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Abstract

In this research, it is aimed to examine how the pre-service classroom teachers apply the STEM approach
applications based on model eliciting activities that they designed themselves in primary school 4th
grade mathematics course. In the research, the basic qualitative research design was used. The research
was carried out in a public primary school in a province in the Aegean region within the scope of Teaching
Practice I course in the fall semester of the 2019-2020 academic year. 4 of the 8 participants took part in
the research as event practitioners and the other 4 as observers. Practitioner participants designed and
implemented 3 STEM approach applications based on model eliciting activities implementation plans. At
the end of each activity, semi-structured interviews were held with the practitioners, and when all the
activities were finished, with the observer participants, and written opinions of 4th grade primary school
students were obtained through structured forms. As a result of the analysis of the observations and
interviews, it is seen that the participants completed the STEM approach applications based on model
eliciting activities in 6 stages, each stage has a flexible structure that can be switched between each other,
they have the motivation to implement the activities despite their lack of experience, and in general, each
participant completes the process. When only the opinions of the participants was analyzed, it was
concluded that despite the difficulties they experienced, they were willing to apply the STEM approach
based on model eliciting activities in their professional lives, and that the students' interest and
motivation towards the applications increased, and that, apart from some other skills, students gained
cooperation, communication, creativity, and critical thinking skills.

Keywords: STEM approach applications based on model eliciting activities, prospective classroom
teacher, STEM education approach

Introduction

Education is a dynamic field that is influenced by many different sectors. One of the sectors
where education is affected is the financial sector. As a result of the economic competition
between countries in the globalizing world, the concern of the United States of America (USA) to
lose its leadership position in economic and political areas began to emerge in the late 20th
century. With these concerns, the STEM (Science, Technology, Engineering and Mathematics)
education approach has emerged in order to meet the labor force they need and has led an
increasing number of countries to review or change their education systems and curricula in
recent years (Gencer, Dogan, Bilen and Can, 2019). STEM (Bybee, 2010), which origins date back
to the 1990s, was founded in 2001 by Judith A. It was put forward by Ramaley as an educational
term or concept (Yildirim and Altun, 2015). In general terms, STEM education can be defined as
the process of obtaining a technological product by supporting the theoretical knowledge of
science and mathematics with the engineering application dimension (Thomas, 2014). According
to another definition, STEM education is an approach that includes atleast two STEM components,
provides solutions to students' daily life problems, and utilizes the technology and engineering
design process in this process (Aydin-Giinbatar and Tabar, 2019).

Research has shown that integrating mathematics and science makes learning more
connected and relevant, and has a positive impact on students' attitudes and interests towards
school, their motivation to learn, and their achievement (Stohlmann, 2013a). In today's world,
where multidisciplinary approaches and skills are required to solve increasingly complex
problems, the school curriculum, which includes STEM activities integrated with the preservation
of the integrity of the relevant disciplines and the equipping of teachers with the necessary
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knowledge, commitment and resources, seems to be a positive step forward in education (English,
2017). As a result of the meta-analysis of the studies in which the STEM education approach was
applied, it was concluded that STEM education programs contributed positively to the
mathematics success of the students and this contribution was statistically significant (Siregar,
Rosli, Maat, & Capraro, 2019). However, although it is widely accepted that mathematics supports
all other STEM disciplines, there is clear evidence that it plays an underestimated role in
integrated STEM education (Maass, Geiger, Ariza, & Goos, 2019). Engineering education should
not be allowed to cause mathematics to remain in the background by being carried out
predominantly based on the science curriculum (English, 2015).

Including the STEM education approach in the curriculum seems to be a need to climb the
steps in the educational race, and mathematical modeling is recommended as a tool to make the
transition to STEM education. Teachers, as the main actors in the implementation of new
approaches, should adopt the relevant approaches and be equipped with the necessary
knowledge and skills at this point (Dogan, Giirbiiz, Cavus Erdem and Sahin, 2018). In addition,
Erbas et al. (2014) stated that there are insufficient resources for teachers who want to integrate
modeling into teaching processes, therefore, more research is needed on the use of modeling for
different education levels. They added that with the studies to be carried out, it can be ensured
that the resources that can be used in pre-service and in-service teacher training programs are
produced and that there is a need for resources that include good examples of modeling tasks for
teachers.

The potential contribution of mathematical modeling to STEM education should not be
overlooked and academic studies should be conducted on the potential to be used together with
the common aspects of mathematical modeling and STEM education (Aydin and Derin, 2018).
Kertil and Giirel (2016) state that mathematical modeling is included in all STEM-related
applications to some extent. In other words, not all STEM activities are modeling activities, but
students can experience the mathematical modeling process in many STEM activities. Teachers
can design integrated STEM activities that focus on mathematics discipline using mathematical
modeling (Yabas, Boyaci, & Corlu, 2020). Mathematical modeling can be used both to fulfill STEM
tasks such as problem solving and collaborative work that students will face in future societies
and to implement education for sustainable development. Since mathematical modeling is based
on real-world situations, it can be said that the use of mathematical modeling for STEM task is
compatible with the use of education for sustainable development (Suh and Han, 2019).

Maass, Geiger, Ariza and Goos (2019) suggest that mathematical modeling should be
included in the school curriculum in a meaningful way as one of the methods they propose to
increase the role of mathematics in STEM activities. "Modeling activities", one of the application
methods of mathematical modeling, have emerged as an alternative to the use of STEM education
in mathematics lessons. However, modeling activities alone may not be sufficient for the
realization of engineering skills and interdisciplinary learning. Similarly, Lesh (2010) stated that
modeling activities are activities that aim to complete the content of a course rather than being a
complete curriculum. When the STEM education literature is examined, it is possible to see the
importance of mathematical modeling, but there is also a limited number of studies on the nature
of modeling as a bridge between STEM disciplines (Hallstrém and Schénborn, 2019). In addition,
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based on the study they stated that there was no change in mathematical thinking and problem
solving skills in primary school mathematics teacher candidates after STEM activities where
modeling activities were not used (Yildirim and Sidekli, 2018). It can be thought that seeing the
results of modeling activities as a result of using the STEM approach in mathematics-based
applications may contribute to the literature.

Stohlmann, Moore and Cramer (2013) state that in many modeling activities, students use
their mathematical ideas with activities established in the context of science to make sense of the
tasks given by a real customer. In this study, it is aimed to design modeling activities based on the
realistic modeling approach to be applied in a way that will include the achievements of 4th grade
primary school mathematics and science course. Model eliciting Activities and Engineering Design
Process stages were integrated in order to use the STEM education approach in primary school
mathematics courses. The constructed structure is called the STEM approach applications based
on model eliciting activities. Mathematics must be used as a foundation in the activity planned.
For this purpose, the course should start with modeling activities involving mathematics course
achievements, and be aimed creating a mathematical model for solving real-life problems,
including science course achievements, by applying engineering design process and producing a
three-dimensional product by associating the created mathematical model with science
achievements. The stages of the STEM approach applications based on model eliciting activities
implementation process created by the researcher are given in Figure 1.

(STEM)

Figure 1. Implementation Process of the STEM approach applications based on model eliciting activities

As a result of the literature review, it seems possible to say that modeling activities are a
method that can be used to apply the STEM education approach in the context of mathematics. In
this context, this study aims to investigate the applicability of the STEM approach based on
modeling activities at primary school level. The researches conducted in the field of teacher
candidates' education for STEM approach in Turkey are of the application type and include
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theoretical knowledge and activities related to STEM and approximately half of them have been
carried out in the last 3 years. In these studies, the samples are mostly science teachers (Giil and
Tasar, 2020). As a matter of fact, considering the studies conducted, the use of the STEM education
approach at the primary school level and the lack of applications in the sample of classroom
teacher candidates are striking, based on the achievements and subjects of mathematics lessons.
In addition, considering the researches that mathematical modeling can be a method in the
mathematics-based application of STEM education approach, there is a lack of research in this
field in Turkey. In this context, this study aims to examine how the classroom teacher candidates
perform the applications in the 4th grade mathematics course of primary school and the opinions
of the classroom teacher candidates and primary school students regarding the use of the
applications by observing the video recordings of the STEM approach applications based on model
eliciting activities that are applied by the prospective classroom teachers in a public school in the
classroom environment. It is thought that the research will eliminate the deficiency mentioned in
the literature and will answer the following problems.

e What are the stages that the participants use in the process of STEM approach
applications based on modeling activities?

e What are the views of the participants on the STEM approach applications based on
model eliciting activities process?

e What are the opinions of the participants about the next activity and professional life at
the end of the STEM approach application process based on modeling activities?

e What are the opinions of the participants regarding the effect of STEM approach
practices based on modeling activities on the skill development of primary school students?

Method
The Method of the Study

In the research, "basic qualitative research" design, which is one of the qualitative research
methods, was used. In basic qualitative research, researchers are interested in how people
interpret their lives, how they build their own worlds, and what the meanings they add to their
experiences are. The main goal is to understand how people understand their lives and
experiences. Basic qualitative research may be the most common type used in education. Data are
collected by observation, interview or document analysis. Data analysis is performed to determine
repetitive patterns. The themes obtained from the resulting data constitute the findings (Merriam,
2013). In the research, qualitative data were collected through observation and interviews and
the research was conducted based on the qualitative research paradigm. Other qualitative
research patterns were not expressed as a method because data was gathered from an intervened
and purposefully modified environment rather than revealing the existing situation. In such cases,
the basic qualitative research design, which is generally used as a research design in the literature,
was preferred as a method. In this context, in this research, the basic qualitative research design
was used to reveal the application process of prospective classroom teachers for the application
of the modeling activities-based STEM approach in the 4th grade mathematics course of primary
school, to reveal and interpret the meanings they add to their experiences.
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The Source of the Data

The maximum diversity among the purposeful sampling methods of the teacher
candidates selected to carry out the process in the research was determined according to the
sample selection. In the selection of the maximum diversity sample, a small sample is studied in
order to represent the diversity of individuals at the maximum level. The aim is to reveal the
points where individuals with diversity are similar or different (Gezer, 2021). Before the
implementation phase, prospective primary school teachers were given training to design
activities in accordance with the STEM approach application process based on modeling activities
within the scope of the Mathematics Teaching II course while studying in the third grade in the
spring semester of the 2018-2019 academic year. According to the scores they received from the
activities they designed at the end of the training, eight teacher candidates were selected on a
voluntary basis among the teacher candidates who received the highest (85 points and above),
the lowest (50 to 64 points) and the average score (65 to 84 points). Accordingly, two candidates
were determined among the teacher candidates with the highest score, two candidates were
determined among the teacher candidates with the lowest score, and four candidates were
determined among the teacher candidates with the average score. The sample selection over the
score was made only for the purpose of increasing diversity, it was not used as a variable in any
way during the research process. Six of the selected study group are female and two are male.
Among these eight teacher candidates, one of the highest, one of the lowest, and two average
scoring teacher candidates designed an activity suitable for the STEM approach application
process based on modeling activities and applied it to 4th grade students studying in a public
primary school within the scope of the Teaching Practice I course. The other four teacher
candidates participated in the lessons in observer status.

Data Collection Tools

In this study, observation and interview techniques were used to collect data. The
researcher observed classroom video recordings in order to examine the activity application
processes of prospective classroom teachers. During the observation process, the activity
application process was carried out by taking notes and examining the teacher-student dialogues
and teacher-student behaviors in the classroom. Therefore, no observation form was used. The
data obtained as a result of the examinations made according to unstructured observation were
also analyzed in accordance with the opinions of the participants about the application process.
In addition, a semi-structured interview form was prepared to determine the opinions of the
prospective classroom teachers and it was used to interview the prospective classroom teachers
after each of the three activities. In addition, a different semi-structured interview form was
prepared and applied to determine the views of the prospective classroom teachers based on their
observations at the end of the process. The interview information obtained from the participants
is presented in Tables 1 and 2, followed by the interview questions.
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Table 1. Schedule of interviews with classroom teacher candidates performing the application

No Code Meeting Date  Date of second  Date of third Interview Total
name meeting interview location duration of
three
interviews
1 Serkan 31.10.2019 28.11.2019 16.12.2019 Office 1 h. 2 min
45 sec
2 Reyhan 31.10.2019 28.11.2019 13.12.2019 Office 58 min. 34
sec.
3 Doruk 31.10.2019 28.11.2019 13.12.2019 Office 1 h. 23 min.
57 sec.
4 Yagmur 31.10.2019 28.11.2019 16.12.2019 Office 1 h. 8 min
27 sec.
Total 4 h 33 min
duration 43 sec.

Table 2. Schedule of interviews with classroom teacher candidates observing the application

No Code name Date of discussion Interview location Duration of meeting
1 Zehra 17.12.2019 Office 11 min 48 sec.
2 Bilge 17.12.2019 Office 20 min. 17 sec.
3 Selin 18.12.2019 Office 07 min. 18 sec.
4 Nalan 18.12.2019 Office 21 min. 02 sec.
Total duration 1 h. 1 min. 25 sec.

Semi-structured interview questions with prospective practitioners:

1. What are your views on the implementation of the STEM approach based on model
eliciting activities at primary school level? Do you find it applicable?

* Physical structure of schools,

e Primary school level, children's level,
e Current curriculum status,

« In terms of socio-economic level.

2. What is the effect of the activity you designed and implemented on your thoughts on the
use of STEM approach applications based on modeling activities in mathematics class?

3. What do you think about the effect of the activity you designed and applied on your
mathematics teaching skills?

4. What do you think about the teaching of mathematics by associating it with other
disciplines? what is the contribution of STEM approach applications based on model eliciting

activities to this situation?

5. What are the situations that you have difficulty in the activity you design and implement,
and what are the difficulties you encounter?

e Planning (designing).
e Implementation (teaching process).

e Measurement and evaluation dimensions.
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6. What solutions have you developed for the situations you have difficulty in the activity
you designed and implemented?

e Planning (designing).

e Implementation (teaching process).

e Measurement and evaluation dimensions.

