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Research Article

The purpose of this study is to examine the transformative effect of integrated STEM
(Science, Technology, Engineering and Mathematics) activities implemented in summer
school on students' interests and experiences in STEM fields. A mixed method approach
including both qualitative and quantitative data sources was used in the study. STEM
Interest Scale, interview form, diaries and field notes were used as data collection tools.
While qualitative data enabled in-depth exploration of students' experiences,
quantitative data provided empirical evidence of the impact of integrated STEM
activities on students. The findings show that integrated STEM activities positively affect
students' interest in STEM fields, their perceptions and experiences regarding STEM
education. The research is in line with the "Self-Determination Theory" which shows
that intrinsic motivation, interest, and autonomy are important elements that shape
students' experiences with STEM activities. The results highlight the need to diversify
STEM education practices and promote inclusiveness in summer schools to ensure the
long-term effectiveness and sustainability of STEM programmes.
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Arastirma Makalesi

Bu galismanin amaci, yaz okulunda uygulanan butiinlesik STEM (Fen, Teknoloji,
Miihendislik ve Matematik) etkinliklerinin 6grencilerin STEM alanlarina yonelik ilgi ve
deneyimleri tGzerindeki donustiricu etkisini incelemektir. Calismada hem nitel hem de
nicel veri kaynaklarini igeren karma bir yontem yaklagimi kullanilmistir. Veri toplama
araclari olarak STEM ilgi Olcegi, gériisme formu, giinliikler ve saha notlari kullanilmistir.
Nitel veriler 6grencilerin deneyimlerinin derinlemesine arastirilmasina olanak saglarken,
nicel veriler bltlinlesik STEM etkinliklerinin 6grenciler Gzerindeki etkisine dair ampirik
kanitlar sunmustur. Bulgular, bittinlesik STEM etkinliklerinin 6grencilerin STEM
alanlarina olan ilgilerini, STEM egitimine iliskin algilarini ve deneyimlerini olumlu yonde
etkiledigini gostermektedir. Arastirma; i¢sel motivasyon, ilgi ve 6zerkligin 6grencilerin
STEM etkinlikleriyle ilgili deneyimlerini sekillendiren 6nemli unsurlar oldugunu gosteren
“Oz Belirleme Teorisi” ile uyumludur. Sonuglar, STEM programlarinin uzun vadeli
etkinligini ve sdrdirdlebilirligini  saglamak icin STEM egitimi uygulamalarini
cesitlendirme ve yaz okullarinda kapsayiciligi tesvik etme ihtiyacini vurgulamaktadir.
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Introduction

STEM education, which includes science, technology, engineering and mathematics, is of great
importance in today's society. STEM has gained increasing international recognition and has been the
subject of extensive research (Li et al., 2019). STEM education is significant for promoting human capital
development and reducing economic inequality (Harden et al., 2020). STEM prepares students with the
essential skills needed in the 21st century workforce (Lian et al., 2021). One of the key aspects of STEM
education is the ability to integrate scientific inquiry and engineering design processes to solve real-world
problems (Kelley & Knowles, 2016). The findings show that integrated STEM activities positively affect
students' interest in STEM fields, their perceptions and experiences regarding STEM education (Kelley &
Knowles, 2016). By engaging in these processes, students develop critical thinking, problem solving, and
creativity skills that are highly valuable in various fields (Kelley & Knowles, 2016). STEM activities in
summer schools have a positive impact on students' STEM interests and views (Donmez, 2021). A STEM-
based summer school is defined as an environment where participants participate in various STEM
activities and interact with STEM professionals, where they can improve their perceptions and knowledge
of STEM careers (Gray et al., 2017). Martinez Ortiz et al. (2018) focus on a summer school intervention
program and state that early exposure to engineering and mathematics career opportunities can influence
students' motivation and self-determination to pursue STEM careers. Dillivan and Dillivan (2014) show
that inquiry-based STEM activities during a summer school process can significantly increase students'
interest in STEM subjects. By participating in hands-on, inquiry-based activities, students can develop a
deeper understanding of STEM concepts and their real-world applications (Eroglu & Bektas, 2016). It is
emphasized that the effectiveness of STEM activities in summer school depends on various factors, such
as the design of activities, the quality of instruction, and students' prior knowledge and interests (Erol &
Erol, 2022). Therefore, STEM activities need to be carefully planned and implemented in a way that is
engaging, relevant, and compatible with students' interests and abilities (Ata & Arslan, 2021). By engaging
in hands-on, inquiry-based activities, students can better understand STEM concepts, hone their problem-
solving skills, and increase their motivation and interest in STEM disciplines. However, to ensure the
effectiveness of these activities in summer school, it is important to carefully plan and implement STEM
activities, provide professional development opportunities for teachers, and consider students' prior
knowledge and interests. As of 2022, the Ministry of National Education aimed to increase the potential
of students through activity-based programmes in summer schools by using the infrastructure of Science
and Art Centres (BILSEM). In this study, the change in students' STEM interests and perceptions was
examined through integrated STEM activities carried out in the Innovation and Design workshop within
these summer schools.

Literature Review
Integrated STEM Education

STEM education aims to enable students to look at the problems they face in daily life from an
integrated perspective and to gain the necessary skills with an interdisciplinary educational approach
(Bahadir & Kose, 2021). The aim of the STEM education approach is to ensure the integrated use of four
disciplines in life situations (Biger, 2023). Integrated STEM education is an approach that combines
science, technology, engineering and mathematics in a multidisciplinary and interconnected way (Kelley
& Knowles, 2016). It aims to provide students with a holistic understanding of these subjects and their
real-world applications (Stohlmann et al., 2012). his approach went beyond teaching these topics in
isolation, focussing on their integration to solve complex problems and engage students in hands-on,
inquiry-based learning experiences (Dare et al., 2018; Gok & Sayici, 2022). Integrated STEM education
brings science, technology, engineering and mathematics disciplines together and provides students with
different perspectives (Ozcan & Koca, 2019). One of the most important benefits of integrated STEM
education is that it makes learning more connected and relevant for students (Stohlmann et al., 2012). By
integrating different disciplines, students can see the connections between concepts and understand how
they apply to real-world situations (Dare et al., 2018). This approach also helps students develop problem-
solving and critical thinking skills because they are encouraged to think creatively and collaboratively to
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find solutions (Kelley & Knowles, 2016). However, implementing integrated STEM education can be
challenging. Teachers need to have the necessary knowledge and skills to effectively integrate these
subjects (Shernoff et al., 2017). Professional development and ongoing support are crucial to helping
teachers develop the pedagogical strategies and instructional practices necessary for integrated STEM
education (Shernoff et al., 2017). Furthermore, further research and discussion are needed to identify
effective methodologies and evaluate the strategies recommended by the overall framework of
integrated STEM education (Kelley & Knowles, 2016). Despite the challenges, integrated STEM education
has been a topic that has attracted attention in recent years. It offers a promising approach to engage
students in meaningful learning experiences and prepare them for future careers in STEM fields (Guzey
et al., 2016). By integrating science, technology, engineering, and mathematics, students can develop a
deeper understanding of these subjects and their interconnections and increase their interest and
motivation in STEM (Stubbs & Myers, 2016). Moreover, integrated STEM education can also contribute to
improving students' attitudes toward science as it provides students with hands-on experiences and
opportunities to see the relevance and applicability of scientific concepts (Toma & Greca, 2018). Although
it is difficult to implement integrated STEM education, this education offers benefits as it makes learning
more connected and relevant for students, improves students' problem solving and critical thinking skills,
and increases students' interest and motivation in STEM. In addition, intensive STEM programmes
implemented in out-of-school settings can also increase students' interest in scientific and technological
subjects (Okul et al., 2022). More research and professional development are needed to support teachers
in implementing effective integrated STEM education strategies. Therefore, it is crucial to create
integrated experiences that intentionally and explicitly support students to develop their knowledge and
skills both within their field and across different disciplines (Gencer et al., 2019).

STEM Interest

STEM interest refers to the level of attraction, curiosity and enthusiasm that individuals have toward
science, technology, engineering and mathematics (STEM) fields (Wang & Degol, 2013; Christensen et al.,
2015). It encompasses a range of factors, such as motivation, career goals, and personal enjoyment of
STEM subjects (Wang & Degol, 2013). In addition to its effects on educational and career choices, STEM
interest is of great importance in terms of addressing the professional shortage in STEM fields (Nugent et
al., 2015). Research has shown that various factors can influence STEM interests. One study revealed that
individual and gender differences in STEM interests and choices may be linked to sociocultural, contextual,
biological, and psychological factors (Wang & Degol, 2013). For example, students' perception of parental
interest and support for STEM as well as their exposure to STEM-related activities and experiences may
influence their interest in STEM (Nugent et al., 2015). Developing a STEM identity and belonging to a
mixed-gender group of friends with high STEM interest may contribute to higher STEM career interest
among girls (Kim et al., 2018). Moreover, the development of STEM interest may also be influenced by
educational interventions. Interventions in primary education have shown that interest in STEM is
generally equal for girls and boys (Hurk et al., 2018). This highlights the significance of early exposure and
engagement in STEM subjects to increase interest and prevent pipeline leakage. Furthermore, developing
21%-century skills, science motivation, and positive attitudes toward STEM have been identified as
important factors in developing STEM career interest among middle school students (Razali, 2021). The
importance of STEM interests extends beyond educational choices. It has implications for career decisions
and the future workforce. Positive STEM interest has been associated with the selection of STEM majors
in higher education (Maltese & Tai, 2011; Wang, 2013). Furthermore, STEM interest is crucial for
addressing the shortage of professionals in STEM fields and fostering innovation and technological
advancements. STEM interest has implications for educational choices, career decisions and the future
workforce. Encouraging and nurturing STEM interest is crucial to foster innovation and address the
shortage of professionals in STEM fields. Studies have concluded that STEM education has positive effects
on students' achievement, attitudes toward STEM and career interest (Duran & Sari, 2021). Engineering-
focused STEM integration activities have been shown to have positive effects on scientific process skills
and STEM career interests (Ozkul & Ozden, 2020). It has been observed that STEM education programmes
and non-STEM experiences play an important role in increasing students' interest in STEM fields (Yabas et
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al., 2022). Various programmes and activities are organised by schools, universities and other educational
institutions to increase STEM interest. These programmes include robotics competitions, science fairs,
summer camps and mentoring programmes. In addition, STEM education is supported through various
online platforms and applications and reaches a broad audience. It has been determined that out-of-
school STEM education for students enables students to acquire science and mathematics achievements
and 21%-century skills, such as creativity, critical thinking, collaboration, and communication (Ozgelik &
Akglindiiz, 2018). In addition, out-of-school activities were effective in female students' STEM profession
choices (Dénmez, 2021) and changing the image of STEM people (D6nmez, 2023). However, STEM
interests of students in summer school intervention programmes have not been sufficiently investigated
and remained under-researched.

Theoretical Framework

Self-determination Theory (hereafter referred to as SDT) is a psychological framework that emphasizes
the importance of autonomy and intrinsic motivation in human behavior (Deci & Ryan, 1985). It suggests
that individuals are more likely to engage in activities and pursue their interests when they feel a sense of
autonomy and self-determination (Deci & Ryan, 1985 In this study, in the context of STEM interest, SCT
was used to understand the factors affecting individuals' motivation and participation in STEM fields. One
of the factors investigated about STEM interest is self-efficacy, which refers to individuals' belief in their
ability to perform in STEM fields (Lent et al., 2018; Chan, 2022; Mohtar et al., 2019). Research has shown
that self-efficacy in STEM is positively related to interest in STEM, which in turn is associated with higher
academic and career goals in STEM (Chan, 2022). This suggests that individuals with higher levels of self-
efficacy in STEM are more likely to be interested in and sustain their interest in STEM fields. Another factor
examined in the context of STEM interest is the role of cultural and gender norms (Chan, 2022).

Importance of Research

"Summer School Support and Training Courses" were opened for the first time within BILSEMs in 2022.
Students in formal education (including private education institutions) from 2nd grade to 12th grade can
apply for these courses (MoNE, 2022a). The aim of these courses is to increase the potential of students
in line with their interests and abilities and to give them the opportunity to use the summer period in the
most efficient way (MoNE, 2022b). Within the scope of "Summer School Support and Training Courses",
programmes related to many workshops have been prepared. One of the programmes is related to the
field of "Design and Innovation". The Design and Innovation programme was prepared by taking into
account mental processes such as innovative thinking, creative thinking, critical thinking, reasoning and
questioning (MoNE, 2022c). One of the contents implemented in the Design and Innovation programme
is Integrated STEM activities.

The study in which we investigated the effect of integrated STEM activities on the STEM interests and
views of students participating in the summer school is important for several reasons. By exploring the
impact of integrated STEM activities on STEM career interest, our research can help us understand
students' understanding of STEM concepts and their real-world applications. This, in turn, can help
improve educational outcomes and career readiness.

Aim
This study aims to examine the effect of integrated STEM activities implemented in the Design and
Innovation workshop in the summer school at the Science and Art Center (BILSEM) on students' STEM

interests and views. In line with this purpose, the following research questions were sought to be
answered:

e Isthere a significant difference between students' STEM interest scale pre-test and post-test
scores?
e  What are the students' views on the integrated STEM application?
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Method

Research Design

This study was shaped according to a mixed research methodology. In this methodology, qualitative
and quantitative methods are used together to collect and analyze data (Creswell & Plano-Clark, 2007). In
the present study, nested design was preferred among mixed methods. In this design, qualitative and
quantitative data can be obtained sequentially, simultaneously, or in combination (Creswell & Clark,
2018). In the quantitative part of this study, a one-group quasi-experimental design with pre-test - post-
test was used, and in the qualitative part, the case study method was used. Case study is a frequently
used design as one of the qualitative research methods. This design is used to analyze and understand a
phenomenon in detail (Yin, 2003). In qualitative research, case study is an important tool to analyse real
life situations in depth (Dilekgi & Nartgiin, 2020). This type of research is usually conducted to understand,
explain and interpret a specific situation or event in detail (Leymun et al.,, 2017). Case studies offer
researchers the opportunity to comprehensively understand and explain the phenomenon under study
(Capar & Ceylan, 2022).

Participants

The study participants consisted of 21 students who participated in a summer school organized by a
Science and Art Center in eastern Turkey during the summer vacation 2023. The study group was selected
by the "convenience sampling" method, one of the purposeful sampling methods. In convenience
sampling, the researcher selects a situation that is close to him/her and easy to access, which provides
speed and practicality to the research (Yildirrm & Simsek, 2013). The participants consisted of students
attending different secondary schools in the province. Eight of the students were girls and 13 were boys.
Their ages ranged from 10 to 14 years old.

Data Collection Tools
STEM Interest Scale

In this study, the STEM Interest Scale developed by Falk et al. (2016) to determine middle school
students' interest in STEM and translated into Turkish by Kiran (2021) was used. In the development of
the scale, two separate stages were followed as pilot study and main study. The two separate phases were
conducted with 468 middle school students. As in the original scale, the adapted scale has 16 items and
four sub-dimensions: "earth and space sciences," "life sciences," "technology and engineering," and
"mathematics." The scale has a 5-point Likert-type rating with "strongly dislike," "dislike," "neutral,"
"like," and "strongly like." As a result of the factor analysis conducted in the adaptation study of the scale,
it was determined that the scale has construct validity and values within acceptable limits regarding
reliability coefficients (Kiran, 2021). The validity and reliability evidence obtained from the scale
adaptation study shows that the STEM Interest Scale is proper for determining the STEM interests of
middle school students (Kiran, 2021).

