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Abstract

This study aimed to determine the effectiveness of STEM-based instructional activities in teaching
the topic of "light propagation and reflection" to students with mild intellectual disabilities. A single-subject
research model was used in this study, specifically the multiple probe design across participants. The
participants were three fifth-grade students diagnosed with intellectual disabilities who received
supplementary education at a special education and rehabilitation center. The study's findings indicated that
the STEM-based instructional activities were effective in teaching the topic of "light propagation and
reflection" to students with mild intellectual disabilities. Furthermore, the participants were able to generalize
the topics they learned to different individuals and maintained their performance on these topics at 1, 3, and
5 weeks following the completion of instruction. The social validity findings obtained after the STEM-based
instructional activities also indicated that the students with mild intellectual disabilities had positive
perceptions of the study.

Keywords: Intellectual Disability, STEM, Science Teaching

Ozet

Bu arastirmada hafif dizeyde zihin yetersizligi olan 6grencilerin “isigin yayilmasi ve yansimasi”
konusunun ediniminde STEM vyaklagimiyla uygulanan 6gretim etkinliklerinin etkililiginin belirlenmesi
amaclanmistir. Arastirmada tek denekli arastirma modellerinden katilimcilar arasi yoklama evreli ¢oklu
yoklama modeli kullaniimigtir. Arastirmanin katihmcilari, besinci sinifa devam eden ve o6zel egitim ve
rehabilitasyon merkezinde destek egitim alan zihin yetersizligi tanisi olan lg 6grencidir. Arastirmadan elde
edilen bulgular, STEM yaklasimiyla uygulanan 6gretim etkinliklerinin hafif dlzeyde zihin yetersizligi olan
Ogrencilere “isigin yayllmasi ve yansimasi” konularinin 6gretiminde etkili oldugunu géstermistir. Ayrica
katilimcilar edindikleri konulari farklh kisilere genelleyebilmis ve 6gretim tamamlandiktan 1, 3 ve 5 hafta sonra
da edindikleri konulara iliskin performanslarini stirdiirmuslerdir. Ayrica STEM yaklasimiyla uygulanan 6gretim
etkinlikleri sonrasinda elde edilen sosyal gegerlik bulgulari hafif diizeyde zihin yetersizligi olan 6grencilerin
arastirmaya iliskin goraslerinin olumlu oldugunu gosterir niteliktedir.
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1. Introduction

STEM education is an interdisciplinary approach that combines science, technology,
engineering, and mathematics, focusing on solving real-world problems (Metpattarahiran, 2021;
Sanders, 2009). This approach aims to equip students with 21st-century skills, such as critical thinking,
communication, creativity, and problem-solving (Alici, 2018; Duran & Sendag, 2012; Jindal et al., 2023;
Ugras, 2019). Besides enhancing students' abilities to cope with various challenges, STEM education
equips them with careers in STEM fields (Fajrina et al., 2020; Selisne et al., 2019). It is crucial for
teachers to effectively impart knowledge, motivate their students, and support their learning
processes (Metpattarahiran, 2021). Unlike traditional education, STEM education teaches students
how to apply knowledge and technology to solve real-world problems through an interdisciplinary
approach (Dereli, 2021; Metpattarahiran, 2021). In this respect, STEM education offers a holistic
approach to preparing students for success in a rapidly evolving and technologically advanced society.

As an interdisciplinary approach, STEM education aims to provide students with a well-
rounded education, offering cognitive, social, and economic benefits (Glnay & Haliloglu, 2022; Yildirim
& Altun, 2015; Xie et al., 2015). It focuses on enabling students to use knowledge and technology in
problem-solving (Irak, 2019) and contributes to the development of 21st-century skills (critical
thinking, communication, teamwork, and creativity) (Ekici, 2022). However, there are specific
challenges in implementing STEM education. These challenges can be categorized as limitations in
educational resources, lack of academic support, biases, discrimination, and knowledge gaps (Le et al.,
2024). In their study, Toker-Gokce and Yildirnm (2019) noted that teachers face difficulties in
developing assessment tools suited to students' skill levels, integrating mathematics with other
disciplines, and managing time effectively, which are obstacles encountered in STEM education.
Teachers need to make innovative changes in their professional practices and overcome the challenges
they face while implementing STEM education (Sukarman & Retnawati, 2022). In conclusion, although
STEM education aims to provide various benefits to students, the challenges encountered in practice
present limitations to its widespread adoption.

STEM education is of great importance for individuals with intellectual disabilities. In terms of
cognitive development and inclusivity. However, specific challenges and obstacles are encountered in
practice (Das & Pal, 2024; Davis, 2014; Kolne & Lindsay, 2020; So, Li, & He, 2019). Issues in cognitive
processes and inequalities in educational opportunities make access to STEM education difficult for
individuals with intellectual disabilities (Das & Pal, 2024). Therefore, teachers must adapt the content,
products, and methods of STEM activities according to the interests, abilities, and differences of
students with intellectual disabilities (Ayverdi & Avci, 2023). It is stated that STEM education
contributes to students' cognitive development by enhancing spatial visualization skills (Dogan, 2020).
Innovative approaches such as STEM have also been shown to improve the quality of daily life for
students with special needs (So et al., 2021). Considering these benefits, it is deemed essential to
implement STEM education for individuals with intellectual disabilities as well (Bllbul & S6zbilir, 2017).
When designing and implementing STEM education for students with intellectual disabilities, equal
access to research opportunities should be ensured, and students' individual differences should be
considered (Tosun, 2019). According to Bilbil & So6zbilir (2017) and Hwang & Taylor (2016), teachers
must know their students well and design activities accordingly.

STEM activities provide cognitive benefits for individuals with intellectual disabilities, support
the integration of assistive technologies, and can create positive social and emotional impacts (Gupta,
2019; Igier & Pennequin, 2020; Mahmood et al., 2024; Xie et al., 2020; Zgonec & Bogataj, 2022).
Effective use of assistive technologies in the educational processes of students with special needs
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enhances their quality of life by enabling broader participation at home, school, and community
settings (Kaya et al., 2024; Michaels & McDermott, 2003). Assistive technologies can improve the
overall quality of life for individuals with intellectual disabilities by providing support in cognitive,
communication, and motor skills (Gupta, 2019). Through inquiry, engineering, and technology, STEM
education increases cognitive, affective, and behavioral engagement for students with mild intellectual
disabilities (So et al., 2022). STEM education designed to meet the needs of individuals with intellectual
disabilities can positively impact their social and emotional development (Igier & Pennequin, 2020). It
has been found that the socio-emotional environment significantly affects the performance of adults
with intellectual disabilities in cognitive tasks, emphasizing the importance of considering social and
emotional factors in STEM education for these individuals (Igier & Pennequin, 2020). In conclusion,
based on this information, it can be said that STEM activities can be beneficial in supporting cognitive
processes for individuals with intellectual disabilities and contribute positively to their social and
emotional development.