7. What elements do you think facilitate the activity you design and implement?

« Classroom teacher, student level, physical structure of the classroom, suitability of the
subject, etc.

8. What do you think about the impact of the first activity you designed and implemented
on the design and implementation experiences of your second activity?

9. What do you think about the effects of the experiences you have gained from the activity
you designed and implemented when planning the next STEM approach application based on
model eliciting activities?

10. Do you drop the STEM approach based on modeling activities in your professional life?
e [f you are thinking, why do you apply it?

e In which courses do you apply it?

11. Do you have any other thoughts you would like to add?

Semi-structured interview questions with observer teacher candidates:

1. Would you consider the process in general? Can you convey your experiences and
observations?

2. Do you think that the teacher candidate you observe can fully design and implement
activities?

e What do you think are the good and bad aspects?
e What would have been more feasible?
3. What do you think about the benefits of the activities implemented to children?

4. What are your views on the implementation of the STEM approach based on model
eliciting activities at primary school level? Do you find it applicable?

e Physical structure of schools

e Primary school level children's level
e Current curriculum status

e In terms of socio-economic level.

5. What are your thoughts on the use of STEM approach applications based on modeling
activities in mathematics?
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6. What do you think about the teaching of mathematics by associating it with other
disciplines?

e What is the contribution of STEM approach applications based on model eliciting
activities to this situation?

7. Would you consider applying a STEM approach based on model eliciting activities in
your professional life?

e If you are thinking, why do you apply it?
¢ In which courses do you apply it?
8. Do you have any other thoughts you would like to add?

Apart from the classroom teacher candidates, a form was created in order to get the
written opinions of the students studying in the 4th grade in the primary school where the
application took place, and at the end of the process, it was applied by the researcher in their own
classes. Since the activities were carried out in two classes and two teacher candidates carried out
the application in each class, the name of the teacher candidate who carried out the activity was
written in the space at the beginning of the questions and the opinions of the students were
collected separately for each teacher candidate. Interview questions are as follows.

1. What are your thoughts on the lessons you have done with your teacher?

R can you compare your mathematics lessons with your other mathematics
lessons with your teacher? What are the similarities and differences?

3. Do you like math class? Why do you like it or not?

4. How did your activities with your .............. teacher affect whether you liked the math
lesson?

The Path Followed in the Study

In the study, the data were collected using observation and interview techniques.
Observations were made by observing the activity application processes of classroom teacher
candidates. The interviews were conducted with classroom teacher candidates and primary
school fourth grade students who both performed and observed the application. At the end of each
of the three activities, interviews were held with four prospective classroom teachers and primary
school students at the end of the three activities. Interviews with prospective primary school
teachers were conducted by voice recording on the researcher's phone in order to make it easier
for them to progress than the note-taking technique, and they were conducted face-to-face in the
researcher's office. In addition, at the end of the application process, the written form created in
order to get the written opinions of the students studying in the 4th grade in the primary school
where the application took place was applied by the researcher in their own classes. After the
interviews were completed, the voice recordings were transcribed by the researcher.

The Analysis of the Data

In this study, qualitative data were analyzed using thematic analysis. Braun and Clarke
(2006) stated that thematic analysis consists of six stages and these stages are not linear, but a
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repetitive process that can be moved back and forth. The definitions of the stages and what is
carried out in the stages in the data analysis process in this research are stated below:

e Researcher's familiarity with the data: It is the decoding of the data, reading the data
repeatedly, and noting the first ideas. In this study, the observations of the researcher were
recorded and the interview records made with the participants were deciphered. After grading
and decoding, each interview text and observation notes were read repeatedly.

e Creating the first codes: It is the systematic coding of the remarkable features of the
entire data set and the collection of the data related to each code. In this study, after the interviews
were completed, the interview records of all three activities conducted with the practitioner
teacher candidates were individually and the interview records made with the observer teacher
candidates at the end of the process were associated with the teacher candidate they observed
and coded by reading in detail. Then, the codes that are thought to be common are marked on the
paper with the same colored pens. Two additional encodings were made by the researcher on the
same data set in the same time period. Then, the codes created by the researchers were brought
together and similar and different aspects were discussed, and the process continued until a
common decision was made. Observation notes were brought together by the researcher to
determine the common points of the application stages of each of the teacher candidates. The
mentioned process was also used in the other stages (except for the preparation of the report)
stated below.

e Searching for themes: It is the collection of codes under the possible themes they are
related to. After the coding stage of Saldana (2013), the categories expressed a process from
private to general in which the themes were reached after the categories. In this context, the codes
extracted from the texts before the themes were created in this research were grouped according
to their similar characteristics and combined under categories. As a result of the analysis of the
observations, the stages of the activity application processes of the classroom teachers were
formed and the determined stages were combined under the theme of "STEM applications based
on modeling activities in the 4th grade mathematics course in primary school".

e Reviewing themes: Checking the compatibility of themes with coded data content and
the entire data set, creating a thematic “map” of the analysis. In this study, possible themes created
by combining subcategories, categories and categories were reviewed by researchers and coders
and their compatibility with the data was checked. The consistency of the categories and whether
the possible themes covered the categories were discussed by the researchers and coders and a
draft thematic map was created. The stages created as a result of the observations were arranged
as a result of the interviews with researchers and coders and the stages were finalized.

e Defining and naming themes: It is the simplification of the features of each theme and
the clear definition and naming of each theme. In this study, possible themes created and named
by the researcher were defined, and the themes were discussed with other coders and their
definitions, names and content were clarified.

* Preparation of the report: Selecting concrete and convincing direct quotation samples,
analyzing the coded data contents for the last time, reconnecting the analysis results with the
research question and the literature, reporting the analysis in an academic language. The themes
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created in this research, the categories under the themes, the subcategories and the codes that
make up the categories were discussed again by the researchers and coders and finalized.

Validity and reliability in qualitative research depend on the researcher's impartial
interpretation of the data and a clear explanation of all stages of the research. The researcher
should clearly explain the process to other researchers who want to do a similar study after him
or her. Therefore, the research process is explained in detail. In qualitative research where re-
measurement and calculations cannot be made, techniques such as calculating the compatibility
between observers, triangulation and confirmation of data analysis can be used (January, 2019).
Qualitative validity comes from the analysis processes and expert reviews conducted by the
researcher based on the information obtained from the participant observations. Reliability plays
a smaller role in qualitative research. It deals with consensus-based encoder reliability on the
generated codes (Creswell and Plano Clark, 2015). The reliability of the qualitative findings is
improved by the researcher's explanation of the underlying assumptions and theories of the
study, the use of the triangulation technique, and the detailed explanation of how the findings
were reached (Merriam, 2013).

In this study, expert opinions were firstly taken in the creation of data collection tools to
ensure the validity and reliability of the qualitative data collection process. The questions were
examined by a total of four experts working in the fields of classroom education, developmental
psychology, measurement and evaluation, and psychological counseling and guidance. Pre-
application was made for the data collection tools created. During the interviews, statements that
would guide the participants were avoided. Within the scope of reliability, method triangulation
and data-based triangulation were used. For the purpose of method triangulation, observation,
interview and document analysis were performed, and diaries and observation reports of the
observer teacher candidate were examined. For data-based triangulation, data were collected
from practitioner teacher candidates, observer teacher candidates and primary school 4th grade
students. The interviews were recorded with the consent of the participants.

In order to establish a relationship between the researcher and the participant, the
participants went to the school first and spent time with the participants. The voice recordings
were transcribed by the researcher including all the words, exclamations and pauses of the
participants. In this context, after the data were written, participant confirmation was applied.
The participants were informed about the accuracy of the text and that it reflected their own
opinions. An expert other than the researcher coded the interview text at the end of the expert
coding process at the same time. At the end of the coding process, the codes, categories and themes
were discussed and consensus was reached. The encoder reliability was calculated according to
the Miles-Huberman method and found to be 91%.

At the end of the coding process, the researcher selected 1 random interview text and re-
encoded it, and compared it with the previous coding. After the data were analyzed, a report
containing the meanings obtained from the data was sent to the participants and it was confirmed
whether the findings reflected their own experiences. All stages followed within the scope of the
research are explained in detail. The findings were presented without commenting and without
deteriorating the nature of the data, and the comments were made later. The findings were
interpreted by comparing with each other.

217



Investigation of STEM approach applications .... Demir, S., & Demir, M.

Findings

In this section, the findings obtained as a result of the analysis of the qualitative data
obtained as a result of the research are presented.

Feeling and Transition to Model
Identifying  Eliciting Activities
the Problem Process

Mathematical

Presentation and
Evaluation
of Products
Performing Creation of Product Drafts
Product Design and Transition to the
Applicability of STE Engineering Design Process

Prorcass of STEM ining Based on
Education Based Model Eliciting
on Modeling Activities

Opinions on the
Other Skills «—3Kill Development of
Prima

Activities Schqol Students
Elements Helping Acquiring
the Application 21st Century
Skills

Views on Next Activity
and Professional Life

Figure 2. Qualitative data

As a result of the analysis of the course video recordings on how the STEM approach
applications based on modeling activities of primary school teacher candidates and the opinions
of the practitioner-observer teacher candidates and primary school students about the process,
the themes of " STEM approach applications based on model eliciting activities in primary school
4th grade mathematics lesson” and "Opinions on STEM practices based on model eliciting
activities" were created in the 6th Grade Mathematics Course. The stages, categories and
subcategories under the emerging themes are presented in Figure 2. The results of themes,
categories and subcategories are described in detail below.

STEM Approach Applications Based on Model Eliciting Activities in Primary
School 4th Grade Mathematics Lesson

Feeling and
Identifying
the Problem

“ .

Transition to
Presentation Model Eliciting
and Evaluation Activities Process

of Products
Performing Mathematical
Product Design Modeling Process

\ Creation of Product /

Drafts and Transition
to the Engineering
Design Process

Figure 3. STEM approach applications based on model eliciting activities in primary school 4th grade
mathematics lesson
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When the video recordings of the course are examined, the theme of STEM approach
applications based on model eliciting activities in primary school 4th grade mathematics lesson

includes the stages of "feeling and identifying the problem", "transition to model eliciting activities
process”, "mathematical modeling process"”, "creation of product drafts and transition to the
engineering design process", "performing product design" and "presentation and evaluation of
products”. As shown in Figure 3, the 6 stages mentioned consist of a cyclic process in which
forward or backward transition can be made between each other. The process, which starts with
students making sense of the daily life problem by doing group work and solving it with the help
of mathematical modeling, is completed by product design, presentation and evaluation of the
product they designed with the transition to the engineering design process. The theme of STEM
approach applications based on model eliciting activities in primary school 4th grade
mathematics lesson is explained below in titles to reflect the process in accordance with the order

of stages.

Feeling and Identifying the Problem

When the course video recordings are examined, the first stage of STEM approach
applications based on model eliciting activities is to feel and determine the daily life problem.
Before starting the mathematical modeling problem, the prospective practitioners gave examples
from the daily life of the students in order to understand the problem by the students, and showed
examples from newspaper and television news, images from cartoons, videos or songs using
smart boards. An exemplary dialogue between the teacher candidate and the students in the
classroom is given below.

Teacher candidate: Now tell me what you saw in the news. (Warning not to speak without
having the right to speak)

Student: Well, they showed a child with obesity.
Teacher candidate: What is obesity?

Student: Ee do not eat packaged foods too much and ee do not stop by diving into the internet,
sedentary life.

Teacher candidate: As a result of this, overweight. It's called obesity, right?
Student: Yes. Exercises between the ages of three and six are mostly gymnastics.

The teacher candidate then asks the students to give examples of people who have obesity
problems around them and to exemplify what they are doing to solve this problem.

