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Academic achievement test. investigated. The study group consisted of 42 seventh-grade students enrolled in

a middle school in Turkiye during the 2023-2024 academic year.The experimental
group received instruction through activities based on the STEM SOS model
Students’ academic achievement was measured using a 30-item achievement test
developed by the researchers, for which the average difficulty index, average
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experimental group, students were divided into groups of five and engaged in
student-centered activities both in and out of the classroom based on the STEM
SOS model, focusing on the topic of light’s interaction with matter. At the first level
of the model, students’ interest and curiosity regarding the topic were stimulated
through open-ended questions; at the second and third levels, experimental
observations were conducted as part of project tasks, and the findings were
transformed into tangible products. The final test results revealed a statistically
significant difference in favor of the experimental group in terms of attitudes
toward STEM and academic achievement.
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Introduction

Science education, an integral part of STEM plays a directly related and complementary role within the broader
STEM framework in STEM education, science plays a central role in understanding natural phenomena, while
the other disciplines provide the necessary tools and methods to explore, analyze, and develop innovations in
these phenomena.The holistic integration of these disciplines promotes an interdisciplinary and holistic
approach to learning in STEM education; this approach allows students to acquire scientific knowledge as well
as develop higher-order thinking skills. Therefore, integrating science education into the STEM model helps
students relate scientific theory to practical applications and supports the development of a new generation
of researchers and problem solvers (Larson & Miller, 2011). In recent years, STEM education has become
important for the needs of students in the 21st century (Gonzalez & Kuenzi, 2012; Al Hamad et al., 2024). This
interdisciplinary approach aims to develop skills such as teamwork, problem-solving, and reasoning (Al Hamad
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et al., 2024). STEM has become a meta-discipline focused on innovation and applied problem solving using
current tools and technologies (Kennedy & Odell, 2014). According to Yidinm and Altun (2015), STEM
education is an approach that integrates different disciplines, enables effective and high-quality learning,
facilitates meaningful learning by connecting acquired knowledge with everyday life, and ultimately contributes
to the development of 21st-century skills.

In the implementation of STEM education, approaches such as the 5E learning model, project-based learning,
and integrated STEM are gaining increasing importance. These approaches aim to encourage students’ active
participation in the learning process, develop their interdisciplinary thinking skills, and enable them to establish
meaningful connections across the fields of science, technology, engineering, and mathematics. In this context,
the 5E learning model (Ultay & Ozkurt, 2025; Agisli Celik, 2022) the project-based learning approach (Bekereci
& Hamzaoglu, 2024), and integrated STEM practices (Gencer et al.,, 2019) are among the approaches widely
used in classroom-based STEM education. However, the effective implementation of STEM education is not
limited to merely transferring specific instructional models into the classroom setting. This process also requires
teachers to engage in interdisciplinary collaboration, pursue professional development, and enhance their
subject knowledge, contextual knowledge, and pedagogical competence through a holistic approach (Al
Hamad et al., 2024; Han et al., 2015; Selvi & Yildirim, 2017; Capraro et al., 2013). These requirements highlight
the growing need for both structured and student-centered implementation models in STEM education. In this
context, the STEM SOS model stands out as a standards-based, student-centered approach that integrates
inquiry-based learning with project-based learning (Selvi & Yildinm, 2017). The STEM SOS model supports
students in taking active responsibility for their learning process, conducting research, collecting data,
analyzing the data they obtain, and presenting their findings through projects or presentations. In this regard,
the model can be considered an approach that contributes to implementing interdisciplinary learning in
classroom applications of STEM education in a more systematic and structured manner . (Selvi & Yildirim, 2017).

The STEM SOS model is related to integrated STEM education, the 5E Learning Model, and project-based
learning; however, it distinguishes itself by offering a more structured, systematic, and application-focused
STEM teaching model than these approaches. Integrated STEM education is defined as a general approach
that aims to incorporate at least two of the disciplines of science, technology, engineering, and mathematics
into the teaching process by linking them to real-life problems, and to develop students’ interdisciplinary
problem-solving skills (Moore et al., 2014, Bybee, 2013; Kennedy & Odell, 2014). The 5E Learning Model, on
the other hand, is a lesson design model that supports students’ conceptual learning through the stages of
engagement, exploration, explanation, elaboration, and evaluation (Ultay & Ozkurt, 2025; Acish Celik, 2022)
Project-based learning, on the other hand, is a process-oriented learning approach that centers on students’
active participation in researching real-life problems, collecting data, developing products, and presenting their
work (Capraro et al, 2013). The STEM SOS model, while leveraging the strengths of these three approaches,
integrates STEM disciplines within a standards-based, research and project focused, technology-supported,
and student-centered framework. In this model, students are not limited to merely establishing interdisciplinary
connections or developing a project product; they also systematically engage in processes such as formulating
research questions, collecting and analyzing data, using technology, collaborating, designing products,
presenting results, and taking ownership of their learning. In this regard, the STEM SOS model distinguishes
itself by transforming the interdisciplinary structure of integrated STEM, the conceptual learning process of the
5E model, and the research-product development dimension of project-based learning into a more planned,
phased, and STEM-focused implementation system (Sahin, 2015; Sahin & Top, 2015; Selvi & Yildirim, 2017).

In this regard, the STEM SOS model can be regarded as a comprehensive and structured framework that
supports interdisciplinary integration through systematic project structures and presentation-based outcomes;
it contributes to the development of students’ higher-order thinking, problem-solving, and collaboration skills.
Indeed, the inability of traditional teaching methods to sufficiently engage students in authentic STEM learning
experiences has made the need for innovative and holistic teaching models even more evident (Baltabiyik &
Duru, 2021). One of the models addressing this need, STEM SOS, enables students to develop their own
solutions (Selvi & Yildirim, 2017). Adopted by Harmony Charter Schools during the 2013-2014 academic year
with the goal of improving math and science achievement across all student subgroups, the core concept of
this model dates back to 2001 (Sahin, 2015). The primary objective of the STEM SOS model, which combines
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research-based learning with project-based learning approaches, is to enhance students’ academic
achievement through a collaborative, project-based learning process by empowering them to take ownership
of their own learning (Selvi & Yildirim, 2017). For this reason, it is important to examine the theoretical
foundations, core components, and implementation processes of the STEM SOS model in detail.

STEM SOS Model

STEM SOS model, the process is supervised by teachers; teachers provide guidance by asking questions to
groups of 3-4 or 5-6 students during classroom research. Level | projects are implemented twice per semester
in accordance with the curriculum and are completed within one week. Students are informed about how to
conduct research, what to pay attention to, and how to analyze data during the project process. Teachers
provide feedback and support to ensure that projects are completed on time. The final product is usually a
PowerPoint presentation, photo gallery, or project report, and each project is evaluated separately using
assessment lists prepared by teachers. Level | projects are short-term and cover a single area, aiming to develop
students’ research skills and contribute to 21st-century skills; they also form the basis for other projects (Selvi
& Yildirim, 2017). Level Il projects are planned at the beginning of the year according to mathematics and
science topics and are carried out with student notes and instructional guide. Instructors provide feedback and,
mentorship including evaluation checklists, to ensuring the completion of activities, while students submit their
completed activities through the website. (Sahin & Top, 2015). Level Il activities are designed for students who
enjoy conducting research and developing their own products; they are interdisciplinary, and technology is
integrated into the project throughout the entire process. Students can choose from pre-determined projects
or develop their own project ideas; these projects are not planned in advance by the teacher (Selvi & Yildirm,
2017; Sahin & Top, 2015). Level 1l and Ill projects are carried out over one semester; Level Il projects are
generally implemented at the middle school level, while Level Il projects are implemented at the high school
level. Technology is directly integrated into both levels through video and photo sharing and presentation
preparation on web-based platforms (Dogan & Robin, 2015). Students can present their completed projects at
science, STEM activities and other STEM-focused competitions; within the model, STEM integration is only
implemented in Level Il and Il projects (Selvi & Yildinm, 2017). This model includes three levels of student
participation: teacher-guided research projects (Level 1), teacher-designed project-based learning (Level Il), and
student-led independent projects (Level 1) (Akgul & Yildinm, 2018). The process is monitored by teachers at
Level I. The integration of STEM SOS activities into science education is consistent with the goals of inquiry-
based learning and constructivist approaches and actively construct knowledge. Research has shown that this
model contributes to students' conceptual understanding, interest in STEM, research skills, and self-confidence
(Sahin, 2015). Pre-service science teachers reported benefits such as product creation, skill development, and
increased interest in research, despite encountering difficulties related to project implementation and group
dynamics (Dede, 2022). High school students found STEM SOS projects useful and experienced positive
emotions during presentations (Akgul & Yildirim, 2018). This model generally involves project-based learning;
while the vast majority of projects fall under Levels | and Il, some projects reach Level lll (Akgll & Yildirim,
2018; Dede, 2022). In another study examining student and teacher roles within the levels, it is noted that in
Level | project-based learning, teachers present questions to student groups that they must answer during in-
class investigations. The same study states thatin Level Il and Level Il project-based learning, teachers maintain
active participation through leadership roles but grant students autonomy regarding teamwork, determining
research topics, and tasks conducted outside of class hours (Erdogan & Bozeman, 2015).

Overall, this model is recognized as an effective approach to enhancing education and students' forward-
looking planning. Particularly in the context of optics education, it emphasizes the importance of STEM
education for young students and pre-service teachers. It has been shown that as a result of using STEM steps
in teaching optics, students' understanding of these concepts has improved. (Dede. 2022). For teacher
candidates, STEM-based practical methodologies have led to significant improvements in both knowledge and
teaching self-efficacy compared to traditional academic-explanatory approaches (Martinez-Borreguero et al.,
2022). STEM SOS model activities are expected to engage students, increase their learning motivation, and
positively impact their academic achievement. A literature review reveals that research specific to the STEM
SOS model is limited (Akgul & Yildinm, 2018; Sahin & Top, 2015; Tanriéver, 2025).



423

Sahin and Top (2015) conducted semi-structured interviews with 11 secondary school students to examine the
STEM SOS model. Findings obtained through grounded theory and continuous comparative analysis
demonstrated that the model made students more active in the learning process through teacher-guided
instruction, practical activities, student presentations and projects carried out throughout the vyear.
Furthermore, the research findings revealed that the STEM SOS model enhances students’ conceptual
understanding of STEM subjects, their interest in STEM, their inclination towards research, their self-confidence,
and their skills in technology, communication, collaboration, and life skills (Sahin & Top, 2015)

Akgul and Yildirm (2018) conducted a qualitative case study with 21 secondary school pupils in Year 10 during
the spring term of the 2016-2017 academic year, with the aim of examining the impact of the STEM SOS model
on various variables. In the study, data were collected using a semi-structured interview form developed by the
researchers and analysed using content analysis. The findings indicated that projects designed in accordance
with the STEM SOS model were found to be beneficial by the students; they enhanced the students’ knowledge
levels, interest and motivation, self-confidence, and presentation and research skills. However, it was
determined that the projects were largely concentrated at Levels | and Il, with only one project being carried
out at Level Il (Akgul & Yildinm, 2018).

Tanridver (2025) examined the theoretical foundations of the STEM SOS model, the project stages structured
as Levels |, Il and IlI, and the model’s impact on the learning process. The study noted that the STEM SOS model
develops students’ skills in scientific research, problem-solving, collaboration, creative thinking,
communication and technology use; it also supports them in producing interdisciplinary outputs based on
real-life problems. In this regard, it was emphasized that the model offers an effective educational approach
capable of increasing students’ interest in STEM fields and their career awareness (Tanriéver, 2025).

The integration of the STEM SOS model into science education is regarded as an important approach that can
help students learn scientific concepts in a more meaningful way through structured, inquiry-based and
project-based activities. This model supports students’ active participation in processes such as data collection,
data analysis, design development, problem-solving and presentation, thereby contributing not only to
conceptual learning but also to the development of skills such as creativity, critical thinking, communication,
collaboration and the use of technology (Sahin & Top, 2015; Bybee, 2013; Moore et al., 2014). Relevant research
indicates that activities based on the STEM SOS model increase students’ interest in the subject, their
motivation, and their participation in the learning process (Akgul & Yildirim, 2018; Selvil & Yildirim, 2017; Sahin
& Top, 2015; Tanribver, 2025).However, studies on the STEM SOS model in the literature appear to be limited;
in particular, no study has been identified that quantitatively examines the combined effect of this model on
secondary school students’ academic achievement and attitudes towards STEM. Therefore, it is considered
important to determine the effect of teaching the topic of ‘Interaction of Light with Matter’, structured in
accordance with the STEM SOS model, on students’ academic achievement and attitudes towards STEM, as
this would contribute to the science education literature.

