yer alir (Pooja, 2012). DO'ye gelince, 6grenenler tarafindan
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becerilerin edinilmesinin ve bilginin yapilandirilmasinin deneyimin dogrudan bir
sonucu oldugunu iddia eder. Ogrenen, deneyimleri secme ve bunlara katilma
yetenegine sahiptir (Atherton, 2009). Arastirmaya 13 Ogrencinin katildigi
diistintildiglinde bu azimsanacak bir say1 degildir. Dereceli puanlama anahtarinda yer
alan tiim 6lgiitlerde oldugu gibi bu 6lgiitte de alinmasi gereken en yiiksek puan 39
olurken, katilimcilarin aldigt puan 29'dur. Bu sonug diger sonuglara gore en yiiksek
puan olmasina ragmen beklenenden diigiikk ¢ikmistir. Bu durumun bir agiklamast,
ogrencilerin matematiksel modelleme deneyiminin olmamasi ve bu nedenle varsayim
fikrine aliskin olmamalart ve problemin ¢6ziimi i¢in varsayimda bulunmakta
zorlanabilecekleridir. Ayrica matematiksel kavramlar, kurallar ve ilkeler birbirinden
bagimsiz algilandiginda, Matematik ¢alisirken islevsel bellege gerekli yonii getirmek
olduk¢a zordur (Boz, 2008). Bu durumu goéz oOniinde bulundurarak problemde
maksimum yuva yerlestirme kurali verildiginden ve Macaroni pengueninin en az alant
kapladig1 ilkesi birbirinden bagimsiz algilandigindan Ogrencilerin gegerli bir
nedenden dolay1 uygun penguen tiiriinii segmekte zorlandiklari sonucuna varilmstir.
Bu sonuca paralel olarak bazi arastirmalarda 6grencilerin farkli temsillerle sunulan
verileri anlamakta ve uygulamada zorlandiklar1 belirtilmistir (English ve Watters,
2004; Hwang ve dig., 2007; Santa ve dig. 2019). Bu sonucun da diger sonuglarda
oldugu gibi 6grencilerin bu konulardaki deneyim eksikliginden kaynaklanmig oldugu
diistiniilmektedir. Deneyimsel 6grenmede edindigi bilgi ve kavramlara sahip olan
¢ocuk, bu yeni bilgiyi dongiiniin aktif uygulama basamagi olan dordiincii asamasinda
test eder (Kolb, 1984). Bu aragtirmanin sonuglarina baktigimizda, grencilerin genel
olarak deneyimlerini yeni durumlara adapte etmekte zorlandiklarimi gérmekteyiz.
Yasantisal 6grenmede gozlem ve uygulama asamalarinin ¢esitli davraniglarin sonraki
durumlara aktarilarak kullanilmasini temsil ettigi diisiiniildiigiinde (Cakic1 ve dig.,
20006), 6grencilerin uygun temsilleri kullanma konusundaki eksikliklerini vurgulamak
yanlis olmayacaktir. Benzer sekilde matematiksel modellemede &grencinin siiregte
olusturdugu modeli sonraki asamalarda ger¢ek yasam problemine uyarlamada ve
olusturdugu modeli bagka bir problem durumunda kullanmada gii¢lik ¢ekmesi bu
sonucu agiklayabilir.