Semi-structured Interview Form

To determine the participants' views about the implementation process in detail, semi-structured
interviews were conducted with eight students selected from the study group at the end of the
implementation. In this process, a draft questionnaire form consisting of 10 questions was first created.
This draft was sent to three experts experienced in the field for their evaluation. In line with the feedback
received from the experts, some questions were removed from the questionnaire, while others were
revised and re-added. After these adjustments, the questionnaire was finalized with six questions. The
guestions in the interview form were aimed at determining the difficulties experienced by the students in
the process, the new information they learned during the implementation, the benefits of the
implementation for the students and the students' feelings about the implementation.
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Student Diaries

Students were encouraged to keep a diary to share their experiences, feelings and thoughts about the
implementation. The diaries were written on the day of the activities and collected by the researcher the
following day.

Field Notes

The implementer was also the researcher-teacher and took an active role in the classroom activities.
The researcher-teacher monitored all activities as a participant-observer, established a relationship with
the participants and actively communicated with them. After each implementation, the researcher-
teacher recorded the important events that occurred during the implementation without wasting time to
prevent data loss. While recording the events, she considered the order of occurrence of the events.

Research Process

This study, which examined students' interests and perceptions toward STEM, was conducted during
the summer vacation of 2023. This study was conducted within the scope of summer school support and
training courses initiated by MoNE within BILSEMs. This study was conducted in the Design and Innovation
workshop opened within the scope of the summer school. Four integrated STEM activities prepared were
applied to the students in the study group. In the process of deciding on the activities, the learning
outcomes of the Ministry of National Education were taken into consideration. The learning outcomes
taken into consideration in the MoNE's Science curriculum are as follows:

1. Predict the variables affecting liquid pressure and test their predictions.

2. Gives examples of the applications of the pressure properties of solids, liquids and gases in daily life
and technology (Examples are given from the applications of Pascal's principle related to liquid pressure).

3. Classifies energy as kinetic and potential energy by associating it with the concept of work (a.
Potential energy is classified as gravitational potential energy and elastic potential energy. b. It is stated
that potential energy depends on mass and height, and kinetic energy depends on mass and speed).

4. Recognizes the circuit elements that make up a simple electrical circuit with their functions (Battery,
light bulb, cable and switch are introduced as circuit elements).

5. Establishes a working electrical circuit (A circuit consisting of a light bulb, battery and switch is asked
to be established).

6. Explains the functions of organs that help digestion.

7. Explains the functions of the structures and organs that make up the digestive system using models
(MoNE, 2018).

The implementation of this study lasted for six weeks, adhering to MoNE's summer school calendar.
In the first week, information about the implementation was given. In this context, students were
informed about the purpose of this research, the path to be followed in the research, and the activities to
be performed in this research. In addition, the engineering design process was explained to the students
and a pilot application was made with a sample activity. STEM activities were conducted in the second,
third, fourth and fifth weeks and post-tests were administered in the sixth week. The implementation
process of the study is given in Table 1.
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Table 1
Implementation of the Study
Week Activities Conducted Date Data Collection
. i . 06.07.2023
1 Introducing and piloting the application 07.07.2023 -STEM Interest Scale Pre-Test
. 13.07.2023 -Diary,
2 Crane Design Event 14.07.2023  -Field Notes
. . 20.07.2023 - Diary,
3 Basketball Hoop Design Activity 21.07.2023 “Field Notes
. . . 27.07.2023 - Diary,
4 Drawing with my Robot Activity 28.07.2023 -Field Notes
5 Modeling my Digestive Organs with 3D 03.08.2023 - Diary,
Pen Activity 04.08.2023 -Field Notes
10.08.2023 -STEM Interest Scale Post-test
6 Post-test

11.08.2023 -Semi-structured Interview

After the pilot study in the first week, it was decided that four class hours would be sufficient for each
activity. The activities were implemented in 16 lesson hours, two lesson hours per day. During the
implementation, four separate integrated STEM activities were carried out: "Designing a Crane,"
"Designing a Basketball Hoop," "Drawing with my Robot" and "Modeling my Digestive Organs with a 3D
Pen."

In this study, activities were performed using the engineering design stages developed by Hynes et al.
(2011). In this direction:

1. In the need or problem identification phase (10 min.), students in groups tried to define the problem
in the context of real life.

2. During the research phase to identify needs or problems (10 minutes), students reviewed sources
such as the internet, books, and magazines to determine the need.

3. At the stage of developing possible solutions (10 min.), students developed different solutions by
brainstorming within the group.

4. Selecting the best solution phase (10 min.), students selected the best solution from the different
solutions they proposed in the previous phase.

5. Prototyping phase (40 min.), students created a product using the materials they received from the
teacher.

6. Solution testing and evaluation phase (20 min.), the groups tested the products they created within
the framework of the criteria and limitations they set beforehand.

7. Presenting the solution phase (20 min.), students presented their products that they tested and met
certain criteria to the class.

8. Redesigning/revising phase (30 min.), students revised their products that did not meet the criteria
and limitations in their tests. They also redesigned the defective parts.

9. Completion decision stage (10 min.), students finalized their products.

Integrative STEM education is the approach that explores learning and teaching between any two or
more STEM subject areas and one or more other school subjects (Sanders, 2009). That is, it is defined as
an approach to teaching the STEM content of two or more STEM fields (Kelley & Knowles, 2016). In the
integrated STEM activities implemented in our study, students were enabled to participate in at least two
or more STEM fields. In other words, students integrated at least two fields of science, mathematics,
engineering and technology in their activities or designs. For example, in the "crane design" activity,

856



Benek & Dénmez — Gukurova Universitesi Egitim Fakiiltesi Dergisi, 53(2), 2024, 850-885

students used topics, such as pressure, liquid pressure, and Pascal's principle in science. During the
product design, students benefited from the design-making stages in engineering. The teacher utilized
mathematical knowledge and skills, such as measuring the amount of liquid in the injectors, measuring
the weight of the crane, calculating the height at which the load can be lifted, and graphing the results.

At the beginning of the process, the teacher presented a scenario from a real-life context and allowed
the students to think about this scenario and exchange ideas within the group. For example, in crane
design, the teacher said:

"The crane installed in an 8-storey hotel construction in the Edremit district of Van broke and collapsed
during the crane raising work at the 5th floor level. In the statement made by the authorities, they
explained that there was a chain of negligence in this accident and that the accident occurred while the
crane officials were trying to raise the crane above its capacity."

The students were given the scenario and asked to analyze the event. Then he gave them the big
design task. For the design task, he asked them:

"You are expected to design a crane that carries materials to all floors in conscructing an 8-story
building in the Edremit district of Van. The success of your design is related to its durability, duration of
use, the amount of weight it can lift, and the height to which it can be raised."

An explanation was made in the form of an explanation. Students exchanged ideas in groups, searched
for alternative solutions and determined the success criteria and limitations of the design. Then, the
groups were given the necessary materials and started to make their designs. Each student in the group
was asked to take responsibility during the design process.

Data Analysis

In this study, in accordance with the nested mixed design, data were collected at the beginning, during
and at the end of the process, which were then integrated and evaluated in the interpretation section.
The collected data were analyzed using quantitative and qualitative methods. The STEM Interest Scale
was administered as a pre-test and post-test. To analyze the results of this test, we first examined whether
the test scores were normally distributed. For this purpose, kurtosis and skewness values, Shapiro-Wilk
tests were evaluated. As a result of the analyses, it was understood that the data were normally
distributed and based on this, it was decided that parametric tests were appropriate to be used.
Accordingly, one of the parametric tests, the paired measures t-test, was applied to determine the
significant difference between the STEM Interest Scale pre and post-test scores. Descriptive and content
analysis methods were used to analyze the qualitative data collected in this study. The opinions conveyed
by the students in their diaries and interviews and the field notes kept by the researcher were digitized
and various readings were made on these data. After the readings, codes and themes were created based
on similar codes. Two independent researchers took part in the coding process and the codes created by
the two independent researchers were compared. Miles and Huberman's (1994) reliability calculation
formula was used to determine the reliability of the coding done by the researchers and the agreement
between the coders was calculated as 92%.

Validity, Reliability and Ethics

In this research, various measures were applied by paying attention to validity and reliability. In the
study, the data obtained using qualitative and quantitative data collection methods were evaluated and
presented together. The STEM Interest Scale, which was used as the quantitative data collection tool used
in the study, was previously developed by Falk et al. (2016) and translated into Turkish by Kiran (2021). Its
validity and reliability were proven (Kiran, 2021). In the qualitative research dimension, diaries, interviews
and field notes were used to provide data diversity. Credibility, transferability, consistency and
confirmability (Merriam & Tisdell, 2015) of the collected data were ensured. Thus, it was thought to
contribute to the validity and reliability of the qualitative dimension. In this direction, expert opinion was
taken in the creation of the interview form, detailed descriptions were made, diversity was provided in
data collection, direct quotations were made from the opinions of the students, different researchers took
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an active role in coding, participant confirmation was applied in the data obtained, the data were detailed,
digitized to prevent data loss and these data were reviewed when necessary. In addition, students were
told that participation in the study was voluntary and codes were used instead of their real names. In
addition, to conduct this study, it was found ethically appropriate in accordance with the decision of Mus
Alparslan University Scientific Research and Publication Ethics Committee dated 09.10.2023-110960 and
numbered 37/8.

Findings

In this study, the effect of integrated STEM activities on students' interest and perceptions toward
STEM was examined. In this direction, the findings obtained as a result of the analysis of the data obtained
with quantitative and qualitative data collection tools are given below in order.

Students' Interests in STEM

In this section, the results obtained from the interest scale used to observe the changes in the interest
of the students in the study group in STEM are discussed. In the study, the STEM Interest In the study, the
STEM Interest Scale consisting of 16 questions was carried out as a pre-test before the application and as
a post-test after the completion of the application. During the analysis of the data, it was first examined
whether the students' test scores were normally distributed. For this purpose, skewness and kurtosis
values, Shapiro-Wilk tests were used. The data obtained from the test results are presented in Tables 2
and 3.

Table 2
Skewness-Kurtosis Results of the Pre-test-Post-test Scores of the Study Group
N X S sd Min. Max. Skewness Kurtosis
STEM Pre-test 21 56.81 67.66 8.22 36 68 -.623 -.358
Interest
Scale Post-test 21 71.67 10.73 3.27 65 80 -.592 1.191

As shown in Table 2, the skewness and kurtosis coefficients of the scores obtained from the STEM
Interest Scale were between -2 and +2. In evaluating whether these data conform to a normal distribution,
it is considered acceptable to have skewness and kurtosis coefficients between -2 and +2 (George &
Mallery, 2010) or -1.5 and +1.5 (Tabachnick & Fidell, 2013).

Table 3
Results of Shapiro-Wilk Test for the Pre-test and Post-test Scores of the Study Group
Shapiro-Wilk
Test Statistics sd p
STEM Interest Scale Pre-test .945 21 271
Post-test .958 21 476

As shown in Table 3, the results of the Shapiro-Wilk test performed on the pre-test and post-test of
the STEM Interest Scale showed that the data reflected a normal distribution with a p-value greater than
.05. In the light of the data shown in Tables 2 and 3, it was evaluated that the pre-test and post-test scores
of the STEM Interest Scale of the study group showed normal distribution and that parametric tests would
be appropriate for the analysis of this test. In this direction, paired measures t-test, one of the parametric
tests, was used to determine whether there was a significant difference between the pre- and post-
application interest scale test scores of the students in the study group. The results of the analysis are
given in Table 4.
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Table 4
Paired Samples t-test Results of STEM Interest Scale Pre-test and Post-test Scores
Test N X S Sd. t p
STEM Interest Pre-test 21 56.81 8.22 20 -8.028 .000
Scale Post-test 21 71.67 3.27

As shown in Table 4, while the mean score of the students in the pre-test of the scale was 56.81, the
mean score in the post-test was 71.67. The STEM Interest Scale pre-test and post-test scores of the
students in the study group were evaluated for significance at the .05 level. 05 level of significance and
according to the analysis, it was determined that there was a statistically significant difference (p<.05)
between the pre-test and post-test scores. These findings indicated that integrated STEM activities
positively affect students' interest in the STEM field.

Students' Opinions on Integrated STEM Application

In this section, the results of the interviews, diaries and field notes analysed to determine the
participants' perceptions of integrated STEM implementation are presented. Based on the opinions of the
students, two themes were established: "Beneficial Aspects of the Application" and "Students' Feelings
toward the Application." The theme and codes created based on students' opinions regarding the
beneficial aspects of the application are presented in Table 5.

;?:;:t Opinions on the Beneficial Aspects of the Application
Theme Code Students
Learning new information S4,S512, 514, S15, 519, S21
Beneficial Aspects of the Developing design skills S11, S15, S17, S19, S20, S21
Application Enhancing innovative thinking skills S4, S8, 519, S20

As seen in Table 5, the theme "beneficial aspects of the application" was formed based on the
participants' opinions. This theme includes codes, such as "learning new information," "developing design
skills," and "enhancing innovative thinking skills." Six students (S4, S12, S14, S15, S19, S21) reported
learning new information, six students (511, S15, S17, S19, S20, S21) reported gaining and improving
design skills, and four students (S4, S8, S19, S20) reported enhancing their innovative (creative) thinking
skills. The codes obtained were presented below in order.

Students’ Opinions on the Usefulness of the Application
Learning New Knowledge

The students in the study group stated in the interviews and diaries that they learned new information
thanks to the integrated STEM activities and contributed to adding new information to their existing
knowledge. In particular, they think that they gained knowledge and skills about the functions of the
elements of the electrical circuit, potential energy and kinetic energy, Pascal's principle, and the structures
and organs of the digestive system. Some student opinions on this code are presented below:

S4: "With the robot we made, | learned to connect the electrical circuit parts together. With this
activity, we made a robot that draws pictures; maybe in the future, | will make a robot that writes."
(Interview)

$19: "Thanks to the designs we made, | learned new information that | did not know before, which |
like. I think it is very nice for people to be informed. For example, | learned about potential energy with
the basketball hoop activity. When | pull the ball and the spoon backward, the elasticity accumulates
potential energy." (Interview)
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S$21: "l learned a lot of new information in this workshop. For example, | learned the pressure of solids,
liquids and gases. | also learned that liquids cannot be compressed." (Interview)

S$12: "Today, we made our internal organs with 3D pens. We made the stomach and esophagus very
well. | was surprised when | learned that the large intestine and small intestine are the organs of our
digestive system." (Diary-4/Date: 11.08.2023)

S14: "We made a drawing robot today. We learned how to build an electrical circuit using DC motor,
battery, switch and cables. Thanks to what | learned today, | can build some electrical circuits from now
on..." (Diary-3/Date: 28.07.2023)

S21: "Today, we designed a crane in the design and innovation lesson. We completed the design using
tongue sticks, syringe and thin pipe. Then, we filled the syringe half full of water. When we squeezed that
syringe, the other syringe would rise upwards. Here we learned that liquids transmit pressure in the same
way. We also learned that our crane works with Pascal's principle." (Daily-1/Date: 14.07.2023)

In addition, the researcher-teacher kept field notes about the remarkable situations in the process.
The notes kept by the researcher-teacher for students' learning new information are given below:

"In this workshop, a drawing robot activity was done. It was determined that most students built an
electrical circuit for the first time. Although they had difficulty at first, they were able to build the electrical
circuit using appropriate steps. At the same time, it was determined that they learned the functions of
the vibrating dc motor, circuit switch, conductive cables, battery and battery bed." (Researcher-Teacher
Observation Date: 27.07.2023)

"In the activity of designing a basketball hoop, students learned the difference between potential
energy and kinetic energy, as well as that potential energy is divided into elastic potential energy and
attractive potential energy." (Researcher-Teacher Observation Date: 20.07.2023)

The data obtained from the note kept by the researcher-teacher as a result of the observations made
during the process confirm the conclusion that students learned new information with the integrated
STEM application.

