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Abstract

The future workforce requires individuals with academic knowledge and 21st-century skills like problem-
solving, critical thinking, creativity, collaboration, and analytics. STEM education aims to provide both,
focusing on developing well-rounded individuals. Effective implementation depends on teachers'
competencies in STEM instruction. This study investigates the STEM teaching competencies of final-year
pre-service teachers. Using a case study design, it explores their experiences, perceptions, and readiness for
STEM education. The research involved 45 Science Education and Classroom Teaching students from 21
universities in Turkey, utilizing the "STEM Teaching Competencies Interview Form" for data collection.
Three independent researchers analyzed the data, identifying relevant categories and themes. Results show
that pre-service teachers’ STEM experiences are largely theoretical and limited. They need better
understanding and implementation skills for STEM education and improved perceptions of STEM learning
environments. Despite their desire to apply STEM approaches in their future classrooms, they require
practical training and resources like STEM lesson plans. The study concludes that pre-service teachers'
experiences and perceptions of STEM education significantly influence their readiness to implement it,
highlighting the need for enhanced, practice-oriented training to prepare them effectively for STEM
teaching.
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While Industry 4.0 is often understood as a process driven by robotics,
virtualization, and metrics, it is fundamentally driven by humans. As the needs change
with each industrial revolution, the fourth industrial revolution we are experiencing
today necessitates a skilled workforce. Adaptability to the changing era in the business
world requires individuals with 21st-century skills and well-developed social skills
(NRC, 2012; Akgiindiiz et al., 2015).

An examination of international K-12 curricula reveals a predominant emphasis
on teaching content knowledge in separate and distinct subjects (Bybee, 2013; NGSS,
2013; NRC, 2009). Attempting to teach subjects independently hinders the transfer of
knowledge into daily life and the development of various cognitive, social, and
affective skills in students (Osborne, Simon & Collins, 2003). Educating individuals
required in the Industry 4.0 process is only possible through the perspective of
Education 4.0. It is crucial to equip students with academic knowledge in line with
the requirements of the era while fostering their ability to transfer learned knowledge
into daily life and nurturing individuals with 21st-century skills and social skills. One
of the approaches aiming to educate students in the fields of science, technology,
engineering, and mathematics (STEM) while preparing them as individuals with 21st-
century skills is the STEM education approach (Bybee, 2014).

STEM education is an instructional approach that is
interdisciplinary/transdisciplinary and application-oriented, facilitating integration
among the disciplines of science, technology, engineering, and mathematics through
context-based approaches (Bybee, 2010). An interdisciplinary/transdisciplinary,
application-based learning environment facilitates the transfer of acquired knowledge
into daily life, enabling the development of more qualified students with various skills
(Akgiindiiz et al., 2015; Bybee, 2010; White, 2014). The widespread adoption of
STEM education is highlighted as a priority for countries in their future advancement
goals. Therefore, increasing the number of students who receive STEM education is
among the important objectives for countries. Despite the National Science
Foundation's emphasis on the necessity and importance of the STEM education
approach in the 1990s, it began to be emphasized in Turkiye's 2018 science curriculum
(NGSS, 2013; MNE, 2018).

While changes in the curriculum are significant, the competencies of teachers
who will implement STEM education are equally crucial. The successful
implementation of STEM education is directly related to teachers' knowledge, skills,
and experiences in STEM practices (Aslan-Tutak, Akaygiin, & Tezsezen, 2017). The
characteristics that STEM-literate teachers should possess can be categorized as
necessary domain knowledge in STEM, integration knowledge in STEM, pedagogical
knowledge, knowledge of 21st-century skills, and skills in designing and planning
learning environments (Aslan-Tutak et al., 2017; Yildirim, 2020; Yildirim, 2021). The
achievement of STEM education goals is directly linked to the development of pre-
service teachers' STEM teaching competencies (Ring et al., 2017).
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When examining undergraduate programs, it is observed that the STEM
education and applications course is not yet directly included in the curricula (Science
Education Undergraduate Program, 2018; Classroom Education Undergraduate
Program, 2018; Preschool Education Undergraduate Program, 2018). Researchers
interested in STEM education and applications include STEM education and
applications in various courses in undergraduate programs (e.g., science teaching,
science laboratory, teaching methods, or elective courses) (e.g., Aslan-Tutak,
Akaygiin & Tezsezen, 2017; Altan, Yamak & Kirikkaya, 2016; Oztiirk et al., 2019;
Yildirrm & Altun, 2015). The widespread adoption of STEM education and
applications becomes crucial for the training of pre-service teachers who will be
practitioners of STEM education. The learning-teaching experiences, practical
experiences, beliefs, attitudes, awareness, and self-efficacy gained by pre-service
teachers will affect their planning and designing of learning environments (Tatar et
al., 2012). For STEM education approaches to be applicable in classrooms, our
teachers need to be proficient in STEM literacy (Honey vd. 2014). In other words,
only if a teacher is STEM-literate, can effective STEM education occur in their
classroom. Teachers need to be equipped with real classroom implementation
experiences.

In this context, numerous projects (STEM & Makers Fest/Expo, Design Skills
Workshops, Experiment Workshops) and research laboratories (Hacettepe STEM &
Makers Lab, Istanbul Aydin University STEM Lab), research centers and institutes
(METU BILTEMM Application and Research Center, Mus University STEM
Education Application and Research Center, STEM Teacher Institutes, Bahgesehir
University BAUSTEM Center, Ozyegin University STEM Academy), and various
research modules and programs (Akaygiin & Aslan-Tutak, 2016; Aslan-Tutak,
Akaygiin, &Tezseven, 2017; Giinbatar & Sardag, 2022; Bozan & Anagiin, 2019;
Sardag, 2020; Yildirim, 2020) have been developed and continue to be developed.

Current Situation Analysis and Determination of Needs

National literature review reveals various studies conducted at different levels
and time intervals to determine the trends in STEM education (e.g., Aydin-Giinbatar
& Tabar, 2019; Cavas et al., 2020; Dasdemir et al., 2018, Ecevit et al., 2022). When
these studies are synthesized comprehensively, it emerges that research
predominantly involves middle school students in student study groups, with the least
involvement of primary school students (Dasdemir et al., 2018). Concerning teacher
and pre-service teacher groups, studies are primarily conducted with science pre-
service teachers and science teachers, with fewer studies involving classroom pre-
service teachers and classroom teachers (Akan & Timur, 2023; Deligbz & Han
Tosunoglu, 2023; Metin, Giiler & Cevik, 2023), indicating a general emphasis on
more studies with pre-service teachers (Ates & Sungur Giil, 2023; Aydin-Giinbatar &
Tabar, 2019; Dagdemir et al., 2018).

The development of teachers who are competent in STEM education and
instruction is a crucial point to focus on. Studies with pre-service teachers encompass



706 Tugba Ecevit, Dilber Acar and Yasemin Biiyiiksahin

themes such as attitude towards STEM fields (Higde et al., 2020), perception of
STEM education (Aslan-Tutak, Akaygiin & Tezseven, 2017; Akaygiin & Aslan-
Tutak, 2016; Oztiirk, Tiiziin & Yildirim, 2019), awareness of STEM approach
(Dadacan, 2021; Ozbilen, 2018; Karakaya et al., 2018; Buyruk & Korkmaz, 2016),
STEM education self-efficacy (Dadacan, 2021; Gelen et al., 2019; Oztiirk, Y1lmaz-
Tizin & Yidirim, 2019), STEM teaching orientations (Dadacan, 2021;
Hacidmeroglu & Bulut, 2016; Higde et al., 2020; Gokbayrak, 2017; Karisan &
Bakirel, 2018; Timur & Belek, 2020), attitude towards STEM instruction (Higde,
Keles & Aktamis, 2020), opinions about STEM applications (Bektas & Aslan, 2019;
Yildirim & Tiirk, 2018), opinions about STEM education (Ozbilen, 2018; Oztiirk,
Tiiziin & Yildirim, 2019), the impact of STEM education on academic achievement
(Yildirim & Altun, 2015), and its effects on 2 1st-century skills (Gékbayrak & Karisan,
2017; Ertugrul Akyol, 2020), as well as affective characteristics (Kocakiilah, Abaci
& Kocakiilah, 2021; Aslan-Tutak, Akaygiin & Tezseven, 2017). It can be noted that
studies with pre-service teachers are predominantly conducted through quantitative
research methods, particularly using survey methods, while experimental studies are
relatively few (Kalemkus, 2020). In qualitative research conducted with pre-service
teachers, themes primarily revolve around opinions about STEM applications (Bektas
& Aslan, 2019; Yildinim & Tiirk, 2018) and views on STEM education (Ozbilen,
2018; Oztiirk, Tiiziin & Y1ldirim, 2019). The perceptions, attitudes, and self-efficacy
of teachers and pre-service teachers regarding STEM education and instruction are
mostly identified using quantitative data collection tools. Considering the limitations
of quantitative measurement tools to determine and evaluate teachers' or pre-service
teachers' STEM competencies, there is a clear necessity for qualitative research that
delves more detailed and in-depth into the current situation and needs. Solely relying
on quantitative data measurement tools may inadequately reflect teachers' or pre-
service teachers' STEM competencies and may lead to incomplete or misleading
results. To fully understand and evaluate STEM teacher competencies, methods
addressing the complexity of these skills are required. Therefore, qualitative research
methods will provide a more comprehensive approach to examining and evaluating
teachers' knowledge, experiences, and readiness in STEM education.

Importance and Purpose of Study

STEM education is increasingly gaining importance in today's education system,
and the competencies of teachers in this field are critical for providing effective STEM
education. This research aims to determine the STEM teaching competencies of pre-
service teachers within the framework of a qualitative case study. To achieve this goal,
the experiences, perceptions, and readiness of pre-service teachers regarding STEM
education have been examined.
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Method

This research aims to examine in detail the STEM teaching competencies of pre-
service science and classroom pre-service teachers studying in the final year of
education faculties at different universities in Turkey, with a focus on experiences,
perceptions, and readiness themes, to reveal the current situation and assess the needs.
The research adopts a case study approach, focusing on prominent individual actors
or actor groups and their perceptions. Classroom and science pre-service teachers
have been included in a broad study group to best represent the country, attempting to
determine STEM competencies. The process of starting a job is influenced by
individuals' perceptions, experiences, and emotional states regarding the subject they
are about to undertake. Therefore, STEM education competency statuses are
addressed in terms of pre-service teachers' STEM education experiences, perceptions,
and readiness. This research utilizes an Illustrative Case Study to define the
competency status. Illustrative case studies assimilate known situations into real-life
scenarios and interpret details to explain them (Datta, 1990).

Study Group

The participant group of the study consists of 45 final-year (4th-year) pre-service
teachers studying in the science education and classroom education programs of 20
universities in Turkey during the Spring semester of the 2019-2020 academic year.
These universities are as follows: Adiyaman University, Afyon Kocatepe University,
Aksaray University, Alanya Alaaddin Keykubat University, Bartin University,
Bogazi¢i University, Cumhuriyet University, Cukurova University, Dokuz Eyliil
University, Eskisehir Osmangazi University, Hacettepe University, Kastamonu
University, Kiitahya Dumlupmar University, Kirikkale University, Mersin
University, Necmettin Erbakan University, Nevsehir Hact Bektag Veli University,
Pamukkale University, Tokat Gaziosmanpasa University, Yildiz Technical
University. These students have completed all their courses and are pre-service
teachers who will embark on a teaching career soon. The reason for selecting this
group of students for the study includes their current educational status and their
imminent entry into the teaching profession. To achieve this purpose, the purposive
sampling method of "maximum diversity sampling" was employed in forming the
study group. Maximum diversity sampling aims to examine the relevant problem of
the research in various scenarios containing diverse situations (Biiyiikoztiirk, Kilig
Cakmak, Akgiin, Karadeniz, & Demirel, 2010). Thus, the aim is to examine the STEM
education competencies of science and classroom education pre-service teachers
studying in the final year in various regions of Turkey in detail, to reveal the current
situation, and to evaluate the need situation.

Data Collection Tools

To determine the STEM competencies of pre-service teachers, a "semi-
structured interview form" was developed. The draft of the interview form was created
based on the opinions of two STEM education experts, and then this draft was
evaluated through a pilot study with two pre-service teachers. Following the pilot
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study, necessary adjustments were made to ensure that the questions were clear and
understandable. Repetitive questions were revised, resulting in the final semi-
structured interview form. The questions in the interview form address the pre-service
teachers' STEM education experiences, perceptions of STEM education, and
readiness for STEM education.

Theme 1: Pre-service Teachers' STEM Education Experiences

Within the theme of STEM education experiences, the focus is on pre-service
teachers' participation in STEM-related courses and workshops. Engaging in STEM
education courses and workshops allows pre-service teachers to develop fundamental
knowledge and skills in this area. These experiences shape the pre-service teachers'
understanding of STEM education, comprehension of pedagogical approaches in this
field, and their ability to guide and direct their future students. It is crucial to
understand to what extent and through which methods pre-service teachers were
exposed to STEM education courses during their undergraduate education and how
they acquired theoretical and practical knowledge in this field because these
foundational experiences in STEM education can influence their ability to
successfully implement STEM education in their classrooms in the future. In this
context, the following questions are included in the interview form:

e Did you take any STEM education-related courses during your
undergraduate studies? Can you describe the content of the course?

e  Were any of the courses you took during your undergraduate studies related
to STEM education? Which course(s) covered STEM education topics? Can
you describe the content of the course?

e Have you taken any courses or workshops related to STEM education?
Where did you take them? Can you describe the learning process?

Theme 2: Pre-service Teachers' Perceptions of STEM Education

Within the theme of perceptions of STEM education, the focus is on how pre-
service teachers understand STEM education, their conceptual misconceptions, and
their perceptions of learning processes. These perceptions about STEM education
reflect the pre-service teachers' capacity to understand the scope of this approach,
interdisciplinary integration methods, organization of the learning-teaching
environment, and the roles of teachers and students. In this context, the following
interview questions were used to shed light on this theme:

e  What is your understanding of STEM education? What do you know about
the STEM education approach?

e How would you describe the learning environment in STEM education,
considering factors such as classroom arrangement and physical
environment?

e How would you describe the roles of the teacher and the student in the STEM
education process?
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Theme 3: Pre-service Teachers' Readiness for STEM Education

Within the theme of readiness for STEM education, the focus is on pre-service
teachers' competencies and readiness. This theme was created to examine pre-service
teachers' confidence in implementing STEM education, their level of knowledge and
skills in STEM education, and their readiness to embrace STEM education as they
begin their teaching careers. The readiness of pre-service teachers for STEM
education reflects their ability to effectively implement this innovative teaching
approach and their motivation. The following interview questions were used to
understand how ready pre-service teachers feel for STEM education:

e How do you envision implementing the STEM education approach in your
future teaching career?

e Do you feel prepared to effectively use STEM education?

e  What resources or support do you need to successfully implement the STEM
education approach in your classes?

Data Analysis

The qualitative data obtained from semi-structured interviews with pre-service
teachers in the scope of the research was analyzed using the content analysis method.
Content analysis is a method that systematically categorizes words or groups of words
reflecting the content of the text into themes and categories (Biiyiikoztiirk et al., 2013).
The content of each question for each theme was initially evaluated separately through
content analysis. The generated codes were then classified according to specific
categories and presented accordingly

Ethical Committee Approval

This research was approved by the permission of Diizce University Scientific
Research and Publication Ethics Committee dated 14.05.2020 and decision number
2020/95.

