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The aim of this study is to examine the views of STEM educated and non-STEM
educated prospective teachers on STEM education with regard to their
epistemological beliefs. The participants of the study, which is a basic qualitative
research, consist of 24 voluntary prospective teachers enrolled in elementary
mathematics education and primary teacher education programs. Data were
collected through a data collection tool comprising demographic information,
beliefs about the nature of knowledge, and open-ended questions about views
and recommendations regarding STEM education and subjected to content
analysis. At the end of the content analysis, it was observed that STEM educated
prospective teachers with sophisticated beliefs about the structure of knowledge
had more views and recommendations regarding STEM education and intended
to incorporate more STEM activities in their classrooms in the future.
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Introduction

In recent years, countries need to keep up with the rapid developments in science and
technology. With the advancement of science and technology, there is a need for a skilled workforce for
economic development, which necessitates equipping young people with new generation competencies.
In addition to academic knowledge and skills, there is a need to impart knowledge and skills that enable
adaptation to the work environment and competitiveness (Jerald, 2009). The Partnership for 21st
Century Skills (P21) (2019) summarizes these skills under three themes: learning and innovation skills;
information, media, and technology skills; and life and career skills. Learning and innovation skills
encompass critical thinking and problem-solving, creativity and innovation, and communication and
collaboration skills, while information, media, and technology skills include information literacy, media
literacy, and information, communication, and technology literacy. Life and career skills cover
flexibility and adaptability, initiative and self-direction, social and cross-cultural skills, productivity and
accountability, leadership, and responsibility (P21, 2019).

It appears possible to impart intertwined, interrelated skills of the 21st-century such as creativity,
critical thinking, problem-solving, and collaboration to students through education that reflects
situations of interdependence in daily life, especially in interconnected core areas such as science,
technology, engineering, and mathematics (STEM). Akgiindiiz et al. (2015) state that such education is
possible not through traditional STEM education but through integrated STEM education, which can
easily be implemented with primary school students. STEM education not only prepares students for the
future in STEM fields (National Research Council [NRC], 2011) but also supports their orientation
towards STEM-related careers. Schmidt and Fulton (2016) emphasize the importance of early STEM
education but highlight shortcomings in educational programs. Early STEM education provides a strong
foundation for life skills by enabling students to develop interdisciplinary knowledge and skills (NRC,
2011) and increases the likelihood of choosing STEM-related professions and working in STEM-related
jobs in the future (NRC, 2011). STEM education enables students to understand complex scientific
issues, enjoy STEM integration, engage in collaborative learning, and thus develop collaboration skills
(Cetin & Balta, 2017). Therefore, to support students' 21st-century skills providing quality early STEM
education is important. In this regard ensuring that teachers receive training about STEM education
(Schmidt & Fulton, 2016), and strengthening the professional capacities of early STEM educators (Corlu
et al., 2014) are inevitable. Karisan et al. (2019) state that prospective teachers need to be effective in
STEM education but cannot understand STEM and STEM education without adequate education and
experience, ultimately, they will not be able to implement STEM education as expected.

STEM education has made progress in the last twenty years, and many countries such as Russia,
Japan, Canada, Australia, the United States, and Tiirkiye have begun to integrate STEM education into
their science and/or mathematics curricula (Giinbatar & Bakirci, 2019). Lederman and Lederman (2013)
noted that teacher education programs in the United States focus on the development of pre-service
teachers in STEM education and integration of science, technology, engineering, and mathematics
(STEM). However, Rinke et al. (2016) state that the idea of particularly training STEM teachers at the
primary school level in the United States has not yet received the attention it deserves.

Practices at the primary school level are important to increase students' interest in STEM at an
early age (DeJarnette, 2012; Johnson et al., 2021). For this purpose, there is a need for primary school
teachers who have received quality STEM education (Wang, 2012). It is emphasized that primary school
teacher candidates need to learn STEM content knowledge and teaching in pre-service education.
However, studies indicate that there are some deficiencies, especially in interdisciplinary STEM content
knowledge among primary school teacher candidates (Honey et al., 2014), and they do not have
confidence in STEM and do not exhibit positive attitudes (Johnson et al., 2021).

Schmidt and Fulton (2016) stated that at the end of inquiry-based STEM education, prospective
primary school teachers may require facts/evidence, proven knowledge, and more explicit, direct
instruction, which could be associated with inadequate epistemological beliefs. Therefore, they
emphasized the importance of identifying the epistemological beliefs of student teachers in pre-service
STEM education. Davis (2003) generally asserted that teachers' beliefs and worldviews influence the
instructional methods they use in their classrooms. In this context, Barak (2014) expressed the
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importance of understanding teachers' beliefs and how these beliefs affect innovations such as STEM
education.

Epistemological beliefs are defined as beliefs about knowledge and knowledge acquisition
(Hofer & Pintrich, 1997). Developing students' epistemological beliefs at an early age is important for
better understanding of science (Greene et al., 2018) The study of epistemological beliefs dates to the
early 1970s. Initially, Perry (1970) defined unidimensional epistemological beliefs, while later
Schommer (1990) argued that epistemological beliefs are multidimensional, and these dimensions are
independent of each other. Schommer (1990) defined these dimensions as simplicity of knowledge,
certainty of knowledge, innate ability, and quick learning.

Studies (Ferguson & Brownlee, 2018; Schraw et al., 2011) indicate that epistemological beliefs
influence prospective teachers' learning and their participation in teacher education courses, therefore,
it is beneficial to be aware of their epistemological beliefs. The epistemological beliefs of prospective
teachers have the potential to influence their preferences for teaching and learning processes (Tanase &
Wang, 2010). Pre-service teachers with advanced epistemological beliefs generally tend to effectively
implement constructivist teaching approaches, while those with underdeveloped epistemological beliefs
often prefer traditional teaching approaches (Hashweh, 1996). Although not directly related to
epistemological beliefs, Giinbatar and Bakirci (2019) have shown that pre-service science teachers who
take more STEM courses have higher intentions of teaching STEM compared to pre-service primary
school teachers who take fewer STEM courses.

Pre-service teachers' epistemological beliefs not only influence their preferences in pre-service
education but also affect their decisions and practices regarding classroom activities and other duties
when they become teachers (Ferguson and Brownlee, 2018; Lunn-Brownlee et al., 2017; Schraw et al.,
2011). As future teachers, pre-service teachers need to not only plan, guide, and assess their students'
learning but also enhance their content knowledge (Buehl & Fives, 2009). Therefore, understanding pre-
service teachers' epistemological beliefs is important to comprehend how they learn STEM and how
they can teach it in the future (Elby et al., 2016). Thus, examining prospective teachers' views on STEM
education in regard to their epistemological beliefs is thought to provide a more comprehensive
perspective.

In this study, it is aimed to examine and reveal the views of STEM educated and non-STEM
educated prospective teachers on STEM education with regard to their epistemological beliefs. Within
this aim, answers to the following research questions have been sought:

1. What are the epistemological beliefs of STEM educated and non-STEM educated prospective
teachers regarding the nature of knowledge?

2. What are the views of STEM educated and non-STEM educated prospective teachers on
STEM education?

3. Regarding their beliefs about the structure of knowledge, what are the views of STEM
educated and non-STEM educated prospective teachers on STEM education?

4. Regarding their beliefs about the structure of knowledge, what are the intentions of STEM
educated and non-STEM educated prospective teachers to incorporate STEM activities into their
future classrooms?

5. Regarding their beliefs about the structure of knowledge, what are the STEM educated and
non-STEM educated prospective teachers’ recommendations for STEM education?

Method

This study was conducted as a basic qualitative research. According to Merriam (2009/2013),
basic qualitative research, which is widely preferred in the field of education, focuses on how individuals
interpret their interactions with their environments, the meanings they attribute to their experiences, and
how they construct those meanings. In line with this, in this study, the meanings STEM educated and
non-STEM educated prospective teachers attribute to STEM education, their intentions to implement
STEM practices in their classrooms when they become teachers, and their recommendations for STEM
education were presented in relation to their beliefs about the structure of knowledge.
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Study Group

The study group consists of a total of 24 volunteer prospective teachers, with 12 from elementary
mathematics education (n=12; 4 male, 8 female) and 12 from primary school education (n=12; 3 male,
9 female) programs. Since the focus of this study is to examine the views of prospective teachers on
STEM education considering their epistemological beliefs, prospective teachers STEM educated
(elementary mathematics education) and non-STEM educated (primary school education) were included
in the study.

Processes

Different processes were involved for elementary mathematics prospective teachers and primary
school prospective teachers depending on STEM education they received or not. The group receiving
STEM education, composed of elementary mathematics prospective teachers, attended an elective
course titled "Mathematics in Science Education™ conducted by the first author for 14 weeks, two hours
per week. In this course, besides acquainting elementary mathematics prospective teachers with the
theoretical foundations and basic philosophy of STEM approach, they were aimed to examine STEM
activities related to their fields and then develop, implement, and evaluate STEM activities. For this
purpose, in the first three weeks, theories related to STEM and relevant literature were discussed in the
classroom. Then, for another three weeks, prospective teachers examined and discussed STEM activity
examples from the literature. Discussions were deepened with questions such as what features make an
activity a STEM activity and how the activity can be further developed. In the remaining weeks,
elementary mathematics prospective teachers planned STEM activities to impart the goals they selected
from the elementary mathematics curriculum and presented the activities planned in the classroom. The
STEM activities they presented were discussed in the classroom, and they were encouraged to improve
their activities and activity plans based on the feedback received.

Non-STEM educated prospective teachers consisted of 12 primary school prospective teachers
who attended the Science Teaching course conducted by the first author for the same period of 14 weeks,
two hours per week. In this course, teaching methods for science education were provided to primary
school prospective teachers. In this study, prospective teachers which had received very limited STEM
education were named as non-STEM educated prospective teachers, while the prospective teachers
which had received STEM education were named as STEM educated prospective teachers.

Data Collection

A data collection instrument covering sections on demographic information, beliefs regarding
the nature of knowledge, and views and suggestions on STEM education was used to collect data.

The demographic information section included three questions regarding the gender, the teacher
training program they are currently enrolled in, and receiving STEM education.

To determine the epistemological beliefs, a data collection tool developed by Giiven (2013) was
conducted. In his master's thesis, Giiven (2013) developed a data collection tool comprising five
dimensions based on Schommer's (1990) theoretical propositions regarding the nature of knowledge,
including its source, structure, and certainty, as well as learning speed and learning ability dimensions
regarding the nature of learning. To ensure the validity of the instrument, opinions from experts in the
fields of science education and qualitative research methods were obtained regarding the content,
language, and appropriateness of the instrument. Subsequently, a pilot study was conducted with two
volunteer prospective primary school teachers. Following expert opinions and the pilot study, one
question for each dimension of Schommer's (1990) epistemological beliefs was included, resulting in a
total of five questions. Since this study was focused on the prospective teachers' epistemological beliefs
regarding the nature of knowledge, three open-ended questions related to the source, structure, and
certainty of knowledge were asked.

To evaluate the responses of prospective teachers to open-ended questions, a rubric developed
by Giiven (2013) was taken into consideration. This rubric categorized responses into three groups based
on the structure of knowledge: 1) Naive (responses indicating simplicity of knowledge); 2) Moderate
(responses indicating some knowledge as simple and some as complex); and 3) Sophisticated (responses
indicating complexity of knowledge). Additionally, responses were categorized based on the source of
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knowledge into: 1) Naive (responses indicating experts, books, or the internet as sources of knowledge,);
2) Moderate (responses indicating that the source of knowledge could vary depending on the situation,
sometimes relying on reason and other times on other sources); and 3) Sophisticated (responses
indicating reason as the source of knowledge). Lastly, responses were categorized based on the certainty
of knowledge into: 1) Naive (responses indicating that knowledge does not change, is absolute, and
certain); 2) Moderate (responses indicating that some knowledge does not change while others can); and
3) Sophisticated (responses indicating that knowledge can change and is not certain).

To determine the views and recommendations of prospective teachers regarding STEM
education, a semi-structured interview form consisting of ten open-ended questions, whose final form
was obtained after consulting experts in the field of STEM following a comprehensive literature review
by Yildirim and Tiirk (2018), was conducted. The three key questions addressing the research questions
of interest in this study were: "What are your views on STEM education?", "Would you like to
incorporate STEM practices into your classroom when you become a teacher?", and "In your opinion,
what are the key factors to ensure the effectiveness of STEM practices?" Permission was obtained from
the authors of the data collection instruments conducted in the study. At the end of the semester, data
were collected by the first author through face-to-face administration of the data collection instruments.

Data Analysis

The collected qualitative data underwent content analysis using an inductive approach
(Creswell, 2014). In a two-stage content analysis, initially, NVivo 11 was utilized for invivo and open
coding (Creswell, 2013), followed by axial coding (Giirbiiz & Sahin, 2018). During the open coding,
meaningful units within the data were identified to create codes, and then, through axial coding, similar
and related codes were grouped together to form themes, thus making the bulk of data more
comprehensible (Kvale, 1996). The relationships between the obtained codes and themes were
visualized using NVivo maps (Miles & Huberman, 1994). In interpreting the obtained data, NVivo maps
displayed the frequency or percentage of codes, with the aim of allowing for comparison and enabling
quality interpretations (Yildirim & Simsek, 2016), but not being to generalize or determine the direction
of the finding (Creswell, 2013). Consequently, the findings were interpreted through a holistic approach
by establishing intra- and inter-theme relationships and relating them to beliefs about the nature of
knowledge (Creswell, 2013), leading to inferences (Teddlie & Tashakkori, 2009). Moreover, scientific
ethical principles were meticulously adhered to throughout all stages of the study.

Validity and Reliability

Lincoln and Guba (1985) suggest some measures to convince the reader of the significance of
the findings in qualitative studies (as cited in Teddlie & Tashakkori, 2009). Accordingly, in this study,
every stage of the research has been presented as openly as possible for transferability. For credibility,
expert opinions were sought in the design of the study, development of data collection instruments, data
analysis, and interpretation stages. Moreover, participant and researcher diversification were achieved
by including two researchers with different levels of belief about the nature of knowledge, as well as
expertise in STEM education, epistemological beliefs of prospective teachers, qualitative research
methods, and teacher education fields. Finally, the positions of the researchers conducting the study
were disclosed under the relevant heading. For confirmability, the appropriateness of the data collection
process and analyses, whether the findings represent the data, and whether the inferences are based on
research findings were discussed with experienced researchers in STEM education, epistemological
beliefs, teacher education, and qualitative data analysis. These discussions with other researchers
enabled the researchers to recognize their biases and thus refine the findings and interpretations (Teddlie
& Tashakkori, 2009). Additionally, direct quotations from participants were provided in presenting the
findings, and consistency was supported by making connections within and between themes in
interpreting the findings.

Researchers’ Role

The first author, who has studies in STEM and science education fields, conducted the study
and collected data from prospective teachers for the elective courses titled "Teaching Science in Primary
Education™ and "Mathematics in Science Education™ that they taught concurrently. The participants
were grouped based on their beliefs about the nature of knowledge. Additionally, the first author, who
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formed the theoretical framework of the study, also discussed the findings within the relevant literature
framework. The second author, who has experience in teacher education, qualitative research, and
qualitative data analysis in addition to studies in science and STEM education, undertook responsibilities
related to the methodology of the research, data analysis, and writing up the findings.

Findings

In the presentation of the research findings, a deductive approach was followed. Accordingly,
first, the categories derived from both study groups and the main themes were visualized, subsequently,
comparatively interpreted in relation to beliefs about the nature of knowledge. Due to providing a richer
data source, interpretations of prospective teachers' views on STEM education were limited to beliefs
about the structure of knowledge. To facilitate the correlation of the findings on STEM education with
beliefs about the structure of knowledge, in direct quotations, alongside the participant number, if the
belief about the structure of knowledge was sophisticated, it was denoted as S, if moderate, as M, and if
naive as N. For example, M1-S indicates the first mathematics prospective teacher with a sophisticated
structure of knowledge.

The findings regarding prospective teachers' beliefs about the structure, source, and certainty of
knowledge are presented in Table 1. In Table 1, the participant numbers with “S” represent prospective
primary school, while those with “M” represent prospective elementary mathematics teacher.

Table 1. Findings regarding prospective teachers’ beliefs about the nature of knowledge

Participant Beliefs about the nature of knowledge
number Structure of knowledge  Source of knowledge Certainty of
knowledge
S1 Sophisticated Sophisticated Moderate
S2 Sophisticated Moderate Sophisticated
S3 Moderate Naive Sophisticated
S4 Naive Sophisticated Sophisticated
S5 Moderate Moderate Sophisticated
S6 Moderate Sophisticated Sophisticated
S7 Sophisticated Moderate Sophisticated
S8 Moderate Moderate Sophisticated
S9 Moderate Sophisticated Sophisticated
S10 Moderate Sophisticated Sophisticated
S11 Moderate Moderate Sophisticated
S12 Moderate Moderate Sophisticated
M1 Sophisticated Moderate Sophisticated
M2 Moderate Moderate Sophisticated
M3 Sophisticated Naive Sophisticated
M4 Sophisticated Sophisticated Sophisticated
M5 Sophisticated Moderate Moderate
M6 Sophisticated Moderate Sophisticated
M7 Naive Naive Sophisticated
M8 Naive Sophisticated Moderate
M9 Moderate Sophisticated Sophisticated
M10 Moderate Sophisticated Sophisticated
M11 Sophisticated Moderate Sophisticated
M12 Sophisticated Moderate Sophisticated

In Table 1; it is observed that, in terms of the structure of knowledge, 33.33% of prospective
primary school teachers, 41.67% in terms of the source of knowledge, and 91.67% in terms of the
certainty of knowledge have sophisticated epistemological beliefs. On the other side, 58.33% of
prospective elementary mathematics teachers in terms of the structure of knowledge, 33.33% in terms
of the source of knowledge, and 83.33% in terms of the certainty of knowledge have sophisticated
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epistemological beliefs. While S4, M7, and M8 have naive epistemological beliefs in terms of the
structure of knowledge, S3, M3, and M7 have naive epistemological beliefs in terms of the source of
knowledge, and S1, M5, and M8 have moderate epistemological beliefs in terms of the certainty of
knowledge.

