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Abstract: This study aimed to develop and evaluate a STEM (Science, 
Technology, Engineering, and Mathematics)-oriented physics instructional 
tool on sound waves to improve collaboration skills in an inclusive high 
school setting. Using the ADDIE model, the development process included 
need analysis, instructional design, expert validation, and limited classroom 
implementation. The product consists of a syllabus, lesson plans, a student 
module, worksheets, and assessment instruments tailored for diverse 
learners, including students with Special Educational Needs (SEN). Expert 
validation involving material, media, and instructional tool reviewers 
resulted in scores within the “very good” category (average >3.25). 
Classroom implementation involved 28 students, including one deaf 
student, who engaged in group-based activities. Student responses showed 
high acceptance (mean score = 0.74), particularly regarding contextual 
learning and fair task distribution. Observation using Brookhart’s 
collaboration rubric, showed medium-to-high improvement (average 
normalized gain = 0.67). Notably, the deaf student actively contributed to 
group tasks, highlighting the product’s inclusivity. These findings suggest 
that STEM-based instructional tools can effectively support collaborative 
learning in inclusive physics classrooms. The study recommends further 
large-scale implementation to validate impact on broader student 
populations. 
 
Keywords: Collaboration skills; Inclusive high school; Physics instructional 
tool; Sound wave; STEM 

  
 

Introduction  
 

The Fourth Industrial Revolution demands human 
resources who are equipped with 21st-century skills, 
including critical thinking, communication, creativity, 
and collaboration (P21, 2019). Advances in science and 
technology, such as autonomous vehicles, robotics, and 
artificial intelligence are reshaping industries and 

redefining the competencies needed to thrive in modern 
society (Ramlawati & Yunus, 2021). These rapid 

technological developments not only improve human 
quality of life and life expectancy, but also raise new 
challenges in achieving sustainable global development. 
One of the critical responses lies in the educational 
sector, which is expected to prepare students with 
future-ready skills through equitable access and 
inclusive practices (Adhelacahya et al., 2020; Bao & 
Koenig, 2019). 

Building on this foundation, developing 21st 
century skills is essential for preparing human resources 
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with the knowledge, competencies, and flexibility 
required to succeed in the current era of globalization 
(Heryani et al., 2023; Kartika et al., 2023; Nazifah & 
Asrizal, 2022). The Partnership for 21st Century Learning 
outlines four essential learning and innovation skills—
commonly known as 4C: critical thinking, 
communication, collaboration, and creativity (P21, 
2019). These skills are essential for students to excel both 

academically and socially in the workplace and broader 
society. Among these, collaboration plays a central role 
in shaping students' abilities to interact effectively, solve 
problems collectively, and take responsibility in group 
contexts (Fatiin et al., 2024; Yulianti & Anjani, 2020). 

Collaboration is defined as the ability to participate 
in joint activities with mutual respect, effective 
communication, shared goals, and division of 
responsibilities (Anugrah et al., 2023; Bella et al., 2024; 
Khoiriyah et al., 2024). Students with strong 
collaborative skills can adapt, contribute ideas, and 
resolve conflicts constructively (Yulianti & Anjani, 2020). 
However, despite its importance, preliminary 
observations in one inclusive high school in the Special 
Region of Yogyakarta reveal that collaborative learning, 
particularly in physics classes, remains suboptimal. SEN 
(Special Educational Needs) students are often excluded 
from meaningful learning interactions. Regular students 
tend to form exclusive groups, assuming that peers with 
special needs—such as hearing impairments—will be 
burdensome and incapable of working together 
effectively. In group tasks, SEN students are frequently 
assigned only easy or peripheral roles, with little 
opportunity for discussion or critical engagement. This 
passive inclusion undermines the principles of inclusive 
education, where every student should have equitable 
chances to participate and succeed. 

Ironically, many SEN students express a strong 
desire to contribute meaningfully to group work and 
engage in science learning on an equal footing with their 
peers. This finding is supported by teachers who 
acknowledge that the lack of inclusive, engaging, and 
structured learning tools is a significant barrier to equal 
participation. Moreover, teachers note that abstract 
topics in physics—such as sound waves—are 
particularly difficult for SEN students, especially those 
with hearing disabilities. The absence of contextual and 
inclusive teaching strategies further reinforces the gap in 
both collaboration and content mastery. 