The Primary aim of this study is to examine the effect of teaching the “Interaction of Light with Matter” unit
through activities based on the STEM SOS model on the academic achievement and attitudes toward STEM
fields of seventh-grade students attending a secondary school in Turkey. In line with this aim, the main research
question of the study was formulated as follows: “What is the effect of teaching the ‘Interaction of Light with
Matter’ unit through STEM SOS model-based activities on seventh-grade students’ academic achievement and
attitudes toward STEM fields? Within the scope of this main research question, answers have been sought to
the following sub-questions:

1-What is the effect of the STEM SOS Model used in the “Light-Matter Interaction” unit on students’ academic
achievement?

2- What is the effect of the STEM SOS Model used in the “Light-Matter Interaction” unit on students’ attitudes
toward STEM fields?
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Method
Research Model

This study employed a quasi-experimental pre-test—post-test control group design. Participants are measured
in relation to the dependent variable before and after the experimental intervention. The advantage of the
pretest—-posttest control group design is that, since measurements are made on the same subijects,
measurements obtained under different experimental conditions will be highly correlated in many experiments,
which will increase statistical power by reducing the error term (Blyukoztirk,. 2001). For science class, the STEM
SOS model was determined as the independent variable, while achievement and attitude towards STEM were
determined as the dependent variables. Students in both groups of the study were determined using an
convenience sampling method. In the implementation group, which was based on the current science
curriculum, lesson content was supported by STEM SOS model projects implemented outside the classroom,
creating a hybrid structure. In the other group, education was conducted in accordance with the approach
prescribed in the science curriculum.Experimental designs are methods that enable the systematic examination
of cause-and-effect relationships between variables through the researcher's intervention However, since the
groups in quasi-experimental designs are predetermined, random assignment to groups is not possible; this
situation carries certain limitations in terms of causal inferences. (Buyukozturk et al., 2012).

Study Group

The study group for this research was determined using a convenience sampling method. This method allowed
the research to be conducted within a limited time and resource framework.(Patton, 2002).

The study group was selected from 7th-grade middle school students in a city located in the Eastern Anatolia
region of Turkiye. The research group includes 21 students (n=21) in the experimental group for the STEM SOS
model, which will be implemented within the scope of the unit on the interaction of light with matter and
integrated into the science teaching program. In addition, the control group, in which teaching will be
implemented through the inquiry-based learning approach recommended by the current science curriculum,
consists of 21 students (n=21), making a total of 42 students. The control group consisted of 12 male and 9
female students, whereas the experimental group comprised 13 female and 8 male students.For the
experimental group, lessons were implemented taking into account the steps of the STEM SOS model.

Data Collection Tools

In this study, STEM attitude scale and achievement test were used to collect quantitative data. Previous studies
have shown that achievement tests developed for light and optics topics at the middle school level in Turkiye
provide important tools for assessing students' knowledge and skills in science. For example, Sevim et al.,
(2021) developed the “Light Propagation Unit Achievement Test” for 5th grade students. Yanar et al. (2019)
used the “Success Test on Light and Sound” they developed for 6th grade students, while Durkaya and Aydoslu
(2021) examined students' cognitive structures and misconceptions using alternative measurement techniques
for the concepts of light and reflection. Furthermore, Can and Akglin (2025) developed the “Light Interaction
with Matter Unit Achievement Test.” These studies demonstrate the diversity and scientific validity of tests
developed for light and optics topics at the middle school level in Turkey and offer teachers important
opportunities for assessing student achievement in science education processes. Instead of using tests from
the literature, our study developed a new achievement test aligned with the learning outcomes and STEM SOS
activities.

Achievement Test

As a data collection tool for the study, a 37-item multiple-choice test was prepared based on the learning
outcomes of the 7th grade unit on the interaction of light with matter for application both groups. The test
questions were selected from questions included in the official publications of the Ministry of National
Education that had undergone validity and reliability studies. A criterion table was created. A total of seven
experts, two of whom were science education academics and five of whom were experienced science teachers,
were consulted on the test questions to determine whether the test was sufficient to measure the unit learning
outcomes, whether there were any scientific errors, and whether the questions were linguistically
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understandable. Based on feedback from subject matter experts, four questions were initially removed from
the test. A 33-question achievement test was administered to two 7th-grade students, and feedback was
collected on their understanding of the questions. Based on the feedback received from the students on the
final version of the test, minor revisions were made to the test, and the final version of the test was completed.
The achievement test was administered to 295 eighth-grade students from three different schools.
Subsequently, the three questions with the lowest item discrimination index were removed, and the academic
achievement test was revised to consist of 30 questions.

The item analysis for the achievement test we developed is presented in Table 1.

Table 1. ltem analysis

Statistics Value

N 295

Total Number of Items 30
Average Difficulty 0.406
Average Discrimination Index 0.748
KR-20 0.771

Table 1 shows that the average difficulty level of the test is 0.406 and its discriminative power is 0.748. This
indicates that the developed achievement test is of medium difficulty on average and has a very high
discriminative power (Turgut & Baykul, 2012). The KR-20 value was determined to be 0.771. A KR-20 value of
0.7 or higher indicates that the developed achievement test has sufficient internal consistency and reliability
(Buyukozturk, 2021). Considering the values in the table, it can be said that the test is reliable.

STEM Attitude Scale

In addition to the achievement test developed by the researchers, the STEM Attitude Scale, developed by Faber
et al. (2013) and adapted into Turkish by Yildirim and Selvi (2015), was employed to assess students’ attitudes
toward STEM. The Turkish adaptation study was carried out with 1,360 middle school students attending the
6th, 7th, and 8th grades. Construct validity was examined through exploratory and confirmatory factor analyses,
whereas reliability was assessed using Cronbach’s alpha internal consistency coefficients, corrected item-total
correlations, and an independent samples t test comparing the item mean scores of the upper and lower 27%
groups. The findings revealed that the Turkish form of the scale consisted of four factors, with factor-level
Cronbach’s alpha coefficients ranging between 0.86 and 0.89 and corrected item-total correlations ranging
from 0.38 to 0.78. These results demonstrated that the Turkish version of the STEM Attitude Scale is a valid and
reliable instrument for measuring students’ attitudes toward STEM (Yildinm & Selvi, 2015).

STEM SOS Model Applied in the Experimental Group.

For the experimental group, the experimental procedure was carried out as in-class activities. The STEM SOS
model activities prepared were designed for in-class and out-of-class curriculum in accordance with the science
course content and learning outcomes. The experimental procedure level conducted for the experimental
group was given in three levels. At Level |, the teacher guided students into the inquiry process by posing
questions such as “How do we observe stars in the sky?”, “Why does a spoon appear bent in a glass of water?”,
and “Can light be focused at a single point?”. Students conducted research in response to these questions and
presented their findings through reports and presentations. At Level Il, within an interdisciplinary framework,
experimental setups related to the dispersion of light were established; students conducted experimental
observations and related the obtained data to real-life and environmental phenomena. At Level Ill, the process
evolved into a product-oriented phase emphasizing student autonomy; students designed optical devices such
as binoculars and telescopes, thereby producing original engineering products. The activity type, duration,
teacher student roles, and learning outputs for these three levels are presented in Table 2.
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Table 2. Activity Types, Implementation Duration, Teacher and Student Roles, and Activity Outputs Across
Levels According to the STEM SOS Model

Level Activity Type Implementation Teacher Role Student Role Activity Output
Duration
Level |  Research based on 1 week (in-class Defines the Conducts Written project
real-life problems; + out-of-class)  problem or observations; reports;
short-term project situation; acts as  begins to preparing and
activities an active generate presenting
(fundamental facilitator who questions; brief content
investigations on structures and attempts to on the topic;
the interaction of guides the understand the  sharing ideas
light with matter) process. problem. with peers.
Level Il Planned project 14 weeks Provides Collects data; Setting up an
work; project-based guidance; conducts experimental
learning activities; supplies experiments; setup,
setting up resources; directs formulates experimental
experimental the process but research data and
setups; group work. does not provide question; observation
direct solutions. actively records; video
participates in presentations.
the research
process.
Level I Interdisciplinary 14 weeks Does not directly Determines the  Original
project plan the process; project topic; project
development; assumes a designs original  product

independent and
interdisciplinary
projects (student-
centered, original
product designs);
product
development.

consultant role
when necessary;
monitors and
evaluates the
process.

solutions;
develops a
product using
technology;
tests the
product and
evaluates the
process.

(binoculars and
telescope); oral
presentation;
final report.

An activity carried out at Level Il is shown below (Figure 1). As can be seen in the figure, the students created
an experimental setup using a power source, a light source, and prisms. With this setup, they observed that
light separates into colors as it passes through the prism and into the air. They also used red, blue, and green
filters to determine that the primary colors combine to form white. At the end of the experiment, the students

connected these phenomena to the environment.

Figure 1. STEM SOS level Il activity (separation of light into colors).
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Data Analysis

In this study, it was examined whether achievement and attitude test scores differed according to the STEM
SOS model experimental treatment variable. To this end, the normal distributions of the tests were examined
to decide which statistical method would be used in the analyses. For statistical analysis, the data obtained
from both groups were examined using SPSS 28. The Shapiro-Wilk test, commonly used to determine whether
data exhibit a normal distribution, especially in small samples (n < 50), is preferred. Therefore, this test was
used in our study to evaluate the normality assumption. The normality analysis results for both groups are
shown in Table 3.
Table 3. Normality Distribution Table

Experimental Group Control Group
Measurement Instrument e .
Statistics p Statistics p
Pre-test 0.826 0.002 0.838 0.003
Achivement Post-test 0.926 0,116 0.839 0.003
Retention test 0.900 0.035 0.836 0.002
. Pre-test 0,879 0.006 0.906 0,047
STEM Attitude Post-test 0.836 0.002 0.907 0.048

As shown in the table, when the Shapiro-Wilk test results were examined, it was determined that the p values
were below .05 for all measurements except the experimental group’s achievement post-test score. This finding
indicates that the relevant data largely did not meet the assumption of normal distribution. Therefore, the non-
parametric Mann-Whitney U test was preferred for between-group comparisons.

Ethical Disclosure

Ethics Committee Approval: This research was conducted with the permission obtained by the Inonu
University Scientific Research and Publication Ethics Committee Social and Human Sciences Scientific Research
and Publication Ethics Committee decision dated 28-08-2025 and numbered 2025/18-31.
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Author Contribution: First author: Contributed to the processes of collecting the data, coding the data
using the SPSS program, obtaining research permissions, and writing the method and discussion sections.
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analyzing the data.

Results

This section presents the results of the statistical analysis of the quantitative data obtained from the
experimental and control groups, conducted using the SPSS program. The findings are presented under two
subheadings: the academic achievement test and the STEM Attitude Scale. First, the results of the pre-test,
post-test, and retention test administered approximately one month after the intervention for the academic
achievement test are discussed. Next, the findings regarding the data obtained from the STEM Attitude Scale
for both groups are presented.

Results on Academic Achievement

One of the research question regarding the academic achievement dimension in the “Light—-Matter Interaction”
unit was that there would be a statistically significant difference in favor of the experimental group between
the pre-test and post-test scores of the experimental group, in which the STEM SOS model was implemented,
and the control group, in which traditional instruction was applied. The results of the Mann-Whitney U test
conducted to test this research question s are presented in the table below.
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Table 4. Mann—-Whitney U Test Results for Pre- and Post-Test Academic Achievement Scores in the
Experimental and Control Groups

Test Group Mean Rank Sum of Rank U p r
Pre-test Experimental 209 439.00 208.00 0.751
Control 221 464.00
Post-test Experimental 25.74 540.50 131.50 0.025 0.35
Control 17.26 362.50

r: Effect size for the Mann-Whitney U test

The results of the Mann-Whitney U test regarding the academic achievement scores of the experimental and
control groups indicated that there was no significant difference between the groups prior to the intervention
(U = 208.0, p = .751). This finding demonstrates that the experimental and control groups had similar
characteristics in terms of academic achievement at the outset. However, when the final test scores obtained
after the intervention were examined, a significant difference in favor of the experimental group was
determined (U = 131.50, p = .025, r = .35). The fact that the experimental group’s rank mean was higher than
that of the control group indicates that the implemented instructional process had a positive and moderate
effect on academic achievement.

The results of the within-group comparisons of the pre-test, post-test, and retention test scores related to
academic achievement in the experimental and control groups are presented in Table 5

Table 5. Results of within-group comparisons of pre-test, post-test, and retention test scores for academic
achievement in the experimental and control groups

Group Test n Mean Rank X? P df w
Experimental Pre-test 21 16
Post-test 21 24 14.00 0.001* 2 0.33
Retention test 21 2.1
Control Pre-test 21 2.1
Post-test 21 18 1.849 0.397 2 0.04
Retention test 21 2.1

Kendall's W coefficient (effect size); x2: Chi-square statistic from the Friedman test.