STEM activities in science lessons for students with intellectual disabilities are essential in
supporting these students' cognitive and social skills (Kolne & Lindsay, 2020; Green, 2014). Using
concrete materials in STEM activities, allowing students to practice and produce their products, can
enable individuals with intellectual disabilities to understand abstract concepts and develop a positive
attitude towards the course (Das & Pal, 2024; So et al., 2022).

When we look at the national and international literature, we can observe that while there are
many studies (Ayverdi, 2018; Baris & Ecevit, 2019; Bicer, 2019; Ceylan et al., 2018; Kanl & Ozyaprak,
2015; Ozcelik & Akgiindiiz, 2017 Tofel-Grehl et al., 2018) on the use of STEM activities with individuals
who have special abilities, there are a limited number of studies on the use of STEM activities
specifically with individuals who have intellectual disabilities (Ayverdi & Avcu, 2023; Balgin & Yildirim,
2021; So et al., 2019; So et al., 2022; Tosun, 2019). When the findings of these studies are examined,
it is observed that the STEM education approach can be beneficial in creating enriched learning
environments. Given these benefits, it is thought that further research should be conducted on using
the STEM approach in science courses for students with intellectual disabilities. Considering all these,
this study is expected to contribute to the literature on using STEM activities in science lessons for
students with intellectual disabilities and to guide teachers in adopting more innovative approaches in
their classroom practices. The aim of this study is to determine whether the teaching activities
implemented with the STEM approach are effective in the acquisition of the topic of light propagation
and reflection in science lessons for students with mild intellectual disabilities. In line with this aim,
the following questions were sought:

1. Are the teaching activities implemented with the STEM approach effective in the
acquisition of the topic of light propagation and reflection in science lessons for students with mild
intellectual disabilities?

2. Does the effectiveness of the STEM approach intervention on the topic of light
propagation and reflection in science lessons for students with mild intellectual disabilities continue 1,
3, and 5 weeks after the intervention has ended?

3. Are students with mild intellectual disabilities able to generalize the skills they have
gained through the STEM approach to teaching activities to other settings and individuals?

4. What are the views of students with mild intellectual disabilities regarding the STEM
approach teaching activities?
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2. Method

2.1. Experimental Design

In this study, which aims to determine the effectiveness of STEM-based instructional activities
implemented for individuals with intellectual disabilities on the topic of “Light Propagation and
Reflection,” the multiple probe design across participants, one of the single-subject research models,
was used. In this design, the effectiveness of an independent variable- in other words, the impact of
an instructional or behaviour change programme- is examined on three different participants (Tekin-
iftar, 2012). Before starting instruction, baseline data were collected simultaneously from all
participants. Once a stable baseline was established, instruction began with the first participant. After
the first participant met the criterion for the target behavior, a probe session was initiated for all
participants. Upon achieving stable data again, an instructional session was conducted with the second
participant. When the second participant also met the criterion, another full probe session was held
with all participants. After stable data were obtained, the instruction proceeded with the third
participant. When this participant reached the criterion, a final full probe session was held with all
participants, and the intervention was concluded. Additionally, follow-up data were collected at 1, 3,
and 5 weeks after the intervention had ended.

2.2. Independent Variable

The study's independent variable is the STEM approach integrated with the 5E instructional
model used in the science course. In the study, lesson plans were prepared and implemented based
on the 5E model using the STEM approach and were adapted to the characteristics of students with
intellectual disabilities, in accordance with the 5th Grade science curriculum on the topic of "light
propagation and reflection". In addition, the students who participated in the implementation had not
previously received instruction on the topic of "light propagation and reflection."

2.3. Dependent Variable and Response Measurement

The study's dependent variable is the level of acquisition of the topic "light propagation and
reflection" targeted for the participants in the science course. The participants' performance levels on
the targeted topic were collected using a data recording form of 10 questions. (+) was put on the data
recording form for the participants' correct responses, (-) was put on the data recording form for the
participants' incorrect responses or lack of response, and the percentage of correct answers was
calculated. In this study, the learning criterion for the participants to acquire the targeted topic "light
propagation and reflection" as the dependent variable was set at 90%.

2.4. Participants

The participants of this study consist of the practitioner, students, and observers. Three
students participated in the study, all of whom were diagnosed with intellectual disabilities. They were
enrolled in a 5th-grade inclusive general education classroom and were aged 11, 11, and 10,
respectively. Specific prerequisite criteria were used to select the students. These prerequisites
included (a) receiving education in an inclusive setting, (b) having a formal diagnosis of intellectual
disability, (c) having basic literacy skills, (d) demonstrating reading comprehension abilites, (e) the
ability to attend to both auditory and visual stimuli, and (f) the ability to perform addition and
subtraction with two-digit numbers.
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In order to identify three students with these prerequisite skills, interviews were first
conducted with the science teachers working with the students in the general education classroom, as
well as with teachers at the rehabilitation center. The researcher also conducted classroom
observations to identify suitable students within the institution where the study was conducted. The
combination of observations and interviews confirmed that the selected students met the required
criteria. Additionally, the necessary parental consent was obtained for the student's participation in
the study. Based on the interviews with their teachers, it was determined that the students needed to
gain prior knowledge of light propagation and reflection. The demographic characteristics of the
participants are presented in Table 1.

Table 1. Demographic Characteristics of the Participants

Participant Gender Age Class Type of disability
A . | 1 c Mild intellectual
e emale
v3 disability
Mild intellectual
Emre Male 11 5 o
disability
Mild intellectual
Can Male 10 5 o
disability

All of the implementations and generalization sessions of the study were conducted by the
first researcher. Implementation fidelity and inter-observer reliability data were collected by two
special education specialists who had completed their master's degrees and were continuing their
doctoral studies in special education.

2.5. Settings and Materials

This study was conducted in a special education and rehabilitation centre in Mersin province
in Tlrkiye for students who received supportive education services. All sessions related to the probe,
implementation, follow-up and generalization sessions with the participants were conducted one-on-
one in the individual education classroom of the rehabilitation centre where the students received
education. The classroom had a study desk, two chairs, a smart board, and a storage cabinet. Before
implementation, the classroom's temperature, lighting, and cleanliness conditions were adjusted to
be suitable for instruction. The tools used in the study included data collection forms, a pen, paper,
and a camera. A "Light Propagation and Reflection Data Recording Form" consisting of 10 questions
was prepared to assess the performance level of the target concept of light propagation and reflection
intended to be taught to the student. In creating data collection forms, expert opinions were obtained
from one person who had completed their Ph.D. in science education and two who had completed
their Ph.D. in special education.