The overall view of the findings regarding the opinions and recommendations of STEM
educated and non-STEM educated prospective teachers is presented in Figure 1.

Views on STEM
Views on STEM education
education (44.22 %)
(45.16 %)
The intention to
incorporate STEM
applications when\ h sx The intention to
become a teacher incorporate STEM
(193%)  SlcMeducatede. _ NonSTEM  appiications when
(= 135) Viewsand €ducated PTs  become a teacher
recommendations = 147) (24.49%)
of PTs on STEM
education
Recommendations Recommendations
for STEM for STEM
education education
(35.48 %) (31.29%)

Figure 1. Overall view of the findings regarding the opinions and recommendations of STEM educated and non-
STEM educated prospective teachers

The findings in Figure 1 indicate that the 186 codes derived from the views of STEM educated
prospective teachers through open coding, and the 147 codes obtained from the views of non-STEM
educated prospective teachers, were categorized into three main themes parallel to the research questions
following axial coding: Views on STEM education, intention to incorporate STEM practices when they
become teachers, and recommendations regarding STEM education.

Findings related to Prospective Teachers' Views on STEM Education

The findings obtained from STEM educated and non-STEM educated prospective teachers'
views on STEM education are presented in Figure 2 and interpreted in relation to their beliefs about the
nature of knowledge.

Views of STEM educated prospective teachers Views of non-STEM educated prospective

teachers
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Figure 2. Views of STEM educated and non-STEM educated prospective teachers on STEM education
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Findings in Figure 2 shows that the views of STEM educated and non-STEM educated
prospective teachers are grouped under four parallel themes, with STEM educated prospective teachers
expressing more views in all themes except for the theme of mistakes in STEM education.

In the theme of the meaning attributed to STEM education, it is evident that STEM educated
prospective teachers particularly perceive STEM education is necessary in today's conditions and
especially within the Turkish education system. Regarding the rationale for the necessity of STEM
education, they provide rationales clustered around its philosophy, outcomes, and teaching and learning
processes. They perceive STEM education as necessary in terms of its supportive philosophy of
scientific and applied education, its provision of 21st-century skills and critical thinking abilities, its
facilitation of learning, and its permanence in learning and teaching processes. Under this theme, the
rationales provided by participants such as M9-M, "I definitely think it needs to be learned. Without
integrating it into other disciplines, mathematics, science, technology, and engineering no longer make
much sense,” M12-S, "I think it should be implemented more in our country [Tirkiye],” M4-S,
"Development-oriented education is what is needed in the 21st-century,” and M6-S, "Through STEM
education... individuals with 21st-century skills are being raised," as well as M10-M's rationale, "It
makes learning permanent, enables the use of learned information in a chain like manner," have been
noteworthy.

It has been observed that many prospective teachers who think STEM education as necessary
and provide rationales for its necessity hold sophisticated beliefs regarding the nature of knowledge.
However, in the theme of concerns, some STEM educated prospective teachers express reservations.
For example, M1-S mentions that from the teacher's perspective, STEM education "requires extra time
and effort," which may lead to STEM education not being carried out in a manner consistent with its
purpose. Additionally, M2-M expresses concerns from the student's perspective, stating that "a lack of
knowledge in one area may negatively affect learning in other areas," and highlights drawbacks such as
the risk of disrupting the connections between STEM fields and removing opportunities for students to
establish connections themselves. Due to these reasons, they express reservations about STEM
education. In fact, M2-M states that "the student should establish the connection between STEM fields"
and therefore expresses opposition to STEM education.

Although fewer in number, the views of non-STEM educated prospective teachers regarding the
meaning attributed to STEM education are grouped under parallel themes with the views of STEM
educated peers. The rationales of non-STEM educated prospective teachers for the necessity of STEM
education are categorized into four categories. One group of non-STEM educated prospective teachers
considers STEM education necessary due to its philosophy, citing reasons such as its reliance on
research and inquiry, support for hands-on learning, and alignment with a constructivist approach. Some
emphasize its outcomes, such as supporting meaningful learning and fostering productive and innovative
individuals, while others highlight its interdisciplinary or complementary content structure.
Additionally, some emphasize the necessity of delivering education in all four different areas that
constitute STEM, requiring the use of both in-school and out-of-school learning environments, enabling
students to engage in interdisciplinary studies and utilize technology in teaching and learning processes.
In this category, the views of prospective teachers such as S7-S, "STEM education is great; students see
everything by doing and experiencing, leading to more meaningful learning,” S9-M, "I think it is a
system more suitable for a constructivist approach,” and S6-M, "STEM education is based on research
and inquiry," have been noteworthy.

It is noteworthy that many non-STEM educated prospective teachers have moderate beliefs
regarding the nature of knowledge. However, S12-M believes that STEM education is "exaggerated” in
Tiirkiye, while K5-N perceives it as an education that occurs in "“certain places, certain schools."

When examining the theme of the outcomes of STEM education, it is observed that STEM
educated prospective teachers believe that STEM education can lead to the acquisition of 21st-century
skills grouped into categories such as knowledge, media and technology literacy, life and career skills,
and learning and innovation skills. Focusing on learning and innovation skills among 21st-century skills,
STEM educated prospective teachers believe that STEM education can impart not only creative
thinking, communication, and collaboration skills but also primarily critical thinking and problem-
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solving skills. In this category, views such as those of M5-S, "STEM education contributes to the
development of children's three-dimensional thinking and the ability to work in teams by applying
theoretical knowledge practically,” and M9-M, "STEM education develops children's critical thinking,
scientific thinking, technology literacy, integration of different disciplines, collaborative work,
creativity, communication, productivity, responsibility, entrepreneurship, and self-direction skills" stand
out. STEM educated prospective teachers, the majority of whom have sophisticated beliefs regarding
the nature of knowledge, have stated that STEM education can impart skills such as scientific and critical
thinking, the ability to establish relationships between different disciplines, inquiry, and problem-
solving skills in the category of critical thinking and problem-solving skills. Regarding the ability to
establish relationships between different disciplines, the views of prospective teachers with varying
levels of beliefs regarding the nature of knowledge, such as M2-S's "It helps children establish
connections between topics," M9-M's "... enables the integration of different disciplines,”" and M7-N's
"brings together different fields of science at a shared template," indicate differences in beliefs regarding
the nature of knowledge and perspectives on the outcomes of STEM education.

On the other hand, some non-STEM educated prospective teachers perceive STEM education
as supportive of cognitive development and academic achievement in STEM-related subjects such as
science and mathematics. While much of this group, whose beliefs regarding the nature of knowledge
are mostly moderate, believe that STEM education can impart 21st-century skills, some others think that
STEM education can impart skills related to life and career skills, specifically productivity. Only S3-M
believes that STEM education can impart productivity in life and career skills, while others
predominantly believe that critical thinking and problem-solving skills, along with creativity and
innovation skills, can be acquired in the theme of learning and innovation skills. In this category, views
such as those of S9-M, "STEM education improves children’s efficiency in subjects like mathematics
and science,” S12-M, "STEM education promotes intelligence, thought, creativity, active participation,
and development in these areas,"” S5-M, "STEM education enhances children's problem-solving,
creative thinking, and design skills," and S6-M, "STEM education instills in children the ability to be
researchers, innovators, and solve problems on their own," form the main source of findings.

While the perspectives of both groups of prospective teachers on the benefits of STEM
education are primarily focused on 21st-century skills, it is observed that STEM educated prospective
teachers with sophisticated beliefs of structure of knowledge tend to emphasize a greater diversity of
21st-century skills. Conversely, the views of non- STEM educated prospective teachers’ moderate
beliefs of structure of knowledge tend to be limited to a lesser number/types of skills.

Upon examining the views of prospective teachers on the relationship between STEM fields, it
is evident that opinions emphasizing the mutual supportiveness of STEM fields are prominent. Many of
STEM educated prospective teachers stating mutual supportiveness of STEM fields have sophisticated
belief of structure of knowledge, whereas those without STEM education tend to exhibit a moderate
belief of structure of knowledge. STEM educated prospective teachers highlight the interconnectedness
and mutual supportiveness among different STEM fields, despite their distinctiveness. Noteworthy
perspectives in this regard include the statement by M11-S: "These disciplines are not independent; they
influence each other and form a whole,” M10-M's assertion that "Science uses mathematics, technology
supports engineering. In fact, there is an inseparable connection between them," and M5-S's statement
is that "One's development plays a role in the other.” Furthermore, the beliefs of prospective teachers
regarding the structure of knowledge influence how they define the relationship between STEM fields.
Those have sophisticated belief of structure of knowledge tend to define this relationship as mutual
influence, mutual support, and co-creation, while those have moderate beliefs tend to describe it as a
one-way relationship, such as stating that science supports mathematics or technology supports
engineering. Conversely, those have naive beliefs do not provide any specific description of the
relationship between STEM fields. Moreover, the view expressed by M1-S, stating that "In most cases,
[STEM] helps to explain each other, making it easier to understand,” goes beyond merely defining the
four fields as related,; it suggests that their interconnectedness has positive implications for teaching and
learning processes, facilitating the teaching/learning of one field through another. Although less frequent
among non-STEM educated prospective teachers, some still recognize that STEM fields are related to
each other and complementary. For instance, S2-S describes the relationship between STEM fields just
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like colors that together create a beautiful picture, while S4-N emphasizes Mathematics as the common
denominator. In contrast to their STEM educated peers, non-STEM educated prospective teachers
underscore the prerequisites of STEM education. For example, S10-M suggests that STEM education
requires a creative intellect, implying that it can only occur under certain conditions.

Some of prospective teachers' views on STEM education focuses on the mistakes made in
STEM education. The opinions of both groups regarding the mistakes in STEM education are
categorized into common three theme: goals, teaching and learning processes, and teacher qualifications.
Additionally, there are additional opinions from STEM educated prospective teachers regarding the
starting age for STEM education and teaching materials. STEM educated prospective teachers state the
misunderstanding of STEM philosophy, viewing STEM more as a teaching technique than an approach.
For example, M6-S pointed out the misunderstanding of STEM philosophy by stating, "STEM is seen
more as an instructional technigque." Regarding teaching and learning processes in STEM education,
STEM educated prospective teachers consider the lack of uniformity in teaching each field and the
failure to make connections to daily life as fundamental mistakes. For instance, M2-M mentioned that
integrating the four fields detracts from the discipline focused on, while M3-S stated that there is a lack
of integration of science and math topics with real-life scenarios, and M4-S noted that mathematics and
science education is only provided at a theoretical level, neglecting technology and engineering. In the
category of teaching materials, STEM educated prospective teachers see the lack of adequate economic
support as a mistake because it hinders the procurement of necessary teaching materials for STEM
education. Additionally, in the category of teacher qualifications, they stated that one of the fundamental
mistakes in STEM education is teachers with no STEM education. For example, M10-M emphasized
the importance of STEM education being understood, practiced, and embraced by teachers, indicating
that STEM education should be delivered by teachers having qualifications for STEM education.
Regarding the starting age for STEM education, STEM educated prospective teachers consider not
initiating STEM education at an early age and not continuing it at an appropriate level at every age as
fundamental mistake. For instance, M9-M criticized the lack of emphasis on STEM education at the
primary and preschool levels, while P11-S highlighted the absence of STEM education at every grade
as a fundamental mistake.

On the other hand, the views of non-STEM educated prospective teachers regarding the mistakes
in STEM education are more limited compared to their STEM educated peers. These views are primarily
grouped into categories of goals, teaching and learning processes, teacher qualifications, and content.
Some non-STEM educated prospective teachers mentioned in the goals category that the philosophy of
STEM education is not understood. For example, S5-M stated that "the purpose is not understood,” S11-
M expressed that there is a lack of importance given to STEM, and S8-S indicated that STEM education
is equated solely with conducting activities, which are fundamental mistakes regarding the goals of
STEM. In parallel, they perceive the unequal emphasis on STEM fields and the highlighting of certain
fields more than others as concerns related to the content. For instance, according to S3-M, "focusing
more on technology" is a fundamental issue with the content of STEM education. Non-STEM educated
prospective teachers also consider delivering STEM education at a theoretical level without making
connections with daily life or other fields as fundamental mistakes in teaching and learning processes.
For example, S1-S mentioned that providing STEM education "solely in a theoretical manner,” and S19-
M highlighted the lack of connection to daily life as fundamental mistakes. Regarding teacher
gualifications, not having teachers who have received STEM education is also considered one of the
fundamental concerns. For example, according to S4-N, "not giving STEM education to teachers" is a
fundamental mistake in STEM education in Tiirkiye.

Findings regarding the Intentions of Prospective Teachers to Integrate STEM Practices in
Their Future Classrooms

The opinions of prospective teachers, both those who have received STEM education and those
who have not, regarding their intentions to incorporate STEM practices in their classrooms are presented
in Figure 3.
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Figure 3. Findings regarding STEM educated and non-STEM educated prospective teachers' intentions to integrate
STEM practices in their future classrooms

When examining the findings in Figure 3, it can be observed that the opinions of both groups of
prospective teachers regarding their intentions to incorporate STEM practices in their classrooms are
grouped into three parallel themes, but there is a significant divergence in the content of these themes.

In the theme of reasons for incorporating STEM practices, it is evident that STEM educated
prospective teachers express a higher intention to integrate STEM education into their teaching practices
when they become teachers. Without distinction in their beliefs about the structure of knowledge, STEM
educated prospective teachers indicate that they will incorporate STEM practices into their classes when
they become teachers. For instance, M2-M expresses the intention to include "STEM practices in their
classes" when she/he becomes teacher because she/he believes that with STEM education, it is "easier
to understand the subject in different ways" for students. Regarding beliefs about the structure of
knowledge, sophisticated and moderate, prospective teachers intent to integrate STEM practices in the
future and foster active learning-based, and technology-supported STEM education. They emphasize
the need for qualified teachers who have received STEM education, as well as the cornerstones of STEM
philosophy. In contrast, the naive prospective teachers indicate that they consider incorporating STEM
education for indirect purposes such as attracting students' attention. STEM educated prospective
teachers believe that STEM education enhances students' focus and participation in class, making it
easier for students to understand the content. For example, while M5-S states, "I think it will encourage
students to participate more in class and focus,” M7-N mentions considering implementing STEM
practices as a teacher to "capture students' attention." However, some prospective teachers who have
received STEM education express their intention to incorporate STEM practices when they become
teachers but view the challenges of preparing STEM activities and the requirement for additional
training and experience as drawbacks. M10-M's statement, "... preparing activities or even imagining
activities is challenging. That's why | will first improve myself, then implement them with students,"
summarizes the situation. Similarly, M1-S expresses the view that "l would like to include STEM
practices when | become a teacher, but it's not easy; the teacher needs to have received STEM and its
education.” When examining the views constituting the theme of how to use STEM practices, it is
observed that STEM educated prospective teachers intend to take an interdisciplinary approach by
addressing different areas together, supporting students' active participation, and using technology-
supported instructional materials such as interactive boards, web tools, and modeling. M8-N states,
"Blending the four main areas,” while M11-S mentions, "Encouraging my students to actively
participate in activities in the classroom™ by providing real life examples of their intentions to
incorporate STEM practices in their classrooms. Furthermore, in the category of considerations to be
considered, some prospective teachers who intend to incorporate STEM practices when they become
teachers indicate that they will focus on guiding students correctly, enabling students to access
knowledge themselves, and supporting active participation, providing clues as to how they will conduct
the teaching and learning process. For example, while M10-M states, "l pay attention to enabling the
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student to find their own correct path when guiding the student," they emphasize both active
participation and enabling the student to construct knowledge themselves.

However, despite having received STEM education, some prospective teachers have
reservations about incorporating STEM practices into their classes when they become teachers, from
the perspectives of both students and teachers. In the teacher category, some prospective teachers
express concerns about their ability to provide education in four different areas, the possibility of
teachers having educational deficiencies, and the challenges of implementing activities in crowded
classrooms. For instance, M9-M expresses concern about facing difficulties in implementing activities
in crowded classrooms, indicating that they may not incorporate STEM practices when they become
teachers. Similarly, M4-S mentions that the main reason for not providing STEM education in the future
is the belief that "STEM education should not only be provided by a mathematics teacher. It should be
provided by mathematics and science teachers, computer and engineering educators together." In the
category of concerns related to both students and teachers, some STEM educated prospective teachers
believe that factors such as not every subject being suitable for STEM, STEM topics not appealing to
every student, inadequate technological equipment in learning environments, or classroom activities
taking up too much time may increase the risk of not incorporating STEM practices when they become
teachers. For example, for M5-S, the reason for not incorporating STEM practices in the future is "the
inadequacy of technological devices in the classroom," while for M1-S, possible reasons include "STEM
activities taking up too much time" and "creating confusion for both students and teachers due to the
lack of a familiar system."