Intragroup comparisons of pre-test, post-test, and retention test scores related to academic achievement in
the experimental and control groups were analyzed using the Friedman test. The results showed a statistically
significant difference among the three measurements in the experimental group, x3(2) = 14.00, p = .001,
Kendall's W = .33. This finding indicates that the instructional process had a significant and moderate effect on
the academic achievement levels of students in the experimental group. When the mean ranks were examined,
the lowest mean rank was observed in the pre-test (1.6), while the highest mean rank was observed in the post-
test (2.4). The retention test mean rank (2.1) was lower than the post-test but higher than the pre-test. This
finding suggests that academic achievement increased after the intervention and that this increase was largely
maintained in the retention test. In the control group, no statistically significant difference was found among
the pre-test, post-test, and retention test scores, x2(2) = 1.849, p = .397, Kendall's W = .04. The low Kendall's
W value indicates that the effect size was very small. The close mean rank values in the control group also
support the finding that there was no meaningful change in academic achievement across the three
measurements. Overall, the findings indicate that a significant improvement in academic achievement occurred
only in the experimental group.

Results on STEM Attitude

One of the research question regarding the STEM attitude dimension in the “Light-Matter Interaction” unit was
that there would be a statistically significant difference in favor of the experimental group between the pre-
test and post-test scores of the experimental group, in which the STEM SOS model was implemented, and the
control group, in which traditional instruction was applied. The results of the Mann-Whitney U test conducted
to test this research question are presented in the table below.
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Table 6. Mann-Whitney U test results for pre- and post-test STEM attitudes in the experimental and control

groups
Test Group Mean Rank Sum of Rank U p r
Pre-test Experimental 20.52 431.00 200.00 0.606
Control 2248 472.00
Post-test Experimental 26.31 552.50 119.50 0.011* 0.39
Control 16.69 350.50

An examination of the findings in Table 6 reveals that there was no statistically significant difference between
the pre-test STEM attitude scores of the experimental and control groups (U = 200.00, p = .606). This result
indicates that the groups were at a similar level in terms of STEM attitudes prior to the intervention. Analysis
of the post-test scores, however, revealed a statistically significant difference in favor of the experimental group
(U=119.50, p = .011, r = .39). When examining the rank averages, it is observed that the experimental group’s
final test rank average (26.31) is higher than the control group’s rank average (16.69). This finding indicates
that the implemented instructional process was effective in improving students’ STEM attitudes; the effect size
value (r = .39) indicates that this effect is of moderate magnitude The results of the within-group comparisons
of the STEM attitude scores for the experimental and control groups are presented in Table 7.

Table 7. Results of within-group comparisons of STEM attitude scores for the experimental and control groups.

Group Comparison n Z p r
Experimental Pre-test — Post-test 21 -3.725 < .001* 0.81
Control Pre-test — Post-test 21 -1.113 0.266

Table 7 presents the results of the within-group comparisons of STEM attitude scores for the experimental and
control groups. When the STEM attitude pre-test and post-test scores of the experimental group were
compared, a statistically significant difference was found in favor of the post-test, Z = -3.725, p <.001, r = .81.
This finding indicates that the instructional process based on the STEM SOS model significantly improved
students’ attitudes toward STEM. In contrast, no statistically significant difference was found between the STEM
attitude pre-test and post-test scores of the control group, Z = -1.113, p = .266. This result reveals that the
instructional process implemented in the control group did not produce a significant change in students’ STEM
attitudes. Overall, the findings indicate that the significant improvement in STEM attitudes occurred only in the
experimental group and that the STEM SOS model was effective in enhancing students’ attitudes toward STEM.

Discussion and Conclusion

Within the scope of this study, the effect of a teaching process structured according to the stages of the STEM
SOS model for the “Interaction of Light and Matter” unit on students’ academic achievement and attitudes
toward STEM fields was examined within the framework of two sub-problems. In this context, the differences
between the control group, which followed the existing science curriculum, and the experimental group, which
participated in a teaching process enriched with STEM SOS model activities, were evaluated in detail. When
the research findings are evaluated overall, it has been shown that the teaching process based on the STEM
SOS model has positive effects on both cognitive and affective learning outcomes.

The first sub-problem of the study focuses on the effect of the instructional process structured according to
the STEM SOS model on students’ academic achievement. The research findings indicate that the increase in
academic achievement was higher in the experimental group, in which STEM SOS model-based activities were
implemented. Group comparisons based on the post-test results also revealed a statistically significant
difference in favor of the experimental group in terms of academic achievement. This finding suggests that the
inquiry-based, project-based, interdisciplinary, and student-centered structure of the STEM SOS model
enriched the science learning process and positively affected students’ academic achievement.

In activities based on the STEM SOS model, students move beyond being individuals who merely receive ready-
made knowledge and become active learners who conduct research, collect data, analyze data, generate
solutions to problem situations, and present their findings through products or presentations. This process
enables students to construct concepts through examples, practices, projects, and real-life problems rather
than relying on rote learning. Therefore, it can be stated that the increase in academic achievement in favor of
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the experimental group may be attributed to the structure of the STEM SOS model, which actively involves
students in the learning process and supports conceptual understanding.

When the literature on the STEM SOS model is examined, it is seen that there is no study that directly
investigates the effect of this model on middle school students’ academic achievement through quantitative
measurement tools such as achievement tests. Existing studies appear to be mostly qualitative research, case
studies, or analytical studies addressing the theoretical structure and implementation stages of the model. In
these studies, it is reported that the STEM SOS model enhances students’ active participation in the learning
process and supports their conceptual understanding, tendency to conduct research, self-confidence,
communication, collaboration, and technology use skills (Akgul & Yildirnm, 2018; Sahin & Top, 2015; Selvi &
Yildinm, 2017; Tanridver, 2025). Therefore, the academic achievement results obtained in the present study
were evaluated together with the findings of studies on STEM-based instructional approaches that share
partially similar characteristics with the STEM SOS model, such as integrated STEM, project-based learning, and
inquiry-based learning.

In this context, the results obtained in the present study are consistent with the studies conducted by Eroglu
and Bektas (2016), Kavacik (2018), Ceylan (2014), Yildirnm and Selvi (2017), Higde (2018), and Bentley (2021),
which reported that STEM-based and project-oriented learning processes enhance students’ academic
achievement. In Ceylan’s (2014) study, it was found that students in the experimental group, where STEM-
based activities were implemented, had higher levels of academic achievement. Similarly, Yildinm and Selvi
(2017), in their study with middle school students, demonstrated that STEM practices positively affected
academic achievement in science courses. Higde’s (2018) research also indicated that STEM-based activities
contributed to significant improvements in students’ academic achievement and STEM learning strategies.
Relevant studies indicate that STEM-based activities can have positive effects on middle school students’
academic achievement test scores. In this context, it is considered that the STEM SOS model may also be
effective in increasing middle school students’ science academic achievement test scores. The consistency
between the findings obtained in the present study regarding academic achievement and the results of studies
on other STEM approaches and practices suggests that the STEM SOS model may be an approach that
contributes to the improvement of cognitive learning outcomes in science education. However, to support this
inference more strongly, further empirical studies directly examining the STEM SOS model at the middle school
level in relation to academic achievement test results are needed.

The second sub-problem of the study examines the effect of the instructional process structured according to
the STEM SOS model on students’ attitudes toward STEM fields. The research findings indicate that activities
based on the STEM SOS model had a positive effect on students’ attitudes toward STEM fields. Group
comparisons based on the post-test results revealed statistically significant differences in favor of the
experimental group in terms of STEM attitudes. This finding suggests that students’ active participation in the
processes of research, inquiry, design development, product creation, and presentation increased their interest
and motivation toward STEM fields.

Due to the structure of the STEM SOS model, students not only acquire scientific knowledge during the learning
process but also participate in processes such as using technology, engaging in engineering design, solving
problems, working collaboratively, and developing products. These processes can be said to contribute to
students’ perception of STEM disciplines as more meaningful, applicable, and related to daily life. In particular,
presenting STEM content through concrete projects associated with real-life contexts plays an important role
in helping students develop positive attitudes toward STEM fields. Therefore, the positive change observed in
the STEM attitude scores of the experimental group can be explained by the structure of the STEM SOS model,
which enhances students’ interest in STEM fields and supports the development of positive perceptions toward
these fields.

Studies on the STEM SOS model support these interpretations. Sahin and Top (2015) revealed that the STEM
SOS model not only improves students’ conceptual understanding of STEM topics but also enhances their
interest in STEM, tendency to conduct research, self-confidence, communication, collaboration, and life/career
skills. Similarly, Akgil and Yildinm (2018) found that projects designed in accordance with the STEM SOS model
improved students’ interest and motivation, self-confidence, presentation skills, and research skills. Tanridver
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(2025) emphasized that the STEM SOS model supports students in developing interdisciplinary products based
on real-life problems and offers an effective educational approach that may increase their interest in STEM
fields and career awareness. These studies indicate that the STEM SOS model has the potential to improve not
only students’ cognitive learning outcomes but also their affective characteristics toward STEM fields.

However, since studies directly examining the effect of the STEM SOS model on middle school students’
attitudes toward STEM are limited, the findings of the present study were also supported by studies on
integrated STEM, project-based learning, and engineering design-based STEM practices, which share similar
characteristics with the STEM SOS model. In this context, the findings are consistent with the studies conducted
by Kavacik (2018), Aydin and Karsl Baydere (2019), Yavuz (2019), and Bekereci (2022). In Kavacik’s (2018) study,
it was determined that STEM activities integrating engineering and design skills into science courses positively
affected students’ attitudes toward STEM. Aydin and Karsli Baydere (2019) found that the STEM activity titled
“Separation of Mixtures,” developed based on the engineering design process, increased students’ attitudes
toward STEM and related content areas. Similarly, Yavuz's (2019) study showed that STEM practices
implemented at the fourth-grade level had positive effects on students’ attitudes toward STEM. In Bekereci’s
(2022) doctoral dissertation, it was determined that STEM activities designed in accordance with the project-
based learning model led to a significant increase in eighth-grade students’ attitudes toward STEM. These
studies show that STEM activities have positive effects on middle school students’ attitudes toward STEM.
Therefore, although it is considered that the STEM SOS model may also positively influence middle school
students’ attitudes toward science and STEM, this inference needs to be supported by further empirical studies
directly focusing on the STEM SOS model at the middle school level.

When these findings are evaluated together, it can be stated that the statistically significant differences
obtained in favor of the experimental group in terms of academic achievement and attitudes toward STEM
may be attributed to the structure of the STEM SOS model, which provides students with opportunities for
active participation, conducting research, developing designs, working collaboratively, and producing tangible
products. As a result, activities conducted based on the STEM SOS model appear to have positive effects on
students’ cognitive and affective learning outcomes. The inquiry-based, interdisciplinary, project-based, and
student-centered structure of the model contributed to students’ ability to relate theoretical knowledge to
real-life problems, deepen their conceptual learning regarding the “Interaction of Light and Matter” unit, and
integrate their science knowledge with engineering design processes. In addition, this process increased
students’ interest in science courses and supported the development of characteristics such as motivation, self-
confidence, curiosity, innovation, and inquiry. In this respect, the present study is expected to contribute to the
relevant literature by demonstrating that the STEM SOS model is an effective and functional approach for
improving both academic achievement and attitudes toward STEM in middle school science education.

Recommendations and Limitations

Considering the findings and limitations of this study, it is recommended that further research be conducted
to examine the effectiveness of the STEM SOS model in different school types, grade levels, and subject areas
within science education. Since the study was carried out in only one school, with 42 students, and limited to
the “Light and Matter” unit, the generalizability of the findings is constrained. Therefore, future studies should
include broader and more diverse samples. In addition, in order to reveal more comprehensively the effects of
the STEM SOS model on students’ academic achievement, attitudes, and learning processes, it is recommended
that future research be supported not only by quantitative data collection tools but also by qualitative data
sources such as interviews, observations, and student products.
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Isigin Madde ile Etkilesimi Konusunun Ogretiminde STEM SOS
Modelinin Akademik Basari ve STEM Tutumlari Uzerindeki Etkileri

Nejmettin Yildinm?! Nevzat Bayri?
Makale Bilgisi Ozet
Anahtar Kelime Bu arastirmada, Isigin Madde ile Etkilesimi konusunun Fen, Teknoloji, Mihendislik
STEM SOS modeli, ve Matematik Ogrencileri Sahnede (STEM SOS) modeli kullanilarak uygulanmasinin
Ortaokul 6grencileri, ogrencilerin akademik basarlari ve tutumlan Gzerindeki etkileri incelenmistir.
Akademik basari test. Arastirmanin galisma grubunu, 2023-2024 egitim-6gretim yilinda Turkiye'de bir
ortaokulda 6grenim géren 42 yedinci sinif 6grencisi olusturmustur. Deney
Yiikleme: 12.01.2026 grubunda dgretim, STEM SOS modeline dayali etkinlikler araciigiyla yuratalmastar.
Ogrencilerin akademik basarilari, arastirmacilar tarafindan gelistirilen 30 maddelik
Kabul: 15.06.2026 basari testi ile dl¢ilmustir. Bu teste iliskin ortalama giiclik indeksi 0.406, ortalama
ayirt edicilik indeksi 0.748 ve KR-20 guvenirlik katsayisi 0.771 olarak hesaplanmistir.
Yayin: 30.06.2026 Ogrencilerin STEM’e yonelik tutumlar ise Faber ve digerleri (2013) tarafindan

gelistirilen ve Yildirnm ve Selvi (2015) tarafindan Turkgeye uyarlanan STEM Tutum
Olgegi ile belirlenmistir. Olgegin Cronbach alfa giivenirlik katsayisi 0.94 olarak rapor
edilmistir. Deney grubunda 6grenciler beser kisilik gruplara aynimis ve lIsigin
Madde ile Etkilesimi konusu kapsaminda STEM SOS modeline dayali olarak sinif ici
ve sinif disi 6grenci merkezli etkinliklere katilmistir. Modelin birinci diizeyinde, agik
uclu sorular aracihgiyla dgrencilerin konuya iliskin ilgi ve meraklarn harekete
DOI: 10.17984/adyuebd.1861909 gegcirilmistir. ikinci ve liciincli diizeylerde ise proje gérevleri kapsaminda deneysel
go6zlemler yapilmis ve elde edilen bulgular somut trtnlere donustirilmastir. Son
test sonuglari, STEM’e yOnelik tutum ve akademik basari agisindan deney grubu
lehine istatistiksel olarak anlaml bir fark oldugunu ortaya koymustur.