In addition, when the opinions of the participants are examined, it is understood that when
the mathematics course is associated with another discipline (science, art, engineering, etc.) in
which the students are interested, the interest of the students in mathematics indirectly increases.
At the same time, it can be said that trying to find solutions to daily life problems by associating
mathematics with other disciplines also helps students to make sense of the position of
mathematics in daily life. But when we ask in this way, when I associate it with science, when |
associate it with art and engineering, the child is inevitably interested in mathematics because
he/she has an interest in one of those branches and can solve it more easily "," if I only studied
mathematics, it would be a boring lesson, but we include science in it. For example, as in my first
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study, as in my third study, it is a dog in daily life, a means of transportation, designing them, its
expenses, harming the environment, the fact that these are all related to science, it makes sense for
them to act alone when children think about science besides mathematics, so it makes no sense for
them to act for a purpose. I think this positively affects the use of science with mathematics.”
However, considering the observations and interviews, it is seen that mathematics is in the
background compared to other disciplines in the activities. It can be said that taking mathematics
as a basis compels classroom teacher candidates in terms of designing and implementing
activities. As the teacher candidates stated, "My first activity I designed was a little weak in that
regard. While it was supposed to be mathematics-based, I realized later that I was doing it science-
based "," If we think from the beginning, I had difficulty in choosing an achievement. It is also related
to the grade level”, “I had difficulty in finding a suitable outcome for children. Because I thought we
couldn't just take every win and put it in front of them as STEM or MEA. For this reason, I had a little
difficulty in looking for gains. "

Transition to Model Eliciting Activities Process

After the stage where the daily life problem was felt and understood by the students, the
teacher candidates switched to the modeling activities process. Mathematical modeling problems
were distributed to students individually and students were asked to read the problem and ask
about the points that were not understood. According to the results of both observation and
activity plans, it can be said that the mathematical modeling problem presented to the students is
related to the initially given problem situation. It was observed that teacher candidates made
intensive efforts to understand the mathematical modeling problem. When the transition stage to
the modeling activities process is examined separately for each classroom teacher candidate, it is
seen that the process differs with small nuances due to the situations arising from different
approaches in the stages of feeling and determining the problem. Although the use of modeling
activities in STEM has positive reflections, it is seen that associating modeling activities with the
subject within the framework of an activity within the framework of STEM in some cases compels
teacher candidates. "This mathematical modeling seems to me to be like this, as if there are two
separate lessons. That's why I had a little trouble. As a matter of fact, the prospective practitioners
said, "I think the first lesson is whether I should have modeling or a prototype drawn, so I think it is
a little separated”, "For example, we are doing a STEM activity, the child is throwing something there,
how can I say, he will design something simple for you, he will design a wind-powered electrical thing
for a wind, how can we add mathematics to this? Like I said, I don't think math is very prominent.
They used mathematics, the math part, for what I did in STEM. Like I said, math was in it, it's not very
prominent, but it was in it. It must have been effective, "and an observer teacher candidate said,”
What if, as I really said, I never thought that mathematics was fully fed into the activities. Science
has always remained on top, and even mathematics has been put in the middle. So I think this is a
very negative thing for the children and for us. Therefore, I have no idea what it would be like to
include mathematics more, but I think better activities can be done by involving mathematics more.”
This problem in adding modeling activities to STEM can be explained by the finding that STEM
approach applications based on modeling activities encountered in "curriculum status" may not
be suitable for every subject as mentioned in the other theme.
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Mathematical Modeling Process

At this stage, after it was determined that the mathematical modeling problem was well
understood by the students, it was observed that the teacher candidates directed the students to
solve the problem. It is seen that teacher candidates guide the groups to find solutions through
group discussions. They tried to answer the questions and needs of each group and tried to
encourage students who did not participate in the group work or prevented the process to
participate in the solution process again. Later, teacher candidates asked students to present the
mathematical model they obtained as a result of the solution of the modeling problem with group
work. In general, the first week was concluded with this presentation by the teacher candidates
in the activities and they concluded the first week by stating that they wanted the students to do
the second week until the other part of the activity. In Figure 4 below, an example of the
mathematical modeling done by the students and the letter studies they wrote afterwards is
shown.
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Figure 4. Mathematical modeling and examples of letters performed by students

As a result of course video recording observations and interviews with both practitioner-
observer classroom teacher candidates and primary school 4th grade students, it can be stated
that the use of modeling activities within the framework of a certain subject in STEM improves
students' mathematics skills, better results are obtained from the application, mathematics comes
to the fore in problem solving according to fields such as science and engineering, and enables
mathematics to become concrete. In addition, it can be said that modeling activities can be used
as a method in the use of STEM education approach in mathematics lessons. Regarding this
situation, the teacher candidates stated, "When we research in the studies, we do not see much like
we do. He's usually at the center of science, but he used math as a sub-branch. But it's not like that
either, we first determine the mathematical achievement or the example, or the state, then we add
science to it. This is mathematics and then science in children, and in our study, they do their
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mathematical modeling and then science. If we did not use MEA for mathematical modeling, I think
math would be in children, so I think they would say science, they would not say math at that time. "
and” Since MEA is actually a problem, since the problem is about math, we are turning that problem
into a product, I think how it could have been different. It means that we will directly explain the
subject and do this, so it is important to reconcile how we reconcile. I think MEA is good right now.”
In addition, primary school students' "It was a little while ago because I did not like mathematics
lesson, but I like it because it was a little fun.”, "It happened. Mathematical operations were very fun.”
“We did very nice things with teachers and maybe I would like to be a mathematics teacher when |

grow up. ” The sample opinions they expressed in the form of support this situation.

Creation of Product Drafts and Transition to the Engineering Design Process

In the first dimension of the product drafting and transition to the engineering design
process, it was seen that teacher candidates asked students to create two-dimensional drafts of
the product they wanted them to design based on their mathematical models, which are the
solutions to modeling problems, and the achievements of the science course in the problem. It is
understood that this dimension, which was mostly realized immediately after mathematical
modeling, was completed within the first week of the two-week process. In the second week, with
the aim of transitioning to the engineering design process again, the achievements or gains of the
science course, which is included in the modeling problem, were emphasized again by the teacher
candidates at the beginning of the course. The first week was reminded and efforts were made to
involve the students again in the process. In the video observations, the teacher candidates said,
“children, we completed our mathematical modeling in the previous lesson. Now, I'm going to tell
you a little bit about the activity we're going to do next week in this class. We'll do something this
week for our event next week. Now, you see next week, there's a transportation vehicle that can reach
high speeds under the influence of a magnet. Now you will think of a vehicle in your mind. Look, I'm
telling you, don't try to build a train just because a train is built here. It's up to you, if you want. You
determine one vehicle with all your friends in the group. It may be different from the tools you see,
your own design may be a tool, it may be a tool you want to make new. You'll have this car all to
yourself. But there's only one thing this vehicle needs to move with a magnet. When we hold the
magnet against him, the vehicle will move. We'll do that next week. We are drawing the tool we will
make this week. ”,“ Has everyone done their research homework? I want you to do a group sketch
based on that research assignment, the distance between the two trees. Make a common decision in
your trees. You will make a drawing according to what you want to have in your natural
environment. You draw a drawing by paying attention to the distance between your trees.”

Performing Product Design

After the product drafts were created by the prospective primary school teachers, it was
observed that the students were asked to make their drafts into a three-dimensional model using
the materials requested from the previous week. The stage of designing the product carried out
with group work reveals that teacher candidates have the most difficulty in classroom
management and remain the most passive. At this stage, the common problem experienced by all
teacher candidates is that the materials requested from the students are incomplete and as a
result, the problems experienced by the teacher candidates. In cases where there was a lack of
material, the problem was tried to be solved by sharing between groups or by the material
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supplement brought to the class by the teacher candidates thinking beforehand. Sample views on
this situation are as follows.

“Well, everything went exactly as I wanted. Well, my only problem was that the students
didn't bring the supplies. It was a big problem.”

“During the first lesson of the day, I asked the students if they brought any supplies. Only one
of the students brought an electrical circuit.”

"Only one thing happened, the issue of bringing materials. In fact, it is not about us either, it
is a little bit about students, when it is about those who do not bring materials and bring missing
things, that group naturally gets interrupted. That was the only problem.”

“Well, one of the students did not bring his/her equipment. They shared it among themselves.
He did not bring his materials... Because I saw that the students share a lot of materials. You bring
this, I'll bring this, but when we look at it the next week, there are people who forget. There are people
crying about it. I don't want these.”.

At this stage, it may be useful to show a few examples of the products students make. As a
matter of fact, two examples are shown in Figure 5.
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Figure 5. Product examples made by students

Presentation and Evaluation of Products

After the students turned the products they designed into a three dimensional model, the
teacher candidates asked for the presentation of their products by a spokesperson selected within
the group. Students introduced their models, explained their characteristics, and opinions were
received about the models introduced by other groups. A screenshot of the students’ product
presentation is shown in Figure 6.
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Figure 6. Snapshot of students' product presentation at the end of the event

After the presentation of the products, the teacher candidates were evaluated, which is the
last stage of the process, and mostly evaluation studies were carried out using pen and paper tests.
However, the point that draws attention here is that there are problems of inability to catch up
due to insufficient time allocated to evaluation studies. Due to the time problem, the evaluation
questions were either given as homework or were asked to be completed quickly by the students
and collected at the last moments of the lesson. It can be said that classroom teacher candidates
generally adhere to a single method in terms of measurement and evaluation, and they are
incomplete in terms of product, peer, self and process evaluation. Another missing aspect is that
the evaluations do not have a corresponding score. Only one teacher candidate evaluated the
questions as true and false, but this was not given to the students as a score as feedback. This may
be due to the lack of knowledge and experience of teacher candidates in terms of evaluation
methods, as well as the difficulty of the variety of evaluation methods in terms of time and
applicability. The sample opinions of teacher candidates about the time constraints experienced
during the presentation and evaluation of the products are as follows.

“Well, it was the first study, so there was a little inadequacy in time. Presentations are too
late. We kept the evaluation phase short where they should have made the last presentation. We did
an immediate evaluation and a late evaluation.”

“At the end of the lesson, there was no time for students to present. Students delivered the
products they created directly without presenting them.

Opinions on STEM Practices Based on Model Eliciting Activities
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Figure 7. Opinions on STEM practices based on model eliciting activities
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The theme views on STEM applications based on model eliciting activities consists of three
categories and four subcategories. These categories and subcategories were obtained only as a
result of semi-structured interviews and daily evaluations with the classroom teacher candidates
who performed the application, interviews with the classroom teacher candidates who observed
the application, daily observation reports and analysis based on the written opinions of the
primary school 4th grade students. Under this theme, which includes findings that cannot be
associated with the observations of the course video recordings and cannot be obtained from the
observations, there are three categories called "implementation process of STEM education based
on modeling activities"”, "opinions on the next activity and professional life" and "opinions on the
skill development of primary school students". In addition, the category of implementation
process of STEM education based on modeling activities consists of the subcategories of
"applicability of STEM training based on model eliciting activities" and "elements helping the
application”. The category of opinions on the skill development of primary school students is
"acquiring 21. century skills” and “other skills” subcategories.

Implementation Process of STEM Education Based on Modeling Activities

The application process category of STEM education based on modeling activities consists
of "applicability of STEM education based on modeling activities" and "elements that help
implementation” subcategories. The Applicability of STEM Education Based on Model eliciting
Activities subcategory refers to the general situations that affect the applicability of the approach
used in primary school 4th grade mathematics course, are outside the control of the teacher
candidate, and affect whether the application can be made or not. As seen in Table 3, the codes of

this sub-category are determined as "physical conditions”, "student level”, "curriculum status",
"socio-economic level"”.

Table 3. Participants’ opinions on the applicability of STEM education based on model eliciting activities

Subcategory Code
Physical conditions
Applicability of STEM Training Based on Model Student Level
eliciting Activities Curriculum status

Socio-economic level

Examples of the opinions of the participants in this subcategory are presented below.

“We can also talk about the crowd of the classroom in terms of its physical structure. Well, |
think STEM studies need to be done with fewer people. Our classroom was 22, 23, 25 people in general
for weeks, and when this class is crowded, there is more noise, of course, we want them to talk, we
want them to help, but when it is more crowded, the teacher candidate gets angry, cannot make his
voice heard, the children do not listen, so I think it would be more appropriate for more than fifteen
people. The number of our class was too many.”

“Primary school is actually very important in this respect. Rather than starting in secondary
school, I find it useful to start in primary school or even in preschool before primary school.”

"l see this as difficult, but they can make thoughts about turning an abstract into concrete
during the transition to the new secondary school in four, but I don't think they can do it in less than
three, so I don't think they can do it in less than four... So it's feasible, but it's a little bit of a thing to
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wait for the product to come out. I have a pessimism about that. We can wait for the product after
four, but if necessary, it can be applied for STEM other than the product. "

"The curriculum situation, as we said, can fit every achievement even if it does not fit
everything, I think it should be applied to the achievements and should not be missed.”

"It is only my problem that it is in the direction of this achievement. Because ee 5, 6, 7. 8.
There are so many achievements in classrooms to do STEM that you can do as much as you want, so
you can do STEM in the classroom. I only have a little difficulty in the levels until this 4th grade...
There's a bit of a problem with the curriculum. Of course, you can do it as a science, but you can also
be a little out of your league. I don't know how true that would be.”

"I mean, I think, if I go to a village school, how much can I do it? I can do this at most once a
month, once every two months, but in private schools, I think it is applicable every week. Financially
troubled throughout Turkey "

The subcategory of elements that help implement modeling activities-based STEM
education in the application process category refers to primary school 4th grade mathematics
classroom teacher candidates and situations that positively affect the application while applying
modeling activities-based STEM education. As seen in Table 4, the codes of this category are

determined as "classroom teacher support"”, "grouping students”, "appropriate subject selection”
and "student readiness".

Table 4. Participants’ Views on the Factors Helping the Application

Subcategory Code

Classroom teacher support
Grouping students

Elements Helping the Application Appropriate topic selection
Student readiness

Examples of the opinions of the participants in this subcategory are presented below.

“I think I have already received support from the teacher. He's already been very helpful with
the, uh, supplies. He was the one who told the students about the materials.”

"There is something like this in group work. I think it would be very good if a heterogeneous
group was formed... How can I describe it properly? I think it would be very good cooperation and
working together in line with a common goal if the students were really recognized and created
according to their characteristics.”

“The fact that the subject I chose was interesting made my job easier. For example, the fact
that there is a puppy in this subject that I have chosen attracts more attention in children, so they
have taken more ownership of the subject or I think they are more inclined to the subject because
they think of someone who needs help.”

“Well, they knew about it. They already know the four-digit process. They already know the
other, uh, science part. I just came on to you.. He may have just made it easier on himself. Because
the students had to reapply what they learned in STEM."
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Opinions on the Next Activity and Professional Life

This category covers the findings obtained by analyzing the opinions of prospective
classroom teachers in terms of both the activity they will design and apply and their use in their
professional lives as a result of the application of STEM education based on modeling activities in
the 4th grade mathematics course of primary school. As seen in Table 5, the codes of this category

non

are determined as "planning time", "acquisition and subject selection" and "using in professional
life".

Table 5. Participants’ views on next activity and professional life

Category Code
Scheduling time
Views on Next Activity and Professional Life Acquisition and topic selection

Use in professional life

Examples of the opinions of the participants in this category are presented below.

“I will definitely be more careful in the timing part once in the leap time part. The timing
didn't go with my original plans. I'll tell you, I've had problems in general. I will fix it at the beginning,
I will keep the time wider now. "

"Actually, we are starting from the gains here, so the gains can actually be applied, but [ don't
know if they can be applied in line with the gains. For us, for example, with the gains, there will be
both science gains and mathematics gains. Of course, these will already be at the level of 4th grade,
and this will also do this in the classroom. For example, if it progresses in the direction of a single
gain, for example, if it does not associate science with mathematics, or if mathematics can be done
with science, it seems to be easier to apply this way... For example, this will probably not be the case
at my event. It will be easier for them to understand and easier for them to do. That's my opinion.