STEM education is also found to generate parallel themes among non-STEM educated
prospective teachers regarding their intentions to incorporate STEM practices into their classrooms
when they become teachers, though some differences in the content of these themes compared to their
STEM-educated peers. In terms of beliefs about the structure of knowledge, many non-STEM educated
prospective teachers, mostly moderate beliefs of structure of knowledge, have indicated their intention
to incorporate STEM practices into their classrooms when they become teachers, while others have not
yet made a decision or expressed no opinion on the matter. It is observed that prospective teachers who
express their ability to incorporate STEM practices in the future provide more general responses
compared to their STEM-educated peers. For example, S2-S states, "l organize activities, conduct
studies," S7-S mentions, "I conduct experiments with students,” S9-M says, "experiments would be from
daily life," and S11-M states, "I can incorporate STEM practices, but not in too much detail." Some
prospective teachers who indicate their intention to incorporate STEM practices in the future have
emphasized the necessity for teachers to receive education in STEM. For instance, S3-M states, "I can
incorporate STEM practices in my classroom after obtaining more information and learning about
STEM education," while S10-M says, "1 will thoroughly search STEM, learn about the implementation
stages, and then implement them." While S8-M responds with "I don't know" regarding whether they
will incorporate STEM practices in their classrooms when they become teachers, S1-S responds, "I think
it's too early to think about it." The main reason why prospective teachers like S1-S believe it is too
early to answer this question is probably because they have not yet received STEM education. It is
observed that the reasons for prospective teachers in this group not intending to incorporate STEM
practices into their classrooms when they become teachers are limited to concerns related only to
teachers, unlike their STEM-educated peers. When examining their concerns related to teachers, it is
understood that they are undecided about incorporating STEM practices into their classrooms due to not
having received the necessary education. For example, S3-M states, "I'm undecided because | don't think
I have enough education,” while S8-M says, "I don't think I'm qualified enough to implement STEM
practices.” It can be said that this finding is closely related to the finding that a significant portion of
prospective teachers would be able to incorporate STEM practices into their classrooms if they receive
the necessary pre-service education. Both findings indicate the importance of prospective teachers
receiving qualified STEM education before making decisions to incorporate STEM practices into their
classrooms in the future. Additionally, the fact that STEM-educated peers express concerns not only
about teachers receiving education but also about concerns related to the teaching of STEM indicates a
difference in perspective created by STEM education.
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Lastly, in the category of considerations to be noted, the views of non-STEM educated
prospective teachers indicating their intention to incorporate STEM practices into their classrooms when
they become teachers, are categorized into student, teacher, and teaching and learning process.
Regarding students, prospective teachers have mentioned that they will pay attention to students'
readiness and affective characteristics. For example, S7-S states that they will consider whether the
student "likes STEM" or not, while S1-S mentions that they will emphasize "ability." On the other hand,
in the teacher category, prospective teachers have emphasized the importance of the teacher's attitude
towards STEM. S1-S mentions that for STEM practices, the teacher's "care" is important. In terms of
teaching and learning processes, they have mentioned that they will focus on encouraging students'
active participation and collaboration. For instance, S5-M states that they will emphasize
"collaboration," while K15-M mentions that they will prioritize activities that promote "production,
thinking, and research.".

Findings regarding Recommendations on STEM Education from Prospective Teachers

The findings regarding recommendations on STEM education from STEM educated and non-
STEM educated prospective teachers are presented in Figure 4.
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Figure 4. Recommendations on STEM education from prospective teachers who have received STEM education
and those who haven't.

In Figure 4, it can be observed that both groups of prospective teachers have recommendations
regarding STEM education, which are categorized into the common themes of student, teacher, content,
learning environments, teaching and learning processes. Additionally, there are additional
recommendations grouped under the themes of curriculum for STEM educated prospective teachers and
family support for non-STEM educated ones.

STEM educated prospective teachers have provided recommendations in the student theme
related to appropriate ages for STEM education, benefits of early STEM education, and motivation
categories. In the category of appropriate ages for STEM education, a significant portion of prospective
teachers in this group recommend starting STEM education as early as possible, either in preschool or
primary school. Some prospective teachers suggest that STEM education should be provided in the
secondary or even high schools, while others believe that it can be provided at any age. Regarding the
age for STEM education, one participant expresses their view by referring to the proverb "Agag yasken
egilir" in Turkish (as the twig is bent, so grows the tree), suggesting that establishing the foundation
early can lead to better thinking in later years. Another participant emphasizes the importance of early
STEM education by stating that abstract concepts are difficult for children to understand at an early age,
and STEM education can make these concepts more tangible. Conversely, a participant who believes
that STEM education should be provided at higher education argues that preschool and primary
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education should provide basic education and that providing STEM education before literacy holds no
meaning.

The reasons why prospective teachers in this group, the majority of whom possess sophisticated
beliefs, advocate for early provision of STEM education is grouped under the sub-theme of benefits of
early STEM education, categorized into child understanding and guidance, readiness, benefits to the
child, and its effects on teaching and learning processes. Under the category of child understanding and
guidance, STEM educated prospective teachers emphasize the role of early STEM education in
identifying children's developmental characteristics and guiding them accordingly. For example,
participant M5-S suggests that early STEM education can "facilitate directing children towards their
areas of interest." In terms of achievements, prospective teachers suggest that early STEM education
enables students to experience interdisciplinary transitions at an early age, thus enhancing their holistic
and divergent thinking skills. In connection with readiness, they highlight the importance of early STEM
education in laying the foundation for STEM education at higher levels. For instance, M5-S states,
"Children should be gradually introduced to the system from primary school so that they can benefit
more from STEM education later on," while M10-M expresses the view that "STEM fosters integrative
thinking. Therefore, it is more beneficial for it to start at preschool level." In the category of teaching
and learning processes, prospective teachers highlight the positive effects of early STEM education in
attracting children's interests and providing concrete learning opportunities. Regarding motivation,
participants stress the importance of students' interest in STEM, with M11-S stating that "the willingness
of the student is one of the key factors that will make STEM implementations productive,” emphasizing
the importance of encouraging students to participate in STEM education for its success.

STEM educated prospective teachers have recommended that the content of STEM education
should mainly be mathematics. For instance, participant M2-M suggests that the effectiveness of STEM
applications depends on "giving emphasis to the main subject (Mathematics)," while participant M3-S
states, "Mathematics is the mother of everything, everything in STEM is built upon it," suggesting that
the content of STEM education could predominantly emphasize mathematics. However, it is worth
noting that this suggestion might be influenced by the fact that the prospective teachers making these
recommendations are students attending mathematics education program.

Furthermore, prospective teachers who have received STEM education believe that a good
STEM education can be achieved through the appropriate use of learning environments both inside and
outside of school. For a quality STEM education, participant M11-S recommends that schools should
have "sufficient learning environments such as classrooms and laboratories," participant M8-N suggests
"well-equipped classrooms,” and participant M4-S proposes "... a well-equipped STEM laboratory."
Additionally, participant M10-M highlights the necessity of "tools and equipment for students to
develop themselves and implement their ideas" in these classrooms, while participant M9-M emphasizes
the need for "technological devices." Moreover, regarding successful STEM education, they have also
provided recommendations for out-of-school learning environments. In this context, participant M4-S
suggests that "there should be science museums near schools,” while participant M4-S proposes that
"Schools should be located close to engineering faculties," suggesting that out-of-school environments
should also be utilized to support STEM education.

In the teaching and learning processes theme, STEM educated prospective teachers have
provided recommendations focusing on the integration of STEM fields, supporting effective learning,
and allocating sufficient time for STEM education. Regarding teaching and learning processes,
participant M6-S suggests that "STEM disciplines need to be properly integrated," participant M11-S
states, "Students need to be guided to discover the truth themselves," participant M4-S proposes that
"STEM education should not be delivered by a single mathematics teacher. It should be delivered by
mathematics and science teachers, along with computer and engineering educators,” and participant
M12-S emphasizes that "an efficient STEM education depends on allocating sufficient time." It is
believed that the inclination of prospective teachers who have received STEM education, such as
participant M12-S, to believe that sufficient time should be allocated for STEM education is associated
with their views on the philosophy of STEM, which emphasizes practical application and active student
participation.
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In the teacher theme, STEM educated prospective teachers have pointed out that a good STEM
education is associated with the number and quality of teachers, and accordingly, they recommend that
STEM education should be delivered by teachers who have received STEM education. For example,
M8-N suggests that for a good STEM education, there should be "a sufficient number of teachers," M6-
S believes that "Teachers need to be sufficiently informed in the fields of science, mathematics,
engineering, and technology," M9-M thinks that "The teacher needs to have teaching knowledge on top
of sufficient subject knowledge, and most importantly, they need to know how to integrate the subjects.”
In this theme, it can be observed that participant P8-N, who is at the naive beliefs of knowledge of
structure, focuses on the number of teachers, while participant P9-M, having moderate beliefs focuses
on the quality of teachers. This indicates that the beliefs of prospective teachers regarding the structure
of knowledge and their perspectives on STEM education are closely related and warrant further
investigation.

In contrast to their non-STEM educated peers, STEM educated prospective teachers have also
made recommendations regarding the curriculum theme. Some prospective teachers believe that a
successful STEM education depends on adjustments made to the curriculum, suggesting that curriculum
revisions should be made to support STEM education. For example, participant M12-S proposes that
"the effectiveness of STEM implementations depends on necessary adjustments made in the curricula,”
indicating the need for curriculum modifications.

Furthermore, prospective teachers who believe that the quality of teachers is closely related to
successful STEM education have provided recommendations regarding the teacher theme. Despite
having different profiles in terms of structure of knowledge, most STEM educated prospective teachers
believe that teachers delivering STEM education should have subject knowledge and professional
gualifications related to STEM fields. Participant M9-M summarizes these views under this theme by
stating, "The teacher needs to have teaching knowledge on top of sufficient subject knowledge, and most
importantly, they need to know how to integrate the subjects." While the majority believe that STEM
education should be delivered by a teacher who has received education in STEM fields and can integrate
them into their teaching, participant M4-S with sophisticated beliefs of structure of knowledge,
emphasizes the importance of collaboration among teachers specializing in each STEM field, stating
that "STEM education should not be delivered by a single mathematics teacher. It should be delivered
by mathematics and science teachers, along with computer and engineering educators.".

On the other hand, it is observed that the recommendations of non-STEM educated prospective
teachers, although fewer in number compared to STEM educated peers, are grouped under parallel
themes, with an additional emphasis on family support. In the student theme, where prospective teachers
in this group have expressed the most views, they have provided recommendations like their peers who
have received STEM education regarding suitable age for STEM education, benefits of early STEM
education, and motivation categories. While S4-N suggests that STEM education can be provided "at
any age," S11-M and S1-S propose that it can be provided "after primary school.” However, non-STEM
educated prospective teachers predominantly suggest that STEM education should start at an early age.
S2-S states, "the earlier, the better," while S6-M expresses the view that "STEM education... starting at
a young age makes children more curious.” Non-STEM educated prospective teachers, most of whom
have the moderate beliefs of knowledge of structure, also provide reasons for early STEM education,
which are grouped under the categories of child understanding and guidance, readiness, outcomes it
provides to the child, and teaching and learning processes. In the category of child understanding and
guidance, it is highlighted that early STEM education can enable the early detection of a child's potential
abilities. According to S8-M, early STEM education allows the child to "reach their potential if they
have any from birth." Under the outcomes category, they emphasize that early STEM education can
enhance students' inquiry and critical thinking skills, with the long-lasting learning contributing more to
their future lives. For example, S12-M states, "Early STEM education is important for thinking
differently and inquiring” while S7-S mentions, "What they learn at an early age... becomes more
lasting." S8-M expresses the view that "Children learn more easily than adults. Getting this education at
a young age will positively affect them in the future."

In the content theme, non-STEM educated prospective teachers have suggested that STEM
education content should not be limited to STEM fields but can be integrated with different fields or led
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by technology within STEM. S2-S, who disagrees with limiting STEM education to STEM fields,
suggests that "different disciplines can be brought together," while S4-N proposes that "we should take
technology as the main concept and expand the others within it, as in T-STEM.".

In the teaching and learning processes theme, where fewer recommendations were provided
compared to STEM educated prospective teachers, some non-STEM educated prospective teachers
emphasize the importance of well-structured and implemented teaching and learning processes and
ensuring teacher-student interaction. In the learning environments theme, they suggest providing
technology support in learning environments.

Some non-STEM educated prospective teachers also consider teacher quality as part of a quality
STEM education. In the teacher theme, S9-M, who believes that the effectiveness of STEM education
depends on "how involved teachers are in the process," suggests that teachers need to be well-trained in
STEM subjects. Additionally, S9-M, who sees "how involved teachers are in the process™ as the key to
STEM education, suggests that "teachers should take an active role."

In contrast to all other prospective teachers, in the family support theme, S2-S emphasizes the
importance of family support for successful STEM education, suggesting that "parents should support
teachers.".

Discussion, Conclusion and Recommendations

When the views of STEM educated and non-STEM educated prospective teachers regarding
STEM education were examined, it was observed that STEM educated prospective teachers had deeper
and broader perspectives compared to their non-STEM educated peers. While both groups held parallel
views, those without STEM education tended to have more limited perspectives. Their views on STEM
education were analyzed under four parallel themes: The meaning attributed to STEM education, the
benefits of STEM education, the relationship between STEM fields, and mistakes in STEM education.
It was found that STEM educated prospective teachers expressed more views in all themes except
mistakes in STEM education. These findings support previous research (Adebusuyi et al., 2022; Corlu,
2012; Shahali et al., 2015) suggesting that individuals' views on STEM, especially those of prospective
teachers with STEM education, are more comprehensive, aligning with previous findings indicating that
STEM education enhances individuals' STEM knowledge.

When the views of STEM educated and non-STEM educated prospective teachers were
examined regarding with their epistemological beliefs about the nature of knowledge, it was observed
that prospective teachers who deemed STEM education necessary generally holds sophisticated beliefs
about the structure of knowledge. This finding is supported by research indicating the importance of
epistemological beliefs in instructional preferences (Tanase & Wang, 2010). Some of the non-STEM-
educated prospective teachers with moderate beliefs expressed that STEM education was conducted at
limited levels in certain schools in Tiirkiye. STEM educated prospective teachers with sophisticated
beliefs about the structure of knowledge believe that STEM education can impart 21st-century skills.
Those with sophisticated beliefs express the relationship between STEM fields as mutual influence,
complementarity, support, and integration, whereas those with moderate beliefs express a one-way
supportive relationship between certain fields. Those with naive beliefs did not articulate any
relationship between STEM fields.

In this study, the intentions of STEM educated and non-STEM educated prospective teachers to
incorporate STEM practices in their future classrooms were examined, considering their epistemological
beliefs about the nature of knowledge. Prospective teachers with moderate and sophisticated
epistemological beliefs about the nature of knowledge exhibited a perspective parallel to the
fundamental principles of STEM philosophy by emphasizing the integration of STEM fields, active
learning and technology-supported STEM education, and the importance of qualified STEM education
for teachers. In contrast, prospective teachers with naive beliefs tended to focus on secondary goals such
as capturing students' attention when considering STEM education. The finding that STEM-educated
prospective teachers intend to implement STEM education in their future classrooms, and that their
intentions align with the core components of STEM education, parallels the findings of Giinbatar and
Bakirci (2019). However, unlike the findings of the quantitative study by Giinbatar and Bakirc1 (2019),
this study also revealed that prospective teachers perceive challenges in preparing STEM activities,
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requiring specialized training, insufficient capacity for one teacher to cover four different fields, and
difficulties in implementation in crowded classrooms. It was also found that non-STEM educated
prospective teachers, most of whom have moderate beliefs of structure of knowledge, exhibit lower
intentions to incorporate STEM activities in their classrooms compared to their STEM-educated peers
with sophisticated beliefs, with some still undecided.

Lastly, in this study, the recommendations of STEM educated and non-STEM educated
prospective teachers regarding STEM education were examined in relation to their epistemological
beliefs about the nature of knowledge. STEM-educated prospective teachers provide recommendations
related to early STEM education, motivation, and teaching and learning processes. STEM-educated
prospective teachers with sophisticated beliefs about the nature of knowledge emphasized the potential
effectiveness of STEM education in understanding the developmental characteristics of children, and
guiding children. In this context, they highlighted that early STEM education could support more holistic
learning by experiencing interdisciplinary transitions at an early age, enhancing different thinking skills,
and laying the foundation for higher levels of education. These findings are similar to Aydin's (2020)
findings that early STEM education is an effective way to develop 21st-century skills such as creativity,
problem-solving, and innovation. STEM-educated prospective teachers also noted the importance of
both the quantity and quality of teachers for a good STEM education. When examined together with
their epistemological beliefs about the nature of knowledge, prospective teachers with moderate beliefs
emphasized the quality of teachers in terms of STEM education, while those with naive beliefs focused
on the quantity of teachers. This finding suggests the need to further explore the relationship between
prospective teachers' epistemological beliefs about the nature of knowledge and their perspectives on
STEM education. On the other hand, it was observed that the recommendations of non-STEM-educated
prospective teachers, the majority of whom have moderate beliefs about the nature of knowledge,
focused on the early STEM education and effective planning of learning processes, with an emphasis
on family support in STEM education, but these recommendations were relatively limited compared to
those of STEM-educated prospective teachers.

As a result of the study, it was determined that prospective teachers with sophisticated beliefs
about the nature of knowledge provided more views and recommendations regarding STEM education.
It was also found that STEM educated prospective teachers expressed a greater intention to incorporate
STEM activities in their future classrooms.

At the conclusion of this study, which was limited to 24 primary school and elementary
mathematics prospective teachers, it can be said that when prospective teachers have higher levels of
beliefs about the nature of knowledge and receive STEM education, their perspectives on STEM
education broaden and their intention to incorporate STEM practices in their future classrooms
increases. This research provides important results for investigating the relationship between
prospective teachers' epistemological beliefs and their views on STEM education. Researchers may
suggest experimental studies involving different groups of prospective teachers, along with quantitative
data and analyses, to examine the relationship between prospective teachers' beliefs about the nature of
knowledge and their views on STEM education. These research findings indicate that teacher education
programs and STEM education policies could be shaped to make STEM education more effective and
comprehensive.
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Bu ¢aligmanin amaci, epistemolojik inanglart baglaminda STEM egitimi alan ve
almayan dgretmen adaylarimin STEM egitimine yonelik goriislerini incelemektir.
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Giris

Son yillarda ilkelerin bilim ve teknolojide yasanan hizli gelismelere ayak uydurmasi
gerekmektedir. Bilim ve teknolojinin gelisimiyle birlikte ekonomik kalkinma i¢in nitelikli isgliciine
ihtiya¢ duyulmakta, bu da genclerin yeni nesil yetkinliklerle donatilmasini gerektirmektedir. Okullarda
akademik bilgi ve becerilerin yan1 sira ¢alisma ortamina uyum saglayabilmeyi ve rekabet edebilmeyi
saglayici bilgi ve becerilerin de kazandirilmasina ihtiya¢c duyulmaktadir (Jerald, 2009). 21. Yiizyil
Becerileri Ortakligi (P21) (2019), bu becerileri 6grenme ve yenilik becerileri; bilgi, medya ve teknoloji
becerileri; yasam ve kariyer becerileri olmak iizere ii¢ tema altinda 6zetlemektedir. Ogrenme ve yenilik
becerileri; elestirel diisiinme ve problem ¢6zme, yaraticilik ve yenilik, iletisim ve is birligine yonelik
becerileri kapsarken, bilgi, medya ve teknoloji becerileri; bilgi okuryazarligi, medya okuryazarligi, bilgi,
iletisim ve teknoloji okuryazarligi, yasam ve kariyer becerileri ise esneklik ve uyum saglama,
girisimcilik, sosyal ve kiiltiirlerarasi beceriler, tiretkenlik ve hesap verebilirlik, liderlik ve sorumluluk
ile ilgili becerileri kapsamaktadir (P21, 2019).