Design Making Skills

Integrated STEM activities contributed to the design skills of the students involved in this study. In line
with the thoughts of the students in the diaries and interviews, it was determined that they used the
engineering design process and that there was a positive change in their abilities and skills to make a
product. Some of the participant views on the positive impact of integrated STEM activities on students'
design making skills are given below:

S15: "Now | can design products more easily using various tools, such as pliers, knife, ruler, silicone."
(Interview)

S17: "Before we started the activities, our teacher told us about some stages of how to make a design.
Although | had difficulty doing the first activity, | did not have much difficulty in the following activities.
Indeed, it would be more useful to go through certain stages like an engineer when making a product."
(Interview)

S17: "Today, we made a design that we worked very hard. We made a beautiful design. It was a very
logical activity. We designed a crane using pressure. Thanks to this activity, my ability to make a base, that
is, my manual dexterity, improved. | put this design in my room. | showed it to my mother and father and
they said it was a very logical crane." (Diary-1/Date: 14.07.2023)

S11: "Today, we made a design like an engineer. The name of our design is: Crane. It was tiring but |
really improved my manual dexterity. We made our crane by going through certain stages in order. First,
we exchanged the necessary ideas, then, we created our prototype using the necessary materials. Then
we tested it. After the test, we strengthened some parts even more." (Diary-1/Date: 14.07.2023)
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S21: "Today, we first discussed what kind of design we were going to make. After a certain time, we
decided as a group. We determined how we were going to make the drawing robot and which materials
we needed. Then we asked our teacher for the necessary materials and started to make our design. First,
we glued three felt-tip pens to our plastic cup. Then we glued the battery bed to a suitable place with
silicone, but we made several attempts to prevent it from tipping over. We glued the DC motor to the top
of the glass and glued the circuit switch on the side. Then we built the electrical circuit with cables. Finally,
we put the batteries in and tested it. Some of our parts came off during the test. The teacher gave us a
little more time and we redid the faulty and missing parts and it turned out very well." (Diary-3/Date:
28.07.2023)

Innovative Thinking Skills

When the opinions of the students are analysed, it can be said that they have perceptions that STEM
applications positively improve students' innovative thinking skills. Students stated that they developed
new thoughts, ideas and solutions for designing and developing a product both in the diaries and in the
interviews. Some of the participant views on the impact of integrated STEM activities on students'
innovative thinking skills are given below:

S8: "I was making some inventions by myself at home before, but this course was very useful for me.
Because thanks to the stages | learned, | developed the idea of designing a product. When | walk on the
road, | wonder what kind of design | can make." (Interview)

$19: "We made different products in this workshop. All of them were interesting. When | go home
after the class, | look left and right, | look at household items, | wonder what can be made from them,
which parts are missing, which parts are too much. | think to myself, | wonder how it would be better if
we redesign the existing items." (Interview)

S20: "The basketball hoop we made was very nice. | will make a different basketball hoop based on
this." (Interview)

S4: "Dear diary, we finished a very nice activity today. | can both draw and scratch my head if | want. |
used my favourite pencils for this robot. It was actually a very creative invention. | will design new products
based on what | have learned. | can use a vibrating dc motor and batteries to make different robots."
(Diary-3/Date: 28.07.2023).

Upon examining the opinions of the students who participated in the interviews, it was observed that
they expressed various emotions toward the application, leading to the creation of the theme "Students'
Feelings Toward the Application." The theme and codes derived from students' emotions toward the
application are presented in Table 6 below.

Table 6
Students' Feelings Toward the Application
Theme Code Student
Fun S5, S9, S11, S15, S19, S20
Interest S3,S57,S8, 59, S17
Students' Feelings Toward Enjoyable 53,511,521
the Application Excitement $3,512, 515
Curiosity S15, S17
Having a good time S15, S20

“Students' Feelings Toward the Application” theme included codes, such as "fun," "interest,"
"enjoyable," "excitement," "curiosity," and "having a good time." Six students (S5, S9, S11, S15, S19, S20)
described the application as fun, five students (S3, S7, $8, 09, $17) showed interest, three (S3, S11, S21)
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found it enjoyable, three (S3, S12, S15) felt excitement, two (S15, S17) were curious, and two (S15, S20)
reported having a good time (Table 6).

Students' Emotions toward the Practice

Integrated STEM activities had positive reflections on the participants' feelings toward the application.
The students in the study group stated that they had fun during the implementation, their interest in the
activities increased, they had a good and enjoyable time, they were excited while doing the activities, and
they developed a sense of curiosity about which activity to do. They had productive times during the
activities. Some participant opinions within the scope of this theme are given below:

S3: "Actually, | did not have much interest and desire for such activities. But after the lesson started, |
liked it when the teacher told us what to do. It was very enjoyable to make those designs. And in the end,
when we were testing them, that's when | was very excited. | was really interested in doing science-related
activities." (Interview)

$15: "l wish this course were offered continuously. If it is opened, | will definitely come again, because
| had a really good time. | liked to see that the designs we made worked. In addition, every day | came, |
was dying of curiosity to see what kind of design we would make today." (Interview)

S17: "l am glad that | came here. We did good activities in this workshop. My parents know that | like
these activities." (Interview)

$20: "What we did in this course was very fun. | personally had a lot of fun. | feel very lucky to have
participated in this workshop. | especially enjoyed the painting robot activity. We had a good time with
my friends." (Interview)

$21: "l liked what we did in this workshop very much. | am very sad that this course will end. | tried to
come here without missing a day because the designs we made were very enjoyable." (Interview)

S8: "Today we designed a crane. We had a very quality time. We had a very good day. | liked the crane
we made very much; it worked well. When | brought it home, | showed it to my mother, father,
grandmother, grandfather and brother. It was a nice feeling. They said you did it very well." (Diary-1/Date:
14.07.2023)

S17: "This design was very interesting. | liked it very much." (Diary-3/Date: 28.07.2023)

$19: "Dear diary, today we finished our drawing robot and we ran it. It was a very nice and very fun
activity. | showed it to my father and he liked it very much..." (Diary-3/Date: 28.07.2023)

S20: "Today we made a robot that draws pictures. It was very fun to make a robot that draws pictures.
His paintings are just like Picasso's paintings. Our robot made very mysterious and interesting paintings.
At first | did not believe that we would do such beautiful things and have fun, but it turned out that | was
wrong." (Diary-3/Date: 28.07.2023)

S21:"...... was very good. Then we tested it again, and it worked well. Our robot was making colorful
pictures while it was spinning around itself. We laughed a lot as a group and had a lot of fun. | will try to
do such activities at home from now on because it is very enjoyable." (Diary-3/Date: 28.07.2023)

In addition to the diaries kept by the students in the study group and the thoughts they expressed in
the interviews with them, the researcher-teacher kept notes about the situations she considered
important in the process. The note kept by the researcher-teacher about the feelings of the students is
given below:

"Before the lesson started, the students came to me and asked me which activity they were going to
do today. In fact, when the students enjoyed the previous activities, they were curious about the new
activity. Today they created models of the digestive system organs with a 3D pen. It was observed that
the students had a pleasant time while making the models of the digestive system organs. It was also
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noteworthy that there were students who did not go out during the break but wanted to continue."
(Researcher-Teacher Observation Date: 03.08.2023)

The data obtained from the notes kept by the researcher-teacher from the observations made during
the process confirm the conclusion that the application contributed positively to the affective
characteristics of the students.

It was determined that the students especially liked the drawing robot activity, enjoyed working as a
group, their interest in STEM activities increased, they enjoyed sharing their designs with their families,
they had a productive time during the process, they would like to come back if a similar course was opened
again. They were excited when they saw that the products they made were functional.

Discussion

This study was designed to examine the transformative effect of integrated STEM activities in summer
school on students' interest and experiences in STEM education. Research findings on students'
perceptions of integrated STEM practices are discussed. This study aimed to investigate the impact of
integrated STEM activities on students' interest in STEM, learning, design skills, innovative thinking skills
and feelings toward the practice. The findings show that integrated STEM activities have a positive impact
on students' interest. Shahali et al. (2016) reported that there was a significant increase in the average
interest scores toward STEM subjects and careers among middle school students who participated in an
integrated STEM education program. As noted in this study, students expressed excitement and curiosity
about the activities, with some expressing their desire to continue STEM-related activities in the future.
This is in line with previous research showing that engaging, hands-on STEM activities can increase
students' interest in these fields (Hurk et al., 2018; Wang, 2013). Mohd Shahali et al. (2019) conducted a
longitudinal study on middle school students who participated in a STEM program and found that the
students retained their interest in STEM careers two years after leaving the program. However, their
interest in STEM subjects did not persist. The researchers suggested that the decrease in interest toward
STEM subjects might be due to the quality of teaching and learning experiences in the classroom (Mohd
Shahali et al., 2019). In line with these findings, Chen and Chang (2018) have reported that integrated
robotics STEM classes enhanced students' interest, knowledge, and career orientation toward STEM.
Integrated STEM activities were highly effective in improving students' learning experiences. Participants
reported that they gained new knowledge and skills, especially in subjects, such as electrical circuits,
potential energy, kinetic energy, Pascal's principle, and the structure of organs in the digestive system.
This is in line with the view that STEM education promotes active learning and critical thinking (Wang &
Degol, 2013), as students in this study expanded their understanding by applying theoretical knowledge
to practical tasks. In the study, the seven key features of integrated STEM as proposed by Roehrig et al.
(2021) were considered, and it was found that the content of the study largely encompassed the
recommended seven features. The research shows that integrated STEM activities positively affect
students' design skills. The findings show that students perceive that they have developed the skills of
using engineering design process, product development and thinking like engineers. This is in line with
the conceptual framework of integrated STEM education, which emphasizes developing design and
problem-solving skills (Kelley & Knowles, 2016). Fan and Yu (2017) found positive effects of the integrative
STEM teaching approach in engineering/technology education in their study. The researchers noted that
the integrative STEM engineering module helped students integrate their conceptual knowledge, higher
order thinking skills, and engineering design skills (Fan & Yu, 2017). Design and design thinking have
become increasingly important in the development and implementation of integrated STEM education (Li
et al.,, 2019). The results of our study are parallel to the literature. Participants indicated that they
benefited from a structured design approach that could facilitate more informed decision-making in the
future. Integrated STEM activities were seen to encourage innovative thinking among students. Students
reported generating new ideas and solutions to design and develop products. This result is in line with the
broader view that STEM education nurtures creativity and problem-solving skills (Nugent et al., 2015).
Similarly, Zulkifli et al. (2022) reported that the integrated STEM Technological Pedagogical Content
Knowledge model had positive effects on students' 21st-century skills. Additionally, Lafifa et al. (2023)
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have noted that the STEM approach is effective in developing 21st-century skills, such as communication,
creativity, critical thinking, and collaboration among students. The research suggests that STEM activities
not only impart knowledge but also develop a mindset that encourages students to explore creative
solutions to real-world challenges. The affective characteristics of students' experiences with integrated
STEM activities were largely positive. Students reported that they had fun during the process, their
interest in the activities increased, and they had a productive time throughout the process. Their curiosity
and enthusiasm for the activities were particularly noteworthy. This positive emotional impact has the
potential to enhance the overall learning experience, as engaged and motivated students are more likely
to succeed academically (Lian et al., 2021). Our research findings are consistent with studies (Higde &
Aktamis, 2022) that report STEM activities increase students' motivation. Through STEM activities,
students have engaged in activities prioritizing affective and psychomotor skills (Higde & Aktamis, 2022).
The research findings are generally consistent with the principles of SDT. SDT emphasizes the significance
of autonomy, intrinsic motivation, and self-determination in influencing human behavior. Research
findings suggest that integrated STEM activities positively affect students' interest in STEM fields. This is
in line with SDT's emphasis on intrinsic motivation, as students are more likely to engage in activities when
they feel genuine interest and curiosity, which are intrinsic motivators. The research shows that
integrated STEM activities lead to better learning outcomes. SDT suggests that individuals are more likely
to learn and develop their skills effectively when they engage in activities that match their interests and
provide opportunities for autonomy and competence. The findings of the study suggest that students
experienced positive emotional experiences, such as enjoyment, curiosity and enthusiasm during these
activities. In SDT, positive emotions are often associated with intrinsic motivation, as individuals are more
likely to engage in activities that make them feel good and fulfill their psychological needs.

Conclusions

The findings of this study highlight the significant impact of integrated STEM activities on students'
perceptions and experiences in STEM education. Students who participated in these activities reported
increased interest in STEM fields, achieved crucial learning outcomes, and improved their design skills and
innovative thinking abilities. They also expressed positive feelings toward the integrated STEM practice.
Integrated STEM activities were effective in increasing students' interest in STEM. The hands-on and
practical nature of these activities aroused curiosity and enthusiasm among the participants. As STEM
fields continue to play a critical role in addressing global challenges, developing this interest from an early
age is vital to encourage future generations to pursue STEM careers (Kim et al., 2018). Moreover, students'
learning experiences were enriched through these activities. They gained new knowledge and skills by
gaining practical knowledge on topics, such as electrical circuits, potential energy and the structure of
biological systems. This not only deepens their understanding of STEM concepts but also underlines the
effectiveness of a hands-on approach to knowledge acquisition (Li et al., 2020). The research shows that
students have perceptions that integrated STEM activities positively affect their design skills. By learning
how to use the engineering design process and create functional products, they developed skills that are
invaluable in the modern workforce. As the demand for STEM professionals continues to grow, these
skills will be a valuable asset for students in their future careers (Papadakis et al., 2021). The research also
highlights the development of innovative thinking skills among students. Encouraging students to
generate new ideas and solutions can prepare them for complex problem solving in their future
endeavors. This is in line with the increasing emphasis on creativity and innovation in STEM education
(Dong et al., 2020). Students' positive feelings toward integrated STEM practice are important. Their
enjoyment and engagement suggest that such educational methods not only contribute to academic
development but also provide a fulfilling and enjoyable learning experience. These positive emotional
experiences can have long-lasting effects on students' educational journeys and career choices (Wang &
Degol, 2013).

