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Abstract

STEM education is a crucial aspect of preparing students for the demands of the 21st
century workforce. The present study aims to explore the perspectives of STEM practitioners
on their teaching practices. To achieve this aim, we employed a descriptive qualitative
approach, utilizing both qualitative content analysis and thematic analysis. The study involved
eight STEM practitioners who participated in individual semi-structured interviews. The
research questions posed in the study focused on the features of STEM practices and
practitioners, the educational value of STEM practices, and the evaluation process of STEM
practices. The results revealed four themes and 52 subthemes, highlighting the importance of
a STEM teacher's knowledge of the field, pedagogy, engineering, and integration. The study
emphasizes the significance of using technology during STEM practices, encouraging
collaborative work, ensuring cooperation, providing critical thinking, increasing productivity,
ensuring interdisciplinary solidarity, increasing creativity, strengthening communication,
providing peer agreement, providing cognitive thinking, and attempting to solve contemporary
problems. The findings of this study contribute to the ongoing discourse on STEM education
and provide insights into the perspectives of STEM practitioners.
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Egitimcilerin STEM Uygulamalarina iliskin Goriislerinin
Belirlenmesi

0z

STEM egitimi, 6grencileri 21. yiizyll is giicii gereksinimlerine hazirlamada énemli bir yere
sahiptir. Bu ¢alisma, ogretmenlerin STEM egitimi konusundaki gériislerini ortaya koymay:
amaglamaktadir. Bu hedefe ulasmak icin, ¢calismada betimsel nitel yaklasim benimsemis olup,
nitel igerik analizi ve tematik analiz yontemleri kullamlmistir. Calisma verileri yart
yapuandirilmig  birebir goriismeler yoluyla elde edilmistir. Arastwma sorulari, STEM

uygulamalar ve uygulayicilarin zellikleri, STEM uygulamalarinin egitimsel degeri ve STEM
uygulamalarini degerlendirme siirecine odaklanmistir. Elde edilen sonuglar dort tema ve 52
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alt tema ortaya ¢ikarmis ve bu temalar STEM 6gretmeninin alan bilgisi, pedagoji, miihendislik
ve entegrasyon konularindaki bilgisinin onemine isaret etmektedir. Bulgular incelendiginde,
STEM uygulamalart esnasinda teknoloji kullanimimin 6nemi, is birliginin tegvik edilmesi ve
suirdiiriilmesi, elestirel diisiinmenin tegvik edilmesi, iiretkenligin artirilmas, disiplinler arast
dayamsmanin saglanmasi, yaraticithgin artirilmasi, iletisimin giiclendirilmesi, akran onaymmin
saglanmast ve giincel sorunlart ¢ézmeye katki saglamast gibi kavramlar STEM egitimi
agisindan one ¢ikan kavramlardir. Aragtirma bulgularimin, STEM egitimi ¢alismalarina katka
saglamasi ve STEM uygulayicilarina i1k tutmasi beklenmektedir.

Anahtar Kelimeler: STEM, STEM egitimi, nitel arastirma, 6gretmen goriisleri

Introduction

Today it is more important how talented and knowledgeable students are than how
much information they possess because information can be easily obtained. It seems
difficult for students who only rely on knowledge to survive in the future world, as
large part of the world in the future will consist of components such as artificial
intelligence and robotics (Xu & Ouyang, 2022). Therefore, the development of 21st-
century skills such as collaboration, creativity, critical thinking, and problem-solving
at an early age is important (Hebebci, 2022). STEM (Science, Technology,
Engineering, Mathematics) is a significant paradigm shift applied to the educational
field and it is a strategy to acquire these skills. STEM education is acquiring the
knowledge and skills required by the corporate world of the 21st century and has
gained significant attention over the last two decades (Land, 2013). The importance
of integrating interdisciplinary knowledge and skills to solve complex problems in
daily life is widely acknowledged (Bybee, 2010). STEM translated into Turkish as
FeTeMM (Corlu, 2012), was first introduced in the 1990s (Sanders, 2009). Later,
when it was brought up again by Dr. Judith Ramaley in 2001, it attracted the attention
of many researchers (Bybee, 2010; English, 2016; Thibaut et al., 2018). Finally, the
publication of the "Next Generation Science Standards" study in the United States in
2013 marked a significant milestone in the growing interest and recognition of STEM
fields (Yager & Brunkhorst, 2014). According to Yildirim (2016) STEM education is
an educational strategy in which science, technology, engineering, and mathematics
are taught together and related to real-world applications. This method also
emphasizes the development of 21st-century skills of students. STEM education is
used in various forms in many countries today, and numerous studies have been
conducted on the subject (Banks & Barlex, 2014; MoNE, 2016). STEM education is
an educational approach that is supported by 21st-century skills and is related to daily
life (Yildirim, 2016). Furthermore, STEM education is important because it allows
for interdisciplinary work, has practical applications in daily life (Banks & Barlex,
2014). STEM education has made its presence felt not only in developed countries but
also in Turkiye, with various implementations and initiatives. One of the primary
goals of STEM activities in Tirkiye is to prioritize national needs and tailor the
approach accordingly, rather than blindly adopting practices from other countries.
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This objective aims to equip students with the necessary skills for the 21st century by
incorporating relevant implementations, providing guidance in science and
mathematics education, and offering flexible curricula. By doing so, students can
develop the competencies required for the evolving workforce and contribute to the
growth and development of Tirkiye (Corlu, 2017). In recent years, there have been
concerns about the academic performance of Turkish students in the fields of science
and mathematics, as evidenced by the results of international assessments such as the
Trends in International Mathematics and Science Study (TIMSS) and the Programme
for International Student Assessment (PISA) conducted by the Organisation for
Economic Cooperation and Development (OECD), as well as domestic examinations
carried out by the Student Selection and Placement Center (OSYM) (Han, 2015;
OECD, 2012). Efforts to align the Turkish Educational System with European Union
standards can be traced back to the implementation of curriculum reforms based on a
constructive approach in 2005 (Akgundiz, 2016). These reforms aimed to improve
the quality and effectiveness of education in Tlrkiye. The results of PISA and TIMSS
highlight the importance of STEM education, which emphasizes the practical
application of mathematical and scientific knowledge, throughout the entire
educational journey from early childhood to higher education (Akgindlz, 2016).
STEM practices, encompassing science, technology, engineering, and mathematics,
holds immense significance in today's society. As we navigate the complex challenges
of the 21st century, STEM education equips individuals with the necessary skills to
understand, analyze, and solve problems effectively.