Validity and Reliability

Various measures have been taken to ensure the internal and external validity of
this research.

Measures to Ensure Internal Validity of the Research:

In creating the interview protocol, the input of two subject matter experts was
sought, enhancing the content validity of the formA pilot study was conducted to
assess the comprehensibility of the interview protocol. This confirmed that the
protocol was understandable to participants. The process of developing the interview
protocol and analyzing the data was elaborated in detail, demonstrating the
transparency of the research process. Direct quotations were included, and
participants were consulted for clarification on any ambiguous expressions, thereby
enhancing the accuracy and understandability of the data.
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Measures to Ensure External Validity of the Research:

Consistency among the data was ensured, and the data were independently coded
by two researchers. This increased the reliability of the data. Consensus was reached
among researchers in creating themes based on the codes, ensuring the consistency of
the research. The data were presented directly without interpretation, indicating the
unbiased presentation of the data. Ethical approvals were obtained for the research,
and participants were informed about the study and provided voluntary consent. This
demonstrates adherence to ethical standards and respect for participant rights. The
identities of pre-service teachers were kept confidential by ethical rules, indicating the
preservation of privacy.

Results

The findings obtained from the interviews with pre-service teachers have been
thoroughly examined within three distinct themes: pre-service teachers’ STEM
education experiences, pre-service teachers' perceptions of STEM education, and pre-
service teachers' readiness for STEM education. The analysis of the discussions
related to these themes yielded categories, subcategories, and codes, which have been
systematically presented..

Figure 1

Themes of Pre-Service Teachers' STEM Teaching Competencies: Experiences,
Perceptions, and Readiness

STEM Teaching Competencies
of Pre-Service Teachers

|
l |

Perception of STEM
Education

STEM Education Readiness
Theme 1

Theme 1: Pre-Service Teachers’s STEM Education Experiences

Determining pre-service teachers' exposure to STEM education during their
undergraduate studies is one of the main focal points of this study. Under this
category, the courses related to STEM education that pre-service teachers took during
their undergraduate studies and the contents of these courses have been thoroughly
reviewed and presented by grouping these course types and contents.
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Figure 2

Categories, Subcategories, and Codes Obtained for the Theme of Pre-Service
Teachers' STEM Education Experiences

Course Taking Status Course/Training Received

Subcategoryi 2.1

Subcategory 1.3

Subcategory 1.1

Subcategory 1.2

Category 1: Exposure to STEM Education Courses during Undergraduate
Studies

Subcategory 1.1. Elective Courses

20% of pre-service teachers expressed that they took an elective course related
to STEM education during their undergraduate studies. However, 2% of pre-service
teachers stated that although there were elective courses related to STEM education,
they did not choose to take these courses.

Subcategory 1.2. Mention of STEM Education in Various Courses

69% of pre-service teachers indicated that STEM education was mentioned in
their undergraduate courses. Pre-service teachers mentioned that STEM education and
instruction were discussed in courses such as Science Teaching (15), Science
Laboratory (14), Special Teaching Methods (9), Material Design (5), Science and
Technology Instruction Program Planning (2), Special Topics in Chemistry (2),
Inquiry-Based Science Education (1), Creativity (1), Mathematics and Games (1).
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Subcategory 1.3. Course Content and Structure
Code 1.3.1. Theoretical Knowledge

Pre-service teachers stated that the content and scope of STEM education were
discussed in the courses they took during their undergraduate studies, emphasizing
the importance of STEM education and discussing how STEM education could be
implemented within the education system. The findings indicate that pre-service
teachers discussed theoretical information about how the STEM education approach
could be practically implemented.

Code 1.3.2. Application and Product-Oriented Processes

Pre-service teachers mentioned that they conducted STEM activities within their
undergraduate courses. These activities included preparing STEM lesson plans and
using the 5E learning model, project-based learning, and problem-based learning
methods in the learning process. Additionally, pre-service teachers participated in
coding studies where Scratch Jr and Arduino programs were taught. These
experiences demonstrate that pre-service teachers engaged in application and product-
oriented activities related to STEM education during their undergraduate courses.

Below are some responses from pre-service teachers:

PST2: In the Special Teaching Methods course, we produced simple
but useful materials for everyday life problems such as earthquake-resistant
houses or evaluating wasted water with simple tools that we frequently use in
daily life.

PST3: In our Science Teaching laboratory practices course, we
attempted to solve many problems in terms of STEM education. We tried to
produce solutions with STEM applications to open-ended problem situations
given by our teachers.

PST15: The content was taught and applied within the framework of
science teaching, explaining what and how we would teach.

Category 2: Participation in STEM Education Courses or Training

33% of pre-service teachers stated that they participated in STEM education
courses or training. 67% of pre-service teachers indicated that they did not attend any
courses or training related to STEM education outside of their undergraduate courses.

Subcategory 2.1. STEM Education Courses and Content

It was found that pre-service teachers participated in various STEM education
projects funded by TUBITAK (8) and STEM education courses offered by
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universities (7). When the content and structure of the training courses were examined
in detail, theoretical knowledge and applied product-oriented processes emerged as
significant dimensions. It is noteworthy that half of the courses attended by pre-
service teachers were theoretical in nature.

Code 2.1.1. Theoretical Knowledge

50% of pre-service teachers stated that they attended theoretical courses, which
included verbal and visual information about technology, materials, and methods that
could be used in STEM applications.

Code 2.1.2. Application and Product-Oriented Processes

50% of pre-service teachers mentioned that the courses they attended included
practical and product-oriented processes such as augmented reality, virtual reality, 3D
printers, robotic coding, product creation, and design.

Below are some responses from pre-service teachers:

PST3: | attended Yildiz SEM from Yildiz Technical University. It was a
2-day program. First, we grasped the logic, prepared a program accordingly,
and then we experienced how to concretize and design a product based on a
problem from our lives, how to give this problem to students, how to narrate
it for preschoolers, and how to create a story. We made a fast car from
vegetables, raced it, made a parachute, and put an egg inside it without
breaking it. We built an opening-closing bridge from ready-made legos and
made robots with coding.

PST5: STEM education was provided in TUBITAK projects. What is
STEM? What kind of application is made in STEM education? What is its
contribution to students? What is the role of the teacher? How do students
receive education?... Our teacher who taught this course formed groups, and
each group member designed and evaluated original products related to
STEM applications such as making a tower from a pipette, balancing 11 nails
on one nail, and making a seismograph.

PST7: | received robotic coding training and participated in STEM
activities at Science Festivals. In robotic coding, you can make the robot do
whatever you want by using ready-made codes in the program, and you can
differentiate the robot by attaching different tools. In STEM activities, we
produced tools to solve the given problem using the materials provided.

Theme 2: Perceptions of Pre-Service Teachers’ Regarding STEM Education

Understanding pre-service teachers' perceptions of STEM education constitutes
another focal point of this study. Under this category, pre-service teachers' perceptions
of what STEM education is, how it is implemented, their perceptions of what the
STEM learning environment should be like, and their perceptions of the roles of
teachers and students in this learning environment are systematically and detailedly
presented.
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Figure 3
Categories Related to Pre-Service Teachers' Perceptions of STEM Education

Category 1 Category 2 Category 3

Category 1: Perception of What STEM Education Is and How It Is

Pre-service teachers' perceptions of what and how STEM education is can be
categorized into three different subcategories. This classification will help us better
understand pre-service teachers' perceptions of what STEM education is and how it
is, shedding light on how they will implement STEM education in their classrooms.

Figure 4
Subcategories Related to Perceptions of What STEM Education Is and How It Is

Category 1

SUBCATEGORYI 1.1

SUBCATEGORY 1.2 SUBCATEGORY 1.3

Subcategory 1.1: Those Who Understand STEM Education Sufficiently

In this subcategory, pre-service teachers have understood what STEM education
is and how it is applied in a general framework. They describe important components
of STEM education such as integrating different fields, problem-solving processes,
bringing disciplines together, and establishing interdisciplinary connections. Twenty-
nine percent of pre-service teachers fall into this subcategory.
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Subcategory 1.2: Those Who Partially Understand STEM Education

Pre-service teachers in this subcategory have a partial understanding of STEM
education. They generally define STEM education as the integration of disciplines or
interdisciplinary interaction. However, they have a limited and incomplete
understanding of how STEM education is applied and even have misconceptions
about what constitutes STEM education. Sixty-seven percent of pre-service teachers
fall into this subcategory.

Subcategory 1.3: Those Who Do Not Understand STEM Education at All

Pre-service teachers in this subcategory have almost no knowledge or perception
of STEM education. They have no opinion about any definition or concept related to
STEM education. Pre-service teachers who say "I don't know" about what STEM
education is categorized into this subcategory. Four percent of pre-service teachers
fall into this subcategory.

Category 2: Perception of Learning Environment

Pre-service teachers' perceptions of the STEM learning environment can be
categorized into two subcategories: classroom environment perception and out-of-
class environment perception. Various codes are included under each subcategory

Figure 5

Subcategories of Pre-Service Teachers' Perception of STEM Education Learning
Environment

Perception of Classroom Perception of Out-of-Class
Environmenti Environmenti

ption of Large/Comfortable Environment
cep of Seating Arrang

‘ception of Abundant Materials and
Equipment

Workshop, Lab Perception
‘erception of Park, Garden, Open Space
. Every Environment Perception

P of
ception of private space

Subcategory 2.1: Perception of Classroom Environment
Code 2.1.1: Perception of Large/Comfortable Space

29% of pre-service teachers believe that for STEM activities, students need a
large space where they can move comfortably and engage in group work.
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Code 2.1.2: Perception of Seating Arrangement

18% of pre-service teachers think that desks in STEM classrooms should be
arranged in a U or C shape to facilitate collaboration and group work.

Code 2.1.3: Perception of Abundant Materials and Technological Tools

29% of pre-service teachers believe that STEM education requires ample and
diverse materials. Additionally, 4% of them expressed the need for technological
resources such as learning materials and internet access in STEM learning
environments.

Code 2.1.4: Perception of Class Size

4% of pre-service teachers believe that a larger class size is more suitable for
STEM education.

Code 2.1.5: Perception of Special Area

29% of pre-service teachers think that the STEM learning environment should
be in a designated area within the classroom. This area should be conducive to group
work and include a corner where students can showcase their STEM projects.

Subcategory 2.2: Perception of Outside Classroom Environment
Code 2.2.1: Perception of Workshop/Laboratory

9% of pre-service teachers believe that STEM education should take place in a
laboratory-like environment.

Code 2.2.2: Perception of Park, Garden, Open Space

31% of pre-service teachers think that STEM learning can occur outside the
classroom, especially in school gardens, home environments, parks, or open spaces.

Code 2.2.3: Perception of Any Environment

9% of pre-service teachers believe that the STEM learning environment does not
require any specific physical setting and can take place anywhere.

Below are some responses from pre-service teachers regarding their perceptions
of the learning environment:

PST2: "STEM education, where science, engineering design process,
technology, and mathematics come together, cannot be separated from a
laboratory-like environment. It is essential to create an environment where
students can easily carry out the design process. My statement does not mean
that every material should be complete. Students should be able to find
materials that are simple and economical but can solve their problems."

PST3: "Since students will find solutions to problems, the seating
arrangement should be made according to this. There should be a space in
the classroom where students can exhibit their projects, and by making a
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STEM corner, they should be able to put their projects there and look at them
again when they want. There may be visuals about STEM on the walls of the
classroom."

PST5: "Of course, physical conditions are very important in the
learning environment, but I think STEM can be applied even in a school with
very poor physical conditions. Sometimes I call it extracting science from dust
and trash. In other words, STEM activities can be done with a plastic bottle,
balloon, and pipette, or with software and coding. It is up to the teacher to
use the environmental factors meaningfully."

Category 3: Perception of Teacher and Student Roles

Pre-service teachers' perceptions of teacher and student roles in the STEM
learning environment are categorized into two subcategories, each with various codes.

Figure 6

Subcategories of Pre-Service Teachers' Perception of Teacher and Student Roles in
the STEM Education Learning Environment

Category 3

Teacher Role Percep,‘,'_:;'" Student Role Percepti

Subcategory 3.1: Perception of Teacher Roles
Code 3.1.1: Guide, Mentor

100% of pre-service teachers expressed that the teacher plays a guiding role.
Code 3.1.2: Supporter of Students

40% of pre-service teachers believe that the teacher's role includes encouraging
learning and supporting students.

Code 3.1.3: Instructor

18% of pre-service teachers mentioned the teacher's role in delivering
knowledge.
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Code 3.1.4: Self-Improver

13% of pre-service teachers emphasized that teachers should continually
improve themselves, highlighting the need for teachers to be in a position of learning,
open to innovations, and enhancing their subject and pedagogical knowledge.

Code 3.1.5: Learning Environment Designer

Only 2% of pre-service teachers highlighted the role of the teacher in designing
the learning environment.

Below are some responses from pre-service teachers regarding the teacher's role
in STEM education:

PST6: "The teacher should not be egocentric. By progressing student-
centeredly, they should value their thoughts. Instead of answering directly,
they should encourage questioning and reasoning. They should enable
students to learn by doing and experiencing.”

PST7: "The teacher should always be a guide. They should guide the
students but not explicitly tell them what to do. They should enable the
development of the student's creativity. They should assist the student when
needed."

PST26: "The teacher should be open to innovations and
knowledgeable."

Subcategory 3.2: Perception of Student Roles
Code 3.2.1: Accessing and Utilizing Information

92% of pre-service teachers described students in the STEM learning
environment as researchers, curious, questioning, critical, exploratory, experiential
learners, acting like scientists, capable of conveying what they have learned, and
effectively using this knowledge.

Code 3.2.2: Taking Responsibility for Learning

69% of pre-service teachers perceive students in the STEM learning
environment as actively directing their learning processes and taking responsibility
for learning.

Code 3.2.3: Problem Solvers

24% of pre-service teachers described students in the STEM learning
environment as capable of analytically solving problems, thinking innovatively, being
enterprising, and possessing various skills.

Code 3.2.4: Producers
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Pre-service teachers expressed that students in the STEM learning environment
can generate new ideas and develop products.

Below are some responses from pre-service teachers regarding the student's role
in STEM education:

PST1: "If STEM education is likened to a film shoot, the student is the
lead actor. They are the main characters of the film. The film takes shape
according to the attitudes and behaviors of the students. Sometimes, the
student is the one who should deviate from the scenarios they need to play
and come up with original solutions to problems."

PST 3: "Based on past observations and experiments, the student should
find solutions to problems. The student should be curious and have a
research-oriented spirit so that the solution proposals they find should not be
trivial against the problem situation.”

PST8: "The student is the producing part. In STEM, the teacher guides,
but the producing part belongs to the student. The student acquires analytical
thinking skills and 21st-century skills."

Theme 3: Pre-Service Teachers’ Readiness for STEM Education

The readiness of pre-service teachers to implement STEM education practices
constitutes another focal point of this study. Under this theme, the extent to which pre-
service teachers feel prepared for STEM education and what they need to effectively
implement STEM education practices have been examined in detail. Findings have
been systematically presented using categories, subcategories, and codes.