Arastirma makalesi

Girig
Fen egitimi, STEM’in ayrilmaz bir bileseni olarak, STEM egitiminin daha genis cergevesi icinde dogrudan iligkili
ve tamamlayici bir role sahiptir. STEM egitiminde fen, dogal olaylarin anlasiimasinda merkezi bir konumda yer
alirken; diger disiplinler bu olaylarin arastiriimasi, analiz edilmesi ve bu alanlarda yenilikci ¢ziimler gelistirilmesi
icin gerekli arac ve yontemleri saglamaktadir. Bu disiplinlerin bttincil bicimde entegrasyonu, STEM egitiminde
disiplinler arasi ve butuncul bir 6grenme yaklasimini desteklemektedir. S6z konusu yaklasim, 6grencilerin
bilimsel bilgi edinmelerinin yani sira Ust diizey distinme becerilerini gelistirmelerine de olanak tanimaktadir.
Bu nedenle, fen egitiminin STEM modeliyle bitunlestiriimesi, 6égrencilerin bilimsel kuramlari uygulamali
calismalarla iliskilendirmelerine yardimci olmakta ve yeni nesil arastirmacilarin ve problem ¢6zlcu bireylerin
yetismesine katki saglamaktadir (Larson ve Miller, 2011). Son yillarda STEM egitimi, 21. ylzyilda 6grencilerin
gereksinim duydugu beceriler agisindan énemli héle gelmistir (Gonzalez ve Kuenzi, 2012; Al Hamad vd., 2024).
Bu disiplinler arasi yaklasim; takim calismasi, problem ¢6zme ve akil yirtitme gibi becerilerin gelistiriimesini
amaclamaktadir (Al Hamad vd., 2024). STEM, glncel ara¢ ve teknolojilerden yararlanarak yenilik¢ilik ve
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uygulamali problem ¢6zmeye odaklanan bir meta-disiplin haline gelmistir (Kennedy ve Odell, 2014). Yildirim
ve Altun’a (2015) gore STEM egitimi; farkli disiplinleri butlinlestiren, etkili ve nitelikli 6grenmeyi mimkun kilan,
edinilen bilgilerin giinltik yasamla iliskilendirilmesi yoluyla anlamli 6grenmeyi kolaylastiran ve nihayetinde 21.
yuzyil becerilerinin gelisimine katki saglayan bir yaklasimdir.

STEM egitiminin uygulanmasinda 5E 6grenme modeli, proje tabanli 6grenme ve butinlesik STEM gibi
yaklasimlar giderek daha fazla dnem kazanmaktadir. Bu yaklasimlar, dgrencilerin 6grenme sirecine aktif
katilimini tesvik etmeyi, disiplinler arasi distinme becerilerini gelistirmeyi ve fen, teknoloji, mihendislik ve
matematik alanlari arasinda anlamli baglantilar kurmalarini saglamayr amaglamaktadir. Bu baglamda, 5E
6grenme modeli (Ultay ve Ozkurt, 2025; Agisli Celik, 2022), proje tabanli 6grenme yaklasimi (Bekereci ve
Hamzaoglu, 2024) ve butlnlesik STEM uygulamalari (Gencer vd., 2019), sinif temelli STEM egitiminde yaygin
olarak kullanilan yaklasimlar arasinda yer almaktadir. Ancak STEM egitiminin etkili bicimde uygulanmasi,
yalnizca belirli 6gretim modellerinin sinif ortamina aktariimasiyla sinirli degildir. Bu sire¢ ayni zamanda
ogretmenlerin disiplinler arasi is birligi icinde olmalarini, mesleki gelisimlerini strdirmelerini ve alan bilgisi,
baglamsal bilgi ile pedagojik yeterliklerini battuncil bir yaklasimla gelistirmelerini gerektirmektedir (Al Hamad
vd., 2024; Han vd., 2015; Selvi ve Yildinm, 2017; Capraro vd., 2013). Bu gereklilikler, STEM egitiminde hem
yapilandirilmis hem de 6grenci merkezli uygulama modellerine duyulan ihtiyaci ortaya koymaktadir. Bu
baglamda STEM SOS modeli, arastirma-sorgulamaya dayali 6grenme ile proje tabanli 6grenmeyi bittnlestiren,
standart temelli ve dgrenci merkezli bir yaklasim olarak one ¢ikmaktadir (Selvi ve Yildinm, 2017). STEM SOS
modeli, 6grencilerin 6grenme surecinde aktif sorumluluk almalarini, arastirma yapmalarini, veri toplamalarini,
elde ettikleri verileri analiz etmelerini ve bulgularini proje ya da sunumlar araciligiyla paylasmalarini
desteklemektedir. Bu yonuyle model, STEM egitiminin sinif i¢i uygulamalarinda disiplinler arasi 6grenmenin
daha sistematik ve yapilandinlmis bigcimde gergeklestiriimesine katki saglayan bir yaklasim olarak
degerlendirilebilir (Selvi ve Yildirim, 2017). STEM SOS modeli; buttinlesik STEM egitimi, 5E 6grenme modeli ve
proje tabanl 6grenme ile iliskili olmakla birlikte, bu yaklasimlardan daha yapilandiriimis, sistematik ve uygulama
odakli bir STEM 6gretim modeli sunmasi bakimindan ayrismaktadir. Butinlesik STEM egitimi, fen, teknoloji,
muhendislik ve matematik disiplinlerinden en az ikisinin 6gretim sirecine gercek yasam problemleriyle
iliskilendirilerek dahil edilmesini ve 6grencilerin disiplinler arasi problem ¢6zme becerilerinin gelistirilmesini
amaclayan genel bir yaklasim olarak tanimlanmaktadir (Moore vd., 2014, Bybee, 2013; Kennedy ve Odell, 2014).
5E 6grenme modeli ise dgrencilerin kavramsal dgrenmelerini; dikkat cekme, kesfetme, agiklama, derinlestirme
ve degerlendirme asamalar araciligiyla destekleyen bir ders tasarim modelidir (Ultay ve Ozkurt, 2025; Acisli
Celik, 2022). Proje tabanli 6grenme ise dgrencilerin gercek yasam problemlerini arastirma, veri toplama, riin
gelistirme ve galismalarini sunma siireclerine aktif katilimini merkeze alan stire¢ odakl bir 6grenme yaklagimidir
(Capraro vd., 2013). STEM SOS modeli, bu ¢ yaklasimin gugli yonlerinden yararlanmakla birlikte, STEM
disiplinlerini standart temelli, arastirma ve proje odakli, teknoloji destekli ve 6grenci merkezli bir ¢ercevede
batunlestirmektedir. Bu modelde 6grenciler yalnizca disiplinler arasi baglantilar kurmak ya da bir proje trtind
gelistirmekle sinirl kalmamakta; ayni zamanda arastirma sorulari olusturma, veri toplama ve analiz etme,
teknolojiyi kullanma, is birligi yapma, Urun tasarlama, sonuglar sunma ve kendi 6grenme sureglerinin
sorumlulugunu Ustlenme gibi sureclere sistematik bicimde katiimaktadir. Bu yonuyle STEM SOS modeli;
butunlesik STEM’in disiplinler arasi yapisini, 5E modelinin kavramsal 6grenme surecini ve proje tabanh
6grenmenin arastirma-urun gelistirme boyutunu daha planli, asamali ve STEM odakl bir uygulama sistemine
donustirmesi bakimindan ayirt edici bir nitelik tasimaktadir (Sahin, 2015; Sahin ve Top, 2015; Selvi ve Yildirm,
2017).

Bu baglamda STEM SOS modeli, sistematik proje yapilari ve sunum temelli ¢iktilar araciigiyla disiplinler arasi
butunlesmeyi destekleyen kapsamli ve yapilandiriimis bir cerceve olarak degerlendirilebilir. Model, 6grencilerin
Ust duizey dustinme, problem ¢dzme ve is birligi becerilerinin gelisimine katki saglamaktadir. Nitekim geleneksel
ogretim yontemlerinin 6grencileri 6zgin STEM dgrenme deneyimlerine yeterince dahil edememesi, yenilikgi
ve butincul 6gretim modellerine duyulan gereksinimi daha belirgin hale getirmistir (Baltabiyik ve Duru, 2021).
Bu gereksinime yanit veren modellerden biri olan STEM SOS, 6grencilerin kendi ¢dzimlerini gelistirmelerine
olanak tanimaktadir (Selvi ve Yildirim, 2017). Tum 6grenci alt gruplarinda matematik ve fen basarisini artirmak
amaciyla 2013-2014 egitim-6gretim yilinda Harmony Charter Schools tarafindan benimsenen bu modelin
temel distincesi 2001 yilina kadar uzanmaktadir (Sahin, 2015). Arastirmaya dayali 6grenme ile proje tabanli
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ogrenme yaklasimlarini bir araya getiren STEM SOS modelinin temel amaci, 6grencilerin kendi 6grenme
sureclerinin sorumlulugunu Ustlenmelerini saglayarak is birlikli ve proje temelli bir 6grenme sireci aracihgiyla
akademik basarilarini artirmaktir (Selvi ve Yildinm, 2017). Bu nedenle, STEM SOS modelinin kuramsal
temellerinin, temel bilesenlerinin ve uygulama sireclerinin ayrintili bigimde incelenmesi 6nem tasimaktadir.