ikinci olarak dgrencilerden segtikleri penguenler i¢in 30x30 luk bir alanda birim
karelerden olusan penguen yuvalari yapmalari istenmistir. Toplamda bes 6grenci,
probleme tam olarak uyan durum i¢in bir model olusturmay1 basarmistir. Problem igin
beklenen uygun sonug 30x30'luk alanin tamaminin en verimli sekilde kullanilmasidir.
Bu nedenle dgrencilerin yuvalari en uygun sekilde uygulayabilmeleri ve alani verimli
kullanabilmeleri 6nemli bir sonugtur. Bu durum, matematiksel modellemenin
matematiksellestirme asamasi ile ilgilidir. Matematiklestirme siirecinde 6grencilerin
problem durumunu betimlerken belirledikleri bilgileri matematiksel olarak temsil
edebilmeleri ve matematiksel iligkiler kurarak modeli olusturabilmeleri
gerekmektedir (Lesh ve Doerr, 2003). Burada matematiksel olarak 6lgeklendirmek
istedigimiz tam olarak geometrik sekillerin kullanimi degil ama boyle bir problemde
bu kavramsal bilginin de gerekli oldugu diistiniilmektedir. Amacimiz, 6grencilerin
geemis deneyimlerini ve hayal giliglerini kullanarak uygun bir geometrik sekil
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olusturarak matematiksel modelleme yapabilme becerilerini incelemektir. Ogrenciler
genellikle bu tir muhakeme gerektiren problem durumlartyla karsilagsmak zorunda
kalirlar. Ciinkii bu problemler, hem muhakeme etmelerine hem de uygun bir temsil
yaratmalarina izin verdigi icin ¢ok degerlidir. Bunlara ek olarak 6grencilerin bu
soruyu cevaplarken yaratici bir bakis agisiyla yaklasmalari beklenmistir. Hem
matematiksel bilginin hem de DO yaklasimmin yaraticilikla yiiksek oranda iligkili
oldugu bilinmektedir (Chesimet ve dig., 2016). Bu nedenlerle 6grencilerin bu soruya
gercekei cevaplar vermesi hem model olma hem de yasayarak 6grenme agisindan
o6nemlidir.

Aragtirmada &grenciler agisindan en zorlayici kisim ise dgrencilerin penguen
yuvalarini alana yerlestirmeleri olmustur. Bu dlgiitten alinmasi gereken en yiiksek
puan 39 iken Ogrencilerin aldigr puan 28'dir. Bu puan soru i¢in olumlu kabul
edilmistir. Ancak aragtirma grubunun birim kareyi online ve kisa siirede 6grenmesinin
bu sonuclart etkiledigi sonucuna varimistir. Smifta yapilan caligmalarin somut
malzeme kullanimina olanak saglamasi ve c¢evre-alan gibi konularda somut
durumlarin 6nemli olmasi bu sonuglarda dne ¢ikmaktadir. Ancak matematigin soyut
kavramlarini somut hale getirmek i¢in kavramin giinlik yasamla iligkilendirilerek
dogru anlagilmasini saglayan en o6nemli araglardan biri de MM'dir. Modelleme
sayesinde dgrenciler matematiksel kavramlarin somut uygulamalarini deneyimleme
firsat1 bulurlar (Cramer ve dig., 2003; Cavus Erdem ve dig., 2017; Ciltas ve Isik, 2012;
Lesh ve dig., 2007). Modelleme etkinliginin bu 6zelliginden dolay1 somut ve yaratici
diistinebilen, uygulama siirecinde alani olmasi gerektigi gibi sekillendirebilen
ogrencilere sahip olunmasi umut vericidir.