The integration of STEM practices in schools is of paramount importance for
several reasons. Firstly, it fosters critical thinking and problem-solving abilities,
enabling students to approach real-world issues with innovation and creativity.
Secondly, STEM education promotes curiosity, encouraging students to explore and
inquire, thus nurturing a lifelong love for learning. Moreover, STEM education
promotes collaboration and teamwork, instilling essential social and communication
skills that are vital in the modern interconnected world. Lastly, with technology being
an integral part of our daily lives, STEM equips individuals with the knowledge to
embrace and adapt to the rapid advancements shaping our society. Overall, the
incorporation of STEM practices in schools is essential for preparing the next
generation to be competent, adaptable, and capable contributors to a technologically
advancing world. In this context, the present study aims to provide information and
raise awareness about STEM education among individuals and institutions.
Specifically, the study seeks to determine the views of teachers who apply STEM
practices in their classes. The research questions focus on the general characteristics
of STEM practices in schools, the characteristics of STEM leader teachers or
practitioners, the educational value of STEM practices, and the evaluation process of
STEM practices. The study employs a qualitative research design, utilizing semi-
structured interviews to gather data from eight STEM practitioners. The findings of
this study contribute to the ongoing discourse on STEM education and provide
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insights into the perspectives of STEM practitioners. In line with this purpose, the
following research questions are addressed through the study:

1. What are the characteristics of STEM practices at school?
2. What are the characteristics of the STEM practitioners at school?
3. What are the views on the educational value of STEM practices at school?

4. What is the evaluation process of STEM practices at school?

Theoretical Background

The acronym STEM has traditionally denoted the disciplines of science, technology,
engineering, and mathematics. However, in recent times, there have been variations
of the acronym, such as STEAM, that encompass additional areas of study like
agriculture, the arts, the environment, economics, education, and medicine. These
extended versions of the acronym reflect a growing recognition among governments,
educators, businesses, communities, and industry leaders that there is a pressing need
to equip students with comprehensive knowledge and skills for better education. A
holistic understanding of STEM has become increasingly crucial as our world is
significantly shaped by advancements in science and technology (Zollman, 2012).
Over the past decade, the field of STEM education has witnessed significant
advancements, as evidenced by the notable increase in research publications in this
area (Li et al., 2020). STEM education and its associated disciplines are no longer
mere buzzwords within educational systems, but have gained substantial attention and
importance. This surge in interest is evident through increased public engagement,
national initiatives prioritizing STEM education, and a growing body of research,
transforming it into a global educational movement with remarkable enthusiasm (Li
et al.,, 2020). However, it is important to acknowledge that STEM education
encompasses various dimensions, ranging from disciplinary to multidisciplinary,
interdisciplinary, or even transdisciplinary approaches to STEM (Vasquez et al.,
2013). STEM education involves an interdisciplinary approach where multiple
disciplines are integrated to create a holistic learning experience. The conceptual
framework of STEM practices is based on an interdisciplinary approach that
emphasizes a student-centered and real-life relevant learning experience. FeTeMM is
the Turkish acronym for STEM, and it has been translated into Turkish to represent
the essence of the STEM concept (Corlu, 2012).

There is a strong relationship between STEM and 21st-century skills (Sivrikaya,
2019). However, the previous research argued that teachers are lack of sufficient
knowledge about STEM (Bicer et al., 2018). To address this knowledge gap, Ministry
of National Education (MoNE) in Tirkiye has launched a STEM Integrated Teaching
Framework (STEM ITF) and teachers registered in the STEM Leader Teacher
Professional Development Program (STEM LTPDP) to receive their STEM training
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(MoNE, 2016). In the initial year of the STEM LTPDP, conducted 2016 in Trkiye,
39 teachers participated from five different cities. Subsequently, in the 2017, the
program's training sessions were held in satellite locations across eight cities,
attracting 250 educators. The completion rate of the program prerequisites and
attainment of diplomas by participating teachers stood at 78%. In 2018 the program,
which included approximately 1000 STEM Leader Teacher (STEM LT) candidates,
exhibited a completion rate of 68%. The subsequent year 2019, witnessed the
continuation of the program with around 1000 STEM LT candidates, achieving a
completion rate of 62%. In the 2020 academic year, 350 teachers sustained their
involvement in the program, and 63% of them were granted graduation rights. The
program persisted in the 2021 academic year with nearly 1000 STEM LT candidates,
demonstrating a completion rate of 54%. Continuing into the 2022, the program
engaged approximately 1090 teachers, with 273 of them successfully graduating and
earning the esteemed title of STEM LT.

Within the realm of STEM education, there are two main categories: traditional
STEM Practices and integrated STEM Practices. Traditional STEM education is
commonly employed in contemporary educational systems, where the individual
STEM disciplines are treated as separate entities (Guzey et al., 2016; Sanders, 2009).
On the other hand, integrated STEM education involves the integration of theoretical
knowledge from science and mathematics with practical applications in technology
and engineering (Akgundiiz, 2016; Sanders & Wells, 2010). Effective integrated
STEM teaching necessitates teachers to possess a diverse range of knowledge bases,
specifically pedagogical content knowledge for STEM (PCK for STEM). Shulman
(1986) introduced the concept of PCK, describing it as the specialized knowledge
required for teaching a subject and the ability to represent and formulate that subject
in a way that is understandable to others. Building upon the ideas of various scholars
such as Saxton et al. (2014), PCK for STEM has been proposed and conceptualized,
consisting of five key components. These components encompass how teachers
perceive and conceptualize STEM education, their understanding of the role of STEM
within curriculum standards and educational materials, the incorporation of STEM
concepts into student learning objectives, a comprehensive understanding of students'
existing conceptions and challenges related to STEM, the development of effective
STEM teaching strategies and instructional materials, and the assessment of student
learning outcomes through STEM instruction. The explanation of the five principles
that Vasquez et al., (2013) suggest being followed when implementing STEM
education is as follows:

1. Emphasize Integration: Students can better understand the connections between
ideas and problems when two or more disciplines are combined. Whether it is
combining science with engineering or social sciences with mathematics, integrating
two or more STEM subjects enhances students' understanding of concepts and themes.