Figure 6

Subcategories of Pre-Service Teachers' Perception of Readiness for STEM Education
Practices

 Feeling Ready for STEM
'Education )

Feeling Ready
_ Subcategory 1.1 %3

Not Feeling Ready
‘Subcategory 1.3

Ne ed for Development
. Subcategory 1.2
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Category 1: Readiness Status
Subcategory 1.1: Feeling Ready

40% of pre-service teachers expressed feeling ready to implement STEM
education.

Subcategory 1.2: Need for Development

35% of pre-service teachers stated that they need to further develop themselves
to implement STEM education.

Subcategory 1.3: Not Feeling Ready

25% of pre-service teachers stated that they do not feel ready to implement
STEM education or have not received any training on this topic.

Below are some opinions from pre-service teachers:

PST37: "I have no education or experience regarding this training.
Also, | have no experience in implementing this training."

PST43: "l don't feel ready at the moment. | need to take various
trainings."

PST29: "I partially feel ready. Because | have not received any training
on this topic. It was only mentioned in the verbal lessons I took. Also, | have
some knowledge through my research."

Category 2: Needs for Effectively Implementing STEM Education
Subcategory 2.1: More Education

67% of pre-service teachers expressed the need for more STEM knowledge,
teaching techniques, and practical training.

Subcategory 2.2: STEM Lesson Plans

11% of pre-service teachers expressed the need for appropriate lesson plans to
implement STEM education more effectively and easily.

Subcategory 2.3: Materials

11% of pre-service teachers expressed the need for suitable materials and
knowledge of use to effectively implement STEM education.

Subcategory 2.4: Technology
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11% of pre-service teachers expressed the need for access to technology and the
ability to use it to implement STEM education effectively.

Subcategory 2.5: Knowing the Student

2% of pre-service teachers expressed the need to know the students to effectively
implement STEM education.

Subcategory 2.6: Conscious Students

22% of pre-service teachers emphasized that students need to be active, have
various skills, and be conscious, willing, curious, and research-oriented for effective
STEM education.

Subcategory 2.7: Time

4% of pre-service teachers expressed the need for sufficient time to implement
STEM education effectively.

Below are some responses from pre-service teachers:

PST3: "To effectively use STEM education, we first need a
comprehensible problem situation. Then, solutions to this problem situation
in the past should be shown to inspire students. After that, materials to be
used should be given to the students, and the students should design their
material. At the end of the lesson, concepts related to the topic should be
explained to the students based on the material they prepared, as this is the
most important part.”

PST5: "First of all, | think | need to receive an education in STEM.
Because STEM education is a professional process. Also, schools'
technological infrastructure needs to be brought to good levels to be able to
provide STEM education. Only in this way can the training provided be
useful."

PST6: "It is important for me to know the students in every aspect as much
as possible because if | have to give them information to implement STEM
education, the students' being unfamiliar with the situations where they
should be helpless and the student may feel inadequate."

Discussion, Conclusion, and Suggestions

This study focuses on the perceptions, readiness, and needs for implementation
of STEM education among pre-service teachers. The findings shed light on several
significant aspects related to STEM education.

The results of the research indicate that pre-service teachers possess a
fundamental level of theoretical knowledge about STEM education. Particularly
during their undergraduate studies, they encounter STEM education content within
the context of science laboratory and science teaching courses, which enables them to
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acquire foundational theoretical knowledge. In the study by Metin et al. (2023), it was
observed that the majority of science teachers perceive STEM as a method and view
it as a facilitating pathway for learning, indicating a solid theoretical understanding.
Yildirim (2020) emphasized the need for pre-service teachers to acquire practical
knowledge to effectively implement STEM education in classrooms. Similarly, Akan
and Timur (2023) noted that while science teachers' views on STEM are generally
positive, they are not sufficient. However, it is essential to highlight that theoretical
knowledge alone is not sufficient for the effective implementation of STEM education
in classrooms. Thus, pre-service teachers require practical experience to effectively
implement STEM education in classrooms.

Furthermore, the findings of the study also indicate that the participation rates of
pre-service teachers in STEM education courses and practical training are
considerably low. This highlights the need for pre-service teachers to have more
comprehensive opportunities for learning and practicing STEM education.
Consequently, while pre-service teachers possess foundational theoretical knowledge
about STEM education, they may not fully utilize it due to insufficient practical
experience. Thus, it is imperative to redesign and update the content of undergraduate
courses to strike a balance between theoretical knowledge and practical application in
the context of STEM education. Specifically, pre-service teachers need to enhance
their knowledge and skills regarding what STEM education entails, how it is
implemented, and how it can be integrated into science or other subjects. In this
regard, the revision and updating of the course content in undergraduate teacher
education programs regarding STEM education are of paramount importance. Bektas
and Aslan's (2019) study sheds light on this issue, emphasizing the necessity of STEM
applications in undergraduate programs at education faculties to ensure that pre-
service teachers have sufficient views on STEM applications. Similarly, Akan and
Timur (2023) associated the insufficiency of science teachers' views on STEM with
the inadequacy of in-service courses related to subject education and the insufficient
emphasis on STEM in undergraduate programs. Therefore, it is essential to take steps
to enable pre-service teachers to better understand and practice STEM education
effectively.

According to the research results, 29% of pre-service teachers fully understand
what STEM education is and how it works, 67% partially understand what STEM
education is and how it works, and 4% do not understand what STEM education is
and how it works. These results indicate a lack of knowledge and experience among
pre-service teachers regarding what the concept of STEM education entails and how
it is implemented. Additionally, it was found that they did not explain how STEM
disciplines would be integrated. Deligéz and Han Tosunoglu (2023) also determined
that teachers lack a clear idea of how to integrate STEM and science education
concepts. This suggests a deficiency in their views on how disciplines should be
integrated. Reviewing the literature reveals various approaches to integrating STEM
disciplines (multidisciplinary approach, transdisciplinary approach, content
integration approach, context integration approach, integrated STEM education
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approach) (Bybee, 2013; Kelley & Knowles, 2016; Roehrig et al., 2012). A study by
Corlu et al. (2014) demonstrated that the majority of teachers possess adequate
expertise only in their respective fields but lack integrated STEM teaching knowledge.
In a STEM-focused study by Cinar et al. (2016), it was found that pre-service teachers
tended to associate science with mathematics only before the application, but after the
application, they considered a more comprehensive approach that includes not only
mathematics but also engineering and technology. Indeed, integrated/bundled STEM
education is a more effective approach than merely using disciplines together. Felix
and Harris (2010) emphasize that teachers delivering STEM education need to have
adequate expertise in both STEM content and pedagogy. In a collaborative FETEMM
education implementation study conducted by Aslan-Tutak, Akaygiin, and Tezsezen
(2017), it was determined that pre-service teachers' perceptions of STEM education
changed and improved after the practices, with explanations evolving from
insufficient to more advanced categories when the fields were integrated. Studies in
the literature indicate that there is insufficient understanding of what STEM education
is and how it should be implemented, and various misconceptions, beliefs, and
perceptions exist (Aslan-Tutak et al., 2017; Deligéz & Han Tosunoglu, 2023; Ecevit,
2023; Morrison, 2006; Yildirim & Selvi, 2016). Developing a better understanding of
the nature of STEM education will contribute to the effective implementation of
STEM education practices.

According to the research findings, pre-service teachers perceive the learning
environment where STEM education is applied as a classroom, workshop, laboratory,
or extracurricular learning environment characterized by a small number of students,
conducive to collaboration, spacious, and rich in materials. Akan and Timur (2023)
stated that the inability of science teachers to incorporate STEM practices into their
lessons is attributed to the disadvantaged socio-economic structure of schools and the
lack of financial resources. Pre-service teachers seem to focus on the physical
environmental aspects of the STEM learning environment. However, what truly
matters for effective STEM education is not only the physical attributes of the learning
environment but also the climate of this environment, namely, teacher-student
interaction and student-student interaction. Because it is the teacher who creates,
designs, and fosters an effective classroom climate that constitutes the learning
environment. Selvi's (2015) study revealed that pre-service teachers harbor fears and
negative attitudes toward implementing STEM education in crowded classrooms.
These findings suggest that pre-service teachers associate STEM education solely
with low-class sizes. While class size, the physical structure of the classroom, and
various materials enrich the learning environment, a good STEM teacher can design
a conducive STEM environment using simple and inexpensive materials, even waste
materials (Ecevit, 2023). However, the perception that pre-service teachers can
employ the STEM education approach in any environment has not been fully
developed yet. The STEM education environment is shaped not only by physical
features but also by teacher-student interaction and student-student interaction.
Therefore, it is crucial for pre-service teachers to consider not only the physical



724 Tugba Ecevit, Dilber Acar and Yasemin Biiyiiksahin

environment but also pedagogical approaches suitable for STEM education when
creating an effective STEM education environment.

According to the research results, pre-service teachers define the teacher in the
STEM education learning environment as guiding, directing, encouraging, teaching,
explaining, developing oneself, and designing the learning environment. The qualities
of guiding, directing, and encouraging students align with the teacher's roles in the
curriculum (MEB, 2018). Describing the teacher as developing oneself and designing
the learning environment is a significant characteristic. Ecevit's (2023) research
suggests that the teacher's ability to design the learning environment plays a vital role
in the effectiveness of STEM education practices. The development of this skill by
the teacher is directly correlated with factors such as educational level, STEM
implementation experience, lifelong learning approach, and scientific capital. Some
pre-service teachers' descriptions of the teacher as "teaching, explaining, and
narrating” indicate that a traditional understanding of the teacher role still prevails.
While Drake and Burns (2004) define the teacher's role as a guide, mentor, and expert
in all fields in an interdisciplinary approach, they express the teacher's role as a co-
learner with the student and an expert in all fields in a transdisciplinary approach. In
current educational approaches, the adoption of the teacher's role as a co-learner with
the student should be more widespread, thereby enabling the teacher to transcend
beyond the role of merely teaching.

According to the research findings, 40% of pre-service teachers expressed
readiness to implement STEM education in their classrooms, while 35% indicated the
need to develop theoretical knowledge and practical skills related to STEM education.
However, 25% of pre-service teachers stated that they were not ready to implement
STEM education in their classrooms. Pre-service teachers who are ready to implement
STEM education in their classrooms may have richer and more developed experiences
in terms of theoretical knowledge and practical application related to STEM education
compared to others. This suggests that acquiring the necessary knowledge and skills
for implementing STEM education may enhance confidence. However, some pre-
service teachers who have not received sufficient courses or training during their
undergraduate studies expressed readiness to implement STEM education in their
classrooms. This situation may indicate that they may not have fully understood
STEM education or may not be aware of what they do not know. This phenomenon
may reflect the Dunning-Kruger Effect, also known as the "unskilled and unaware of
it" syndrome (Kruger & Dunning, 1999). Hoy & Spero (2005) suggest that the high
self-efficacy beliefs of pre-service teachers in teaching science may be due to their
lack of real classroom experiences. Pre-service teachers may feel ready to implement
STEM education in their classrooms because they are unaware of the knowledge and
skills they lack. Pre-service teachers who aspire to implement STEM education
effectively are willing to enhance their theoretical knowledge and practical skills for
this purpose. However, they have clearly expressed the need for education and
resources to enhance these competencies. It was found that pre-service teachers who
do not feel ready to implement STEM education in their classrooms have lower
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knowledge and experience in the STEM field compared to other pre-service teachers.
Among the demands of pre-service teachers to implement STEM education
effectively are more education, suitable lesson plans, materials, access to technology,
student recognition, and the presence of conscious students. These needs demonstrate
the complexity and various elements of STEM education. In a study conducted by
Cetin and Kahyaoglu (2018), it was found that pre-service teachers did not feel
competent enough to implement STEM education. Ates and Sungur Giil (2023)
expressed that pre-service teachers have high levels of anxiety regarding STEM
education. Similarly, Geng, Jong, and Chai (2019) determined that 94.5% of teachers
do not consider themselves sufficient for STEM education. Teachers expressed the
need for pedagogical support and resources for STEM education practices. A study
by Hacioglu et al. (2016) revealed that pre-service teachers have concerns about
preparing and implementing STEM activities. Aslan-Tutak, Akaygiin, and Tezsezen
(2017) found that pre-service teachers need to observe sample projects and participate
in training and seminars. In a study conducted by Han, Yalvac, Capraro, and Capraro
(2015), it was observed that teachers experienced some difficulties in STEM
education practices despite receiving STEM education. In a study conducted by
Margot & Kettler (2019), it is noted that teachers perceive that previous experiences
characterized by student-centered and research-based approaches contribute to
facilitating success in STEM initiatives. Teachers who have been exposed to more
science or mathematics courses and utilize similar teaching methods tend to have
greater confidence in STEM pedagogy, which promotes interdisciplinary thinking
skills. These prior experiences positively influence teachers' attitudes toward STEM
education (Park et al., 2016; Park et al., 2017). In a study by Yildirim (2020), teachers
expressed that they did not receive sufficient STEM education during their university
studies, therefore, they felt insufficient in STEM education, had difficulty in preparing
STEM lesson plans (e.g., integration of subject knowledge, engineering design
processes, integration of 21st-century skills, technology integration, time), and felt
inadequate in STEM education. For a teacher to be STEM-literate, they need to have
sufficient knowledge in various areas such as STEM field knowledge, pedagogy,
integration knowledge, context knowledge, and 21st-century skills and be able to
combine these knowledge areas with their lesson planning abilities. It should be noted
that STEM literacy is not something that can be achieved in a short time. Therefore,
teachers and pre-service teachers need to acquire more knowledge, conduct research,
gain experience, and develop themselves to implement integrated STEM education
effectively (Stohlmann, Moore & Roehrig, 2012). Additionally, providing pre-service
teachers with exemplary practice examples to use as guiding materials and access to
guiding resources through books, articles, and theses in the literature can contribute
to their development. In conclusion, pre-service teachers have the basic theoretical
knowledge about STEM education, but they feel inadequate as practitioners of STEM
education. Although they aspire to use STEM education effectively when they start
their careers, they need more practice-based education and personal development to
acquire these skills. It is of great importance to present fundamental topics such as
what STEM education is, how it is applied, and how it can be integrated with other
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subjects in an applied manner to pre-service teachers through elective or compulsory
courses included in undergraduate programs. Moreover, it is believed that carefully
planning the content of the courses can train pre-service teachers as genuine STEM
literates. Updating the content of undergraduate programs, increasing teacher training
programs, and sharing successful practice examples are crucial for pre-service
teachers to better understand STEM education and be able to implement this approach
successfully in their classrooms. In this way, pre-service teachers can become more
prepared and competent in providing effective STEM education to future students.
These results can form the basis for steps to improve and disseminate STEM education
and can guide STEM education experts.
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Sanayi 4.0 siireci her ne kadar robotik, sanal ve metrik bir siire¢ olarak anlagilsa
da bu yeni devrimin temel tas1 yine insandir. Sanayi devrimleri ile degisen ihtiyaglar
analiz edildiginde dordiincii sanayi devrimini yasadigimiz giiniimiizde nitelikli is
giiciine ihtiya¢c duyulmaktadir. Is diinyasinda degisen ¢aga uyum saglayabilen 21.
yiizy1l becerileri ve sosyal becerileri gelismis bireylere gereksinim vardir (NRC, 2012;
Akgilindiiz vd., 2015).

