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ABSTRACT The current research is about the impact of the young STEM researchers and practitioners program
implemented within the STEM: Integrated teaching project. The aim of the program is to incorporate
STEM integrated teaching knowledge in the teacher preparation period. In this phenomenological study,
we explored five pre-school teachers’ program experiences and their STEM conceptions. Data were
collected with semi-structured interviews, including questions about the impact and elements of the
program and participants’ STEM conceptions. Content analysis showed that awareness for STEM
education, development of integrated teaching knowledge, and program elements were the emergent
themes about the program experience. Teacher candidates responded to the models that include real-
world problems and engineering as contexts as most desirable when shown STEM education models to
understand their STEM conceptions. The young STEM researchers and practitioners program can be
evaluated as a developing model to be incorporated into teacher education programs. Further research
can explore how pre-service teachers form their STEM conceptions and develop their integrated teaching
knowledge.
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Ogretmen yetistirmede bir mentdrliik modeli: Geng STEM
arastirmacilar1 ve uygulamacilar1 programi

0OZ Bu calismada STEM: Biitiinlesik Ogretmenlik Cercevesi kapsaminda uygulanan “Geng STEM
Arastirmacilart ve Uygulayicilart Programinin® etkisi programdan mezun olan katilimcilarin goriisleri
araciligiyla incelenmistir. Geng STEM Aragtirmacilari ve Uygulamacilart Programinin temel amaci,
STEM biitiinlesik 6gretmenlik bilgisini Ogretmen yetistirme siirecine dahil etmektir. Yapilan
fenomenolojik ¢alismada, okul 6ncesi 6gretmenlerinden program deneyimleri ve STEM egitimi algilari
ile ilgili veri toplanmistir. Veriler, programin etkisi ve program bilesenleri ile katilimcilarin STEM
algilar1 hakkindaki sorulari igeren bir goriisme protokolii ile toplanmistir. Verilerin igerik analiziyle
¢oziimlenmesi sonucunda, 6gretmenlerin STEM egitimine yonelik farkindaliklarinin artmas, biitiinlesik
ogretmenlik bilgisinin gelistirilmesi, program bilesenleri ve program deneyimi kategorileri ortaya
cikmustir. Katilimcilarin  STEM  algilarint  incelemek i¢in kullanilan STEM egitimi modelleri
gosterildiginde, Ogretmenler gercek yasam problemlerini ve miihendislik tasarim siirecini iceren
modelleri tercih etmislerdir. Geng STEM arastirmacilar1 ve uygulayicilar: programi, 6gretmen yetistirme
programlari i¢in gelismekte olan bir model olarak degerlendirilebilir. Gelecek arastirmalar, 6gretmen
adaylarinin STEM kavramlarini nasil olusturduklarini ve biitiinlesik 6gretmenlik bilgilerini nasil
geligtirdiklerini kesfetmeye odaklanabilir.
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Sezciikler: Biitiinlegik ogretmenlik bilgisi, Evken STEM, Ogretmen yetistirme, STEM egitimi
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INTRODUCTION

In the 21st century, individuals have increasing expectations to have skills and knowledge in science,
technology, engineering, and mathematics. 21st-century citizens are exposed to complicated, multi-
disciplinary, and multi-dimensional problems such as energy, resources, and pandemics. In this sense,
STEM education at the K-12 level provides a set of skills within rigorous science, technology,
engineering, and mathematics teaching-learning activities for every student. Hence, “STEM education
includes the knowledge, skills, and beliefs that are collaboratively constructed at the intersection of more
than one STEM subject area” (Corlu, 2017; Corlu et al., 2014).

The importance of STEM education has been underlined in educational policy documents, based on the
need for competent individuals equipped with complex problem solving and scientific inquiry skills.
STEM education aligns with contemporary education outcomes with its potential for providing
guidelines for innovative education programs (Bybee, 2013), and raising a generation with innovative
mindsets (Corlu, 2012). In different countries’ policy documents, the focus of STEM education includes
a student-centered approach facilitated by teachers to establish rigorous learning environments (National
Research Council [NRC], 2011). The educational vision document published by the Turkish Ministry
of National Education (MoNE) also emphasizes the need to provide quality learning experiences within
STEM education (MoNE, 2019).

Although STEM education’s potential is widely acknowledged, establishing a learner and learning
centered approach is needed to develop relevant skills. Embracing a pedagogical approach in STEM
education underlines interdisciplinary contexts based on authentic problems of the knowledge society
and taught with integrated content and methodologies (Asik et al., 2017). The acronym STEM gives
little clue about the nature of the curriculum, instructional approaches, and assessment practices in the
learning environments (Bybee, 2013). The word STEM has been used within many different
perspectives leading to many different conceptions and interpretations of educators (Dare et al., 2019).
From this perspective, the need for establishing fundamental qualities of STEM education using a
coexisting language is a necessity.

To establish a pedagogical understanding about STEM education, the content and the quality of pre-
service teacher preparation programs come forth. Studies showed that teachers who graduated from
integrated teaching programs feel more confident and have more positive attitudes than their colleagues
who graduated from departmentalized programs (Corlu, 2012). Through balanced coursework of
content, pedagogy, and pedagogical content knowledge, teacher candidates found more opportunities to
develop their integrated teaching knowledge and parallel teaching practices (Corlu, 2012; Sanders,
2009). Integrated teaching knowledge makes teachers responsible for teaching their subjects and guiding
their students in at least one other STEM subject (Sanders, 2009). Teachers with integrated knowledge
understand the interconnections of four STEM disciplines with a strong collaborative connection to life.
Reorganizing teacher education programs to prepare future teachers to teach STEM subjects with an
integrated approach is poised to create society-wide implications (Corlu, 2012). Many studies examined
different variables such as attitudes of teachers and students towards STEM education; however,
determining the participants’ perspectives of STEM approach was thought to serve essential purposes
(Yiicelyigit & Toker, 2021).

Given the importance of integrated teaching during teacher preparation, the current policy of teacher
education programs in Turkish universities holds promises to include coursework for integrated teaching
knowledge and skills. After decades of implementation of standardized teacher education programs, in
2020, the Council of Higher Education granted universities the responsibility to develop their own
teacher education programs. Therefore, research-based course models to help teacher candidates excel
in integrated teaching knowledge for utilizing natural and active exchanges of knowledge, skills, and
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beliefs among STEM disciplines become crucial.
Teacher Preparation Programs in Turkey

In Turkey, CoHE holds the responsibility of organizing the curriculum for the teacher education
programs within universities. Since 1990’s, teacher preparation programs have been reformed or
restructured several times without much connection to changes in K-12 education policies. A significant
change in 2018-2019 academic year gave universities a strict prescription of which courses should be
allocated between three different areas: subject knowledge, teaching profession knowledge, and general
culture. This program structure left universities little space to make decisions about equipping their
students with the necessary knowledge and skills to implement rigorous STEM education in their
classrooms. In 2020, however, CoHE announced that universities now have the authority to reorganize
the courses and curriculum in their teacher education programs. Through this major change of policy,
many hoped that more research-based course models would be included in the programs.

