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Abstract 

This study aims to apply STEM-based teaching materials in learning PJOK on basketball material in Junior High 

School. This study uses a development research approach, ADDIE model. The results showed that STEM-based 

teaching materials in basketball material in Junior High School have been assessed as very feasible to be applied 

to students based on expert assessment. In the first validity test, the score obtained was 90%, with a very feasible 

category with some improvements. In the second validity test, the product scored 93% with a very feasible 

category without improvement, and in the third validity test, the score obtained was 97% with a very feasible 

category. At the implementation stage, STEM-based teaching materials proved effective to be applied in 

basketball learning. This can be seen from the increase in the average value of student learning outcomes, with a 

pretest value of 72.52 which increased to 78.17 on the post-test, with a tcount of 8.982> ttable 1.675 at α = 0.05. 

So, it can be concluded that STEM-based teaching materials on basketball material at the Junior High School 

level are valid, applicable, effective, and feasible to use. 
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INTRODUCTION 

In the era of 21st century education, an integrative and contextual learning approach is 

an urgent need to prepare students to face global challenges. One approach that is getting more 

attention is STEM (Science, Technology, Engineering, and Mathematics). The STEM 

approach emphasizes the integration of science and technology concepts with the development 

of critical thinking skills, problem solving, and creativity (English, 2017). The implementation 

of STEM in learning is not only relevant in the field of science, but also has great potential in 

sports learning, including basketball. Basketball is one of the sports that has complex 

characteristics, including physical aspects, techniques, tactics, and fast decision making 

(Wissel, 2012). Therefore, the development of STEM-based teaching materials on basketball 

material can provide a more holistic learning experience.  

This approach allows learners to understand scientific concepts, such as biomechanics 

and physics of motion, as well as technology in game analysis and strategy design. In addition, 

this approach can improve learners' understanding of the relationship between sports theory 

and practice. The design of STEM-based teaching materials requires a systematic and 

innovative approach to integrate STEM elements (Kelley & Knowles, 2016) into the context 

of basketball learning. This involves collaboration between educators, STEM experts, and 

sports coaches to produce teaching materials that are not only academically relevant, but also 
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applicable in the development of basketball playing skills. Thus, this study aims to design and 

develop STEM-based teaching materials that can improve the quality of basketball learning at 

various levels of education. 

STEM principles significantly enhance student engagement in basketball-related 

educational programs through various innovative approaches. For instance, integrating 

wearable technologies allows students to collect and analyze personal data during physical 

activities, linking their experiences to fundamental scientific concepts such as the laws of 

motion (James et al., 2020). Additionally, employing video-enabled, activity-based learning 

fosters motivation and academic performance, demonstrating that visual and interactive 

content can effectively engage students in STEM subjects (Zeidan et al., 2022). Programs like 

"Science in Sports" in Qatar exemplify how sports can serve as a practical context for STEM 

learning, where students engage in engineering challenges related to sports materials, thereby 

increasing their STEM literacy and interest (Ali et al., 2021). Furthermore, place-based 

educational models that connect students with experts in real-world settings have shown to 

deepen engagement and aspiration towards STEM disciplines (Cassady et al., 2020). Lastly, 

inquiry-based learning models that emphasize problem-solving and critical thinking have 

proven effective in bridging the gap between high school and post-secondary education, 

particularly for underperforming students (Huyer et al., 2020). 

The integration of engineering concepts into sports materials significantly enhances 

students' understanding of STEM subjects by providing practical, relatable applications of 

theoretical knowledge. Programs like "Science in Sports" in Qatar demonstrate that engaging 

students in workshops focused on sports materials fosters their engineering skills and STEM 

literacy, as evidenced by improved attitudes and productivity in STEM fields (Ali et al., 2021). 

Additionally, incorporating engineering principles into physical education curricula promotes 

creativity, problem-solving, and injury prevention through biomechanics, thereby enriching the 

educational experience (L et al., 2024). Hands-on experiments related to sports, such as those 

exploring aerodynamics and mechanics, further stimulate interest in engineering disciplines 

among students, allowing them to apply concepts in a familiar context (Kadlowec & Navvab, 

2010).  