STEM (Science, Technology, Engineering, and 
Mathematics)-based learning has emerged as a 
promising approach to address these challenges. By 
integrating scientific inquiry, technological design, 
engineering practices, and mathematical reasoning, 
STEM learning fosters essential 21st-century 
competencies, including problem solving, collaboration, 
and innovation (Alifa et al., 2018; Dea et al., 2024). STEM-

based instruction can be designed to reflect real-life 
contexts, offer differentiated tasks, and promote multi-
modal access, which are especially valuable for inclusive 
classrooms (Nazifah & Asrizal, 2022; Ramlawati & 
Yunus, 2021; Yulianti & Anjani, 2020). In addition, STEM 
fosters both hard skills and soft skills that enhance 
students’ readiness to face global competition and 
technological transformation (Adhelacahya et al., 2020; 

Khoiriyah et al., 2024). 
Despite its potential, STEM-based learning in 

inclusive physics education is still underutilized, 
particularly for abstract concepts such as sound waves. 
Physics instruction often remains traditional and 
teacher-centered, making it difficult for students—
especially those with SEN—to fully grasp and engage 
with the material. Teachers require innovative learning 
tools that integrate inclusive pedagogy and active 
student participation. This necessitates the development 
of well-structured instructional tools that are aligned 
with curriculum standards, inclusive principles, and 
21st-century learning goals. 

Instructional tools—or Subject-Specific Pedagogical 
(SSP) designs—combine teachers’ knowledge of subject 
matter, curriculum, student conditions, and 
instructional strategies into a cohesive framework for 
effective learning (Tyas et al., 2020). In inclusive 
classrooms, such tools must be specifically crafted to 
ensure all students, regardless of their learning needs, 
can access, understand, and engage with the content 
meaningfully. 

Therefore, this study aims to develop a STEM-
based physics instructional tool on sound wave material 
that enhances collaboration skills in inclusive high 
school settings. The novelty of this research lies in its 
dual focus: integrating collaboration-promoting 
strategies into a STEM learning framework; and 
tailoring the learning tool to support both regular and 
SEN students in understanding abstract physics 
concepts. The learning tool includes a syllabus, lesson 
plan, module, student worksheet, and assessment sheet 
that are designed to stimulate active participation, peer 
interaction, and group problem-solving. By applying 
inclusive STEM learning design, this study seeks to 
address equity in participation and improve 
collaboration quality among students in inclusive 
physics classrooms. 
 

Method  
 

This research employed the Research and 
Development (R&D) approach using the ADDIE model 
(Dick & Carey, 1996), which consists of five systematic 
stages: Analysis, Design, Development, 
Implementation, and Evaluation. The purpose of this 
study is to produce a STEM-based physics instructional 
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tool that enhances students’ collaboration skills in 
inclusive classrooms. The ADDIE model stages are 
illustrated in Figure 1. 

 

 
Figure 1. ADDIE model adapted from Dick & Carey (1996) 

 
Research Procedure 

In the analysis stage, learning needs were identified 
through literature review, curriculum analysis, and 
interviews with physics teachers in inclusive schools. 
The findings revealed the absence of STEM-based 
instructional tools and low collaboration, especially 
among students with special educational needs (SEN). 
In the design stage, a prototype was developed—
including syllabus, lesson plans, modules, worksheets, 
and assessment sheets—and refined through a Focus 
Group Discussion (FGD) with teachers. 

The development stage involved validation by 
experts in content, media, pedagogy, and inclusive 
education to ensure the product's quality and feasibility. 
During the implementation stage, the tool was trialed 
with 28 grade XI students, including one deaf student, in 
an inclusive public high school in Yogyakarta. In the 
evaluation stage, product effectiveness was assessed 
based on student responses and observations of 
collaboration skills during group learning using the 
STEM-based instructional tool. 
 
 

Population and Sample 

The subjects of this study were grade XI science 
students learning sound wave material. The population 
included all grade XI science students at a public 
inclusive senior high school in the Special Region of 
Yogyakarta. A purposive sample of one class comprising 
28 students—including one deaf student—was selected 
to represent inclusive learning conditions. In addition, 
four experts (content, media, instructional tools, and 
inclusive education) were involved to evaluate the 
feasibility of the instructional tools. A physics teacher 
from the inclusive school also provided feedback on the 
practicality and benefits of the tools in classroom 
implementation. 
 