The fundamental qualities of STEM education bring the content and methods of teacher education
programs into the agenda. Students’ understanding, success, and interest in STEM areas are strongly
related to their teaching effectiveness (Keskin et al., 2018; Maher et al. 2013; Ring et. al., 2017).
Therefore, teacher education to increase high-quality teaching is considered as a significant concern
(Keskin et al., 2018). Considering the role of teachers for designing and implementing high-quality
STEM education programs, the preparation of teachers in STEM disciplines equipped with relevant
knowledge, skills, and conceptions becomes crucial (Maher et al., 2013). Previous studies have shown
that teachers’ conceptions about teaching and learning impact their classroom practices in science and
mathematics (Lumpe et al., 2012; Roehrig & Luft, 2004) and, therefore student’s success. Teachers
reflect their beliefs, views, and conceptions to the learning environment; therefore, it is crucial to
understand teachers’ conceptions about specific educational practices and approaches to be able to
interpret the effectiveness of learning environments.

Given the importance of teachers’ role in designing and implementing meaningful STEM learning
experiences, research about STEM conceptions of teachers indicated that teachers have limited
conceptions of STEM education. Teachers’ understandings about STEM education were mostly
inadequate, and they did not know how to design engaging, rigorous, and meaningful learning activities
to be implemented in classroom settings (Dare et al., 2019). Considering that STEM subjects’ quality
and effective integration depends on teachers’ knowledge and beliefs, the need for support systems to
enhance teachers’ understanding of STEM emerged as a key concern. Thus, several teacher educators
strongly recommended to include courses about STEM education in the programs. Involving courses
with a STEM education focus would also contribute to establishing a knowledge ground for high-quality
integrated STEM education (English, 2016; Herschbach, 2011; Honey et al., 2014; Kelley & Knowles,
2016).

Regarding the importance of integrated teaching experiences about STEM in teacher education
programs, there is a call for interventions to build confidence about STEM subjects (Hart et al., 2009).
Although the need is obvious, the research on developing STEM education skills in teacher education
programs has been historically limited (Berlin & White, 2010). The interventions mainly focused on
professional education programs after graduation when teachers feel the need to improve their STEM
education skills. These in-service interventions with various durations focused primarily on STEM
teaching experiences and skills to teach STEM subjects with an integrated curriculum perspective
(Yildinm & Altun, 2015). Due to the well-documented need for teacher preparation to increase STEM
teacher knowledge, some alternative models were implemented. Mentoring activities (Fensham, 2004),
laboratory or other supplementary activities within specific courses (Akaygiin & Aslan-Tutak, 2016;
Mativo & Park, 2012; Yildirim & Altun, 2015) were among the efforts to integrate STEM education in
teacher preparation programs.
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STEM: Integrated Teaching Framework

There has been a long-time need for a research-based roadmap for teachers to integrate STEM subjects
in their teaching practices. Educators recommended that training teachers with competence and
motivation to contribute the programs implemented in their institutions (Akdemir, 2013). One researcher
indicated that with the revisions to the teacher education programs, pre-service teachers should be
encouraged to integrate global perspectives, issues, problems, and concerns into their disciplines
(Tarman, 2010). It was also argued that to integrate their discipline with other disciplines pre-service
teachers have to be competent in pedagogical content knowledge of these disciplines (Colakoglu &
Gokben, 2017). In one study, teachers reported that they did not feel confident enough in other
disciplines’ content and pedagogical content knowledge for an effective integration (Kurt & Pehlivan,
2013). STEM: Integrated Teaching Framework (Corlu, 2017) was shown to provide a framework for
both the implementation in the classroom and the professional development of teachers focusing on
STEM disciplines, methods, and skills in an integrated way. Through Integrated Teaching Framework,
teachers were shown to embrace the role of STEM education facilitators with a focus on their students’
innovation literacies (Corlu, 2012). STEM: Integrated Teaching Framework aims to develop teachers’
integrated lesson planning skills at the nexus of theory and practice. Authentic problem of a knowledge
society (APoKS) is placed at the center of the framework. APoKS is presented as an open-ended
problem within a scenario relevant to the innovation-driven life in the 21st-century (Asik et al., 2017).
The framework emphasizes the principles for quality integration as interdisciplinarity, equity, rigor, and
relevance (Corlu, 2017).

Young STEM Researchers and Practitioners Program

A unique integrated teacher education model Young STEM Researchers and Practitioners Program
aims to guide undergraduate students to support their academic and professional development within
the STEM education context. Beginning from the pre-service level, prospective teachers can work with
teacher educators and experienced STEM Leader teachers. All participants in the program are primarily
expected to be associated with STEM: Integrated Teaching Framework with their experiences. The
program is directed to the students from the departments of teaching primary/secondary schools science,
mathematics, and early childhood education from various universities. Participants are expected to have
a strong content-knowledge, curiosity, and motivation to learn and research about STEM education.
Participants worked voluntarily and allocated regular time to the participation of the program. As a result
of personal applications made through face-to-face interviews, the participants have been selected.
Young STEM Research and Practitioners Program was initiated in the 2016-2017 academic year, and
30 pre-service teachers from science education, mathematics education, and early childhood education
programs have completed the program since then.

Throughout the program pre-service teachers work with mentors experienced in STEM education with
strong academic and classroom implementation backgrounds. From this perspective, the program
focuses on developing both theoretical knowledge and practical skills of future teachers. The main
outcomes of the program for each teacher candidate are a completed research project and the
implementation of a self-designed STEM lesson plan. The content and activities of the program are
based on the Integrated Teaching Framework (Corlu, 2017). The duration of the program is one
academic year, and meetings are held once a week. A typical meeting lasts for two hours. The program
has mainly three parts. In the first part, the participants work on theoretical foundations of STEM:
Integrated Teaching Framework to develop a shared conception of STEM education. The participants
and mentors work together to design STEM lesson plans, educational materials, and a research proposal
in the second part. In the final part, the implementation of lesson plans and presentation of the research
results, and the final reflections about the whole program take place.

The participants of the study, who attended the program in 2016-2017 or 2017-2018 academic year
engaged mainly in the following activities:
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* Presentation of a scientific research project at a scientific conference.
+ Implementation of a STEM Lesson Plan with children.

* Meetings with STEM professionals and practitioners.

* Development of early STEM activities.