2.6. General Procedure

The implementation process included baseline, intervention, follow-up, and generalization
sessions. All experimental sessions were conducted at the special education and rehabilitation center.
Possible responses were categorized into three groups during the baseline, follow-up, and
generalization sessions. For the dependent variable in these sessions, it was anticipated that the
participant children could provide 1) a correct response, 2) an incorrect response, and 3) no response.
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In cases of no response, this was evaluated as an incorrect response across all study sessions. The
possible responses of the participants were recorded in the "Baseline, Follow-up, and Generalization
Session Data Collection Form for the Topic of Light Propagation and Reflection" prepared for the
targets.

2.6.1. Probe Sessions (Baseline, Full Probe and Daily Probe Sessions)

The probe sessions of the study consisted of full probe and daily probe sessions. The first full
probe session was conducted to obtain baseline data. These sessions were continued until stable data
were obtained from each participant for at least three consecutive sessions. The other full probe
sessions were held simultaneously for all participants immediately after the criterion was met in the
teaching sessions. Daily probe sessions were held immediately after the teaching sessions in order to
determine the performance levels of the participants on the subject of “light propagation and
reflection”. These sessions were also conducted following the same steps as the full probe sessions.

In the evaluation tool consisting of 10 questions, a (+) sign was placed on the data collection
form for the correct answers of the participants, and a (-) sign was placed for incorrect answers or
questions left blank. No prompts or reinforcements were provided to the students during the probe
sessions.

2.6.2. Instructional Sessions

In the instruction sessions of the study, lesson plans were implemented using the STEM
approach. A total of ten STEM lesson plans were prepared for the implementation. The stages of the
lesson plans designed with the STEM approach were developed and implemented based on the 5E
model, which is recommended and widely used in STEM education. Accordingly, the instruction was
planned to include the following stages: a) Engage, b) Explore, c) Explain, d) Elaborate, and e) Evaluate.
In the Engage stage, questions are asked to capture students' attention on the topic. In the Explore
stage, students are asked inquiry-based questions and encouraged to share their thoughts. The Explain
stage is the teacher-led stage, where concepts related to the topic are clarified. In the Elaborate stage,
students are encouraged to apply the knowledge and skills they have acquired to new scenarios. The
evaluation stage is where students' performance is assessed. In this study, adaptations were made to
the 5E model for individuals with intellectual disabilities, including reinforcements, prompts, and error
corrections.

Before starting the stages of the 5E model, the practitioner prepared the materials and
arranged the area where the instruction would occur. The practitioner informed the students about
the topic to be studied. To capture the student's attention and motivate them, the practitioner said, "I
see you are ready. Shall we start if you are ready?" and reinforced the student's behavior with, "Great,
then let us start!" when the student responded, "Yes, | am ready."

Engage: Before starting the lesson, questions related to the topic are asked to check the
participant's readiness and prior knowledge, and picture cards displaying images of light from a
flashlight, a lighthouse, and a car's headlights are shown to capture the participant's interest in the
topic. This draws the student's attention to the lesson. The participant is asked how the light from the
flashlight, lighthouse, and car headlights appears, and at this stage, the participant is expected to think
and approach the answer but has yet to give a correct response. The aim is to uncover the participant's
prior knowledge. Picture cards showing images of reflections on still and wavy water are presented.
The participant is asked what might cause the difference between the two images. The participant is
then asked to explain a smooth and rough surface and provide examples. At this stage, the participant



Determining the Effectiveness of STEM-Based Activities... 398

is encouraged to think and approach the answer, but a correct response is yet to be expected, as the
aim is to reveal the participant's prior knowledge.

Explore: The student is provided with a flashlight and instructed to observe how light disperses
on an A4 sheet of paper positioned in front of them, then asked to sketch their observations. The
student is asked to hold the cardboard upright and place an A4 sheet in front. When the laser is pointed
at all three items, the student is asked to observe the light's path and draw it on the provided paper.
The participant is given various-shaped tubes and an empty paper towel roll. A candle is placed at the
end of each tube or roll, and the participant is asked to indicate whether they can see the light through
each tube and describe the path the light follows. The participant is expected to draw their
observations. If needed, the researcher provides feedback on the drawings. The researcher gives the
student a mirror, a piece of cardboard with smoothly applied aluminum foil, and another with wrinkled
aluminum foil. The participants were asked which one they saw themselves in most clearly. The
participant was then asked about the path the light takes on the mirror, smooth aluminum, and
wrinkled aluminum and why the light follows a different path. Examples of the activities carried out by
the students are given in Figure 1.

Figure 1. Some selected photos from STEM activities

Explain: Drawings are made for the participant to illustrate how light propagates and how rays
emitted from a light source are represented, with necessary explanations provided. Reflection is
explained, noting that clear images are formed on smooth and shiny surfaces due to regular reflection.
In contrast, diffuse reflection could make images on rough and matte surfaces more transparent.
Concepts such as incident ray, reflected ray, regular reflection, and diffuse reflection are introduced.
Explanations are also given on drawing rays reflected from various surfaces and calculating the angles
of incidence and reflection. This stage includes presenting the topic through slides, drawing on the
board, and watching relevant videos.

Elaborate: The participant is informed about a planned evening camp in a garden without
electricity. Considering the topics discussed in the previous stage, they are asked to design a way to
illuminate this camp area. The participant is asked to sketch their design. After completing the sketches
on paper, they move to the construction stage and use the materials before them to create the design.
The participant presents information about their product and discusses it with the researcher. During
this stage, the practitioner provided prompts as needed to support the participant.
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Figure 2. Example of Student Campsite Design Product

Evaluate: Evaluation is taken from the participant. At the end of each instruction, questions
such as “How do light rays propagate? What is a light ray? What are natural light sources? What are
artificial light sources? What is the reflection of light? What is a uniform reflection? What is diffuse
reflection? How many degrees is the angle of incidence in the figure given below? A ray of light is sent
to a plane mirror at an angle of incidence of 40° and the ray is reflected as shown in the figure. What
is the angle between the reflected ray and the mirror? Draw a light ray with an angle of incidence of
45 and an angle of reflection of 45. etc.” were asked and recorded on the data recording form.