Data Colllection Instruments 

This study applied three types of checklist-style 
instruments to gauge both the feasibility and impact of 
the STEM-based physics tool on students’ collaboration 
skills. First, expert-validation sheets—completed by 
content experts, media experts, instructional tool 
experts, and inclusive education practitioners (physics 
teachers)—confirmed the accuracy, visual quality, and 
pedagogical suitability of every learning component. 
Second, a 12-item Guttman questionnaire captured 
students’ perceptions of the lessons. Third, structured 
observation sheets—adapted from Brookhart (2013) 15-
indicator rubric—measured collaboration behaviours 
(contribution, time management, teamwork, problem-
solving, and synthesis). All instruments followed the 
checklist format (Setyosari, 2012; Riduwan, 2013) and 
were reviewed by relevant experts before classroom use, 
ensuring reliable data on both product quality and 
learning outcomes. 
 
Data Analysis 

This study employed both qualitative and 
quantitative data analysis techniques. Qualitative 
descriptive analysis was used to interpret expert 
comments and suggestions on the instructional tool. 
Quantitative analysis was conducted to determine the 
validity and effectiveness of the STEM-based physics 

instructional tool using data from expert validations, 
student responses, and observation of collaboration 
skills. 

Expert and teacher assessments of the instructional 
product were analyzed using a mean score formula 
(Equation 1) and converted into qualitative categories 
(Very Good to Very Poor) based on Likert scale intervals 
showed in Table 1 (Widoyoko, 2010). Student response 

questionnaires were analyzed using the Guttman scale 
to classify agreement levels (Agree or Disagree), with 
scores converted accordingly (Table 2). The formula is as 
follows: 

Analysis: conducting need analysis and 
preliminary research analysis according to the 

learning outcomes 

Design: creating rough drafts of the STEM-based 
physics instructional tool and data collection 

instruments 

Development: designing and developing 
instructional tool; creating and compiling content 

of the STEM-based physics instructional tool; 
expert validation and revision 

Implementation: conducting limited trial of the 
STEM-based physics instructional tool and 

observations of learning process 

Evaluation: analyzing of the student response 
questionnaire and learning observation results 
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X̅ =  
∑ X

(Nn)
 (1) 

 
Where X̅ is the mean score of the assessment, ∑ X is the 
number of assessment scores, N is the number of raters, 
and n is the number of questions. 
 
Table 1. Product Assessment Criteria (Likert Scale) 

(Widoyoko, 2010) 
Mean Score (X̅)   Qualitative Criteria 

3.25 < X̅ ⩽ 4.00 Very Good 

2.50 < X̅ ⩽ 3.25 Good 

1.75 < X̅ ⩽ 2.50 Less Good 

1.00 ⩽ X̅ ⩽ 1.75 Very Poor 

 
Table 2. Product Assessment Criteria (Guttman Scale) 
(Widoyoko, 2010) 
Mean Score (X̅)   Qualitative Criteria 

0.50 <X̅ ⩽ 1.00 Agree 

0.00 ⩽ X̅ ⩽ 0.50 Disagree 

 
In evaluating collaboration skills before and after 

the implementation of the STEM-based instructional 
tool, five observers used a standardized observation 
sheet with 15 indicators, covering contribution, time 

management, teamwork, problem-solving, research 
technique, and synthesis (Brookhart, 2013). The 
improvement in students' collaboration performance 
was quantitatively measured using the normalized gain 
formula (Equation 2) as proposed by Hake (1998). 

 

g =
Posttest score − Pretest score

100 − Pretest score
 (2) 

 
Table 3. Criteria for Normalized Gain Interpretation  
(Hake, 1998) 
Normalized Gain (g) Category 

g < 0.3 Low 
0.3 ≤ g ≤ 0.7 Medium 
g > 0.7 High 

 

The effectiveness of the instructional tool in 
fostering collaboration was further assessed using 
normalized gain analysis (Hake, 1998). As shown in 
Table 3, a normalized gain (g) of less than 0.3 is 
categorized as low, 0.3 ≤ g ≤ 0.7 as medium, and greater 
than 0.7 as high. This method enabled a comprehensive 
assessment of the tool's effectiveness in enhancing 
collaborative behaviors in inclusive physics classrooms. 