Ogrencilere yaraticilik, elestirel diisiinme, problem ¢dzme ve is birligi gibi 21. yiizyilin igi ige
gecmis, birbiriyle iliskili becerilerini kazandirabilmek, fen, teknoloji, mithendislik ve matematik gibi
birbiriyle iligkili temel alanlarinda giinlik yasamda i¢ ige olma durumlarini yansitan bir yapida
egitimlerin verilmesi ile miimkiin goriinmektedir. Akgiindiiz vd. (2015) boylesi bir egitimin geleneksel
STEM egitimi ile degil, entegre STEM egitimi ile miimkiin olabilecegini, ilkokul 6grencileri ile kolayca
uygulanabilecegini belirtmektedir. STEM egitimi, 6grencileri bir yandan STEM alanlarinda gelecege
hazirlanmalarini saglarken, (National Research Council [NRC], 2011), diger yandan STEM alanlar1 ile
ilgili kariyerlere yonelmelerini desteklemektedir. Schmidt ve Fulton (2016), erken STEM egitiminin
onemli oldugunu ancak egitim programlarinda eksiklikler olduguna dikkat g¢ekmektedirler. Erken
yaslarda STEM egitimi bir yandan 6grencilerin disiplinler arasi bilgi ve beceriler gelistirmelerini
saglayarak yasam becerileri i¢in giiglii bir temel olustururken (NRC, 2011) diger yandan gelecegin
meslekleri olan STEM ile ilgili meslekleri segme, STEM ile ilgili islerde calisma olasiligini
artirmaktadir (NRC, 2011). STEM egitimi ile 6grenciler karmasik bilimsel konular1 anlamakta, STEM
entegrasyonundan keyif almakta, is birligine dayali 6grenmekte ve bu sayede is birligi becerilerini
gelistirmektedirler (Cetin ve Balta, 2017). Bu nedenle, 6grencilerin 21. yiizy1l becerilerini desteklemek
icin nitelikli erken STEM egitiminin saglanmasi, bunun i¢in 6gretmenlerin bu konuda egitim almalari
(Schmidt ve Fulton, 2016), ozellikle erken STEM egitimcilerinin mesleki kapasitelerinin
gliclendirilmesi dnemlidir (Corlu vd., 2014). Karisan vd. (2019) 6gretmen adaylarinin STEM egitiminde
etkin olmalar1 gerektigini, ancak yeterli egitim ve deneyim olmadan STEM ve STEM egitimini
anlayamayacaklarini, nihayetinde beklendigi sekilde STEM egitimi uygulayamayacaklarini
belirtmektedir.

STEM egitimi, son yirmi yilda ilerleme kaydetmis olup Rusya, Japonya, Kanada, Avustralya,
ABD ve Tirkiye gibi birgok iilke, STEM egitimini fen bilimleri ve/veya matematik ogretim
programlarina dahil etmeye baslamistir (Giinbatar ve Bakirci, 2019). Lederman ve Lederman (2013),
ABD'de 0Ogretmen egitim programlarinin, 6gretmen adaylarinin fen, matematik, miihendislik ve
teknoloji (STEM) 6gretim ve entegrasyonunun gelisimi lizerine odaklandigini belirtmistir. Ancak,
Rinke vd. (2016) ABD'de 6zellikle ilkokul diizeyinde STEM o6gretmeni yetistirilmesi gerektigi fikrinin
heniiz hak ettigi ilgiyi gormedigini belirtmektedir.

Ogrencilerin erken yaslarda STEM’e ilgisini artirmak igin ilkokul diizeyinde yapilacak
uygulamalar 6nemlidir (DeJarnette, 2012; Johnson vd., 2021). Bunun i¢in, STEM egitimi almig sinif
dgretmenlerine ihtiyag duyulmaktadir (Wang, 2012). ilkokul 6gretmen adaylarmnin hizmet dncesinde
STEM igerik bilgisi ve 6gretimini 6grenmeleri gerektigini belirtmektedir. Ancak ¢alismalar, dzellikle
smif 0gretmen adaylarinin disiplinler arast STEM igerik bilgisi konularinda eksiklikleri oldugunu
(Honey vd., 2014), siif 6gretmenlerinin STEM konusunda kendilerine giivenmediklerini ve olumlu
tutumlar sergilemediklerini (Johnson vd., 2021) gostermektedir.

Schmidt ve Fulton (2016), sorgulamaya dayali STEM egitiminin sonunda sinif dgretmen
adaylarinin gergeklere/olgulara, dogrulugu kanitlanmis bilgilere ve daha agik, dogrudan Ggretime
gereksinim duyduklarini, bu durumun yetersiz epistemolojik inanglara sahip olmalari ile iligkili
olabilecegini, bu nedenle hizmet 6ncesi STEM egitiminde Ogretmen adaylarinin epistemolojik
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inanglarinin  belirlenmesinin  6nemli oldugunu belirtmislerdir. Zira Davis (2003), genel olarak
ogretmenlerin inanglarinin ve diinya gorislerinin siniflarinda kullandiklart 6gretim yontemlerini
etkiledigini, bu baglamda Barak (2014) dgretmenlerin inanglarini ve bu inanglarin STEM egitimi gibi
yenilikleri nasil etkiledigini anlamanin 6nemli oldugunu ifade etmektedirler.

Epistemolojik inanglar, bilgi ve bilgi edinmeyle ilgili inanglar olarak tanimlanmaktadir (Hofer
ve Pintrich, 1997). Daha yiiksek bir akademik basar1 (Greene vd., 2018), fen bilimlerinin daha iyi
anlasilabilmesi igin 6grencilerin epistemolojik inanglarmin erken yaslarda gelistirilmesi 6nemlidir.
Epistemolojik inancglarla ilgili ¢aligmalar 1970°1i yillarin basina kadar uzanmaktadir. Baslarda
epistemolojik inanglari, Perry (1970) tek boyutlu olarak tanimlarken, daha sonra Schommer (1990),
epistemolojik inanglarin ¢ok boyutlu oldugunu ve bu boyutlarin birbirinden bagimsiz oldugunu ileri
stirmiigtiir. Schommer (1990) bu boyutlari, bilginin basitligi, bilginin kesinligi, dogustan gelen yetenek
ve hizli 6grenme olarak tanimlamistir.

Caligmalar (Ferguson ve Brownlee, 2018; Schraw vd., 2011) epistemolojik inanglarin 6gretmen
adaylarmin O6grenmelerini ve Ogretmen egitimi derslerine katilimlarini etkiledigini bu nedenle
bilinmesinde yarar oldugunu gostermektedir. Ogretmen adaylarinin epistemolojik inanglari, 6gretme ve
ogrenme siirecine yonelik tercihlerini etkileme potansiyeline sahiptir (Tanase ve Wang, 2010). Gelismis
epistemolojik inanglara sahip olan 6gretmen adaylar1 genellikle yapilandirmaci 6gretim yaklagimlarini
etkili bir sekilde uygularken, gelismemis epistemolojik inanglara sahip olanlar genellikle geleneksel
ogretim yaklasimlarini tercih etmektedirler (Hashweh, 1996). Giinbatar ve Bakirci (2019), epistemolojik
inanglari ile iliskilendirmemekle beraber, daha fazla STEM dersi alan fen bilgisi 6gretmen adaylarimin
STEM 06gretme niyetlerinin, daha az STEM dersi alan simif 6gretmeni adaylarindan daha yiiksek
oldugunu ortaya koymuslardir.

Ogretmen adaylarmin epistemolojik inanclari, sadece hizmet 6ncesi egitimdeki tercihlerini
degil, 6gretmen olduklarinda sinif i¢i uygulamalar1 ve diger gorevleri ile ilgili karar ve uygulamalarin
da etkilemektedir (Ferguson ve Brownlee, 2018; Lunn-Brownlee, vd., 2017; Schraw vd. 2011).
Gelecegin Ogretmenleri olarak Ogretmen adaylari, sadece Ogrencilerinin 6grenmelerini planlamak,
ogrenmelerine rehberlik etmek ve 6grenmelerini degerlendirmekle kalmayip, ayni zamanda ilgili igerik
bilgisi bakimindan da kendilerini gelistirmeleri gerekmektedir (Buehl ve Fives, 2009). Bu nedenle,
Ogretmen adaylarinin STEM’i nasil 6grendikleri ve gelecekte Ogretebileceklerini anlayabilmek igin
epistemolojik inanglarin1 anlamak 6nemlidir (Elby vd., 2016). Dolayisiyla, 6gretmen adaylarinin
STEM’e yonelik goriislerinin epistemolojik inanglar1 baglaminda incelenmesinin daha biitlinciil bir
bakis agis1 sunacagi diistintilmektedir.

Bu dogrultuda bu galismada, STEM egitimi almis ve almamis 6gretmen adaylarinin STEM
egitimine yonelik goriislerinin epistemolojik inanglar1 baglaminda incelenmesi/ortaya konulmasi
amaclanmistir. Bu amag ¢ercevesinde asagidaki arastirma Sorularina cevap aranmistir:

1. STEM egitimi almis ve almamis Ogretmen adaylarinin bilginin dogasina yonelik
epistemolojik inanglar1 nasildir?

2.  STEM egitimi almis ve almamis 6gretmen adaylarinin STEM egitimine yonelik goriisleri
nelerdir?

3. STEM egitimi almis ve almamis 6gretmen adaylarinin, bilginin yapisina yonelik inanglari
baglamimda STEM egitimine yonelik goriisleri nelerdir?

4.  STEM egitimi almig ve almamis 6gretmen adaylariin, bilginin yapisina yonelik inanglar
baglaminda gelecekte siniflarinda STEM etkinliklerine yer verme niyetleri nedir?

5. STEM egitimi almis ve almamis 6gretmen adaylarinin, bilginin yapisina yonelik inanglari
baglaminda STEM egitimi i¢in onerileri nelerdir?

Yontem

Nitel yaklagimin benimsendigi bu c¢aligma temel nitel arastrma deseni izlenerek
gergeklestirilmistir. Merriam’a (2009/2013) gore egitim alaninda yaygin olarak tercih edilen temel nitel
arastirmalar, insanlarin c¢evreleriyle olan etkilesimlerini nasil yorumladiklarina, deneyimlerine
yiikledikleri anlam ve anlamlari1 nasil insa ettiklerine odaklanan ¢alismalardir. Bu dogrultuda bu
calismada, STEM egitimi almis ve almamis 6gretmen adaylarinin STEM egitimine yiikledikleri anlam,
ogretmen olduklarinda smiflarinda STEM uygulamalarina yer verme niyetleri ve STEM egitimine
yonelik onerileri bilginin yapisina yonelik inanglari ile iliskilendirilerek ortaya konulmustur.
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Calisma Grubu

Calisma grubu ilkogretim matematik (n=12; 4 erkek, 8 kadin) ve simif 6gretmenligi (n=12; 3
erkek, 9 kadin) programlarindan toplam 24 goniillii 6gretmen adayindan olugmaktadir. Bu ¢alismanin
odak noktasi, epistemolojik inang¢lart géz oniinde bulundurularak, STEM egitimi alan ve almayan
ogretmen adaylarinin STEM egitimine yonelik goriislerini incelemek oldugundan STEM egitimi alan
edilmistir.

Siirecler

Calismada STEM egitimi alma durumuna gore ilkdgretim matematik Ogretmeni ve sinif
Ogretmeni adaylari i¢in farkli siirecler s6z konusu olmustur. STEM egitimi alan grubu olusturan
matematik 6gretmeni adaylari 14 hafta boyunca, haftada iki saat olmak {izere, birinci yazarin ytiriitmiis
oldugu Fen Ogretiminde Matematigin Yeri adli secmeli derse devam etmistir. Bu derste ilkdgretim
matematik 6gretmeni adaylarinin teorik temelleri ve temel felsefesi ile STEM yaklagimini tanimalarinin
yani sira alanlarina yonelik STEM etkinliklerini incelemeleri ve ardindan STEM etkinlikleri
gelistirmeleri, uygulamalar1 ve degerlendirmeleri hedeflenmistir. Bunun i¢in ilk {i¢ hafta, sinifta STEM
ile ilgili teoriler ve ilgili literatiir tartisilmistir. Ardindan yine ii¢ hafta boyunca, 6gretmen adaylari
literatiirden STEM etkinligi ornekleri inceleyip, tartismislardir. Etkinligin hangi 6zellikleri onu bir
STEM etkinligi yapar, etkinlik nasil daha da gelistirebilir gibi sorularla tartigmalar derinlestirilmistir.
Diger haftalarda, ilkdgretim matematik Ogretmeni adaylari ilkokul matematik dersi Ggretim
programindan belirlemis olduklar1 kazanimlar kazandirmak {izere STEM etkinlikleri planlayip, sinifta
planlamis olduklart etkinlikleri sunmuslardir. Sunmus olduklar1 STEM etkinlikleri siif ortaminda
tartistlmis, gelen geri bildirimler dogrultusunda etkinliklerini ve etkinlik planlarini iyilestirmeleri
saglanmistir.

STEM egitimi almayan grubu olusturan 12 sinif 6gretmeni adayi ise, birinci yazarin aynt dénem
14 hafta boyunca haftada iki saat olmak iizere yiiriitmiis oldugu Fen Ogretimi dersine devam eden
Ogretmen adaylaridir. Bu derste sinif 6gretmeni adaylarina fen 6gretimi yontemleri egitimi verilmistir.
STEM egitimine yonelik ¢ok smirli diizeyde egitim almis olan bu grup, ¢alismada STEM egitimi
almayan Ogretmen adaylar1 olarak, 14 hafta boyunca STEM egitimi alan ilkogretim matematik
ogretmenligi grubu STEM egitimi alan 6gretmen adaylar olarak isimlendirilmistir.

Veri Toplama Aract

Caligmaya katilan 6gretmen adaylarindan verilerin toplanmasi igin kisisel bilgiler, bilginin
dogasina yonelik inanglar ve STEM egitimine yonelik goriis ve dneriler bolimlerini kapsayan bir veri
toplama araci kullanilmistir.

Demografik bilgiler boliimiinde 6gretmen adaylarmin cinsiyeti, devam etmekte olduklari
ogretmenlik programi ve STEM egitimi alma durumlarina yonelik ii¢ soru yer almistir.

Ogretmen adaylarinin epistemolojik inanglarini belirlemek iizere Giiven’in (2013) gelistirmis
oldugu veri toplama aracindan yararlanilmistir. Yiiksek lisans tez calismasinda Giiven (2013),
Schommer’in (1990) kuramsal olarak bilginin dogasina yonelik 6nermis oldugu bilginin kaynagi, yapisi
boyutlarina yonelik olmak iizere bes boyutu iceren bir veri toplama araci gelistirmistir. S6z konusu veri
toplama aracinin gegerligini saglamak amaciyla fen egitimi ve nitel aragtirma yontemleri alanlarindan
uzmanlarin veri toplama aracinin igerik, dil ve dgretmen adaylarina uygunlugu bakimindan goriisleri
alinmis, sonrasinda goniilli iki stnif 6gretmeni adayi ile 6n deneme yapilmistir. Uzman goriisleri ve 6n
deneme sonrasinda Schommer’in (1990) epistemolojik inanglar boyutlarinin her birine yonelik birer
adet olmak lizere toplam bes soru son seklini almistir. Bu c¢alisma 6gretmen adaylarimin bilginin
dogasina yonelik epistemolojik inanglart ile sinirlandirildigindan s6z konusu agik uglu sorulardan
bilginin kaynagi, yapis1 ve kesinligine yonelik ii¢ soru 6gretmen adaylarina sorulmustur.

Ogretmen adaylarmin bilginin dogasina yonelik inanglarini belirlemek amagcli agik uglu sorulara
verdikleri yanitlar1 degerlendirmek i¢in, yine Giiven (2013) tarafindan gelistirilen rubrik kullanilmistir.
S6z konusu rubrik ile 6gretmen adaylar1 bilginin yapist bakimindan; 1) Gelismemis (bilginin basit
olduguna yonelik yanitlar, [Naive]); 2) Orta (bazi bilgilerin basit, diger bazilarinin ise karmasik
olduguna yonelik yanitlar, [Moderate]); ve 3) Gelismis (bilginin karmasik olduguna yonelik yanitlar,
[Sophisticated]), bilginin kaynagi bakimindan; 1) Gelismemis (bilginin kaynaginin uzman kisiler,
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kitaplar veya internet olduguna yonelik yanitlar, [Naive]); 2) Orta (bilginin kaynaginin duruma gore
degisebildigine, bazen akil bazen diger kaynaklar olabilecegine yonelik yanitlar, [Moderate]); ve 3)
Gelismis (bilginin kaynaginin akil olduguna yonelik yanitlar, [Sophisticated]), ve bilginin kesinligi
bakimindan; 1) Gelismemis (bilginin degismedigine, mutlak, kesin olduguna yonelik yanitlar, [Naive]);
2) Orta (baz1 bilgilerin degismeyecegini, bazilarinin ise degisebilecegine yonelik yanitlar, [Moderate]);
ve 3) Gelismis (bilginin degisebilecegine, kesin olmadigina yonelik yanitlar, [Sophisticated]) olmak
tizere liger gruba ayrilmstir.