The current research was about the impact of the Young STEM Researchers and Practitioners Program.
Through the program, supervised by STEM education mentors, senior education faculty students were
recruited to be engaged in STEM research and implementation activities. The program aims to
incorporate STEM integrated teaching knowledge in the teacher preparation period. Following the need
to develop research-based models to support teacher candidates in terms of STEM education, the
purpose of the current research was to analyze the impact of the Young STEM Researchers and
Practitioners Program through participants’ program experiences and STEM conceptions. The study
results were expected to have implications for teacher preparation programs to develop teachers’ STEM
knowledge and skills.

Following are the research questions of the current study:

1. What are the experiences of Young STEM Researchers and Practitioners program participants about
the elements and impact of the program on their personal and professional development?

2. How do Young STEM Researchers and Practitioners program participants rank and comment on
different models of STEM education?

METHODOLOGY
Research Design

This qualitative study followed the naturalistic paradigm of inquiry to give an in-depth description and
understanding of pre-service teachers’ experiences as they participated in the program. Naturalistic
inquiry requires studying things in their natural setting and interpreting the phenomena from the
perspectives and experiences of the participants (Denzin & Lincoln, 2008). The phenomenological
research design was used to investigate how an individual makes sense of an experience and transforms
this experience into consciousness (Hart et al., 2009; Merriam & Tisdell, 2016). Specifically, the
purpose of the study was to explore lived experiences of the participants who attended the Young STEM
Researchers and Practitioners Program, to describe their STEM conceptualizations and perceptions
about the program.

Study Group

The study group consisted of five pre-school teachers who attended the Young STEM Researchers and
Practitioners Program. The participants to the program were selected via interviews and motivation
letters. The interviews and motivation letters were evaluated holistically in terms of dedication,
leadership potential, and attitude toward STEM disciplines. The inclusion criteria to the research were
at least 90% attendance rate and completion of all the activities throughout the program. We sent
invitation to research e-mails to the program participants who met the inclusion criteria, and the study
group consisted of those participants who responded to the letter and attended the focus group interview.
This final study group consisted of five preschool teachers (Table 1).

Preschool teachers participated in the program during their undergraduate years. The participants
currently work at different private schools in Istanbul, Turkey and/or are pursuing their MA degree.
Their experience ranged from zero to two years. Table 1 presents the details about the participants and
their personal information.
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Table 1.

Information about Participants
Participants Semester Master’s degree  Teaching Experience
Participant 1 2016-2017 2
Participant 2 2016-2017 2
Participant3 ~ 2016-2017 * 2
Participant4 ~ 2017-2018 1
Participant5  2016-2017 & 2017-2018 * 0

Data Collection

One focus group interview was conducted to collect data about the participants’ experiences about the
impact of the program and their STEM conceptions. Interviews allow researchers to gain insight into
the opinions of the participants (Kolb, 2012). The semi-structured focus group interview was carried out
as face-to-face based on an interview protocol allowing the participants to raise different agendas. The
interview protocol included two groups of questions: (1) Questions about the elements and impact of
the program, (2) Questions about participants’ STEM conceptions. The first group consisted of questions
to guide the participants to talk about their experiences of the program and the impact of these
experiences to their personal and/or professional development. The second group questions were the
questions focusing on the participants’ STEM conceptions. Within these questions, the participants were
asked to define STEM education and rank eight given STEM education models in the order of
preference. The participants were shown various models (Table 2) and asked to rank models in terms of
their capacity to best express STEM education. The STEM education models were taken from Dare et
al.’s (2019) study about creating a continuum of STEM models.

The interview took 100 minutes and was audio-recorded uninterruptedly with two different devices. The
members of the research team guided the interview. While one member of the research team was asking
guestions, the other took field notes of salient points and situations during the interview. Before starting
the interview, the participants were informed about the purposes and conditions of the research. All
participants signed an informed consent form, including the purpose, methods, and confidentiality
elements of the research. The researchers e-mailed a formal letter of appreciation to the respondents for
their participation and their time.

Data Analysis

The focus group interview about the experiences and STEM conceptions of the participants was the data
source for the current study. The interview was transcribed, and data in the transcripts were analyzed by
using the constant comparative method. Using the constant comparative method, the researcher tries to
develop concepts from data by coding and analyzing simultaneously (Taylor et al., 1998). The data
analysis began with initial coding that aimed to catalog every idea that participants expressed by
identifying meaningful units of data that could answer our research questions (Charmaz, 2008; Merriam
& Tisdell, 2016). The researchers read the participants’ responses, identified each section of text that
communicated a distinct idea or ideas, and assigned code(s) that captured these ideas (Birks & Mills
2011). The researchers discussed every coding until they reached a consensus. By this way, the analyses
continued iteratively and collaboratively.

To formulate the codes and categories a combination of pre-determined and emerging codes was used.
For prior determination of the codes, we used the work of Ball et al. (2008) for pedagogical content
knowledge and STEM: Integrated Teaching Framework (Corlu, 2017) for knowledge of content and
teaching section.

To analyze the STEM education model rankings of the participants, a frequency matrix based on the
rankings of the participants was prepared to report more desirable (first four models in the rankings) and
less desirable (final four models in the rankings) STEM education models. A common continuum was
also developed using the mode values in terms of assigned ranks. The researchers also analyzed and
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reported evidence on participants’ reasoning by ranking the STEM models from the focus group
interview data.

Table 2.
Eight Models of STEM Education in The Study Conducted by Dare, Ring-Whalen, & Roehrig, 2019.
STEM education model code Image of model

A —STEM as an Acronym

STEM

B — Real-World Problem Solving as Context

Bridge

;

REAL

SCHOOL WORLD

C —Science as Context
Science Unit

Technflogy 4= Engineering 4= Matth

D - Science, Technology, Engineering, and Mathematics
as Separate Disciplines

E — Integrated Disciplines

F — Engineering Design Process as Context Problem

T Plan

Evaluate

G — Science and Engineering Design Process as Context SCIENCE

H — Engineering as Context

Science Technology | Math . —‘

ENGINEERING TRAIN
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Reliability and Validity

In qualitative studies, the reliability and validity of the results are expressed with the concept of
trustworthiness. To ensure the trustworthiness of the qualitative data, the researchers used several
elements: prolonged interviews, peer debriefing, member check, researcher reflexivity, and working
hypothesis.

The researchers conducted a prolonged focus group interview which lasted approximately two hours.
During the interview one researcher took field notes to be consulted through the coding and
categorization process when needed. A peer-debriefer must be “someone who is in every sense the
inquirer’s peer, someone who knows a great deal about the substantive area of the inquiry and the
methodological issues” (Lincoln & Guba, 1985). The peer debriefer in the study helped the researchers
with methodological issues, and the researchers discussed their findings, their interpretations of data,
and possible future directions with the peer debriefer.