Limitations and Recommendations

This study was conducted in a specific geographical region with a limited sample size. A more
comprehensive and diverse sample may provide broader information about the effectiveness of
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integrated STEM education. This research was conducted in a relatively short period. In further research,
longitudinal studies that follow the development of students in summer schools for several years will
provide a more comprehensive perspective on the long-term impact of integrated STEM education.
Strategies to promote diversity and inclusion in integrated STEM education could be explored. It would
be useful to explore ways to increase student engagement and motivation in integrated STEM programs.
Other factors contributing to innovative teaching methods, technology integration, and sustained interest
in STEM could be examined. Education authorities and schools should consider expanding the availability
of integrated STEM programmes in summer schools and the regular curriculum. Students' interests and
skills in STEM fields can be further developed by including more hands-on, inquiry-based learning
experiences. Providing continuous professional development opportunities for teachers is crucial to
ensure the success of integrated STEM activities. Education should focus on the design and
implementation of integrated STEM activities, including strategies to promote innovative thinking and
problem-solving skills among students. Efforts should be made to make integrated STEM programmes
more inclusive and accessible to diverse learners, including groups underrepresented in STEM fields, such
as targeted outreach, scholarships and support services, to ensure that all students have the opportunity
to explore their interest in STEM.
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Tiirkge Siirimiui

Girig

Fen, teknoloji, mihendislik ve matematigi kapsayan STEM egitimi, glinimiz toplumunda biyik 6nem
tagimaktadir. STEM, uluslararasi alanda giderek daha fazla taninirlik kazanmis ve kapsamli arastirmalara
konu olmustur (Li vd., 2019). STEM egitimi, beseri sermaye gelisimini tesvik etmek ve ekonomik esitsizligi
azaltmak icin 6nemlidir (Harden et al., 2020). STEM, 6grencileri 21. ylzyil isgliciinde ihtiya¢ duyulan temel
becerilerle hazirlar (Lian vd., 2021). STEM egitiminin kilit yonlerinden biri, gercek diinyadaki sorunlari
¢6zmek igin bilimsel sorgulama ve mihendislik tasarim sureclerini entegre etme yetenegidir (Kelley &
Knowles, 2016). Bu entegrasyon, o6grencilerin sorulari formile etmelerine, arastirmalar yapmalarina ve
bilgilerini ¢6ziim tasarlamak i¢in uygulamalarina olanak tanir (Kelley ve Knowles, 2016). Bu entegrasyon,
ogrencilerin sorulari formiile etmelerine, arastirmalar yapmalarina ve ¢6ziim tasarlamak igin bilgilerini
uygulamalarina olanak tanir (Kelley & Knowles, 2016). Yaz okullarinda STEM etkinlikleri, 6grencilerin STEM
ilgi ve gorisleri Gzerinde olumlu bir etkiye sahiptir (Donmez, 2021). STEM tabanli bir yaz okulu,
katimcilarin gesitli STEM etkinliklerine katildigi ve STEM profesyonelleriyle etkilesime girdigi, STEM
kariyerlerine iliskin algilarini ve bilgilerini gelistirebilecekleri bir ortam olarak tanimlanmaktadir (Gray vd.,
2017). Martinez Ortiz vd. (2018), bir yaz okulu miidahale programina odaklanmakta ve mihendislik ve
matematik kariyer firsatlarina erken maruz kalmanin &grencilerin STEM kariyerlerini strdirme
konusundaki motivasyonlarini ve 6z kararliliklarini etkileyebilecegini ifade etmektedir. Dillivan ve Dillivan
(2014), bir yaz okulu strecinde sorgulamaya dayali STEM etkinliklerinin 6grencilerin STEM konularina olan
ilgisini 6nemli &lclide artirabilecegini gostermektedir. Ogrenciler uygulamali, sorgulamaya dayali
etkinliklere katilarak STEM kavramlari ve bunlarin gercek diinyadaki uygulamalari hakkinda daha derin bir
anlayis gelistirebilirler (Eroglu ve Bektas, 2016). Yaz okulundaki STEM etkinliklerinin etkililiginin,
etkinliklerin tasarimi, 6gretimin kalitesi ve 6grencilerin 6n bilgileri ve ilgileri gibi cesitli faktorlere bagl
oldugu vurgulanmaktadir (Erol ve Erol, 2022). Bu nedenle, STEM etkinliklerinin ilgi gekici ve 6grencilerin
ilgi ve yetenekleriyle uyumlu bir sekilde planlanmasi ve uygulanmasi gerekmektedir (Ata ve Arslan, 2021).
Ogrenciler uygulamali, sorgulamaya dayall etkinliklere katilarak STEM kavramlarini daha iyi anlayabilir,
problem ¢6zme becerilerini gelistirebilir ve STEM disiplinlerine yonelik motivasyon ve ilgilerini
artirabilirler. Ancak, yaz okulunda bu etkinliklerin etkinligini saglamak icin STEM etkinliklerini dikkatlice
planlamak-uygulamak, 6grencilerin 6n bilgilerini ve ilgi alanlarini dikkate almak 6nemlidir. Millt Egitim
Bakanhigi 2022 yili itibari ile Bilim ve Sanat Merkezlerinde (BILSEM) altyapisini kullanarak yaz okullarinda
etkinlik temelli programlar yoluyla 6grencilerin potansiyellerini arttirmayi amagladi. Bu arastirmada bu
yaz okullari biinyesinden gerceklestirilen inovasyon ve Tasarim atdlyesinden gerceklestirilen biitiinlesik
STEM etkinlikleri yoluyla 6grencilerin STEM ilgi ve algilarindaki degisim incelendi.

Literatiir incelemesi
Biitiinlesik STEM Egitimi

STEM egitimi, 6grencilerin glinlik hayatta karsilastiklari sorunlara batinlesik bir bakis acisiyla
bakmalarini ve disiplinler arasi bir egitim yaklasimiyla gerekli becerileri kazanmalarini amaglar (Bahadir &
Kose, 2021). STEM egitim yaklasiminin amaci, dort disiplinin bitlnlesik olarak yasam durumlarinda
kullanilmasini saglamaktir (Biger, 2023). Bitlnlesik STEM egitimi fen, teknoloji, mihendislik ve
matematigi cok disiplinli ve birbiriyle baglantili bir sekilde birlestiren bir yaklasimdir (Kelley & Knowles,
2016). Ogrencilere bu konular ve bunlarin gercek diinyadaki uygulamalari hakkinda biitiinsel bir anlayis
kazandirmayi amaclar (Stohlmann vd., 2012). Bu yaklasim, bu konulari tek basina 6gretmenin otesine
gecmis, karmasik sorunlari ¢cozmek ve 6grencileri uygulamali, sorgulamaya dayali 6grenme deneyimlerine
dahil etmek icin bunlarin entegrasyonuna odaklanmistir (Dare vd., 2018; Gok & Sayici, 2022). Butlnlesik
STEM egitimi, fen, teknoloji, miihendislik ve matematik disiplinlerini bir araya getirerek 6grencilere farkl
bakis agilari kazandirmaktadir (Ozcan & Koca, 2019). Biitiinlesik STEM egitiminin en 6nemli faydalarindan
biri, 8grenmeyi 6grenciler igin daha baglantili ve ilgili hale getirmesidir (Stohlmann vd., 2012). Ogrenciler,
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farkli disiplinleri entegre ederek kavramlar arasindaki baglantilari gérebilir ve bunlarin gergek diinyadaki
durumlara nasil uygulandigini anlayabilirler (Dare vd., 2018). Bu yaklasim ayni zamanda 6grencilerin
problem ¢6zme ve elestirel dislinme becerilerinin gelismesine de yardimci olur, ¢linki ¢éziim bulmak igin
yaratici ve is birlikgi disiinmeye tesvik edilirler (Kelley & Knowles, 2016). Ancak, bitlinlesik STEM egitimini
uygulamak zor olabilir. Ogretmenlerin bu konulari etkili bir sekilde entegre edebilmeleri icin gerekli bilgi
ve becerilere sahip olmalar gerekir (Shernoff vd., 2017). Ogretmenlerin bitiinlesik STEM egitimi icin
gerekli pedagojik stratejileri ve 6gretim uygulamalarini gelistirmelerine yardimci olmak icin mesleki
gelisim ve strekli destek ¢ok 6nemlidir (Shernoff vd., 2017). Ayrica, etkili metodolojilerin belirlenmesi ve
butlinlesik STEM egitiminin genel cergevesi tarafindan onerilen stratejilerin degerlendirilmesi icin daha
fazla arastirma ve tartismaya ihtiyag vardir (Kelley & Knowles, 2016). Zorluklara ragmen, bltiinlesik STEM
egitimi son yillarda dikkati ceken bir konu olmustur. Ogrencileri anlamli 6grenme deneyimlerine dahil
etmek ve onlari STEM alanlarinda gelecekteki kariyerlerine hazirlamak igin umut verici bir yaklasim
sunmaktadir (Guzey vd., 2016). Fen, teknoloji, mihendislik ve matematigi entegre ederek, 6grenciler bu
konular ve birbirleriyle olan baglantilari hakkinda daha derin bir anlayis gelistirebilir ve STEM'e olan ilgi ve
motivasyonlarini artirabilirler (Stubbs & Myers, 2016). Dahasi, butlnlesik STEM egitimi, 6grencilere
uygulamali deneyimler ve bilimsel kavramlarin alaka diizeyini ve uygulanabilirligini gérme firsatlar
sagladigi icin 6grencilerin bilime yonelik tutumlarinin gelismesine de katkida bulunabilir (Toma & Greca,
2018). Butinlesik STEM egitimini uygulamak zor olsa da, bu egitim 6grenmeyi 6grenciler icin daha
baglantili ve ilgili hale getirdigi, 6grencilerin problem ¢ézme ve elestirel dislinme becerilerini gelistirdigi,
ogrencilerin STEM'e olan ilgisini ve motivasyonunu artirdigi icin fayda sunmaktadir. Ayrica, okul disi
ortamlarda uygulanan yogunlastiriilmis STEM programlari da Ogrencilerin bilimsel ve teknolojik
konulardaki ilgilerini artirabilmektedir (Okulu vd., 2022). Etkili bltlinlesik STEM egitimi stratejilerinin
uygulanmasinda 6gretmenleri desteklemek icin daha fazla arastirma ve mesleki gelisime ihtiyag vardir. Bu
ylizden, Ogrencilere bilgi ve yeteneklerini hem kendi alanlari icinde hem de farkli disiplinler arasinda
gelistirebilmeleri icin kasith ve net bir sekilde destek veren entegre deneyimler olusturmak 6nemlidir
(Gencer vd., 2019).

STEM ilgisi

STEM ilgisi, bireylerin bilim, teknoloji, miihendislik ve matematik (STEM) alanlarina yonelik sahip
olduklari merak ve cosku diizeyini ifade eder (Wang & Degol, 2013; Christensen vd., 2015). Motivasyon,
kariyer hedefleri ve STEM konularindan kisisel zevk alma gibi bir dizi faktori kapsar (Wang & Degol, 2013).
STEM ilgisi, egitim ve kariyer segimleri tizerindeki etkilerinin yani sira STEM alanlarindaki profesyonel
acigin giderilmesi agisindan da biiyiik 6nem tasimaktadir (Nugent vd., 2015). Arastirmalar, STEM ilgisinin
cesitli faktorlerden etkilenebilecegini gostermistir. Bir calisma, STEM ilgi alanlari ve secimlerindeki bireysel
ve cinsiyet farkliliklarinin sosyokaiiltiirel, baglamsal, biyolojik ve psikolojik faktorlerle baglantili olabilecegini
ortaya koymustur (Wang & Degol, 2013). Ogrencilerin STEM'e ydnelik ebeveyn ilgisi ve destegi algisinin
yani sira STEM ile ilgili faaliyetlere ve deneyimlere maruz kalmalari STEM'e olan ilgilerini etkileyebilir
(Nugent vd., 2015). Ayrica, bir STEM kimliginin gelistirilmesi ve yiksek STEM ilgisine sahip karma cinsiyetli
bir arkadas grubuna ait olmak, kizlar arasinda daha yiiksek STEM kariyer ilgisine katkida bulunabilir (Kim
vd., 2018). STEM ilgisinin gelistirilmesi egitim midahalelerinden de etkilenebilir. ilkégretime yapilan
midahaleler, STEM'e olan ilginin genellikle kiz ve erkek ¢ocuklar igin esit oldugunu géstermistir (Hurk vd.,
2018). Bu durum, ilgiyi artirmak ve boru hatti sizintisini (pipeline) 6nlemek icin STEM konularina erken
maruz kalmanin ve STEM egitimine katilimin 6nemini vurgulamaktadir. Ayrica, 21. ylzyll becerilerinin,
bilim motivasyonunun ve STEM'e yonelik olumlu tutumlarin gelistirilmesi, ortaokul 6grencileri arasinda
STEM kariyer ilgisinin gelistiriimesinde 6nemli faktorler olarak tanimlanmistir (Razali, 2021). STEM ilgisinin
onemi, egitim secimlerinin 6tesine uzanmaktadir. Bu durumun kariyer kararlari ve gelecekteki is glci
izerinde etkileri vardir. Olumlu STEM ilgisi, ylksekégretimde STEM ana dallarinin secilmesiyle
iliskilendirilmistir (Maltese & Tai, 2011; Wang, 2013). Ayrica, STEM ilgisi, STEM alanlarindaki profesyonel
eksikligini gidermek ve inovasyon ve teknolojik gelismeleri tesvik etmek icin 6nemlidir. Arastirmalar STEM
egitiminin O6grencilerin akademik basari, STEM'e yonelik tutum ve meslek ilgisi gibi konularda olumlu
etkilere sahip oldugu sonucuna ulasmistir (Duran & Sari, 2021). Muhendislik odakli STEM entegrasyon
etkinliklerinin, bilimsel sire¢ becerileri ve STEM kariyer ilgileri {izerinde olumlu etkileri oldugu
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gosterilmistir (Ozkul & Ozden, 2020). Ogrencilerin STEM alanlarina olan ilgilerini artirmak icin STEM egitim
programlarinin yani sira STEM disi deneyimlerin de 6nemli bir rol oynadigi gézlemlenmistir (Yabas vd.,
2022). STEM ilgisinin artiriimasi igin okullar, Universiteler ve diger egitim kurumlar tarafindan gesitli
programlar ve aktiviteler dizenlenmektedir. Bu programlar arasinda robotik yarismalari, bilim fuarlari, yaz
kamplari ve mentorluk programlari bulunmaktadir. Ayrica, cesitli online platformlar ve uygulamalar
araciligiyla STEM egitimi desteklenmekte ve genis bir kitleye ulasmaktadir. Ogrenciler icin yapilan okul disi
STEM egitiminin 6grencilerin fen ve matematik kazanimlari ile yaraticilik, elestirel dusiinme, is birligi
yapma ve iletisim kurma gibi 21. yiizyil becerileri elde etmesini sagladigi tespit edilmistir (Ozcelik ve
Akglindliz, 2018). Ayrica okul disi etkinliklerin kiz 6grencilerin STEM meslek segimlerinde (Donmez, 2021)
ve STEM insani imajini degistirmede (Dénmez, 2023) etkili oldugu goriilmlstir. Ancak 6grencilerin yaz
okullarinda midahale programlarinda STEM ilgileri yeterince arastiriimamistir.