Bayburt Egitim Fakiiltesi Dergisi, Yil: 2023 Cilt: 18 Say:: 40



1097 M. Kus, M. K. Aydin & E. Karakurt

2. Make It Relevant: Students often do not know where and how they will use the
knowledge they have learned. Therefore, it is important to show them how the learned
topics are important and how they relate to real life or current problems. Students may
ask themselves questions such as "Why is this topic important?" "How does it relate
to a real life or current problem?" "Do | need to learn more about this topic because
of a regional or global issue?" "Will my knowledge and expertise in this area increase
my chances of finding a better job?" Providing clear answers to such questions is
crucial.

3. Emphasize 21st Century Skills: The most important skill for the future world
is not knowledge alone but the ability to access information when needed, creatively
solve problems, and generate new ideas. Teachers must create scenarios in which
students can apply these skills.

4. Challenge Students at Their Readiness Level: Students should be presented with
tasks that challenge them according to their level of readiness. Giving children tasks
that are too easy or too difficult for them is very important. If they are presented with
a challenge beyond their level, there will not be sufficient engagement, and events
such as dropping out of school may occur. If a simpler task is provided, the desired
success may not be achieved.

5. Combine Various Teaching Techniques with STEM Education: Using various
teaching techniques in STEM education is crucial. For example, in problem-based
learning, students can come up with original solutions to the given problem. As part
of project-based learning, the student creates, designs, and completes their own
project.

In conclusion, the exploration of STEM educators' views and the implementation
of the five principles proposed by Vasquez et al. (2013) hold significant importance
in the field of STEM education. By understanding how teachers perceive and
conceptualize STEM education, we can gain insights into their beliefs, attitudes, and
practices, which can ultimately shape the quality of STEM instruction. Additionally,
uncovering teachers' understanding of the role of STEM within curriculum standards
and educational materials is crucial for effective integration of STEM concepts into
student learning objectives. This ensures that students can better understand the
connections between different STEM disciplines and see the relevance of what they
are learning to real-life or current problems. Moreover, emphasizing 21st-century
skills and challenging students at their readiness level are essential for preparing them
for the future world, where problem-solving, creativity, and critical thinking are
highly valued. Finally, the use of various teaching techniques in STEM education,
such as problem-based learning and project-based learning, allows students to actively
engage in the learning process and develop their own solutions and projects. Overall,
the research on STEM educators' views and the implementation of these principles
contribute to the enhancement of STEM education by providing valuable insights and
strategies for effective instruction. By incorporating these principles into their
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teaching practices, educators can foster students' understanding, engagement, and
success in STEM subjects, ultimately preparing them for the demands of the 21st
century.

Method

This study employed a descriptive qualitative research design, utilizing qualitative
content analysis and thematic analysis, to explore the viewpoints of STEM
practitioners regarding STEM practices in schools. Descriptive research aims to
provide straightforward descriptions of experiences and perceptions, particularly in
areas where limited knowledge exists about the topic being investigated
(Sandelowski, 2010). A qualitative descriptive design is deemed appropriate when the
subjective nature of participants' experiences is crucial, and their diverse experiences
directly relate to the research questions (Bradshaw et al., 2017).The primary objective
of descriptive research is to meticulously and clearly describe a phenomenon and its
characteristics, while employing descriptive data analysis techniques that involve
analyzing, describing, and summarizing events or phenomena derived from interviews
or direct field observations (Damayanti et al., 2022). Qualitative descriptive research
generates data that depict the "who, what, and where" of events or experiences from
a subjective perspective (Kim et al., 2017). Philosophically, this approach aligns with
constructivism and critical theories, which employ interpretative and naturalistic
inquiry methods (Lincoln & Guba, 1985). Consequently, the researchers collected
STEM practitioners' perspectives on STEM practices through an open-ended
questionnaire. Descriptive qualitative research aims to characterize a phenomenon,
focusing on "what" rather than "how" or "why" something occurred (Gall et al., 2007;
Smith et al., 2011; Vaismoradi et al., 2013).

Procedure

Eight STEM educators with previous STEM training were chosen and invited to take
part in the research voluntarily. To gather primary data, formal semi-structured
questionnaires were employed during face-to-face individual interviews conducted
between February and March 2023. The interviews lasted between 35 and 45 minutes
and were recorded for transcription purposes. Verbatim transcriptions were produced
for all interviews. The interview guide encompassed five demographic questions (age,
gender, teaching experience, field of expertise, STEM experience) and four open-
ended questions. These questions aimed to investigate the participants' experiences
and viewpoints regarding STEM practices in educational settings. The study strictly
adhered to the ethical principles laid out in the Declaration of Helsinki to protect the
well-being of the human subjects involved. Written informed consent was obtained
from all participants, signifying their voluntary participation and agreement with the
data collection, analysis, and use of the resulting data. Participants were free to
discontinue or terminate the interview at any point without needing to provide a
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justification. The study received ethical approval (2023-05) from the Hitit University
Ethics Committee of Non-Interventional Studies.

Participants

Descriptive research studies, including qualitative ones, often employ non-probability
sampling methods, and purposive sampling is commonly used (Palinkas et al., 2015).
Purposive sampling entails selecting participants who possess relevant knowledge and
experience pertaining to the phenomenon under investigation. While qualitative
descriptive research typically involves small sample sizes, it is crucial to gather
sufficient data to achieve the study's objectives (Ritchie et al., 2013). Sample size
determination in qualitative research is often guided by data saturation, which depends
on the research design and population size (Fusch & Ness, 2015). In this particular
study, the sample consisted of eight STEM practitioners employed in private high
schools in Istanbul, Turkey. The participants were assigned code numbers STEMP1
to STEMPS, as indicated in Table 1. The participants' ages ranged from 28 to 45, with
an average age of 33.7. Seven of the participants were female, and one was male. The
participants had a minimum of 3 years and a maximum of 15 years of teaching
experience, with an average of 8.8 years. All participants worked at private high
schools. Their STEM experience varied from 1 to 4 years, with an average of 2.8
years. Regarding their fields of expertise, six participants were science teachers, while
the remaining two were mathematics teachers.

Table 1.