2.6.3. Follow-Up and Generalization Sessions

Follow-up sessions were conducted in the same setting as the instruction sessions 1, 3, and 5
weeks after the instruction was completed to determine whether the skills acquired by the students
during the instruction were retained. These follow-up sessions were organized in the same manner as
the baseline sessions.

Generalization sessions were conducted as pre- and post-tests in a different setting and with
a different practitioner from the one who conducted the instruction once the criterion for the target
behavior had been met. The data obtained from the generalization sessions were recorded in the
generalization data recording form.

2.7. Reliability

Inter-observer and treatment reliability data were collected for at least 30% of all sessions in
each phase for all participants, covering both the dependent and independent variables. The reliability
data were collected by a research assistant with a master's degree in special education. Inter-observer
reliability data were calculated and analyzed using the formula (Agreement / [Agreement +
Disagreement] x 100) (Erbas, 2012). The inter-observer reliability data are presented in Table 2.

Table 2. Inter-Observer Reliability Findings

Participant Baseline Intervention  Probes Follow Up  Generalization Overall
Ayse 100% 88,88% 92,59% 100% 100% 96,29%
Emre 100% 92,59% 96,29% 100% 100% 97,77%
Can 100% 85,18% 88,88% 100% 100% 94,81%

Treatment fidelity aims to determine the degree to which the independent variable is
implemented correctly throughout the study. Implementation reliability was calculated using the
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formula specified by Kircaali-iftar & Tekin-iftar (1997) ([Realised Practitioner Behaviour / Targeted
Practitioner Behaviour] x 100). The treatment fidelity data are presented in Table 3.

Table 3. Implementation Reliability Findings

Participant Baseline Intervention Probes Follow Up  Generalization Overall
Ayse 100% 88,88% 92,59% 100% 100% 96,29%
Emre 100% 96,29% 85,18% 100% 100% 96,29%

Can 100% 92,59% 100% 100% 100% 95,51%

2.8. Social Validity

Social validity data were collected from the students participating in the study regarding the
methods used and the skills taught. Interviews were conducted with students using five closed-ended
questions prepared about the study, and their opinions were obtained. During the interview, the
students were asked questions about whether the subject of the study was important, whether it
contributed to them, whether they enjoyed the study, whether they were satisfied with the Stem
activities, and whether their opinions were positive or negative about participating in the activity. The
collected social validity data were analyzed through descriptive analysis.

2.9. Data Analysis

In the study, the effectiveness data were analyzed graphically. In the graphic, the horizontal
axis represents the number of sessions and the vertical axis represents the percentage of correct
responses. The data obtained from the social validity form in the study were analyzed using the
descriptive analysis technique.

2.10. Ethical Precautions

In order to adhere to ethical guidelines, the parents of participants were informed about the
study, and written consent was obtained to confirm their voluntary involvement. Real names of
participants were not used; code names were assigned instead. In photographs used in the study,
students' faces were not shown. The research was conducted by obtaining ethics committee
permission from Bolu Abant izzet Baysal University Human Research Ethics Committee in Social
Sciences with the decision numbered 2023/04 dated 07.05.2023.

3. Findings

The findings related to the study's effectiveness, generalization, and social validity data are
presented in order.

3.1. Effectiveness Findings

The data on the effectiveness of the teaching activities implemented with the STEM approach
for Ayse, Emre, and Can in acquiring the topic of light propagation and reflection are shown in Figure
1. The graph's horizontal axis represents the number of sessions, while the vertical axis represents the
percentage of correct responses by the participants in daily probe sessions. Figure 3 presents the graph
showing the correct responses for each participant in the baseline, intervention, full probe,
generalization, and follow-up sessions.
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Figure 3. Response Percentages Related to the Effectiveness of STEM-Based Teaching Activities on the
Topic of Light Propagation and Reflection for Ayse, Emre, and Can. Baseline (BL), Intervention (INT),
Generalization (G), Probes (P), Follow Up (FU)

BL INT p INT p INT P G FU

45678 91011121314 151617 181920212223242526 272829 30313233343536373839 404142 43 44 45 46

3.1.1. Findings on the Effectiveness of STEM-Based Teaching Activities for Ayse on the Topic of Light
Propagation and Reflection

Eleven instructional sessions were conducted with Ayse, the first participant in the study.
Figure 3 shows that Ayse's percentage of correct responses in the baseline sessions conducted before
instruction on light propagation and reflection was 0% across three sessions. During the STEM-based
instructional sessions, Ayse's average correct response rate was 61.8% (range: 20% - 100%). The
instructional sessions were concluded after demonstrating a performance accuracy of 90% or higher
across three consecutive sessions. The average accuracy for Ayse's stable responses in the last three
sessions was 93%. In the full probe sessions conducted after the instructional sessions concluded,
Ayse's accuracy ranged from a minimum of 90% to a maximum of 100%. In the follow-up sessions
conducted 1, 3, and 5 weeks after the conclusion of STEM-based instructional activities on light
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propagation and reflection, Ayse achieved accuracy levels of 90%, 90%, and 80%, respectively. The
findings indicate that the skills Ayse acquired on light propagation and reflection through STEM-based
instructional activities were retained after the instruction.

3.1.2. Findings on the Effectiveness of STEM-Based Teaching Activities for Emre on the Topic of
Light Propagation and Reflection

Nine instructional sessions were conducted with Emre, the second participant in the study.
Figure 3 shows that Emre's percentage of correct responses in the baseline sessions conducted before
instruction on light propagation and reflection was also 0% across three sessions. During the
instructional session, Emre's average correct response rate was 74.4% (range: 40% - 100%).
Instructional sessions were terminated after Emre achieved a 90% or higher performance accuracy
across three consecutive sessions. The average of Emre's stable responses in the last three sessions
was 100%. In the full probe sessions conducted after the instructional sessions, Emre's accuracy ranged
from a minimum of 90% to a maximum of 100%. In the follow-up sessions conducted 1, 3, and 5 weeks
after the conclusion of STEM-based instructional activities on light propagation and reflection, Emre
achieved accuracy levels of 100%, 90%, and 100%, respectively. These findings indicate that Emre
acquired light propagation and reflection skills through STEM-based instructional activities, which
were also retained after the instruction had concluded.