Ogretmen adaylarinin STEM egitimine yonelik goriis ve onerilerini belirlemek amaciyla,
Yildirnm ve Tiirk (2018) tarafindan kapsamli bir literatiir taramasimnin ardindan STEM alanindan
uzmanlarin goriisleri alinarak son sekli verilen on agik uclu sorudan olusan goriisme formu temel
almmustir. S6z konusu goriisme formunda yer alan ¢calismada cevap aranan arastirma sorularina yonelik
{ic temel soru érnegi sunlardir: STEM egitimine yonelik goriisleriniz nelerdir?; Ogretmen oldugunuzda
siifinizda STEM uygulamalarina yer vermek ister misiniz?; Size gére STEM uygulamalarinin verimli
olmasini saglayacak anahtar nedir?. Her iki veri toplama aracinda yer alan ilgili sorularin bu ¢alismada
kullanilabilmesine yonelik olarak yazarlardan gerekli izinler alinmustir.

Doénem sonunda; STEM egitimi alan ve STEM egitimi almamig olan 6gretmen adaylarina
kisisel bilgiler, bilginin dogasina ydnelik inanglar ve STEM egitimine yonelik goriis ve Oneriler
boliimlerini kapsayan veri toplama araci birinci yazar tarafindan sinif ortaminda yiiz yiize uygulanarak
veriler toplanmustir.

Verilerin Analizi

Toplanan nitel veriler, tlimevarimsal yaklagimla igerik analizine tabi tutulmustur (Creswell,
2014). iki asamal1 igerik analizinde 6nce, NVivo 11 kullanilarak invivo ve acik kodlama yapilmis
(Creswell, 2013), sonra eksen kodlamasi (Giirbiiz ve Sahin, 2018) yapilmustir. A¢ik kodlama siirecinde,
once veri igindeki anlamli birimler tespit edilerek kodlar olusturulmus, ardindan eksen kodlamasi ile
benzer ve ilgili kodlar bir araya getirilerek temalar olusturulmus, boylece y1gin halindeki verilerin daha
anlagilir hale gelmesi saglanmistir (Kvale, 1996). Elde edilen kod ve temalar ile aralarindaki iliskiler
NVivo haritalar1 ile gorsellestirilmistir (Miles ve Huberman, 1994). Elde edilen verilerin
yorumlanmasinda karsilagtirma yapmaya ve daha adil yorumlarin yapilmasina olanak tanimasi
bakimindan (Yildirim ve Simsek, 2016) NVivo haritalarinda kodlarin tekrarlanma sikligi veya ylizde
oranlar1 gosterilmis olup, amag; genelleme yapmak ya da bulgunun yoniinii belirlemek degildir
(Creswell, 2013). Boylece, elde edilen bulgular, temalar i¢i ve temalar arasi iligkiler kurularak, ayni
zamanda bilginin yapisina yonelik inanglar ile iliskilendirilerek biitlinciil bir yaklagimla yorumlanmig
(Creswell, 2013), ¢ikarimlarda bulunulmustur (Teddlie ve Tashakkori, 2009). Ayrica ¢aligmanin tim
asamalarinda bilimsel etik kurallarina 6zenle uyulmustur.

Gecerlilik ve Giivenilirlik

Lincoln ve Guba (1985) nitel ¢aligmalarda okuyucuyu elde edilen bulgularin dikkate deger
olduguna ikna edebilmek bazi tedbirler 6nermektedir (Aktaran, Teddlie ve Tashakkori, 2009). Bu
dogrultuda g¢aligmada, aktarilabilirlik igin arastirmanin her asamasi olabildigince agik bir sekilde
sunulmustur. Inamlirhk icin, calismanin kurgulanmasi, veri toplama araglarinin gelistirilmesi, veri
analizi ve yorumlama asamalarinda uzman goriisleri alinmistir. Ayrica, bilginin yapisina yonelik farkli
inang diizeylerine sahip Ogretmen adaylarinin yanmi sira STEM egitimi, Ogretmen adaylarinin
epistemolojik inanglari, nitel arastirma yontemleri ve 6gretmen egitimi alanlarinda ¢aligmalari olan iki
arastirmaci calismaya dahil edilerek katilimci ve arastirmaci gesitlemesi yapilmistir. Son olarak,
calismay1 gerceklestiren arastirmacilarin ¢alismadaki konumlart ilgili baglik altinda agiklanmustir.
Onaylanabilirlik i¢in; veri toplama siirecinin ve yapilan analizlerin uygunlugu, bulgularin verileri temsil
edip etmedigi ve yapilan ¢ikarimlarin aragtirma bulgularina dayali olup olmadigi konular1t STEM
egitimi, epistemolojik inanglar, &gretmen egitimi ve nitel veri analizi konularinda deneyimli
arastirmacilar ile tartisilmigtir. Diger arastirmacilarla yapilan bu tartismalar, arastirmacilarin dnyargt
kaynaklarin1 gérmelerini boylece; bulgular ve onlara yonelik yorumlari olgunlastirmalarint saglamigtir
(Teddlie ve Tashakkori, 2009). Ek olarak, bulgularin sunumunda katilimcilarin goriislerinden dogrudan
alintilar verilerek, bulgularin yorumunda ise temalar i¢inde ve temalar arasinda iligkilendirmeler
yapilarak tutarlilik desteklenmistir.
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Arastirmacilarin Rolii

STEM ve fen egitimi alanlarinda calismalar1 olan ilk yazar caligmayr aymi donem simif
ogretmenligine verdigi Fen Ogretimi ve ilkdgretim matematik dgretmenligine verdigi Fen Ogretiminde
Matematigin Yeri adli se¢meli dersleri yiirlitmiis ve Ogretmen adaylarindan verileri toplamus,
katilimeilart bilginin yapisina yonelik inanglart bakimindan gruplamistir. Calismanin kuramsal
cergevesini olusturan ilk yazar ayn1 zamanda ilgili literatiir ger¢evesinde bulgular tartismistir. Fen ve
STEM egitimi ile ilgili ¢alismalarinin yani sira, 6gretmen egitimi, nitel arastirma stiregleri ve nitel veri
analizi konularinda deneyimleri bulunan ikinci yazar, arastirmanin yontemi, verilerin analizi ve
bulgularin yazilmasi ile ilgili gorevleri Gistlenmistir.

Bulgular

Aragtirma bulgularinin sunumunda tiimdengelim yaklasimi benimsenmistir. Bu dogrultuda dnce
her iki ¢aligma grubundan elde edilen kategoriler ve onlarin olusturdugu ana temalar gorsellestirilmis,
sonrasinda her iki calisma grubuna ait bulgular birlikte sunularak bilginin yapisina yonelik inanglar ile
iligkilendirilerek karsilagtirmali bir sekilde yorumlanmistir. Daha zengin bir veri kaynagi sunmasi
nedeniyle Ogretmen adaylarinin STEM egitimine yonelik goriislerinin yorumlanmasinda bilginin
dogasia yonelik inanglar bilginin yapisina yonelik inanglar ile siirlandirilmistir. STEM egitimine
yonelik bulgularin bilginin yapisina yonelik inang diizeyi ile iliskilendirilmesinde kolaylik saglamasi
amactyla, dogrudan alintilarda katilime1 numarasinin yaninda bilginin yapisina yonelik inang diizeyi
gelismis ise S (sophisticated), orta ise M (moderate) ve gelismemis ise N (naive) olarak belirtilmistir.
Ornegin; M1-S; bilginin yapist bakimindan gelismis diizeyde olan birinci matematik 6gretmeni adayini
ifade etmektedir.

Ogretmen adaylarinin bilginin yapisi, kaynag ve kesinligi ile ilgili inanclarina yonelik elde
edilen bulgular Tablo 1’de verilmistir. Tablo 1’de katilimct numaralarindaki “S” sinif 6gretmeni adayz,
“M?” ise matematik 6gretmeni aday1 olmayi1 temsil etmektedir.

Tablo 1. Calisma grubunun bilginin dogasina yonelik inanglar1 ile ilgili bulgular

Katilime1 no Bilginin dogasina yonelik inanglar
Bilginin yapist Bilginin kaynag: Bilginin kesinligi

S1 Gelismis Gelismis Orta

S2 Gelismis Orta Gelismis
S3 Orta Gelismemis Gelismis
S4 Gelismemis Gelismis Gelismis
S5 Orta Orta Gelismis
S6 Orta Gelismis Gelismis
S7 Gelismis Orta Gelismis
S8 Orta Orta Gelismis
S9 Orta Gelismis Gelismis
S10 Orta Gelismis Gelismis
S11 Orta Orta Gelismis
S12 Orta Orta Gelismis
M1 Gelismis Orta Gelismis
M2 Orta Orta Gelismis
M3 Geligmis Geligsmemis Gelismis
M4 Gelismis Gelismis Gelismis
M5 Gelismis Orta Orta

M6 Gelismis Orta Gelismis
M7 Gelismemis Gelismemis Gelismis
M8 Gelismemis Gelismis Orta

M9 Orta Gelismis Gelismis
M10 Orta Gelismis Gelismis
M11 Gelismis Orta Gelismis
M12 Geligmis Orta Gelismis
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Tablo 1°de 6gretmen adaylarinin bilginin dogasina yonelik epistemolojik inanclari ile ilgili
bulgulara bakildiginda; sinif 6gretmeni adaylarinin bilginin yapisi bakimindan, %33.33 {iniin, bilginin
kaynagi bakimindan %41.67’sinin, bilginin kesinligi bakimindan ise %91.67’sinin gelismis
epistemolojik inanglara sahip olduklar1 goriilmektedir. Matematik 6gretmeni adaylarina bakildiginda
ise, bilginin yapist bakimindan %58.33’liniin, bilginin kaynagi bakimindan %33.33’{iniin, bilginin
kesinligi bakimindan ise %83.33’{iniin gelismis epistemolojik inanglara sahip olduklari goriilmektedir.
Bilginin yapist bakimindan S4, M7 ve M8, bilginin kaynagi bakimimdan S3, M3 ve M7 gelismemis
epistemolojik inanglara sahip iken, bilginin kesinligi bakimindan en diisiik S1, M5 ve M8’in orta diizey
epistemolojik inanglara sahip olduklari gériilmektedir.

STEM egitimi almis ve almamis 6gretmen adaylarinin STEM egitimine yonelik goriis ve
onerilerine iliskin bulgularin genel goriintimii Sekil 1°de sunulmustur.

A STEM egitimine
gi’ﬁk?ﬂg yonelik gorisler
(45.16%) Mz
Ogretmen 5
oldugunda STEM old ovgl:]edzngr-;—EM
uygulamalanna yef\ % ulg )
verme niyeti STEM egimi ) 06 ——» STEM egitimi UYQ:,‘;':: :r'ly;!ye'
L mi alan I 53
Q9387 5 iy faylannin STEM  ageion 0o (2449%)
(f=186) eglt__lmlne__yonglxk_ =147)
goris ve onerileri
STEM egitimine STEM egitimine
yonelik oneriler yonelik oneriler
(35.48 %) (31.29%)

Sekil 1. STEM egitimi alan ve almayan 6gretmen adaylarinin STEM egitimine yonelik goriis ve onerileri

Sekil 1°deki bulgular, agik kodlama ile STEM egitimi alan 6gretmen adaylarinin goriislerinden
elde edilen 186, STEM egitimi almayan 6gretmen adaylarinin goriislerinden elde edilen 147 kodun
eksen kodlamasi sonunda, arastirma sorularina paralel olarak; STEM egitimine yonelik goriisler,
ogretmen olundugunda STEM uygulamalarina yer verme niyeti ve STEM egitimine yonelik Oneriler
olmak tizere {i¢ ana tema altinda gruplandigini gostermektedir.

Ogretmen adaylarimin STEM egitimine yonelik goriisleri ile ilgili bulgular

STEM egitimi alan ve almayan 0gretmen adaylarinin STEM egitimine yonelik goriislerinden
elde edilen bulgular Sekil 2’de sunulmus olup, bilginin yapisina yonelik inanglari ile iliskilendirilerek

yorumlanmustir.

STEM egitimi alan d6gretmen adaylarinin goriisleri

STEM egitimi almayan 6gretmen adaylarmin
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Sekil 2. STEM egitimi alan ve almayan 6gretmen adaylarinin STEM egitimine yonelik goriisleri
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Sekil 2’deki bulgulara bakildiginda STEM egitimi alan ve almayan 6gretmen adaylarinin STEM
egitimine yonelik goriiglerinin dort paralel tema altinda toplandigr ve STEM egitimi alan dgretmen
adaylarinin STEM egitimi ile ilgili yanhgliklar temasi hari¢ diger temalarda daha fazla sayida goriis
bildirdikleri goriilmektedir.

STEM egitimine yiiklenen anlam temasina bakildiginda STEM egitimi alan Ogretmen
adaylarinin 6zellikle giinlimiiz kogullarinda ve bilhassa Tiirk egitim sisteminde STEM egitiminin gerekli
oldugunu diisiindiikleri goriilmektedir. Gerekceler temasina bakildiginda, STEM egitiminin
gerekliligine yonelik olarak; felsefesi, ¢iktilart ve 6grenme Ogretme siiregleri temalarinda toplanan
gerekceler sunduklari goriilmektedir. STEM egitimi alan 6gretmen adaylar1 bilimsel ve uygulamali
egitimi destekleyen, kalkinma odakli felsefesi; 21. yiizy1l becerileri ve biitiinciil diisiinme becerileri
kazandirmasi, farkli bakis acilarina sahip, iiretken ve yaratici bireyler yetismesini saglamasi gibi
¢tktilari; 6grenmeyi kolaylastirmast ve kalicit hale getirmesi yonliyle ogrenme d&gretme siirecleri
bakimindan STEM egitimini gerekli gormektedirler. Bu tema altinda M9-M’nin “Giiniimiizde kesinlikle
ogrenilmesi gerektigini diisiiniiyorum. Diger disiplinlere entegre edemedigimiz stirece matematik, bilim,
teknoloji ve miihendisligin artik ¢cok anlami yok”, M12-S’nin “Ulkemizde daha ¢ok uygulanmas:
gerektigini diisiiniiyorum”, M4-S’nin “21. yiizyilda olmas1 gereken egitim, kalkinma odakli egitim” ve
M6-S’nin “STEM egitimi sayesinde ... 21. yiizyil becerilerine sahip bireyler yetismektedir” M10-M’nin
“Ogrenmeyi kalicilagtirir, égrenilen bilgilerin bir zincir seklinde kullanmilmasini saglar” yoniindeki
gerekeeleri dikkat cekmistir.

STEM egitimini gerekli bulan ve gerekliliginin gerekgelerini sunan dgretmen adaylarinin
cogunlugunun bilginin yapis1 bakimindan gelismis inanglara sahip olduklar1 goriilmiistiir. Ote yandan
cekinceler temasinda STEM egitimi alan 6gretmen adaylarindan bazilari, 6rnegin M1-S 6gretmen
acisindan STEM egitiminin “fazladan zaman ve emek gerektirdigini”, bunun da STEM egitiminin
amacina uygun bir sekilde yapilmama, M2-M ise 6grenci agisindan “bir alandaki bilgi eksikliginin diger
alanlardaki ogrenmeleri olumsuz etkileme riski” dogurdugunu, STEM alanlar1 arasindaki baglantilarin
ogrencinin kendisinin kurma firsatinin ortadan kaldirilmasi gibi olumsuzluklar1 oldugunu, bu nedenlerle
STEM egitimi ile ilgili ¢cekinceleri oldugunu belirtmislerdir. Hatta, M2-M “STEM alanlar: arasindaki
bag1 ogrencinin kendisinin kurmas:” gerektigini bu nedenle STEM egitimine karst oldugunu
belirtmistir.

STEM egitimi almayan 6gretmen adaylarinin STEM egitimine ylikledikleri anlama iligkin
goriislerinin daha az sayida olsa da STEM egitimi alan 6gretmen adaylarinin goriisleri ile paralel
temalarda toplandig1 goriilmektedir. STEM egitimi almayan 6gretmen adaylarinin STEM egitiminin
gerekliligine yonelik gerekgeleri dort kategoride toplanmistir. Bir grup STEM egitimi almayan
Ogretmen aday1 arastirma ve sorgulamaya dayali olmasi, yaparak-yasayarak 6grenmeyi desteklemesi,
yapilandirmaci yaklagima daha uygun olmasi gibi gerekgelerle felsefesi bakimindan STEM egitimini
gerekli goriirken, bazilar1 6grenmeyi kalici hale getirmesi, iiretken ve yenilik¢i bireylerin yetismesi gibi
¢iktilar, disiplinler arasi veya birbirini tamamlayan i¢cerik yapist bakimindan, bazilari da STEM’i
olusturan dort farkli alanimn egitiminin birlikte verilmesi, okul i¢i ve dist 6grenme ortamlarinin
kullanimin1 gerektirmesi, 6grencilerin disiplinler arasi ¢alismalarini ve teknolojiyi kullanabilmelerini
saglamasina doniikk oOgrenme oOgretme siiregleri bakimindan STEM egitiminin gerekli oldugunu
diisiinmektedirler. Bu kategoride S7-S’nin “STEM egitimi ¢ok giizel; 6grenciler yaparak yasayarak
goriiyor her seyi ve daha kalici 6grenmeler olusuyor”, S9-M’nin “Yapilandwrici yaklasima daha uygun
bir sistem oldugunu diigiiniiyorum”, S6-M’nin ise “STEM egitimi, “arastirma ve sorgulamaya
dayalidir” gorisleri dikkat ¢ekmistir.

STEM egitiminin gerekliligine yonelik goriis bildiren STEM egitim almayan Ogretmen
adaylarinin ¢ogunlugunun bilginin yapisina yonelik inang¢lar1 bakimidan orta diizeyde olduklar: dikkati
cekmektedir. Ote yandan, S12-M nin Tiirkiye’de STEM egitiminin “abartildigini” K5-N’nin ise “belirli
yerlerde, belirli okullarda gergeklesen” bir egitim olarak algilandigini diistindiikleri goriilmiistiir.