To ensure credibility, dependability, and confirmability of the research (Lincoln & Guba, 1985) member
checking procedure was applied. During the interviews, the participants were asked to clarify and
confirm their answers. After the data collection and analysis, the researchers contacted the participants
and shared their initial findings with them. All participants confirmed the categories and themes that
emerged as the representation of their statements. For the researcher reflexivity, one researcher kept a
reflexive journal covering detailed notes about the research process. The researchers’ experiences
throughout the research process were also included in the reflexive notes. Tasks and specific stages of
the research process were listed, and notes were taken.

Further to ensure the confidentiality of the participants, the researchers did not refer to the participants
with their name and avoided details that could reveal the participants’ identity. Participation in the study
was voluntary. The participants were informed about the details of data collection and the use of data to
protect their confidentiality.

The working hypothesis of the current study is limited to a specific context but maybe generalized from
the findings of the study (Erlandson et al., 1993). The context of the study is the effect of the Young
STEM Researchers and Practitioners Program to participate teachers’ academic and professional
development and their STEM conceptions. In other words, the working hypothesis of the study is that
the program’s activities contributed positively to participants’ academic and professional development
and STEM conceptions.

The study was approved by Bahgesehir University Research and Publication Ethics Committee with
decision number 10.02.2021, 2021/02/20.

FINDINGS
Findings about the First Research Question: Program Experience

The first research question focused on the participants’ experiences within Young STEM researchers
and practitioners program. The participants discussed about the main features of the Young STEM
researchers and practitioners program and the impact of the program to their personal and/or professional
development. Codes and categories for the first research question are presented in Table 3.
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Table 3.
Categories and Codes for Program Experience
Categories Codes
Raised awareness for STEM education ° Need for professional development
. Need for STEM education
. Need for developing a common school culture
. Attitudes towards teaching mathematics and
science.
Development of integrated teaching . Subject matter knowledge
knowledge . Pedagogical content knowledge
Program elements . Supportive conditions
. Collective learning
. Recommendations

Raised awareness for STEM education

When asked to elaborate their views about their personal and professional development after their
participation in the program, the participants firstly discussed the awareness they developed about
STEM education. Before participation in the program, the participants did not have any experience with
STEM education. As they participated in the program, the participants started to see the need to improve
their knowledge and skills about STEM education. One participant argued that “We learned that the
notion of STEM exists and experienced that these interdisciplinary topics come together to construct a
fruitful environment for children,” another participant added on this by arguing:

“We came without knowing much, but as my other friend said, this was an awareness for both
parties, especially for early STEM, while there was nothing in this area, what we still had was a
great awareness and advantage.”

Another participant also evaluated the participation as an advantage by saying:

“Science and Mathematics, Technology raise the idea that these are interdisciplinary, (but) there
may be a deficiency in combining these fields. I think it was an advantage for me to realize this and
do a little more research in our own profession.”

The participants also saw the need to be more exposed to STEM teaching experience in the teacher
preparation programs. For example, one participant argued that:

“But I wish we were more exposed to such things, at least during university education, if I had at
least or more opportunities to research these concepts, there had to be a lesson for it because you
are learning (in the lesson). It made you think about this a little bit, I am still thinking about it.”

After they became aware of the notion of the STEM education, the participants also developed thoughts
about the implementation with students. The participants connected the knowledge and skills they
learned through the program with the professional knowledge they gained in the university. For example,
one participant offered STEM education as a solution to problems resulted from teacher-centered
education:

“Therefore, the more we think about it, the more (we think about) different and useful things to get
out of that classic thing, the more different and useful things emerge. | think the most interesting
thing about STEM is that it is interesting and makes one say, “let me do it”, it makes one say, ‘it
will work”, the side that makes you say it will work.”

The participants gave high credit to the implementation of STEM education and were sure it would
benefit them and their students. One participant defined her trust in STEM education by saying “I feel
relieved that I want to do this in my class when I do something about STEM.”

44

LR E R A= AU ISIaUE| 2022, Volume 11, Issue T www.turje.org


http://www.turje.org/

YABAS & BOZOGLU; A mentorship model for teacher education: Young STEM researchers and practitioners program

When the participants discussed the implementation of STEM, they underlined the need for change in
school culture about STEM education. Especially for the pre-school level, the participants emphasized
the importance of creating learning environments that allow quality implementation by integrating the
disciplines, especially for the pre-school level. Participants’ expressions such as “there is no such culture
at all, I am sure there are many schools that finish pre-school without doing any experiments.” and “we
must question the school culture: | (schools) have done too many things, but it does not work, we
(schools) have to try different things” pointed out their ideas about the importance of schools’ decisions
about the implementation of STEM education.

Participants’ answers indicated that their attitudes about teaching mathematics and science have changed
positively after participating in the program. The participants stated that before the program entrance,
they were not confident about their background in mathematics and science, which was also apparent in
their statements about subject-matter knowledge. After the participation, however, they felt more
encouraged to implement STEM education in their classrooms. For example, one participant talked
about the courage to teach STEM in the classroom: “You know, courage, such a spark of hope comes
to you. Maybe we need a little more courage, not 5 minutes and 10 minutes but an activity, two activities,
which | will do no matter what, with courage by ‘being sure of its process.” It would be great for me to
see it, for example, by copying it, demonstrating what I saw.”. One participant also pointed out that
observing and experiencing STEM implementation changed their attitudes towards teaching
mathematics and science: “At least, it was nice to see that these works may have a result, that they can
work, even if we do not have the background, even if they are difficult at the moment.”

Development of integrated teaching knowledge

During the focus group interview, the participants also acknowledged their development in the
knowledge of teaching STEM. From their statements, we can infer that they were aware of the main
features of STEM: Integrated Teaching Framework, developed their knowledge about mathematics and
science disciplines and thought of ways to teach the content to students. We summarized these
development areas by using Ball et al. (2008) and STEM: Integrated Teaching Framework (Corlu,
2017).

Subject matter knowledge, to begin with, was one of the codes that emerged under this category. The
participants firstly acknowledged that they lacked subject-matter knowledge before participating in the
program, especially for mathematics and science. This lack of knowledge was expected because the
participants were early childhood teachers. The participants mostly attributed their lack of knowledge
to the lack of prior learning experiences: “for example, simple machines. This is a basic science and
physics subject, [ remember this topic from high school, I also did not understand the subject then”, “we
made a presentation with our group of friends at the university as part of the mathematics lesson, but it
was like a project assignment within the lesson.” and “science was a field we left very far away, so our
education at the university was not full of science and mathematics.”. These statements pointed out that
the participants were not confident in their content knowledge in mathematics and science. The
participants were also aware that attending the program was not enough to develop the content
knowledge; however, now they know how to do research to develop their content knowledge and use it
to provide STEM education for children.