Characteristics of Participants

Code Age Gender Teaching Field of STEM
Names Experience Expertise Experience
STEMP1 32 F 8 Biology 3
STEMP2 30 F 8 Biology 3
STEMP3 45 M 15 Physics 4
STEMP4 33 F 8 Physics 3
STEMP5 28 F 3 Chemistry 1
STEMP6 34 F 8 Chemistry 4
STEMP7 34 F 11 Mathematics 3
STEMP8 34 F 10 Mathematics 1

Data Collection and Analysis

Qualitative descriptive research aims to explore the "who, what, and where" aspects
of phenomena (Sandelowski, 2010). When conducting this type of research, face-to-
face interviews are often considered the most suitable approach (Ward et al., 2015).
Thus, the predominant method for data collection is semi-structured individual face-
to-face interviews (Kim et al., 2017). In this study, data was gathered by conducting
individual face-to-face interviews, utilizing a semi-structured questionnaire
comprising four open-ended research questions. The construction of these research
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questions followed established principles of question formulation, and a pilot test was
undertaken to ensure the comprehension of the questions by the participants in the
sample. The pilot participants provided written feedback specifically about the
research questions, allowing the researchers to revise or modify the questions based
on their concerns (Berg & Lune, 2015; Creswell, 2007, 2012, 2015; Stake, 2010; Yin,
2011).

In qualitative descriptive research, the analysis of data follows a data-driven
approach that does not depend on an existing theoretical framework (Lambert &
Lambert, 2012). For this purpose, qualitative content analysis and thematic analysis
were employed as techniques to analyze the textual data and identify recurring themes
(Braun & Clarke, 2022). These techniques involve a systematic process of coding,
interpreting meaning, and providing a comprehensive description of the social reality
through the identification of themes (Gall et al., 2007). In the present study, the
process of analyzing the qualitative data in a descriptive manner entailed the
categorization of data and the identification of major themes (Berg & Lune, 2015;
Creswell, 2007, 2012, 2015; Stake, 2010; Yin, 2011). In this study, the data analysis
process included the seven steps framework proposed by Newell and Burnard (2011).
These are as follows: (1) Transcribing and sorting the data: The data were first
transcribed into a written format and then sorted into meaningful units, such as
sentences, paragraphs, or themes. (2) Giving codes to the initial data obtained from
interviews: The coded data were then examined to identify patterns and
commonalities. (3) Adding comments/reflections etc.: The coded data were then
annotated with comments and reflections to provide additional insights into the data.
(4) Trying to identify similar phrases, patterns, themes: The coded data were then
analyzed to identify similar phrases, patterns, and themes. (5) Taking these patterns,
themes to help focus the next wave of data collection: The identified themes were then
used to focus the next wave of data collection, which helped to ensure that the data
were relevant to the research questions. (6) Gradually elaborating a small set of
generalizations that cover the consistencies you discern in the data: The identified
themes were then used to develop a small set of generalizations that covered the
consistencies in the data. (7) Linking these generalizations to a formalized body of
knowledge in the form of constructs or theories: The generalizations were then linked
to a formalized body of knowledge in the form of constructs or theories. The assurance
of trustworthiness in qualitative descriptive studies is crucial and applies to all
research designs. Lincoln and Guba (1985) have outlined four essential criteria for
establishing trustworthiness: credibility, dependability, confirmability, and
transferability. In order to ensure the trustworthiness of the current study, a two-fold
strategy was implemented by the researchers. Firstly, a comprehensive protocol for
data collection was meticulously followed. Secondly, all transcripts were shared with
the participants to allow for their review and correction, enhancing the dependability
and confirmability of the findings.
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Results

This section of the study presents research findings related to features of STEM
practices and STEM practitioners, educational value of STEM practices and
evaluation process of STEM practices. The results of the qualitative content analysis
are presented as in vivo codes, while the thematic analysis results are presented in
Figures 1, 2, 3, and 4. The in-vivo codes and figures provide a comprehensive
overview of the data collected and analyzed, highlighting key themes and patterns that
emerged from the data.

Teacher Views on Features of STEM Practices

Participants mostly emphasized that STEM involves using technology, encouraging
collaborative work, facilitating help, promoting critical thinking, increasing
productivity, providing interdisciplinary solidarity, enhancing creativity,
strengthening communication, promoting peer understanding, integration of
disciplines, promoting cognitive thinking and meta cognition and working to solve
current problems. Some of the participants views were given below:

STEMP1: "The aim is to enable students to use today's technology to solve current
problems in physics, chemistry, biology, and mathematics courses. It promotes peer
understanding, cognitive thinking, problem-solving, strengthens communication, and
indirectly promotes mutual support.”

STEMP2:"It is a learning system created by combining mathematics, science,
engineering, and technology departments. It enables critical thinking. It is focused on
problem-solving and increases productivity."

STEMPS5: "STEM, which is a learning system created by combining science,
mathematics, engineering, and technology departments, enables students to find
solutions to real-life problems and turn them into products."

STEMP6: "It should provide interdisciplinary collaboration, encourage
collaborative work, increase creativity, and promote critical thinking."

STEMPS: "It involves preparing a joint project between different science
branches. In this way, consensus is reached between disciplines."
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Figure 1. Themes and subthemes emerged from the Features of STEM Practices

The findings presented in Figure 1 indicate that the theme of features of STEM
practices includes fourteen subthemes such as collaboration, solidarity, critical
thinking, productivity, meta-cognition, integration of disciplines, creativity,
communication, peer learning, inquiry and problem solving, digital competences,
technology and innovation, hands-on and experiential learning, engineering and
mathematical modeling. It can be concluded that STEM practices heavily focused on
meta-cognitive skills.

Characteristics of STEM Practitioners

This section aims to describe characteristics of STEM practitioners. Participants
generally emphasized that STEM practitioners should have a curiosity about the
profession, be a good instructor, be solution-oriented, have strong communication
with students, know how to relate their fields to other subjects, encourage critical
thinking, know how to effectively use mathematics in engineering, train individuals
who can carry out activities suitable for the digital age, have a broad imagination, have
a high level of general knowledge, be innovative, have analytical thinking, be
disciplined, and patient. The in-vivo codes and Figure 2 provide a comprehensive
overview of the key themes and patterns that emerged from the data.
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Figure 2. Themes and subthemes emerged from the characteristics of STEM
practitioners

STEMP1: "As a math teacher, a STEM teacher should know how to effectively use
math in engineering. Application teachers should know how to relate their fields to
other subjects. They should encourage students to think analytically and critically
with different questions."