STEM egitiminin getirileri temast incelendiginde; STEM egitimi alan 6gretmen adaylarmin
STEM egitimi ile bilgi, medya ve teknoloji okuryazarligi, yasam ve kariyer ve de 6grenme ve yenilik
becerileri kategorilerinde gruplanan 21. yiizy1l becerilerinin kazandirilmast gibi getirilerinin
olabilecegini diisiindiikleri goriilmektedir. 21. yy. becerileri arasinda 6grenme ve yenilik becerilerine
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odaklanan STEM egitimi alan 6gretmen adaylart STEM egitimi ile yaratici diisiinme, iletisim ve is
birligi becerilerinin yani sira agirlikli olarak elestirel diisiinme ve problem c¢dzme becerilerinin
kazandirilabilecegini diisiinmektedirler. Bu kategoride M5-S’nin “STEM egitimi ¢ocuklarin teorik
bilgiyi uygulamaya dokerek ii¢ boyutlu diisiinmelerini ve bir takim halinde c¢alisabilme gibi
ozelliklerinin gelisimine katki saglar” ve M9-M’nin “STEM egitimi ¢ocuklarin elestirel diisiinme,
bilimsel diistinme, teknoloji okuryazariigi, farkli disiplinlerin entegrasyonu, is birligine dayali ¢alisma,
yaraticulik, iletisim, tiretkenlik, sorumluluk, girisimcilik, oz yonelim becerilerini gelistirir” goriisleri 6ne
cikmistir. Bilginin yapisi bakimindan biiyiik ¢ogunlugu gelismis diizeyde olan STEM egitimi alan
Ogretmen adaylan elestirel diislinme ve problem ¢dzme becerileri kategorisinde STEM egitimi ile
ogrencilere bilimsel ve elestirel diisinme, farkli disiplinler arasinda iligki kurabilme, sorgulama,
problem ¢6zme gibi becerilerin kazandirilabilecegini belirtmislerdir. Farkli disiplinler arasinda iligki
kurabilme temasinda bilginin yapis1 bakimindan farkli diizeylerde olan 6gretmen adaylarindan M2-
S’nin “Cocuklarin konular arasinda bag kurmasina yardimci olur”, M9-M’nin “... farkl disiplinlerin
entegrasyonunu kurmalarmmi saglar” ve MT-N'nin “farkli bilim dallarinin ortak paydada
bulusturulmasn saglar” gorusleri bilginin yapisina iligkin inanglar ile STEM egitiminin getirilerine
yonelik bakis acilarinin farkliligin1 géstermesi bakimindan dikkat ¢ekicidir.

Ote yandan bazi STEM egitim almayan 6gretmen adaylar1 STEM egitiminin; bilissel gelisimi
ve fen, matematik gibi STEM ile ilgili derslerde akademik basarty1 destekleyici oldugunu diisiiniirken,
bilginin yapisina yonelik inanglar1 bakimindan biiyiik cogunlugu orta diizey olan bu gruptaki 6gretmen
adaylarinin  bir bolimii STEM egitimi ile 21.ylizyil becerilerinin kazandirilabilecegini
diistinmektedirler. STEM egitimi almayan 6gretmen adaylarindan yalmizca S3-M STEM egitimi ile
yasam ve kariyer becerilerinden {iretkenligin kazandirilabilecegini diislinlirken digerleri 6grenme ve
yenilik becerileri temasinda agirlikli olarak diisiinme, yorumlama, sorgulama, arastirma gibi elestirel
diisinme ve problem ¢6zme becerilerinin yaninda yaraticilik ve yenilikgilik becerilerinin de
kazandirilabilecegini diistinmektedirler. Bu kategoride S9-M’nin “STEM egitimi ile cocugun matematik,
fen gibi derslerde verimi artar”, S12-M’nin “STEM egitimi zekd, diisiince, yaraticilik, aktif katilim,
bunlarda geligim saglar, S5-M’nin “STEM egitimi ile ¢ocuklarin problem ¢ézme, yaratict diisiinme,
tasarlama becerileri artar” ve S6-M’nin “STEM egitimi ¢ocuklarin arastirmact, yenilikci, bir sorunu
kendi kendine c¢ozebilme yetisi kazandirir” gorisleri elde edilen bulgularin ana kaynagim
olusturmaktadir.

Her iki 6gretmen aday1 grubunun STEM egitiminin getirileri ile ilgili goriisleri her ne kadar 21.
ylizy1l becerilerine odaklanmis olsa da ¢cogunlugu bilginin yapisi bakimindan gelismis diizeyde olan
STEM egitimi almis olan 6gretmen adaylariin vurgu yaptiklar1 21. yiizy1l becerilerinin gesitliliginin
daha fazla oldugu, ¢cogunlugu bilginin yapisi bakimindan orta diizeyde olan STEM egitimi almamuis
Ogretmen adaylarinin goriislerinin ise daha az sayida/tiirde beceri ile sinirh kaldig1 goriilmektedir.

Ogretmen adaylarinin STEM alanlar1 arasindaki iliski temasindaki gériisleri incelendiginde
STEM alanlarinin birbirini destekledigine yonelik goriislerin 6ne ¢iktigi, daha fazla goriis bildiren
STEM egitimi alan Ogretmen adaylarindan gelen goriislerin yaridan fazlasinin bilginin yapisi
bakimindan gelismis, buna karsin STEM egitimi almayan 6gretmen adaylarimin orta diizeyde olduklar
goriilmistiir. STEM egitimi alan 6gretmen adaylart STEM’in farkli alanlar olmasina ragmen iliskili,
birbirlerini destekleyen/besleyen alanlar olduguna vurgu yapmuslardir. Bu temada M11-S’nin “Bu
disiplinler birbirinden bagimsiz degil, birbirlerini etkileyip bir biitiin olustururlar”, M10-M’nin “Fen
matematigi kullamir, teknoloji de miihendisligi. Aslinda hepsinin arasinda parc¢alanamaz bir bag
vardir”, M5-S’nin “Birisinin gelismesinde digeri rol oynar” goriisleri dikkat cekmektedir. Ogretmen
adaylarinm bilginin yapisina yonelik inanglar1 bakimmdan STEM alanlar1 arasindaki iliskiyi tanimlama
diizeyleri de farklilik gostermistir. Gelismis diizeydeki 6gretmen adaylart STEM alanlar arasindaki
iliskiyi karsilikli etkilenme, birbirini besleme ve birlikte bir biitiinii olusturma seklinde tanimlama
egilimi gosterirlerken, orta diizey 6gretmen adaylarimin belirli bir alanin diger bir alan1 destekledigi
yOniinde, 6rnegin fenin matematigi, teknolojinin miithendisligi destekledigi seklinde tek yonlii bir iligki
olarak tanimlama egiliminde olduklari, buna karsin gelismemis diizeydeki 6gretmen adaylarinin (M7-N
ve M8-N) STEM alanlar arasindaki iliskiye yonelik herhangi bir tamimlama yapmadiklart goriilmiistiir.
Ote yandan MI1-S “Cogu konuda (STEM) birbirini agiklamada yardimct oluyor, anlatimi
kolaylastiriyor” goriisi ile dort alan1 sadece iliskili alanlar olarak tanimlamanin 6tesinde, bu alanlarin
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iligkili olmasinin 6grenme Ogretme siireglerine de olumlu yansimalarinin olduguna, bir alanin
digerlerinin 6gretilmesini/6grenilmesini kolaylastirdigina da dikkat ¢ekmistir. Diger taraftan STEM
egitimi alan 6gretmen adaylarinin sikliginda olmamakla birlikte STEM egitim almayan &gretmen
adaylart da STEM alanlarimin  birbirleriyle iligkili, birbirini tamamlayan alanlar oldugunu
diisiinmektedirler. STEM alanlar1 arasindaki iliskiyi S2-S “Aslinda hepsi bir arada giizel bir resim
olusturabilecek renkler gibidir. Yalniz baslarina da islevleri olduk¢a onemlidir ancak beraber giizel bir
resim olusturabilirler” seklinde kapsamli bir sekilde tanimlarken, S4-N “Hepsinin ortak paydast
matematiktir” diyerek Matematik alanini odaga koyan bir tanimlama yapmistir. STEM egitimi alan
akranlarindan farkli olarak STEM’in Ogretimine dikkat ¢ekmeyen STEM egitimi almamis olan
ogretmen adaylart STEM egitiminin 6n kosullar1 olduguna dikkat cekmislerdir. Ornegin S10-M
“Uretken bir zekd gerektirir’ diyerek STEM egitiminin belirli 6n kosullarin saglanmasi durumunda
geceklesebilecegini ifade etmistir.

Ogretmen adaylarmin STEM egitimine ydnelik goriislerinin bir boliimii STEM egitimi ile ilgili
yapilan yanlighiklar temasimi olusturmustur. Her iki grubun STEM egitiminde yapilan yanligliklar ile
ilgili goriisleri hedefler, 6grenme 6gretme siiregleri ve 6gretmen niteligi olmak iizere {i¢ ortak kategoride
toplanirken, bunlarin yan1 sira STEM egitimi alan 6gretmen adaylarinin STEM egitimine baslama yas1
ve Ogretim materyalleri kategorilerinde toplanan ek goriislerinin de oldugu goériilmektedir. STEM
egitimi alan Ogretmen adaylari hedefler kategorisinde STEM’in felsefesinin dogru bir sekilde
anlasilamamis olmasim bir yanlshk olarak gormektedirler. Ornegin M6-S “STEM bir yaklasim
olmaktan ¢ok bir ogretim teknigi olarak gériiliiyor” diyerek STEM’in felsefesinin anlasilamamig
olmasina dikkat ¢ekmistir. STEM egitimi alan 6gretmen adaylart STEM egitiminin 6grenme 6gretme-
siiregleri ile ilgili olarak, her alanin egitiminin ayni diizeyde yapilmamasini ve giinliik yasamla
iliskilendirmenin yapilmamasini temel yanlsliklar olarak gérmektedirler. Ornegin, M2-M “dért alanin
entegrasyonu (odaktaki) asil disiplinden uzaklagtirryor” ve M3-S “fen ve matematik konularinin
yvasamla iliskilendirmesi tam olarak yapilmiyor” derken, M4-S ise dort temel alandan “sadece
matematik ve fen egitiminin teorik diizeyde” verildigini “teknoloji ve miihendislik” alanlarinin goéz ardi
edildigini belirtmistir. Ogretim materyalleri kategorisinde ise bazi STEM egitimi alan 6gretmen adaylar1
yeterli ekonomik destegin saglanamamasini bir yanliglik olarak goérdiiklerini ¢ilinkii bu durumun STEM
egitimi i¢in gerekli 6gretim materyallerinin teminini gili¢lestirdigini belirtmiglerdir. Ek olarak, 6gretmen
niteligi kategorisinde STEM egitimine yonelik temel yanlisliklardan birinin STEM egitimini STEM
egitimi almamis 6gretmenlerin vermesi oldugunu diisiindiikleri goriilmiistiir. Ornegin M10-M “STEM i
ilk basta ogretmenlerimiz anlamali, uygulamali, benimsemeli” derken STEM egitiminin STEM’e hakim
Ogretmenler tarafindan verilmesi gerektigine dikkat ¢ekmistir. STEM egitimine baglama yags1 temasinda
ise STEM egitiminin erken yaslarda baslatilmamasini ve her yasta seviyeye uygun bir sekilde devam
ettirilmemesini temel yanlisliklar olarak belirtmislerdir. Ornegin M9-M “Ilkokul ve okul éncesi diizeyde
tizerine diigiilmemesini”, P11-S “Her simif diizeyinde yapimamasini” temel yanhsliklar olarak
gormektedir.

Diger taraftan STEM egitimi almayan 6gretmen adaylarinin STEM egitimi ile ilgili yanligliklara
iliskin goriiglerinin STEM egitimi alan akranlarindan daha sinirh bir sekilde hedefler, 6grenme 6gretme
stirecleri, dgretmen niteligi ve icerik kategorilerinde toplandigi goriilmektedir. Bazi STEM egitimi
almayan Ogretmen adaylari hedefler kategorisinde STEM egitiminin felsefesinin anlagilamadigin
belirtmislerdir. Ornegin S5-M i¢in “amacimn anlasilamamis olmasi”, S11-M i¢in STEM’e “énem
verilmemesi”, S8-S i¢in ise STEM egitiminin “etkinlik yapmayla bir tutulmasi” STEM’in hedefleri ile
ilgili yapilan temel yanligliklardir. Buna paralel olarak STEM alanlarmma ayni diizeyde 6nem
verilmeyisini, bazi alanlarin daha fazla 6ne cikarilmasini igerik ile ilgili yapilan yanligliklar olarak
gormektedirler. Ornegin S3-M’ye gore “teknoloji iizerine daha ¢ok yogunlasilmasr” STEM egitiminin
icerigi ile ilgili temel bir sorundur. STEM egitimi almayan 6gretmen adaylarma gére de STEM
egitiminin teorik diizeyde ve giinliik hayatla veya diger alanlarla iligkilendirmeler yapilmadan verilmesi
dgrenme dgretme siiregleri ile ilgili temel yanhighklardir. Ornegin S1-S i¢in STEM egitiminin “sadece
teorik verilmesi”, S19-M i¢in ise “giinliik hayatla bagdastirilmamas:” temel yanlisliklardir. Ogretmen
niteligine yonelik olarak ise, 6gretmenlerin STEM egitimi almamis olmalar1 da temel yanlisliklardan
birisidir. Ornegin S4-N’ye gore “STEM egitiminin oncelikle égretmene verilmemesi” Tiirkiye’deki
STEM egitimi ile ilgili temel bir yanlisliktir.
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Ogretmen adaylarimin simiflarinda STEM uygulamalarina yer verme niyetleri ile ilgili
bulgular

STEM egitimi alan ve almayan 6gretmen adaylarinin 6gretmen olduklarinda siniflarinda STEM
uygulamalarina yer verme niyetlerine yonelik bulgular Sekil 3’te verilmistir.

STEM egitimi almayan 6gretmen adaylarmin

goriisleri

Ogretmene Nasil grenci
grenciye
Ya'iﬂa" O kullamfmall\ yararlan

STEM egitimi alan 6gretmen adaylarinin goriisleri
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Sekil 3. STEM egitimi alan ve almayan Ogretmen adaylarmin 6gretmen olduklarinda smiflarinda STEM
uygulamalarina yer verme niyetlerine yonelik goriisleri

Sekil 3’teki bulgulara bakildiginda her iki grup d6gretmen adayinin 6gretmen oldugunda STEM
uygulamalarina yer vermeye yonelik goriislerinin {i¢ paralel temada gruplandigi ancak, tema
iceriklerinde belirgin bir sekilde ayristig1 soylenebilir.

STEM uygulamalarina yer verme gerekceleri temasinda, STEM egitimi alan 6gretmen
adaylarinin daha yiiksek oranda 6gretmen olduklarinda STEM egitimine yer verme niyetinde olduklar
goriilmektedir. Bilginin yapisina yonelik inanglart bakimindan ayrigmaksizin STEM egitimi alan
ogretmen adaylart 6gretmen olduklarinda derslerinde STEM uygulamalarina yer verebileceklerini
belirtmiglerdir. M2-M 6gretmen oldugunda derslerinde “STEM uygulamalarina yer vermek istedigini”
¢linkiic. STEM egitimi ile 6grencilerin “konuyu farkli yollarla somutlastirmak ve anlayabilmelerini
saglamanmin daha kolay” olugunu diisiinmektedir. Bilginin yapis1 bakimindan gelismis ve orta diizey
Ogretmen adaylarimin gelecekte STEM uygulamalarina yer verme niyetleri ile ilgili goriisleri STEM
alanlariin harmanlanarak, aktif 6grenme temelli ve teknoloji destekli STEM egitimi, bunun igin ise
STEM egitimi almis nitelikli 6gretmenlere ihtiya¢ duyuldugu gibi STEM felsefesinde yer alan kose
taglart ile ilgili iken, gelismemis 6gretmen adaylarmin 6grencilerin dikkatini ¢ekebilmek gibi dolayli
amaglar icin STEM egitimine yer vermeyi disiindiikleri dikkati ¢ekmektedir. STEM egitimi alan
ogretmen adaylari, STEM egitiminin derse odaklanmalarim ve katilimlarini arttirdigy igin 6grenciye,
ogrencilerin dikkatini ¢ekmeyi kolaylastirdig1 i¢in 6gretmene yararlart oldugunu diisiinmektedirler.
Omegin M5-S “Ogrencilerin daha ¢ok derse katilmalarini ve odaklanmalarim saglayacagim
diigtiniiyorum” derken, M7-N ise 0gretmen olarak “dgrencilerin dikkatini ¢ekebilmek” igin Ggretmen
oldugunda STEM uygulamalarindan yararlanmay1 diisiindiigiinii belirtmistir. Ancak baz1t STEM egitimi
alan 6gretmen adaylar1 6gretmen olduklarinda STEM uygulamalaria yer vermeyi istediklerini fakat
STEM etkinliklerini hazirlamanin zorluklarini ve bunun ayri bir egitim ve deneyim gerektirmesini
olumsuzluk olarak gordiiklerini belirtmislerdir. M10-M’nin “...uygulama hazirlamak veya en azindan
etkinlik hayal etmek zorlayici. Bu yiizden ilk basta kendimi gelistivip, sonrasinda 6grencilere uygularim”
goriisli durumu 6zetlemektedir. Benzer sekilde, M1-S “Ogretmen oldugumda STEM uygulamalarina yer
vermek isterim ama bu kolay degil, 6gretmenin ozel bir egitim almig olmast gerekir” seklinde goriis
bildirmistir. STEM egitimi alan 6gretmen adaylarinin nasil kullanilmali temasini olusturan; STEM
egitimine ne sekilde yer verebileceklerine iliskin goriisleri incelendiginde disiplinler arasi bir yaklagim
ile farkli alanlar1 bir arada ele almak, 6grencilerin aktif katilimlarini desteklemek ve miimkiin oldugunca
etkilesimli tahta, web araglar1 ve modellemeleri gibi teknoloji destekli 6gretim materyallerini kullanmak
niyetinde olduklar1 goriilmektedir. M8-N “Dort ana alami  harmanlayarak” MI11-S  “Swnifia
ogrencilerimin de aktif sekilde etkinlikler yapmasinm saglayarak” dgretmen olduklarinda siiflarmda
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STEM uygulamalarina yer vereceklerine yonelik somut rnekler belirtmislerdir. Ayrica, dikkat edilecek
konular kategorisinde 6gretmen oldugunda STEM uygulamalarina yer vermek isteyen bazi 6gretmen
adaylar1 bu uygulamalarinda 6grencileri dogru yonlendirmeye, 6grencinin kendisinin bilgiye ulagmasini
saglamaya ve aktif katilimi desteklemeye dikkat edeceklerini belirterek 6grenme 6gretme siireclerini
nasil gerceklestireceklerinin ipuclarin1 da vermislerdir. Ornegin M10-M “Ogrenciyi yénlendirirken
kendi dogrusunu kendisinin bulmasina dikkat ederim” derken 6grenme dgretme siireglerinde hem aktif
katilima hem de 6grencinin bilgiyi kendisinin inga etmesini saglamaya vurgu yapmustir.