“Honestly, I can't do it every week. I can't do as I say in every subject, but I definitely want to
do it","l use it, I definitely use it... So I don't do anything in a single course, but I don't know your class
in any course, I mean, according to the efficiency I will receive from them, [ will definitely use it every
two weeks, every three weeks, maybe once a month. 1'd like to use it. In fact, I do not use it for a single
course, as 1 said, it is not a single course, because it covers all courses. I don't know once a week, it
can be in any class.”

“Of course I do. I take the child from the foundation, develop him/her, of course, I would like
to develop his/her 21st century skills floor by floor. I don't normally want to be a flattened teacher. |
definitely run the STEM application for him. I apply them for the child's own development.”

Opinions on the Skill Development of Primary School Students

The effect of the activities applied in the process of applying the STEM education approach
based on modeling activities in the 4th grade mathematics course on the skill development of
primary school students category "21. Century skills" and" Other Skills". 21. The acquisition of
21st century skills subcategory includes the findings related to the observation of the acquisition
of basic 21st century skills aimed by the STEM approach as a result of the application of the STEM
education approach based on model eliciting activities in the 4th grade mathematics course of
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primary school. As seen in Table 6, the codes of this subcategory are determined as "cooperating”,
"communication”, "creativity" and "critical thinking".

Table 6. Participants’ 21st 20th century skills

Category Code
Collaboration
o . Contact
Acquiring 21st Century Skills Creativity
Critical Thinking

Examples of the opinions of the participants in this subcategory are presented below.

“They learned to work together, they learned creativity, they had fun, the lesson was more
fluid, it was easier. That's why I think it has benefits.”

"Group work, they communicate together, they decide something common together. Here
they make joint decisions, they do this in the case of group work... For example, someone is making
the wheel of the car, someone is making the body, someone is dealing with the decoration, someone
is saying that we will make patterns like this here, so they are all talking together, they are in
communication.”

“They exchanged ideas within the group while dealing with each group design”, “It was good
for the exchange of ideas. If I think about it, it was also good for communication”

“As I said about the benefits to children, I think that creativity definitely increases their
creativity for the first time. Because we leave it original, you know, he chooses one of the many
options and does it himself. "

non

"I think it is very effective in terms of critical point of view", "at work I can think critically, |

can take problems from daily life", "the child can think critically and because he/she does this with a
group, he/she takes everyone's opinion, I think there are very different perspectives”

The Other Skills subcategory includes the findings of the situations observed in the
students as a result of the application of the STEM education approach based on modeling
activities in the 4th grade mathematics course of primary school and the experiences of the
students regarding some of these situations. As seen in Table 7, the codes of this subcategory are
determined as "interest and motivation"”, "abstract thinking", "psychomotor skills", "spatial

thinking", "experience", "using the given time", "working with the group” and "mathematical
modeling".

Table 7. Participants' Opinions on Other Skills Category

Category Code
Interest and Motivation
Abstract Thinking
Psychomotor skills
Spatial Thinking
of Experience
Using the Given Time
Working with the Group
Mathematical Modeling

Other skills:

Examples of the opinions of the participants in this subcategory are presented below.
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"Well, the lessons were fluent, attracted the attention of the children, mostly because it was
a design, drawing and they put it into practice.”

i

"l was very happy to see that the students enjoyed themselves and laughed during the lesson.’

“But when [ went to the internship yesterday, I noticed. The kids come right up to me and say,
"When are we going to do the activity?" When should we bring the supplies?”

mon

"I think it makes it easier for children to think abstractly”, "l think I make them think because
I teach indirectly instead of giving direct gain in another job."

"As I said, they work together within the group, their psychomotor skills develop together,
they cut and draw."

"When I was modeling the reading text in another job, they did not understand this so that
they would think of a three-dimensional car style on a cardboard cardboard. There were those who

mn

made it in two dimensions ","” even when you say we will model them, they were surprised and so on.”

U

"For example, I think that children have come a long way for group work because they have
never done any group work until today and when they work in groups, they have a really great
development when I compare the weeks, the first activity and the third activity. You know, for group,
teamwork.”

"It was very nice, I liked these 3 activities very much. She told us very beautifully. I liked it as
much as we could understand.”, “It was nice, I was happy. I was very pleased. "," I thought I liked the
lessons very much, I wish I could do the activity again. ", I think it was good, our teacher made us very
happy, it was very good, our lesson was very good.”

Discussion and Conclusion

Student-level model eliciting activities have emerged as one of the factors affecting the
applicability of the STEM approach. In their first activities, teacher candidates had difficulty in
designing and implementing activities for the STEM approach based on model eliciting activities
suitable for the 4th grade student level of primary school. However, with the experiences they
gained in other activities, it was revealed that they exceeded the difficulties they experienced in
terms of student level. Similarly, there are studies in the literature indicating that student level is
important in STEM activities, the level of association of STEM disciplines increases as the grade
level increases, and that it is an effective factor in implementing activities (Kaya and Ayar, 2020;
Korucu and Kabak, 2021). In this direction, it makes sense that the participants had difficulty in
their first activities. There are positive results such as increased success, better understanding of
the subject and permanent learning in the classes where STEM activities are applied (Acar,
Tertemiz and Tasdemir, 2018; Alumbaugh, 2015; Becker and Park, 2011; Bolat, 2020; Herdem
and Unal, 2018; Kanadli, 2019; Seage and Tiregiin, 2020; Siregar, Rosli, Maat and Capraro, 2020).
In addition, in the study conducted by Akgilindiiz and Akpinar (2018), it can be thought that STEM
education practices positively affect students in terms of both academic achievement and skill
development, and that Becker and Park (2011) found the largest effect size of the STEM approach
at primary school level according to school levels. In this study, it was concluded that STEM
activities could be applied at the level of primary school 4th grade students and that the activities
could make positive contributions to the students.
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The situation expressed by the curriculum status, which is one of the factors affecting
applicability, covers that the units, subjects and achievements of primary school mathematics and
science course are partially appropriate for the realization of the STEM approach based on
modeling activities in schools. There are studies in the literature in which it is concluded that the
existing school curricula shaped within the framework of the knowledge-based exam system limit
the STEM education approach practices. It has been stated that these limits STEM from students’
exam anxiety (Dogan, 2019; Kanadli, 2019; Kaya and Ayar, 2020; Korucu and Kabak, 2021;
Mumcuoglu Topaloglu, 2020; Ugras, 2017). It is seen that the competencies expected from the
students within the scope of Turkey Competencies Framework in Ministry of Education curricula
are mostly similar to the expectations of STEM. However, although there is a step in the STEM
action plan of Ministry of Education (2016) to update the curricula to include STEM education,
there is no gain or skill related to STEM in the primary school mathematics curriculum. In the
science curriculum, there is a STEM study at the end of each unit and it is even recommended that
the products made by the students be presented at the end of the year under the name of science
festival. Similarly, it can be said that additions are necessary to integrate STEM in the mathematics
curriculum. This situation coincides with the findings obtained in this study that the curriculum
situation is partially suitable for STEM practices.

According to the opinions of the participants, it can be said that when the mathematics
course is associated with another discipline (such as science, art, engineering) or disciplines, the
interest of the students in mathematics increases. When the literature is examined, it is seen that
STEM applications allow students to learn with an interdisciplinary approach by crossing the
boundaries of a discipline (Eroglu and Bektas, 2016; Kanadl;, 2019; Kaya and Ayar, 2020; Kopcha
etal,, 2017; Siew, Amir and Chong, 2015; Ugras, 2017). At the same time, it is possible to see that
STEM education positively affects students' creative thinking skills by allowing interdisciplinary
education (Giilhan and Sahin, 2018) and that teacher candidates have a positive effect on their
perceptions of interdisciplinary education (Herdem and Unal, 2018; Korucu and Kabak, 2021;
Yildirim and Gelmez-Burakgazi, 2020). In addition, there are studies showing that students prefer
STEM activities presented with an interdisciplinary approach (Dogan, 2019; Higde, 2018).
However, within the scope of STEM activities, there are also studies in which mathematics
remains weak in relation to daily life compared to other disciplines (Akgiindiiz and Akpinar,
2018), the interdisciplinary mathematics course has no significant effect on students' problem
solving skills (Dickerson, Eckhoff, Stewart, Chappell and Hathcock, 2014; Elliott, Oty, McArthur
and Clark, 2001), and among the disciplines that make up STEM, mathematics has the least effect
size in terms of success compared to other disciplines (Becker and Park, 2011). Considering that
the participants expressed a positive opinion that the application of the STEM approach based on
modeling activities increased students' interest in mathematics, it can be stated that mathematics
can be beneficial in terms of associating it more strongly with daily life.

Participants stated that they had difficulty in establishing context integration in terms of
basing mathematics and placing mathematics lesson learning outcomes and subjects in STEM
activity. In the observations made, it is seen that some teacher candidates have difficulty in
establishing context integration. Similarly, when the literature is examined, it is possible to see
studies indicating the difficulty of combining different disciplines in a context (Estapa and Tank,
2017; Firdaus, Wardani, Altaftazani, Kelana and Rahayu, 2020; Kaya and Ayar, 2020; Lidinillah,
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Mulyana, Karlimah and Hamdu, 2019; Ugras and Geng, 2018; Weber, Fox, Levings and Bouwma-
Gearhart, 2013). Among the reasons for difficulty in context integration, it can be thought that
there is a lack of sufficient information about how to integrate STEM activities and lack of
resources and support (Weber, Fox, Levings and Bouwma-Gearhart, 2013). Weber, Fox, Levings,
and Bouwma-Gearhart (2013) point out that when situations such as lack of knowledge, lack of
resources and support are eliminated, it can be thought that the problems experienced in context
integration will decrease.

Participants stated that modeling activities could be an appropriate method in the
application of STEM in mathematics lesson. Studies on the subject also show that STEM is effective
in mathematics success (Berk, 2020; Bolat, 2020; Hakim, Sulatri, Mudrikah and Ahmatika, 2019;
Higde, 2018; Kim and Choi, 2012; Prawvichien, Siripun and Yuenyong, 2018; Siregar, Rosli, Maat
and Capraro, 2019) and positively affects students' attitudes towards mathematics (Ching, Yang,
Wang, Baek, Swanson and Chittoori, 2019). At the same time, within the scope of STEM activities,
students experience how they can apply their mathematics knowledge in practice (Kopcha et al.,
2017; Wieselmann, Roehrig, & Kim, 2020). Dogan, Glirbiiz, Cavus-Erdem and Sahin (2019) stated
that STEM activities can be done by using an interdisciplinary mathematical modeling framework
and this can be a tool to overcome the difficulties in solving real-world problems. When we look
at Dogan's (2019) research, it can be seen that applying STEM activities based on mathematics
can make mathematics topics more fun and understandable. Compared to other disciplines, the
difficulty of placing mathematics in STEM activities is also known (Lidinillah, Mulyana, Karlimah,
& Hamdu, 2019). In this study, the participants stated that they had difficulty in basing
mathematics on STEM activities, but they stated that modeling activities were an appropriate
method to overcome this difficulty.

At the end of the activity, the participants stated that they generally used pen and paper
tests, presentation and product evaluation during the measurement and evaluation phase. They
generally used peer evaluation by making students in other groups comment after product
presentation, but it is seen that they did not use an evaluation form. It can be said that they are
incomplete in terms of self-evaluation. A similar situation is seen as a result of the observations
made and the examination of the activity files of the participants. In the literature, it is stated that
measurement and evaluation have an important place in STEM activities, in this way, information
about students' performance and learning levels can be obtained and activities can be organized
in the light of this information (Pulat, 2020; Zengin, Kaya and Pektas, 2020). It is understood that
measurement and evaluation were made in the majority of the studies conducted using STEM
activities. In the measurement and evaluation dimension, the ability to use the presentation
method more frequently than other methods in the evaluation phase of STEM activities (Pulat,
2020) is also important for the development of communication skills within the scope of 21st
century skills. Although there are deficiencies in terms of evaluation types in this study, it can be
thought that the evaluation types used by the participants are sufficient.

The use of the STEM approach based on modeling activities in the professional lives of the
participants includes the frequency of activities, the course to be based on and the motivation
factors. It was stated that the activities could not always be done, but when the benefits were
considered, they should be done once in the period. Similarly, it is possible to come across findings
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that teachers use STEM-based activities as extracurricular exercises in the lesson by considering
various criteria (Eroglu and Bektas, 2016). However, from the perspective of the students, it can
be seen that such activities are requested to be applied more frequently (Dogan, 2019). Regardless
of how often it is used, it has been observed that teacher candidates have various motivations to
use such activities in the future. Participants' interest in using such activities in the future, trying
to solve the problem with real life, providing the student with basic 21st century skills and lesson
repetition are the sources of motivation. When the literature is examined, it is seen that teachers
and teacher candidates generally develop positive attitudes towards STEM practices and
contribute to professional development (Alumbaugh, 2015; Herdem and Unal, 2018; Kaya and
Ayar, 2020; Korucu and Kabak, 2021; Ugras, 2017; Ugras and Geng, 2018).