 

Result and Discussion 
 

This study developed a STEM-based physics 
instructional tool to support collaboration skills of 
students in inclusive classrooms. The syllabus, lesson 
plan, learning module, student worksheet, and 
assessment instruments are the components of the 
learning tool product, as defined by Kementerian 
Pendidikan RI (2007). In the context of developing 
STEM-based physics instructional tool to encourage 
collaboration skills in physics, specifically in sound and 
wave materials for high school students in inclusive 
settings, the ADDIE model by Dick & Carey (1996) was 
adapted. 
 
Product Validation 

Quantitative validation was carried out by five 
experts—comprising specialists in physics content, 
media, instructional design, and inclusive education. 
They evaluated the instructional components using a 
four-point Likert scale. Across components such as the 
learning module, student worksheet, lesson plan, and 
assessment instruments, all scores fell within the “very 
good” category, with average values ranging from 3.45 
to 3.65 (see Figure 2). The overall product validation 
score reached 3.51 out of 4.00, meeting the criteria for 
high feasibility (Widoyoko, 2010). These results indicate 
that the tool met essential requirements of content 
accuracy, media design quality, instructional coherence, 
and accessibility for students with diverse learning 
needs. 

 

 
Figure 2. Sonar application in STEM-based learning module 
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Expert evaluations confirmed that the STEM-based 
sound-wave package meets professional standards for 
inclusive physics instruction. Material specialists judged 
content accuracy, STEM alignment, structure, 
assessment str3ategies, and language clarity, assigning 
an overall mean of 3.45 on Widoyoko’s four-point scale 
(Widoyoko, 2010). They recommended broader 
assessment formats—such as scaffolded short-answer 

items and visual rubrics, to allow — students with SEN 
can demonstrate understanding without excessive 
reading load, in alignment with inclusive assessment 
practices. 

Media experts rated technical layout and graphic 
quality at 3.65, noting that captions and color cues 
improve visual access for deaf students, consistent with 
Universal Design for Learning (UDL) guidelines (CAST, 
2024). Their feedback led to revised captions and QR-
linked micro-animations in the module and worksheets. 

Instructional-design reviewers examined 
curriculum alignment, activity flow, STEM coherence, 
and evaluation completeness, returning an average of 
3.46. They advised breaking dense activities into shorter 
blocks and calibrating difficulty to student 
developmental levels—recommendations supported by 
Ronfeldt et al. (2015), who emphasize structured 
collaboration for mixed-ability groups. These revisions 

improved time-management prompts and embedded 
“pause-and-reflect” icons. 

Finally, inclusive-school physics teachers assessed 
six dimensions—curriculum fit, material validity, STEM 
integration, language, technical, and visual design—
giving a mean of 3.54. Their classroom-based 
suggestions ensured local relevance and accessibility, 
particularly for contextual examples such as recycled-

speaker projects (Nazifah & Asrizal, 2022). 
 

 
Figure 3. Front and back pages of the STEM-based physics 

instructional tool

 
Table 4. Component of the STEM-based Physics Instructional Tool 
Components Description 

Syllabus  The syllabus developed contains the title, school information, class/semester, subjects, main 
material, time allocation, basic competencies, and a table of learning activities that contains learning 

indicators, expected students’ characteristics, assessment techniques and forms, and learning 
resources. 

Lesson Plan The lesson plans are made for three meetings and derived from the syllabus. The purpose of the 
lesson plans is to enable learning activities to be more targeted and aligned with the goals and 

fundamental skills. Lesson plans are created in accordance with Minister of Education and Culture 
Regulation No. 22 of 2016, which consists of the subsequent sections: lesson plans identity; learning 

objectives; learning materials; approaches, methods and learning models; students characteristics; 
instructional media; learning resources; learning activities; and assessment of learning outcomes. 

Learning Module  The learning module is a physics module on sound wave material that integrates science (sound 
wave material), technology, engineering, and mathematics (STEM). To aid students in 

understanding the information, the module includes videos and graphics bundled in barcode form.  
Student Worksheet STEM-based student worksheet on sound wave material is prepared to encourage collaboration 

skills among students in inclusive classroom. Observable sound wave phenomena and simple 
projects that require collaborative work can discovered in the student worksheet. 

Assessment Instruments A cognitive, affective, and psychomotor assessment sheet comprise the instruments. A total of 
twenty multiple-choice questions can be answered in ninety minutes on the cognitive aspect 

assessment instrument. As a sort of affective assessment, students examine themselves through self-
evaluation. Psychomotor evaluation is carried out concurrently with the use of students' 

collaboration skills sheets for observation of instruction. 