STEMP2: "A STEM teacher should contribute to the process of educating
individuals who will conduct studies that meet the requirements of the digital age."

STEMP3: "They should have an interest in their profession, strong student
communication skills, and be solution oriented. Additionally, they should be able to
use technology well and have good knowledge of computer programs. However, as
many teachers lack these skills, it can create difficulties in some STEM programs."

STEMP4: "They should encourage students to succeed both in daily life and in
school, be analytical, innovative, and solution oriented."

STEMP5: "They should have a broad imagination, be disciplined, patient, and
most importantly, have a high level of general knowledge."

Figure 2 illustrates one theme and fourteen subthemes associated with the
characteristics of STEM practitioners. According to subthemes STEM practitioners
should be patient, curious, sophisticated, innovative, task oriented, well disciplined,
adaptable, lifelong learner, and interdisciplinary. Additionally, STEM practitioners
should have communication skills, computational thinking skills, passion and
perseverance, technical pedagogical content knowledge and analytical thinking. The
theme is related to various characteristics of STEM practitioners, the unique nature of
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STEM. It can be estimated that characteristics of STEM practitioners are multifaceted,
encompass various dimensions and requires analytical thinking skills.

Educational VValue of STEM Practices

Regarding the educational value and contribution of STEM practices in the
educational process, participants emphasized that STEM practices contribute to peer
collaboration, transferring knowledge and skills acquired throughout the education
life to work life, starting to enjoy a subject that the student previously had no interest
in, being involved with technology and science, providing the opportunity to better
understand the relationship between events, the contribution of mathematics and
engineering education, and discovering new inventions.
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Figure 3. Themes and subthemes associated with educational value of STEM
practices

STEMP1: "l noticed that students expressed different views and their curiosity was
aroused in the relationship between traffic lights and logic, which was our first
quarter homework. The collaboration process was very positive. They saw the
contribution of the project to the education they received in mathematics and
engineering."

STEMP3: "It allows students to discover new inventions and better understand the
relationship between events."

STEMPS: "It is effective in students developing themselves and gaining
experience. The knowledge and skills gained during the education are transferred to
the business life and students are brought to a certain level. STEM is very effective in
this regard."
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STEMP7: "It also provides peer support, problem-solving skills, and being
intertwined with technology and science for students."

STEMPS: "Since it combines two different lessons, it attracts students' attention
more. They begin to love the lesson they are not interested in this way."

Based on Figure 3, the results show that there is one main theme and ten subthemes
under the educational value of STEM practices. The main subcategories include
continuous learning, continuous learning, adaptability and transfer of learning, peer
support, integrated skills, prolonged engagement and motivation, discovery learning,
recognizing connections, contribution to mathematics and engineering, technological
literacy, preparation for future careers. It can be extracted from the results that
educational value of STEM practices is related to the nature of STEM, the
characteristics of students, the distinctive features of teaching and requires critical
thinking skills.

Assessment of STEM Practices

In this section, the strategies, methods, and techniques employed by STEM
practitioners to evaluate STEM applications, as well as their opinions, were
delineated. The participants mostly emphasized that the strategies, methods, and
techniques used to evaluate STEM applications include rubrics, design activities such
as product demonstration videos and presentations, tests related to the topic, open-
ended questions, peer assessment tools, brainstorming, semi-structured interviews,
true/false questions, and student documents. These assessment technigques were given
in Figure 4 and in the following excerpts.
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Figure 4. Themes and subthemes associated with the assessment of STEM
practices

STEMP1:"The most effective method | used was to let students work alone in the
STEM workroom for certain time periods. | noticed that more creative ideas emerged
when they were free from a teacher's constant direction.”

STEMP2:"l used rubrics, product introduction videos, and product
presentations."

STEMP3:"Social gain rubric, teamwork rubric, and a test related to the topic were
applied.”

STEMP4:"Question-answer method, brainstorming, and collaborative learning
were applied.”

STEMPS5:"Original ideas are important. Rubrics, short question-answer sessions,
performance evaluations, and a small number of tests can be used for evaluation."

Figure 4 illustrates one theme and fourteen subthemes associated with the
assessment of STEM practices. According to subthemes assessment of STEM
practices can be based on performance-based assessments, project-based assessments,
problem-solving assessments, inquiry-based assessments, self and peer assessments,
portfolios, observations, rubrics, interview, product design presentations, product
introduction videos, student documents, brainstorming, subject tests. The theme
revolves around the diverse and distinctive characteristics of assessing STEM
practices. It can be deduced that the assessment of STEM practices is intricate and
encompasses multiple dimensions.

Discussion, Conclusion, and Implications

STEM practices emphasize the ability to ask questions, investigate problems, and
develop solutions. This involves critical thinking, analysis, and experimentation to
explore and understand phenomena. STEM practitioners often work in teams to solve
complex problems. Effective collaboration involves sharing ideas, working together,
and leveraging each team member's expertise. Communication skills, both written and
oral, are essential for sharing findings and presenting solutions. It is important to note
that assessing STEM practices goes beyond traditional tests and exams. It involves a
combination of formative and summative assessment methods that provide a
comprehensive picture of students' knowledge, skills, and abilities in STEM domains.
Assessments should align with the goals and objectives of STEM education,
promoting a deeper understanding of concepts, critical thinking, problem-solving
skills, and the application of knowledge to real-world situations. This study aims to
delineate characteristics of STEM practices and STEM practitioners, educational
value of STEM practices and evaluation process of STEM practices. Descriptive
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content and thematic analysis were used to identify themes, subthemes and in vivo
codes.

The Features of STEM Practices

In the present study, the participants emphasized that STEM applications generally
involve using technology, encouraging collaborative work, promoting mutual
assistance, fostering critical thinking, increasing productivity, facilitating
interdisciplinary solidarity, enhancing creativity, strengthening communication,
promoting peer understanding, and encouraging cognitive thinking to address
contemporary problems. Felix and Harris (2010) highlighted the importance of STEM
subjects and pedagogical knowledge for teachers. Acar et al., (2018) prioritize
students' skills and levels of competence over their amount of knowledge, given that
access to information is relatively straightforward in today's environment. It is evident
that students who rely solely on acquiring knowledge will not be able to participate in
the future world, as a significant part of the world in the near future will consist of
components such as artificial intelligence, augmented reality, and robotics. 21st-
century skills are now at the center stage. It is crucial for students to develop skills
such as collaboration, creativity, critical thinking, and problem-solving at an early age.
The STEM approach is a strategy to acquire these skills. STEM education is a
collaborative work philosophy that is based on the application of knowledge and
provides students with in-depth and valuable real-world experiences. STEM
education typically focuses on science and mathematics but also includes technology
and engineering, based on these two principles (Bybee, 2010; Gomez & Albrecht,
2014).