3.1.3. Findings on the Effectiveness of STEM-Based Teaching Activities for Can on the Topic of Light
Propagation and Reflection

Ten instructional sessions were conducted with Can, the third participant in the study. Figure
3 shows that Can's percentage of correct responses in the baseline sessions conducted before
instruction on light propagation and reflection was 0% across three sessions. During the instructional
session, Can's average correct response rate was 66% (range: 30% - 100%). Instructional sessions were
concluded after Can demonstrated 90% or higher performance accuracy across three consecutive
sessions. The average of Can's stable responses in the last three sessions was 93.3%. In the full probe
sessions conducted after the instructional sessions concluded, Can's accuracy ranged from a minimum
of 90% to a maximum of 100%. The follow-up sessions conducted 1, 3, and 5 weeks after the conclusion
of STEM-based instructional activities on light propagation and reflection Can achieve accuracy levels
of 100%, 90%, and 90%, respectively. These findings indicate that the skills Can acquired on light
propagation and reflection through STEM-based instructional activities were retained after the
instruction had concluded.

3.1.4. Generalization Findings

The findings related to the ability of Ayse, Emre, and Can to generalize the skills they acquired
on light propagation and reflection to different individuals and settings are presented in Figure 3. After
the final full probe sessions, each of the three participants was expected to demonstrate the skills they
had acquired on light propagation and reflection with a different individual and in a different
environment. After the instruction, Ayse performed 90%, Emre 100% and Can 90% in generalization
sessions conducted in different settings and with different individuals. Figure 1 shows that the STEM-
based teaching activities enabled the participants to generalize their acquired skills on light
propagation and reflection to different settings and individuals.
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3.2. Social Validity Findings

Social validity data were gathered based on interviews with the three students participating in
the study. All students expressed that the topic studied was essential and that they enjoyed the
activities. All participants indicated they were satisfied learning about light propagation and reflection
through STEM activities. Finally, the students expressed positive views regarding participating in the
STEM-based instructional activities.

4. Conclusion, Discussion and Recommendations

The purpose of this study was to determine whether STEM-based instructional activities are
effective in helping individuals with intellectual disabilities acquire, retain, and generalize the topic of
"light propagation and reflection" in the context of a science course, as well as to explore the views of
the participating individuals with intellectual disabilities. The findings indicate that STEM activities
were effective in supporting the acquisition, maintenance, and generalization of the topic of "light
propagation and reflection" for individuals with intellectual disabilities. The social validity results
revealed that all students participating in the study held positive perceptions of the study. This section
discusses the conclusions derived from the findings, compares the results with those reported in the
existing literature, addresses the limitations encountered during the study, and provides
recommendations for future research based on the overall process.

When examining the findings related to the study's first aim, it was determined that the use of
STEM-based instructional activities enhanced all three participants' acquisition of the targeted science
concept, "light propagation and reflection,” among students with intellectual disabilities. The baseline
data indicated an acquisition level of 0%, which increased to between 90% and 100% by the end of
instruction. These findings suggest that STEM activities were effective in helping individuals with mild
intellectual disabilities acquire science topics. The effectiveness findings of this study align with
previous research indicating that STEM activities are effective in teaching science topics to individuals
with special needs (Ayverdi, 2018; Baris & Ecevit, 2019; Bicer, 2019; Karasu, 2019; Ozcelik & Akgiindiiz,
2017; Tosun, 2019; Tofel-Grehl et al., 2018; Wei et al., 2017).

Bigcer (2019) found that using the STEM approach enhanced the academic achievement of
students with learning difficulties in the topic of electrical circuits. Similarly, Tosun (2019) concluded
that adapting STEM activities through simplification and creating enriched learning environments was
effective in teaching scientific concepts to students with mild intellectual disabilities. Karasu (2019)
found that teaching the topic of sensory organs using the 5E method was effective for students with
mild intellectual disabilities in special education classes. In a study evaluating the STEM skills of
students with special needs, Balgin and Yildirnm (2021) found that students were able to apply their
science knowledge to the materials they created but struggled to relate their work to mathematics,
technology, and engineering. Wei et al. (2017) identified that STEM education increased the academic
success of individuals with autism spectrum disorder. Baris and Ecevit (2019) found that STEM activities
helped gifted students develop positive attitudes toward science and acquire scientific process skills.
Tofel-Grehl et al. (2018) found that STEM education created opportunities for deep learning among
gifted students. In a similar vein, Ayverdi (2018) concluded that STEM education supported the
development of scientific process skills in gifted students, and Ozcelik and Akgiindiiz (2017) discovered
that STEM education helped gifted students acquire 21st-century skills like creativity, critical thinking,
teamwork, and communication, along with advancements in science and math.
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The literature indicates that STEM activities have positive outcomes for individuals with special
needs; however, more studies in this area need to be conducted. In this respect, the STEM activities
prepared within the scope of this study contribute to expanding the relevant literature. According to
Tofel-Grehl et al. (2018), implementing the STEM approach increases class participation levels for
typically developing students and students with special needs. Researchers suggest that educators and
special education specialists working with children with special needs should be encouraged and
supported with in-service training to design STEM activities tailored to these individuals' interests,
needs, and abilities (Brenneman et al., 2019; Jamil et al., 2018). Wells and Kommers (2022) emphasized
that individuals with special needs often lack adequate access to STEM education. Based on the
findings of this study and other research, it is recommended that STEM activities for individuals with
special needs be increased in both international and national literature.

When examining the retention findings of the study, it was found that STEM activities were
effective in helping individuals with intellectual disabilities maintain their acquired skills after the
intervention had concluded. All individuals with intellectual disabilities retained their performance
levels at 1, 3, and 5 weeks following the end of instruction. This study's retention findings are similar
to those of Bicer (2019), who found that students with learning difficulties retained knowledge of
electrical circuit components when instructed through the STEM approach.

Generalization data were collected from participants in the study. Pre-test and post-test
generalization assessments were conducted during sessions held with individuals with intellectual
disabilities. In these sessions, the children were expected to generalize the science topics they had
learned to different settings and individuals. During the generalization sessions, the children
performed at a level that met the predetermined criteria for the targeted science topics. It is well-
known that individuals with disabilities often face challenges in generalizing skills from one situation
to another (Steere et al., 1989). Therefore, this study emphasizes the importance of generalization and
includes generalization data to address the specific challenges faced by students with special needs.
Unlike some previous studies that did not incorporate generalization sessions (Biger, 2019), this study
provides a meaningful contribution to the literature by emphasizing and documenting generalization
outcomes.