STEM SOS Modeli

STEM SOS modelinde siire¢ 6gretmenler tarafindan izlenmekte ve 6gretmenler, sinif igi arastirmalar sirasinda
3-4 ya da 5-6 kisilik 6grenci gruplarina sorular yonelterek rehberlik saglamaktadir. I. diizey projeler, dgretim
programina uygun olarak her dénem iki kez uygulanmakta ve bir hafta icinde tamamlanmaktadir. Proje
surecinde 6grenciler; arastirmanin nasil yuratulecegi, nelere dikkat edilmesi gerektigi ve verilerin nasil analiz
edilecegi konularinda bilgilendirilmektedir. Ogretmenler, projelerin zamaninda tamamlanmasini saglamak
amaciyla 6grencilere geri bildirim ve destek sunmaktadir. Nihai Griin genellikle PowerPoint sunumu, fotograf
galerisi ya da proje raporu seklinde hazirlanmakta ve her proje, dgretmenler tarafindan hazirlanan
degerlendirme listeleri kullanilarak ayri ayri degerlendirilmektedir. I. diizey projeler kisa sureli olup tek bir alani
kapsamaktadir. Bu projeler, 6grencilerin arastirma becerilerini gelistirmeyi ve 21. ylzyll becerilerine katki
saglamay amagclamakta; ayni zamanda diger projeler igin temel olusturmaktadir (Selvi ve Yildinm, 2017). II.
duzey projeler, matematik ve fen konularina gore yilin basinda planlanmakta; 6grenci notlari ve 6gretim
kilavuzu dogrultusunda yurttulmektedir. Odreticiler, etkinliklerin tamamlanmasini  saglamak amaciyla
degerlendirme kontrol listeleri de dahil olmak Gzere geri bildirim ve mentorlik destegi sunmakta; dgrenciler
ise tamamladiklar etkinlikleri web sitesi Uzerinden teslim etmektedir (Sahin ve Top, 2015). Ill. duzey etkinlikler,
arastirma yapmaktan ve kendi Urtnlerini gelistirmekten hoslanan 6grencilere yonelik olarak tasarlanmistir. Bu
etkinlikler disiplinler arasi nitelik tasimakta ve teknoloji proje slrecinin tamamina entegre edilmektedir.
Ogrenciler 6nceden belirlenmis projeler arasindan secim yapabilmekte ya da kendi proje fikirlerini
gelistirebilmektedir. Bu projeler 6gretmen tarafindan dnceden planlanmamaktadir (Selvi ve Yildinm, 2017,
Sahin ve Top, 2015). II. ve lll. diizey projeler bir dbnem boyunca yurutilmektedir. Il. dizey projeler genellikle
ortaokul diizeyinde, Ill. diizey projeler ise lise diizeyinde uygulanmaktadir. Her iki diizeyde de teknoloji; web
tabanh platformlarda video ve fotograf paylasimi ile sunum hazirlama sirecleri araciligiyla dogrudan entegre
edilmektedir (Dogan ve Robin, 2015). Ogrenciler tamamladiklari projeleri bilim senliklerinde, STEM
etkinliklerinde ve STEM odakli diger yarismalarda sunabilmektedir. Model kapsaminda STEM entegrasyonu
yalnizca Il. ve lll. duzey projelerde gerceklestirilimektedir (Selvi ve Yildirrm, 2017). Bu model, 6grencilerin
katiimini G¢ diizeyde ele almaktadir: 6gretmen rehberliginde yuratulen arastirma projeleri (1. Dlizey), 6gretmen
tarafindan tasarlanan proje tabanli 6grenme etkinlikleri (Il. Duzey) ve 6grenci liderliginde yurutulen bagimsiz
projeler (I1l. Duzey) (Akgul ve Yildirim, 2018). I. duzeyde stre¢ 6gretmenler tarafindan yakindan izlenmektedir.
STEM SOS etkinliklerinin fen egitimine entegrasyonu, arastirma-sorgulamaya dayali 6grenme ve yapilandirmaci
yaklasimin hedefleriyle uyumludur. Bu stirecte 6grenciler bilgiyi aktif bicimde yapilandirmaktadir. Aragtirmalar,
bu modelin 6grencilerin kavramsal anlamalarina, STEM’e yonelik ilgilerine, arastirma becerilerine ve 06z
glvenlerine katki sagladigini gostermektedir (Sahin, 2015). Fen bilgisi 6gretmen adaylari, proje uygulama stireci
ve grup dinamiklerine iliskin gesitli gtgcltklerle karsilasmalarina ragmen Uriin olusturma, beceri gelistirme ve
arastirmaya yonelik ilgide artis gibi kazanimlar elde ettiklerini belirtmislerdir (Dede, 2022). Lise dgrencileri ise
STEM SOS projelerini yararli bulmus ve sunum sireclerinde olumlu duygular yasadiklarini ifade etmislerdir
(Akgul ve Yildinm, 2018). Bu model genel olarak proje tabanli 6grenmeyi icermektedir. Projelerin buyik
cogunlugu 1. ve Il. duzey kapsaminda yer almakla birlikte, bazi projeler Ill. diizeye ulasabilmektedir (Akgul ve
Yildinm, 2018; Dede, 2022). Modelin duzeyleri kapsaminda 6grenci ve 6gretmen rollerini inceleyen bir baska
calismada, I. dlizey proje tabanli 6grenmede 6gretmenlerin 6grenci gruplarina sinif igi arastirmalar sirasinda
yanitlamalari gereken sorular sundugu belirtiimektedir. Ayni ¢calismada, Il. ve llI. diizey proje tabanl 6grenmede
ogretmenlerin liderlik rolleri aracihgiyla aktif katimlarini sirdirddkleri; buna karsin 6grencilere takim ¢alismasi,
arastirma konularinin belirlenmesi ve ders disi zamanlarda yuratilen gorevler konusunda 6zerklik tanidiklari
ifade edilmektedir (Erdogan ve Bozeman, 2015).

Genel olarak bu model, egitimin niteligini artirmada ve 6grencilerin gelecege yonelik planlama becerilerini
gelistirmede etkili bir yaklasim olarak kabul edilmektedir. Ozellikle optik egitimi baglaminda, STEM egitiminin
kicuk yastaki 6grenciler ve 6gretmen adaylari agisindan énemini vurgulamaktadir. Optik 6gretiminde STEM
basamaklarinin kullanilmasinin dgrencilerin bu kavramlara iliskin anlamalarini gelistirdigi gdsterilmistir.



435

Ogretmen adaylari agisindan ise STEM temelli uygulamali yontemlerin, geleneksel akademik-aciklayici
yaklasimlara kiyasla hem bilgi diizeylerinde hem de dgretim 6z yeterliklerinde anlamli gelismeler sagladig
belirlenmistir (Martinez-Borreguero vd., 2022). STEM SOS modeli etkinliklerinin 6grencilerin derse katilimini
artirmasi, 6grenme motivasyonlarini gucglendirmesi ve akademik basarilarini olumlu ydnde etkilemesi
beklenmektedir. Alanyazin incelendiginde, STEM SOS modeline 06zgu arastirmalarin  sinirh  oldugu
gorulmektedir (Akgtl ve Yildinm, 2018; Sahin ve Top, 2015; Tanridver, 2025).

Sahin ve Top (2015), STEM SOS modelini incelemek amaciyla 11 ortaokul dgrencisiyle yar yapilandiriimig
gorusmeler gerceklestirmistir. GOmUlU teori ve surekli karsilastirmali analiz yoluyla elde edilen bulgular,
modelin 6gretmen rehberliginde yurutilen 6gretim, uygulamal etkinlikler, 6grenci sunumlari ve yil boyunca
gerceklestirilen projeler araciligiyla 6grencileri 6grenme sirecinde daha aktif héle getirdigini gostermistir.
Ayrica arastirma bulgulari, STEM SOS modelinin 6grencilerin STEM konularina iliskin kavramsal anlamalarini,
STEM’e yoOnelik ilgilerini, arastirmaya yonelimlerini, 6z givenlerini; teknoloji, iletisim, is birligi ve yasam
becerilerini gelistirdigini ortaya koymustur (Sahin ve Top, 2015). Akgul ve Yildinm (2018), STEM SOS modelinin
cesitli degiskenler Gzerindeki etkisini incelemek amaciyla 2016-2017 egitim-6gretim yili bahar déneminde 10.
sinifta 6grenim goren 21 ortadgretim 6grencisiyle nitel bir durum calismasi yuratmustir. Arastirmada veriler,
arastirmacilar tarafindan gelistirilen yar yapilandiriimis gériisme formu aracihgiyla toplanmis ve igerik analizi
yontemiyle ¢cdézimlenmistir. Bulgular, STEM SOS modeline uygun olarak tasarlanan projelerin 6grenciler
tarafindan yararli bulundugunu; 6grencilerin bilgi dizeylerini, ilgi ve motivasyonlarini, 6z givenlerini, sunum
ve arastirma becerilerini gelistirdigini gostermistir. Bununla birlikte projelerin biyik dl¢ude 1. ve II. dizeylerde
yogunlastigi, yalnizca bir projenin Ill. duzeyde gercgeklestirildigi belirlenmistir (Akgul ve Yildinm, 2018).
Tanribver (2025), STEM SOS modelinin kuramsal temellerini, I., Il. ve lll. dizey olarak yapilandirilan proje
asamalarini ve modelin 6grenme sireci Uzerindeki etkisini incelemistir. Calismada, STEM SOS modelinin
ogrencilerin bilimsel arastirma, problem ¢6zme, is birligi, yaratici disinme, iletisim ve teknoloji kullanimi
becerilerini gelistirdigi; ayrica gercek yasam problemlerine dayal disiplinler arasi Uriinler ortaya koymalarini
destekledigi belirtilmistir. Bu yoniyle modelin, dgrencilerin STEM alanlarina yonelik ilgilerini ve kariyer
farkindaliklarini artirabilecek etkili bir egitim yaklasimi sundugu vurgulanmistir (Tanriéver, 2025).

STEM SOS modelinin fen egitimine entegrasyonu, dgrencilerin bilimsel kavramlari yapilandiriimig, arastirma-
sorgulamaya dayali ve proje temelli etkinlikler araciigiyla daha anlamli bicimde dgrenmelerine katki
saglayabilecek 6nemli bir yaklasim olarak degerlendirilmektedir. Bu model, 6grencilerin veri toplama, veri
analizi, tasarim gelistirme, problem ¢6zme ve sunum yapma gibi sUreclere aktif katilimini desteklemekte;
boylece yalnizca kavramsal 6grenmeye degil, ayni zamanda yaraticilik, elestirel distinme, iletisim, is birligi ve
teknoloji kullamimi gibi becerilerin gelisimine de katki saglamaktadir (Sahin ve Top, 2015; Bybee, 2013; Moore
vd., 2014). ilgili arastirmalar, STEM SOS modeline dayal etkinliklerin 6grencilerin konuya yénelik ilgilerini,
motivasyonlarini ve 6grenme surecine katihmlarini artirdigini géstermektedir (Akgul ve Yildinm, 2018; Selvi ve
Yildinm, 2017; Sahin ve Top, 2015; Tanridver, 2025). Bununla birlikte, alanyazinda STEM SOS modeline iliskin
calismalarin sinirl oldugu gorulmektedir. Ozellikle bu modelin ortaokul 6grencilerinin akademik basarilari ve
STEM’e yonelik tutumlari Gzerindeki birlesik etkisini nicel olarak inceleyen bir ¢alismaya rastlanmamistir. Bu
nedenle, STEM SOS modeline uygun olarak yapilandirilan “Isigin Madde ile Etkilesimi” konusunun égretiminin
ogrencilerin akademik basarilari ve STEM’e yonelik tutumlar Uzerindeki etkisinin belirlenmesinin fen egitimi
alanyazinina katki saglayacag dustintlmektedir.

Bu arastirmanin temel amaci, Turkiye’'de bir ortaokulda 6grenim gdren yedinci sinif dgrencilerine “Isigin Madde
ile Etkilesimi” Unitesinin STEM SOS modeline dayal etkinliklerle 6gretilmesinin, 6grencilerin akademik basarilari
ve STEM alanlarina yonelik tutumlar Gzerindeki etkisini incelemektir. Bu ama¢ dogrultusunda arastirmanin
temel problem ciimlesi su sekilde belirlenmistir:

“Isigin Madde ile Etkilesimi’ Unitesinin STEM SOS modeline dayal etkinliklerle dgretilmesinin, yedinci sinif
ogrencilerinin akademik basarilari ve STEM alanlarina yonelik tutumlar Uzerindeki etkisi nedir?”

Bu temel problem dogrultusunda asagidaki alt problemlere yanit aranmistir:

1-“Isigin Madde ile Etkilesimi” Unitesinde kullanilan STEM SOS modelinin 6grencilerin akademik basarilari
Uzerindeki etkisi nedir?
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2-“Isigin Madde ile Etkilesimi” Gnitesinde kullanilan STEM SOS modelinin 6grencilerin STEM alanlarina yonelik
tutumlar Uzerindeki etkisi nedir?

Yontem
Arastirma Modeli

Bu arastirmada, yari deneysel desenlerden 6n test-son test kontrol gruplu desen kullaniimistir. Bu desende
katihmcilar, deneysel islem 6ncesinde ve sonrasinda bagimli degisken agisindan 6lgiilmektedir. On test-son test
kontrol gruplu desenin avantaji, ayni denekler tizerinde dl¢iim yapilmasi nedeniyle, bircok deneysel ¢alismada
farkli deneysel kosullar altinda elde edilen dl¢timlerin yiksek dizeyde iligkili olmasidir. Bu durum, hata terimini
azaltarak istatistiksel guicti artirmaktadir (Buyukoztirk, 2001). Arastirmada fen bilimleri dersi kapsaminda STEM
SOS modeli bagimsiz degisken; akademik basari ve STEM’e yodnelik tutum ise bagimh degiskenler olarak
belirlenmistir. Arastirmanin her iki grubunda yer alan 6grenciler uygun drnekleme yontemiyle belirlenmistir.
Uygulama grubunda, mevcut fen bilimleri 6gretim programina dayal ders igerigi, sinif disinda yurutilen STEM
SOS modeli projeleriyle desteklenmis ve bdylece hibrit bir yapi olusturulmustur. Diger grupta ise dgretim, fen
bilimleri 6gretim programinda ©ngo6rilen yaklasim dogrultusunda yurttalmustir. Deneysel desenler,
arastirmacinin  mudahalesi yoluyla degiskenler arasindaki neden-sonug iligkilerinin sistematik bigcimde
incelenmesine olanak saglayan yontemlerdir. Bununla birlikte, yar deneysel desenlerde gruplar dnceden
belirlenmis oldugundan gruplara rastgele atama yapilmasi miumkin degildir. Bu durum, nedensel ¢ikarimlar
acisindan bazi sinirhliklar tagimaktadir (Buyukoztirk vd., 2012).