Bu aragtirmanin {igiincii ve dordiincii agamalar1 tamamen matematiksel bilgi ile
ilgilidir. Ugiincii olarak, katilimcilarin cevre ile ilgili matematiksel sonuglari
incelenmistir. Buna goére her katilimcidan dogru tiir se¢cimine bakilmaksizin bir
yuvanin c¢evresini bulmasi istenmistir. Bes Ogrenci sonucu tamamen dogru
hesaplarken, bes 6grenci ¢evreyi hesaplamis ancak birim boyutunu 20 cm olarak
almay1 ihmal etmistir. Bu sonuglar dgrencilerin ¢evreyi anladiklarini ancak birim
kareyi tam olarak kavrayamadiklarini ve dolayisiyla yanlis 61l¢iim yapmalarina neden
oldugunu goéstermistir. Bu durumun nedeni, 6grencilerin problem ¢dzerken ezberci
yontemleri takip ederken dikkat eksikliginden dolay1 yanlis bir ¢6ziime ulagmalaridir.
Bu 6grenciler tiim dikkatlerini ezberledikleri kurallara verdikleri i¢in gerekli biligsel
becerileri kullanamadiklar1 i¢in yanlis sonuca varmislardir (Bilen ve Ciltag, 2015; Isik
ve Mercan, 2015). Bu sonucun bir bagka nedeninin de &grencilerin birlikte
calisacaklari, yeni fikirler iiretecekleri ve kendilerini savunacaklari okul i¢i ve okul
dis1t MM etkinligi deneyiminin sinirli olmasindan kaynaklandigi soylenebilir (Blum
ve Ferri, 2009; Eraslan ve Kant, 2015). Ogrencilerin ¢evre kavraminda elde ettikleri
hatali sonuglar, matematiksel bilgilerinin yaninda ¢evre kavramimin giinliik yasamda
ne anlama geldigini tam olarak bilmemelerinden kaynaklanabilir. Bu kavrami
zihninde godrsellestiremeyen ve {lizerinde diislinemeyen bir 6grencinin deneyim
eksikligi de bu sonuglar1 yorumlamak i¢in bir sebep olabilir (Ferdianto ve Hartinah,
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2020). Bu durum, yasayarak 6grenmenin matematiksel kavramlarla birlikte ele
alinmasinin 6nemini bir kez daha vurgulamaktadir.

Dordiincii olarak, alan Ol¢limiine iliskin matematiksel sonuglar incelenmistir.
Ancak, alan 6lgiimiindeki sonuglar ¢evre dl¢iimiinden daha diisiiktii. Ogrencilerin alan
Ol¢iimiinde yaptiklar1 birgok hatanin nedeni alan ve ¢evrenin Dbirbiriyle
karigtirilmasidir ve 6grencilerin bu iki konuyu ¢ok iyi anlamamasina ve kavram
yanilgilarina yol agmaktadir (Baturo ve Nason, 1996; Chappell ve Thompson, 1999;
Divrik ve Pilten, 2021; Jirotkova ve dig., 2019; Moyer-Packenham, 2001; Outhred ve
Mitchelmore 2000; Tan Sisman ve Aksu, 2016; Yeo, 2008). Ozellikle alan hesab:
yapilirken 6grenciler siklikla formiil kullanimindan, islem hatalarindan ve geometrik
sekillerin yanlis modellenmesinden kaynaklanan hatalara diismektedir (Divrik ve
Pilten, 2021). Cevre hesaplamasi bir seklin etrafindaki uzunlugu olgerken, alan
hesaplamasi dlciilecek alan i¢inde kag tane bolgesel boyutun belirlendigini saptar.
(Giirefe, 2018). Cevre Olciimiinde oncelikle standart dis1 birimlerle dgrencilere ip
veya mezura ile bir bolgenin etrafindaki mesafeyi 6lgme firsati verilmelidir (Cilingir
Altiner, 2020). Bu sayede 6grenciler ¢esitli etkinliklerle deneyim kazanarak dncelikle
¢evre kavramina iliskin zihinlerinde bir model gelistirebilirler. Bundan sonra “sinir
icindeki bolim” (Giirefe, 2018) olarak alan kavramina geg¢is yapilmalidir.
Matematikteki birgok kavramin kazanimi gibi, ¢evre ve alan kavramlarinin kazanimi
da ¢esitli temsiller ve modeller yardimiyla etkili bir sekilde dgretilebilir. Bu nedenle
¢evre ve alan belirsizliginin ger¢ek yasam durumlari deneyimlenerek ve konu ile ilgili
cesitli modelleme etkinlikleri uygulanarak giderilebilecegine inaniyoruz.