Social validity data were collected from participants with intellectual disabilities following the
intervention. An examination of the social validity data collected showed that participants generally
held positive views. This finding aligns with other quantitative studies that measure the interests and
attitudes of students with special needs toward STEM when instructed through STEM activities. Tosun
(2019) concluded that simplified STEM education in science courses for students with mild intellectual
disabilities increased their interest and shifted their attitudes from negative to positive. Kisoglu et al.
(2024) found that science activities using the 5E model effectively increased motivation in students
with mild intellectual disabilities. Ozcelik and Akgiindiiz (2018) found that STEM activities designed for
gifted students made lessons more enjoyable. Similarly, Ceylan et al. (2018) concluded that gifted
students held positive attitudes toward STEM education. Based on these studies and findings, as well
as the positive attitudes of students with special needs toward STEM and the effectiveness of STEM
education, it is essential to expand access to STEM education for these students, as it would contribute
significantly to both national and international literature. In light of the study’s limitations, it should
be noted that while the literature recommends collecting data for at least five sessions during the
baseline phase, only three baseline sessions were conducted in this study. This decision was made to
prevent students with mild intellectual disabilities from becoming bored or losing motivation.
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This study demonstrated that STEM-based instructional activities were effective in supporting
students with intellectual disabilities in acquiring science topics. n a similar vein, future research could
explore the use of STEM activities across different subject areas and with diverse disability groups.
Additionally, STEM-based approaches have increasingly been recognized for their effectiveness in
special education. Therefore, future studies may focus on designing professional development
programs aimed at equipping teachers of students with special needs with the necessary skills to
implement STEM-based instruction. Furthermore, it can be suggested that the activities presented in
the study can guide teachers who want to incorporate STEM activities into their classroom practices.
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Genis Ozet

1. Giris

STEM egitimi, fen, teknoloji, mihendislik ve matematigi bir araya getirerek 6grencileri gercek
diinya problemlerini ¢6zmeye vyonelik disiplinler arasi bir yaklasim kazandirmayr amaglar
(Metpattarahiran, 2021; Sanders, 2009). Bu egitim yaklasimi, 21. ylzyil becerileri olan elestirel
diisiinme, iletisim, yaraticilik ve problem ¢6zme gibi yetenekleri 6grencilere kazandirarak onlarin STEM
alanlarinda kariyer yapmalari icin daha donanimli olmalarini hedefler (Alici, 2018; Duran & Sendag,
2012). Ancak, STEM egitimi kaynak eksikligi, 6nyargilar ve akademik destek yetersizligi gibi cesitli
zorluklarla karsilasabilir (Le vd., 2024). Ogretmenlerin STEM egitimini basariyla uygulayabilmesi igin
yenilikci yontemler gelistirmeleri ve bu zorluklarin Gstesinden gelmeleri énemlidir (Sukarman &
Retnawati, 2022).

Zihin yetersizligi olan bireyler icin STEM egitimi, bilissel gelisim ve kapsayicilik agisindan 6zel
bir 6neme sahiptir. Bu bireylerin STEM’e erisimi, firsat esitsizligi ve bilissel siireclerde yasanan zorluklar
nedeniyle kisitlanabilmektedir (Das & Pal, 2024). Bu sebeple, STEM etkinliklerinin icerik, yontem ve
Urlnlerinde zihin vyetersizligi olan bireylerin ilgi ve ihtiyaglarina uygun uyarlamalar yapilmasi
onerilmektedir (Ayverdi & Avci, 2023). STEM egitiminin, uzamsal gorsellestirme becerilerini gelistirerek
ogrencilerin bilissel gelisimine katki saglarken, 6zel gereksinimli 6grencilerin giinlik yasam kalitesini
artirmada basarili olabilecegi alanyazinda dile getirilmektedir (Dogan, 2020; So vd., 2021). Bu
ogrenciler icin tasarlanan STEM etkinlikleri, bilissel slireclerin desteklenmesine ve sosyal-duygusal
gelisime olumlu katkilar saglama potansiyeline sahiptir (Igier & Pennequin, 2020).

STEM etkinlikleri, zihin yetersizligi olan 6grenciler igin fen bilimleri derslerinde soyut
kavramlarin anlasilmasina yardimci olabilir. Bu 6grenciler somut materyallerle kendi Urinlerini
olusturarak derslere karsi olumlu bir tutum gelistirebilirler (Das & Pal, 2024; So vd., 2022). Ancak
literatiirde, zihin yetersizligi olan bireylerde STEM etkinliklerinin kullanimina yoénelik sinirli sayida
arastirma bulundugu dikkat cekmektedir (Ayverdi ve Avcu, 2023; Bal¢in & Yildirim, 2021). Yapilan
calismalar, zenginlestirilmis 06grenme ortamlarinin STEM egitimiyle olusturulmasinin faydah
olabilecegini gostermektedir. Bu baglamda, 6zellikle zihin yetersizligi olan bireylere yonelik STEM
arastirmalarinin artirilmasi gerektigi disliniilmektedir.

Bu arastirmanin amaci STEM yaklasimiyla uygulanan 6gretim etkinliklerinin hafif diizeyde zihin
yetersizligi olan 6grencilerin fen bilimleri dersi 1518in yayilmasi ve yansimasi konusunun ediniminde
etkili olup olmadigini belirlemektir. Bu amag dogrultusunda asagidaki sorulara cevap aranmistir:

1. STEM yaklasimiyla uygulanan 6gretim etkinlikleri hafif diizeyde zihin yetersizligi olan
Ogrencilerin fen bilimleri dersi 15181n yayilmasi konusunun ediniminde etkili midir?

2. STEM yaklasimiyla uygulanan hafif dizeyde zihin yetersizligi olan 6grencilere fen
bilimleri dersi 1s1in yayllmasi konusuna yonelik 6gretim uygulamasi sona erdikten 1, 3 ve 5 hafta sonra
etkililigi devam etmekte midir?

3. STEM vyaklasimiyla uygulanan 6gretim etkinliklerine yonelik hafif dlizeyde zihin
yetersizligi olan 6grenciler kazandiklari becerileri farkl kisilere genelleyebilmekte midir?

4. STEM vyaklasimiyla uygulanan o6gretim etkinliklerine yonelik hafif diizeyde zihin
yetersizligi olan 6grencilerin gorisleri nasildir?

2. Yontem

Bu arastirma, zihin yetersizligi olan bireylere “Isigin Yayilmasi ve Yansimasi” konusunun
ogretiminde STEM yaklasiminin etkililigini belirlemek amaciyla yuratilmistir. Arastirmada, tek denekli
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arastirma modellerinden katilimcilar arasi yoklama evreli ¢oklu yoklama modeli kullaniimistir.
Katimcilardan once baslama dizeyi verisi toplanmis, kararli veri elde edildiginde 6gretime
baslanmistir. Her bir katilimci hedef davranigta olgltu sagladiktan sonra diger katilimciya gegilmis ve
bu siire¢ tim katilimcilar icin tamamlanmistir. Uygulama sona erdikten sonra 1, 3 ve 5 hafta arayla
izleme verileri toplanmistir.