Buna karsin STEM egitimi alan bazi 6gretmen adaylarinin 6gretmen olduklarinda siniflarinda
STEM uygulamalarina yer verme konusunda Ogrenci, 6gretmen ve hem 6grenci hem de 6gretmen
acisindan gekinceleri bulunmaktadir. Ogretmen kategorisinde bazi 6gretmen adaylarini, bir 63retmenin
dort farkli alanin egitimini vermede yeterli olamayabilecegi, bu anlamda o6gretmenlerin egitim
eksikliklerinin olabilecegi ve kalabalik siniflarda uygulama giicliiklerinin olabilecegi endisesi ile
ogretmen olduklarinda STEM uygulamalarina yer verme konusunda cekinceleri bulunmaktadir.
Ornegin M9-M  “Kalabalik simflarda uygulama giicliigii cekebilirim.” diisiincesiyle 6gretmen
oldugunda STEM uygulamalarina yer vermeyebilecegini belirtirken, M4-S, ileride STEM egitimi
vermemesinin en temel sebebinin “STEM egitimini sadece bir matematik 6gretmeni vermemelidir.
Matematik ve fen bilgisi dgretmenleri, bilgisayar ve miihendislik egitimcileri ile ortak verilmelidir.”
diisiincesi oldugunu belirtmistir. Hem 6grenci hem de 6gretmen ile ilgili ¢ekinceler kategorisinde ise
STEM egitimi alan baz1 6gretmen adaylar1 her konunun STEM’e uygun olmamasi, STEM konularmin
her dgrencinin ilgisini gekmemesi, okullardaki 6grenme ortamlarinin teknolojik donanimlarinin STEM
egitimini destekleyici nitelikte olmamasi veya sinif i¢i etkinliklerin uzun zaman almasi gibi etkenlerin
Ogretmen olduklarinda STEM uygulamalarina yer vermeme riskini arttiracagini diistinmektedirler.
Omnegin M5-S icin “sumifta bulunan teknolojik cihazlarin yeterli olmamasi” gelecekte STEM
uygulamalarina yer vermeme gerekgesi iken, M1-S i¢in “STEM etkinliklerinin uzun zaman almasi” ve
“aliskin olunan bir sistem olmadigindan ogrenci ve 6gretmende kafa karisikligi yaratabilecek olmasi”
olas1 gerekgelerdir.

STEM egitimi almayan Ogretmen adaylarmin &gretmen olduklarindan simiflarinda STEM
uygulamalarina yer verme niyetlerine iliskin goriislerinin de STEM egitimi alan akranlar1 ile paralel
temalar olusturdugu ancak tema igeriklerinde farklilastiklar1 goriilmiistiir. Bilginin yapisina yonelik
inanglar1 bakimindan ¢ogunlugu orta diizey olan STEM egitimi almayan 6gretmen adaylarindan yedisi
ogretmen oldugunda siniflarinda STEM uygulamalarina yer verecegini belirtirken digerleri heniiz karar
vermediklerini veya konuya iliskin goriislerinin olmadigimi belirtmislerdir. STEM uygulamalarina yer
verebilecegini belirten 6gretmen adaylarinin STEM egitimi alan akranlarindan farkli olarak daha genel
cevaplar verdikleri goriilmiistiir. Ornegin S2-S “Etkinlikler diizenler, ¢alismalar yaparim”, S7-S
“ogrencilere deneyler yaptirnim” S9-M  “deneyler giinliik hayattan olurdu”, S11-M “STEM
uygulamalarina yer verebilirim ama ¢ok ayrintil olmamak sartiyla” seklinde goriiglerini belirtmislerdir.
Gelecekte sinifinda STEM uygulamalarina yer verebilecegini belirten 6gretmen adaylarindan bazilar
STEM egitimi igin dgretmenin egitim almasinin gerekliligine dikkat ¢ekmislerdir. Ornegin S3-M
ogretmen oldugunda smifinda STEM uygulamalarina “STEM egitimi ile ilgili daha fazla bilgi alip,
ogrendikten sonra yer verebilirim”, derken, S10-M “STEM’i iyice arastirip, uygulama asamalarini
ogrenip sonra uygularim” demistir. S8-M 6gretmen oldugunda sinifinda STEM uygulamalarina yer
verip vermeyecegi konusunda “bilmiyorum” cevabi verirken, S1-S “bunu diigiinmek i¢in erken oldugu
kanisindayim” cevabim vermistir. S1-S gibi bu sorunun cevabim vermek i¢in erken oldugunu diisiinen
Ogretmen adaylarmin temel nedeni heniiz STEM egitimi almamis olmalaridir. Bu gruptaki gretmen
adaylarinin 6gretmen olduklarinda simiflarinda STEM uygulamalarina yer vermeme gerekgelerinin
STEM egitimi alan akranlarindan farkli olarak sadece 6gretmenlere yonelik ¢ekinceler ile sinirli oldugu
goriilmektedir. Ogretmen ile ilgili cekinceler temasinda toplanan goriisleri incelendiginde, gerekli
egitimi almadiklari i¢in 6gretmen olduklarinda siniflarinda STEM uygulamalarina yer verme konusunda
kararsiz kaldiklar1 anlasilmistir. Ornegin S3-M  “Kararsizim, ciinkii yeterli egitimim oldugunu
diistinmiiyorum” derken, S8-M “Uygulayacak kadar bilgili oldugumu diisiinmiiyorum” demistir. Bu
bulgunun yukarida 6gretmen adaylarmin 6nemli bir bolimiiniin gerekli egitim almasi durumunda
smiflarinda STEM uygulamalarina yer verebilecegine yonelik bulgu ile yakindan iligkili oldugu
sOylenebilir. Her iki bulgunun, 6gretmen adaylarinin gelecekte siniflarinda STEM uygulamalarina yer
verme karar1 verebilmeleri i¢in hizmet dncesinde nitelikli bir STEM egitimi almalarinin 6nemine igaret
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ettigi sOylenebilir. Ayrica STEM egitimi almis akranlarinin ¢ekincelerinin yalnizca 6gretmenin egitim
almasi ile sinirh kalmayip, STEM’in 6gretimine yonelik ¢ekinceler de belirtmeleri STEM egitiminin
onlarda yaratmis oldugu bakis agis1 farkliligin1 géstermektedir.

Son olarak dikkat edilecek konular kategorisinde dgretmen oldugunda STEM uygulamalarina
yer verecegini belirten STEM egitimi almayan 6gretmen adaylarinin STEM uygulamalarinda dikkat
edecekleri noktalara iliskin goriisleri 6grenci, 6gretmen ve 6grenme Ogretme siirecleri kategorilerinde
toplanmustir. Ogrenciler ile ilgili olarak gretmen adaylar1 dgrencinin hazirbulunusluguna ve duyussal
ozelliklerine dikkat edeceklerini belirtmislerdir. Ornegin S7-S  “Ogrencinin STEM’i sevip
sevmemesine”, S1-S “yetenege” onem verecegini belirtmistir. Ote yandan 6gretmen kategorisinde
ogretmenin STEM’e verdigi 6neme vurgu yapmiglardir. S1-S STEM uygulamalar i¢in 6gretmenin
“Ozenine” dnem verdigini belirtmistir. Ogrenme 6gretme siirecleri ile ilgili olarak ise, 6grencilerin aktif
katilimim ve is birligini destekleyici olmasia dikkat edeceklerini belirtmislerdir. Ornegin, S5-M “is
birligine” 6nem verecegini belirtirken, K15-M “iiretmeye, diigiinmeye, arastirmaya yonelik etkinlikler
yapmaya” énem verecegini belirtmistir.

Ogretmen adaylarinin STEM egitimine yonelik énerileri ile ilgili bulgular

STEM egitimi alan ve almayan 6gretmen adaylarinin STEM egitimine yonelik onerileri ile ilgili
bulgular Sekil 4’te verilmistir.

STEM egitimi almayan 6gretmen adaylarinin
goriisleri

Motivasyon O
A O Motivasyon
<___‘©M O O
STEM egitimi igin Erken STEM

STEM egitimi alan 6gretmen adaylarinin goriisleri

wounyas | Offenci editiminin yararian STEM ol i O o1l
(f= A34) uygun yas Ogrencs egitiminin yararlan
O§reti{fn=p;C)>9l'am""Qf'/vogretrnen O
STEM cgitimine (1= 9) Aie desteds retmen

yonelik oneriler
6)

= =1 STEM egitimine =2
yonelik oneriler
b (f= 46)
grenme ogretme S
suregleri (l?:rlzk) O

(f=5)
Ogrenme ortamlan grenme odretme

5 sureglen ik
sy (F=13) (=3 (‘?2"2 ;

Okul disi ogrenme Oﬁrenr(rf)e c;r)tamlan

Okul igi ogrenme ortamian

ortamlan

Sekil 4. STEM egitimi alan ve almayan dgretmen adaylarinin STEM egitimine yonelik onerileri

Sekil 4’teki bulgulara bakildiginda her iki grup 6gretmen adaymin STEM egitimine yonelik
olarak Ogrenci, dgretmen, igerik, 6grenme ortamlari, 6grenme Ogretme siiregleri, ortak temalarinda
toplanan Onerilerinin yani sira, STEM egitimi alanlarin dgretim programi, almamis olanlarin ise aile
destegi temalarinda toplanan ek dnerilerinin de oldugu goriilmektedir.

STEM egitimi alan 6gretmen adaylar1 6grenci temasinda STEM egitimi i¢in uygun yas, erken
STEM egitiminin yararlar1 ve motivasyon kategorilerinde toplanan 6nerilerde bulunmuslardir. STEM
egitimi i¢in uygun yas alt temasinda bu gruptaki 6gretmen adaylarin 6nemli bir bolimi STEM
egitimine miimkiin oldugunca erken yaslarda baglanmasini bu anlamda okul 6ncesi egitimde veya
ilkokulda STEM egitimini 6nerirken, bazi dgretmen adaylar1t STEM egitiminin, ortaokul hatta lise
diizeyinde verilmesi gerektigini M 1-S ise “her yasta verilebilir’ oldugunu diisiinmektedir. Konu ile ilgili
olarak M11-S “Agac¢ yasken egilir ataséziinden yola ¢ikarak, kiigiik yasta temelini oturtup ileriki yillarda
daha ¢ok mantik kurabilirler” seklinde gorisiinii ifade ederken, M2-M “Erken dénemde soyut
kavramlart ¢ocugun algilamasi zor oldugundan ve STEM egitimi ile bunu somutlamak miimkiin
oldugundan [erken yaslarda STEM egitimi verilmesi] onemlidir” seklinde gorils bildirirken STEM
egitiminin ileri egitim kademelerinde verilmesi gerektigini diisiinen M4-S “... okul éncesi ve ilkogretim
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temel egitim yeridir. Okuma-yazma bilmeden STEM egitimi vermenin anlami yoktur.” yoniinde goris
bildirmistir.

Cogunlugu bilginin yapis1 bakimindan gelismis diizeyde olan bu gruptaki 6gretmen adaylarinin
STEM egitiminin erken yaslarda verilmesini isteme gerekceleri erken STEM egitiminin yararlari alt
temasi1 altinda cocugu tanima ve yodnlendirme, hazirbulunusluk, ¢ocuga sagladigr kazanimlar ve
O0grenme Ogretme siiregleri kategorilerinde gruplanmistir. Cocugu tanima ve yonlendirme kategorisinde
STEM egitimi alan Ogretmen adaylart STEM egitiminin erken yaglarda cocuklarm gelisimsel
ozelliklerinin belirlenmesi ve bu dogrultuda yonlendirilebilmelerinde rol alabilecegine dikkat
cekmislerdir. Ornegin M5-S erken STEM egitimi ile “Cocuklarin ilgi alanlarina yénlendirmekte
kolaylik saglanabilecegi diisiiniiyorum” demistir. Kazanimlar kategorisinde ise; erken STEM egitiminin
ogrenci acisindan disiplinler arasi gegisleri erken yaslarda goérerek daha biitiinciil ve farkli diigtinme
becerilerini gelistirebilecegine, buna bagli olarak hazirbulunusluk temasinda erken STEM egitiminin
ileri egitim kademelerinde verilecek STEM egitimine temel olusturmasi bakimindan énemli olduguna
dikkat cekmislerdir. Ornegin M5-S “Cocuklar ilkokul seviyesinden yavas yavas sisteme alistirilmalilar
ki sonrasinda STEM egitiminden daha fazla yararlanabilsinler” seklinde goriis bildirirken, M10-M
“STEM, ogrencinin birlesik diistinmesini saglar. Bunun okul oncesinde baslamasi daha saglikli ve
faydalr” seklinde goriis bildirmiglerdir. Diger taraftan 6grenme 6gretme siiregleri kategorisinde; erken
STEM egitiminin ¢ocuklarin ilgilerini ¢cekmeyi kolaylastirmasi ve somut 6grenme firsatlart sunmasi
bakimindan 6grenme 6gretme siireglerine olumlu etkilerinin olduguna dikkat ¢ekmislerdir. Motivasyon
kategorisinde ise dgrencilerin STEM e ilgi duymalarinin énemli oldugunu diisiinen M11-S “Ogrencinin
istekli olmasi, STEM uygulamalarinin verimli olmasim saglayacak anahtarlardan birisidir” goriisiiyle
STEM egitiminin basariya ulagmasi i¢in 6grencilerin bu egitime tesvik edilmelerinin énemine dikkat
¢ekmistir.

STEM egitimi alan 6gretmen adaylari icerik kategorisinde; STEM egitimi i¢eriginin matematik
agirlikli olmasim onermislerdir. Ornegin M2-M STEM uygulamalarmin verimliligi “Ana konuya
(Matematik) agirlik vermeye baglidir” derken, M3-S “Her seyin anast Matematiktir, STEM de her sey
onun tstiine kurulmustur” diyerek, icerikte STEM’in M’sinin agirlikli olabilecegini onermislerdir,

ile iliskili olabilecegi diistiniilmektedir.

STEM egitimi alan 6gretmen adaylar1 iyi bir STEM egitiminin okul i¢i ve okul diginda uygun
ogrenme ortamlarinin kullanimi ile miimkiin olabilecegini diigiinmektedirler. Nitelikli bir STEM egitimi
icin M11-S okullarda “Sinif, laboratuvar gibi 6grenme ortamlarinin yeterli olmasi”, M8-N “donaniml
swiflar’, M4-S ise “... donamimli bir STEM laboratuvart” olmasini dnermislerdir. Ek olarak, M10-M
bu siniflarda “Ogrencilerin kendisini gelistirebilmesi ve akillarindakini yapabilmeleri icin gerekli arag
geregler”, M9-M “teknolojik aletler” olmasi gerektigine dikkat ¢ekmislerdir. Diger taraftan basarili bir
STEM egitimi i¢in okul dis1 6grenme ortamlarina yonelik onerilerde de bulunmuslardir. Bu kapsamda
M4-S “okula yakin yerlerde bilim miizeleri olmaldir” derken, M4-S “Okul, miihendislik fakiiltesine
yakin olmalidir” diyerek okul dis1 ortamlardan da STEM egitimini destekleyici sekilde yararlanilmasini
onermislerdir.

STEM egitimi alan &gretmen adaylar1 6grenme 6gretme siiregleri temasinda, bu siireglerde
STEM alanlarinin biitiinlestirilmesi, etkin 6grenmenin desteklenmesi ve STEM egitimi i¢in yeterli
zamanin ayrilmasi yoniinde onerilerde bulunmuslardir. Ogrenme dgretme siiregleri ile ilgili olarak M6-
S “STEM alanlarimin dogru entegre edilmesi gerekmektedir”, M11-S “Ogrencinin dogruyu kendisinin
bulmasina rehberlik edilmesi gerekir’, M4-S “STEM egitimini tek bir matematik Ogretmeni
vermemelidir. Matematik ve fen bilgisi 6gretmenleri ile bilgisayar ve miihendislik egitimcileri ile ortak
verilmelidir” ve M12-S “verimli bir STEM egitimi yeterli zaman ayrilmasina baglidir” yoniinde
onerilerde bulunmuglardir. M12-S gibi STEM egitimi alan 6gretmen adaylarinin STEM egitimi i¢in
yeterli zamanin ayrilmasi gerektigini diistinmelerinin yukarida da belirtildigi tizere STEM’in uygulamali
ve Ogrencinin etkin katilimini destekleyen bir felsefesinin olduguna yonelik goriisleri ile iliskili oldugu
distiniilmektedir.