To connect subject matter knowledge, the participants also discussed the importance of strategies to
teach content to the students. They mainly emphasized the content and teaching dimension of
pedagogical content knowledge. The participants used the elements and procedures of STEM: Integrated
Teaching Framework as the strategies to teach content to the students. They mostly underlined the
Authentic Problem of Knowledge Society in their assertions:

“There is real-life problem. Our problems are not solved at once, we prepare us for it, we encounter
it, we accept it, we produce solutions, we apply it. We look, we give more feedbacks if it needs
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revision” and “it is also very important that it is a real-life problem because it is a real-life problem
for me as well. After all, I have never encountered such a problem before.”

These statements were evidence that the participants consider the real-life problem as the basis of STEM
education. As a matter of fact, in their further assertions, they explained the process of STEM education
by giving reference to Authentic Problems of Knowledge Society. For example, one participant’s
statement indicated that the participant sees STEM education as an iterative process with an idea at its
core:

“First they do something about that idea, whatever it is, and at the end of it, they actually become
able to do that activity. That process is also very important because the child creates that thing and
creates that idea and culture. It is important to me because it progresses by adding something rather
than a one-time event.”

Other participants also underlined the importance of process, and they can distinguish STEM education
process from doing isolated science experiments or do it yourself projects:

“Actually, STEM adds a new look from here, it isn't, like, these are the materials, sit and do that, it
is to accept that it doesn’t work anymore, okay maybe we will continue this at school, but you know,
that might be the alternative to what doesn’t work, it really will attract kids, it will work. Indeed, it
could be a real-life problem and trying something out and getting it to realize it by themselves.”

The participants also discussed the importance of making the content accessible for the students. Their
statements emphasized that they also gained experience adapting content to the children’s lives and
developmental levels. In other words, they were concerned about the connection between content and
the students:

“You know, how can we understand it as a science and then adapt it to the age group we will
address, and we will eventually do this effectively and we have a claim that it is a real-life problem.
I wonder if children could get into it”.

The participants primarily argued the support of creating the characters to reach the children in early
childhood level.

“We had The Beaver. This character is a little different , this is not like, a character appears in one
activity and another character appears in another activity. It was always like a journey of the
Beaver. I think it was a good idea to (make children) internalize it more.”

This statement showed that by acknowledging the importance of the character, the participants were
also aware of making the iterative process of STEM more understandable to the students.

Program elements

The participants attributed their development to some significant elements of the program. One of them
was the products they created collaboratively during the program. The primary product the participants
consistently argued about are the early STEM education books they created together. The participants
defined this experience as a source of pride and as an experience through they developed:

“Obviously, it was excited to see our names (on the books), there was also an effort to create and
implement a product because we were students. | remember that we were excited when the actual
product first came out.”

Another participant also got excited when she first saw the books they created: “for example, we always
said we were working for the book, but it was precious to have a printed, written and illustrated book.”
Working on a product together pushed them to research the content and strategies within STEM
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education. The participants mainly developed their content knowledge using books and internet
resources, as well as asking their peers:

“We asked .... for the content, and it was very comforting for us, we were pre-school teachers, but
her field was science. She, however, was not experienced in working with young children.”

The view of this participant showed that they collaborated to create a quality product. By knowing the
details of STEM education, the participants also argued that they did more research to fill the gaps in
the areas. For example, one participant said that “Science, mathematics, technology, there may be a
deficiency in combining these fields. I think it was an advantage for me to realize this and do a little
more research in our profession.”

The participants also valued the implementation of STEM education, which was evident both in the
participants’ definitions of their experiences and recommendations to improve the program. The
participants acknowledged that they found opportunities to implement. However, they wanted to apply
more STEM activities, and lesson plans. The participants also wanted to network with more practicing
teachers implementing STEM lesson plans in their classrooms.

Findings of the Second Research Question: STEM Conceptions

To understand the STEM conceptions of the participants, we showed them, eight visual models. The
participants organized the STEM models in a continuum from the most desirable to the least desirable
model. As the first step to understanding participants’ STEM conceptions, we generated a frequency
matrix (Table 4) showing how often the participants placed a model in each of the eight positions, with
position 1 representing the most and position 8 representing the less desirable model.

Table 4.
Frequency Matrix of STEM Models
Position in continua Percentage frequency
More desirable side Less desirable side I_n more In less Qeswable
desirable side side
1 2 3 4 5 6 7 8 % %
Model A 0 0 0 0 1 0 1 3 0 100
Model B 2 1 1 1 0 0 0 0 100 0
Model C 0 0 0 1 2 1 1 0 20 80
Model D 0 0 0 0 0 1 3 1 0 100
Model E 1 0 1 0 1 2 0 0 40 60
Model F 1 1 2 1 0 0 0 0 100 0
Model G 1 1 0 0 1 1 0 1 40 60
Model H 0 2 1 2 0 0 0 0 100 0

In Table 4, besides the specific positions, we also divided the continuum in half to represent less and
more desirable models, through which we could understand to which side a model belonged to according
to participants. The percentages of the models in each half of the continuum pointed out that all (100%)
participants put models B, F, and H on the more desirable side, whereas models A and D were on the
less desirable side in all the participants’ continua.

Using the frequencies of the models in specific positions, we identified a common continuum concerning
the mode value of each model per position from participants’ continua (Table 5). Model G-Science and
engineering process as a context was not a mode for any position; it was found in various positions, but
mainly on the more desirable side.
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Table 5.

A Common Continuum of STEM Models
Pos.1 Pos.2 Pos. 3 Pos.4 Pos.5 Pos.6 Pos.7 Pos. 8
B. Real- H. F.EDP H. C. E. D.STEMas A.STEM
World Engineering asa Engineering  Science  Integrated  separate as
Problem as context context  as context as disciplines  disciplines acronym
Solving as context
Context

The continuum in Table 5 shows that the participants mostly perceived STEM within a real-world
context (Model B). This was also evident in their interview, where they emphasized the importance of
real-world problems in STEM implementations. The participants also valued the engineering and
engineering design process as a context for STEM (Model F and Model H). Model A and Model D were
in the less desirable positions in all participants’ continua showing that the participants did not perceive
STEM as separate disciplines or a meaningless acronym.

We also used interview data to understand participants’ rankings and collect deeper evidence for their
STEM conceptions. We presented the interview data in the least (Model A, Model D) and most (B, F,
H) desirable models.

Least desirable models

The participants evaluated Model A and D as the least desirable models because they emphasized the
four disciplines being separate. In both models, they looked for more connections in the disciplines. For
example, one participant’s idea about model A is, “Do you know why I put it to the end because they
located it so separately, it looks like they (the disciplines) are very different. It could be a little more
intertwined”. Three participants putting model A in the last positions showed that they perceived STEM
education beyond the acronym. When evaluating model D, participants did not prefer to see the
disciplines separated by circular areas. The participants perceived these circular areas as borders to
symbolize that the disciplines are different from each other. Therefore, they found model D as least
desirable. The participants saw the lack of connection and unclear integration as common aspects of the
least desirable models.