Teorik Cerceve

Oz Belirleme Teorisi (OBT), insan davranisinda 6zerkligin ve i¢sel motivasyonun énemini vurgulayan
psikolojik bir cercevedir (Deci & Ryan, 1985). Bireylerin 6zerklik ve kendi kaderini tayin duygusu
hissettiklerinde faaliyetlere katilma ve ilgi alanlarinin pesinden gitme olasiliklarinin daha yiiksek oldugunu
dne siirer (Deci ve Ryan, 1985). Bu arastirmada STEM ilgisi baglaminda ODT, bireylerin motivasyonunu ve
STEM alanlarina katilimini etkileyen faktorleri anlamak igin kullanilmigtir. STEM ilgisi ile ilgili olarak
arastirilan faktorlerden biri, bireylerin STEM alanlarinda performans gosterme yeteneklerine olan
inancglarini ifade eden 06z yeterliliktir (Lent vd., 2018; Chan, 2022; Mohtar vd., 2019). Arastirmalar,
STEM'deki 6z yeterliligin STEM'e olan ilgiyle olumlu yénde iliskili oldugunu ve bunun da STEM'de daha
ylksek akademik ve kariyer hedefleriyle iliskili oldugunu gostermistir (Chan, 2022). Bu durum, STEM
alaninda daha yiiksek diizeyde 6z yeterlilige sahip olan bireylerin STEM alanlarina ilgi duyma ve bu ilgiyi
sirdirme olasiliklarinin daha yiiksek oldugunu géstermektedir. STEM ilgisi baglaminda incelenen bir diger
faktor de kiiltiirel ve toplumsal cinsiyet normlarinin roltdir (Chan, 2022).

Onem

“Yaz Okulu Destekleme ve Yetistirme Kurslar1”, BILSEM’ler biinyesinde ilk kez 2022 yilinda agildi. Bu
kurslara 2.siniftan 12.sinifa kadar orgiin (6zel 6gretim kurumlari dahil) egitim kapsamindaki 6grenciler
basvurabilmektedir (MEB, 2022a). Bu kurslarin amaci, 6grencilerin ilgi ve yetenekleri dogrultusunda
potansiyellerini en (st dlizeyde ortaya koymalarina ve yaz dénemlerini en verimli sekilde kullanmalarina
firsat vermektir (MEB, 2022b). “Yaz Okulu Destekleme ve Yetistirme Kurslari” kapsaminda birgok atélye
ile ilgili program hazirlanmistir. Hazirlanan programlardan biri de “Tasarim ve inovasyon” alani ile ilgilidir.
Tasarim ve inovasyon programi yenilik¢i diisiinme, yaratici diisiinme, elestirel diisiinme, akil yiiriitme ve
sorgulama gibi zihinsel siirecler dikkate alinarak hazirlanmistir (MEB, 2022c). Tasarim ve inovasyon
programinda uygulanan iceriklerden biri de Bitiinlesik STEM etkinlikleridir.

Butlnlesik STEM etkinliklerinin yaz okuluna katilan 6grencilerin STEM ilgi ve gorusleri Gzerine etkisini
arastirdigimiz galisma birka¢ nedenden dolayr 6nem tasimaktadir. Arastirmamiz, bitinlesik STEM
etkinliklerinin STEM kariyer ilgisine etkisini kesfederek, 6grencilerin STEM kavramlarini ve bunlarin gergek
diinyadaki uygulamalarini anlamalarini anlamamiza yardimci olabilir. Bu da egitim ¢iktilarinin ve kariyer
hazirhginin iyilestirilmesine yardimci olabilir.

Amacg

Bu calismanin amaci, Bilim ve Sanat Merkezi’nde (BILSEM) yaz okulunda yer alan Tasarim ve inovasyon
atolyesinde uygulanan bitlinlesik STEM etkinliklerinin ortaokul 6grencilerinin STEM ilgilerine ve
gorislerine etkisinin incelenmesidir. Bu amag dogrultusunda asagidaki alt sorulara cevap aranmistir;

1. Ogrencilerin STEM ilgi dlcegi 6n test ve son test puanlari arasinda anlamli bir fark var midir?

2. Ogrencilerin biitiinlesik STEM uygulamasina yénelik gériisleri nelerdir?
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Yontem
Arastirmanin Deseni

Bu ¢alisma, karma arastirma metodolojisine gore sekillendirilmistir. Bu metodolojide hem nitel hem
de nicel yontemler bir arada kullanilarak veriler toplanir ve analiz edilir (Creswell ve Plano-Clark, 2007).
Arastirmada, karma yéntemler igerisinden i¢ ice gegcmis desen tercih edilmistir. Bu desende, nitel ve nicel
veriler ardisik, eszamanli ya da birlesik sekilde elde edilebilir (Creswell ve Clark, 2018). Arastirmanin nicel
bélimunde, 6n test-son test olan tek gruplu yari deneysel tasarim, nitel bélimde ise durum galismasi
yontemi kullanilmistir. Durum g¢alismasi nitel arastirma yontemlerinden biri olarak sik¢a kullanilan bir
desendir. Bu desen, bir olguyu detayli bir sekilde incelemek ve anlamak igin kullanilir (Yin, 2003). Nitel
arastirmalarda durum galismasi, gergek yasam durumlarini derinlemesine analiz etmek igin dnemli bir
aractir (Dilek¢i & Nartglin, 2020). Bu tlr arastirmalar genellikle belirli bir durumu veya olayi detayh bir
sekilde anlamak, agiklamak ve yorumlamak amaciyla yapilir (Leymun et al., 2017). Durum calismalari,
arastirmacilara incelenen olguyu kapsamh bir sekilde anlama ve acgiklama firsati sunar (Capar & Ceylan,
2022).

Katilimcilar

GCalismanin katihmcilari 2023 yilinin yaz tatilinde Tirkiye’nin dogusunda bulunan bir Bilim ve Sanat
Merkezi blinyesinde diizenlenen yaz okuluna katilan 21 6grenciden olusmaktadir. Calisma grubu amagli
ornekleme yontemlerinden biri olan kolay ulasilabilir durum 6rneklemesi yontemi ile secilmistir. Kolay
ulasilabilir durum 6rneklemesinde arastirmaci kendisine yakin ve erisilmesi kolay olan bir durumu sectigi
icin arastirmaya hiz ve pratiklik kazandirir (Yildinnm ve Simsek, 2013). Katilimcilar bulundugu ilin farkh
ortaokullarina devam eden 6grencilerden olusmaktadir. Ogrencilerin 8'i kiz ve 13 erkektir. Yaslari ise 10-
14 arasi degismektedir.

Veri Toplama Araglar
STEM ilgi Olgegi

Arastirmada Falk vd. (2016) tarafindan ortaokul 6grencilerinin fen, teknoloji, muhendislik ve
matematige (STEM) yonelik ilgilerini tespit etmek amaciyla gelistirilen ve Kiran (2021) tarafindan Turkceye
cevrilen STEM ilgi Olcegi kullanilmistir. Olgegin gelistirilmesinde pilot ¢alisma ve asil ¢alisma seklinde iki
ayri asama takip edilmistir. iki ayri asama toplam 468 ortaokul &grencisi ile gerceklestirilmistir. Orijinal

” o« ” u

olgekte oldugu gibi uyarlanan olgekte de 16 madde ve “yer ve uzay bilimleri”, “yasam bilimleri”, “teknoloji
ve miihendislik” ve “matematik” seklinde dért alt boyut bulunmaktadir. Olgek “hic sevmem”, “sevmem”,
“kararsizim”, “severim” ve “cok severim” seklinde 5’li likert tipi derecelendirmeye sahiptir. Olcegin
uyarlama c¢alismasinda yapilan faktoér analizleri sonucunda o6lgegin yapi gecerliligine sahip oldugu ve
glvenirlik katsayilari bakimindan da alt boyutlarda kabul edilebilir sinirlar icerisinde degerlere sahip
oldugu tespit edilmistir (Kiran, 2021). Olcek uyarlama calismasindan elde edilen gecerlik ve giivenirlik
kanitlari STEM ilgi Olgeginin ortaokul &grencilerinin STEM ilgilerini belirlemek icin uygun oldugu

gostermektedir (Kiran, 2021).
Yari Yapilandirilmis Gériisme Formu

Uygulama sireci hakkinda katimci gorislerini ayrintili olarak belirlemek amaciyla, ¢alisma grubu
icinden secilen sekiz 6grenci ile uygulamanin bitiminde yari yapilandirilmis milakatlar gergeklestirilmistir.
Bu sirecte, ilk olarak 10 sorudan olusan bir taslak anket formu olusturulmustur. Bu taslak, alanda
deneyimli G¢ uzmana gonderilerek degerlendirilmeleri istenmistir. Uzmanlardan alinan geri bildirimler
dogrultusunda, bazi sorular ankette yer almaktan ¢ikarilirken, digerleri gbzden gecirilip yeniden eklendi.
Bu diizenlemelerin ardindan, anket formu alti soruluk nihai haline ulastiriimistir. Gériisme formunda yer
alan sorular 6grencilerin slregte yasadigi zorluklari, onlarin uygulama boyunca 6grendikleri yeni bilgileri,
uygulamanin 6grencilere yonelik faydalarini ve uygulama ile ilgili 6grencilerin duygularini belirleyeme
yoneliktir.
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Ogrenci Giinliikleri

Ogrencilerin uygulama ile ilgili deneyimlerini, duygu ve disiincelerini paylasmalari icin ginliik
tutmalari saglanmistir. Gunlukler etkinliklerin yapildigi glin yazilmis ve sonraki giin arastirmaci tarafindan
toplanmustir.

Alan Notlari

Uygulamayi yapan kisi ayni zamanda arastirmaci-6gretmen rolinde olup sinif icinde yapilan
¢alismalarda aktif rol almistir. Arastirmaci-6gretmen, katihmci-gézlemci seklinde tim etkinlikleri izlemis,
katiimcilarla iliski kurmus ve onlarla aktif bir iletisim halinde bulunmustur. Arastirmaci-6gretmen her
uygulamanin sonrasinda veri kaybi meydana gelmemesi adina zaman kaybetmeden uygulama boyunca
meydana geldigi dnemli olaylari kaydetmistir. Olaylari kaydederken olaylarin olus sirasini dikkate almistir.

Uygulama

Ogrencilerin STEM’e yénelik ilgi ve algilarinin incelendigi bu calisma 2023 yilinin yaz tatilinde
gerceklestirilmistir. Calisma MEB tarafindan BILSEM’ler biinyesinde baslattigi yaz okulu destekleme ve
yetistirme kurslari kapsaminda yiiriitiilmistiir. Calisma yaz okulu kapsaminda agilan Tasarim ve inovasyon
atolyesinde gergeklestirilmistir. Hazirlanan dért bittinlesik STEM etkinligi ¢alisma grubundaki 6grencilere
uygulanmistir. Etkinliklere karar verilme siirecinde MEB’in kazanimlari dikkate alinmigtir. MEB’in fen
bilimleri 6gretim programinda dikkate alinan kazanimlar su sekildedir:

1. Sivi basincini etkileyen degiskenleri tahmin eder ve tahminlerini test eder.

2. Kati, sivi ve gazlarin basing 6zelliklerinin glinliik yasam ve teknolojideki uygulamalarina érnekler verir
(Sivi basinct ile ilgili Pascal prensibinin uygulamalarindan érnekler verilir.).

3. Enerjiyi is kavrami ile iliskilendirerek, kinetik ve potansiyel enerji olarak siniflandirir (a. Potansiyel
enerji, gekim potansiyel enerjisi ve esneklik potansiyel enerjisi seklinde siniflandirilir. b. Potansiyel enerjinin
ktitle ve yiikseklige, kinetik enerjinin kiitle ve siirate bagli oldugu belirtilir.).

4. Basit elektrik devresini olusturan devre elemanlarini islevleri ile tanir (Devre elemani olarak, pil,
ampul, kablo ve anahtar tanitilir.).

5. Calisan bir elektrik devresi kurar (Ampul, pilden ve anahtardan olusan devre kurulmasi istenir.).
6. Sindirime yardimci organlarin gérevlerini agiklar.
7. Sindirim sistemini olusturan yapi ve organlarin gérevlerini modeller kullanarak aciklar (MEB, 2018).

Galismanin uygulanmasi, MEB’in yaz okulu takvimine bagli kalinarak alti hafta sirmistir. Birinci hafta
yapilacak uygulama ile ilgili bilgiler verilmistir. Bu kapsamda arastirmanin amaci, arastirmada izlenilecek
yol, arastirmada yapilacak etkinlikler ile ilgili 6grenciler bilgilendirilmistir. Ayrica 6grencilere mihendislik
tasarim siireci anlatilmis ve &rnek bir etkinlikle pilot uygulama yapilmistir. ikinci, gincii, dérdiincii ve
besinci haftalarda STEM etkinlikleri yapilmis ve altinci hafta son testler uygulanmistir. Calismanin
uygulama sireci Tablo 1'de verilmistir:
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Tablo 1
Calismanin Uygulanmasi
Hafta Yapilan Caligmalar Tarih Verilerin Toplanmasi
1 Uygulamanin tanitiimasi ve pilot 06.07.2023 -STEM llgi Olgegi On Test
uygulama 07.07.2023
. e 13.07.2023 -Gunlik
2 Ving Tasarimi Etkinligi 14.07.2023 -Alan Notlari
e 20.07.2023 -Gunlik
3 Basket Potasi Tasarlama Etkinligi 21.07.2023 -Alan Notlar
. s 27.07.2023 -Gunlik
4 Robotumla Ciziyorum Etkinligi 28.07.2023 -Alan Notlari
5 3D Kalemle Sindirim Organlarimi 03.08.2023 -Gunlik
Modelliyorum Etkinligi 04.08.2023 -Alan Notlari
) 10.08.2023 -STEM ilgi Olgegi Son Test
6 Son testlerin Yapiimasi 11.08.2023 -Yari Yapilandirilmis Gorlisme

Birinci hafta yapilan pilot uygulama sonrasinda her etkinlik icin dort ders saatinin yeterli olacagina
karar verildi. Etkinlikler glinde iki ders saati olmak lizere toplamda 16 ders saatinde uygulanmistir.
Uygulama boyunca “Ving Tasarimi”, “Basket Potasi Tasarlama”, “Robotumla Ciziyorum” ve “3D Kalemle
Sindirim Organlarimi Modelliyorum” seklinde dort ayri biitinlesik STEM etkinligi yapilmistir.

GCalismada Hynes et al. (2011) tarafindan gelistirilen muhendislik tasarim asamalari kullanilarak
etkinlikler gergeklestirilmistir. Bu dogrultuda;

1.

9.

ihtiya¢ ya da problemi tanimlama asamasinda (10 dk.); 6grenciler gruplar seklinde problemi
gercek yasam baglaminda tanimlamaya calismislardir.

ihtiya¢ ya da problemi arastirma asamasinda (10 dk.); 6grenciler internet, kitap, dergi vb.
kaynaklari tarayarak ihtiyaci belirlemislerdir.

Olasi ¢6ziimler gelistirme asamasinda (10 dk.); 68renciler grup icerisinde gesitli beyin firtinasi
yaparak farkli ¢ozim 6nerileri gelistirmiglerdir.

En iyi ¢6ziimii segme asamasinda (10 dk.); 6grenciler bir 6nceki asamada ileri strdiikleri farkl
¢6zUm onerilerinden en iyi ¢6ziim dnerisini se¢cmislerdir.

Prototip olusturma asamasinda (40 dk.); 6grenciler 6gretmenden aldiklari malzemeleri
kullanarak Griin ortaya koymuslardir.

Coziimii test etme ve degerlendirme asamasinda (20 dk.); gruplar olusturduklar Griinleri
onceden belirledikleri kriterler ve sinirlamalar gergevesinde test etmislerdir.

Coziimi sunma asamasinda (20 dk.); 6grenciler test ettikleri ve belirli kriterleri saglayan
arunlerini sinifa sunmuslardir.