Uluslararast1 K-12 seviyesindeki &gretim programlart incelediginde igerik
bilgisinin farkli derslerde birbirinden bagimsiz bir sekilde Ogretilmesinin baskin
oldugu goriilmektedir (Bybee, 2013; NGSS, 2013; NRC, 2009). Derslerin birbirinden
bagimsiz olarak 6gretilmeye ¢alisilmasi dgrencilerin 6grenmeye calistigi bilgilerin
giinliik hayata transferini ve ¢esitli biligsel, sosyal ve duyussal becerilerinin gelisimini
zorlastirmaktadir (Osborne, Simon ve Collins, 2003). Sanayi 4.0 siirecinde ihtiyac
duyulan insanin egitilmesi ancak Egitim 4.0 perpsektifiyle miimkiindiir. Ogrencileri
cagin gerektirdigi sekilde akademik bilgilerle donatirken onlar1 6grendigi bilgileri
giinliik hayata transfer edebilen, 21. Yiizyil becerilerine ve sosyal becerilere sahip
bireyler yetistirilmesi dnemlidir. Ogrencilere fen, teknoloji, miihendislik, matematik
alanlarinda gerekli bilgileri kazandirirken, onlar1 21. yiizyil becerilerine sahip bireyler
olarak yetistirmeyi hedefleyen yaklagimlardan biri de STEM egitimi yaklagimidir
(Bybee, 2014).

STEM egitimi disiplinlerarasi/Gtesi ve uygulamaya yonelik, baglam temelli
yaklagimlar1 igeren fen, teknoloji, mithendislik ve matematik disiplinlerinin birbirleri
arasinda bag kurarak entegrasyonunu saglayan bir 6gretim yaklagimidir (Bybee,
2010). Disiplinlerarasi/6tesi uygulamaya dayali bir 6grenme ortami Ogrenilen
bilgilerin giinliik hayata transfer edilmesini kolaylastirarak cesitli becerilere sahip
daha nitelikli 6grencilerin yetismesine imkan sagladigi goriilmektedir (Akgiindiiz vd.,
2015; Bybee, 2010; White, 2014). Ulkelerin gelecekte ilerleme hedefleri agisindan
STEM egitimin yayginlagtirtlmasi 6n plana ¢ikmaktadir. Dolayistyla STEM egitimi
almis 6grencilerin sayisinin artirilmasi iilkeler acisinda dnemli hedefler arasindadir.
National Science Foundation 1990’11 yillarda STEM egitimi yaklagiminin gerekliligi
ve oOnemini vurgulamasina ragmen iilkemizde 2018 yili fen bilimleri 6gretim
programinda vurgulanmaya baslamigtir (NGSS, 2013; MEB, 2018).

Ogretim programlarinda yapilan degisiklikler 6nemli olmakla birlikte, bu
programlar1 uygulayacak 6gretmenlerin STEM Ogretimine yonelik yetkinlikleri de
¢ok onemlidir. STEM egitiminin amacina uygun bir sekilde gerceklestirilebilmesi,
ogretmenlerin STEM uygulama bilgi, beceri ve deneyimleri ile iligkilidir (Aslan-
Tutak, Akaygiin ve Tezsezen, 2017). STEM okuryazar1 6gretmenlerin sahip olmasi
gereken ozellikler STEM ile ilgili gerekli alan bilgisi, STEM entegrasyon bilgisi,
pedagojik bilgi, 21. yy becerileri bilgisi ve 6grenme ortami tasarlama ve planlama
becerileri olarak ele alimabilir (Aslan-Tutak, Akaygiin ve Tezsezen, 2017; Yildirim,
2020; Yildirim 2021). STEM egitiminin hedeflerine ulasabilmesi 0gretmen
adaylarinin STEM 06gretim yeterliklerinin gelistirilmesi ile dogrudan iliskilidir (Ring,
Dare vd., 2017).
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Lisans &gretim programlart incelendiginde STEM egitimi ve uygulamalari
dersinin heniiz dgretim programlarinda dogrudan yer almadigi goriilmektedir (Fen
Egitimi Lisans Programi, 2018; Smf Egitimi Lisans Programi, 2018; Okuloncesi
Egitimi Lisans Programi, 2018). STEM egtimi ve uygulamalart ile ilgilenen
aragtirmacilarin lisans 6gretim programlarinda yer alan gesitli derslere (Orn: fen
Ogretimi, fen laboratuvar, 6gretim yontemleri gibi ya da se¢meli ders olarak) STEM
egitimi ve uygulamalarini dahil ettikleri goriilmektedir (Orn: Aslan-Tutak, Akaygiin
ve Tezsezen, 2017; Altan, Yamak ve Kirikkaya, 2016; Oztiirk, Y1lmaz Tiiziin ve Cakir
Yildirim, 2019; Yildirnm ve Altun, 2015). STEM egitimi uygulayici olacak olan
ogretmen adaylarinin STEM egitimi ile ilgili gerekli bilgi, beceri ve deneyime sahip
bireyler olarak yetistirilmesi amaciyla STEM egitimi ve uygulamalarinin
yayginlastirilmasi dnem kazanmaktadir. Ogretmen adaylarinin hizmet &ncesi edindigi
O0grenme-Ogretme  yasantilari, uygulama deneyimleri, inanglari, tutumlari,
farkindaliklari, 6z-yeterlikleri 6grenme ortamlarini planlamalarini ve tasarlamalarini
etkileyecektir (Tatar vd., 2012). STEM egitimi yaklagimlarinin siniflarda
uygulanabilir olmasi i¢in dgretmenlerimizin iyi diizeyde STEM okuryazari olmasi
gerekmektedir (Honey vd., 2014). Baska bir deyisle bir o6gretmen STEM
okuryazariysa ancak o zaman sinifinda etkili bir STEM egitimi gerceklesebilir.
Ogretmenlerin  siif ici gercek uygulama deneyimleriyle donanimli olmasi
gerekmektedir.

Bu baglamda STEM egitimin uygulayacisi olan Ogretmen ve Ogretmen
adaylarinin yetigtirilmesi amaciyla pek ¢ok proje (STEM ve Makers Fest/Expo,
Tasarim Becerileri Atdlyeleri, Deneyap Atolyeleri) ve arastirma laboratuvarlari
(Hacetepe STEM ve Makers Lab, Istanbul Aydin Universitesi STEM Lab), arastirma
merkezleri ve entsitiileri (ODTU BILTEMM Uygulama ve Arastirma Merkezi, Mus
Universitesi STEM Egitimi Uygulama ve Arastirma Merkezi, STEM Ogretmen
Entstitiileri, Bahcesehir Universitesi BAUSTEM Merkezi, Ozyegin Universitesi
STEM Akademi), ¢gesitli arastirma modiil ve programlar1 (Akaygiin ve Aslan-Tutak,
2016; Aslan-Tutak, Akaygiin, veTezseven, 2017; Giinbatar ve Sardag, 2022;Bozan ve
Anagiin, 2019; Sardag, 2020; Yildirim, 2020) gelistirilmis ve gelistirilmeye devam
etmektedir.

Mevcut Durum Analizi ve Thtiyac Durumunun Belirlenmesi

Ulusal alanyazin incelendiginde STEM egitimi egilimlerini belirlemek amaciyla
farkli diizeylerde, farkli zaman araliklarinda g¢esitli arastirmalarin  yapildig:
goriilmektedir (Orn: Aydin-Giinbatar ve Tabar, 2019; Cavas vd., 2020; Dasdemir,
Cengiz ve Aksoy, 2018, Ecevit vd., 2022). Bu arastirmalar biitiinciil bir sekilde
sentezlendiginde arastirmalarin 6grenci ¢alisma gruplarinda en fazla ortaokul
ogrencileriyle ¢alisildigi en az ise ilkokul 68rencileriyle ¢alisildigi (Dasdemir, Cengiz
ve Aksoy, 2018), 6gretmen ve 6gretmen aday1 gruplarinda ise en fazla fen bilimleri
O0gretmen adaylar1 ve fen bilimleri 6gretmenleriyle ¢calismalar yiiriitiildiigi (Akan ve
Timur, 2023; Deligboz ve Han Tosunoglu, 2023; Metin vd., 2023), en az ise sif
egitimi 6gretmen adaylar1 ve sinif 6gretmenleriyle ¢alismalar yiiriitiildiigii (Cavas vd.,
2020) genel olarak 6gretmen adaylari ile daha fazla ¢alisma yapildig: (Ates ve Sungur
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Giil, 2023; Aydin-Giinbatar ve Tabar, 2019; Dasdemir, Cengiz ve Aksoy, 2018)
ortaya ¢ikmaktadir.

STEM egitimi ve Ogretiminde yeterlilige sahip Ogretmenlerin yetistirilmesi
iizerinde 6nemli durulmasi gereken bir noktadir. Ogretmen adaylariyla yapilan
calismalarin STEM alanlarina yonelik tutum (Higde vd., 2020), STEM egitimine
yonelik alg1 (Aslan-Tutak, Akaygiin ve Tezseven, 2017; Akaygiin ve Aslan-Tutak,
2016; Oztiirk, Tiiziin ve Yildirim, 2019), STEM yaklagimina yonelik farkindalik
(Dadacan, 2021; Ozbilen, 2018; Karakaya vd, 2018; Buyruk ve Korkmakz, 2016),
STEM egitimi 6z-yeterlik (Dadaca, 2021; Gelen, Akgay, Tiryaki ve Benek, 2019;
Oztiirk, Y1lmaz-Tiiziin ve Yildirim, 2019), STEM &gretim yonelimleri (Dadacan,
2021; Hacidmeroglu ve Bulut, 2016; Higde vd.,2020; Gokbayrak, 2017; Karisan ve
Bakirct, 2018; Timur ve Belek, 2020), STEM 6gretimine yonelik tutum (Higde, Keles
ve Aktamig 2020), STEM uygulamalar1 hakkinda goriis (Bektas ve Aslan, 2019,
Yildirim ve Tiirk, 2018), STEM egitimi hakkinda gériis (Ozbilen, 2018; Oztiirk,
Tiiziin ve Yildirim, 2019), STEM egitiminin akademik basariya etkisi (Yildirim ve
Altun, 2015) ve 21 yy becerilerine etkileri (Gokbayrak ve Karisan, 2017; Ertugrul
Akyol, 2020) duyussal 6zeliklere etkileri (Kocakiilah, Abaci ve Kocakiilah, 2021;
Aslan-Tutak, Akaygiin ve Tezseven, 2017) temalarinda oldugu soylenebilir.
Ogretmen adaylar1 ile yapilan calismalarin agirlikhi olarak nicel arastirma
yontemlerinden tarama yontemi ile yiiriitiildiigii deneysel arastirmalarin ise daha az
sayida oldugu (Kalemkus, 2020) sdylenebilir. Ogretmen adaylar1 ile yapilan nitel
aragtirmalarda ise daha ¢ok yapilan STEM uygulamalar1 hakkinda goriis (Bektas ve
Aslan, 2019, Yildirim ve Tiirk, 2018), STEM egitimine yonelik goriis (Ozbilen, 2018;
Oztiirk, Tiiziin ve Yildirim, 2019) galismalarinin  oldugu gériilmektedir. Ogretmen
ve dgretmen adaylarinin STEM egitimi ve dgretimine yonelik algilari, tutumlari ve
0z-yeterliklerinin daha ¢ok nicel veri toplama araglart kullanilarak tespit edildigi
goriilmektedir. Ogretmenlerin veya ogretmen adaylarmin STEM  &gretimi
yeterliklerini belirlemek ve degerlendirmek i¢in nicel dlgme araglarinin sinirhiliklar:
gdz Oniine alindiginda, mevcut durumun ve ihtiyaclarin daha ayrintili ve
derinlemesine bir sekilde incelendigi nitel arastirmalara duyulan gereklilik agikca
ortaya ¢ikmaktadir. Sadece nicel verilere dayali 6l¢me araglari, 6gretmenlerinin veya
6gretmen adaylarinin STEM yeterliklerini tam olarak yansitmakta yetersiz kalabilir
ve bu durum eksik veya yaniltict sonuglara yol agabilir. STEM &gretmen yeterliklerini
tam olarak anlamak ve degerlendirmek i¢in, bu yeteneklerin karmagikligini ele alan
yontemlere ihtiya¢ vardir. Dolayistyla, nitel arastirma yontemleri daha kapsamli bir
yaklagim sunarak Ogretmenlerin STEM egitimi alanindaki bilgi, deneyim ve
hazirbulunusluklarint daha ayrmtili ve derinlemesine bir sekilde inceleme ve
degerlendirme firsat1 saglayacaktir.

Cahsmanmn Onemi ve Amaci

STEM egitimi, gliniimiiz egitim sisteminde giderek artan bir 6neme sahiptir ve
O0gretmenlerin bu alandaki yeterlikleri, etkili bir STEM egitimi saglamak i¢in kritik
bir faktordiir. Bu arastirmada, nitel bir durum arastirmasi cergevesinde Ogretmen
adaylarinin STEM o6gretimi yeterliklerini belirlemeyi hedeflenmektedir. Bu amag
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dogrultusunda, 6gretmen adaylariin STEM egitimi deneyimleri, algilar1 ve hazir
hissetme durumlar1 incelenmistir.

Yontem

Bu aragtirma, Tirkiye'deki farkli iiniversitelerin egitim fakiiltelerinin son
smifinda okuyan fen bilimleri ve siif dgretmenleri adaylarinin STEM 6gretimi
yeterliklerini, deneyimler, algilar ve hazir hissetme durumlari temalar1 kapsaminda
ayrmtili bir sekilde inceleyerek mevcut durumu ortaya koymayi ve ihtiyag durumunu
degerlendirmeyi amaglamaktadir. Aragtirmada, belirgin bireysel aktorler ya da aktor
gruplar1 ve onlarin algilari {izerine odaklanilmasi yonii ile bir durum g¢aligmasi tercih
edilmistir. Sinif ve fen bilgisi 6gretmen adaylari, ilkeyi en iyi sekilde temsil
edebilecek genis bir calisma grubuna dahil edilerek STEM yeterlikleri belirlenmeye
calistlmistir. Bir ise baslama siireci, bireylerin baslayacaklari konu hakkindaki
algilari, deneyimleri ve duygu durumlari tarafindan etkilenir.Bu nedenle, STEM
egitimi yeterlik durumlari, 6gretmen adaylarinin STEM egitimi deneyimleri, algilar
ve STEM egitimine hazir hissetme durumlariyla ele alinmistir. Yeterlik durumunu
tanimlamaya yonelik bu aragtirmada, Agiklayici/Tanimlayict Durum Calismasi
(Mustrative Case Study) kullamlmistir. Tamimlayict durum c¢alismalari, gergek
olaylarda ve herkesin giinliik yasamda karsilagabilecegi durumlarda, bilinen
durumlar1 6ziimseyen ve ayrintilart birlestirip yorumlayarak agiklayan ¢aligmalardir
(Datta, 1990).