The Features of STEM Practitioners

Participants emphasized that a STEM practitioners should have a curiosity about the
STEM profession, be a good educator, be solution-oriented, have strong student
communication skills, know how to relate their field to other subjects, promote critical
thinking, know how to effectively use mathematics in engineering, develop
individuals who work in line with the requirements of the digital age, have a broad
imagination, possess a high level of general culture, be innovative, think analytically,
be disciplined, and patient. The literature in the field also supports the data obtained
in this study. In the literature review, teachers highlighted the need for understanding
the subject matter, pedagogical knowledge, engineering knowledge, and integrative
knowledge to become a STEM LT (Saxton et al., 2014; Shulman, 1986). Additionally,
agood STEM LT strongly emphasizes 21st-century skills, patience, and efficient time
management. A talented STEM LT should also be familiar with the STEM
pedagogical content when the literature is evaluated (Saxton et al., 2014; Shulman,
1986). Teachers have also claimed that the education provided in colleges is
insufficient for STEM education. It is acknowledged that there are significant gaps in
education, especially in engineering and technology. In this sense, our study is
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differentiated. Because our study includes interviews with teachers who have
undergone the STEM LTPDP, that is, teachers who have received STEM education.
Teachers need to be particularly skilled in areas such as education and teamwork.
Kennedy et al., (2008) claim that a solid understanding of materials and methodology
is necessary for competent STEM education. Findings of the present study is
concurrent with existing literature.

Educational VValue of STEM Practices

The views of teachers on the contribution of STEM applications to the education
process are explored. Participants underscored that STEM applications provide peer
support, enable the transfer of knowledge and skills acquired throughout the
educational life to the world, help students to start liking a subject they are not
interested in, ensure being involved in technology and science, enable the discovery
of new inventions, provide the opportunity to understand the relationship between
events better, contribute to the education received in mathematics and engineering,
and enable the discovery of new inventions. When the studies in the literature are
examined, it is seen that problem-solving skills are individually addressed, and
students receiving STEM education are more successful in mathematics and problem-
solving (Corlu & Aydin, 2016). Students specializing in STEM fields are master
problem solvers who apply their expertise in new environments. When testing the
capacity to answer non-routine questions, routine, well-structured activities were used
to measure students' skills in mathematics and science. STEM education helps
students to achieve desired results in the problem-solving process when they are
presented with non-routine challenges they may encounter in daily life (Corlu &
Aydin, 2016). Thus, it can be said that children who gain problem-solving skills with
non-routine problems will easily solve routine problems and be successful in
mathematics. In addition, the relationship between mathematics achievement and
science problem-solving skills can also be interpreted as STEM education being based
on an interdisciplinary approach, so an increase in problem-solving skills in one lesson
can affect the success of another lesson. In this sense, the literature in the field also
supports the data obtained in this study.

Assessment of STEM Practices

The strategies, methods, and techniques used by teachers to evaluate STEM
applications and their views were explored. The participants emphasized that they
used strategies, methods, and techniques such as rubrics, product showcasing videos,
product presentations, topic-related tests, open-ended questions, peer evaluation tools,
brainstorming, semi-structured interviews, true-false questions, and student
documents to evaluate STEM applications. When asked about the strategies, methods,
and techniques they used most during STEM applications, the teachers expressed that
they used presentation-based learning and research-based learning strategies;
problem-based learning and project-based learning methods, and presentation
techniques. In STEM education, especially problem-based, project-based learning,
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and research-based teaching are used (Yildirim, 2016). The basis of using these
strategies and methods is that students face real-world problems by connecting daily
life. When the literature is reviewed, a similar situation is encountered (Felix & Harris,
2010). Alumbaugh (2015) investigated the views of elementary school teachers on
STEM education. Project-based learning is especially used by elementary school
teachers who state that it helps children develop critical thinking and problem-solving
skills. The same study emphasized that using STEM education, especially in student-
centered, research-based learning, and project-based learning, has more advantageous
results (Gao et al., 2020). Research-based instruction and practical applications will
produce the best results in STEM education (Yildirim, 2018). According to Odabasi
(2018), alternative assessment and evaluation tools that can be used in STEM
education are: diary, observation journal, poster, concept map, V diagram, checklist,
grading scale, rubric, group evaluation, peer evaluation, and self-evaluation.
Assessment and evaluation in STEM education are multidimensional and distributed
throughout the process. In our study, in contrast to the research findings in the
literature, design activities such as presenting product videos and product
presentations stand out based on the responses provided by the practitioners.

This study has several contributions. Firstly, it provides a comprehensive overview
of STEM practices. Secondly, it offers a clear understanding of the features of STEM
practices and STEM practitioners, educational value of STEM practices and
evaluation process of STEM practices. However, this study also has some limitations.
Firstly, the study was conducted with only private high school STEM practitioners in
Istanbul, and no public school or secondary school STEM practitioners were recruited.
The experiences and perceptions STEM practitioners may differ between public and
private high school and also those in secondary schools. Thirdly, it is important to
acknowledge that the study's sample size, although providing rich descriptions of
STEM practitioners perceptions and experiences through semi-structured interviews,
is limited. Future research in the field of STEM should strive for broader participant
inclusion through the utilization of quantitative and mixed methods approaches.
Enlarging the participant pool would enhance the generalizability and statistical
strength of the findings. Additionally, to gain a more comprehensive comprehension
of the underlying mechanisms that elucidate STEM practices, further research
endeavors are warranted. It is essential to delve deeper into the factors and processes
that shape the outcomes of STEM practices. Furthermore, considering the exploratory
nature of the present study, future research stands to benefit from the development
and validation of methodologies that effectively capture the diverse needs of both
STEM practitioners and their students within the context of STEM practices.