Yeniden tasarlama/revize etme asamasinda (30 dk.); 6grenciler yaptiklar testlerde kriter ve
sinirlamalari karsilamayan (riinlerini yeniden revize etmislerdir. Ayrica aksayan kisimlarini
yeniden tasarlamislardir.

Tamamlama karari asamasinda (10 dk.); 6grenciler Grtnlerini son haline getirmislerdir.

Butinlestirici STEM egitimi, herhangi iki veya daha fazla STEM konu alani ile bir veya daha fazla diger
okul konulari arasindaki 6grenme ve 6gretmeyi arastiran yaklasimdir (Sanders, 2009). Yani, iki veya daha
fazla STEM alaninin STEM igerigini 6gretme yaklasimi olarak tanimlanmaktadir (Kelley ve Knowles, 2016).
Arastirmamizda uygulanan biitiinlesik STEM etkinliklerinde 6grenciler en az iki ve daha fazla STEM alanina
katilmalari saglanmistir. Yani 6grenciler yaptiklari etkinlik veya tasarilarda; fen, matematik, mihendislik
ve teknoloji alanlarindan en az ikisini entegre ederek calismalarini gerceklestirmislerdir. Ornegin “ving
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tasarimi” etkinliginde 6grenciler fen bilimlerinde; basing, sivi basinci, Pascal prensibi gibi konulari
kullanmiglardir. Uriin tasarimi sirasinda mihendislikte yer alan tasarim yapma asamalarindan
faydalanmistir. Matematik ile ilgili, enjektorlerde bulunmasi gereken sivi miktarinin 6lgiimi, vincin
kaldiracagi agirlik olgimleri ve yikin kaldirlabilecegi yiksekligin hesaplanmasi ve bunlarin grafige
dokiilmesi gibi bilgi ve becerileri isleve sokmustur.

Sirecin basinda 6gretmen gercek yasam baglamindan bir senaryo sunmus ve 6grencilerin bu senaryo
tizerinde dusiinmelerini ve grup icerisinde fikir alisverisinde bulunmalarini saglamistir. Ornegin ving
tasariminda 6gretmen;

“Van’in Edremit ilgesinde 8 katl bir otel insaatinda kurulu olan ving 5. kat seviyesinde ving yiikseltme
calismasi esnasinda kirilarak yikildi. Yetkililerin yaptiklari agiklamada bu kazada ihmaller zincirinin oldugu
ve ving gdrevlilerinin vinci kapasitesinin lzerinden ylikseltmeye ¢alistiklari sirada kazanin meydana
geldigini agikladilar.”

senaryosunu vermis ve olayl analiz etmelerini istemistir. Daha sonra onlara blylk tasarim gérevi
vermistir. Tasarim gorevi icin onlara;

“Sizlerden Van’in Edremit ilgesinde 8 katli bir bina insaatinda tiim katlara malzeme tasiyan bir ving
tasarlamaniz bekleniyor. Yaptiginiz tasariminizin basarisi, tasarimin dayaniklihigi, kullanim siiresi,
kaldirabildigi agirlik miktari ve yiikseltilebilecegi yiikseklik ile ilgilidir.”

seklinde aciklama yapilmistir. Ogrenciler grup seklinde fikir alisverisinde bulunmus, alternatif ¢dziim
yollari arastirmis ve tasarimla ilgili basari kriterleri ve sinirliliklari belirlemislerdir. Daha sonra gruplara
gerekli malzemeleri verilmis ve tasarilarini yapmaya baslamislardir. Tasarim sirecinde gruptaki her
6grencinin sorumluluk almasi istenmistir.

Verilerin Analizi

Arastirmada, i¢ ice gegcmis karma desen geregi, slirecin basinda, sirasinda ve sonunda veriler
toplanmis, bu veriler sonradan yorumlama béliminde entegre edilerek degerlendirilmistir. Toplanan
veriler hem nicel hem de nitel yéntemlerle analiz edilmistir. STEM ilgi Olcegi, &n test ve son test seklinde
uygulanmistir. Bu testin sonugclarini analiz etmek icin, oncelikle test skorlarinin normal dagihmi olup
olmadigi incelenmistir. Bu amagla, basiklik ve ¢carpiklik degerleri, Shapiro-Wilk testleri degerlendirilmistir.
Yapilan analizler sonucunda verilerin normal dagilim gosterdigi anlasiimis ve buna dayanarak parametrik
testlerin kullanilmasinin uygun olduguna karar verilmistir. Bu dogrultuda, STEM ilgi Olgegi 6n ve son test
puanlari arasindaki anlamh farkliligi belirlemek igin parametrik testlerden biri olan iliskili 6l¢timler t-testi
uygulanmistir. Calismada toplanan nitel verilerin analizinde betimsel ve igerik analiz yontemleri
kullaniimistir. Ogrencilerin giinliik ve gériismede ilettikleri gériisler ve arastirmacinin tuttugu alan notlari
dijital ortama aktarilmis ve bu veriler lGzerinden okumalar yapilmistir. Yapilan okumalardan sonra kodlar
ve benzer kodlardan yola c¢ikarak temalar olusturulmustur. Kod olusturma sirecinde iki bagimsiz
arastirmaci rol almis ve iki bagimsiz arastirmacinin olusturdugu kodlar karsilastirilmistir. Arastirmacilarin
yaptiklari kodlamalarin giivenirligi belirlemek igin Miles ve Huberman’in (1994) glvenirlik hesaplama
formuld kullaniimis ve sonugta kodlayicilar arasindaki uyum % 92 olarak hesaplanmistir.

Gegerlilik, Giivenirlik ve Etik

Arastirmada, gecerlilik ve guvenilirlik hususlarina dikkat edilerek gesitli tedbirler uygulanmistir.
Calismada hem nitel hem de nicel veri toplama yéntemleri kullanilarak elde edilen veriler bir arada
degerlendirilip sunulmustur. Arastirmada kullanilan nicel veri toplama araci olarak kullanilan STEM llgi
Olgegi daha 6nce Falk vd., (2016) tarafindan gelistirilmis ve Kiran (2021) tarafindan Tiirkceye cevrilmis,
gecerligi ve glvenirligi kanitlanmis (Kiran, 2021) bir 6lgme aracidir. Nitel arastirma boyutunda ise veri
cesitliligi saglamaya yonelik olarak, glinliik, gériisme ve alan notlari kullanilmistir. Toplanan verilerin
inanirhgi, aktarilabilirligi, tutarlihg ve teyit edilebilirligi (Merriam & Tisdell, 2015) saglanmistir. Boylece
nitel boyutun gecerlilik ve glivenirligine katki sagladigi dislintilmistlr. Bu dogrultuda goérisme formunun
olusturulmasinda uzman gorist alinmis, ayrintil betimlemeler yapilmis, veri toplamada c¢esitlilik
saglanmis, 6grencilerin gorislerinden dogrudan alintilar yapilmis, kodlamada farkl arastirmacilar aktif rol
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almis, elde edilen verilerde katilimci teyidine bagvurulmus, veriler detaylandirilmig, veri kaybinin meydana
gelmemesi igin dijital ortama gegirilmis ve gerekli durumlarda bu verilere yeniden bakilmistir. Bunun
yaninda Ogrencilere galismaya katilmada gonulliligiin esas oldugu sdylenmis ve 6grencilerin gergek
isimleri yerine kodlar kullaniimistir.  Ayrica bu c¢alismanin gergeklestirilebilmesi icin Mus Alparslan
Universitesi Bilimsel Arastirma ve Yayin Etigi Kurulundan 09.10.2023-110960 tarih ve 37/8 sayili karari
geregince etik agidan uygun bulunmustur.

Bulgular

Bu calismada butiinlesik STEM etkinliklerinin 6grencilerin STEM’e yoénelik ilgi ve algilarina etkisi
incelenmistir. Bu dogrultuda nicel ve nitel veri toplama araglari ile elde edilen verilerin analizi sonucunda
ulagilan bulgular asagida sira ile verilmistir.

Ogrencilerin STEM’e Yénelik ilgileri

Bu kisimda, ¢alisma grubundaki 6grencilerin STEM konusundaki ilgisindeki degisiklikleri gézlemlemek
amaciyla kullanilan ilgi dlgeginden elde edilen sonuglar ele alinmistir. Arastirmada, 16 sorudan olusan
STEM ilgi Olgegi, uygulama &ncesinde 6n test ve uygulamanin tamamlanmasinin ardindan son test olarak
gerceklestirilmistir. Verilerin analizi sirasinda, ilk olarak 6grencilerin test skorlarinin normal dagilimi olup
olmadigI incelenmistir. Bu amagla, normallik testlerinden ¢arpiklik-basiklik degerleri, Shapiro-Wilk testleri
kullanilmigtir. Test sonuglarina dair elde edilen veriler, Tablo 2 ve Tablo 3'te sunulmustur.

Tablo 2
Calisma Grubunun On Test-Son test Puanlarina lliskin Carpiklik-Basiklik Sonuglari
Olgiim N Ort. Varyans S.S. Min. Max. Carpikhk Basikhk
.. Ontest 21 56.81 67.66 8.22 36 68 -.623 -.358
STEM ilgi
Olcedl  gontest 21 7167 1073 327 65 80 -592 1.191

Tablo 2'ye bakildiginda, STEM ilgi Olgegi'nden alinan puanlarin garpiklik ve basiklik katsayilarinin -2 ile
+2 degerleri arasinda oldugu belirlenmistir. Bu verilerin normal dagilima uyup uymadiginin
degerlendirilmesinde, carpiklik ve basiklik katsayilarinin -2 ile +2 (George ve Mallery, 2010) veya -1.5 ile
+1.5 (Tabachnick ve Fidell, 2013) araliginda olmasinin kabul edilebilir oldugu diisinilmektedir.

Tablo 3
Calisma Grubunun On Test Son Test Puanlarina iliskin Shapiro-Wilk Testleri Sonuglari
Shapiro-Wilk
Test istatistik sd p
STEM ilgi Olgegi On test .945 21 271
Son test .958 21 476

Blylkozturk (2015)’e gore, p degeri .05’ten yliksek oldugunda verilerin normal dagihm gosterdigi,
.05'ten diisiik oldugunda ise normal dagilim géstermedigi kabul edilir. Tablo 3'e gére, STEM ilgi Olcegi'nin
on test ve son testlerinde yapilan Shapiro-Wilk testlerinin sonuglari, p degerinin .05'ten biyik olmasiyla
verilerin normal dagilimi yansittigi tespit edilmistir. Hem Tablo 2 hem de Tablo 3’te yer alan veriler isiginda
calisma grubunun STEM llgi Olgegi 6n test ve son test puanlarinin normal dagilim gésterdigi ve buradan
yola ¢ikarak bu testin analizinde parametrik testlerin kullaniminin uygun olacagi yoniinde degerlendirme
yapilmistir. Bu dogrultuda ¢alisma grubundaki 6grencilerin uygulama dncesi ve uygulama sonrasi ilgi 6lcegi
test puanlari arasinda anlamh bir farkin olup olmadigini belirlemek icin parametrik testlerden iliskili
olglimler t-testi kullanilmistir. Yapilan analiz sonuglari Tablo 4’te verilmistir.
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Tablo 4
STEM ilgi Olcegi On Test ve Son Test Puanlarinin lliskili t-Testi Sonuglari
Test N Ort. S Sd. t p
STEM ilgi Olgcegi  On test 21 56.81 8.22 20 - .000
Son test 21 71.67 3.27 8.028

Tablo 4’e gore, 6grencilerin Olgegin 6n testindeki ortalama puanlari 56.81 iken, son testteki
ortalamalari 71.67 olarak belirlenmistir. Arastirmanin ¢alisma grubundaki égrencilerin STEM ilgi Olcegi 6n
ve son test puanlari. 05 diizeyinde anlamlilik icin degerlendirilmis ve yapilan analize gore 6n test ile son
test puanlari arasinda istatistiksel olarak énemli bir fark (p<.05) oldugu tespit edilmistir. Bu bulgular,
bitunlesik STEM etkinliklerinin 6grencilerin STEM alanina olan ilgisini olumlu yonde etkiledigi sonucuna
isaret etmektedir.

Ogrencilerin Biitiinlesik STEM Uygulamasina Yonelik Goriisleri

Bu kisimda, katilimcilarin biitinlesik STEM uygulamasina iliskin algilarini tespit etmek amaciyla yapilan
miilakatlar, giinliikler ve alan notlarinin analizi sonucunda ulasilan sonuglar sunulmustur. Ogrencilerin
gorislerinden yola gikarak “Uygulamanin Faydali Yénleri” ve “Ogrencilerin Uygulamaya Yénelik Duygularr”
seklinde iki tema olusturulmustur. Ogrencilerin uygulamanin faydali yénleri ile ilgili goriislerinden yola
cikarak olusturulan tema ve kodlar Tablo 5’te verilmistir:

Tablo 5
Uygulamanin Faydali Yonlerine iliskin Ogrenci Gériisleri
Tema Kod Ogrenciler
Yeni bilgiler 6grenme 04, 012, 014, 015, 019, 021
Uygulamanin Faydal Yoénleri  Tasarim yapma becerisi 011, 615, 017, 019, 620, 021
inovatif diisiinme becerisi 04, 68, 019, 620

Tablo 5’te goruldigu gibi katilimcilarin goérislerinden yola ¢ikarak “uygulamanin faydal yonleri” temasi
olusturulmustur. Bu tema kapsaminda “yeni bilgiler 6grenme”, “tasarim yapma becerisi” ve “inovatif
diisinme becerisi” kodlari yer almaktadir. Ogrencilerden altisi (04, 012, 014, 015, 019, 021) yeni bilgiler
ogrendikleri, altisi (011, 015, 017, 019, 020, 021) tasarim yapma becerisi kazandiklari ve bu becerilerini
gelistirdigi, dordi (04, 08, 019, 020) inovatif (yenilikgi) diisiinme becerilerini gelistirdigi yéniinde goriis
bildirmislerdir. Elde edilen kodlar asagida sirayla sunulmustur.