STEM egitimi alan dgretmen adaylar1 6gretmen temasinda iyi bir STEM egitiminin dgretmen
sayis1 ve niteligi ile iliskili olduguna dikkat ¢cekmisler, bu dogrultuda STEM egitimini STEM egitimi
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alan 6gretmenler tarafindan verilmesini 6nermislerdir. Ornegin iyi bir STEM egitimi i¢cin M8-N “yeterli
sayida Ogretmen” olmas1 gerektigini belirtirken, M6-S “Ogretmenlerin fen, matematik, miihendislik,
teknoloji alanlarinda yeterli diizeyde bilgilendirilmeleri” gerektigini, M9-M “Ogretmenin, yeterli alan
bilgisi tizerine ogretim bilgisi ve en onemlisi de alanlarin entegrasyonunu bilmesi” gerektigini
diisiinmektedir. Bu temada, bilginin yapis1 bakimindan gelismemis diizeyde olan P8_N’in 6gretmen
sayisina odaklanirken, orta diizeyde olan P9-M’nin 6gretmenin niteligine odaklanmasi 6gretmen
adaylarinin bilginin yapisina yonelik inanglart ile STEM egitimine bakis acilar1 arasindaki iligkinin
derinlemesine arastirilmasini isaret ettigi sdylenebilir.

STEM egitimi almayan akranlarindan farkli olarak STEM egitimi alan &gretmen adaylari
Ogretim programi temasini olusturan onerilerde de bulunmuslardir. STEM egitimi alan baz1 6gretmen
adaylari, basarili bir STEM egitiminin 6gretim programlarinda yapilacak diizenlemelere bagli oldugunu,
bunun i¢in &gretim programlarimin STEM egitimini destekleyici bir sekilde gdzden gecirilmesini
onermislerdir. Ornegin M12-S  “STEM uygulamalarimin verimliligi  miifredatlarda  gerekli
diizenlemelerin yapilmasina baghdy” diyerek 0Ogretim programlarinda yeniden diizenlemeler
yapilmasini 6nermistir.

Basarili bir STEM egitiminin &gretmenin niteligi ile yakindan iliskili oldugunu diisiinen
Ogretmen adaylar1 6gretmen temasinda STEM egitimini verecek dgretmenin yeterliklerine yonelik
onerilerde bulunmuslardir. Bilginin yapis1 bakimindan farkli profillerde olsalar da ¢ogu STEM egitimi
alan 6gretmen adayr STEM egitimi verecek 6gretmenlerin STEM alanlarina yonelik alan bilgisi ve
mesleki bilgilerinin olmas1 gerektigini diisiinmektedirler. M9-M “Ogretmenin, yeterli alan bilgisi
tizerine 6gretim bilgisi ve en énemlisi de alanlarin entegrasyonunu bilmesi gerekir” gorisiiyle bu tema
altinda toplanan goriigleri adeta 6zetlemistir. STEM egitimini STEM’de yer alan alanlarin egitimini
almis ve onlar1 entegre ederek Ogretimini yapabilme becerilerine sahip bir 6gretmen tarafindan
verilebilecegini diisiinen ¢ogunluga karsin bilginin yapis1 bakimindan gelismis diizeyde olan M4-S
“STEM egitimini tek bir matematik 6gretmeni vermemelidir. Matematik ve fen bilgisi 6gretmenleri ile
bilgisayar ve miihendislik egitimcileri ile ortak verilmelidir” diyerek STEM egitiminde STEM
alanlariin her birinin 6gretiminde uzmanlagsmis 6gretmenlerin is birligine dikkat ¢ekmistir.

Diger taraftan, STEM egitimi almayan 6gretmen adaylarimin STEM egitimi alan akranlarina
gore daha az sayida olan Onerilerinin paralel temalarda toplandig1 ve ek olarak aile destegine dikkat
cektikleri goriilmektedir. Bu gruptaki 6gretmen adaylarinin en gok goriis bildirmis olduklar1 6grenci
temasinda STEM egitimi alan akranlar1 gibi STEM egitimi i¢in uygun yas, erken STEM egitimin
yararlar1 ve motivasyon kategorilerinde toplanan 6nerilerde bulunmuslardir. S4-N STEM egitiminin
“her yasta”, S11-M ve S1-S “ilkokuldan sonraki yaslarda” verilebilecegini onerirken, STEM egitimi
almayan Ogretmen adaylart agirlikli olarak STEM egitiminin erken yaslarda baslamasin
onermektedirler. S2-S “ne kadar erken, o kadar iyi” derken, S6-M “STEM egitimi ... ne kadar
kiiciikliikten baslarsa ¢cocuklar o kadar arastirmaci bir ruha sahip olurlar” yoniinde goriis bildirmistir.
Cogunlugu bilginin yapist bakimindan orta diizeyde olan STEM egitimi almayan 6gretmen adaylarinin
da STEM egitiminin erken yaslarda verilmesini istemelerinin gerekcelerinin ¢ocugu tanima ve
yonlendirme, hazirbulunusluk, c¢ocuga sagladigi kazanimlar, ve Ogrenme Ogretme siirecleri
kategorilerinde toplandig1 ve sayica STEM egitimi alan akranlarindan daha fazla goriis bildirdikleri, bu
durumun STEM egitimi almayan &gretmen adaylariin simif dgretmenligi programina devam eden
Ogretmen adayr olmalan ile iligkili olabilecegi diisiiniilmektedir. Cocugu tanima ve yonlendirme
kategorisinde erken STEM egitiminin ¢ocugun olas1 yeteneklerinin erken fark edilmesini saglayacagina
dikkat ¢ekilmistir. S8-M’ye gore erken STEM egitimi ile “Eger ¢ocugun dogustan bir yetenegi varsa
ortaya ¢ikmis olur”. Kazammlar alt kategorisinde erken STEM egitiminin dgrencilerin sorgulama ve
farkli diisiinme becerilerini gelistirilebilecegine, daha kalici olan bu donemdeki 6grenmelerin ileriki
yasamlarina daha fazla katki saglayacagina vurgu yapmislardir. Ornegin S12-M “Erken STEM egitimi
farkl diigiinmek, diistindiiklerini sorgulamak acisindan onemlidir” derken, S7-S “Erken yastaki ...
ogrendikleri daha kalici oluyor”; S8-M “Cocuklar yetiskinlerden daha kolay ogreniyorlar. Kiigiik yasta
bunun egitimini almalari gelecekte onlari olumlu yonde etkiler” yoniinde goriis bildirmislerdir.

Icerik temasinda; STEM egitimi igeriginin STEM alanlari ile sinirh tutulmayip farkli alanlarla
da birlestirilebilecegini ya da STEM i¢indeki alanlardan teknolojinin basi ¢ekmesini onermislerdir.
STEM egitiminin STEM alanlar ile sinirl tutulmasinmi yanlis bulan S2-S “Farkl: disiplinler bir araya
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getirilebilir’, S4-N “Ana kavram olarak teknolojiyi alip digerlerini onun icinde biiyiitmeliyiz, T-SEM
seklinde” Onerilerinde bulunmuslardir.

STEM egitimi alan 6gretmen adaylarina gore daha az goriis bildirilen 6grenme Ogretme
stirecleri temasinda bazi STEM egitimi almayan O0gretmen adaylart bagarili bir STEM egitimi igin
O0grenme Ogretme siireclerinin iyi planlanmasi ve uygulanmasi, 6gretmen-6grenci etkilesiminin
saglanmas1 gerektigine dikkat ¢ekerken, 6grenme ortamlar1 temasinda 6grenme ortamlarinda teknoloji
desteginin saglamasini énermislerdir.

Ogretmen niteligini de nitelikli bir STEM egitiminin bir pargasi oldugunu diisinen STEM
egitimi almayan ogretmen adaylari bulunmaktadir. Ogretmen temasinda STEM egitiminin
verimliliginin “Ogretmelerin siirece ne kadar dahil olduklarina baglh” oldugunu diisiinen S9-M
dgretmenlerin STEM konusunda iyi yetismis olmalarini, “Ogretmenlerin siirece ne kadar dahil oldugu
STEM egitiminin anahtarr” olarak gdéren S9-M “oOgretmen aktif rol iistlenmelidir” Onerisinde
bulunmustur. Tiim 6gretmen adaylarindan farkli olarak aile destegi temasinda basarili bir STEM egitimi
icin aile desteginin Onemine dikkat ¢eken S2-S “veliler Ggretmeleri desteklemelidir” Onerisinde
bulunmustur.

Tartisma, Sonuc ve Oneriler

STEM egitimi almis ve almamis &gretmen adaylarinin STEM egitimine yonelik goriisleri
incelendiginde, STEM egitimi almis 6gretmen adaylarinin STEM egitimi almamis akranlarina gore daha
derin ve daha genis bir bakis acili goriislere sahipken; STEM egitimi almamis grubun paralel goriislere
sahip olsalar da goriislerinin daha sinirh diizeyde oldugu gorilmiistiir. STEM egitimine yonelik
goriisleri STEM egitimine yiiklenen anlam, STEM egitiminin getirileri, STEM alanlar arasindaki iligki
ve STEM egitimi ile ilgili yanliglar olmak tizere dort paralel tema altinda toplanan goriisleri birlikte
degerlendirildiginde STEM egitimi alan 6gretmen adaylarinin STEM egitimi ile ilgili yanligliklar temasi
hari¢ diger temalarda daha fazla sayida goriis bildirdikleri goriilmektedir. STEM egitimi ile bireylerin
STEM bilgilerinin gelistigine yonelik onceki aragtirmalarin (Adebusuyi vd., 2022; Corlu, 2012; Shahali
vd., 2015) bulgulart ¢alismanin STEM egitimi alan 6gretmen adaylarinin STEM’e yonelik goriislerinin
daha kapsamli oldugu yoniindeki bulgularmi desteklemektedir.

STEM egitimi almis ve almanmus Ogretmen adaylarmin STEM egitimine yonelik goriisleri
bilginin yapisina yonelik epistemolojik inanglar1 ile birlikte incelendiginde; STEM egitimini gerekli
bulan 6gretmen adaylarinin genellikle bilginin yapis1 bakimindan gelismis inanglara sahip 6gretmen
adaylar1 oldugu gorilmiistiir. Bu bulguyu o6gretim tercihlerinde epistemolojik inanglarin 6nemli
olduguna dair arastirma bulgular1 desteklemektedir (Tanase ve Wang, 2010). Bilginin yapisina yonelik
inanglar orta diizeyde olan STEM egitimi almamis dgretmen adaylariin bazilari, STEM egitiminin
belli okullarda smirli seviyede yapildigini ifade etmislerdir. STEM egitimi almis bilginin yapisina
yonelik gelismis inanca sahip Ogretmen adaylari, STEM egitimi ile 21. yiizyi1l becerilerinin
kazandirilabilecegini diisiinmektedir. Bilginin yapisina yonelik gelismis inanglara sahip 6gretmen
adaylar1 STEM alanlar1 arasindaki iliskiyi karsilikli etkilenme, birbirini besleme, destekleme ve
biitiinliik olusturma seklinde ifade ederken; orta diizeyde gelismis inanglara sahip 6gretmen adaylar
belirli alanlarin digerini destekligi tek yonlii bir iliski seklinde ifade etmisler; gelismemis inanglara sahip
Ogretmen adaylari ile alanlar arasindaki iliskiyi ifade etmemislerdir.

Bu ¢alismada, STEM egitimi almis ve almamis 6gretmen adaylarimin gelecekte siniflarinda
STEM uygulamalarin1 yer vermelerine yonelik niyetleri bilginin yapisina yonelik epistemolojik
inanglar1 da g6z oniinde bulundurularak incelenmistir. Ogretmen adaylarindan bilginin yapisina ydnelik
olarak orta ve gelismis diizeyde epistemolojik inanglara sahip olanlarin, STEM alanlarinin
entegrasyonuna, aktif 6grenme ve teknoloji destekli bir STEM egitimine ve STEM egitimini veren
ogretmenlerin nitelikli bir STEM egitimi almasinin énemine dikkat ¢ekerek STEM felsefesinin temel
prensiplerine paralel bir bakis agisi sergilemislerdir. Buna karsin, bilginin yapisina yonelik inanglar
gelismemis diizeyde olan Ogretmen adaylarinin STEM egitimini 6grencilerin dikkatini ¢ekme gibi
dolayli hedeflerine odaklanmakla yetindikleri gériilmiigtiir. Caligmanin, STEM egitimi almig 6gretmen
adaylariin gelecekte siniflarinda STEM egitimini uygulama niyetinde olduklar1 ve bu niyetlerinin ana
bilesenlerinin STEM egitiminin temel bilesenleri ile paralel oldugu yoniindeki bulgusu Giinbatar ve
Bakirci’nin (2019) elde etmis olduklari bulgular ile benzerlik gostermektedir. Ancak, nicel bir arastirma
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olan Giinbatar ve Bakirci’nin (2019) ¢alismasinda elde edilen bulgulardan farkli olarak, bu ¢alismada
ogretmen adaylarinin STEM etkinliklerinin hazirlanmasinin zor olmas, nitelikli bir egitim gerektirmesi,
dort farkli alanin egitimini verebilmek icin tek bir 6gretmenin yeterli olamamasi ve kalabalik siniflarda
uygulama gii¢liiklerinin olacagi yoniinde goriislere sahip olduklar1 da ortaya konulmustur. Bilginin
yapist bakimindan ¢ogunlugu orta seviyede olan STEM egitimi almamig dgretmen adaylarinin, STEM
egitimi alan ve geligsmis inanglara sahip akranlarina gore 6gretmen olduklarinda siniflarinda STEM
etkinliklerine yer verme niyetlerinin daha diisiik oranda oldugu bazilarinin ise heniiz karar vermedigi
goriilmiistiir.

Bu c¢alismada son olarak, STEM egitimi almis ve almamis Ogretmen adaylarinin STEM
egitimine yonelik onerileri de bilginin yapisina yonelik inanglar1 bakimindan incelenmistir. STEM
egitimi almig 6gretmen adaylari, erken STEM egitimi, motivasyon ve 6grenme Ogretme siiregleriyle
ilgili 6nerilerde bulunmuslardir. STEM egitimi almis ve bilginin yapis1 agisindan gelismis diizeyde olan
Ogretmen adaylari, STEM egitiminin erken yaslarda ¢ocuklarin gelisimsel 6zelliklerini anlamada,
cocuklar1 tanima ve yonlendirmede etkili olabilecegine dikkat ¢ekmislerdir. Bu baglamda, erken STEM
egitiminin disiplinler arasi gegisleri erken yaslarda deneyimleyerek daha biitiinciill 6grenmeyi
destekleyebilecegi, farkli diisiinme becerilerini gelistirebilecegi ve ileri egitim kademelerine temel
olusturabilecegi tizerine vurgular yaptiklar1 gériilmiistiir. Bu bulgular, Aydin’in (2020) erken yaslardaki
STEM egitiminin yaraticilik, problem ¢6zme, yenilikgilik gibi 21. yilizy1l becerilerini gelistirmenin etkili
bir yolu oldugu yoniindeki bulgulari ile benzerlik gostermektedir. STEM egitimi almis 6gretmen
adaylari, iyi bir STEM egitimi i¢in 6gretmen sayisi ve niteliginin de 6nemli oldugunu belirtmiglerdir.
Bu 6gretmen adaylarinin bilginin yapisina yonelik inanglari ile bilirlikte incelendiginde; bilginin yapisi
bakimindan orta diizeyde gelismis inanglara sahip 6gretmen adaylari STEM egitimi agisindan
Ogretmenin niteligine dikkat ¢ekerken, gelismemis inanglara sahip olanlarin 6gretmen niceligine dikkat
cektikleri goriilmiistiir. Bu bulgu, 6gretmen adaylarinin bilginin yapisina yonelik inanglar ile STEM
egitimine bakis acilar1 arasindaki iligkinin genisletilerek arastirilmasimna olan ihtiyact gosterdigi
sOylenebilir. Ote yandan, cogunlugu bilginin yapisina yonelik orta diizeyde inanglara sahip olan STEM
egitimi almamis 6gretmen adaylarinin STEM egitimi i¢in dnerilerinin, STEM egitiminin erken yaslarda
baglamas1 ve Ogrenme siireglerinin etkili planlanmasi {izerine odaklandigi, STEM egitiminde aile
destegine de vurgu yaptiklar1 goriilmistiir ancak bu dnerilerin STEM egitimi almis 6gretmen adaylarinin
Oneri yelpazesine gore daha sinirl kaldigr goriilmiistiir.

Calismanin sonucunda, STEM egitimi almig ve bilgi yapis1 agisindan daha geligmis inanglara
sahip 6gretmen adaylarimin, STEM egitimine iliskin daha fazla goriis ve 6neri sundugu, STEM egitimi
almis 6gretmen adaylarinin, gelecekte siniflarinda STEM etkinliklerine daha fazla yer verme niyetinde
olduklari belirlenmigtir.

Calisma grubu 24 sinif ve ilkdgretim matematik 6gretmenligi programlarina devam etmekte
olan tigiincii sinif 6gretmen adaylari ile sinirli olan bu ¢alismanin sonunda; 6gretmen adaylarinin bilginin
yapist bakimindan ist diizeylerde olmasi ve STEM egitimi almalar1 durumunda; STEM egitimine
yonelik bakis agilarinin genisledigi ve gelecekte siniflarinda STEM uygulamalarina yer verme
egilimlerinin art1g1 sonucuna ulagildigi sdylenebilir. Bu arastirmada, 6gretmen adaylarinin epistemolojik
inanglari ve STEM egitimine bakis acilari arasinda iligkinin incelenmesine dair 6nemli ipuglari
bulunmaktadir. Arastirmacilara, 6gretmen adaylarinin bilginin yapisina yonelik inanglar1 ile STEM
egitimine bakis agilar arasindaki iliskiyi aragtiran, farkli 6gretmen aday1 gruplari ile nicel verilerin ve
istatiksel analizlerin yapilabilecegi deneysel caligmalar Onerilebilir. Bu aragtirma bulgulari, STEM
egitimini daha etkili ve kapsamli hale getirmek i¢in 6gretmen egitimi programlarmin ve STEM egitimi
politikalarinin sekillendirilmesinde dikkate alinabilecegini gdstermektedir.
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