Most desirable models

The participants evaluated models B, F, and H as the most desirable models depicting STEM. The
models seemed more integrated by using either engineering, engineering design process, or real-world
problems as a context. It was not surprising that the participants ranked model B, real-world problem
solving as a context, as the most desirable model. When describing their experiences, the participants
frequently discussed that real-world problems play a crucial role in STEM education. Therefore, it is
possible to connect this perception to participants’ program experiences. The participants liked model
B because it depicts that STEM education brings the real world to school:

“Because my problem is to connect the school with the real life through STEM because it is with the
school, because the problem of the school is being a very artificial system that is very detached from
real life.”

Moreover, the participants also gave importance to seeing all four disciplines in the model and the real-
world context.

Although there was a consensus about model B, the participants thought differently about model F. They
all selected model F for the desirable ranks by noting some undesirable aspects of the model. What the
participants liked about model F is that it signifies a methodology for teaching STEM. The participants
discussed that model F is process-oriented and provides specific stages for implementation. This idea
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was evident in two participants’ opinions: “It shows how the lessons can be applied” and “Isn’t that the
STEM anyway, so it’s a preparation. This is STEM’s method, and there will be a readiness, it will be
tried, evaluated, and done again.” Some participants argued against these opinions by saying the model
is not STEM specific and the content is not specified. Hearing these arguments, one participant
emphasized the importance of process again by doing STEM activities:

“But does the content matter? It could be Amsterdam houses or any topic from everyday life, it could
be a teamwork problem, it could be anything. But if what STEM wants to give is how they should
solve that problem, if it is the development of mathematical thinking and those functions, if what we
are trying to do through STEM is not teaching physics, but teaching thinking that way, | think we
are teaching to think like that.”

We can conclude from these opinions that although some of the participants found the model as not
being specific and not focusing on content, they liked that the model shows a process to implement
STEM activities and brings skills to the forefront.

Similar to model F, participants’ opinions about model H were varied. They were mostly positive about
engineering being a context for STEM educationbecause the participants saw engineering as a discipline
where people use both their skills and content knowledge in other disciplines such as mathematics and
science:

“Because under the umbrella of engineering, because the engineers are there to solve a problem, to
make life easier. That is why I think engineers learn both science, mathematics, and technology.”

One participant liked the idea of the train because she thought that a train would arrive somewhere, and
this is a positive aspect:

“It was the train that drew my attention because there is a place where the train wants to arrive.
That thing | just said, how you reached the point matters, that’s how you arrive using the wagons.”

Following the line of thought for model F, the participants preferred to see the STEM implementation
process in an initial position within the models. Some of the participants were not convinced that the
model clarifies the integration of disciplines enough. They thought that using engineering as a context
or as a tool to implement STEM does not imply a quality integration. For example, one participant asked:
“But is engineering everything? So, is it the tool? Do we need engineering just because it is a vehicle?”
These questions showed that the participant is also dissatisfied with engineering being dominant.
Another participant disliked that the model does not depict a cycle. To summarize participants’ opinions
about model H, they mostly perceived the model as desirable considering engineering as a means to
implement STEM education. However, they also noted that the model is engineering dominant and does
not show a cyclical process.

DISCUSSION AND CONCLUSION

We focused on two research questions to understand participants’ experiences about the Young STEM
researchers and practitioners’ program. The first research question aimed to describe participants’
professional development gains to their participation and program elements. Through the second
research question, we explored participants’ STEM education conceptions by asking them to rank
different models of STEM education.

The findings of the research question pointed out that the participants raised their awareness of STEM
education and implementations. The participants reported that with being aware of STEM education
notion, now, they can see the need to develop themselves in terms of STEM education, especially they
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need to develop their science and mathematics teaching practices. The Young STEM researchers and
practitioners program participants became aware that their prior experiences about teaching mathematics
and science were not enough, and they had to develop themselves to implement quality STEM
education. Participants’ increased awareness of STEM education may be related to the content and
activities of the program. The engagement in both theory and practice of STEM education may have led
the participants to reconsider their STEM education notions. The participants can transfer their increased
awareness to discuss broader issues about STEM education. More specifically, they advocate using
STEM education to change the traditional methods used in the classroom. They can approach STEM
education from a pedagogic perspective, different than political and popular approaches. The finding
that the participants have a pedagogical understanding of STEM can be interpreted as a shred of evidence
that they found an opportunity to concentrate on quality teaching-learning aspects of STEM education
in the program. The program’s theoretical foundation, the integrated teaching project, is also categorized
under the pedagogical interpretation of STEM (Corlu, 2017; Corlu et al., 2014). Embracing a
pedagogical interpretation of STEM, the participants are also aware that the implementation of STEM
can be challenging without establishing a common culture throughout the school.

The participants also asserted that they developed themselves in terms of their attitudes to teaching
science and mathematics. Similar findings have been observed in other studies with STEM professional
development interventions. For example, Akaygiin and Aslan-Tutak (2016) found that after a
professional development activity with a science inquiry and engineering design process focus, pre-
service and in-service teachers reported having greater confidence that their science teaching will have
positive outcomes. As pre-school teachers, participants’ positive attitudes may also resulted from the
continuous exposure to the math and science content throughout the program’s activities. Positive
change in participants’ attitudes and self-efficacy beliefs is essential because if teachers are confident
with their pedagogy, they will feel comfortable teaching the content (Bursal & Paznokas, 2006). Besides
their teaching performance, teachers’ self-efficacy and attitudes to teaching are also related to their
commitment, persistence, and motivation to implement novel educational approaches (Gabriele &
Joram, 2007; Ross & Bruce, 2007). With our participants being pre-school teachers, positive attitude
changes promise to lead quality teaching practices in early childhood settings.

The second category emerged for the first research question provides a more detailed understanding of
participants’ developments in their integrated teaching knowledge. To describe participants’ gains in the
integrated teaching knowledge, we looked for evidence in the development of subject-matter and
pedagogical content knowledge. Participants’ assertions indicated that the participants developed both
in subject-matter and pedagogical content knowledge for teaching STEM. This finding may be related
to the STEM lesson planning element of the program. By designing the STEM lesson plans, teacher
candidates may have improved their knowledge about methodologies and students’ responses about the
lesson plan. Despite the gap in their teacher preparation programs, early childhood teachers appreciate
the value of providing quality STEM experiences to young children (Hammack & lvey 2017; Linder et
al., 2016; Sackes 2014; Torquati et al., 2013). Research about the implementation of integrated STEM
teaching knowledge indicates that K-12 teachers are not very competent in terms of designing and
implementing engaging, rigorous, and meaningful activities in their classrooms (English, 2016;
Herschbach, 2011; Honey et al., 2014; Kelley & Knowles, 2016; Keskin et al., 2018). Early childhood
teachers, in particular, are not familiar with STEM education and cannot evaluate what learning
opportunities STEM education can offer (Abanoz & Deniz, 2021). For early childhood teachers, the
lack of competency and awareness in STEM education may result from inadequate professional
preparation in math and science education (Brenneman et al., 2019; Greenfield et al., 2009).