Yeni Bilgiler 6grenme

Calisma grubundaki 6grenciler gorisme ve giinliiklerde butiinlesik STEM etkinlikleri sayesinde yeni
bilgiler 6grendikleri ve var olan bilgilerine yeni bilgiler eklemeye katki sagladigini ifade etmislerdir.
Ozellikle elektrik devresinin elemanlarinin islevleri, potansiyel enerji ve kinetik enerji, Pascal prensibini ve
sindirim sistemi yapi ve organlarina yonelik bilgi ve beceri kazandiklarini diisinmektedirler. Bu koda
yonelik bazi 6grenci gorisleri asagida sunulmustur:

04: “Yaptigimiz robotla elektik elektrik devre pargalarini birbirine baglamayi 6grendim. Bu etkinlikle
resim gizen robot yaptik, belki ileride yazi yazan robot yaparim belli mi olur.” (Gériisme)

019: “Yaptigimiz tasarilar sayesinde daha 6nce bilmedigim yeni bilgiler 8grendim, bu da benim hosuma
gidiyor. insanin bilgilenmesi bence ¢ok giizel. Mesela basket potasi etkinligi ile potansiyel enerijiyi
o6grendim. Topla kasig geri dogru cekince esneklik potansiyel enerji birikiyormus.” (Goriisme)

021: “Bu atélyede bircok yeni bilgi 8grendim. Mesela kati, sivi ve gazlarin basincini grendim. Bunun
yaninda sivilarin sikistirilamadigini 6grendim.” (Gériisme)

012: “Bugiin 3D kalemlerle i¢ organlarimizi yaptik. Mideyi ve yemek borusunu ¢ok giizel yaptik. Bir de
ozellikle kalin bagirsak ve ince bagirsagin sindirim sistemimizin organlari oldugunu 0Ogrendigimde
sasirmistim.” (Gunluk-4/Tarih:11.08.2023)

874



Benek & Dénmez — Gukurova Universitesi Egitim Fakiiltesi Dergisi, 53(2), 2024, 850-885

014: “Cizim yapan robot yaptik bugiin. DC motor, pil, anahtar ve kablolari kullanarak elektrik
devresinin nasil kuruldugunu 6grendik. Bugiin 6grendiklerim sayesinde artik ben de bundan sonra bazi
elektrik devrelerini kurabilirim...” (Ginltk-3/Tarih: 28.07.2023)

021: “Bugiin tasarim ve inovasyon dersinde ving tasarimi yaptik. Dil cubuklari, siringa ve ince boru
kullanarak tasarimi tamamladik. Daha sonra siringanin yarisina kadar su doldurduk. O siringayi sikistirinca
diger siringa yukari dogru ¢ikiyordu. Burada sivilarin basinci ayni ilettigini 6grendik. Bunun yaninda Pascal
prensibi ile vincimizin ¢alistigini 6grendik.” (Gunliik-1/Tarih: 14.07.2023)

Bunun yaninda arastirmaci-6gretmen siregte dikkat g¢ekici durumlarla ilgili alan notlari tutmustur.
Arastirmaci-6gretmenin 06grencilerin yeni bilgiler 6grenmelerime yonelik tuttugu notlar asagida
verilmistir:

“Bu atdlye ¢alismasinda cizim yapan robot etkinligi yapildi. Ogrencilerin gogunlugunun ilk defa bir
elektrik devresi kurduklari tespit edildi. ilk basta zorlansalar da elektrik devresini uygun adimlar kullanarak
yapabildiler. Ayni zamanda titresimli dc motorun, devre anahtarinin, iletken kablolarin, pilin ve pil
yataginin islevlerini 6grendikleri belirlendi.” (Arastirmaci-Ogretmen Gézlem Tarihi: 27.07.2023)

“Basket potasi tasarlama etkinliginde 6grenciler potansiyel enerji ve kinetik enerjinin farkini, bunun
yaninda potansiyel enerjinin esneklik potansiyel enerji ve ¢ekim potansiyel enerji seklinde ikiye ayrildig
dgrendiler. (Arastirmaci-Ogretmen Gozlem Tarihi:20.07.2023)

Arastirmaci-6gretmenin slire¢ boyunca yaptigi gézlemler sonucunda tuttugu nottan elde edilen veriler,
bitunlesik STEM uygulamasi ile 6grencilerin yeni bilgiler 6grendikleri sonucunu dogrulamaktadir.

Tasarim Yapma Becerisi

Butlnlesik STEM etkinliklerinin arastirmaya dahil olan 6grencilerin tasarim yapma becerilerine katkilari
olmustur. Ogrencilerin giinliiklerde ve gériismelerde belirttikleri diisiinceler dogrultusunda onlarin
muhendislik tasarim sirecinin kullandiklari ve bir Griin yapma yetenek ve becerilerinde pozitif bir
degismenin oldugu belirlenmistir. Butlinlesik STEM etkinliklerinin 6grencilerin tasarim yapma becerilerine
pozitif etki yaptigina iliskin bazi katihmci gorisleri asagida verilmistir:

015: “Artik pense, bicak, cetvel, silikon gibi cesitli arac-gerecler kullanarak daha kolay bir sekilde diriin
tasarlayabiliyorum.” (Gorlisme)

017: “Biz etkinliklere baslamadan 6énce dgretmenimiz bizlere bir tasarinin nasil yapildigina yénelik bazi
asamalardan bahsetti. Bizler de bu asamalari kullanarak bir seyler tasarladik. ilk etkinligi yaparken
zorlansam da sonraki etkinliklerde pek zorlanmadim. Gergekten de bir trlinii yaparken bir mihendis gibi
belirli asamalardan gegilirse daha faydali olur.” (G6risme)

017: “Bugiin ¢ok ugrastigimiz bir tasari yaptik. Giizel bir tasarim yaptik. Cok mantikli bir etkinlikti.
Basinci kullanarak ving tasarladik. Bu etkinlik sayesinde bir alt yapma becerim yani el becerim gelisti.
Burayi ¢cok sevdim. Bu tasarimimi odama koydum. Annem ve babama gosterdim, onlar da ¢ok mantikli bir
ving dediler.” (Glnlik-1/Tarih: 14.07.2023)

011: “Bugiin bir miihendis gibi bir tasari yaptik. Tasarimizin ismi: Ving. Yorucuydu ama gergekten el
becerim gelisti. Sirayla belirli asamalardan gegerek vincimizi yaptik. Once gerekli fikir alis verisi yaptik,
sonra gerekli malzemeleri kullanarak protopimizi olusturduk. Daha sonra test ettik. Testten sonra bazi
yerleri daha da saglamlastirdik.” (Glinluk-1/Tarih: 14.07.2023)

021: “Biz bugiin 6nce nasil bir tasari yapacagimizi tartistik. Belirli bir zaman sonra grupca karar verdik.
Resim ¢izen robotu nasil yapacagimizi ve hangi malzemelere ihtiyacimizin oldugunu belirledik. Daha sonra
dgretmenimizden gerekli malzemelerimizi istedik ve tasarimizi yapmaya basladik. Once plastik
bardagimiza lg tane keceli kalemi yapistirdik. Sonra pil yatagini uygun bir yere silikonla yapistirdik ama
devrilmemesi igin birka¢ deneme yaptik. DC motoru bardagin st kismina yapistirdik ve devre anahtarini
yan tarafa yapistirdik. Daha sonra kablolarla elektrik devresini kurduk. En son da pilleri taktik ve test ettik.
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Test sirasinda bazi pargalarimiz cikti. Ogretmen bize biraz daha zaman veri biz de hatali ve eksik kisimlarini
yeniden yaptik ve ¢ok glizel oldu.” (Guinliik-3/Tarih: 28.07.2023)

inovatif Diisiinme Becerisi

Ogrencilerin goriisleri incelendiginde, STEM uygulamalarinin égrencilerin yenilikgi (inovatif) diisiinme
becerilerini olumlu ydnde gelistirdigine yonelik algilari oldugu sdéylenebilir. Ogrenciler hem giinliiklerde
hem de goriismelerde bir Grin tasarlamaya ve gelistirmeye yonelik yeni distnceler, fikirler ve ¢ézlimler
gelistirdiklerini belirtmiglerdir. Bitiinlesik STEM etkinliklerin 6grencilerin inovatif diisginme becerilerini
etkiledigine iliskin bazi katilimci gorusleri asagida verilmistir:

08: “Ben daha dnceleri de evde kendi kendime baz icatlar yapiyordum ama bu kurs benim igin ¢ok
faydali oldu. Cunki 6grendigim asamalar sayesinde bir irlinu tasarlama fikrim gelisti. Yolda yururken
acaba nasil bir tasari yapabilirim diye distintiyorum.” (Gorliisme)

019: “Bu atdlyede degisik Uriinler yaptik. Hepsi birbirinden ilgingti. Dersten sonra eve gidince, sagima
soluma bakiyorum ev esyalarina bakiyorum acaba bunlardan neler yapilabilir, hangi kisimlari eksik, hangi
kisimlari fazla diye distinliyorum. Acaba var olan esyalari nasil yeniden tasarlarsak daha iyi olur diye kendi
kendime diisiiyorum.” (Goriisme)

020: “Yaptigimiz basket potasi cok giizeldi. Bende buradan yola ¢ikarak daha degisik bir basket potasi
yapacagim.” (Gorisme)

04: “Sevgili giinlik bugiin gok giizel bir etkinlik bitirdik. Cok giizeldi. Hem ¢izim yapiyor hem de
istersem kafami kasiyabilecegim. Bu robot icin en sevdigim kalemlerimi kullandim. Aslinda ¢ok yaratici bir
icattl. Ben de artik 6grendim. Bende bu 6grendiklerimden yola ¢ikarak yeni Grlinler tasarlayacagim.
Titresimli dc motor ve pil kullanip daha farkl robotlar yapabilirim.” (Glinltik-3/Tarih: 28.07.2023)

Gorusmeye katilan 6grencilerin gorusleri incelendiginde onlarin uygulamaya yoénelik gesitli duygular
ileri surdikleri gérilmis ve elde edilen gérislerden yola cikarak “Ogrencilerin Uygulamaya Yénelik
Duygular” temasi olusturulmustur. Ogrencilerin uygulamaya yénelik duygularindan yola ¢ikarak
olusturulan tema ve kodlar Tablo 6’da verilmistir:

Tablo 6
Ogrencilerin Uygulamaya Yénelik Duyqulari
Eglenceli 05, 09, 011, 015, 019, 020
ilgi 03, 07, 08, 09, 017
Ogrencilerin Keyifli 03, 011, 621
Uygulamaya Yonelik — =
Duygulari Heyecan 03, 012, 015
Merak 015, 017
Glizel vakit gegirme “015, 020

Tablo 6’da gorildigi gibi katihmcilarin gorislerinden yola gikarak “6grencilerin uygulamaya yonelik
duygularl” temasi olusturulmustur. Bu tema kapsaminda “eglenceli”, “ilgi”, “keyifli”, “heyecan”, “merak”
ve “giizel vakit gecirme” kodlari yer almaktadir. Ogrencilerden altisi (05, 09, 011, 015, 019, 020)
eglenceli, besi (03, 07, 08, 09, 017) ilgi, Gt (03, 011, 021) keyifli, tgti (03, 012, O15) heyecan, ikisi
(015, ©17) merak ve ikisi (015, 020) giizel vakit gecirme yéniinde géris bildirmislerdir. Butiinlesik STEM
etkinliklerinin katilimcilarin uygulamaya yoénelik duygularina olumlu yansimalari olmustur. Calisma
grubundaki 6grenciler, uygulama boyunca eglendiklerini, etkinliklere yonelik ilgilerinin arttigini, glizel ve
keyifli zamanlar gecirdiklerini, etkinlikleri yaparken heyecanlandiklarini, hangi etkinlik yapacaklari
konusunda merak duygularinin gelistigini ve etkinlikler boyunca verimli zamanlar gegirdiklerini

belirtmislerdi. Bu tema kapsaminda bazi katilimci gorisi asagida verilmistir:
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03: “Aslinda bu tip etkinliklere karsi pek ilgim ve istegim yoktu. Ama ders basladiktan sonra hoca neler
yapacagimizi anlatinca hosuma gitti. O tasarilari yapmak ¢ok keyifliydi. Bir de en son da test ediyorduk ya,
iste 0 zaman ¢ok heyecanlaniyordum. Fenle ilgili etkinlikler yapmak ilgimi ¢ekti gercekten.” (Goriisme)

015: “Keske bu kurs siirekli agilsa. Agilirsa mutlaka yine gelirim, ¢linkii gercekten giizel vakit gegirdim.
Yaptigimiz tasarilarin galistigini gormek hosuma gidiyordu. Ayrica her geldigim giin acaba bugtin nasil bir
tasari yapacagiz diye meraktan oliyordum.” (Gérisme)

017: “Ben buraya geldigim icin memnunum. Bu atélyede giizel etkinlikler yaptik. Annem ve babam da
bu etkinlikleri sevdigimi biliyorlar.” (Gorlisme)

020: “Bu kursta yaptiklarimiz cok eglenceliydi. Ben sahsen ¢ok eglendim. Bu atélyeye katildigim igin
kendimi ¢ok sansli hissediyorum. Resim yapan robot etkinliginde 6zellikle cok eglendim. Arkadaslarimla
glzel vakit gecirdik.” (Gortisme)

021: “Ben bu atdlyede yaptiklarimizi cok sevdim. Bu kurs bitecek diye ¢ok lizgiiniim. Ben higbir giinii
aksatmadan buraya gelmeye c¢alistim, ¢ciinkl yaptigimiz tasarilar ¢cok keyifliydi.” (Gériisme)

08: “Bugiin ving tasarladik. Zamanimiz ¢ok kaliteli gecti. Cok giizel bir giin gegirdik. Ben de yaptigimiz
vinci ¢ok begendim. Giizel galisiyordu. Eve getirdig§imde anneme, babama, anneanneme, dedeme ve
abime gosterdim. Glizel bir duyguydu. Onlar da ¢ok glizel yapmissin dediler.” (Glnlik-1/Tarih: 14.07.2023)

017: “Bu tasarim cok ilgingti. Ben ¢ok sevdim.” (Giinliik-3/Tarih: 28.07.2023)

019: “Sevgili giinliik bugiin resim ¢izen robotumuzu bitirdik ve calistirdik. Cok giizel ve cok eglenceli
bir etkinlikti. Babama gosterdim o da ¢ok begendi...” (Guinlik-3/Tarih: 28.07.2023)

020: “Biz bugiin resim gizen robot yaptik. Resim ¢izen robot yapmak ¢ok eglenceliydi. Yaptigi resimler
ayni Picasso’nun resimleri gibi. Cok gizemli ve ilgi ¢ekici resimler yapti bizim robotumuz. Ben ilk basta boyle
glzel seyler yapacagimiza ve eglenecegimize inanmiyordum, ama meger yanilmigim.” (Gunlik-3/Tarih:
28.07.2023)

021: “.....cok giizel oldu. Daha sonra bir daha test ettik ve giizel ¢alisti. Robotumuz kendi etrafinda
donerken renkli renkli resimler yapiyordu. Biz grupga ¢ok gildik ve ¢ok eglendik. Ben de bundan sonra
evde bu tip etkinlikler yapmaya calisacagim, ¢tinkli cok zevkli.” (Gunliik-3/Tarih: 28.07.2023)

Calisma grubundaki 6grencilerin tuttuklar glinlikler ve onlarla yapilan gorismelerde belirttikleri
distincelere ek olarak arastirmaci-6gretmen siirecte énemli gordiigu durumlarla ilgili not tutmustur.
Arastirmaci-6gretmenin 6grencilerin duygularina yonelik tuttugu not asagida verilmistir:

“Ders baslamadan 6grenciler yanima geldi ve bugiin hangi etkinligi yapacaklarini bana sordular.
Aslinda 6grenciler daha 6nce yapilan etkinliklerden keyif alinca yeni etkinligi de merak etmiglerdir. Bugin
3D kalemle sindirim sistemi organlarinin modellerini olusturdular. Ogrenciler sindirim sistemi organlarinin
modellerini yaparken keyifli zaman gecirdikleri gézlemlendi. Ayrica teneffiiste disari ¢ikmayip devam
etmek isteyen grencin olmasi dikkat cekiciydi.” (Arastirmaci-Ogretmen Gézlem Tarihi: 03.08.2023)

Arastirmaci-6gretmenin slire¢ boyunca yaptigi gézlemler sonucunda tuttugu nottan elde edilen veriler,
uygulamanin 6grencilerin duyussal 6zelliklerine olumlu katki yaptigi sonucunu dogrulamaktadir.