 
Because every panel produced a mean above the 

3.25 “very good” benchmark (Setyosari, 2012), the tool is 
considered ready for field implementation (Table 1). The 
polished cover and internal sample pages are shown in 
Figure 3, illustrating how expert feedback was translated 

into tangible design enhancements. This multi-layered 
validation process—spanning content, media, 
pedagogy, and practitioner lenses—provides a robust 
foundation for subsequent classroom trials and 
longitudinal studies of impact on collaboration gains 
(Brookhart, 2013; Hake, 1998). 
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The components of the STEM-based physics 
instructional tool development in this study are listed in 
Table 4. 
 
Student Responses 

The STEM-based instructional tool was 
implemented in an inclusive eleventh-grade physics 
class comprising 28 students, including one deaf learner. 
Students were divided into five heterogeneous groups 
to ensure collaborative diversity. The learning process 
began with individual exploration of the QR-code-
accessible learning module, followed by group 
engagement with structured project worksheets. This 
blended design facilitated both independent learning 
and peer collaboration, fostering the development of 
higher-order thinking and social interaction skills, 
particularly vital in inclusive environments (Mastropieri 
& Scruggs, 2004). 

Throughout the activity, collaboration skills were 
assessed using rubric from Brookhart (2013), which 
includes indicators such as contribution, time 
management, problem-solving, teamwork, research 
technique, and synthesis. Observational data showed 
that all students, including the deaf student, could 
meaningfully contribute and assume roles within their 
teams. Students exhibited improved communication 
and coordination, supported by structured group roles 
and equitable task distribution. 

At the end of the session, students completed a 12-
item Guttman-scale questionnaire to evaluate their 
learning experience. The mean agreement index was 
0.74, indicating strong positive responses. Students 
appreciated the rotation of roles, which promoted 
fairness and accountability in group work. They also 
highlighted the real-life relevance of the learning 
content—such as the sonar navigation example in the 
module (Figure 4)—and its associated QR video 
explanation, which helped make the abstract concepts of 
sound and wave more concrete (Anugrah et al., 2023). 
Another engaging activity involved constructing a 
simple sound system using recycled materials (Figure 5), 
which students found creative and relevant to everyday 
applications. These hands-on, context-rich tasks 
encouraged active learning and helped bridge 
conceptual physics with real-world problem-solving 
(Honey et al., 2014). 

The instructional approach demonstrated not only 
the effectiveness of STEM integration in supporting 
conceptual understanding but also in cultivating 
collaboration among diverse learners. It reflects 
inclusive education goals and aligns with recent calls for 
more authentic, accessible, and participatory science 
learning (UNESCO, 2020). 
 

 
Figure 4. Sonar application in STEM-based learning module 

 

 
Figure 5. Inclusive group work in constructing a recycled 

sound device 

 
Despite the overall positive reception of the STEM-

based instructional tool, students identified time 
management as a key challenge, particularly during 
group assessments. This aligns with previous findings 
that collaborative tasks often require clear structure and 
time allocation to be effective (Gillies, 2016). The 
feedback highlights the importance of providing 
scaffolding strategies to support inclusive student 

engagement in time-constrained activities. Nevertheless, 
the consistent 'very good' ratings from both students and 
expert reviewers indicate that the instructional tool 
possesses strong pedagogical quality and practical 
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usability in educational settings. Students reported 
increased confidence in both independent and group 
learning settings, improved communication skills, and a 
deeper awareness of how scientific concepts relate to 
everyday life (Anugrah et al., 2023; Fatiin et al., 2024). 
These findings support the instructional tool’s potential 
to foster meaningful, inclusive learning environments, 
particularly in classrooms with diverse learner needs 

(Brookhart, 2013; Khoiriyah et al., 2024; Nurjanah et al., 
2020). By integrating real-world STEM contexts and 
encouraging collaborative exploration, the tool 
effectively bridges content mastery with essential 21st-
century skills. 
 