Recent research highlights the potential of integrating STEM education into physical 

education (PE) to enhance student engagement and learning outcomes. Sports analytics can 

provide a tangible application of math and statistics, increasing students' interest in STEM 

careers (Drazan et al., 2017). Incorporating STEM in PE can nurture curiosity, develop critical 

thinking skills, and prepare students for the 21st-century workforce (Gondo & Mudekunye, 
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2020). However, a study of PE teachers found that only 19.4% regularly integrated STEM into 

their teaching, suggesting a need for increased support and training (Li et al., 2019). To promote 

STEM integration, educators can develop STEM in Sports Days and incorporate STEM 

concepts into PE teacher education programs (Wajciechowski & Hemphill, 2019). These 

approaches can help students see the relevance of STEM in their lives, potentially improving 

their engagement with both PE and STEM subjects. 

METHOD  

Design Research  

This research uses the research and development (R&D) method with the ADDIE 

development model (Analysis, Design, Development, Implementation, Evaluation). The 

steps of this research method are as follows: (1) Analysis which consists of identifying the 

needs of STEM-based teaching materials in basketball learning; conducting literature reviews 

and curriculum analysis to determine the relationship between STEM concepts and basketball 

materials; and conducting interviews with teachers and students to understand learning needs.  

(2) Design which consists of designing prototypes of STEM-based teaching materials which 

include learning modules, practicum activities, and evaluation tools and compiling learning 

content that integrates STEM concepts with basic basketball techniques, such as physics 

concepts in ball shots, the use of technology, and math applications in calculating game 

statistics. (3) Development which includes developing teaching materials according to the 

design that has been made; conducting expert validation of teaching materials, involving 

sports education experts, STEM experts, and learning practitioners; and revising teaching 

materials based on input from experts. (4) Implementation which includes testing teaching 

materials on small groups of students to determine the effectiveness and suitability of learning 

and observing student and teacher responses to the teaching materials developed. (5) 

Evaluation which includes conducting a formative evaluation of the trial results, including 

analysing student learning outcomes, responses, and feedback and revising teaching materials 

to produce a better final product.   

Research Subjects 

At the implementation stage of the validated product, the next step is to test it to students in 

learning. The trial was conducted twice, namely small-scale trials and large-scale trials, small-

scale trials were conducted in two classes with a total of 52 students. Large-scale trials were 

conducted in three classes with a total of 78 students. This trial will observe the level of 
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activeness of students during the teaching and learning process using the basketball game 

teaching material design.  

Data Analysis 

Data collection will be carried out through validation sheets by experts and analysis of 

the assessment of the affective, cognitive and psychomotor aspects of the student worksheet 

given to VII grade students. From the results of the validation of experts on all aspects assessed, 

the results are presented in tabular form. to be able to find the average score developed. After 

the STEM-based student worksheet is validated, the validator then provides comments or 

suggestions regarding the that the researcher has made. Test the effectiveness of teaching 

material design using a paired sample t-test on small- and large-scale trial sample groups. The 

test was carried out using the help of the SPSS program. The data from the SPSS application 

is described in the form of qualitative data that shows the feasibility of the product. The 

prerequisites that must be met before the t test include a normality test with the criteria Ha is 

accepted if tcount > ttable at =0,05. 

RESULTS  

Design 

The Design stage begins with designing the product concept as needed, namely STEM-

based student worksheet products by preparing all learning resources, determining the content 

of student worksheet which includes the title, content, potential to be achieved. Furthermore, 

the preparation of tests based on the learning objectives that have been determined, then 

collecting other supporting sources that are relevant to the learning environment according to 

the needs of the characteristics of the research subjects. 