The purpose of the present study was bilateral. Firstly, it aimed to explore features
of STEM and characteristics of STEM practitioners. Secondly, it sought to identify
the educational value and assessment of STEM. In general, participants emphasized
that STEM aims to use technology, encourage collaborative work, promote critical
thinking, increase productivity, facilitate interdisciplinary solidarity, enhance
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creativity, strengthen communication, establish peer agreement, foster cognitive
thinking, and work towards solving today's problems. Participants will generally be
interested in becoming STEM practitioners, good teachers, solution-oriented, possess
strong student communication skills, understand how to relate their field to other
subjects, develop critical thinking, and understand effective use of mathematics. They
emphasized the need to conduct research in the field of engineering and to conduct
research in line with the requirements of the digital age. They stressed the need to
educate independent, creative, well-cultured, innovative, analytical, disciplined, and
patient individuals. Participants generally use strategies, methods, and techniques to
evaluate STEM applications, design activities, and related tests. They emphasized that
they are student-centered and use graded scoring keys, product introduction videos,
product presentations, open-ended questions, peer evaluation tools, brainstorming,
semi-structured interviews, and true-false questions. Overall, it would be helpful to
add a new field called STEM Leader Teacher Training to the education process in
faculties of education so that teachers can receive STEM Leader Teacher Training.
The findings of the research highlighted that STEM education includes using
technology, promoting teamwork, collaboration, critical thinking, increasing
productivity, promoting interdisciplinary solidarity, encouraging creativity,
strengthening communication, promoting peer understanding, promoting cognitive
thinking, and addressing contemporary problems. In this context, it is necessary to
review the curricula of faculties of education in the light of the advantages of STEM
education. Especially, including courses related to engineering and technology
education in faculties of education is crucial. Regarding technology education, it is
clear that placing classes where students will receive education on contemporary
concerns, especially coding education, is of paramount importance.

As a conclusion, our results hold implications for policy makers and educators.
Policy makers need to ensure that STEM practitioners and STEM practices. Educators
need to be aware of STEM practices and its value for educational processes.
Additionally, the results provide invaluable contributions to the field of STEM
education and will be used to improve the quality of STEM education. Finally, it is
essential STEM Leader Teacher Training programs to overhaul their curricula to
increase prospective STEM practitioners’ skills and competence.
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Genisletilmis Tiirkce Ozet

STEM egitimi, 6grencileri 21. yiizyil is giicii gereksinimlerine hazirlamada énemli bir
yere sahiptir. Bu c¢aligma, dgretmenlerin STEM egitimi konusundaki goriislerini
ortaya koymayi amaglamaktadir. Caligma 6zellikle STEM uygulamalarini siniflarinda
uygulayan Ogretmenlerin  goriiglerini  belirlemek i¢in, okullardaki STEM
uygulamalarinin genel &zelliklerine, STEM lider 6gretmen veya uygulayicilarinin
ozelliklerine, STEM uygulamalarinin egitimsel degerine ve STEM uygulamalarinin
degerlendirme siirecine odaklanmaktadir.

Bu ¢alismada, STEM uygulayicilarinin okullardaki STEM uygulamalarina iligkin
bakig acilarmi ortaya koymak igin igerik analizi ve tematik analiz yontemlerini
kullanan betimsel nitel arastirma modeli kullanmistir. Calisma verileri, 8 STEM
uygulayicisindan yar1 yapilandirilmig goriismeler yoluyla toplanmistir. Daha 6nce
STEM egitimi almis sekiz STEM egitimcisi secilmis ve goniillii olarak arastirmaya
davet edilmistir. Arastirma verileri Subat ve Mart 2023 tarihleri arasinda
gergeklestirilen yiiz ylize bireysel goriigmeler yoluyla elde edilmistir. Gériismeler 35
ila 45 dakika stirmiis ve desifre amaciyla kaydedilmistir. Katilimcilara STEMP1'den
STEMPS'e kadar kod numaralari verilmistir. Katilimcilarin yaslar1 28 ile 45 arasinda
degismektedir ve ortalama yaglar1 33,7'dir. Katilimcilarin yedisi kadm, biri erkektir.
Katilimcilarin ortalama 8,8 yil olmak iizere minimum 3 yil ve maksimum 15 yil
ogretmenlik deneyimi bulunmaktadir. STEM deneyimleri 1 ile 4 yil arasinda
degismekte olup, ortalama 2,8 yildir. Betimsel arastirma, 6zellikle arastirilan konu
hakkinda smirli bilginin oldugu alanlarda, deneyimlerin ve algilarin dogrudan
aciklamalarin1 saglamayr amaglar (Sandelowski, 2010). Bu amag¢ dogrultusunda
calismada asagidaki arastirma sorularina cevap aranmistir:

1. Okuldaki STEM uygulamalarinmn 6zellikleri nelerdir?

2. Okuldaki STEM uygulayicilarinin ézellikleri nelerdir?

3. Okuldaki STEM uygulamalarinin egitsel degerine iligkin goriisler nelerdir?
4. Okuldaki STEM uygulamalarmin degerlendirme siireci nasildir?

Calismada, dort agik uglu arastirma sorusundan olusan yari yapilandirilmis anket
kullanilarak bireysel goriismeler yoluyla veriler toplanmistir. Verileri analiz etmek ve
tekrar eden temalar1 belirlemek i¢in nitel i¢erik analizi ve tematik analiz kullanilmistir
(Braun & Clarke, 2022). Bu teknikler sistematik bir kodlama, anlam yorumlama ve
temalarin tanimlanmasi yoluyla sosyal gercekligin kapsamli bir tanimimi saglama
stirecini igerir (Gall ve dig., 2007). Betimsel nitel veri analizi siireci verilerin
kategorize edilmesini ve ana temalarin belirlenmesini igermektedir (Berg ve Lune,
2015; Creswell, 2007, 2012, 2015; Stake, 2010; Yin, 2011).