According to the opinions of the participants, it was determined that the basic 21st century
skills (collaboration, communication, creativity and critical thinking) aimed by the STEM
approach were observed in the fourth grade students as a result of the application of the STEM
approach based on modeling activities in the 4th grade mathematics course of primary school.
Similar to this finding, many studies show that STEM practices positively affect students' 21st
century skills (Akgiindiiz and Akpinar, 2018; Higde, 2018; Kanadli, 2019; Kaya and Ayar, 2020;
Korucu and Kabak, 2021; Ugras, 2017; Ugras and Geng, 2018). However, in some studies, it is also
noteworthy that STEM activities do not have an effect on STEM 21st century skills (Dogan, 2019).
The difference between the study of Dogan (2019) and this study may be due to the differences in
the data collection tool (interview-achievement test), sample (teacher candidate-seventh grade
student) and method (qualitative-quantitative) between the two studies.

As a result of the application of the STEM approach based on modeling activities, the
participants stated that the students had positive and negative experiences in terms of interest
and motivation, abstract thinking, psychomotor skills, spatial thinking, experience, using the given
time, working with the group and mathematical modeling. It is seen that most of the STEM
activities performed allow students to make their own decisions and do their own research
throughout the process, are fed by current teaching approaches that provide meaningful learning,
provide permanent, effective learning, and are designed as student-centered on its basis (Kaya
and Ayar, 2020; Pulat, 2020). Considering the ratio of learning by doing and experiencing among
other forms of learning, it can be thought that STEM activities provide a suitable learning
environment for the student.

Participants stated that students' interest and motivation in the course and subject
increased as a result of the application of the STEM approach based on modeling activities. In
addition, they stated that the fact that the application made in this increase was different for the
students compared to other courses, product creation as a result of the application, active
participation of the student in the application process and the application process being fun for
the student were effective. Primary school students also have statements stating that the lessons
they do are more fun than other courses. As seen in the literature, although there may be
differences in attitudes towards STEM depending on many variables (gender, parental education
level, computer or internet ownership status, etc.) (Azgin and Senler, 2019; Korucu and Kabak,
2021), similar to this study, it is possible to come across studies showing that STEM applications
are fun for students and increase students' interest and motivation in the learned subject (Acar,
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2018; Acar, Tertemiz and Tasdemir, 2018; Afriana, Permanasari and Fitriani, 2016; Akgiindiiz and
Akpinar, 2018; Arik and Benli Ozdemir, 2019; Berk, 2020; Bolat, 2020; Ching et al., 2019; Dogan,
2019; Eroglu and Bektas, 2016; Hacioglu and Baspinar, 2020; Kanadli, 2019; Kaya and Ayar, 2020;
Kopcha et al., 2017; Korucu and Kabak, 2021; Saka, 2020; Captain and Katranci, 2020; Siewir,
2015; Amrong, 2015; Tomca and Gres, 2015; Ultgra, 2017; Ultas, 2017; Yasmak, 2017).
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Sinif Ogretmeni Adaylarinin ilkokul 4. Sinif Matematik Dersinde
Model Olusturma Etkinlikleri Temelli STEM Yaklasimi
Uygulamalarinin incelenmesi

Giris

Arastirmalar, matematik ve fen bilimlerini biitiinlestirmenin 6grenmeyi daha baglantili ve
alakali hale getirdigini ve 6grencilerin okula karsi tutumlari ve ilgileri, 6grenme motivasyonlari
ve basarilar iizerinde olumlu bir etkisi oldugunu géstermistir (Stohlmann, 2013a). Gittikce
karmasiklasan problemleri ¢ézmek icin multidisipliner yaklasimlarin ve becerilerin gerekli
oldugu gliniimiiz diinyasinda, ilgili disiplinlerin biitiinliiglinlin korunmasi ve 6gretmenlerin
gerekli bilgi, baglilik ve kaynaklarla donatilmasiyla biitiinlestirilmis STEM etkinliklerini iceren
okul miifredati egitimde ilerleme icin olumlu bir adim gibi gériinmektedir (English, 2017). STEM
egitim yaklasimi uygulanan c¢alismalarin meta analizinin yapilmasi sonucu STEM egitimi
programlarinin 6grencilerin matematik basarisina olumlu katki yaptig1 ve bu katkinin istatistiksel
olarak anlamli oldugu sonucuna varilmistir (Siregar, Rosli, Maat ve Capraro, 2019). Ancak
matematigin diger tim STEM disiplinlerini destekledigi yaygin olarak kabul edilse de
biitlinlestirilmis STEM egitiminde hafife alinan bir rol oynadigina dair acik kanitlar vardir (Maass,
Geiger, Ariza ve Goos, 2019). Miihendislik egitiminin agirlikh olarak fen miifredatina dayanarak
gerceklestirilmesi ile matematigin arka planda kalmasina yol agmasina izin verilmemelidir
(English, 2015).

Maass, Geiger, Ariza ve Goos (2019) STEM etkinliklerinde matematigin rollinii arttirmak
icin onerdigi yontemlerden birinde matematiksel modellemenin okul miifredatina anlamli bir
sekilde dahil edilmesinin gerekli oldugunu séylemektedir. Matematiksel modellemenin uygulama
yontemlerinden biri olan “model olusturma etkinlikleri” ise STEM egitiminin matematik dersinde
kullanimina yonelik alternatif olarak ortaya ¢ikmistir. Ancak tek basina model olusturma
etkinlikleri miihendislik becerisi ve disiplinler arasi 6grenmenin gerceklesmesinde yeterli
olmayabilir. Benzer sekilde Lesh (2010) model olusturma etkinliklerinin tam bir miifredat
olmasindan ziyade bir dersin igerigini tamamlamasi amaclayan etkinlikler oldugunu ifade
etmistir. STEM egitimi alanyazini incelendiginde matematiksel modellemenin énemini gérmek
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miimkiindiir ancak ayn1 zamanda STEM disiplinleri arasinda bir koprii olarak modellemenin
dogas1 hakkinda yapilmis sinirli sayida arastirma bulunmaktadir (Hallstrom ve Schénborn, 2019).
Bunun yaninda model olusturma etkinliklerinin kullanilmadigi STEM etkinlikleri uygulamasi
sonrasi ilkgretim matematik 6gretmen adaylarinda matematiksel diisiinme ve problem ¢dzme
becerilerinde degisiklik olmadig1 (Yildirim ve Sidekli, 2018) ifade edilen calismadan yola ¢ikarak,
model olusturma etkinliklerinin STEM yaklasiminin matematik temelli uygulamasinda
kullanilmasi sonucu elde edilecek sonuglari gormenin alanyazina katkisi olabilecegi diisiiniilebilir.

Alanyazin taramasi sonucu model olusturma etkinliklerinin STEM egitim yaklasimin
matematik baglaminda uygulayabilmek icin kullanilabilecek bir yontem oldugunu séylemek
miimkiin goriinmektedir. Bu baglamda; bu arastirmada model olusturma etkinlikleri temelli
STEM yaklasiminin ilkokul diizeyinde uygulanabilirligini arastirmak amag¢lanmistir. Tiirkiye'de
STEM yaklasimina yonelik 6gretmen aday1 egitimi alaninda yapilan arastirmalar uygulama
tirtinde olup, STEM ile ilgili teorik bilgi ve etkinlikleri icermektedir ve yaklasik yarisi son 3 yilda
gerceklestirilmistir. Bu ¢alismalarda érneklemler ¢ogunlukla fen bilgisi 6gretmenleridir (Giil ve
Tasar, 2020). Nitekim yapilan calismalar géz oniine alindiginda STEM egitimi yaklasiminin
matematik dersi kazanim ve konularinin temele alinarak, ilkokul diizeyinde kullanilmasi ve sinif
O0gretmeni adaylart O6rnekleminde uygulamalarinin eksikligi gbze carpmaktadir. Ayrica
matematiksel modellemenin STEM egitimi yaklasiminin matematik temelli uygulanmasinda bir
yontem olabilecegine dair arastirmalar dikkate alindiginda, Turkiye’de bu alanda arastirmalarin
eksikligi goriilmektedir. Bu baglamda bu arastirmada sinif 6gretmeni adaylarinin bir devlet
okulunda, sinif ortaminda uyguladiklari, arastirmaci tarafindan modeli ortaya konulan model
olusturma etkinlikleri temelli STEM yaklasimi uygulamalarinin, ders video kayitlarinin
gozlemlenmesiyle, uygulamalarin ilkokul 4. sinif matematik dersinde siif 6gretmeni adaylari
tarafindan nasil gercgeklestirildiginin ve uygulayici-gozlemci sinif 6gretmeni adaylari ile ilkokul
ogrencilerinin uygulamalarin kullanimina ydénelik gorislerinin incelenmesi amaclanmistir.
Arastirmanin alanyazinda bahsedilen eksikligi giderecegi ve asagida yer alan problemlere cevap
verecegi diisiintilmektedir.

eKatiimcilarin model olusturma etkinlikleri temelli STEM yaklasimi uygulamalari
slirecinde kullandiklar1 asamalar nelerdir?

eKatilimcilarin model olusturma etkinlikleri temelli STEM yaklasimi uygulamalari
stirecine yonelik goriisleri nedir?

eKatilimcilarin model olusturma etkinlikleri temelli STEM yaklasimi uygulamalari siireci
sonunda bir sonraki etkinlik ve mesleki yasama iliskin goriisleri nedir?

eKatilimcilarin model olusturma etkinlikleri temelli STEM yaklasimi uygulamalari
slirecinin ilkokul 6grencilerinin beceri gelisimine etkisine iliskin goriisleri nelerdir?

Yontem
Arastirma Modeli

Arastirmada nitel arastirma yontemlerinden “temel nitel arastirma” deseni kullanilmistir.
Temel nitel arastirmada arastirmacilar insanlarin yasamlarimi nasil yorumladigina, kendi
diinyalarini nasil insa ettigine ve deneyimlerine kattiklar1 anlamlarin ne olduguyla ilgilenirler.
Temel amac¢ insanlarin yasam ve deneyimlerini nasil kavradigini anlamaktir. Temel nitel

241



Investigation of STEM approach applications .... Demir, S., & Demir, M.

arastirma egitimde kullanilan en yaygin tiir olabilir. Veriler gozlem, goriisme ya da dokiiman
analizi ile toplamir. Veri analizi tekrarlayan oriintiileri belirlemek icin yapilir. Ortaya c¢ikan
verilerden elde edilen temalar bulgulari olusturur (Merriam, 2013). Arastirmada gozlem ve
goriisme ile nitel veriler toplanmis ve arastirma nitel arastirma paradigmasina dayanarak
yuritilmistiir. Var olan durumu ortaya koymaktan ziyade miidahale edilmis ve amacgh olarak
degistirilmis ortamdan veri toplanmis oldugu i¢in diger nitel arastirma desenleri yéntem olarak
ifade edilmemistir. Bu tip durumlarda genellikle alanyazinda arastirma deseni olarak kullanilan
temel nitel arastirma deseni yontem olarak tercih edilmistir.

Calisma Grubu

Arastirmada siireci yiiritmek iizere secilen 6gretmen adaylari amacgl 6rnekleme
yontemlerinden maksimum cesitlilik 6rneklem se¢cimine gore belirlenmistir. Maksimum cesitlilik
orneklem seciminde bireylerin ¢esitliligin maksimum diizeyde temsil edilmesi amaciyla kiigtik bir
orneklem {tizerinde calisilir. Amac cesitlilik gosteren bireylerin benzer ya da farkli oldugu
noktalar1 ortaya koymaktir (Gezer, 2021). Sinif 6gretmeni adaylarina uygulama asamasindan
once 2018-2019 6gretim y1li bahar déneminde 3. sinifta 6grenim goériirken, Matematik Ogretimi
Il dersi kapsaminda model olusturma etkinlikleri temelli STEM yaklasimi uygulama siirecine
uygun etkinlik tasarlama egitimi verilmistir. Egitimin sonunda tasarladiklari etkinliklerden
aldiklari puanlara gore, en yiiksek (85 puan ve iizeri), en diistik (50 ile 64 arasi) ve ortalama puan
(65 ile 84 puan arasi) alan 6gretmen adaylari arasindan sekiz 6gretmen aday goniilliiliik esasina
gore secilmistir. Buna gore iki aday en yliksek puan alan, iki aday en diisiik puan alan ve dért aday
ise ortalama puan alan 6gretmen adaylar1 arasindan belirlenmistir. Puan tlizerinden 6rneklem
secimi yalmizca ¢esitliligi artirma amacgh yapilmistir, arastirma siirecinde herhangi bir sekilde
degisken olarak kullanilmamistir. Segilen ¢alisma grubunun altis1 kadin ikisi ise erkektir. Bu sekiz
O0gretmen aday1 arasindan bir en yiiksek, bir en diistik ve iki ortalama puan alan 6gretmen aday1
etkinlik tasarlamis ve 2019-2020 6gretim yili giiz doneminde Ogretmenlik Uygulamas: I dersi
kapsaminda bir devlet ilkokulunda egitim goren 4. sinif 6grencilerine uygulamislardir. Diger dort
O0gretmen adayi ise gozlemci statiisiinde derslere katilim saglamislardir.