Bu ¢aligmada sadece bir dgrenci alant dogru olarak hesaplayabilmistir. Ancak
iki 6grencinin hesaplamalart dogru yapmasi alan konusunu anladigini gésterirken 20
cm detayin1 dikkate almamistir. Gozlem notlarnmiz da Ogrencilerin  alam
hesaplamakta zorlandiklarini kanitlamaktadir. Alan Sl¢iimiinii anlamak i¢in, alanin
sinirlt bir bélge oldugunu anlamak ve daha sonra bunu hesaplayabilmek gerekir. Alant
hesaplamak i¢in 6lgii aletini yani birimi anlamak gerekir. Ciinki alan 6lgiimii, sinirli
bir diizlemin ayni tip ve uygun Olgii birimlerinden ka¢ tanesini kapsayacaginin
belirlenmesidir (Reynolds ve Wheatley, 1996). Olgme alani ile ilgili literatiir
incelendiginde 6grencilerin dlgme ile ilgili kavramlar1 anlamakta, iliskilendirmekte
ve bu kavramlar1 problem ¢6zme siirecine dahil etmekte zorlandiklart gériilmiistiir.
Alan, gevre gibi kavramlarin mantigini1 anlamadan ezbere dayali formiillerle islem
yapmaya caligtiklar1 goriilmektedir (Chappell ve Thompson, 1999; Martin ve
Strutchens, 2000; Stephan ve Clements, 2003).

Ogrenciler giinliik yasamlarinda bazi matematiksel konu ve bilgilerin ne anlama
geldigini anlamakta zorlanabilirler. Alan ve ¢evre konulari 6grenciler icin bu
konulardan biridir. Literatiirdeki ¢alismalarin bir diger ortak sonucu da alan ve ¢evre
kavramlarmmin Ogrencilerin en ¢ok hata yaptiklar1 ve anlamakta zorlandiklari
kavramlar arasinda yer almasidir (Chappell ve Thompson, 1999; Geary ve dig., 2008;
Jirotkova, ve dig. .2019; Yeo, 2008). Bu sonucu deneyimsel 6grenme temelinde ele
aldigimizda, diger sonuglardan farkli olarak 6grencilerin DO déngiisiinde somut
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yasant ile soyut kavram arasindaki iliskiyi kavrayamadiklarini ve bunun sonucunda
kavramsallastirmada zorlandiklarini séyleyebiliriz. Bu sonucu modellemenin 6nemli
bir bileseni olarak kabul edilen matematiklestirme agisindan yorumlamak dogru
olabilir. Gergek yasam problemini matematiksellestirmek, yani formel bir yapiya
doniistiirmek, gercek yasamin karmagik yapisi nedeniyle zor bir istir. Bu nedenle
problemin matematiklestirilmesi, ger¢cek yasam problemine yakin daha kullanigh ve
basit bir yapiya doniistiiriilmesi ile miimkiindiir (Kapur, 1988). Matematiklestirme
stirecinde dgrenciler 6ncelikle gergek yasam problemini agik bir sekilde betimleyecek
sozel bir model olustururlar. Daha sonra matematiksel bilgi ve tecriibesi
dogrultusunda matematiksel bir model olusturur ve sembol ya da formiil olarak ifade
eder. Bu modelin olusumunda 6nemli olan bireyin matematiksel deneyimidir. Bunun
yani sira ¢evre lizerinde yapilan 6grenci hatalarinda da goriilecegi lizere 6grencilerin
alandaki deneyim eksiklikleri bu konuda yanlis ve eksik cevaplar vermelerine neden
olabilmektedir. Bu sonug, d6grenci deneyiminin okul matematigindeki bagarilarini ne
kadar etkiledigini gostererek hem DO hem de matematiklestirme gibi kavramlarin
6nemini vurgulamaktadir.