The participants reported that with the help of the program elements, they gained experience in
mathematics and science content knowledge. The participants were also aware of the lack of prior
experience regarding science and mathematics teaching. From this point, we can attribute content
knowledge development to the elements of the program. To develop pedagogical content knowledge,
the participants frequently stressed the real-world problem and the importance of the learning process.
This finding implies that the participants think about developing authentic contexts for STEM teaching-
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learning activities. Although there is a body of research indicating that early childhood teachers are less
accustomed to planning integrated activities that are related to science, technology, and mathematics
(Greenfield et al., 2009; Moomaw, 2013), the participants report their understanding of two essential
elements in terms of teaching integrated STEM. Integrating STEM disciplines within an authentic
context is a difficult task for teachers (Basaran, 2018; English, 2016; Herschbach, 2011; Rinke et al.,
2016), however, the program participants expressed their readiness to focus on the STEM process
through a real-world problem context. It was also expected that the participants would discuss the
importance of scientific inquiry and project-based learning for integration and mention integration
principles, such as equity, rigor, and relevance.

Within their STEM model rankings, the models they selected as less desirable were the two models,
which depict the STEM disciplines separately, and only the acronym of STEM was used (Model A and
Model D). In Dare et al., (2019) study, teachers also set aside the model A and D first by describing
them as too vague, lacking detail and information related to integrating between disciplines. The
preferences of the research participants indicate that they see STEM beyond the acronym. Bybee (2013)
also points out that the STEM acronym gives little clue about the process, therefore teaching practices
and instructional approaches within STEM education should be the central concern of educators. The
models integrating STEM disciplines around real-world problems (Model B), engineering (Model H) or
engineering design process (Model F) were ranked as the most desirable models by the participants.
The participants’ selection of real-world contexts for the integration may result from the program’s
emphasis on the authentic problems of knowledge society as the core of integrated STEM education.
The engineering contexts were also preferred most by participants, indicating that the participants value
concrete contexts for the integration and teaching process. Engineering and engineering design
processes are frequently used as the most concrete and straightforward processes in early childhood
settings. In relevant studies, engineering is associated with the creative problem-solving process, which
results in a practical and valuable solution. Engineering is also linked with a series of steps to prepare
for and execute projects (Mativo & Park, 2012, Rockland et al., 2010). From a different perspective, in
Dare et al.’s (2019) study, teachers did not select the engineering-oriented models as the most desirable.
The authors associated this finding with the teachers’ desire to see models capturing more flexible
integration approaches that do not highlight a specific discipline.

Research-based teacher education models offer student teachers opportunities to develop their STEM
conceptions and integrated teaching knowledge. Young STEM researchers and practitioners program
can be evaluated as a developing model to be incorporated in teacher education programs. Further
research can explore how pre-service teachers form their STEM conceptions and develop their
integrated teaching knowledge.
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TURKCE GENISLETILMIS OZET

21. yiizyil diinyasinda bireylerden fen, teknoloji, miihendislik ve matematik alanlarinda bilgi ve beceriye
sahip olma beklentileri artmaktadir. 21. ylizy1l vatandaslar1 enerji, dogal kaynaklar, salginlar vb. gibi
karmasik, ¢ok disiplinli ve dinamik problemlerle kars1 karsiya kalmaktadir. K-12 diizeyinde STEM
egitimi bu anlamda 6grencilere, bilim, teknoloji, miithendislik disiplinlerinin gerektirdigi bir dizi bilissel
slireg becerisini deneyimleyebilmeleri i¢in olanak saglar. Baska bir deyisle, “STEM egitimi, birden fazla
STEM konu alaninin kesistigi noktada igbirligi i¢inde olusturulan bilgi, beceri ve inanglart igerir”
(Corlu, 2017; Corlu vd., 2014).

Karmasik problem ¢ézme ve bilimsel sorgulama becerilerine sahip bireylere duyulan ihtiyaca dayali
olarak egitim politikas1 belgelerinde STEM egitiminin énemi vurgulanmistir. STEM egitimi, yenilik¢i
egitim programlarina rehberlik etme (Bybee, 2013) ve yenilik¢i zihniyet yapisina sahip nesiller
yetistirme (Corlu, 2012) potansiyeli ile ¢agdas egitim ¢iktilariyla uyumludur. Politika belgelerinde
STEM egitiminin odak noktasi, 6gretmenlerin anlamli 6grenmeye odaklanan O6grenme ortamlari
olusturmasini kolaylastiran 6grenci merkezli bir yaklagimi icerir (Ulusal Arastirma Konseyi [NRC],
2011). Milli Egitim Bakanlhigi (MEB) tarafindan yayinlanan egitim vizyon belgesi de STEM egitimi
kapsaminda kaliteli 6grenme deneyimlerinin saglanmasi geregini vurgulamaktadir (MEB, 2019).

STEM egitimi konusunda ortak bir pedagojik anlayis olusturmak ve uygulamaya doniistiirmek icin
Ogretmen yetistirme programlarinin igerigi ve niteligi konusu giindeme gelmektedir. Arastirmalar,
biitiinlestirilmis 6gretim programlarindan mezun olan 6gretmenlerin, disiplin merkezli programlardan
mezun olan meslektaslarina gore daha Ozgiivenli ve daha olumlu tutumlara sahip olduklarini
gostermektedir (Corlu, 2012). Dengeli bir icerige sahip bir programda yer alan pedagoji ve pedagojik
alan bilgisi dersleri sayesinde, 6gretmen adaylar1 biitiinlesik 6gretmenlik bilgilerini ve paralel 6gretim
uygulamalarim gelistirmek i¢in daha fazla firsat bulmaktadirlar (Corlu, 2012; Sanders, 2009).
Biitiinlesik 6gretmenlik bilgisi, 6gretmenleri sadece kendi konularin1 6gretmekten degil, ayn1 zamanda
Ogrencilerine en az bir diger STEM disiplini konusunda rehberlik etmekten de sorumlu kilar (Sanders,
2009). Biitiinlesik 6gretmenlik bilgisine sahip 6gretmenler, STEM disiplinleri arasindaki baglantilarla
birlikte gercek yasamla giiclii bir iliskiye dayali calismalar gerceklestirebilmektedir. Gelecegin
ogretmenlerini STEM konularim biitiinlesik bir yaklagimla 6gretmeye hazirlamak i¢in 6gretmen egitim
programlarinin yeniden diizenlenmesinin, 21. yiizyilda toplumsal refahin saglanmasi i¢in 6nemli oldugu
diisiiniilmektedir (Corlu, 2012).