Observation of Collaboration Skills 

Observation data confirmed that the STEM-based 
tool substantially boosted collaborative performance. 
Using Brookhart (2013) fifteen-indicator rubric and 
documented marked gains in contribution, time-
management, problem-solving, teamwork, research 
technique, and synthesis. Normalised gain values 
(Hake, 1998) averaged 0.67, signalling medium-to-high 
improvement; the “team contribution” indicator alone 
climbed from 48 % before instruction to 86 % after, 
yielding a high gain of 0.73. Qualitative field notes 
reinforce these numbers: during a resonance-box 
investigation, the deaf student spontaneously assumed 
the role of facilitator, interpreted the waveform in sign 
language, and was immediately affirmed by peers—
clear evidence that multimodal prompts and rotating 
roles foster genuine inclusion (CAST, 2024). Similar 
progress was recorded across all five groups, indicating 
that every learner—including those with special 
educational needs—could occupy meaningful roles. 
Such findings echo recent studies showing that 
structured, diverse teamwork prepares students for an 
interconnected world and supports global-competency 
goals (Khoiriyah et al., 2024; Nurjanah et al., 2020). 
Practically, the results suggest that physics teachers who 
integrate structured role assignments, hands-on 
learning aids, and visual supports can foster  equitable 
collaboration while maintaining strong conceptual 
understanding. 

The good effectiveness of the products can be 
linked to several integrated components. First, the 
learning activities required students to engage in real-
world, interdisciplinary problem-solving activities—
such as designing a simple sound system from recycled 
materials—which fostered shared cognitive 
responsibility in learning. Second, the implementation 
of structured role rotation allowed every student, 
including those with special educational needs (SEN), 
had the opportunity to take on leadership and technical 
roles during group work, which is crucial for inclusive 
engagement. Third, the instructional tool embedded 

principles from Universal Design for Learning (UDL), 
such as multiple means of representation (e.g., captioned 
videos, tactile media, color-coded steps), allowing 
students with various learning profiles to access the 
content equitably. These features are consistent with 
findings from Yulianti et al. (2020), who emphasized the 
importance of multimodal learning materials in 
inclusive STEM education. Additionally, real-time 

formative feedback integrated into the worksheets and 
modules helped maintain student motivation and 
guided improvement, in line with the work of Nazifah 
et al. (2022). 

Overall, the results demonstrate that the 
instructional tool is not only valid but also effective in 
fostering collaborative learning within inclusive 
classrooms. These findings align with previous studies 
by Fatiin et al. (2024) and Ronfeldt et al. (2015) which 
emphasize the importance of inclusive instructional 
design and active learning strategies to enhance student 
collaboration. The findings of this study carry three main 
implications. First, for classroom implementation, the 
developed tool provides a practical and ready-to-use 
model to support inclusive science education. Second, 
from a policy perspective, the study encourages the 
broader adoption of inclusive pedagogical strategies 
that integrate UDL principles and STEM elements. 
Third, future research should repeat the study in 
different settings with control groups and delayed tests 
to improve and refine the instructional model. 

However, the study is not without limitations. The 
small sample size from a single school constrains the 
generalizability of the findings. Moreover, the absence of 
a control group limits the capacity to infer causality. 
Further research involving larger and more diverse 
populations, randomized controlled trials, and video-
based analysis of student collaboration could provide 
deeper insight into the long-term effectiveness of such 
instructional tools. Despite these limitations, the current 
findings suggest that a well-designed STEM-based 
instructional tool can significantly enhance collaboration 
skills and learning equity in inclusive physics education. 
Detailed classroom photograph (Figures 5)provide 
supporting  qualitative evidence of student engagement 
and inclusion during the learning process. 
 

Conclusion  
 

The results of this study demonstrate that the 
STEM-based physics instructional tool developed for 
inclusive classrooms is valid, practical, and effective in 
enhancing student collaboration skills. Expert validation 
scores from material, media, instructional design 
experts, and inclusive school practitioners were 
consistently above 3.25 on a 4-point scale, placing them 
in the "very good" category. Student responses, 
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measured through a 12-item Guttman-scale 
questionnaire, indicated a high level of acceptance with 
an agreement index of 0.74, reflecting strong 
engagement with the instructional design. Furthermore, 
collaboration skill observations using Brookhart’s rubric 
revealed significant improvements, with a normalized 
gain (g) of 0.67—classified as medium to high. This was 
particularly evident in indicators such as team 

contribution, where students—including those with 
special educational needs (SEN)—demonstrated 
increased participation and leadership during hands-on 
group activities. As future research, we suggest 
involving physics teacher in inclusive schools in 
planning and teaching classes related to STEM and 
collaborative learning perspective. Also, since this 
research was restricted to the deaf, individual 
differences in the classroom were investigated more. 
Nevertheless, the usage of STEM-based physics 
instructional tool can still be modified to meet the 
demands of the class. 
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