DO kapsaminda gevre ve alan konulari gesitli egitim siteleri araciliiyla
dgrencilere konu 6gretimi olarak gdsterilmistir. DO teorisine dayali egitim, her
6grenme yoluna uygun egitim etkinliklerinin diizenlenmesini gerektirir (Kolb, 1984).
Egitim alaninda yapilan arastirma sonuglari, internet ortaminin 6grencilerin basarilar
lizerinde olumlu etkileri oldugunu gostermektedir. (Kilig, 2002; Kule, 2002). Bu
nedenle DO online olarak da yapilabilir ve basaril1 bir sekilde calisilabilir. Ancak bu
calismada ele alinan matematik konularmmin ozellikle alan konusunun daha soyut
olmast ve dikkatin dagilmamasi i¢in konunun kisa ve 6z olarak gosterilmesi
¢alismanin beklenenden daha diisiik bulgularla sonuglanmasina neden olmustur. Bu
durum ozellikle ilkokul diizeyinde wuzaktan egitimin bir smrliligi olarak
yorumlanmustir. Ogrenciler giinliik yasamda ve hatta okulda siklikla kullanmadiklart
yontemlere yabanci olduklart igin beklenenden daha diisiik cevaplar alma ihtimalleri
vardir (Guimardes ve Oliveira, 2018). Cevre ve alan konular1 giinliikk yasamda ve okul
yasaminda kullanilabilse de bu aragtirmada oldugu gibi O6grenci merkezli,
karsilagtirma gerektiren etkinliklerden kagimildig: anlasilmistir.

Son olarak bu arastirmada 6grencilerin siirecte neler hissettikleri ve nerelerde
zorlandiklarina yonelik sorularla yart yapilandirilmis goriismeler yapilmustir.
Ogrencilerin ¢ogu etkinliklerden keyif aldiklarini ve eglendiklerini belirtirken bazi
boliimlerde zorlandiklarmi da belirtmislerdir. Ozellikle birim karenin bir kenarmin 20
cm. olmasi bazi dgrenciler igin kafa karistirict olmustur. Yuvalari olusturmakta
zorlanan Ogrenciler de olmustur ancak bu arastirmanin amaci, 6grencilerin akil
yiiriiterek ve zihinlerini zorlayarak en iyi ¢oziime ulasmalarimi saglamaktir. MM'de
ogrencilerin kolaylikla ¢o6zebilecekleri problemler yerine Ogrencilerin iizerinde
diistinmeleri ve farkli ¢6ziim yollar1 bulmalari gereken problemlerin kullanilmasi
gerekmektedir. Cilinkii MM her asamasinda dikkat gerektiren ve iistbiligsel becerilerin
¢ok etkin oldugu bir yontemdir (Bilen ve Ciltag, 2015). Bu nedenle bu arastirmada
caligma grubu belirlenirken tiim sinifa istbiligsel farkindalik 6l¢egi uygulanmis ve
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Olcekten en yiiksek puani alan yani iistbiligsel farkindalig1 en yiiksek olan 13 6grenci
calisma grubu olarak belirlenmistir. Arastirma sonuclarma gore, Ogrencilerin
kendilerine sunulan problemi tanimlama, s6zel olarak ifade etme ve
matematiksellestirme asamalarinda etkin olduklari, ancak ortaya c¢ikan modelin
yorumlanmasi, gegerligi ve modele uyarlanmasi agamalarinda etkin olmadiklari
goriilmiistiir. DO perspektifinden diisiiniildiigiinde dgrenciler ilk giinkii etkinlikte
¢evre ve alani bilmisler ve ¢esitli alistirmalar yapmuslardir. Béylece birim kare ile
nasil hesap yapilacagi konusunda deneyim kazanmislardir. Ancak ertesi giin olusan
hikaye ve problemde 6grenciler bu konuda alan 6lgme gibi zorluklar yasamistir.
Ogrencilerin aritmatik islemden daha ¢ok kavramsal islemlerde zorluk yasadiklari
gozlenmistir. Konuyu 6grenmede yasanan giicliiklerin temelinde, dgrencilere bir
formiil olarak sunulan algoritmalara dayali geleneksel ogretim yaklasimi ve
ogrencilerin bu 6grenme siirecinde ezberci bir yaklagimla yer almalar1 yatmaktadir
(Cobb ve dig., 2008; Kidman ve Cooper, 1997). Bu nedenle bu algoritmalarin
matematiksel ifadelerle anlasilir bir sekilde anlatildigi dgretim yaklagimi dnemlidir.
Bu noktada 6grencilerin matematiksel modelleme etkinlikleriyle tasarlanmis, kendi
deneyimleriyle bilgilerini olusturduklari, geleneksel olmayan bir 6grenme ortaminda
gercek yasam problemleri tizerinde ¢alismalari gerekmektedir. Bu durum digerlerinde
oldugu gibi konuyu tam olarak kavrayamamak seklinde yorumlanmistir. Bu tiir
aragtirmalar smifta yiiz ylize yapilirsa birgok farkli olumlu sonucun ¢ikacagi
diisiiniilmektedir. Ogrenme ortamlarinin en énemli dgelerinden biri olan ve bizim
siirliliklarimizin bir pargast olan yiiz ylize etkilesimin olmamasi gibi uzaktan
egitimin sinirliliklar1 nedeniyle, 6grencilerin kendi kendine ¢alisma aliskanliginin
olmamasi, kisa ve 6z etkinlikler planlanmis ve yiiriitiilmiistiir. Cevre ve alan ikinci
smiftan itibaren matematik 6gretim programinin (miifredatinin) her kademesinde yer
aldig1 ve geometri ile de ilgili oldugu igin 6grenciler bunlari iyice anlamalidir.