Arastirmanin bagimsiz degiskeni; fen bilgisi dersinde kullanilan STEM yaklasimi bagimli
degiskeni ise katihmcilarin fen bilgisi dersi icin hedeflenen “isigin yayilmasi ve yansimasi” konusunu
edinme dizeyidir. Arastirmada, katilimcilarin bagimh degisken olarak hedeflenen “isigin yayilmasi ve
yansimasi” konusunu 6grenme 6l¢litl %90 olarak belirlenmistir. Arastirmanin katilimcilari, genel egitim
sinifinda kaynastirma yoluyla egitim alan, zihin yetersizligi tanisi olan ¢ besinci sinif 6grencisidir.
Katilimcilarin segimi belirli 6n kosul dl¢ltlerine gére yapilmis, velilerden gerekli izinler alinmistir.

Arastirma, Ogrencilerin destek egitim aldigi 6zel egitim ve rehabilitasyon merkezinde
gerceklestirilmistir. Uygulamalar, 6zel egitim sinifinda uygun kosullar saglanarak yapilmistir. Veri
toplama araglari arasinda “Isigin Yayilmasi ve Yansimasi Veri Kayit Formu” ve diger degerlendirme
formlari yer almaktadir. Bu araglar fen bilgisi ve 6zel egitim alaninda uzman kisiler tarafindan gézden
gecirilmistir. Uygulama stirecinde baslama diizeyi, 6gretim, izleme ve genelleme oturumlari yapilmistir.
Ogretim oturumlarinda STEM yaklasimiyla hazirlanmis ve 5E modeline gére diizenlenmis on adet ders
plani uygulanmistir. 5E modeli asamalari Giris (Engage), Kesfetme (Explore), Agiklama (Explain),
Derinlestirme (Elaborate) ve Degerlendirme (Evaluate) olarak belirlenmistir. Baslama dizeyi
oturumlarinda 6grenciler herhangi bir ipucu ya da pekistire¢c almamis, ¢ oturumda kararl veri elde
edildikten sonra 6gretim oturumlarina gecilmistir.

3. Bulgular

Bu arastirmada, STEM vyaklasimiyla hazirlanan 6gretim etkinliklerinin zihin yetersizligi olan
bireylerde “Isigin Yayilmasi ve Yansimasi” konusunun 6gretimindeki etkililigi, genelleme ve sosyal
gecerlik bulgulari incelenmistir.

Ayse ile 11 6gretim oturumu gerceklestirilmistir. Baslama dizeyinde verdigi cevaplarin (g
oturumda da %0 oldugu gorilmistir. Ogretim oturumlarinda Ayse’nin dogru cevap orani ortalama
%61,8 (ranj %20-100%) olarak kaydedilmistir. Ayse, (¢ oturum Ust Uste %90 ve Uzeri dogrulukta
performans sergilediginde 6gretim oturumlari sonlandirilmistir. Ayse’nin son {i¢ oturumda %93
kararlihk gésterdigi belirlenmistir. Ogretim oturumlarindan sonra gerceklestirilen toplu yoklama
oturumlarinda %90 ile 100% dogruluk arasinda degisen performans gostermistir. Ayrica, STEM
etkinlikleri sona erdikten 1, 3 ve 5 hafta sonra yapilan izleme oturumlarinda Ayse’nin sirasiyla %90,
%90 ve %80 dogruluk seviyesinde performans sergiledigi kaydedilmistir. Bu bulgular, STEM
yaklasimiyla yapilan 6gretimin Ayse’nin kazandigl becerileri 6gretimden sonra da sirdirebildigini
gostermektedir.

Emre ile 9 6gretim oturumu yapilmistir. Baslama diizeyi oturumlarinda dogru cevap orani ig
oturumda da %0’dir. Emre’nin 6gretim uygulama oturumlarinda ortalama %74,4 (ranj %40-100%)
dogrulukla cevap verdigi goriilmistiir. Ug oturum Ust tiste %90 ve (izeri dogruluk elde ettiginde 6gretim
oturumlari sonlandirilmistir. Son U¢ oturumda 100% kararlilik sergileyen Emre, toplu yoklama
oturumlarinda %90 ile 100% arasinda dogruluk saglamistir. izleme oturumlarinda 1, 3 ve 5 hafta sonra
siraslyla 100%, %90 ve 100% dogruluk oraniyla devam etmistir. Bu bulgular, STEM etkinliklerinin
Emre’nin 6grenimini strdirebildigini gostermektedir.

Canile 10 6gretim oturumu gergeklestirilmistir. Baslama diizeyinde %0 diizeyinde dogru cevap
orani gbzlemlenmistir. Ogretim oturumlarinda Can, ortalama %66 (ranj %30-100%) dogrulukla cevap
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vermistir. Ug oturum (st Giste %90 dogruluk sagladiginda 6gretim oturumlari sonlandirilmistir. Son tig
oturumda %93,3 kararllik orani elde eden Can, toplu yoklama oturumlarinda %90 ile 100% dogruluk
arasinda performans gdstermistir. izleme oturumlarinda ise 1, 3 ve 5 hafta sonra sirasiyla 100%, %90
ve %90 dogruluk oranini stirdlirmistir. Bu sonuglar, STEM etkinliklerinin Can’in 6grenim lzerindeki
kahcihgini gosterir niteliktedir.

Ayse, Emre ve Can’in 6grendikleri becerileri farkl kisiler ve ortamlar arasinda genelleyebilme
bulgularn Grafik 1'de sunulmustur. Ug¢ katilimcinin da son toplu yoklama oturumlarindan sonra
ogrendikleri becerileri yeni bir ortamda ve farkl bir kisiyle sergilemeleri beklenmistir. Ayse %90, Emre
100% ve Can %90 dogrulukla genelleme oturumlarinda performans gostermistir. Bulgular, STEM
yaklasimiyla yapilan 6gretim etkinliklerinin 6grendikleri becerileri farklh ortamlara ve Kkisilere
aktarabildiklerini gostermektedir.