Calisma Grubu

Aragtirmanin katilimer grubu, 2019-2020 egitim-6gretim yili Bahar doneminde
Tiirkiye'de 20 tiniversitenin fen bilimleri ve sinif egitimi programlarinda egitim géren
45 son simif (4. siif) 6gretmen adayindan olusmaktadir. Bu tiniversiteler sunlardir:
Adiyaman Universitesi, Afyon Kocatepe Universitesi, Aksaray Universitesi, Alanya
Alaaddin Keykubat Universitesi, Bartin Universitesi, Bogazici Universitesi,
Cumbhuriyet Universitesi, Cukurova Universitesi, Dokuz Eyliil Universitesi, Eskisehir
Osmangazi Universitesi, Hacettepe Universitesi, Kastamonu Universitesi, Kiitahya
Dumlupmar Universitesi, Kirikkale Universitesi, Mersin Universitesi, Necmettin
Erbakan Universitesi, Nevsehir Haci Bektas Veli Universitesi, Pamukkale
Universitesi, Tokat Gaziosmanpasa Universitesi, Yildiz Teknik Universitesi. Bu
ogrenciler, tim dersleri tamamlamis ve yakin bir gelecekte 6gretmenlik meslegine
atilacak olan adaylardir. Arastirmanin bu 6grenci grubunu se¢me nedeni, bu adaylarin
mevcut 6grenim durumlarini ve yakin bir gelecekte 6gretmenlik kariyerine baslayacak
olmalarimi icermektedir. Bu amagla, ¢aligma grubu olusturulurken amaglh 6rnekleme
yontemlerinden "maksimum ¢esitlilik 6rnekleme" kullanilmistir. Maksimum ¢esitlilik
ornekleme, aragtirmanin ilgili problemi ¢esitli durumlari igeren farkli senaryolarda
incelemeyi hedefler (Biiyiikoztiirk, Kilig Cakmak, Akgiin, Karadeniz ve Demirel,
2010). Bu sekilde, Tiirkiye'nin gesitli bolgelerinde son siifta okuyan Fen Bilimleri
ve Smuf Egitimi 6gretmen adaylarinin STEM egitim yeterlikleri detayli bir sekilde
incelenerek mevcut durumunun ortaya ¢ikarilmasi ve ihtiyag durumunun
degerlendirilmesi amaglanmaktadir..
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Veri Toplama Araglan

Ogretmen adaylarimin STEM yeterliklerini belirlemek amaciyla "yari
yapilandirilmig goriisme formu" olusturulmustur. Goriisme formunun taslagi, iki
STEM egitim uzmaninin goriisleri alinarak olusturulmus, ardindan bu taslak sorular
iki 0gretmen adayiyla yapilan pilot ¢alisma ile degerlendirilmistir. Pilot ¢aligma
sonrasinda, sorularin agik ve anlagilir olmasi igin gerekli diizenlemeler yapilmis,
tekrarlayan sorular revize edilmis ve nihai yari yapilandirilmig goriisme formu
olusturulmustur. Goériisme formunda yer alan sorular 6gretmen adaylarinin STEM
egitimi deneyimleri, STEM egitimi algilari ve STEM egitimine hazir hissetme
temalarini ele almaktadir.

Tema 1: Ogretmen Adaylarinin STEM Egitimi Deneyimleri

STEM egitimi deneyimleri temasi kapsaminda 6gretmen adaylariin STEM
egitimi ile ilgili dersler ve kurslar alma durumlarina odaklanilmistir. STEM egitimi
konusundaki ders ve kurs deneyimleri, 6gretmen adaylarinin bu konudaki temel bilgi
ve yeteneklerini gelistirmelerine olanak tanir. Bu deneyimler, 6gretmen adaylarinin
STEM egitimini anlama, bu konudaki pedogojik yaklasimi kavrama ve gelecekteki
ogrencilerine rehberlik ederek yonlendirme yeteneklerini sekillendirir. Ogretmen
adaylarmin lisans egitimleri siiresince STEM egitimi derslerine ne dlgiide ve hangi
yontemlerle maruz kaldiklar1 ve bu alandaki teorik ve pratik bilgiyi nasil edindikleri
biiyiik 6nemlidir. Clinkii, STEM egitimi konusundaki bu temel deneyimler, gelecekte
kendi siniflarinda STEM egitimini basarili bir sekilde uygulama yeteneklerini
etkileyebilir. Bu baglamda goriigme formunda asagidaki sorulara yer verilmistir.

e Lisans 6greniminiz siiresince STEM egitimi ile ilgili ders aldiniz m1? Dersin
icerigini betimleyebilir misiniz?

e Lisans dgreniminiz siiresince aldiginiz dersler igerisinde STEM egitimine
deginildi mi? Hangi ders kapsaminda STEM egitimi ele alindi? Dersin
icerigini betimleyebilir misiniz?

e STEM egitimi ile ilgili herhangi bir kurs ya da egitim aldiniz m1? Nereden
aldimiz? Egitim siirecini neler yaptiginizi anlatabilir misiniz?

Tema 2: Ogretmen Adaylarinin STEM Egitimi Algilari

STEM egitimi algilari temasi kapsaminda 6gretmen adaylarinin STEM egitimini
nasil anladiklari, kavramsal yanilgilar1 ve 6grenme siireclerine yonelik algilarina
odaklanilmistir. STEM egitimi hakkindaki bu algilar, 6gretmen adaylarinin bu
yaklagimin kapsamini, disiplinler arasi entegrasyon yontemlerini, 6grenme-0gretme
ortaminin diizenlenmesini ve dgretmen ile 6grenci rollerini anlama kapasitelerini
yansitmaktadir. Bu baglamda, asagidaki goriisme sorulari bu temayi aydinlatmak
amactyla kullanilmigtir:

e Sizce STEM egitimi nedir? STEM egitimi yaklasimiyla ilgili neler
biliyorsunuz?
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e STEM egitimi yapilan 6grenme ortamini sinif diizeni ve fiziksel gevre gibi
unsurlari diislinerek nasil tarif edersiniz?

e STEM egitimi siirecinde Ogretmenin ve Ogrencinin roliinii nasil
betimlersiniz?

Tema 3: Ogretmen Adaylarinin STEM Egitimine Hazir Hissetme Durumlar

STEM egitimine hazir hissetme durumlart temas:t kapsaminda o6gretmen
adaylarimin kendi yetkinlikleri ve hazirbulunusluklarina odaklanilmistir. Bu tema
O0gretmen adaylariin STEM egitimini uygulamalarina yonelik 6zgiiven, STEM
egitimi bilgi ve becerisi diizeyi, 6gretmenlik kariyerlerine baslarken STEM egitimini
ne derece benimsemeye hazir olduklarmi incelemek amaciyla olusturulmustur.
Ogretmen adaylarinin STEM egitimine ydnelik hazir hissetme durumlari, onlarin bu
yenilik¢i  Ogretim yaklagimimi etkili bir sekilde uygulama yeteneklerini ve
motivasyonlarm yansitmaktadir. Ogretmen adaylarimin STEM egitimine ne kadar
hazir olduklarini anlamak i¢in kullanilan gériisme sorulart agagida sunulmustur.

o Gelecekteki Ogretmenlik kariyerinizde STEM egitim yaklagimini nasil
uygulamay1 diisiiniiyorsunuz?

e Kendinizi STEM egitimini etkili bir sekilde kullanmaya hazir hissediyor
musunuz?

e Derslerinizde STEM egitim yaklasimini basarili bir sekilde kullanabilmek
i¢in ihtiya¢ duydugunuz kaynaklar veya desteginiz nelerdir?

Verilerin Analizi

Aragtirma  kapsaminda, Ogretmen adaylart ile gerceklestirilen yari
yapilandirilmig goriismelerin elde ettigi nitel veriler, icerik analizi ydntemi
kullanilarak analiz edilmistir. Igerik analizi, metin icerigini yansitan kelimeleri veya
kelime gruplarini sistemli bir sekilde temalara ve kategorilere ayirmay1 saglayan bir
yontemdir (Biiytikoztiirk vd, 2013). Her tema i¢in her sorunun igerigi baglangigta ayri
ayrt igerik analizi ile degerlendirilmistir. Olusturulan kodlar daha sonra belirli
kategorilere gore siniflandirilarak sunulmustur.

Etik Kurul Onay1

Bu aragtirma Diizce Universitesi Bilimsel Arastirma ve Yayin Etigi Kurulu'nun
14.05.2020 tarih ve 2020/95 karar numarali izni ile onaylanmistir.
Gegerlik ve Giivenirlik

Bu arastirmanin i¢ ve dis gecerliligini saglamak amaciyla cesitli onlemler
almmugtir.

Arastirmanin i¢ Gecerligini Saglamak i¢in Alinan Onlemler

Goriisme  formunun olusturulmasinda, iki alan uzmanmin goriisiine
bagvurulmustur. Gorlisme formunun anlagilabilirlik agisindan degerlendirilmesi
amaciyla pilot calisma gergeklestirilmistir. Goriisme formunun gelistirilme siireci ve
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elde edilen verilerin analiz siireci, detayli bir sekilde agiklanmistir. Dogrudan
alintilara yer verilmis ve anlagilmayan ifadeler i¢in katilimcilardan teyit alinmistir.

Arastirmanin Dis Gegerligini Saglamak i¢in Alinan Onlemler

Veriler arasindaki tutarlilik kontrol edilmistir. Veriler, iki bagimsiz arastirmaci
tarafindan bagimsiz bir sekilde kodlanmistir. Kodlardan yola ¢ikarak temalarin
olusturulmasi sirasinda arastirmacilar arasinda fikir birligine varilmigtir. Elde edilen
veriler, yorum yapilmadan dogrudan sunulmustur.

Aragtirmanin gergeklestirilebilmesi i¢in gerekli Etik Kurul izinleri alinmus,
O0gretmen adaylart c¢aligma hakkinda bilgilendirilmis ve goniilli katilimlar
saglanmustir. Ogretmen adaylarimin isimleri, etik kurallara uygun bir sekilde gizli
tutulmustur.

Bulgular

Ogretmen adaylariyla yapilan goriismelerden elde edilen bulgular, gretmen
adaylarinin STEM egitimi deneyimleri, 6gretmen adaylarinin STEM egitimi algilar
ve 6gretmen adaylarininin STEM egitimi hazirbulunusluk durumlart olmak iizere iig
farkli temada detayli olarak incelenmistir. Bu temalara ait gériismelerin analizinden
elde edilen kategoriler, alt kategoriler ve kodlar sistematik bir sekilde sunulmustur.

Sekil 1
Ogretmen Adaylarinin STEM Ogretimi Yeterlikleri Temalari, Deneyimler, Algilar ve
Hazwbulunusluk Durumlari

Ogretmen Adaylarinin
STEM Ogretimi
Yeterlilikleri

STEM Egitimi
Deneyimleri
Tema 1

Tema 1: Ogretmen Adaylarinin STEM Egitimi Deneyimleri

Ogretmen adaylarinin lisans egitimleri siiresince STEM egitimi ile ilgili ders
alma durumlarinin belirlenmesi bu ¢alismanin temel odak noktalarindan biridir. Bu
kategori altinda, 6gretmen adaylarinin lisans egitimleri siiresince STEM egitimi ile
ilgili aldiklart dersler ve bu derslerin igerikleri ayrintilt bir sekilde gbzden gegirilerek,
bu ders tiirleri ve igerikleri gruplandirilarak sunulmustur.
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Sekil 2

Ogretmen Adaylarimn STEM Egitimi Deneyimleri Temasina ait Elde Edilen
Kategoriler, Alt Kategoriler ve Kodlar

STEM Egitimi Deneyimleri
Temal

Segmeli Dersler Dersin igerigi ve Kurs ve igerikleri

Kapsaminda Yapisi Alt Kategori 2.1
Alt Kategori 1.3

Alt Kategori 1.1

Farklh Dersler
igerisinde Deginilmesi il Teorik Bilgi
Alt Kategori 1.2 Kod 1.3.1 Kod 1.3.2

Kategori 1: Lisans Egitimi Siiresince STEM egitimi ile ilgili Ders Alma
Durumlan

Alt Kategori 1.1. Se¢meli Dersler

Ogretmen adaylarinin %20’si lisans egitimleri siiresince STEM egitimi ile ilgili
secmeli bir ders aldigini ifade etmistir. %2 6gretmen aday1 ise STEM egitimi ile ilgili
sec¢meli ders olmasina ragmen bu dersleri se¢gmediklerini belirmistir.

Alt Kategori 1.2. Farkli Dersler Iicersinde STEM Egitimine Deginilmesi

%69 6gretmen adayi lisans dersleri kapsaminda STEM egitimine deginildigini
belirtmistir. Ogretmen adaylart Fen Ogretimi (15), Fen Laboratuvar (14), Ozel
Ogretim Yontemleri (9), Materyal Tasarimu(5), Fen ve Teknoloji Ogretim Programi
Planlama (2), Kimyada Ozel Konular (2), Sorgulamaya Dayali Fen Egitimi (1),
yaraticilik (1), matematik ve oyun (1) gibi derslerde STEM egitimi ve dgretimine
deginildigini ifade etmislerdir.

Alt Kategori 1.3. Dersin Icerigi ve Yapist

Kod 1.3.1. Teorik Bilgi

Ogretmen adaylar1 aldiklar1 lisans derslerinde STEM egitiminin icerigi ve
kapsamindan bahsedildigini, STEM egitiminin 6neminin anlatildigini ve STEM
egitiminin egitim sistemi i¢inde nasil uygulanabilecegi hakkinda konustuklarini ifade
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etmislerdir. Elde edilen bulgular 6gretmen adaylarinin aldiklar1 derslerde STEM
egitimi yaklagiminin pratikte nasil hayata gecirilebilecegi hakkinda teorik bilgileri
tartigmig olduklarint gostermektedir.

Kod 1.3.2. Uygulama ve Uriin odakl Siire¢

Ogretmen adaylari, lisans dersleri kapsaminda STEM etkinlikleri
gerceklestirdiklerini belirtmislerdir. Bu etkinliklerin igerigi, STEM ders planlari
hazirlamay1 icermekte olup dgrenme siirecinde SE 6grenme modeli, proje tabanlt
O0grenme yontemi ve problem dayali 6grenme yontemlerini kullandiklarii ifade
etmislerdir..  Ayrica, Ogretmen adaylari, Scratch Jr ve Arduino programlarin
ogretildigi kodlama ¢aligmalarina da katilmiglardir. Bu deneyimler, lisans derslerinde
6gretmen adaylarinin STEM egitimine dair uygulama ve iriin odakli ¢aligmalar
yaptiklarini gostermektedir.

Asagida 6gretmen adaylarinin cevaplarindan bazilari yer almaktadir:

02: Ozel Egitim Yontemleri dersi iceriginde giinliik yasamda stk¢a
kullandigimiz basit arag gereglerle ornegin; depreme dayanikl ev ya da israf
edilen sularmn degerlendirilmesi gibi giinliik yasam problemlerine ¢éziim
olarak basit ama kullanigh materyaller iirettik.

03: Fen égretimi laboratuvar uygulamalart dersimiz de STEM egitimi
adna bircok probleme ¢iziim iiretmeye calistik. Ogretmenlerimizin bizlere
vermis olduklar agik uglu problem durumlarina bizler STEM uygulamalar
ile ¢oziimler iiretmeye ¢alistik

O15: Icerik olarak neyi nasil anlatacagimiz fen bilimleri ¢ercevesinde
anlatildy ve uygulandh.