Bu aragtirmada matematiksel modelleme gerektiren problem ¢ézme siirecinde
bir bakis agisi olarak deneyimsel 6grenme ele alindi ve bu nedenle her iki bakis
acisinin da farkli agsamalar1 ve siirecleri olmasina karsin DO'niin matematiklestirme
stirecine 6nemli bir katki saglayabilecegi belirtilebilir. Aragtirmacilari bazi noktalarda
yorumsuz birakan sonuglarin bir nedeninin de bu oldugu diisiiniilebilir. Bu konuda
daha yapilacak ¢ok is oldugu belirtilebilir. Ayrica arastirmalar ¢evre ve alan
konularin1 ele alsa da bu iki kavram arasindaki kavram yanilgilarin1 gidermek igin
miidahale ¢aligmalarinin yapilmasi 6nerilebilir.

Bu aragtirmanin en biiyiik sinirliligi, 6grencilerin matematiksel etkinlikleri kisa
siirede ve ¢evrimigi olarak uygulamalaridir. Ozellikle cevre ve alan gibi daha somut
materyallerin kullanimini1 gerektiren kavramlarin online olarak Ogretilmesi hem
uygulayict hem katilimcilar igin sinirlilik (dezavantaj) olusturmustur. Siifta boyle bir
etkinlik yapmanin c¢ok daha zengin bulgular ve tartigma bolimii olusturmay1
saglayacagi tahmin edilmektedir. Bunun disinda aragtirmaya daha 6nce katilan ancak
daha sonra ayrilan ve derslere devam edemeyen Ogrencilerin olmasi da bir baska
siirlilik olarak degerlendirilebilir. Ayrica matematiksel modelleme etkinlikleri,
heterojen gruplarin igbirlikli 6grenme ortaminda akran egitimi yaklasimiyla kuramsal
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olarak islenmektedir. Pandemi nedeniyle zorunlu duruma gelen uzaktan egitim
stirecinde, s6zii edilen matematiksel modelleme 6l¢iitii saglanamadig: i¢in igbirlikli
ogrenme bir kisitlilik olarak gergeklestirilememektedir.
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Appendices
Modeling Story: Do Viruses Infect Penguins?

A dangerous virus appeared on the earth where animals and humans live. This
virus has spread almost worldwide in a short time. Except for only one
region...Antarctica. Antarctica is famous for freezing temperatures and is definitely a
suitable habitat for penguins. It has been researched and proven that the virus does not
infect pets. But no such research has been conducted for penguins. Zeynep, who loves
animals very much, decided to go to Antarctica to investigate whether penguins could
be infected with viruses. She knew that it was easy to find so many penguins there.
Since it will take a long time to investigate this issue, she first wants to create a suitable
living space for penguins. This living space should also enable to social distance
between penguins. You can help Zeynep by creating a safe living space for penguins
using the information below.