Veri Toplama Araglari ve Verilerin Toplanmasi

Arastirmada veri toplamak amaciyla gézlem ve goriisme teknigi kullamilmistir. Simif
O0gretmeni adaylarinin etkinlik uygulama siireglerini incelemek amaciyla arastirmaci tarafindan
ders video kayitlar g6zlemlenmistir. Gozlem siirecinde etkinlik uygulama stireci notlar alinarak,
sinifta gecen Ogretmen-6grenci diyaloglar1 ve o6gretmen-0grenci davranislari incelenerek
yuritilmustiir. Dolayisiyla herhangi bir gozlem formu kullanilmamistir. Yapilandirilmamis
gozleme gore yapilan incelemeler sonucu elde edilen veriler katilimcilarin uygulama stireci ile
ilgili gorisleri ile de bagdastirilarak analiz edilmistir. Ayrica sinmif 6gretmeni adaylarinin
goriislerini belirlemeye yonelik yar1 yapilandirilmis goriisme formu hazirlanmis ve uygulanan ii¢
etkinligin her birinin sonrasinda sinif 6gretmeni adaylariyla goriisme yapmak icin kullanilmistir.
Ayrica uygulamay gergeklestiren sinif 6gretmeni adaylarinin siniflarinda bulunan gézlemci sinif
O0gretmeni adaylariyla siirecin sonunda gozlemlerine yonelik goriislerini belirlemek icin farkl bir
yar1 yapilandirilmis gériisme formu hazirlanmis ve uygulanmistir.
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Verilerin Analizi

Bu arastirmada nitel veriler tematik analiz kullanilarak analiz edilmistir. Braun ve Clarke
(2006) tematik analizin alt1 asamadan olustugunu ve bu agsamalarin dogrusal olmadigini, ileri geri
gidilebilen tekrarl bir siire¢ oldugunu ifade etmislerdir. Asamalarin tanimlari ve bu arastirmada
veri analiz siirecinde asamalar icerisinde gerceklestirilenler asagida ifade edilmistir:

Arastirmacinin veriye asina olmasi: Verinin desifre edilmesi, verinin tekrarli sekilde
okunmasi, ilk fikirlerin not edilmesidir. Bu arastirmada da arastirmacinin gozlemleri notlara
dokiilmiis ve katilmcilarla yapilan goriisme kayitlar desifre edilmistir. Notlandirma ve desifre
sonrasinda her gériisme metni ve gézlem notlar tekrarli sekilde okunmustur.

Ik kodlarin olusturulmasi: Tiim veri setinin dikkat ¢eken &zelliklerinin sistematik bir
sekilde kodlanmasi ve her bir kodla alakali olan verilerin bir araya toplanmasidir. Bu arastirmada
goriismeler tamamlandiktan sonra uygulayici 6gretmen adaylariyla yapilan her ii¢ etkinligin
goriisme kayitlar1 ayr1 ayr1 ve gézlemci 6gretmen adaylariyla siire¢ sonunda yapilan gériisme
kayitlar ise gozlemledigi 68retmen adayiyla iliskilendirilip detayli okunarak kodlanmistir. Daha
sonra ortak olabilecegi diisiiniilen kodlar ayni renkli kalemlerle kagit lizerinde isaretlenmistir.
Ayn1 zaman diliminde ayni veri seti iizerinde iki ayrica arastirmaci tarafindan kodlama
yapilmistir. Daha sonra arastirmacilarin olusturdugu kodlar bir araya getirilerek benzer ve farkl
yonler tartisilmis, ortak bir karar verilene kadar siire¢ devam etmistir. Gézlem notlar1 ise
0gretmen adaylarinin her birinin uygulama asamalarinin ortak noktalarini belirlemek amaciyla
arastirmaci tarafindan bir araya getirilmistir. Bahsedilen slire¢ asagida ifade edilen diger
asamalarda da (raporun hazirlanmasi harig) kullanilmistir.

Temalarin aranmasi: Kodlarin iligkili olduklari olasi temalarin altinda toplanmasidir.
Saldana (2013) kodlama asamasindan sonra kategoriler, kategorilerden sonra temalara ulasilan
o0zelden genele dogru bir siireci ifade etmistir. Bu baglamda bu arastirmada temalar
olusturulmadan 6nce metinlerden cikarilan kodlar benzer o6zelliklerine gore gruplandirilarak
kategoriler altinda birlestirilmistir. G6zlemlerin analizi sonucu ise sinif 6gretmenlerinin etkinlik
uygulama siireglerinin asamalar: olusturulmus ve belirlenen asamalar “ilkokul 4. sinif matematik
dersinde model olusturma etkinlikleri temelli STEM uygulamalar” temasi altinda birlestirilmistir.

Temalarin gézden gecirilmesi: Temalarin, kodlanmis veri icerigiyle ve tiim veri setiyle
uyumunun kontrol edilmesi, analize iliskin tematik ‘haritanin’ olusturulmasi. Bu arastirmada alt
kategoriler, kategoriler ve kategoriler birlestirilerek olusturulan olas1 temalar arastirmaci ve
kodlayicilar tarafindan gozden gecirilmis ve verilerle uyumu kontrol edilmistir. Kategorilerin
tutarlihgl ve olasi temalarin kategorileri kapsayip kapsamadigl arastirmaci ve kodlayicilar
tarafindan tartisilarak taslak tematik harita olusturulmustur. Gézlemler sonucunda olusturulan
asamalarla ilgili arastirmaci ve kodlayicilarla yapilan goriismeler sonucu diizenlenmis ve

asamalara son sekli verilmistir.

Temalarin tanimlamasi ve isimlendirilmesi: Her temaya ait 6zelliklerin sadelestirilmesi ve
her bir temanin agik bir sekilde tanimlanmasi ve isimlendirilmesidir. Bu arastirmada arastirmaci
tarafindan olusturulan ve isimlendirilen olasi temalar tanimlanmis ve temalara diger kodlayicilar

ile tartisilarak tanimlari, isimleri ve icerigi konusunda kesinlik kazandirilmistir.
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Raporun hazirlanmasi: Somut ve inandirict dogrudan alinti 6rneklerinin segilmesi,
kodlanan veri iceriklerinin son kez analiz edilmesi, analiz sonuclarinin arastirma sorusu ve alan
yazinla tekrar iliskilendirilmesi, analizin akademik bir dille raporlastirilmasidir. Bu arastirmada
olusturulan temalar, temalarin altin yer alan kategoriler, alt kategoriler ve kategorileri olusturan
kodlar arastirmaci ve kodlayicilar tarafindan tekrar tartisilarak son hali verilmistir.

Arastirmanin Etik izinleri

Arastirmanin etik izni Kiitahya Dumlupinar Universitesi Etik Kurulu’nun 11/11/2019
tarihli ve 2019/13 toplant1 sayih karar ve Kiitahya i1 Milli Egitim Miidiirliigiinden uygulama
calismasina yonelik izin 53490996-44 sayili kararla alinmistir.

Bulgular

Sinif 6gretmeni adaylarinin model olusturma etkinlikleri temelli STEM yaklasimi
uygulamalarinin nasil gerceklestirdigine dair ders video kayitlarinin ve uygulayici-gézlemci
ogretmen adaylari ile ilkokul 6grencilerinin siireg ile ilgili gériislerinin analizi sonucu “ilkokul 4.
Sinif Matematik Dersinde Model Olusturma Etkinlikleri Temelli STEM Uygulamalar1” ve “Model
Olusturma Etkinlikleri Temelli STEM Uygulamalarina iliskin Gériisler” temalari olusturulmustur.
Temalar, kategoriler ve alt kategorilere ait sonuclar asagida ayrintili olarak aciklanmistir. Yapilan
gozlemler ve goriismelerin analizi ile elde edilen 6rnek diyalog veya goriisler ingilizce metinde
ifade edildiginden dolayi genisletilmis 6zette ilgili diyalog veya ifadelere yer verilmemistir.

ilkokul 4. Stmf Matematik Dersinde Model Olusturma Etkinlikleri Temelli
STEM Uygulamalari

Ders video kayitlar incelendiginde Ilkokul 4. Simf Matematik Dersinde Model Olusturma

o«

Etkinlikleri Temelli STEM Uygulamalari temasi; “problemin hissedilmesi ve belirlenmesi”, “model

» o« [N BN TR

olusturma etkinlikleri siirecine gecis”, “matematiksel modelleme siireci”, “lirlin taslaklarinin

» o«

olusturulmasi ve mithendislik tasarim stirecine gecis”, “liriin tasariminin yapilmasi” ve “liritinlerin
sunumu ve degerlendirme” asamalarini kapsamaktadir. Belirtilen 6 asama birbiri arasinda ileri
veya geri gecis yapilabilecek dongiisel bir siirecten olusmaktadir. Ogrencilerin grup calismasi
yaparak giinliik hayat problemini anlamlandirip matematiksel modelleme yardimiyla ¢c6zmesi ile
baslayan stlire¢, mithendislik tasarim siirecine gecis asamasi ile birlikte liriin tasarlama,
tasarladiklar1 iiriiniin sunumu ve degerlendirmesi ile tamamlanmaktadir. ilkokul 4. simf
matematik dersinde model olusturma etkinlikleri temelli STEM uygulamalari temasi, asamalarin

sirasina uygun sekilde stireci yansitacak bicimde asagida basliklar halinde agiklanmaktadir.

Problemin Hissedilmesi ve Belirlenmesi

Ders video kayitlar incelendiginde model olusturma etkinlikleri temelli STEM
uygulamalarinin ilk asamasi gilinlik hayat probleminin hissedilmesi ve belirlenmesi olarak
karsimizda ¢ikmaktadir. Uygulayici 6gretmen adaylari matematiksel modelleme problemine
gecmeden oOnce Ogrenciler tarafindan problemin anlasilmasi adina o6grencilerin gilinliik
hayatindan 6rnekler vermis, akilli tahta kullanarak, gazete ile televizyon haberlerinden 6rnekler,
cizgi filmlerden gorseller, videolar veya sarkilar gostermistir.

Ayrica katilimcilarin goriisleri incelendiginde Matematik dersi, 6grencilerin ilgisinin
oldugu diger bir disiplinle (fen, sanat, miihendislik vb.) iliskilendirildiginde dolayli olarak

244



Tiirk Akademik Yayinlar Dergisi (TAY Journal), 2022, 6(2), 207-251

ogrencilerin matematige de ilgisinin arttifi anlasilmaktadir. Ayni zamanda matematigi diger
disiplinlerle iliskilendirerek giinliik hayat problemleri iizerine ¢6ziim fiiretmeye calismak
ogrencilerin matematigin giinliik yasamdaki konumunu anlamlandirmasina da yardimci oldugu
soylenebilir.

Model Olusturma Etkinlikleri Siirecine Gegis

Ogrenciler tarafindan giinliik hayat probleminin hissedildigi ve anlasildigi asamadan
sonra 6gretmen adaylar1 model olusturma etkinlikleri siirecine gecis yapmislardir. Matematiksel
modelleme problemleri 6grencilere bireysel olarak dagitilmis ve 6grencilerin problemi okumasi
ve anlasilmayan noktalar1 sormalar istenmistir. Ogrencilere sunulan matematiksel modelleme
probleminin hem g6zlem hem de etkinlik planlar1 sonuglarina gére baslangicta verilen problem
durumu ile iligkili oldugu séylenebilir. Ogretmen adaylarinin matematiksel modelleme
probleminin anlasilmasi icin yogun ¢aba sarf ettigi gozlemlenmistir. Model olusturma etkinlikleri
slrecine gecis asamasi her simif 6gretmeni adayi icin ayri ayri incelendiginde, problemin
hissedilmesi ve belirlenmesi asamalarindaki farkli yaklasimlardan kaynaklanan durumlar
nedeniyle kii¢lik niianslarla da olsa siirecin farklilik gosterdigi gortiilmektedir. Her ne kadar model
olusturma etkinliklerinin STEM icerisinde kullanilmasinin olumlu yansimalari olsa da model
olusturma etkinliklerini bir etkinlik cercevesinde STEM kapsaminda konuyla iliskilendirmenin
bazi durumlarda dgretmen adaylarini zorladigi goriilmektedir.

Matematiksel Modelleme Siireci

Bu asamada matematiksel modelleme probleminin 6grenciler tarafindan iyice anlasildig
tespit edildikten sonra 6gretmen adaylarinin problemin ¢6ziimii i¢cin 6grencileri yonlendirdigi
gozlemlenmistir. Cozlimlerin grup tartismasi yapilarak bulunmasi konusunda 06gretmen
adaylarinin gruplar arasinda dolasarak rehberlik ettigi goriilmektedir. Her grubun sorusuna ve
ihtiyacina cevap vermeye c¢abalamislar ve grup ¢alismasina katilmayan veya siireci engelleyen
ogrencileri tekrar ¢6ziim siirecine katilmaya tesvik etmeye calismislardir. Daha sonra 6gretmen
adaylar1 modelleme probleminin 6grenciler tarafindan grup calismasiyla ¢6ziimi sonucu elde
ettikleri matematiksel modelin sunumunu istemislerdir. Genellikle etkinliklerde 0gretmen
adaylari tarafindan ilk hafta bu sunumla sonuclandirilmis ve 6grencilerden ikinci hafta etkinligin
diger kismina kadar yapilmasini istediklerini ifade ederek birinci haftay1 sonlandirmislardir.

Ders video kayit gozlemleri ve hem uygulayici-gozlemci sinif 6gretmeni adaylar1 hem de
ilkokul 4. sinif 6grencileri ile yapilan goriismeler sonucunda ise model olusturma etkinliklerinin
STEM icerisinde belirli bir konu cercevesinde kullaniminin 6grencilerin matematik becerisini
gelistirdigi, yapilan uygulamadan daha iyi sonuglar alindigi, problem ¢oziimiinde matematigin fen,
miihendislik gibi alanlara gére 6n plana ¢iktig1, matematigin somut hale gelmesini sagladig ifade
edilebilir. Ayrica model olusturma etkinliklerinin, STEM egitimi yaklasiminin matematik dersinde
kullanilmasinda bir yontem olarak kullanilabilecegi soylenebilir.

Uriin Taslaklarinin Olusturulmasi ve Miihendislik Tasarim Siirecine Gecis
Uriin taslaklarinin olusturulmasi ve miihendislik tasarim siirecine gecis asamasinn ilk
boyutunda oOgretmen adaylarinin 6grencilerden modelleme problemlerinin ¢6ziimii olan

matematiksel modellerini ve problemin icinde yer alan fen bilimleri dersi kazanimlarini temele
alarak tasarlamalarimi istedikleri iriiniin iki boyutlu taslaklarini olusturmalarim istedigi
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gorilmustiir. Cogunlukla matematiksel modellemenin yapilmasinin hemen akabinde
gerceklestirilen bu boyutun iki haftalik siirecin ilk haftas1 igerisinde tamamlandigi
anlagilmaktadir. ikinci hafta ise miihendislik tasarim siirecine tekrar gecis amaci ile 6gretmen
adaylar tarafindan dersin basinda modelleme probleminin icinde yer alan fen bilimleri dersi
kazanim veya kazanimlar tekrar vurgulanmistir. ilk hafta yapilanlar hatirlatilarak égrencilerin
slirece tekrar dahil olmasina yonelik cabalarda bulunulmustur.