Ogrencilerin dzellikle resim cizen robot etkinligini cok begendikleri, grupca calismaktan keyif aldiklari,
STEM etkinliklerine yonelik ilgilerinin arttigi, yaptiklari tasarilari aileleri ile paylasmaktan keyif aldiklari,
siire¢ boyunca verimli zaman gegirdikleri, yeniden buna benzer bir kursun agilmasi durumunda bu kursa
katilmak istedikleri ve yaptiklari Grinlerin islevsel oldugunu gordiklerinde heyecanlandiklari tespit
edilmistir.

Tartisma

Bu calisma, yaz okulunda butlinlesik STEM etkinliklerinin 6grencilerin STEM egitimine olan ilgi ve
deneyimleri Gzerindeki donistlricl etkisini incelemek amaciyla tasarlanmistir. Calismada ortaokul
ogrencilerinin bitlnlesik STEM uygulamalarina yonelik algilarina iliskin arastirma bulgulari tartisilmistir.
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Calisma, biitlnlesik STEM etkinliklerinin 6grencilerin STEM'e olan ilgileri, 6grenmeleri, tasarim becerileri,
yenilikgi diisinme becerileri ve uygulamaya yonelik duygulari Gzerindeki etkisini arastirmayi amaglamistir.
Bulgular, bitunlesik STEM etkinliklerinin &grencilerin ilgisi lizerinde olumlu bir etkisi oldugunu
gostermektedir. Shahali vd. (2016) ortaokul 6grencileri ile gerceklestirdikleri calismada bitlinlesik STEM
egitim programina katilan 6grencilerin STEM konularina ve kariyere yonelik ilgi puan ortalamalarinda
onemli bir artis oldugunu belirtmislerdir. Calismada da belirtildigi gibi, 6grenciler etkinliklerle ilgili heyecan
ve meraklarini dile getirmis bazilari gelecekte STEM ile ilgili faaliyetlere devam etme isteklerini ifade
etmistir. Bu durum, ilgi cekici, uygulamali STEM etkinliklerinin 6grencilerin bu alanlara olan ilgisini
artirabilecegini gosteren dnceki arastirmalarla uyumludur (Hurk vd., 2018; Wang, 2013). Mohd Shahali vd.
(2019) ydrattukleri boylamsal calismada ortaokul Ogrencilerine bir STEM programi uygulamis ve
ogrencilerin programdan ayrildiktan iki yil sonra STEM kariyer ilgilerini korudugunu ancak STEM
konularina yonelik ilginin korunmadigi ortaya koymuslardir. Arastirmacilar STEM konularina yonelik ilginin
azalmasinin nedenlerinin sinifta deneyimledikleri 6gretim ve 6grenimin kalitesinden kaynaklanabilecegini
belirtmislerdir (Mohd Shahali vd., 2019). Bu bulgulara benzer olarak, Chen ve Chang (2018) butiinlesik
robotik STEM derslerinin 6grencilerin STEM’e iliskin ilgi, bilgi ve kariyer yoneliminin glglendirdigini
bildirmiglerdir. Butlinlesik STEM etkinliklerinin 6grencilerin 6grenme deneyimlerini gelistirmede oldukga
etkili oldugu gorulmdistur. Katihmcilar 6zellikle elektrik devreleri, potansiyel eneriji, kinetik enerji, Pascal
prensibi ve sindirim sistemindeki organlarin yapisi gibi konularda yeni bilgi ve beceriler kazandiklarini
bildirmislerdir. Bu durum, STEM egitiminin aktif 6grenmeyi ve elestirel diisinmeyi tesvik ettigi gorlsuyle
(Wang ve Degol, 2013) uyumludur; ¢iinki bu ¢alismada yer alan 6grenciler teorik bilgileri pratik gérevlere
uygulayarak anlayislarini genisletmislerdir. Calismada Roehrig vd. (2021)'nin 6nerdigi butlinlesik STEM'in
yedi temel 6zelligi dikkate alinmis ve galisma igeriginin cogunlukla dnerilen yedi 6zelligi barindirdigi tespit
edilmistir. Arastirma, butiinlesik STEM etkinliklerinin 6grencilerin tasarim becerilerini olumlu yonde
etkiledigine yonelik algilarinin oldugunu gostermektedir. Bulgular, 6grencilerin mihendislik tasarim
sirecini kullanma, Uriin gelistirme ve muhendisler gibi distinme becerilerini gelistirdiklerine yonelik
algilarinin oldugunu goéstermektedir. Bu, tasarim ve problem ¢6zme becerilerinin gelisimini vurgulayan
bitunlesik STEM egitiminin kavramsal cercevesiyle uyumludur (Kelley ve Knowles, 2016). Fan ve Yu (2017)
yuruttukleri calismada bitunlestirici STEM 6gretim yaklasiminin mithendislik/teknoloji egitiminde olumlu
etkileri oldugunu tespit ettiler. Arastirmacilar biitinlestirici STEM mihendisligi modilinin 6grencilerin
kavramsal bilgilerini, Gist diizey diisiinme becerilerini ve miihendislik tasarim becerilerini birbirine entegre
etmelerine yardimci oldugunu belirttiler (Fan & Yu, 2017). Tasarim ve tasarim odakli diisinme butinlesik
STEM egitiminin gelistiriimesinde ve uygulanmasinda giderek daha 6nemli bir hale gelmistir (Li vd., 2019).
Calismamizda ulastigimiz sonuglar literatir ile uyumludur. Katihmcilar, gelecekte daha bilingli karar
vermeyi kolaylastirabilecek yapilandiriimis bir tasarim yaklasimindan yararlandiklarini belirtmislerdir.
Butlnlesik STEM faaliyetlerinin 6grenciler arasinda yenilikgi daslinceyi tesvik ettigi goridlmustar.
Ogrenciler, Uriin tasarlamak ve gelistirmek icin yeni fikirler ve ¢éziimler irettiklerini bildirmislerdir. Bu
sonug, STEM egitiminin yaraticili§l ve problem ¢dzme becerilerini besledigi yéniindeki daha genis goriisle
uyumludur (Nugent vd., 2015). Benzer sekilde zulkifli vd. (2022) buttnlesik STEM Teknoloji Pedagojik
icerik Bilgisi modelinin &grencilerin 21. yiizyil becerileri izerinde olumlu etkileri oldugunu bildirmislerdir.
Ayrica Lafifa vd. (2023) STEM yaklasiminin 6grencilerin iletisim, yaraticilik, elestirel diisinme ve is birligi
gibi 21. yuzyil becerilerini gelistirmede etkili oldugunu belirtmislerdir. Arastirma, STEM faaliyetlerinin
sadece bilgi vermekle kalmayip ayni zamanda 6grencileri gercek diinyadaki zorluklara yaratici ¢éziimler
kesfetmeye tesvik eden bir zihniyet gelistirdigini 6ne sirmektedir. Ogrencilerin bitiinlesik STEM
etkinlikleriyle ilgili deneyimlerinin duyussal dzellikleri biyiik 8lciide olumluydu. Ogrenciler siireg icerisinde
eglendiklerini, etkinliklere olan ilgilerinin arttigini ve sire¢ boyunca verimli zaman gegirdiklerini
belirtmislerdir. Faaliyetlere duyduklari merak ve cosku 6zellikle dikkat ¢ekiciydi. Bu olumlu duygusal etki,
genel 6grenme deneyimini gelistirme potansiyeline sahiptir, ¢linki ilgili ve motive olmus 6grencilerin
akademik olarak basarili olma olasiligi daha ylksektir (Lian vd., 2021). Arastirma bulgularimiz STEM
etkinliklerinin 6grencilerin motivasyonlarini arttirdigini bildiren calismalarin (Higde ve Aktamis, 2022)
bulgulari ile uyumludur. STEM etkinlikleri sayesinde 6grenciler duyussal ve psikomotor becerilerine dnem
veren etkinliklerde bulunmuslardir (Higde ve Aktamis, 2022).
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Arastirma bulgulari genel olarak Oz Belirleme Teorisi (ODT) ilkeleriyle tutarlidir. ODT, insan davranisini
etkilemede o6zerkligin, icsel motivasyonun ve kendi kaderini tayin etmenin 6nemini vurgulamaktadir.
Arastirma bulgulari, bittnlesik STEM etkinliklerinin 6grencilerin STEM alanlarina olan ilgisini olumlu
yonde etkiledigini gdstermektedir. Bu durum, ODT'nin i¢sel motivasyona yaptigi vurgu ile uyumludur; zira
ogrencilerin igsel motivasyon kaynaklari olan gergek bir ilgi ve merak hissettiklerinde faaliyetlere katiima
olasiliklari daha yuksektir. Arastirma, bitlinlesik STEM faaliyetlerinin daha iyi 6grenme ciktilarina yol
actigini géstermektedir. ODT, bireylerin ilgi alanlarina uygun faaliyetlerde bulunduklarinda ve ézerklik ve
yetkinlik icin firsatlar sagladiklarinda, becerilerini etkili bir sekilde 6grenme ve gelistirme olasiliklarinin
daha yuksek oldugunu 6ne siirmektedir. Calismanin bulgulari, 6grencilerin bu faaliyetler sirasinda keyif,
merak ve cosku gibi olumlu duygusal deneyimler yasadiklarini géstermektedir. ODT'de olumlu duygular
genellikle i¢csel motivasyonla iliskilendirilir, ¢linkii bireylerin kendilerini iyi hissettiren ve psikolojik
ihtiyaclarini karsilayan faaliyetlere katilma olasiliklari daha yuksektir.

Sonuglar

Bu arastirmanin sonuglari, bittinlesik STEM etkinliklerinin 6grencilerin STEM egitimindeki algilari ve
deneyimleri tzerindeki olumlu etkisini vurgulamaktadir. Bu etkinliklere katilan 6grenciler STEM alanlarina
ilgilerinin arttigini, 6nemli 6grenme ciktilari elde ettiklerini, tasarim becerilerinin ve yenilik¢i disiinme
yeteneklerinin gelistigini bildirmislerdir. Ayrica, bltiinlesik STEM uygulamasina yonelik olumlu duygular
ifade etmislerdir. Biitinlesik STEM faaliyetlerinin 6grencilerin STEM'e olan ilgisini artirmada etkili oldugu
gorulmistir. Bu faaliyetlerin uygulamali ve pratik dogasi, katilimcilar arasinda merak ve cosku
uyandirmistir. STEM alanlari kiresel zorluklarin ele alinmasinda kritik bir rol oynamaya devam ettiginden,
bu ilgiyi erken yaslardan itibaren gelistirmek, gelecek nesilleri STEM kariyerlerini siirdirmeye tesvik etmek
icin onem tasimaktadir (Kim vd., 2018). Dahasi, 6grencilerin 6grenme deneyimleri bu faaliyetler sayesinde
zenginlesmistir. Elektrik devreleri, potansiyel enerji ve biyolojik sistemlerin yapisi gibi konularda pratik
bilgiler edinerek yeni bilgi ve beceriler kazandilar. Bu sadece STEM kavramlarini anlamalarini
derinlestirmekle kalmiyor, ayni zamanda bilgi edinmede uygulamali bir yaklasimin etkinliginin de altini
ciziyor (Li vd., 2020). Arastirma, batinlesik STEM etkinliklerinin 6grencilerin tasarim becerilerini olumlu
yonde etkiledigine yoénelik algilarinin oldugunu goéstermektedir. Mihendislik tasarim sirecini nasil
kullanacaklarini ve islevsel Griinler yaratmayi 6grenerek modern is gliciinde ¢ok degerli olan becerileri
gelistirdiler. STEM profesyonellerine olan talep artmaya devam ettikge, bu beceriler 6grenciler igin
gelecekteki kariyerlerinde degerli bir varlik olacaktir (Papadakis vd., 2021). Arastirma ayrica, 6grenciler
arasinda vyenilikgi diisinme becerilerinin gelisimini de vurgulamaktadir. Ogrencileri yeni fikirler ve
¢o6zimler Gretmeye tesvik etmek, onlari gelecekteki cabalarinda karmasik problem ¢é6zmeye hazirlayabilir.
Bu durum, STEM egitiminde yaraticilik ve yenilige yapilan vurgunun artmasiyla da uyumludur (Dong vd.,
2020). Ogrencilerin bitiinlesik STEM uygulamasina yénelik olumlu duygulari dnemlidir. Keyif almalari ve
katilimlari, bu tlr egitim yontemlerinin yalnizca akademik gelisime katkida bulunmakla kalmayip ayni
zamanda tatmin edici ve eglenceli bir 6grenme deneyimi sagladigini géstermektedir. Bu olumlu duygusal
deneyimler, 6grencilerin egitim yolculuklari ve kariyer segimleri tizerinde uzun sireli etkilere sahip olabilir
(Wang ve Degol, 2013).

Sinirliliklar ve Oneriler

Bu arastirma sinirh bir 6rneklem biytklGgu ile belirli bir cografi bolgede ylratalmustir. Gelecekte
ylritilecek calismalarda yaz okullarinda gerceklesen STEM uygulamalarinda daha fazla érneklem ve
bolge cesitliligi tercih edilebilir. Daha kapsamli ve ¢esitli bir 6rneklem, biitiinlesik STEM egitiminin etkinligi
hakkinda daha genis bilgiler saglayabilir. Arastirma nispeten kisa bir zaman diliminde gergeklestirilmistir.
ileriki arastirmalarda yaz okullarinda &grencilerin gelisimini birkag yil boyunca takip eden boylamsal
calismalar, bittnlesik STEM egitiminin uzun vadeli etkisine dair daha kapsamli bir bakis agisi sunacaktir.
Butinlesik STEM egitiminde gesitliligi ve kapsayiciligl tesvik edecek stratejileri arastirilabilir. Butlinlesik
STEM programlarinda 6grenci katilimini ve motivasyonunu artirmanin yollarinin arastirilmasinin faydali
olacagi diislincesindeyiz. Yenilikci 6gretim yontemlerini, teknoloji entegrasyonunu ve STEM'e siirekli ilgiye
katkida bulunan diger faktorler incelenebilir. Egitim yetkilileri ve okullar, yaz okullarinda ve normal
6gretim programinda bitlinlesik STEM programlarinin kullanilabilirligini genisletmeyi distinmelidir. Daha
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fazla uygulamali, sorgulamaya dayali 6grenme deneyimleri dahil edilerek 6grencilerin STEM alanlarina
olan ilgi ve becerileri daha da gelistirilebilir. Butlinlesik STEM faaliyetlerinin basarisini saglamak igin
O0gretmenlere sirekli mesleki gelisim firsatlari sunmak 6nemlidir. Egitim, 6grenciler arasinda yenilikgi
diisinme ve problem ¢6zme becerilerini tesvik etmeye yonelik stratejiler de dahil olmak Gzere bltinlesik
STEM faaliyetlerinin tasarimi ve uygulanmasina odaklanmalidir. Bitiinlesik STEM programlarini, STEM
alanlarinda yeterince temsil edilmeyen gruplar da dahil olmak lzere gesitli 6grenciler icin daha kapsayici
ve erisilebilir hale getirmek igin ¢aba gosterilmelidir. Bu, tim 6grencilerin STEM'e olan ilgilerini kesfetme
firsatina sahip olmalarini saglamak igin hedeflenen sosyal yardim, burs ve destek hizmetlerini igerebilir.

Etik Kurul izin Bilgisi

Bu calismanin gerceklestirilebilmesi icin Mus Alparslan Universitesi Bilimsel Arastirma ve Yayin Etigi
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