There are three most common penguin species in Antarctica: Emperor, King and
Macaroni Penguin. Zeynep will choose only one of these penguin species and will
create suitable nests for all penguins in these species.

1. There must be a certain distance between the penguin nests to not infect
viruses to each other.

2. Each side of one unit square is 20 cm long.

3. The sizes of the nests to be built can change according to the penguin species:

Necessities for problem Emperor King Penguins Macaroni
solving Penguins Penguins
Social distances between 40 cm 40 cm 40 cm
penguin nests

The number of square units 7 units 6 units 5 units
one penguin nest takes up

- Which penguin species should Zeynep choose so that she can use the space
specified below to fit the penguins?

- How many penguin nests have you placed in this area?

- What is the area and perimeter of one nest you created?

***Zeynep wonders, which penguin species you chose and what you got for the result.
Please explain your solution. Do not forget that she needs lots of penguins ©
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Modelleme Hikayesi: Viriis Penguenlere Bulasir mi?

Hayvanlarin ve insanlarin yasadigi yeryiiziinde tehlikeli bir viriis ortaya ¢ikti.
Bu viriis kisa siirede neredeyse tiim diinyaya yayildi. Sadece bir bolge haric:
Antarktika. Antarktika dondurucu soguklartyla {inlii ve penguenler i¢in uygun bir
yasam alanidir. Viriisiin evcil hayvanlara bulagsmadigi daha 6nce arastirilmis ve
kanitlanmisti. Ancak penguenler i¢in bdyle bir arastirma yapilmamisti. Hayvanlar
¢ok seven Zeynep, penguenlere viriis bulasip bulagsmayacagini arastirmak igin
Antarktika'ya gitmeye karar verdi. Orada c¢ok sayida penguen bulmanin kolay
oldugunu biliyordu. Bu konuyu arastirmak uzun zaman alacagi i¢in Oncelikle
penguenler igin uygun bir yasam alani olusturmak istiyordu. Bu yasam alanini
olusturmak icin penguenler arasinda sosyal mesafeyi saglamasi gerekiyordu.
Asagidaki bilgileri kullanarak penguenler icin giivenli bir yasam alani olusturarak
Zeynep'e yardimci olabilirsiniz.

Antarktika'da en yaygin ii¢ penguen tiirii vardir: Imparator, Kral ve Makaroni
Penguenler. Zeynep bu penguen tiirlerinden sadece birini segecek ve bu tiirdeki tim
penguenler i¢in uygun yuvalar olusturacaktir.

1. Birbirlerine virlis bulastirmamalari i¢in penguen yuvalar arasinda belirli bir
mesafe olmalidir.

2. Her bir birim karenin bir kenar1 20 cm uzunlugundadir.

3. Yapilacak yuvalarin boyutlari penguen tiirlerine gore degisebilmektedir:

Problem ¢dzme i¢in Imparator Kral Penguenler Makaroni
gereklilikler Penguenler Penguenler
Penguen yuvalari arasi 40 cm 40cm 40cm

sosyal mesafe

Bir penguen  yuvasinin 7 birim 6 birim 5 birim
kapladig1 birim kare sayis1

- Zeynep asagida belirtilen alana penguenleri yerlestirebilmek igin hangi
penguen tiirlinii segmelidir?

- Bu alana kag tane penguen yuvasi yerlestirdiniz?
- Olusturdugunuz bir yuvanin alani ve gevresi nedir?

***Zeynep hangi penguen tiirlinii segtiginizi ve sonug olarak ne elde ettiginizi
merak ediyor. Liitfen ¢oziimiiniizli agiklayin. Cok sayida penguene ihtiyact oldugunu
unutmayin ©
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