Uriin Tasariminin Yapilmasi

Sinif 6gretmeni adaylar1 tarafindan iiriin taslaklari olusturulduktan sonra 6grencilerden
onceki haftadan istenilen malzemeleri kullanarak taslaklarini ii¢ boyutlu model haline getirmeleri
istendigi gozlemlenmistir. Grup calismasi ile yiiriitiilen iiriin tasariminin yapilmasi asamasi
O0gretmen adaylarinin siif yonetiminde en ¢ok zorlandig1 ve en pasif kaldiklar1 asama olarak
ortaya ¢ikmaktadir. Bu asamada biitlin 6gretmen adaylarinin yasadigi ortak sorun 6grencilerden
istenen malzemelerin eksik getirilmesi ve bunun sonucunda 6gretmen adaylarinin yasadiklar
problemlerdir. Malzeme eksikligi yasandigi durumlarda gruplar arasi paylasimlarla veya
O0gretmen adaylarinin dnceden diistinerek sinifa getirdigi malzeme takviyesiyle sorun ¢oziilmeye
calisiilmistir.

Uriinlerin Sunumu ve Degerlendirme

Ogrenciler tasarladiklan iiriinleri ti¢ boyutlu model haline getirdikten sonra égretmen
adaylar1 grup icinde secilen bir sézcii tarafindan iriinlerinin sunumunu istemistir. Ogrenciler
modellerini tanitmislar, 6zelliklerini anlatmislardir ve diger gruplar tarafindan tanitilan modeller
hakkinda goriisler alinmistir. Uriinlerin sunumundan sonra 6gretmen adaylar siirecin son
asamaslt olan degerlendirmeye gecmis, cogunlukla kagit kalem testlerini kullanarak
degerlendirme calismalarini yapilmislardir. Ancak burada dikkat ceken nokta degerlendirme
calismalarina ayrilan siirenin yetersiz olmasindan kaynaklanan yetistirememe problemlerinin
yasanmasidir. Sire sorunu nedeniyle degerlendirme sorular1 ya ev 6devi olarak verilmis ya da
ogrenciler tarafindan hizlica tamamlanmasi istenerek dersin son anlarinda toplanmistir. Sinif
O0gretmeni adaylarinin 6lgme degerlendirme agisindan genelde tek bir yonteme bagh kaldigy, tirtin,
akran, 6z ve siire¢ degerlendirme acisindan eksik kaldig1 sdylenebilir. Yine baska bir eksik yon de
degerlendirmelerin puan olarak bir karsiliginin olmamasidir. Sadece bir 6gretmen adayi sorulari
dogru yanlis olarak degerlendirmis, ancak bu da 6grencilere puan olarak geri doniit olarak
verilmemistir. Bu durum 6gretmen adaylarinin degerlendirme ydntemleri agisindan bilgi ve
deneyim eksikliginden kaynaklanmis olabilecegi gibi yapilabilecek degerlendirme yontemlerinin
cesitliliginin zaman ve uygulanabilirlik acisindan zor olmasindan da kaynaklaniyor olabilir.

Model Olusturma Etkinlikleri Temelli STEM Uygulamalarina Iliskin Gériisler

Model Olusturma Etkinlikleri Temelli STEM Uygulamalarina iliskin Gériisler temasi ig
kategori ve dort alt kategoriden olusmaktadir. Bu kategori ve alt kategoriler yalnizca uygulamayi
yapan sinif ogretmeni adaylar1 ile yapilan yari yapilandirilmis goériismeler ve gilinliik
degerlendirmeleri, uygulamay1 gézlemleyen sinif 6gretmeni adaylariyla yapilan goriismeler ve
giinliik gozlem raporlar ile ilkokul 4. sinif 6grencilerinin yazili goriislerine dayanarak yapilan
analiz sonucu elde edilmistir. Ders video kayitlarinin goézlemleri ile bagdastirilamayan ve
gozlemlerden elde edilemeyen bulgularin yer aldigi bu temanin altinda “Model Olusturma
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o«

Etkinlikleri Temelli STEM Egitimi Uygulama Siireci”, “Bir Sonraki Etkinlik ve Mesleki Yasama
Iliskin Gértisler” ve “Ilkokul Ogrencilerinin Beceri Gelisimine iliskin Goriisler” isimli {i¢ kategori
yer almaktadir. Bunun yaninda Model Olusturma Etkinlikleri Temelli STEM Egitimi Uygulama
Siireci kategorisi “Model Olusturma Etkinlikleri Temelli STEM Egitiminin Uygulanabilirligi” ve
“Uygulamaya Yardimc Olan Unsurlar” alt kategorilerinden olusmaktadir. ilkokul Ogrencilerinin
Beceri Gelisimine iliskin Goriisler kategorisi ise “21. Yiizyll Becerilerini Kazanma” ve “Diger

Beceriler” alt kategorilerinden olusmaktadir.

Model Olusturma Etkinlikleri Temelli STEM Egitimi Uygulama Siireci

Model olusturma etkinlikleri temelli STEM egitimi uygulama siireci kategorisi “model
olusturma etkinlikleri temelli STEM egitiminin uygulanabilirligi” ve “uygulamaya yardimci olan
unsurlar” alt kategorilerinden olusmaktadir. Model Olusturma Etkinlikleri Temelli STEM
Egitiminin Uygulanabilirligi alt kategorisi, kullanilan yaklasimin ilkokul 4. sinif matematik
dersinde uygulanabilirligini etkileyen, 6gretmen adayinin Kkontroliiniin disinda yer alan,
uygulamanin yapilip yapilamayacagini etkileyen genel durumlari ifade etmektedir. Bu alt

» oo o«

kategorinin kodlar1 “fiziki sartlar”, “68renci seviyesi”,

» o«

miifredat durumu”, “sosyo-ekonomik
diizey” seklinde belirlenmistir.

Model olusturma etkinlikleri temelli STEM egitimi uygulama siireci kategorisinde
uygulamaya yardimci olan unsurlar alt kategorisi, Model olusturma etkinlikleri temelli STEM
egitiminin ilkokul 4. smif matematik dersinde uygularken sinif 6gretmeni adaylarini ve
uygulamay1 olumlu y6nde etkileyen durumlarn ifade etmektedir. Bu kategorinin kodlar1 “sinif
Ogretmeni destegi”, “Ogrencileri gruplandirma”, “uygun konu se¢imi” ve “48renci
hazirbulunuslugu” seklinde belirlenmistir.

Bir Sonraki Etkinlik ve Mesleki Yasama Iliskin Gériisler

Bu kategori, sinif 6gretmeni adaylarinin model olusturma etkinlikleri temelli STEM
egitiminin ilkokul 4. smif matematik dersinde uygulanmasi sonucu hem bir sonraki
tasarlayacaklari ve uygulayacaklar etkinlik agisindan hem de mesleki yasamlarinda kullanmalari
acisindan goruslerinin analizi ile elde edilen bulgulari kapsamaktadir. Bu kategorinin kodlar
“zaman1 planlama”, “kazanim ve konu se¢imi” ve “mesleki yasaminda kullanma” seklinde
belirlenmistir.

Ilkokul Ogrencilerinin Beceri Gelisimine iliskin Gériisler

Model olusturma etkinlikleri temelli STEM egitimi yaklasiminin ilkokul 4. sinif matematik
dersinde uygulamasi siirecinde uygulanan etkinliklerin ilkokul 6grencilerinin beceri gelisimine
tizerindeki etkileri kategorisi “21. Yiizy1l becerilerini kazanma” ve “Diger Beceriler” olmak tizere
iki alt kategoriden olusmaktadir. 21. Yiizyil becerilerini kazanma alt kategorisi model olusturma
etkinlikleri temelli STEM egitimi yaklasiminin ilkokul 4. sinif matematik dersinde uygulanmasi
sonucu STEM yaklasiminin hedefledigi temel 21. yy. becerilerinin kazaniminin ilkokul dérdiincii
sinif 6grencilerinde gézlemlenme durumuna iliskin bulgular1 kapsamaktadir. Bu alt kategorinin

» o« » o«

kodlar “is birligi yapma”, “iletisim”, “yaraticilik” ve “elestirel diistinme” seklinde belirlenmistir.
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Tartisma ve Sonug

Ogrenci seviyesi model olusturma etkinlikleri temelli STEM yaklasiminin
uygulanabilirligini etkileyen faktérlerden biri olarak ortaya cikmustir. Ogretmen adaylan ilk
etkinliklerinde ilkokul 4. sinif 6grenci seviyesine uygun model olusturma etkinlikleri temelli
STEM yaklasimina yonelik etkinlik tasarlamakta ve uygulamakta zorlanmislardir. Ancak diger
etkinliklerde kazandiklari tecriibelerle 6grenci seviyesi konusunda yasadiklari zorluklar1 astiklari
ortaya cikmistir. Alanyazina bakildiginda benzer sekilde STEM etkinlerinde 6grenci seviyesinin
onemli oldugunu, sinif seviyesi arttikca STEM disiplinlerinin iliskilendirilme diizeyinin arttigini
ve etkinlikleri uygulamada etkili bir faktor oldugunu belirten arastirmalar bulunmaktadir (Kaya
ve Ayar, 2020; Korucu ve Kabak, 2021). Bu dogrultuda katilimcilarin ilk etkinliklerinde
zorlanmasi anlam kazanmaktadir. STEM etkinliklerinin uygulandig1 siniflarda basar1 artisi,
konuyu daha iyi anlama ve kalici1 6grenme gibi olumlu sonuglar1 vardir (Acar, Tertemiz ve
Tasdemir, 2018; Alumbaugh, 2015; Becker ve Park, 2011; Bolat, 2020; Herdem ve Unal, 2018;
Kanadli, 2019; Seage ve Tiiregiin, 2020; Siregar, Rosli, Maat ve Capraro, 2020). Bunun yaninda
Akgiindiiz ve Akpinar'in (2018) yaptigi c¢alismada okul oncesi egitimde dahi STEM
uygulamalarinin 6grencileri hem akademik basari hem de beceri gelisimi ac¢isindan olumlu
etkiledigi ve Becker ve Park’in (2011) okul diizeylerine gore STEM yaklasiminin en biiytik etki
biiytikliigiinii ilkokul diizeyinde buldugu sonuglarina bakildiginda da ilkokul diizeyinde de STEM
egitimi uygulamalar1 yapilabilecegi diisiiniilebilir. Bu calismada da ilkokul 4.sinif 6grencileri
seviyesinde STEM etkinlikleri uygulanabilecegi ve yapilan etkinliklerin 6grenciler {izerinde
olumlu katkilar yapabilecegi sonugclarina ulasiimistir.

Uygulanabilirligi etkileyen faktérlerden miifredat durumu ile ifade edilen durum, ilkokul
matematik ve fen bilimleri dersi iinite, konu ve kazanimlarinin model olusturma etkinlikleri
temelli STEM yaklasiminin okullarda gergeklestirilmesine yonelik kismen uygun oldugunu
kapsamaktadir. Alanyazinda bilgiye dayali sinav sistemi ¢ergevesinde sekillenen mevcut okul
miifredatlarinin STEM egitimi yaklasimi uygulamalarini sinirlandirdigl sonucuna ulasilan
¢alismalar mevcuttur. Bu sinirlarin 6grencilerin sinav kaygisindan kaynaklandig ifade edilmistir
(Dogan, 2019; Kanadli, 2019; Kaya ve Ayar, 2020; Korucu ve Kabak, 2021; Mumcuoglu Topaloglu,
2020; Ugras, 2017). MEB 6gretim programlarinda Tiirkiye Yeterlikler Cercevesi kapsaminda
ogrencilerden beklenen yeterliklerin STEM’in beklentileriyle ¢ogunlukla benzestigi
goriilmektedir. Ancak MEB (2016) STEM eylem planinda 6gretim programlarinin STEM egitimini
icerecek bicimde giincellenmesi adimi bulunmasina ragmen, ilkokul matematik 6gretim
programinda STEM ile ilgili herhangi bir kazanim veya beceri bulunmamaktadir. Fen bilimleri
0gretim programinda ise her linitenin sonunda STEM calismasi yer almakta ve hatta 68rencilerin
yaptiklar: iirtinlerin bilim senligi adi altinda sene sonunda sunulmasi dnerilmektedir. Benzer
sekilde matematik Ogretim programinda da STEM’i entegre edecek sekilde eklemelerin
yapilmasinin gerekli oldugu sdylenebilir. Bu ¢alismada elde edilen miifredat durumunun STEM
uygulamalarina kismen uygun oldugu yoniindeki bulgularla da bu durum 6rtismektedir.