Gahisma Grubu

Bu arastirmanin calisma grubu, uygun drnekleme yontemi kullanilarak belirlenmistir. Bu yéntem, arastirmanin
sinirh zaman ve kaynaklar cercevesinde yuritilmesine olanak saglamistir (Patton, 2002). Arastirmanin ¢alisma
grubu, Turkiye'nin Dogu Anadolu Bolgesi'nde yer alan bir ilde dgrenim goéren 7. sinif ortaokul 6grencileri
arasindan segilmistir. Arastirma grubu, “Isigin Madde ile Etkilesimi” Unitesi kapsaminda fen bilimleri dgretim
programina entegre edilerek uygulanacak STEM SOS modeline dayal 6gretimin yratildigia deney grubunda
yer alan 21 dgrenciden (n=21) olusmaktadir. Ayrica mevcut fen bilimleri 6gretim programinda Onerilen
arastirma-sorgulamaya dayal 6grenme yaklasimi dogrultusunda dgretimin yUrutildugu kontrol grubunda da
21 6grenci (h=21) yer almakta olup arastirmaya toplam 42 égrenci katilmistir. Kontrol grubunda 12 erkek ve 9
kiz 6grenci bulunurken, deney grubunda 13 kiz ve 8 erkek 6grenci yer almistir. Deney grubunda dersler, STEM
SOS modelinin basamaklari dikkate alinarak yurutalmastar.

Veri Toplama Araclari

Bu arastirmada nicel verilerin toplanmasinda STEM Tutum Olgegi ve arastirmacilar tarafindan gelistirilen basar
testi kullanilmistir. Alanyazin incelendiginde, Turkiye'de ortaokul diizeyinde isik ve optik konularina yonelik
cesitli basari testlerinin gelistirildigi gortulmektedir. Bu testler, 6grencilerin fen bilimleri alanindaki bilgi,
kavramsal anlama ve akademik basarn duzeylerini degerlendirmede ©Onemli 6lgme araglar olarak
kullanilmaktadir. Ornegin Sevim ve arakadaglar (2021), 5. sinif 6grencilerine yonelik “Isigin Yayilmasi Unitesi
Basari Testi’ni gelistirmistir. Yanar ve arkadaslari (2019), 6. sinif 6grencileri icin gelistirdikleri “Isik ve Ses Konusu
Basar Testi’ni kullanmis; Durkaya ve Aydoslu (2021) ise isik ve yansima kavramlarina iliskin dgrencilerin bilissel
yapilarini ve kavram yanilgilarini alternatif dlgme teknikleriyle incelemistir. Bunun yani sira Can and Akgin
(2025) “Isigin Madde ile Etkilesimi Unitesi Basar Testi’ni gelistirmistir. S6z konusu galismalar, ortaokul
dizeyinde 1sik ve optik konularina yonelik gelistirilen 6lgme araglarinin gesitliligini ortaya koymakta ve fen
egitimi sureglerinde 6grenci basarisinin degerlendirilmesine katki saglamaktadir. Bununla birlikte, mevcut
arastirmanin amaci ve uygulama sureci dikkate alindiginda, alanyazindaki hazir testlerin dogrudan kullaniimasi
yerine arastirmanin kapsamina 6zgl yeni bir basar testi gelistirilmesi uygun gorilmistur. Bu dogrultuda,
arastirmada kullanilan basari testi dgretim programindaki ilgili kazanimlar, “Isigin Madde ile Etkilesimi”
Unitesinin icerigi ve STEM SOS modeline dayali etkinlikler dikkate alinarak hazirlanmistir.

Basar Testi

Arastirmada veri toplama araci olarak, 7. sinif “Isigin Madde ile Etkilesimi” Unitesinin kazanimlari dogrultusunda
deney ve kontrol gruplarina uygulanmak tizere 37 maddelik ¢coktan segmeli bir basari testi hazirlanmistir. Test
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maddeleri, gegerlik ve glvenirlik ¢calismalari yapilmis olan Milli Egitim Bakanligina ait resmi yayinlarda yer alan
sorular arasindan secilmistir. Testin kapsam gecerligini saglamak amaciyla bir belirtke tablosu olusturulmustur.
Test maddelerinin Unite kazanimlarini dlgmede yeterli olup olmadigini, bilimsel hata igerip icermedigini ve dil
agisindan anlasihir olup olmadigini belirlemek amaciyla iki fen egitimi alan uzmani ve bes deneyimli fen bilimleri
ogretmeni olmak Uzere toplam yedi uzmanin gorisine basvurulmustur. Alan uzmanlarindan alinan geri
bildirimler dogrultusunda ilk asamada dort madde testten ¢ikarilmistir. Daha sonra 33 maddeden olusan basari
testi, iki 7. sinif 6grencisine uygulanmis ve dgrencilerden test maddelerinin anlasilabilirligine iliskin geri bildirim
alinmistir. Ogrencilerden elde edilen geri bildirimler dogrultusunda testte kiigiik dizeltmeler yapilmis ve
deneme uygulamasina hazir hale getirilmistir. Basari testi, U¢ farkl okulda 6grenim géren 295 sekizinci sinif
ogrencisine uygulanmistir. Uygulama sonrasinda madde analizi yapilmis ve madde ayirt edicilik indeksi en
dusuk olan ¢ madde testten ¢ikariimistir. Boylece akademik basari testi 30 maddeden olusacak sekilde yeniden
duzenlenmistir. Gelistirilen basari testine iliskin madde analizi sonuglari Tablo 1'de sunulmustur.

Tablo 1. Basar: Testine /liskin Madde Analizi Sonuglar:

istatistik Deger

N 295

Toplam Madde Sayisi 30
Ortalama Guiglik indeksi 0.406
Ortalama Ayirt Edicilik indeksi 0.748
KR-20 0.771

Tablo 1 incelendiginde, testin ortalama gicluk diizeyinin 0.406 ve ortalama ayirt edicilik gticiiniin 0.748 oldugu
gorulmektedir. Bu durum, gelistirilen basari testinin ortalama olarak orta guigliik diizeyinde oldugunu ve yuksek
bir ayirt edicilik gticine sahip bulundugunu géstermektedir (Turgut ve Baykul, 2012). Testin KR-20 guvenirlik
katsayisi ise 0.771 olarak belirlenmistir. KR-20 degerinin 0.70 ve Uzerinde olmasi, gelistirilen basar testinin
yeterli duizeyde i¢ tutarlhiiga ve guvenirlige sahip oldugunu gostermektedir (Blyukozturk, 2021). Tabloda yer
alan degerler birlikte degerlendirildiginde, basari testinin guvenilir bir lgme araci oldugu séylenebilir.

STEM Tutum Olcegi

Arastirmacilar tarafindan gelistirilen basar testinin yani sira, 6grencilerin STEM’e yonelik tutumlarini belirlemek
amaciyla Faber ve digerleri (2013) tarafindan gelistirilen ve Yildinm ve Selvi (2015) tarafindan Tirkceye
uyarlanan STEM Tutum Olgegi kullaniimistir. Olgegin Tiirkgeye uyarlama calismasi, 6., 7. ve 8. sinif diizeylerinde
o6grenim goren toplam 1360 ortaokul 6grencisiyle yuratilmuastur. Uyarlama galismasinda dlgegin yapi gegerligi
acimlayici ve dogrulayici faktor analizleriyle incelenmis; guvenirlik analizleri ise Cronbach alfa i¢ tutarliik
katsayilari, dizeltiimis madde-toplam korelasyonlari ve alt %27 ile Ust %27’lik gruplarin madde puan
ortalamalarinin karsilastiriimasina dayal bagimsiz 6rneklemler t-testi aracihigiyla gerceklestirilmistir. Elde edilen
bulgular, 6lgegin Turkce formunun doért faktorli bir yapiya sahip oldugunu gdstermistir. Faktorlere ait Cronbach
alfa katsayilarinin 0.86 ile 0.89 arasinda, diizeltiimis madde-toplam korelasyonlarinin ise 0.38 ile 0.78 arasinda
degistigi belirlenmistir. Bu bulgular, STEM Tutum Olgegi'nin Tiirkge formunun égrencilerin STEM’e yonelik
tutumlarini 6lgmede gegerli ve guvenilir bir dlgme araci oldugunu ortaya koymaktadir (Yildirim ve Selvi, 2015).

Deney Grubunda Uygulanan STEM SOS Modeli

Deney grubunda 6gretim sireci, STEM SOS modeline dayal sinif i¢i etkinlikler aracihgiyla yuratulmustar.
Hazirlanan STEM SOS etkinlikleri, fen bilimleri 6gretim programi, ders icerigi ve hedeflenen 6grenme
kazanimlariyla uyumlu olacak sekilde tasarlanmis; sinif ici ve sinif disi dgrenme sureglerini kapsayacak bicimde
yapilandiriimistir. Deney grubuna yonelik uygulama sireci U¢ dizeyde gerceklestirilmistir. Dizey I'de
O0gretmen, “Gokyuzundeki yildizlar nasil gozlemleriz?”, “Bir kasik su dolu bir bardakta neden kirilmis gibi
gorunur?” ve “Isik tek bir noktada odaklanabilir mi?” gibi sorular yonelterek dgrencileri sorgulama surecine
yonlendirmistir. Ogrenciler bu sorular dogrultusunda aragtirmalar yapmis ve elde ettikleri bulgular raporlar ve
sunumlar araciligiyla paylasmislardir. Duzey II’de etkinlikler disiplinler arasi bir cergevede yurutulmustar. Isigin
ayrismasina iliskin deney diizenekleri kurulmus; 6grenciler gbzlemler yapmis, veri toplamis ve elde ettikleri
bulgular gunluk yasam ve gevresel olaylarla iliskilendirmislerdir. Dlizey II'te sureg, dgrenci 6zerkligini 6n plana
¢ikaran Uriin odakli bir asamaya donlismustir. Bu dizeyde 6grenciler durbin ve teleskop gibi optik araglar
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tasarlayarak 6zguin muhendislik Grtnleri gelistirmislerdir. Bu t¢ duizeye iliskin etkinlik turd, uygulama suresi,
ogretmen ve 6grenci rolleri ile 6grenme ciktilar Tablo 2'de sunulmustur.

Tablo 2. STEM SOS Modeline Gore Diizeyler Kapsaminda Etkinlik Turleri, Uygulama Suresi, Ogretmen ve
Ogrenci Rolleri ile Etkinlik Ciktilar

Duzey Etkinlik TUrt Uygulama OgretmenRolii  Ogrenci Rolli Etkinlik Ciktisi
Suresi

Duzey | Gergek yasam 1 hafta (sinifici  Problemi veya Gozlemler Yazil proje
problemlerine + sinif disi) durumu tamimlar;  yapar; sorular raporlar;
dayali arastirma; sureci Uretmeye konuya iligkin
kisa sureli proje yapilandiran ve baslar; problemi  kisa icerik
etkinlikleri (1s1gin yonlendiren aktif anlamaya c¢alisir.  hazirlama ve
madde ile bir kolaylastirici sunma;
etkilesimine yonelik olarak rol alir. akranlarla fikir
temel incelemeler) paylasimi

Duzey Il Planh proje 14 Hafta Rehberlik saglar;  Veri toplar; Deney
calismasi; proje kaynak temin deneyler yapar,  diUzenegi
tabanh 6grenme eder; sureci arastirma kurma;
etkinlikleri; deney yOnlendirir ancak  sorusu deneysel veri
dizenekleri kurma; dogrudan ¢6zim  olusturur; ve gozlem
grup calismasi sunmaz. arastirma kayitlar; video

surecine aktif sunumlar
olarak katilir.

Duzey Il Disiplinler arasi 14 Hafta Sureci dogrudan  Proje konusunu  Ozgiin proje
proje gelistirme; planlamaz; belirler; 6zgin arand (darbin
bagimsiz ve gerekli ¢6zUm tasarlar;  ve teleskop);
disiplinler arasi durumlarda teknoloji s6zIU0 sunum;
projeler (6grenci danisman rolu kullanarak Griin  final raporu.
merkezli, 6zgiin Ustlenir; stireci gelistirir;

Urdin tasarimlari);
Urdin gelistirme.

izler ve
degerlendirir.

trdndnd test
eder ve slireci
degerlendirir.

Duzey II'de gerceklestirilen bir etkinlik Sekil 1'de gosterilmistir. Sekilde goruldugi Uzere dgrenciler, gic kaynagd,
1stk kaynagi ve prizmalar kullanarak bir deney dizenegi olusturmuslardir. Bu dizenek araciligiyla 1s1gin
prizmadan gecerken renklere ayrildigini gézlemlemislerdir. Ayrica kirmizi, mavi ve yesil filtreler kullanarak ana
renklerin birlesimiyle beyaz 151gin olustugunu belirlemiglerdir. Deney sonunda 6grenciler, gozlemledikleri bu
olaylari glinlik yasam ve cevreyle iliskilendirmislerdir.

Sekil 1. STEM SOS Duzey I Etkinligi (Istgin Renklere Ayrdmas).
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Verilerin Analizi

Bu calismada, basarn ve tutum testi puanlarinin STEM SOS modeline dayali deneysel uygulama degiskenine
gore farkhlasip farklilasmadigr incelenmistir. Bu amagla, analizlerde kullanilacak istatistiksel yonteme karar
verebilmek igin test puanlarinin normal dagilim gosterip gostermedigi degerlendirilmistir. istatistiksel analizler
kapsaminda, deney ve kontrol gruplarindan elde edilen veriler SPSS 28 programi kullanilarak analiz edilmistir.
Ozellikle kiiguk orneklemlerde (n < 50) verilerin normal dagiim gosterip gostermedigini belirlemek amaciyla
yaygin olarak kullanilan Shapiro-Wilk testi tercih edilmistir. Bu nedenle, ¢alismada normallik varsayimini
degerlendirmek icin Shapiro-Wilk testi kullanilmistir. Deney ve kontrol gruplarina iliskin normallik analizi
sonugclar Tablo 3'te sunulmustur.