Kategori 2: STEM Egitimi ile ilgili Kurs ya da Egitim Alma Durumlar:

Ogretmen adaylarinin %33’ti STEM egitimi ile ilgili kurs veya egitime
katildigini ifade etmistir. Ogretmen adaylarinin %67’si lisans derslerin disginda STEM
egitimi ile ilgili herhangi bir kursa ya da egitime katilmadigini belirtmistir.

Alt Kategori 2.1. STEM Egitimi Kurslar: ve Icerigi

Ogretmen adaylarmnin gesitli STEM egitimi ile ilgili TUBITAK projelerine (8),
iiniversitelerin agtigi STEM egitim kurslarina (7) katildig1 tespit edilmistir. Egitim
kurslarinin igerigi ve yapist detayli olarak incelediginde teorik bilgi ve uygulamali
iirin odakli siireg boyutlar1 ortaya ¢ikmaktadir. Ogretmen adaylarmin katildig
kurslarin yarisinin teorik yapida oldugu goze carpmaktadir.

Kod 2.1.1. Teorik Bilgi

Ogretmen adaylarmin %50°si teorik kurslara katildigini bu kurslarda STEM
uygulamalari ile ilgili kullanilabilecek teknoloji, materyal, yontemlerle sdzel ve gorsel
bilgiler sunmay1 icerdigini ifade etmislerdir.

Kod 2.1.2. Uygulama ve Uriin Odakl Siire¢
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Ogretmen adaylarinin %50’si ise katildiklar1 kurslarda artirilmis gerceklik, sanal
gerceklik, 3D yazicilar, robotic kodlama, iiriin olusturma, tasarim yapma gibi
uygulamali ve {irlin odakli siireci igerdigini ifade etmislerdir.

Asagida dgretmen adaylarinin cevaplarindan bazilarina yer verilmistir:

03: Yildiz Teknik Universitesinden Yildiz SEM ile aldim.2 giinliik bir
programdi. Ik olarak mantigini kavradik buna uygun program hazirladik ve
hayatimizdan bir olay bulup hangi dersleri icerisine alabilecegini nasil
ogrencilere bu problemi verip somutlastiracagimizi elimizde bir tasarim
tiriinii saglamamiz gerektigini, okul éncesi igin hikayelestirilmesi ve nasil
hikaye olusturabileceginizi, deneyimledik. Sebzelerden diiz ve hizli giden
araba yaptik, yaristik, paragiit yaptik icerisine yumurta koyduk kirilmamast
istendi, hazir legolardan acilir kapanir képrii yaptik, kodlama ile robotlar
yaptik.

O5: Tiibitak projelerinde STEM egitimi verildi. STEM nedir? STEM
egitiminde nasil bir uygulama yapiliyor? Ogrencilere katkist nedir?
Ogretmenin rolii nedir? Ogrenciler nasil bir egitim alyorlar?.... Bu dersi
veren hocamiz gruplar olugturdu ve Her grup tiyeleri isbirligi ile pipetten
kule, 1 ¢ivi iizerinde 11 ¢ivi dengede, sismograf i yapumi gibi stem
uygulamalarina yonelik ozgiin tiriinler tasarladik ve degerlendirdik.

O7: Robotik kodlama egitimi aldim ve Bilim Senliklerindeki STEM
etkinliklerine katildim. Robotik kodlamada robota ne yaptirmak istiyorsan
programda bulunan hazir kodlari kullanarak yaptirabiliyorsun ayrica farkl
araglarda takarak robot farklhilastirilabiliyor. STEM etkinliklerinde ise
verilen malzemeleri kullanarak verilen soruna ¢oziim olacak arac¢lar iirettik.

Tema 2: Ogretmen Adaylarinin STEM Egitimi Algilari

Ogretmen adaylarinin STEM egitimi algilar;, bu calismanmin temel odak
noktalarindan bir digeridir. Bu kategori altinda, 6gretmen adaylarinin STEM
egitimini ne olarak anladiklari, STEM egitiminin nasil uygulandigma dair algilari,
STEM o6grenme ortaminin nasil olmast gerektigine yonelik algilari, ve bu 6grenme
ortamindaki 6gretmen ve 6grenci rollerine dair algilari sistemli ve ayrintili bir sekilde
sunulmustur.

Sekil 3
Ogretmen Adaylarimin STEM Egitimi Algilar: Temasina ait Kategoriler

STEM Egitimin Ne?, Nasil? . STEM Egitimi STEM Egitimi Ogretmen
Oldugu Algisi Ogrenme Ortam Algisi ve Ogrenci Rolleri Algisi

Kategori 1 Kategori 2 Kategori 3
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Kategori 1: STEM egitiminin Ne? Nasil? Oldugu Algis1

Ogretmen adaylarinin STEM egitimini ne? ve nasil? Oldugu ile ilgili algilar iig
farkli alt kategoride ele alinabilir. Bu siniflandirma 6gretmen adaylarimizin STEM
egitimini ne oldugu, nasil olduguna yonelik algilarin1 daha iyi anlamamiza yardimec1
olacaktir. Bu algilar, 6gretmen adaylarinin STEM egitimini kendi siniflarinda nasil
uygulayacaklarina 1s1k tutacak niteliktedir.

Sekil 4
Ogretmen Adaylarimin STEM Egiminin Ne oldugu? Nasil oldugu Algilart Temasina
ait Alt Kategoriler

STEM Egitiminin Ne
oldugu? Nasil oldugu?
Algisi

Kategori 1

| %29 [ %67 | s

Alt Kategori 1.1. STEM Egitimini Yeterince Anlayanlar

Bu alt kategoride yer alan 6gretmen adaylart STEM egitiminin ne oldugunu ve
nasil uygulandigini genel bir ¢er¢evede anlamislardir. Bu alt kategorideki 6gretmen
adaylart STEM egitiminin farkli alanlarin birlestirilmesi, problem ¢dzme siireci,
disiplinlerin bir araya gelmesi ve disiplinlerarast baglantilarin kurulmasi gibi 6nemli
bilesenleri tanimlar. Ogretmen adaylarimin % 29°u bu alt kategoride yer almaktadir.

Alt Kategori 1.2 STEM Egitimini Kismen Anlayanlar

Bu alt kategoride yer alan 6gretman adaylar1t STEM egitimi hakkinda kismi bir
anlayisa sahiptir. Genelde STEM egitimini disiplinlerin bir araya gelmesi veya
disiplinler aras1 etkilesim olarak tanimlarlar. Ancak STEM egitimin nasil uygulandigi,
disiplinlerarasi etkilesiminin nasil olmas1 gerektigi gibi konularda sinirli ve eksik bir
anlayislar1 vardir. Bu dgretmen adaylar1 STEM egitiminin nasil uygulandigini tam
olarak kavrayamamislardir ve hatta neyin STEM egitimi olup olmadig1 konusunda
yanilgilar1 vardir. Ogretmen adaylarinin %67’si bu alt kategoride yer almaktadir.

Alt Kategori 1.3 STEM Egitimini Hi¢ Anlamayanlar
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Bu alt kategoride yer alan 6gretmen adaylari, STEM egitimi hakkinda neredeyse
higbir bilgeye ve algiya sahip degillerdir. STEM egitimi ile ilgili herhangi bir tanim
veya kavram hakkinda bir goriisleri yoktur. STEM egitiminin ne ve nasil oldugunu
“bilmiyorum” diyen 6gretmen adaylar1 bu alt kategoride ele alinmustir. Ogretmen
adaylariin %4’{ bu alt kategoride yer almaktadir.

Kategori 2: Ogrenme Ortam Algist
Ogretmen adaylarmin STEM grenme ortami hakkindaki algilari sinif igin ortam

algis1 ve sinif dis1 ortam algis1 olmak {izere iki alt kategori altinda ele alinabilir. Her
iki alt kategorinin altinda ¢esitli kodlar yer almaktadir.

Sekil 5
Ogretmen Adaylarimin STEM Egitimi Ogrenme Ortami Algisi Temasina ait Alt
Kategoriler

Kategori 2

Sinif igcin Ortam Algisi Sinif Dig1 Ortam Algisi

e,Lab Algisi
¢, Bahce, Acik Alan Algisi
rtam Algisi

Alt Kategori 2.1. Suif I¢i Ortam Algist
Kod 2.1.1 Biiyiik/Rahat Alan Algisi
Ogretmen adaylarin %29’u STEM uygulamalari igin 6grencilerin rahat hareket
edebilecekleri, grup c¢alismasina uygun bir biilyilk bir alanine gerektigini
disiinmektedirler.

Kod 2.1.2. Oturma Diizeni Algisi

Ogretmen adaylarin %18’i STEM egitimi siniflarindaki siralarin U veya C
bigiminde diizenlenmesi gerektigini  diisiinmektedir. Ogrencilerin  isbirligi
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yapabilmeleri ve grup ¢aligmasi yapabilmeleri i¢in oturma diizeninin énemli oldugu
goriisiiniin hakim oldugu goriilmektedir.

Kod 2.1.3. Bol Materyal ve Teknolojik Ara¢ Geregler Algisi

Ogretmen adaylarinin %29’u STEM egitimi igin materyallerin bol ve gesitli
olmas1 gerektigini diisiinmektedir.Ayrica, Ogretmen adaylarinin %4’ STEM
O6grenme ortamlarinda teknolojiye dayali grenme materyalleri ve internet erisimi gibi
teknolojik unsurlarin bulunmasi gerektigini ifade etmistir.

Kod 2.1.4.08renci Sayist Algist

Ogretmen adaylarin % 4°ii STEM egitimi i¢in daha &grencinin bulundugu bir
smif ortaminin daha uygun oldugunu diisiinmektedir.

Kod 2.1.5.0zel Alan Algis:

Ogretmen adaylarin1 %29’u STEM 6grenme ortamimin sinif icinde 6zel bir
alanda gerceklesmesi gerektigini diisiinmektedir. Bu alanin grup ¢aligmalarina uygun
olmali ve 6grencilerin STEM projelerini sergileyebilecek bir kose icermesi gerektigini
ifade etmislerdir.

Alt Kategori 2.2. Sinif Disi Ortam Algist
Kod 2.2.1. Atélye/ Laboratuvar Algisi

Ogretmen adaylarinin %9’ii STEM egitiminin laboratuvar benzeri bir ortamda
gerceklesmesi gerektigini diisinmektedir.

Kod 2.2.2. Park, Bahge, A¢ik Alan Algisi
Ogretmen adaylarinin %31°i STEM 6grenme ortamini sinif disinda 6zellikle
okul bahgesi, ev ortami, park veya agik alanlarda gercgeklestirilebilecegini

diistinmektedirler.

Kod 2.2.3. Her Ortam Algisi
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Ogretmen adaylarin %9’u STEM 6grenme ortaminin herhangi bir fiziksel
ortama ihtiya¢ duymadigini diisiinmektedirler. STEM egitiminin her yerde yapilacagi
diisiinceleri hakimdir.

Asagida Ogretmen adaylarinin  6grenme ortamina iliskin  verdikleri
cevaplarindan bazilarina yer verilmistir.

O2: Fen, miihendislik tasarim siireci, teknoloji ve matematigin bir araya
gelmis oldugu bu egitim de laboratuvar gibi bir ortam dan ayr diisiiniilemez.
Ogrencilerin tasarim siirecini kolaylikla yapabilecekleri ortami hazirlamak
¢ok onemli. Bu ifadem her malzemenin eksiksiz olmasim kast etmiyor.
Osrenci elinde ki basit ve ekonomik ama problemine ¢éziim olusturabilecek
tasarimlar yapabilecek malzemeleri bulabilmeli.

03: Ogrenciler soruna yonelik ¢oziim bulacagi icin birbirleriyle iletisim
kurmalart acgisindan sira diizeni ona gére yapumalidir. Simif iginde
ogrencilerin projelerini sergileyebilecekleri bir alan olmahdir ve STEM
kosesi yaparak bir projelerini o kdseye koyarak istedikleri zaman projelerine
tekrardan bakabilmeliler. Sinmifin duvarlarinda dikkat ¢ekecek STEM e
yvonelik STEM hakkinda bilgiler gorseller olabilir.

O5: 6grenme ortaminda fiziki sartlar tabi ki ok onemli ama bence fiziki
sartlart ¢ok kotii olan bir okulda bile STEM uygulanabilir. Ben bazen bunu
cerden ¢opten bilim ¢ikarmak diye nitelendiriyorum. Yani bir pet sise balon
ve pipetten de STEM etkinligi yapilabilir, yazilim ve kodlamayla da STEM
vapulabilir. Cevre unsurlarint anlamlart kullanmak 6gretmenin elindedir.

Kategori 3. Ogretmen ve Ogrenci Rolleri Algist

Ogretmen adaylarinin STEM &grenme ortamidaki dgretmen ve 6grenci rolleri
algisi iki alt kategoride ele alinmigtir. Her iki alt kategorinin altinda gesitli kodlar elde
edilmigtir.

Sekil 6

Ogretmen Adaylarinin STEM Egitimi Ogrenme Ortami Ogretmen ve Ogrenci Rolleri
Algis1 Temasina ait Alt Kategoriler
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Kategori 3

Alt Kategori 3.1 Ogretmen Rolleri Algist
Kod 3.1.1. Rehber, Yol Gosteren

Ogretmen adaylariin % 100’{i 6gretmenin rehberlik eden bir rol iistlendigini
ifade etmislerdir.

Kod 3.1.2. Ogrenciyi Destekleyen

Ogretmen adaylarinin % 40’1 3retmenin dgrenmeyi tesvik etme ve dgrencilere
destek olmak gibi bir rolii oldugunu ifade etmistir.

Kod 3.1.3. Ogreten
Ogretmen adaylarin % 18’idgremenin bilgiyi aktaran roliinii ifade etmislerdir.
Kod 3.1.4. Kendini gelistiren
Ogretmen adaylarimin %13’ dgretmenin kendi gelisimini siirekli olarak
siirdiirmesi gereken bir rolii oldugunu belirtmislerdir. 1 Ogretmenlerinde 6gretnen
pozisyonda olmasi, yeniliklere agik olmasi, alan bilgisi ve pedagojik bilgilerini

gelistirmeleri gerektigi 6n plana ¢ikmaktadir.

Kod 3.1.5. Ogrenme Ortami Tasarlayan
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Ogretmen adaylarinin sadece %2’si dgretmeni dgrenme ortamuni tasarlayan
roliine vurgu yapmustir.

Asagida Ogretmen adaylarinin, STEM egitiminde Ogretmen roliine iligkin
verdikleri cevaplardan bazilarina yer verilmistir:

Os: Ogretmen ben merkezci olmamalidir. Ogrenci merkezli ilerleyerek
onlarin diisiincelerine énem vermelidir. Sorunun cevabini direkt olarak
vermeyip onlar1 diisiindiirmeye sorgulamaya itmelidir. Ogrencilerin yaparak
yasayarak ogrenmelerine olanak vermelidir.