Sosyal gecerlik verileri katilimcilarla yapilan goriismeler sonucunda elde edilmistir. Tim
katilimcilar, konunun énemli oldugunu belirtmis ve STEM etkinlikleriyle sunulan 6gretimden memnun
kaldiklarini ifade etmislerdir. Ayrica, STEM yaklasimiyla yapilan etkinliklere katilma konusunda olumlu
goris bildirmislerdir. Bu bulgular, STEM yaklasimiyla uygulanan 6gretim etkinliklerinin zihin yetersizligi
olan bireylerde hem 6grenim hem de 6grenilen becerilerin kaliciligi ve genellemesine katki sagladigini
gostermektedir. Ayrica, 6grencilerin STEM etkinliklerine yonelik olumlu tutum gelistirdiklerini ortaya
koymaktadir.

4. Tartisma, Sonug ve Oneriler

Bu arastirmanin amaci, STEM yaklasimiyla uygulanan 6gretim etkinliklerinin zihin yetersizligi
olan bireylerde fen bilgisi dersinde hedeflenen “isigin yayilmasi ve yansimasi” konusunun kazaniminda,
surdiridlmesinde ve genellemesinde etkili olup olmadigini incelemektir. Ayrica, arastirmaya katilan
zihin yetersizligi olan bireylerin STEM etkinliklerine iliskin gorusleri de degerlendirilmektedir. Bulgular,
STEM etkinliklerinin bu 6grencilerde konu kazanimini saglama, 6grenimi surdiirme ve farkl kisilere ve
ortamlara genelleme konusunda etkili oldugunu gostermektedir. Sosyal gecerlik bulgulari ise katilimci
ogrencilerin genel olarak STEM etkinliklerinden memnun kaldigini ve olumlu gérislere sahip olduklarini
ortaya koymaktadir.

Arastirmanin birinci amaci dogrultusunda elde edilen bulgular, STEM etkinliklerinin zihin
yetersizligi olan bireylerin fen bilgisi dersinde hedeflenen konuyu 6grenmelerinde etkili oldugunu
ortaya koymustur. Baslama dizeyinde %0 olan edinim dizeyi, 6gretim sonunda %90 - 100%
seviyelerine ulasmistir. Bu sonuglar, STEM etkinliklerinin zihin yetersizligi olan bireylerin fen konularini
edinmelerinde etkili oldugunu kanitlamakta ve daha 6nce yapilmis bazi arastirmalarla (Ayverdi, 2018;
Baris ve Ecevit, 2019; Bicer, 2019; Karasu, 2019) tutarlilik géstermektedir. Ornegin, Bicer (2019) STEM
yaklasimiyla 6grenme glcliigl yasayan 6grencilerin elektrik devre elemanlari konusundaki akademik
basarilarinin arttigini bulmustur. Tosun (2019) ise STEM etkinliklerinin, hafif dizeyde zihin yetersizligi
olan 6grenciler i¢in zenginlestirilmis 6grenme ortamlarinda dersin etkisini artirdigini belirtmistir.

Kahcihk bulgulari incelendiginde, STEM etkinliklerinin uygulama sonrasinda da etkisini
sirdirdigi gorilmastir. Katihmcilar, 6gretim sona erdikten 1, 3 ve 5 hafta sonra konulara iliskin
performanslarini korumustur. Bu bulgu, Bicer (2019) tarafindan yapilan ve STEM egitiminin bilgilerin
kalicilligini sagladigini goésteren calismayla paralellik gostermektedir. Ayrica, genelleme oturumlari
sonucunda katihmcilarin 6grendikleri becerileri farkli ortamlarda ve kisilerle sergileyebildikleri
gozlenmistir. Zihin yetersizligi olan bireylerde genellemenin 6nemine vurgu vyapilmakta, bu
arastirmanin alanyazina katki saglayici yonlerinden biri olarak genelleme bulgularina yer verilmesi
gerektigi belirtiimektedir.
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Arastirmada sosyal gecerlik verileri, 6grencilerin STEM etkinliklerine dair olumlu bir goriise
sahip olduklarini gostermektedir. Ornegin, Tosun (2019) hafif dizeyde zihinsel yetersizligi olan
0grencilerde basitlestirilmis STEM egitiminin 6grencilerin ilgisini artirdigini ve olumsuz tutumlardan
olumlu bir egilime yonlendirdigini belirtmistir. Benzer sekilde, Kisoglu ve arkadaslari (2024) 5E
modeliyle hazirlanan fen etkinliklerinin égrencilerin motivasyonlarini artirdigini bulmustur. Ozgelik ve
Akglindliz (2018) oOzel yetenekli 6grencilerde STEM etkinliklerinin dersleri daha eglenceli hale
getirdigini tespit etmis, Ceylan ve arkadaslari (2018) 6zel yetenekli 6grencilerin STEM egitimine yonelik
tutumlarinin olumlu oldugunu goézlemlemistir. Bu bulgular 1siginda, STEM etkinliklerinin ozel
gereksinimli 6grencilerin STEM’e ilgilerini artirma ve STEM egitimini daha uygulanabilir kilma
potansiyeline sahip oldugu sonucuna varilmistir.

Bu arastirma, STEM vyaklasiminin zihin yetersizligi olan 6grencilerin fen bilgisinde konu
kazaniminda etkili oldugunu gostermekte ve farkli konular ile yetersizlik gruplarinda da STEM
etkinlikleri Gizerine ¢alismalar yapilmasini dnermektedir. STEM etkinlikleri, 6zel egitim alaninda ulusal
ve uluslararasi literatlirde etkisi giderek belirginlesen bir alan haline gelmektedir. Bu nedenle, ileride
STEM etkinliklerinin kullanimini 6gretmeyi amaglayan arastirmalarin yapilmasi 6nerilmektedir.

Yayin Etigi Beyani

Bu arastirmanin, Bolu Abant izzet Baysal Universitesi Sosyal Bilimlerde insan Arastirmalari Etik
Kurulu tarafindan 07.05.2023 tarihinde 2023/04 sayili karariyla verilen etik kurul izni bulunmaktadir.
Bu arastirmanin planlanmasindan, uygulanmasina, verilerin toplanmasindan verilerin analizine kadar
olan tim stirecte “Yiiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesi” kapsaminda
uyulmasi belirtilen tim kurallara uyulmustur. Yonergenin ikinci bolimu olan “Bilimsel Arastirma ve
Yayin Etigine Aykiri Eylemler” baslhig altinda belirtilen eylemlerden hicbiri gerceklestirilmemistir. Bu
arastirmanin yazim sirecinde bilimsel, etik ve alinti kurallarina uyulmus; toplanan veriler Gizerinde
herhangi bir tahrifat yapilmamistir. Bu g¢alisma herhangi baska bir akademik yayin ortamina
degerlendirme i¢in gonderilmemistir.
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