Katilimcilarin goriislerine gére matematik dersi baska bir disiplin (fen, sanat, miihendislik
gibi) veya disiplinlerle iliskilendirildiginde 06grencilerin matematige olan ilgisinin arttif
soylenebilir. Alanyazina bakildiginda STEM uygulamalarinin 6grencilerin bir disiplinin sinirim
asarak disiplinler arasi yaklasimla 6grenmelerine olanak sagladigi goriilmektedir (Eroglu ve
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Bektas, 2016; Kanadl, 2019; Kaya ve Ayar, 2020; Kopcha vd., 2017; Siew, Amir ve Chong, 2015;
Ugras, 2017). Aym1 zamanda STEM egitiminin disiplinler arasi 6gretime olanak vermesiyle
ogrencilerin yaratici diisiinme becerilerini olumlu yonde etkiledigi (Giilhan ve Sahin, 2018) ve
o0gretmen adaylarinin da disiplinler arasi egitim algilar lizerinde olumlu etkisinin bulundugunu
gormek miimkiindiir (Herdem ve Unal, 2018; Korucu ve Kabak, 2021; Yildirim ve Gelmez-
Burakgazi, 2020). Ayrica 6grencilerin disiplinler arasi yaklasimla sunulan STEM etkinliklerini
tercih ettiginin goriildiigii calismalara rastlanmaktadir (Dogan, 2019; Higde, 2018). Ancak STEM
etkinlikleri kapsaminda diger disiplinlere nazaran matematigin giinliik hayatla iliskilendirilmesi
hususunda zayif kaldig1 (Akgiindiiz ve Akpinar, 2018), disiplinler arasi sekilde tasarlanan
matematik dersinin 6grencilerin problem ¢dzme becerilerine anlaml bir etkisinin olmadig
(Dickerson, Eckhoff, Stewart, Chappell ve Hathcock, 2014; Elliott, Oty, McArthur ve Clark, 2001)
ve STEM'i olusturan disiplinler icerisinde matematigin diger disiplinlere gore basar1 baglaminda
en az etki biliyikliigiine sahip oldugu (Becker ve Park, 2011) calismalar da bulunmaktadir. Bu
calismada katilimcilar tarafindan model olusturma etkinlikleri temelli STEM yaklasiminin
uygulanmasinin 6grencilerin matematige karsi olan ilgilerini arttirdigl yoniinde olumlu goriis
belirtildigi diisiiniildiigiinde matematigin giinliik hayatla daha gticlt bir sekilde iliskilendirilmesi
acisindan faydali olabilecegi ifade edilebilir.

Matematigi temele alma ve matematik dersi kazanim ve konularinin STEM etkinligi icine
yerlestirme acisindan katilimcilar baglam entegrasyonu kurmakta zorlandiklarini ifade
etmislerdir. Yapilan gozlemlerde de bazi 6gretmen adaylarinin baglam entegrasyonu kurmakta
zorluk yasadiklar1 gorilmektedir. Alanyazina bakildiginda benzer sekilde farkli disiplinleri bir
baglamda birlestirmenin zorlugunu isaret eden ¢alismalar gormek miimkiindir (Estapa ve Tank,
2017; Firdaus, Wardani, Altaftazani, Kelana ve Rahayu, 2020; Kaya ve Ayar, 2020; Lidinillah,
Mulyana, Karlimah ve Hamdu, 2019; Ugras ve Geng, 2018; Weber, Fox, Levings ve Bouwma-
Gearhart, 2013). Baglam entegrasyonunda zorlanmanin nedenleri arasinda ise STEM
etkinliklerinin nasil biitlinlestirilecegine dair yeterli bilgiye sahip olmamanin, kaynak ve destek
eksikliginin bulundugu diisiiniilebilir (Weber, Fox, Levings ve Bouwma-Gearhart, 2013). Weber,
Fox, Levings ve Bouwma-Gearhart'in (2013) isaret ettigi entegrasyona iliskin yeterli bilgiye sahip
olmama, kaynak ve destek eksikligi gibi durumlar giderildiginde baglam entegrasyonununda
yasanan sorunlarin azalacagi disiiniilebilir.

Katilmcllar, STEM’in matematik dersinde uygulanmasinda model olusturma
etkinliklerinin uygun bir yontem olabilecegi yoniinde goriis belirtmistir. Konuyla ilgili yapilan
¢alismalar da STEM'in matematik basarisinda etkili oldugunu (Berk, 2020; Bolat, 2020; Hakim,
Sulatri, Mudrikah ve Ahmatika, 2019; Higde, 2018; Kim ve Choi, 2012; Prawvichien, Siripun ve
Yuenyong, 2018; Siregar, Rosli, Maat ve Capraro, 2019) ve 6g8rencilerin matematige yonelik
tutumlarini olumlu yonde etkiledigini gostermektedir (Ching, Yang, Wang, Baek, Swanson ve
Chittoori, 2019). Ayn1 zamanda STEM etkinlileri kapsaminda 6grenciler matematik bilgilerini
pratikte nasil uygulayabileceklerini de deneyimlemektedirler (Kopcha vd., 2017; Wieselmann,
Roehrig ve Kim, 2020). Dogan, Giirbiiz, Cavus-Erdem ve Sahin (2019) disiplinler arasi
matematiksel modelleme cergevesi kullanarak STEM etkinlikleri yapilabilecegini ve bu durumun
gercek diinya problemlerinin ¢éziimiinde yasanilan zorluklarin listesinden gelmek i¢in bir arac
olabilecegini ifade etmislerdir. Dogan'in (2019) arastirmasina bakildiginda matematigi temele
alarak STEM etkinliklerinin uygulanmasinin matematik konularini eglenceli ve daha anlasilir hale
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getirebilecegi goriilebilmektedir. Diger disiplinlere nazaran matematigi STEM etkinlikleri
icerisine yerlestirmenin zorlugu da ayni zamanda bilinmektedir (Lidinillah, Mulyana, Karlimah ve
Hamdu, 2019). Bu ¢alismada da katilimcilar STEM etkinliklerinde matematigin temele alinmasi
noktasinda zorluk yasadiklarini ifade etmisler ancak model olusturma etkinliklerinin bu zorlugu
asmak icin uygun bir yéntem oldugunu belirtmislerdir.

Katilimcilar etkinlik sonunda 6l¢gme degerlendirme asamasinda genellikle kagit kalem
testlerini, sunum yaptirmay1 ve iiriin degerlendirmeyi kullandiklarini ifade etmislerdir. Akran
degerlendirmeyi genellikle triin sunumu sonrasi diger gruplarda yer alan 6grencilere yorum
yaptirarak kullanmislar ancak degerlendirme formu kullanmadiklan gériilmektedir. Oz
degerlendirme noktasinda ise eksik kaldiklar1 sdylenebilir. Yapilan gozlemler ve katiimcilarin
etkinlik dosyalarinin incelemesi sonucuda benzer bir durum goriilmektedir. Alanyazinda STEM
etkinliklerinde 6l¢me ve degerlendirmenin 6nemli bir yere sahip oldugu, bu yolla 6grencilerin
performans ve 0grenme diizeylerine yonelik bilgi edinilebilecegi ve etkinliklerin bu bilgiler
1s5181nda diizenlenebilecegi belirtilmektedir (Pulat, 2020; Zengin, Kaya ve Pektas, 2020). STEM
etkinlikleri kullanilarak gergeklestirilen calismalarin biiyiik bir ¢ogunlugunda da dlgme ve
degerlendirme yapildigi anlasilmaktadir. Olgme ve degerlendirme boyutunda STEM
etkinliklerinin degerlendirme asamasinda diger yontemlere nazaran sunum yénteminin daha sik
kullanilabilmesi (Pulat, 2020) 21. yy. becerileri kapsaminda iletisim becerisinin gelisimi icin de
onemlidir. Bu calismada da degerlendirme tiirleri acgisindan eksikleri olmasina ragmen
katilimcilarin kullandiklar1 degerlendirme cesitlerinin yeterli sayida oldugu disiintlebilir.

Model olusturma etkinlikleri temelli STEM yaklasimini katilimcilarin mesleki
yasamlarinda kullanma durumu; etkinlik yapma sikligi, temele alinacak ders ve motivasyon
unsurlarin1 kapsamaktadir. Etkinliklerin her zaman yapilamayacagini ancak sagladig faydalar
diistintldiigiinde donemde bir defa da olsa mutlaka yapilmasi gerektigi ifade edilmistir. Benzer
sekilde 6gretmenlerin STEM temelli etkinlikleri ¢esitli kriterler géz 6niinde bulundurarak derste
uygulayamadiklar1 buna karsin ders disi egzersiz olarak kullandiklarina ydénelik bulgulara
rastlamak miimkiindir (Eroglu ve Bektas, 2016). Ancak 6grencilerin géziinden bakildiginda ise
bu tiir etkinliklerin daha sik uygulanmasinin talep edildigi de goriilebilmektedir (Dogan, 2019).
Hangi siklikla kullanilirsa kullanilsin 6gretmen adaylarinin gelecekte bu tiir etkinlikleri kullanmak
icin cesitli motivasyonlarinin oldugu goriilmistiir. Katilimcilarin gelecekte bu tiir etkinlikleri
kullanma konusunda 6grencilerin etkinliklere ilgisinin olmasi, ger¢cek yasamla probleminin
¢ozllmeye calisilmasi, 6grenciye temel 21. yy. becerilerini kazandirmasi ve ders tekrar1 olmasi
gibi durumlar motivasyon kaynaklarini olusturmaktadir. Alanyazina bakildiginda STEM
uygulamalarina yonelik 6gretmenlerin ve O6gretmen adaylarinin genellikle olumlu tutum
gelistirdigi, mesleki gelisime katki sagladiginin diisiiniildiigli goriilmektedir (Alumbaugh, 2015;
Herdem ve Unal, 2018; Kaya ve Ayar, 2020; Korucu ve Kabak, 2021; Ugras, 2017; Ugras ve Geng,
2018).

Katilimcilarin gortiislerine gére model olusturma etkinlikleri temelli STEM yaklasiminin
ilkokul 4. sinif matematik dersinde uygulanmasi sonucu STEM yaklasiminin hedefledigi temel 21.
yy. becerilerinin (is birligi yapma, iletisim, yaraticilik ve elestirel diistinme) ilkokul dérdiincii sinif
ogrencilerinde gozlemlendigi belirlenmistir. Yapilan pek ¢ok arastirma da bu bulguya benzer
sekilde STEM uygulamalarinin 6grencilerin 21. yy. becerilerini olumlu yo6nde etkiledigini
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gostermektedir (Akglindiiz ve Akpinar, 2018; Higde, 2018; Kanadli, 2019; Kaya ve Ayar, 2020;
Korucu ve kabak, 2021; Ugras, 2017; Ugras ve Geng, 2018). Ancak baz1 arastirmalarda da STEM
etkinliklerinin STEM 21. yy. becerileri iizerinde bir etkiye sahip olmadig1 da géze carpmaktadir
(Dogan, 2019). Dogan (2019)'1in ¢alismasi ile bu calisma arasindaki farklilik, iki arastirma
arasindaki veri toplama araci (goriisme- basari testi), drneklem (0gretmen adayi- yedinci sinif
0grencisi) ve yontem (nitel - nicel) farkliliklarindan kaynaklaniyor olabilir.

Model olusturma etkinlikleri temelli STEM yaklasiminin uygulanmasi sonucu katilimcilar
ogrencilerin, ilgi duyma ve motivasyon, soyut diisiinme, psikomotor beceriler, uzamsal diisiinme,
deneyim, verilen zamani kullanma, grupla ¢alisma ve matematiksel modelleme konularinda
olumlu ve olumsuz deneyimler yasadigini ifade etmislerdir. Yapilan STEM etkinliklerinin
¢ogunun; Ogrencilerin siire¢ boyunca kendi kararlarini vermesine, kendi arastirmalarini
yapmasina firsat tanidigi, anlaml 6grenmeyi saglayan giincel 6gretim yaklasimlariyla beslendigi,
kalic, etkili 6grenmeyi sagladigi ve temelinde 6grenci merkezli olarak tasarlandig1 gérilmektedir
(Kaya ve Ayar, 2020; Pulat, 2020). Yaparak ve yasayarak dgrenmenin diger 6grenme bi¢imleri
arasindaki orani diisliniildiigiinde STEM etkinliklerinin 68renci i¢in uygun bir 6grenme ortami
sagladig diistiniilebilir.

Katilimcilar model olusturma etkinlikleri temelli STEM yaklasiminin uygulanmasi sonucu
ogrencilerin, derse ve konuya iliskin ilgi ve motivasyonlarinin arttigini ifade etmislerdir. Ayrica
bu artista yapilan uygulamanin 6grencilere diger derslere gore farkli gelmesinin, uygulama
sonucunda {riin olusturmanin, uygulama siirecinde 6grencinin aktif katiliminin ve uygulama
siirecinin 6grenciye eglenceli gelmesinin etkili oldugunu belirtmislerdir. ilkokul 6grencilerinin de
etkinlik yaptiklar1 derslerin diger derslere gore daha eglenceli oldugunu belirten ifadeleri
bulunmaktadir. Alanyazinda goriildiigii iizere bircok degiskene (cinsiyet, ebeveyn egitim diizeyi,
bilgisayar veya internete sahip olma durumu vb.) bagh olarak STEM’e yonelik tutumlarda farklilik
yasanabilmesine karsin (Azgin ve Senler, 2019; Korucu ve Kabak, 2021) genel olarak bu calismaya
benzer sekilde STEM uygulamalarinin 6grencilere eglenceli geldigini, 68renilen konuya yonelik
ogrencilerin ilgi ve motivasyonlarini arttirdigini gosteren calismalara rastlamak mimkiindiir
(Acar, 2018; Acar, Tertemiz ve Tasdemir, 2018; Afriana, Permanasari ve Fitriani, 2016; Akgiindiiz
ve Akpinar, 2018; Arik ve Benli Ozdemir, 2019; Berk, 2020; Bolat, 2020; Ching vd., 2019; Dogan,
2019; Eroglu ve Bektas, 2016; Hacioglu ve Baspinar, 2020; Kanadli, 2019; Kaya ve Ayar, 2020;
Kopcha vd., 2017; Korucu ve Kabak, 2021; Pekbay, Saka ve Kaptan, 2020; Sar1 ve Katranci, 2020;
Siew, Amir ve Chong, 2015; Toma,ve Greca, 2018;Ugras, 2017; Ultay, Emeksiz ve Durmus, 2020;
Yasak, 2017).
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