Tablo 3. Normallik Dagiim: Tablosu

. Deney Grubu Kontrol grubu
Oletim Arac istatistik p istatistik p
Pre-test 0.826 0.002 0.838 0.003
Basari Post-test 0.926 0,116 0.839 0.003
Retention test 0.900 0.035 0.836 0.002
Pre-test 0,879 0.006 0.906 0,047
TEM T ' '
STEM Tutum Post-test 0.836 0.002 0.907 0.048

Tabloda goruldigu Gzere, Shapiro-Wilk testi sonuglari incelendiginde basari testi deney grubu son test puani
disinda tim ol¢timlerde p degerlerinin .05’in altinda oldugu belirlenmistir. Bu bulgu, ilgili verilerin buyik 6lgiide
normal dagilim varsayimini karsilamadigini gostermektedir. Bu nedenle, gruplar arasi karsilastirmalarda
parametrik olmayan Mann-Whitney U testi tercih edilmistir.

Etik Bildirim
Etik Kurul izni: Bu arastirma, inénii Universitesi Bilimsel Arastirma ve Yayin Etigi Kurulu Sosyal ve Beseri Bilimler

Bilimsel Arastirma ve Yayin Etik Kurulunun 28.08.2025 tarihli ve 2025/18-31 sayili karari ile alinan izin
dogrultusunda yurutilmastir.

Yazar Cikar Catismasi Bilgisi: Yazarlarin beyan edecegi bir ¢ikar catismasi yoktur..

Yazar Katkisi:l. yazar: Verilerin toplanmasi, verilerin SPSS programi araciligiyla kodlanmasi, arastirma
izinlerinin alinmasi ile yontem ve tartisma bolimlerinin yazilmasi stireclerine katki saglamistir. 2 yazar:
Arastirmanin tasarlanmasi, giris bolumunun yazilmasi ve verilerin analiz edilmesi sureclerine katki saglamistir.

Bulgular

Bu boélimde, deney ve kontrol gruplarindan elde edilen nicel verilerin SPSS programi kullanilarak yapilan
istatistiksel analiz sonuglarina yer verilmistir. Bulgular, akademik basari testi ve STEM Tutum Olgegi olmak tizere
iki alt baslik altinda sunulmustur. ilk olarak, akademik basari testine iliskin ©n test, son test ve uygulamadan
yaklasik bir ay sonra yapilan kalicilik testi sonuglari ele alinmistir. Ardindan, her iki gruptan STEM Tutum Olgegi
araciligiyla elde edilen verilere iliskin bulgular sunulmustur.

Akademik Basariya iliskin Bulgular

“Isigin Madde ile Etkilesimi” Unitesinde akademik basari boyutuna iliskin arastirma sorularindan biri, STEM SOS
modelinin uygulandigi deney grubu ile geleneksel dgretimin uygulandigi kontrol grubunun 6n test ve son test
puanlar arasinda deney grubu lehine istatistiksel olarak anlamli bir fark olup olmadigini belirlemeye yoneliktir.
Bu arastirma sorusunu test etmek amaciyla yapilan Mann-Whitney U testi sonuglar asagidaki tabloda
sunulmustur.
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Tablo 4. Deney ve Kontrol Gruplarinmn Akademik Basar: On Test ve Son Test Puanlarma fliskin Mann-Whitney
U Testi Sonuglar:

Test Grup Sira Ortalamasi Sira Toplami U p r
On Test Deney 209 439.00 208.00 0.751
Kontrol 221 464.00
Son Test Deney 2574 540.50 131.50 0.025 0.35
Kontrol 17.26 362.50

Deney ve kontrol gruplarinin akademik basari puanlarina iliskin Mann-Whitney U testi sonugclar, uygulama
oncesinde gruplar arasinda anlamh bir fark olmadigini géstermistir (U = 208.00, p = .751). Bu bulgu, deney ve
kontrol gruplarinin uygulama baslangicinda akademik basari agisindan benzer 6zelliklere sahip oldugunu
ortaya koymaktadir. Ancak uygulama sonrasinda elde edilen son test puanlari incelendiginde, deney grubu
lehine anlaml bir fark belirlenmistir (U = 131.50, p = .025, r = .35). Deney grubunun sira ortalamasinin kontrol
grubuna gore daha yuksek olmasi, uygulanan 6gretim surecinin akademik basari Uzerinde olumlu ve orta
duzeyde bir etkiye sahip oldugunu gdstermektedir. Deney ve kontrol gruplarinda akademik basariya iliskin 6n
test, son test ve kalicilik testi puanlarinin grup ici karsilastirma sonugclari Tablo 5’te sunulmustur.

Tablo 5. Deney ve Kontrol Gruplarinda Akademik Basar: On Test, Son Test ve Kalicilik Testi Puanlarinm Grup fci
Karsdastirma Sonuglart

Grup Test n Sira Ortalamasi X? Serbestlik P W
derecesi

Deney On Test 21 1.6
Son Test 21 24 14.00 2 0.001* 0.33

Kalicilik Testi 21 2.1

Kontrol On Test 21 2.1
Son Test 21 18 1.849 2 0.397 0.04

Kalicihk Testi 21 2.1

Elde edilen bulgular dogrultusunda (Tablo 5), 6n test, son test ve kalicilik testi akademik basari puanlarina iliskin
deney ve kontrol gruplarinin grup ici karsilastirmalari Friedman testi kullanilarak analiz edilmistir. Sonuclar,
deney grubunda ¢ 6l¢ciim arasinda istatistiksel olarak anlamli bir farkhhk oldugunu gostermistir, x2(2) = 14.00,
p = .001, Kendall’s W = .33. Bu bulgu, uygulanan 6gretim surecinin deney grubundaki 6grencilerin akademik
basari duzeyleri tizerinde anlamli ve orta diizeyde bir etkiye sahip oldugunu gostermektedir. Sira ortalamalar
incelendiginde, deney grubunda en dusuk sira ortalamasinin on testte (1.6), en yiksek sira ortalamasinin ise
son testte (2.4) oldugu gorulmustir. Kalicilik testi sira ortalamasi (2.1), son testten dustk olmakla birlikte 6n
testten yuksektir. Bu durum, uygulama sonrasinda akademik basarida artis meydana geldigini ve bu artisin
kalicilik testinde buylk ol¢uide korundugunu gostermektedir. Analiz sonuglari kontrol grubu acisindan
degerlendirildiginde (Tablo 5), 6n test, son test ve kalicilik testi puanlari arasinda istatistiksel olarak anlamli bir
farkhilik bulunmamistir, x2(2) = 1.849, p = .397, Kendall's W = .04. Kendall's W degerinin dusuk olmasi, etki
blyuklagunin ¢ok kicuk dizeyde oldugunu gostermektedir. Kontrol grubundaki sira ortalamalarinin birbirine
yakin olmasi da akademik basarida U¢ 6l¢tim arasinda anlamh bir degisim olmadigini desteklemektedir. Genel
olarak bulgular, akademik basarida anlamli gelisimin yalnizca deney grubunda gergeklestigini gostermektedir.

STEM Tutumuna iligkin Bulgular

“Isigin Madde ile Etkilesimi” Unitesinde STEM tutumu boyutuna iliskin arastirma sorularindan biri, STEM SOS
modelinin uygulandigi deney grubu ile geleneksel dgretimin uygulandigi kontrol grubunun 6n test ve son test
puanlarn arasinda deney grubu lehine istatistiksel olarak anlamh bir farklilik olup olmadigidir. Bu arastirma
sorusunu test etmek amaciyla yapilan Mann-Whitney U testi sonuclari asagidaki tabloda sunulmustur.
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Tablo 6. Deney ve Kontrol Gruplarimnm STEM Tutumu On Test ve Son Test Puanlarma fliskin Mann-Whitney U
Testi Sonuglart

Test Grup Sira Ortalamasi Sira Toplami U p r
On Test Deney 20.52 431.00 200.00 0.606
Kontrol 2248 472.00
Son Test Deney 26.31 552.50 119.50 0.011* 0.39
Kontrol 16.69 350.50

Tablo 6'daki bulgular incelendiginde, deney ve kontrol gruplarinin STEM tutumu ©6n test puanlar arasinda
istatistiksel olarak anlaml bir farkliik olmadigi gorilmektedir (U = 200.00, p = .606). Bu sonug, uygulama
oncesinde gruplarin STEM tutumlar bakimindan benzer diizeyde oldugunu gostermektedir. Buna karsilik, son
test puanlarina iliskin analiz sonuclar deney grubu lehine istatistiksel olarak anlamli bir farklilik oldugunu ortaya
koymustur (U = 11950, p = .011, r = .39). Sira ortalamalari incelendiginde, deney grubunun son test sira
ortalamasinin (26.31), kontrol grubunun sira ortalamasindan (16.69) daha yuksek oldugu gdrulmektedir. Bu
bulgu, uygulanan 6gretim stirecinin dgrencilerin STEM tutumlarini gelistirmede etkili oldugunu gdstermektedir.
Etki buyuklig degerinin (r = .39) ise bu etkinin orta diizeyde oldugunu ortaya koydugu soylenebilir.

Deney ve kontrol gruplarinin STEM tutumu puanlarina iliskin grup i¢i karsilastirma sonuglari Tablo 7'de
sunulmustur.

Tablo 7. Deney ve Kontrol Gruplarinm STEM Tutumu Puanlarma fliskin Grup fci Kargilastirma Sonuglart

Grup Karsilastirma n yA p r
Deney On test-Son test 21 -3.725 < .001* 0.81
Kontrol On test-Son test 21 -1.113 0.266

Tablo 7'de deney ve kontrol gruplarinin STEM tutum puanlarina iliskin grup ici karsilastirma sonuclan
sunulmustur. Deney grubunun STEM tutum ©On test ve son test puanlar karsilastirildiginda, son test lehine
istatistiksel olarak anlaml bir farkhhk belirlenmistir, Z =-3.725, p < .001, r = .81. Bu bulgu, STEM SOS modeline
dayali 6gretim surecinin 6grencilerin STEM’e yonelik tutumlarini anlamh diizeyde gelistirdigini gostermektedir.
Buna karsilik, kontrol grubunun 6n test ve son test STEM tutum puanlari arasinda istatistiksel olarak anlaml bir
farkhhk bulunmamistir, Z = -1.113, p = .266. Bu sonug, kontrol grubunda uygulanan dgretim sirecinin
ogrencilerin STEM tutumlarinda anlamh bir degisim olusturmadigini ortaya koymaktadir. Genel olarak
degerlendirildiginde, bulgular STEM tutumundaki anlamli gelismenin yalnizca deney grubunda gergeklestigini
ve STEM SOS modelinin 6grencilerin STEM’e yonelik tutumlarini gelistirmede etkili oldugunu gostermektedir.

Tartisma ve Sonug

Bu calisma kapsaminda, “Isigin Madde ile Etkilesimi” Unitesinde STEM SOS modelinin asamalarina gore
yapilandirilan 6gretim sirecinin 6grencilerin akademik basarilari ve STEM alanlarina yonelik tutumlar
Uzerindeki etkisi iki alt problem cercevesinde incelenmistir. Bu baglamda, mevcut fen bilimleri dgretim
programina gore 6grenim goéren kontrol grubu ile STEM SOS modeli etkinlikleriyle zenginlestirilmis bir 6gretim
surecine katilan deney grubu arasindaki farkhhklar ayrintili olarak degerlendirilmistir. Arastirma bulgulari genel
olarak degerlendirildiginde, STEM SOS modeline dayali 6gretim surecinin hem bilissel hem de duyussal
o6grenme ciktilar Uzerinde olumlu etkiler olusturdugu gorulmektedir.

Arastirmanin birinci alt problemi, STEM SOS modeline gore yapilandirilan dgretim sirecinin dgrencilerin
akademik basarilari Gzerindeki etkisine odaklanmaktadir. Arastirma bulgulari, akademik basaridaki artisin STEM
SOS modeline dayal etkinliklerin uygulandigi deney grubunda daha yiksek oldugunu gdstermektedir. Son test
sonuclarina dayali grup karsilastirmalari da akademik basari agisindan deney grubu lehine istatistiksel olarak
anlaml bir farklilik oldugunu ortaya koymustur. Bu bulgu, STEM SOS modelinin sorgulamaya dayali, proje
temelli, disiplinler arasi ve 6grenci merkezli yapisinin fen dgrenme surecini zenginlestirdigini ve dgrencilerin
akademik basarilarini olumlu yonde etkiledigini gostermektedir.