Calismanin veri analiz siireci, Newell ve Burnard (2011) tarafindan dnerilen analiz
stirecine dayanmaktadir. Bu siiregler: (1) Verilerin desifre edilmesi ve tasnif edilmesi:
Veriler dnce yazil1 bir formata doniistiiriilmiis ve ardindan ciimleler, paragraflar veya
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temalar gibi anlaml1 birimler halinde tasnif edilmistir. (2) Goriismelerden elde edilen
ilk verilere kod verilmis ve daha sonra kodlanan veriler incelenerek éruintiler ve ortak
noktalar tespit edilmistir. (3) Yorum/disiinceler eklenmis ve kodlanmig veriler daha
sonra, verilere iliskin ek icgoriiler saglamak icin yorumlar ve diisiincelerle
aciklanmustir. (4) Benzer ifadeler, kaliplar, temalar belirlemis ve kodlanan veriler
daha sonra benzer ifadeleri, kaliplar1 ve temalar1 belirlemek i¢in analiz edilmistir. (5)
Belirlenen temalar daha sonra, arastirma sorulariyla eslestirilmistir. (6) Belirlenen
temalar ortaya ¢ikarilmistir. Mevcut ¢aligmanin giivenirligini saglamak igin
aragtirmacilar tarafindan ikili bir strateji uygulanmistir. ilk olarak, veri toplama igin
kapsamli bir uygulama protokolii titizlikle takip edilmistir. Ikinci olarak, bulgularm
giivenilirligini artirmak igin tiim yazili metinler katilimcilar tarafindan kontrol
edilmistir.

Aragtirma bulgular incelendiginde: STEM uygulamalarmin 6zelliklerine iligkin
ogretmen goriisleri temasinda 14 alt tema ortaya koyulmustur. Katilimeilar
¢ogunlukla STEM uygulamalarmin: teknoloji kullanimy, igbirligine dayali 6grenme,
dayanisma, elestirel diisiinmeyi tesvik etme, iiretkenligi artirma, disiplinler arasi
calismay1 saglama, yaraticilign gelistirme, iletisimi gliglendirme, akran dayanigmasini
gelistirme, disiplinleri biitiinlestirme, {ist biligsel diisiinmeyi tesvik etme ve mevcut
sorunlara  ¢dziim retme kavramlarmi icerdigini vurgulamistir. STEM
uygulayicilarinin 6zellikleri temasinda 14 alt tema ortaya koyulmustur. Katilimcilar
genel olarak STEM uygulayicilarmin: meslege merak duymasi, iyi bir egitmen
olmasi, ¢oziim odakli olmasi, 6grencilerle iletisimi kuvvetli olmasi, alaniyla diger
konular arasinda iligki kurmasimi bilmesi, elestirel diisiinmeyi tesvik etmesi,
matematigi etkin kullanmay1 bilmesi, miithendislikte dijital caga uygun faaliyetleri
yiriitebilmesi, genis hayal giiciine sahip olmasi, genel kiiltiir diizeyi yiiksek olmasi,
yenilik¢i olmasi, analitik disiinebilmesi, disiplinli ve sabirli olmasi gerektigini
vurgulamislardir. STEM uygulamalarmin egitsel degeri ve egitim siirecine katkisi
temasimda 10 alt tema ortaya koyulmustur. Katilimcilar: STEM uygulamalarinin
akran is birligine, egitim hayati boyunca edinilen bilgi ve becerilerin is hayatina
aktarilmasina, 6grencinin daha once ilgi duymadigi bir konudan zevk almaya
baslamasina, teknoloji ve bilim ile i¢ ice olmasina, olaylar arasindaki iligkiyi daha iyi
anlamasina, matematik ve miihendislik egitimine ve yeni buluslar tasarlamasina katki
sagladigin1 vurgulamislardir. STEM uygulamalarinin degerlendirilmesi temasinda 14
alt tema ortaya koyulmustur. Katilimcilar: STEM uygulamalarmi degerlendirmede
kullanilan strateji, yontem ve tekniklerin ¢cogunlukla dereceli puanlama anahtarlari,
iirlin tanitim videolar1 ve sunumlari gibi tasarim etkinlikleri, konuyla ilgili testler, acik
uclu sorular, akran degerlendirme aracglari, beyin firtinasi, yart yapilandirilmig
gorlismeler, dogru/yanlig sorular1 ve Ogrenci dokiiman ve dosyalart oldugunu
vurgulamiglardir.

Sonug olarak, STEM uygulamalari, soru sorma, sorunlari arastirma ve ¢oziim
gelistirme becerilerine vurgu yapmaktadir. Olgular1 kesfetmek ve anlamak icin
elestirel diisiinme, analiz ve deney yapmay! igermektedir. STEM uygulayicilari
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genellikle karmagik sorunlari ¢6zmek igin ekipler halinde ¢alisirlar. Etkin isbirligi,
fikir paylasimi, birlikte ¢aligma ve her ekip iiyesinin uzmanligindan yararlanmayi
igermektedir. Bulgulari paylasmak ve ¢oziimler sunmak i¢in hem yazili hem de sozli
iletisim becerileri gereklidir. STEM uygulamalarini degerlendirebilmek geleneksel
degerlendirme araglarinin 6tesine gegmek gerektiginin farkinda olmak gereklidir.
Ogrencilerin STEM alanlarindaki bilgi, beceri ve yeteneklerinin kapsamli olarak
ortaya koyan siire¢ ve sonug odakli degerlendirme yontemlerinin bir kombinasyonunu
igermektedir. Degerlendirmeler, STEM egitiminin amag¢ ve hedefleriyle uyumlu
olmali, kavramlarin daha derinden anlasilmasini, elestirel diisiinmeyi, problem ¢ézme
becerilerini ve bilginin ger¢ek diinyadaki durumlara uygulanmasini tesvik etmelidir.
Arastirma bulgulart politikacilar ve egitimciler i¢in anlamli ¢ikarimlar
barmdirmaktadir. Egitim politikalarina yon veren karar vericiler ve egitimciler, STEM
uygulayicilarini ve STEM uygulamalarmi egitime egemen kilmak i¢in ¢aligmalar
yapmalidir. Egitimcilerin STEM uygulamalarmin ve egitim siirecleri i¢in degerinin
farkinda olmalar1 6nemlidir. Ayrica, arastirma sonuglar1 STEM egitimi alanina énemli
katkilar saglayacak ve STEM egitiminin kalitesini artirmak igin kullanilabilecektir.
Son olarak, STEM Lideri Ogretmen Yetistirme programlarinin, miistakbel STEM
uygulayicilarinin beceri ve yeterliliklerini artirmak igin egitim programlarinin gozden
gecirmeleri 6nem arz etmektedir.
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