O+: Ogretmen daima rehber olmahdir. Ogrenciye yol gostermeli fakat
ona ne yapmasi gerektigini acgik acik tarif etmemelidir. Ogrencinin
yaraticthgimin gelismesine olanak saglamalidir. Ihtiya¢ aninda égrenciye
yardimct olmalidir.

O Yeniliklere acik ve 6Srenmeyi bilen bir 6gretmen olmall.

Alt Kategori 3.2. Ogrenci Rolleri Algist
Kod 3.2.1. Bilgiye Erigen ve Kullanabilen

Ogretmen adaylarinin %92’si STEM 6grenme ortamindaki dgrencileri bilgiyi
arastiran, merak eden, sorgulayan, elestiren, kesfeden, yaparak-yasayarak 6grenen,
bilim insami gibi c¢alisan, Ogrendigini aktarabilen ve bu bilgileri etkili bir sekilde
kullanabilen olarak ifade etmistir.

Kod 3.2.2. Ogrenmenin sorumlulugunu alan
Ogretmen adaylarinin % 69’u STEM &grenme ortamindaki 6grencileri aktif
olarak 6genme siirelerini yonlendiren ve 6grenme sorumlulugunu iistlenen olarak
ifade etmistir.
Kod 3.2.3. Problem ¢ozebilen
Ogretmen adaylarinin = %24’ii STEM  &grenme ortamindaki  dgrencileri

problemleri analitik bir sekilde ¢dzebilen, yenilik¢i diisiinebilien, girisken, ¢esitli
becerilere sahip dgrenciler olarak ifade etmistir.

Kod 3.2.4. Ureten
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Ogretmen adaylarimin % STEM 6grenme ortamindaki 6grencileri yeni fikirler
iiretebilen, yaratict diisiinebilien, {irlinler gelistirebilen 6grenciler olarak ifade
etmistir.

Asagida ogretmen adaylarinin, STEM egitiminde Ogrenci roliine iliskin
verdikleri cevaplardan bazilarina yer verilmistir.

Ov: STEM egitimi bir film ¢ekimine benzetilirse 6grenci basrol
oyuncusudur. Filmin ana karakteri odur. Ogrencinin takindigt hal ve
durumlara gore film sekillenmektedir. Bazen kendisinin oynamasi gereken
senaryolarin disina ¢ikarak, problemlere orijinal ¢oziimler iiretecek, akil
yiiriitecek kigi 6grencidir.

Os: Ogrenci gecmiste yaptigi gozlem ve deneylerin sonuclarindan
hareketle problem durumuna c¢oziim bulmahdir. Ogrenci merak etmeli,
arastirmact ruhlu olmali ki buldugu ¢oziim onerileri problem durumuna karst
hafif kalmamali.

Os: Ogrenci iireten kisimdir. STEM de Ogretmen yol gosterir ama
iiretme kismi 6grencidedir. Ogrenci analitik diigiinme becerilerine ve 21. yy
becerilerine sahip olur.

Tema 3: Ogretmen Adaylarimin STEM Egitimine Hazir Hissetme Durumlar

Ogretmen adaylarinin STEM egitimi uygulamalaria hazir hissetme durumu, bu
calismanin diger odak noktalarindan birini olusturur. Bu tema altinda 6gretmen
adaylarmmin STEM egitimini ne kadar hazir hissettikleri ve etkili bir STEM egitimi
uygulamasi yapabilmek i¢in nelere ihtiyag duyduklar1 detayli bir sekilde
incelenmistir. Bulgular, kategori, alt kategori ve kodlar kullanilarak sistemli bir
sekilde sunulmustur.

Sekil 7
Ogretmen Adaylarinin STEM Egitimi Uygulamalarina Hazir Hissetme Temasina ait
Alt Kategoriler
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%40

zir Hissetme zir Hissetmeme
 Kategori 1.1 %3  Kategori 1.3
elisime ihtiyag
Duyma
t Kategori 1.2

Kategori 1. Hazir Hisetteme Durumu
Alt Kategori 1.1. Hazir Hissetme

Ogretmen adaylarmin %401 STEM egitimini uygulamaya hazir hissettiklerini
ifade eden cevaplar vermislerdir.

Alt Kategori 1.2. Geligime Ihtiya¢c Duyma

Ogretmen adaylarmin % 35’i STEM egitimini uygulamak igin kendilerini daha
fazla gelistirmeleri gerektigini belirten cevaplar vermislerdir.

Alt Kategori 1.3. Hazir Hissetmeme

Ogretmen  adaylarnmi %25’ STEM  egitimini uygulamaya hazir
hissetmediklerini veya bu konuda higbir egitim almadiklarinm1 ifade eden cevaplar
vermiglerdir.

Asagida, 6gretmen adaylarinin goriislerinden bazilarina yer verilmistir:

037: Bu egitim ile ilgili bir egitimin ve deneyimim yok. Ayrica
bu egitimin uygulanmasina dair de bir deneyimim yok.

O43: Suan igin hazir hissetmiyorum. Cegitli egitimler almaliyim

029: Kismen hazir hissediyorum. Ciinkii bu konu ile ilgili bir
egitim almadim. Sadece sozel olarak almig oldugum derslerde
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deginildi. Bir de kendi yapmis oldugum bir takim arastirmalar
sayesinde bilgi sahibiyim.

Kategori 2. STEM Egitimini Etkili Uygulamak i¢in ihtiya¢ Durumlar
Alt Kategori 2.1. Daha Fazla Egitim

Ogretmen adaylarinin %67’si daha fazla STEM bilgisine, dgretim tekniklerine,
uygulamali egitime ihtiya¢ duyduklarini belirtmiglerdir.

Alt Kategori 2.2. STEM Ders Plani

Ogretmen adaylarinin %11°i STEM egitimini daha etkili ve kolay uygulamak
icin uygun ders planlarina ihtiya¢ duyduklarin belirtmislerdir.

Alt Kategori 2.3. Materyal

Ogretmen adaylariin %11°i STEM egitimini etkili birsekilde uygulamak igin
uygun materyal ve kullanma bilgisine ihitya¢ duyduklarini ifade etmislerdir.

Alt Kategori 2.4. Teknoloji

Ogretmen adaylarinin %11°i STEM egitimini etkili bir sekilde uygulamak i¢in
teknolojiye erigsime ve kullanma yetkinligine ihitya¢ duyduklarini belirtmiglerdir.

Alt Kategori 2.5. Ogrenciyi Tanima

Ogretmen adaylarinin %2’si STEM egitimini etkili bir sekilde yapabilmek igin
Ogrenciyi tanima ihtiyacini ifade etmistir.

Alt Kategori 2.6. Bilincli Ogrenci

Ogretmen adaylarmin %22’si STEM egitimini etkili bir sekilde yiiriitmek igin
Ogrencilerin aktif , cesitli becerilere sahip, bilingli, istekli, mereakli, arastirmaci
olmasi gerektigini ifade etmistir.

Alt Kategori 2.7. Zaman

Ogretmen adaylariin %4’{i STEM egitimini etkili bir sekilde uygulamak igin
yeterli zaman olmasi gerektigini ifade etmistir.
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Asagida 6gretmen adaylarinin cevaplarindan bazilarina yer verilmistir:

O3: STEM egitimini etkili kullanabilmek icin oncelikle
anlasilabilir bir problem durumuna ihtiyacuimiz var. Daha sonra
ogrencilere ilham vermesi agisindan ge¢cmiste bu problem durumuna
bulunan ¢oziimler ornek gosterilmeli. Sonrasinda kullanilacak
malzemeler  6grenciye  verilmeli ve  oOgrenci  materyalini
tasarlamalidr. Ders sonunda ogrencilere konuyla ilgili kavramlar
hazirladiklary materyal iizerinden anlatiimalidwr zira en 6nemli kisim
burasidir.

O5: Oncelikle STEM ile ilgili bir egitim almam gerektigini
diigtiintiyorum. Ciinkii STEM egitimi profesyonel bir siirectir. Bir de
STEM egitimini verebilmek i¢in okullarin teknolojik alt yapisininda
iyi diizeylere getirilmesi gerekmektedir. Ancak bu sayede verilen
egitimler faydal olabilir.

06: Ogrencilerin her anlamada elimden geldigi kadar tanimam
onemli; c¢iinkii onlara STEM egitimini uygulamam icin vermem
gereken foy de onlarin agina olmadiklar: durumlar da c¢aresiz
kalmalart  problem olusturur ve oOgrenci kendisini yetersiz
hissedebilir.

Tartisma, Sonuc ve Oneriler

Bu calisma, O6gretmen adaylarinin STEM egitimine iliskin algilari, hazir
hissetme durumlari ve uygulama i¢in ihtiyaglari lizerine odaklanmaktadir. Elde edilen
bulgular, STEM egitimiyle ilgili dnemli bir dizi konuyu ortaya koymaktadir.

Aragtirmanin sonuglari, 6gretmen adaylarinin STEM egitimi konusundaki temel
diizeyde teorik bilgiye sahip olduklarim gostermektedir. Ozellikle lisans egitimleri
sirasinda fen laboratuvar uygulamalar1 ve fen dgretimi dersleri baglaminda STEM
egitimi igerikleri ile karsilastiklari ve bu sayede temel teorik bilgi edindikleri
goriilmistir. Metin, Giiler ve Cevik (2023) c¢alismasinda, fen bilimleri
ogretmenlerinin  ¢ogunun STEM’i yontem olarak tanimladigi, 6grenmeyi
kolaylagtiran bir yol olarak gordiikleri, teorik diizeyde bilgi sahibi olduklari
gorilmiistiir. Ancak, STEM egitiminin siniflarda etkili bir sekilde uygulanabilmesi
i¢in yalnizca teorik bilgi yeterli degildir. Yildirim (2020) bu noktada vurgu yapmis ve
STEM egitimini siniflarda etkili bir sekilde uygulayabilmek i¢in 6gretmen adaylarinin
uygulama bilgisine de ihtiya¢ duyduklarini belirtmistir. Benzer olarak Akan ve Timur
da (2023) fen bilimleri 6gretmenlerinin STEM e iligkin goriislerinin olumlu olmasina
ragmen uygulama becerilerinin yeterli olmadigini belirtmistir. Ogretmenlerin STEM
egitimini etkili bir sekilde siniflarinda uygulayabilmeleri icin teorik bilgi, olumlu
tutumun yani sira uygulama becerisine de sahip olmalar1 gerekmektedir.

Calisma sonuglar1 6gretmen adaylarinin egitimlerine ek olarak STEM egitimi
kurslarmma ve uygulamali egitimlere katilma oranlarinin oldukg¢a diisiikk oldugunu
gostermektedir. Bu durum, 6gretmen adaylarinin STEM egitimini daha kapsamli bir
sekilde 6grenme ve uygulama firsatlarina ihtiyag duyduklarini vurgulamaktadir.
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Sonug olarak, 6gretmen adaylarmin STEM egitimi konusundaki temel teorik bilgiye
sahip olduklari, ancak bu bilginin eksik olan uygulama deneyimi nedeniyle tam
anlamiyla etkili bir sekilde kullanilamadigt sonucuna varilabilir. Bu ¢ikarim, STEM
egitimi konusundaki teorik bilgi ve uygulama arasindaki dengeyi saglamak icin lisans
ders igeriklerinin bu baglamda tasarlanmast ve giincellenmesi gerektigini
gostermektedir. Ozellikle, STEM egitiminin ne oldugu, nasil gergeklestirildigi ve fen
bilimleri derslerine ya da diger derslere nasil entegre edilebilecegi konularinda daha
fazla bilgi ve beceri gelistirmeleri gerekmektedir. Bu baglamda, lisans &gretim
programlariin STEM egitimi konusunda ders igeriklerini gdzden gecirmesi ve
giincellemesi biiyiik nem tasimaktadir. Bektag ve Aslan'in (2019) ¢aligmalart da bu
konuya 1s1k tutmaktadir. Onlar da 6gretmen adaylarinin STEM uygulamalarina
yonelik yeterli goriise sahip olmalari i¢in egitim fakiiltesindeki lisans programlarinda
STEM uygulamalarina ihtiyag¢ oldugunu vurgulamiglardir. Benzer olarak, Akan ve
Timur (2023) fen bilimleri dgretmenlerinin STEM’e yonelik goriislerinin yeterli
olmamasinin nedenini, alan egitimi ile ilgili acilan hizmet i¢i kurslarin yeterli
olmamasi ve lisans programlarinda da STEM’e yeterince yer verilmemesiyle
iligkilendirmistir. Bu baglamda, 6gretmen adaylarinin STEM egitimini daha etkili bir
sekilde anlamalarin1 ve uygulamalarint saglayacak adimlarin atilmasi dnemlidir.

Aragtirma sonuglarina gore, 6gretmen adaylarinin % 29°nun, STEM egitiminin
ne oldugu ve nasil uygulandigini yeterince anladigi , %67’sinin kismen anladigi,
%4 niin ise hi¢ anlamadigi tespit edilmistir. Bu sonuglar, 6gretmen adaylar1 arasinda
STEM egitimi kavraminin ne anlama geldigi ve nasil uygulandigi konularinda bilgi
ve deneyim eksikliklerinin varligina isaret etmektedir. Ayrica STEM disiplinlerini
nasil ve ne sekilde birlestirecekleri hakkinda bir agiklama yapamadiklar: tespit
edilmistir. Deligdz ve Han Tosunoglu da (2023) 6gretmenlerin STEM ve fen egitimi
kavramlarini nasil biitiinlestirecekleri konusunda net bir fikirlerinin olmadigim
belirlemislerdir. Bu durum, disiplinlerin nasil entegre edilecegi konusunda
goriislerinin eksik oldugu seklinde yorumlanabilir. Alanyazin incelendiginde STEM
alanlarinin birbirine entegrasyonda farkli yaklasimlar (multidisipliner yaklagim,
transdisipliner yaklasim, igerik entegrasyonu yaklasimi, baglam entegrasyonu
yaklagimu, biitiinlestirilmis STEM egitimi yaklagimi) oldugu goriilmektedir (Bybee,
2013; Kelley ve Knowles, 2016; Roehrig vd., 2012). Corlu, Capraro ve Capraro
(2014) tarafindan gerceklestirilen ¢aligma, 6gretmenlerin biiyiik bir kisminin yalnizca
kendi uzmanlik alanlarinda yeterli donanima sahip olduklarini, fakat entegre STEM
Ogretmenlik bilgisine sahip olmadiklarin1 ortaya koymustur. Ciar ve arkadaslari
(2016) tarafindan gergeklestirilen STEM odakli bir calismada, 6gretmen adaylarinin
uygulama oOncesinde fen bilimlerini yalnizca matematikle iliskilendirmeye egilim
gosterdikleri; ancak uygulama sonrasinda, matematik yani sira miihendislik ve
teknolojiyi de iceren daha kapsamli bir yaklasim benimsemeyi diisiindiikleri
belirlenmistir. Aslinda disiplinlerin bir arada kullanilmasindan ziyade disiplinlerin
birbirleriyle entegre edilmesi yani entegre/biitiinlesik STEM egitimi daha etkin bir
yaklagimdir. Felix ve Harris (2010), STEM egitimi veren 6gretmenlerin hem STEM
alan bilgisi hem de pedagoji bilgisi konularinda yeterli diizeyde olmas1 gerektigini
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onemli bir vurgu yapmaktadir. Aslan-Tutak, Akaygiin ve Tezsezen (2017) tarafindan
yapilan isbirlikli FETEMM egitimi uygulamas: ¢alismasinda, uygulama Oncesi
Ogretmen adaylar1 STEM egitimini ilgi ¢ekme amaciyla kullanilan egitim, alanlarin
bir arada 6gretilmesi, kapsamli egitim kategorilerinde yetersiz ifade ederken yapilan
uygulamalar sonrasi alanlarin biitiinlestirilerek 6gretilmesi kategorisinde daha
gelismis aciklamalar getirdigi STEM egitimi algilarinin degistigi ve gelistigi tespit
edilmistir. Alanyazindaki ¢aligmalar incelendiginde STEM egitimin ne oldugu ve
nasil uygulanmasi gerektigi konularinda yeterli bir anlayigin olmadigini hatta ¢esitli
yanlis inang, anlayis ve algilarin bulundugunu gostermektedir (Aslan-Tutak, Akaygiin
ve Tezsezen, 2017; Deligéz ve Han Tosunoglu, 2023; Ecevit, 2023; Morrison, 2006;
Yildirim ve Selvi 2016). STEM egitiminin dogasi hakkinda daha iyi anlayis
gelistirmek, STEM egitimi uygulamalarinin etkili bir sekilde gerceklestirilmesine
katki saglayacaktir.