STEM SOS modeline dayal etkinliklerde 6grenciler, yalnizca hazir bilgiyi alan bireyler olmanin dtesine gecerek
arastirma yapan, veri toplayan, verileri analiz eden, problem durumlarina ¢6zim Ureten ve elde ettikleri
bulgularn Grin ya da sunumlar araciligiyla ortaya koyan aktif 6grenenler héline gelmektedir. Bu sireg,
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ogrencilerin kavramlari ezbere dayali 6grenme yerine Ornekler, uygulamalar, projeler ve gercek yasam
problemleri aracihgiyla yapilandirmalarina olanak saglamaktadir. Bu nedenle, deney grubu lehine gdzlenen
akademik basari artiginin, STEM SOS modelinin 6grencileri dgrenme surecine aktif bicimde dahil eden ve
kavramsal anlamayi destekleyen yapisindan kaynaklandigi sdylenebilir.

STEM SOS modeline iliskin alanyazin incelendiginde, bu modelin ortaokul 6grencilerinin akademik basarilar
Uzerindeki etkisini basar testleri gibi nicel dlgme araglariyla dogrudan inceleyen bir ¢alismaya rastlanmadigi
gorulmektedir. Mevcut calismalarin daha ¢ok modelin kuramsal yapisini ve uygulama asamalarini ele alan nitel
arastirmalar, durum calismalari ya da analitik ¢calismalar niteliginde oldugu anlasiimaktadir. Bu calismalarda,
STEM SOS modelinin 6grencilerin 6grenme sirecine aktif katilimini artirdigi; kavramsal anlamalarini, arastirma
yapma egilimlerini, 6z guvenlerini, iletisim, is birligi ve teknoloji kullanma becerilerini destekledigi
belirtilmektedir (Akgul & Yildinm, 2018; Sahin & Top, 2015; Selvi & Yildinm, 2017; Tanriéver, 2025). Bu nedenle,
mevcut calismada elde edilen akademik basari sonuglari; STEM SOS modeliyle kismen benzer 6zellikler tasiyan
bitlnlesik STEM, proje tabanhi 0grenme ve sorgulamaya dayali 6grenme gibi STEM temelli 6gretim
yaklasimlarina iliskin arastirma bulgulariyla birlikte degerlendirilmistir.

Bu baglamda, mevcut calismada elde edilen sonuglar; STEM temelli ve proje odakli 6grenme sureclerinin
ogrencilerin akademik basarnlarini artirdigini ortaya koyan Eroglu ve Bektas (2016), Kavacik (2018), Ceylan
(2014), Yildinm ve Selvi (2017), Higde (2018) ve Bentley (2021) tarafindan yuritulen calismalarla tutarlilik
gostermektedir. Ceylan'in (2014) calismasinda, STEM temelli etkinliklerin uygulandigi deney grubundaki
ogrencilerin akademik basari duzeylerinin daha yuksek oldugu belirlenmistir. Benzer sekilde, Yildirnm ve Selvi
(2017) ortaokul ogrencileriyle gerceklestirdikleri calismalarinda STEM uygulamalarinin fen derslerindeki
akademik basariyr olumlu yonde etkiledigini ortaya koymustur. Higde'nin (2018) arastirmasinda da STEM
temelli etkinliklerin 6grencilerin akademik basarilarinda ve STEM 6grenme stratejilerinde anlamh gelismelere
katki sagladigi belirtilmistir.

LiteratUrde ilgili ¢calismalar, STEM temelli etkinliklerin ortaokul 6grencilerinin akademik basari testi puanlar
Uzerinde olumlu etkiler olusturabilecegini gostermektedir. Bu ¢ergcevede, STEM SOS modelinin de ortaokul
ogrencilerinin fen bilimleri akademik basar testi puanlarini artirmada etkili olabilecegi degerlendirilmektedir.
Mevcut calismada akademik basariya iliskin elde edilen bulgular ile diger STEM yaklasim ve uygulamalarina
yonelik arastirma sonugclari arasindaki tutarlilik, STEM SOS modelinin fen egitiminde bilissel 6grenme ¢iktilarinin
gelistiriimesine katki saglayan bir yaklasim olabilecegini dustindirmektedir. Bununla birlikte, bu ¢ikarimin daha
guclu bicimde desteklenebilmesi icin STEM SOS modelini ortaokul diizeyinde akademik basari testi sonuclari
baglaminda dogrudan inceleyen daha fazla ampirik ¢alismaya ihtiyag vardir.

Arastirmanin ikinci alt problemi, STEM SOS modeline gore yapilandirilan 6gretim sirecinin égrencilerin STEM
alanlarina yonelik tutumlari Gzerindeki etkisini incelemektedir. Arastirma bulgulari, STEM SOS modeline dayali
etkinliklerin ogrencilerin STEM alanlarina yonelik tutumlari Uzerinde olumlu bir etkiye sahip oldugunu
goOstermektedir. Son test sonuglarina dayali grup karsilastirmalari, STEM tutumlari agisindan deney grubu lehine
istatistiksel olarak anlamli farkliliklar oldugunu ortaya koymustur. Bu bulgu, 6grencilerin arastirma, sorgulama,
tasarim gelistirme, Urlin olusturma ve sunum yapma sureglerine aktif katihmlarinin STEM alanlarina yonelik ilgi
ve motivasyonlarini artirdigini distindirmektedir.

STEM SOS modelinin yapisi geregi o6grenciler, dgrenme surecinde yalnizca bilimsel bilgi edinmekle
kalmamakta; ayni zamanda teknolojiyi kullanma, mihendislik tasarimi yapma, problem ¢tzme, is birligi icinde
calisma ve Uruin gelistirme gibi siireclere de katiimaktadir. Bu siireglerin, 6grencilerin STEM disiplinlerini daha
anlamli, uygulanabilir ve guinliik yasamla iligkili olarak algilamalarina katki sagladigi séylenebilir. Ozellikle STEM
iceriklerinin gercek yasam baglamlariyla iliskilendirilmis somut projeler araciligiyla sunulmasi, 6grencilerin
STEM alanlarina yonelik olumlu tutum gelistirmelerinde dnemli bir rol oynamaktadir. Bu nedenle, deney
grubunun STEM tutumu puanlarinda gozlenen olumlu degisim, STEM SOS modelinin 6grencilerin STEM
alanlarina yonelik ilgilerini artiran ve bu alanlara iliskin olumlu algi gelistirmelerini destekleyen yapisiyla
aciklanabilir.

STEM SOS modeli Gizerine yapilan ¢alismalar da bu yorumlari desteklemektedir. Sahin ve Top (2015), STEM SOS
modelinin 6grencilerin STEM konularina iliskin kavramsal anlamalarini gelistirmenin yani sira STEM’e yonelik
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ilgilerini, arastirma yapma egilimlerini, 6z guvenlerini, iletisim, is birligi ve yasam/kariyer becerilerini de
artirdigini ortaya koymustur. Benzer sekilde, Akgul ve Yildinm (2018), STEM SOS modeline uygun olarak
tasarlanan projelerin 6grencilerin ilgi ve motivasyonlarini, 6z guvenlerini, sunum becerilerini ve arastirma
becerilerini gelistirdigini belirlemistir. Tannéver (2025) ise STEM SOS modelinin 6grencilerin gercek yasam
problemlerine dayali disiplinler arasi trtinler gelistirmelerini destekledigini ve STEM alanlarina yonelik ilgilerini
ve kariyer farkindaliklarini artirabilecek etkili bir egitim yaklasimi sundugunu vurgulamistir. Bu ¢calismalar, STEM
SOS modelinin yalnizca égrencilerin bilissel 6grenme ciktilar Gzerinde degil, ayni zamanda STEM alanlarina
yonelik duyussal dzellikleri Gizerinde de gelistirici bir potansiyele sahip oldugunu gdstermektedir.

Bununla birlikte, STEM SOS modelinin ortaokul 6grencilerinin STEM’e yonelik tutumlarn tzerindeki etkisini
dogrudan inceleyen galismalarin sinirh olmasi nedeniyle, mevcut ¢alismanin bulgulari STEM SOS modeliyle
benzer 6zellikler tasiyan butinlesik STEM, proje tabanh 6grenme ve mihendislik tasarimina dayali STEM
uygulamalarina iliskin arastirmalarla da desteklenmistir. Bu baglamda elde edilen bulgular, Kavacik (2018),
Aydin ve Karsh Baydere (2019), Yavuz (2019) ve Bekereci (2022) tarafindan yurutilen calismalarla tutarlilik
gostermektedir. Kavacik’in (2018) calismasinda, mihendislik ve tasarim becerilerinin fen derslerine entegre
edildigi STEM etkinliklerinin 6grencilerin STEM’e yodnelik tutumlarini olumlu yénde etkiledigi belirlenmistir.
Aydin ve Karsl Baydere (2019), muhendislik tasarim surecine dayali olarak gelistirilen “Karisimlarin Ayriimasi”
baslhkli STEM etkinliginin 6grencilerin STEM’e ve ilgili icerik alanlarina yonelik tutumlarini artirdigini ortaya
koymustur. Benzer sekilde, Yavuz'un (2019) calismasinda dordinct sinif dizeyinde uygulanan STEM
etkinliklerinin 6grencilerin STEM’e yOnelik tutumlari Uzerinde olumlu etkiler olusturdugu gorulmustar.
Bekereci’nin (2022) doktora tezinde ise proje tabanli 6grenme modeline uygun olarak tasarlanan STEM
etkinliklerinin sekizinci sinif 6grencilerinin STEM’e yonelik tutumlarinda anlaml bir artis sagladigi belirlenmistir.
S0z konusu calismalar, STEM etkinliklerinin ortaokul 6grencilerinin STEM’e yonelik tutumlar Gzerinde olumliu
etkiler olusturabilecegini gostermektedir. Bu nedenle, STEM SOS modelinin de ortaokul 6grencilerinin fen
bilimlerine ve STEM alanlarina yonelik tutumlarini olumlu yénde etkileyebilecegi degerlendirilmektedir. Ancak
bu c¢ikarimin daha giclu bicimde desteklenebilmesi igin ortaokul diizeyinde dogrudan STEM SOS modeline
odaklanan daha fazla ampirik ¢alismaya ihtiyac vardir.

Bu bulgular birlikte degerlendirildiginde, akademik basari ve STEM’e yOnelik tutum agisindan deney grubu
lehine elde edilen istatistiksel olarak anlamli farkliliklarin; STEM SOS modelinin dgrencilere aktif katihm,
arastirma yapma, tasarim gelistirme, is birligi icinde ¢alisma ve somut Uriinler ortaya koyma firsatlari sunan
yapisindan kaynaklandigi séylenebilir. Sonug olarak, STEM SOS modeline dayal olarak yurutilen etkinliklerin
ogrencilerin bilissel ve duyussal 6grenme ¢iktilari izerinde olumlu etkiler olusturdugu gorulmektedir. Modelin
sorgulamaya dayali, disiplinler arasi, proje temelli ve 6grenci merkezli yapisi; 6grencilerin kuramsal bilgileri
gercek yasam problemleriyle iliskilendirmelerine, “Isigin Madde ile Etkilesimi” Unitesine iliskin kavramsal
ogrenmelerini derinlestirmelerine ve fen bilgilerini mihendislik tasarim suregleriyle butunlestirmelerine katki
saglamistir. Bunun yani sira, bu stire¢ 6grencilerin fen derslerine yonelik ilgilerini artirmis; motivasyon, 6z guven,
merak, yenilik¢ilik ve sorgulama gibi 6zelliklerinin gelisimini desteklemistir. Bu yonlyle mevcut ¢alismanin,
STEM SOS modelinin ortaokul fen egitiminde hem akademik basariyr hem de STEM’e yonelik tutumu
gelistirmede etkili ve islevsel bir yaklasim oldugunu gostermesi bakimindan ilgili alanyazina katki saglayacagi
dusunulmektedir.

Oneriler ve Sinirhiliklar

Bu arastirmanin bulgulari ve sinirliliklar dikkate alindiginda, STEM SOS modelinin fen egitimi kapsaminda farkh
okul turlerinde, sinif duzeylerinde ve konu alanlarinda etkililigini inceleyen yeni arastirmalarin yapilmasi
Onerilmektedir. Aragstirmanin yalnizca bir okulda, 42 6grenciyle ve “Isigin Madde ile Etkilesimi” Unitesiyle sinirl
olarak yurutilmis olmasi, elde edilen bulgularin genellenebilirligini sinirlandirmaktadir. Bu nedenle, gelecekte
yapilacak ¢alismalarda daha genis ve daha ¢esitli drneklemlere yer verilmesi 6nem tasimaktadir. Ayrica, STEM
SOS modelinin 6grencilerin akademik basarilari, tutumlari ve 6grenme surecleri Gzerindeki etkilerinin daha
kapsamli bicimde ortaya konulabilmesi i¢cin gelecekteki arastirmalarin yalnizca nicel veri toplama araglariyla
degil; gbrisme, gdzlem ve 6grenci Urtnleri gibi nitel veri kaynaklariyla da desteklenmesi dnerilmektedir.
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