Biitiinlesik O0gretmenlik bilgisinin 6nemi ¢erg¢evesinde, Tirkiye’deki yiiksek 6gretim politikas1 da
Ogretmen yetistirme programlarina biitiinlesik O0gretmenlik bilgi ve becerileri i¢in yeni dersler
cklenmesine olanak saglamaktadir. Onceki yillarda uygulanan standart Ogretmen egitimi
programlarindan sonra, 2020 yilinda Yiiksek Ogretim Kurulu, {iniversitelere kendi dgretmen egitimi
programlarini olusturabilmeleri konusunda yetki vermistir. Bu nedenle, 6gretmen adaylarmin STEM
disiplinleri arasindaki dogal ve aktif bilgi, beceri ve inan¢ etkilesimlerini sinif ortamlarinda
kullanabilmelerine yardimc1 olacak biitiinlesik 6gretmenlik bilgilerinin gelisimi i¢in arastirmaya dayali
ders modellerinin (Corlu, 2012) gelistirilmesi 6nemli goriilmektedir.

Yukarida agiklanan gerekcelerden hareketle, mevcut arastirmanin amaci STEM: Biitlinlesik
Ogretmenlik Cergevesi kapsaminda uygulanan “Geng STEM Arastirmacilart ve Uygulayicilar”
Programinin etkisinin incelenmesi olarak belirlenmistir. STEM egitimi konusunda deneyimli 6gretmen
egitimcileri ve Ogretmenler tarafindan yiiriitiilen program kapsaminda, egitim fakiiltesi son simf
ogrencileri STEM egitimi ile ilgili arastirma ve uygulama faaliyetlerinde bulunmaktadirlar. Programin
amaci, STEM biitlinlesik 6gretmenlik bilgi ve becerilerini 6gretmen yetistirme siirecine dahil etmektir.
Bu kapsamda, Geng STEM Arastirmacilar1 ve Uygulayicilar1 Programinin etkisi katilimcilarin program
deneyimleri ve STEM algilar iizerinden incelenmistir. Calismanin bulgulari 1s18inda, 6égretmenlerin
STEM biitiinlesik 6gretmenlik bilgi ve becerilerini gelistirmek amaciyla &gretmen yetistirme
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programlarinin igerigine katkida bulunabilecek ¢ikarimlara ulasilabilecegi diistiniilmektedir. Caligmanin
amac1 dogrultusunda asagidaki arastirma sorularina yanit aranmigtir:

1. “Geng¢ STEM Arastirmacilari ve Uygulayicilar’” programi katilimcilarinin, program bilesenleri ve bu
bilesenlerin kisisel ve mesleki gelisimlerine etkisi hakkinda deneyimleri nelerdir?

2. “Geng¢ STEM Arastirmacilar1 ve Uygulayicilar1” programi katilimcilart farkli STEM egitimi
modellerini nasil siralamakta ve yorumlamaktadirlar?

Nitel aragtirma yontemlerinden fenomenolojinin kullanildig aragtirmada, ¢alisma grubunu Geng STEM
Aragtirmacilart ve Uygulamacilart programina katilan bes okul oncesi 6gretmeni olusturmustur.
Ogretmenler programa 2016-2017 ve 2017-2018 akademik yillarinda iiniversite egitimlerini
strdiiriitken katilmiglardir. Katilimeilarin program deneyimleri ve STEM algilart hakkinda veri
toplamak i¢in yiiz ylize yar1 yapilandirilmis bir odak grup goriismesi yapilmistir. Goriisme protokoliinde
iki grup soru yer almistir: (1) Programin bilesenleri ve etkisi hakkinda sorular, (2) Katilimcilarin STEM
algilar hakkinda sorular. Birinci grup, katilimcilarin programla ilgili deneyimleri ve bu deneyimlerin
kisisel ve/veya mesleki gelisimlerine etkisi hakkinda konusmalarina rehberlik edecek sorulardan
olusmustur. Ikinci grup sorularda ise katilimcilardan STEM egitimini tanimlamalar1 ve verilen STEM
egitim modellerini tercih sirasina gore siraya koymalart istenmistir. Siralamalart igin katilimcilara
STEM egitim modelleri (Dare vd., 2019) gosterilmistir. Verilerin ¢oziimlenmesinde kodlari ve
kategorileri olusturmak i¢in 6nceden belirlenmis ve yeni ortaya c¢ikan kodlar birlikte kullanilmistir.
Katilimcilarin STEM Egitim modellerine iliskin siralamalari i¢in ise daha ¢ok ve daha az tercih edilen
modelleri gdstermek lizere bir frekans tablosu hazirlanmig ve her modelin en fazla tercih edildigi sira
temel alinarak ortak bir STEM egitimi modeli siralamasi olusturulmustur.

Birinci arastirma sorusuna yonelik edinilen bulgular katilimcilarin programin etkilerini STEM egitimi
hakkinda farkindalik ve biitiinlesik Ogretmenlik bilgilerindeki gelisim kategorileri altinda
degerlendirdiklerini isaret etmistir. STEM egitimi hakkinda farkindalik kategorisinde katilimcilar,
mesleki gelisime yonelik ihtiyaclarindan, STEM egitiminin sinif ortamlarinda uygulanmasi igin gereken
degisimden ve matematik ile fen alanlarina yonelik kendi tutumlarindaki degisimlerden s6z etmislerdir.
Biitiinlesik 6gretmenlik bilgisi igin ise alan bilgisinin yani sira, STEM: Biitiinlesik Ogretmenlik
Cergevesi 1s18inda pedagojik alan bilgilerinin de gelistigini dile getirmislerdir. Katilimcilarin 6n plana
cikardiklar1 program bilesenleri; destekleyici kosullar, isbirlikli 6grenme ve program bilesenleri igin
oneriler olmustur. Ikinci arastirma sorusu kapsaminda STEM algilarina bakildiginda ise katilimeilarin
STEM disiplinlerini birbirinden ayrik gésteren modelleri en az tercih ettigi goriilmiistiir. En ¢ok tercih
edilen modeller ise gercek yasam problemlerinin, miithendisligin ve miihendislik tasarim siirecinin
STEM disiplinlerinin biitiinlestirilmesinde baglam olarak kullanildigi modeller olmustur. Arastirmanin
bulgulart katilimcilarin programdan mesleki gelisim ve STEM algisi bakimindan yararlandiklarina
isaret etmektedir.

[lerleyen arastirmalar icin farkli 6gretmen yetistirme programlarina STEM egitiminin entegre edilmesi

konusunda farkli modeller incelenerek, 6gretmen adaylarimin biitiinlesik 6gretmenlik bilgilerinin nasil
gelistigine yonelik ¢aligmalar yapilabilecegi diistiniilmektedir.
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