Aragtirma sonuglarina gore, Ogretmen adaylari, STEM egitimi uygulanan
O0grenme ortamuni, sinif icinde az sayida 6grencinin bulundugu, is birligine elverisli,
rahat ve genis bir alana sahip, zengin materyaller igeren bir sinif, atdlye, laboratuvar
veya okul dig1 6grenme ortami olarak tanimlamiglardir. Akan ve Timur da (2023) fen
bilimleri dgretmenlerinin derslerinde STEM uygulamalarina yer verememelerinin
nedenini okullarin sosyo-ekonomik yapisinin dezavantajli olmasi ve maddi
olanaklarin zayif olmasi seklinde ifade ettiklerini belirtmiglerdir. STEM &grenme
ortamiyla ilgili 6gretmen adaylarin fiziksel ¢evre unsurlari iizerine odaklandigi
goriilmektedir. Ancak burada asil 6nemli olan, etkili bir STEM egitimi i¢in 6grenme
ortaminin fiziksel 6zelliklerinden ziyade bu 6grenme ortaminin iklimi, yani 6gretmen-
Ogrenci ve 6grenci-0grenci etkilesiminin belirleyici rol oynamasidir. Ciinkii 6grenme
ortamini olusturan, tasarlayan ve etkili bir smif iklimi yaratan 6gretmendir. Selvi
(2015) tarafindan yapilan ¢alisma, 6gretmen adaylarinin STEM egitimini kalabalik
smiflarda uygulamaya yonelik korku ve olumsuz tutumlarimin oldugunu ortaya
koymustur. Bu sonuglar, 6gretmen adaylarinin STEM egitimini yalnizca diisiik sinif
mevcudu ile iliskilendirdigi izlenimini vermektedir. Elbette, 6grenci sayisi, sinifin
fiziksel yapisi ve cesitli materyaller 6grenme ortamimi zenginlestiren unsurlar
arasindadir. Ancak iyi bir STEM &gretmeni, sadece basit ve ucuz malzemeler, atik
maddeler ile iyi bir STEM ortamu tasarlayabilir (Ecevit, 2023). Arastirma sonuglari
gostermektedir ki 6gretmen adaylarmin her tiirlii ortamda STEM egitimi yaklagimini
kullanabilecekleri algist tam olarak gelismemistir. Oysa ki 6gretmen adaylar1 etkili
bir STEM egitim ortami olustururken sadece fiziksel ortama odaklanmamali, ayni
zamanda STEM egitimine uygun pedagojik yaklasimlari kullanabilmeyi de
onemsemelidirler (Honey vd., 2014).

Aragtirma sonuglarina goére, O6gretmen adaylar1 STEM egitimi 6grenme
ortamindaki 6gretmeni, rehberlik eden, yonlendiren, 6grencileri tesvik eden, 6greten,
aciklayici, anlatici, kendini gelistiren ve Ogrenme ortamini tasarlayan olarak
tanimlamislardir.  Ogretmenin rehberlik eden, yonlendiren, grencileri tesvik eden
ozellikleri 6gretim programindaki dgretmen rolleri ile uyumludur (MEB, 2018).
Ogretmen adaylarmin STEM egitimi 6grenme ortamindaki Ogretmeni,kendini
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gelistiren ve Ogrenme ortamini tasarlayan olarak tanimlamalari dikkat cekicidir.
Ecevit (2023) arastirmasinda, STEM egitimi uygulamalarinin etkililigini etkileyen
faktorler arasinda 6gretmenin 6grenme ortamini tasarlama becerisinin hayati bir rol
oynadigini &ne siirmektedir. Ogretmenin bu beceriyi gelistirebilmesi, egitim seviyesi,
STEM uygulama deneyimi, yasam boyu Ogrenmeye olan yaklasimi ve bilimsel
sermayesi gibi faktorlerle dogrudan iliskilendirilmistir. Baz1 6gretmen adaylarinin
Ogretmeni "Ogreten, anlatan, agiklayan" olarak tanimlamalari, 6gretmen rolii algisinda
geleneksel bir anlayisin hala etkili oldugunu isaret etmektedir. Drake ve Burns (2004)
disiplinlerarasi yaklasimda 6gretmenin roliinii rehber, mentor ve tiim alanlarda uzman
olarak tanimlarken, disiplineriistii yaklagimda 6gretmenin roliinii 6grenci ile birlikte
O6grenen ve tiim alanlarda uzman olarak ifade etmektedir. Su anki egitim
yaklagimlarinda, 6gretmenin 6grenci ile birlikte 6grenen roliiniin benimsenmesi daha
yaygin hale getirilmelidir, boylece Ogretmenin sadece Ogreten roliiniin Gtesine
gecmesi saglanabilir.

Aragtirmanin sonuglarina gore, 6gretmen adaylarinin %40'1, kendi siiflarinda
STEM egitimini uygulamaya hazir olduklarini ifade ederken, %35't STEM egitimi ile
ilgili teorik bilgi ve uygulama becerilerini geligtirmeye ihtiyag duyduklarin
belirtmislerdir. Bununla birlikte, %25'lik bir grup 6gretmen adayi, STEM egitimini
kendi siniflarinda uygulamaya hazir olmadiklarini dile getirmiglerdir. STEM egitimi
uygulamalarini kendi siiflarinda yapmaya hazir olan 6gretmen adaylarinin, STEM
egitimi ile ilgili teorik bilgi ve uygulama bilgisi deneyimleri digerlerine gére daha
zengin ve gelismis oldugu sdylenebilir. Bu durum, STEM egitimini uygulamak igin
gereken bilgi ve becerilerin 6zgiiveni artirabilecegini gostermektedir. Ancak lisans
egitimleri siiresince yeterli diizeyde ders veya kurs almamis olan bazi 6gretmen
adaylarinin da, STEM egitimini kendi siniflarinda uygulamaya hazir olduklarini ifade
ettikleri tespit edilmistir. Bu durum, STEM egitimini tam anlamiyla anlamamis
olabilecekleri veya neyi bilmediklerinin farkinda olmayabilecekleri anlamina
gelebilir. Bu olgu, "ne bilmedigini bilmeme sendromu" veya “Kunner Grugger
Sendromu” olarak adlandirilan Dunning-Kruger Etkisi'nin bir yansimasi olabilir
(Kruger ve Dunning, 1999). Hoy ve Spero (2005) 6gretmen adaylarinin fen 6gretime
yonelik 6zyeterlik inanglarinin yiiksek olmasinin sebebini agiklarken bu durumun
Ogretmen adaylarinin heniiz gergek simif i¢i deneyimlerinin olmamasindan
kaynaklanabilecegini dne siirmektedir. Ogretmen adaylari, STEM egitimi ile ilgili
sahip olmadiklar1 bilgi ve becerileri bilmedikleri i¢in kendi siniflarinda STEM egitimi
uygulamalar yiiriitmek i¢in hazir hissedebilirler. STEM egitimini etkili bir sekilde
uygulamak isteyen Ogretmen adaylari, bu amag¢ dogrultusunda teorik bilgi ve
uygulama becerilerini gelistirmeye isteklidirler. Ancak bu yetkinlikleri artirmak i¢in
egitim ve kaynaklara olan ihtiyaglar1 agik¢a ifade edilmistir. STEM egitimini kendi
siiflarinda uygulamaya hazir hissetmeyen dgretmen adaylarinin, STEM alanindaki
bilgi ve deneyimlerinin diger dgretmen adaylarina gore daha diisik oldugu tespit
edilmistir. STEM egitimini etkili bir sekilde uygulamak i¢in 6gretmen adaylarinin
talepleri arasinda daha fazla egitim, uygun ders planlari, materyal, teknoloji erisimi,
Ogrenci tamima ve bilingli dgrencilerin varligi gibi konular bulunmaktadir. Bu
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ihtiyaglar, STEM egitiminin karmagikligin1 ve ¢esitli unsurlarini gostermektedir.
Cetin ve Kahyaoglu (2018) tarafindan gergeklestirilen bir ¢alismada da 6gretmen
adaylarinin STEM egitimi uygulamada kendilerini yeterli hissetmedikleri tespit
edilmistir. Ates ve Sungur Giil de (2023) calismalarinda, 6gretmen adaylariin STEM
egitimine yonelik endise diizeylerinin yiiksek oldugunu ifade etmislerdir. Benzer
sekilde Geng, Jong, Chai (2019) , calismalarina katilan 6gretmenlerin %94,5’inin
kendilerini STEM egitimi icin yeterli gormediklerini belirlemistlerdir. Ogretmenler
STEM egitimi uygulamalarina yonelik pedagojik destege ve kaynaga ihtiyag
duyduklarini ifade etmislerdir. Hacioglu, Yamak ve Kavak (2016) tarafindan yapilan
calisma, 6gretmen adaylarinin STEM etkinlikleri hazirlama ve etkinlikleri uygulama
stireci konusunda kaygilara sahip oldugunu ortaya koymustur. Aslan-Tutak, Akaygiin
ve Tezsezen (2017) tarafindan yapilan ¢aligmada ise 6gretmen adaylarinin 6rnek proje
gozlemlemeye, egitim ve seminerlere katilmaya ihtiyaglarinin oldugu tespit
edilmistir. Han, Yalvac, Capraro ve Capraro (2015) tarafindan gergeklestirilen bir
aragtirmada, Ogretmenlerin STEM egitimi almis olmalarina ragmen STEM
uygulamalarinda bazi zorluklar yasadiklari gdézlemlenmistir. Margot ve Kettler
(2019) tarafindan yapilan bir ¢caligmada, dgretmenlerin dnceki 6grenci merkezli ve
aragtirmaya dayali yontemlerin kullanildigi deneyimlerinin, STEM girisimlerinde
basarinin kolaylagsmasina katki sagladigini algiladiklar belirtilmektedir.Fen bilimleri
veya matematik derslerine daha fazla maruz kalan ve benzer 6gretim yontemlerini
kullanan ogretmenler, disiplinler arasi diisiinme becerilerini tesvik eden STEM
pedagojisine daha fazla giiven duymaktadir. Bu gibi Onceki deneyimler,
Ogretmenlerin STEM egitimine yonelik tutumlarini olumlu yonde etkilemektedir
(Park vd., 2016; Park vd., 2017). Yildirim (2020) tarafindan yapilan arastirmada,
Ogretmenler {iniversite egitimleri sirasinda yeterli bir STEM egitimi almadiklarini
ifade etmisler bu nedenle STEM okuryazari olmadiklari, STEM ders planlari
hazirlamakta zorluklar yasadiklart (6rn:alan bilgisi, miithendislik tasarim siireglerinin
entegrasyonu, 21.yy becerileri entegrasyonu, teknoloji entegrasonu, zaman) STEM
egitiminde yetersiz hissettikleri tespit edilmistir. STEM okuryazarligi seviyesi yeterli
olmayan bir Ogretmenin STEM egitimi uygulamalarmi etkili bir sekilde
gerceklestirmesi daha zor olabilir ve bu uygulamalarin etkiligi sorgulanabilir hale
gelebilir. Bir 6gretmenin STEM okuryazart olabilmesi i¢in, STEM alan bilgisi,
pedagoji bilgisi, entegrasyon bilgisi, baglam bilgisi ve 21. yiizy1l becerileri gibi ¢esitli
bilgi alanlarinda yeterlilige sahip olmasi ve bu bilgileri ders planlama yetenekleriyle
birlestirebilmesi gerekmektedir (Honey vd., 2014). STEM okuryazarliginin kisa
sirede elde edilebilecek bir ozellik olmadigi da unutulmamalidir. Bu nedenle,
Ogretmenlerin ve 0gretmen adaylarinin, entegre STEM egitimini etkili bir sekilde
uygulayabilmeleri i¢in daha fazla bilgi edinme, arastirma yapma, deneyim kazanma
ve kendilerini gelistirme ihtiyaci vardir (Stohlmann, Moore ve Roehrig, 2012).
Ayrica, Ogretmenlere rehber materyal olarak kullanabilecekleri iyi uygulama
orneklerinin sunulmasi ve literatiirde yer alan kitap, makale ve tezler araciligtyla yol
gosterici kaynaklara erisim saglanmasi onlara katki saglayabilir.
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Sonug olarak, 6gretmen adaylarinin STEM egitimi hakkindaki temel teorik
bilgilere sahip olduklari, ancak kendilerini STEM egitimi uygulayicilar1 olarak
yetersiz gordiikleri ortadadir. Meslege bagladiklarinda STEM egitimini etkili bir
sekilde kullanma istegi tasisalar da, bu becerileri kazanmak icin daha fazla
uygulamaya dayali egitime ve kisisel gelisime ihtiyag duymaktadirlar. STEM
egitiminin ne oldugu, nasil uygulandigi ve diger derslerle nasil entegre edilebilecegi
gibi temel konularin uygulamali bir sekilde 6gretmen adaylarina sunulmasinin,
secmeli veya zorunlu dersler araciligryla lisans programlarina dahil edilmesinin biiyiik
bir 6nemi vardir. Ayrica, ders igeriklerinin dgretmen adaylarini gercek birer STEM
okuryazari olarak yetistirebilecek nitelikte 6zenle planlanmasinin faydali olacagina
inanilmaktadir. Ogretmen adaylarinin STEM egitimini daha iyi anlamalar1 ve bu
yaklagimi siniflarinda basarili bir sekilde uygulayabilmeleri i¢in lisans programlarinin
igeriklerinin giincellenmesi, 6gretmenlere yonelik egitim programlarinin artirilmasi
ve basarili uygulama 6rneklerinin paylagilmasi biiyiik 6nem tagimaktadir. Bu sekilde,
Ogretmen adaylar1 gelecekteki Ogrencilere daha etkili bir STEM egitimi sunma
konusunda daha hazir ve yetkin hale gelebilirler. Bu sonuglar, STEM egitimini
gelistirmek ve yayginlagtirmak i¢in atilacak adimlarin temelini olusturabilir ve STEM
egitimi uzmanlarina yol gosterici olabilir.
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