Development 

At this stage, the student worksheet process designed at the previous stage is made. At 

this stage of development began to develop STEM-based student worksheet on basketball 

material. The results obtained from the student worksheet product will then be validated by a 

team of material experts and is a process to assess the design or product rationally, logically, 

and analytically. In this study, validation was carried out by material experts.  The initial 

product is rated and given input by experts if the student worksheet product has deficiencies, 

then the student worksheet will be revised or corrected. The results of the study consist of 

mean expert validation and data on the results of the effectiveness test of the design of STEM-

based teaching materials on basketball material in junior high school, namely pre-test and 
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post-test data of large-scale tests and small-scale tests. following are the results of material 

expert validation:  

Table 3. Mean Expert Validation 

Validator Percentage  Description 

First 90% Highly Feasible 

Second 93% Highly Feasible 

Third 97% Highly Feasible 

Mean 93% Highly Feasible 

Implementation  

At the product implementation stage that has been by a team of experts and has been 

revised, then student worksheet trials are carried out to students in the classroom. The trial was 

conducted 2 times, namely small-scale trials and large-scale trials, small-scale trials were 

conducted in 2 classes with a total of 52 students. Large-scale trials were conducted in 3 classes 

with a total of 78 students. The process carried out by this large-scale trial is the same as that 

carried out on a small trial scale presented in table 1, explaining the results of product validation 

by the three material experts, which are declared very feasible, then tables 2 and 3 below will 

reveal the effectiveness test in the small-scale test and large-scale test on the design of STEM-

based teaching materials for basketball material in junior high school. The effectiveness test in 

this study aims to determine whether STEM-based teaching materials are effective in learning 

basketball material through a different test before and after the teaching material design is used 

during learning. The difference test was carried out with the help of the SPSS program through 

the paired sample t test. Ha testing criteria are accepted if the tcount> ttable value at alpha 0.05.  

Table 4. Small Scale Effectiveness Test Results 

N Mean  St. Dev tcount ttable Description 

52 
72.67 7.337 

16.651 1.675 Effective 
78.33 6.498 

In table 2, it is explained that the average learning outcomes before being given the teaching 

materials of the development design are with a value of 72.67 experiencing changes after being 

given STEM-based teaching materials development products to 78.33. The difference test 

results show that the tcount value of 16.651 is greater than the ttable 1.675 at alpha 0.05. 

Table 5. Large Scale Effectiveness Test Results 

N Mean  St. Dev tcount ttable Description 

78 
72.52 7.443 

8.982 1.675 Effective 
78.17 6.122 

In table 2, the average result is explained with a value of 72.67, which has changed after 

being given STEM-based teaching materials from the development product to 78.33. The 

difference test results show that the value of tcount 16,651 > ttable 1,675 =0,05. Table 3 explains 
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that the average learning outcomes before being given teaching materials from the development 

design is 72.52, which changes after being given STEM-based teaching materials from the 

development product to 78.17. The difference test results show that the value of tcount 8,982 > 

ttable 1,675 =0,05. Thus, based on tables 2 and 3, it means that the design of STEM-based 

teaching materials for basketball learning for students in junior high school is effective to be 

used as teaching materials. 

Evaluating  

Based on the evaluation results of the design test, the records of the effectiveness test results 

explained that learning after using the STEM-based teaching material design experienced 

significant changes, this can be seen from the statistical analysis which shows statistical 

information in the ha region is accepted, but the notes that must still be considered are good 

class mastery. No matter how good the quality of teaching materials, if class mastery has not 

supported learning, it will certainly make it difficult for teachers to implement the STEM-based 

teaching material design. 

DISCUSSION 

Students participating in basketball education through a STEM approach have 

demonstrated significant improvements in various learning outcomes. Research indicates that 

integrating sports science and technology into basketball instruction enhances understanding 

of basketball theory and tactics, as well as skill development, although areas like physical 

conditioning require further attention (Yang, 2024). Additionally, the STEM learning model 

has been shown to positively influence self-efficacy and overall learning outcomes, suggesting 

that students feel more empowered and capable in their learning environments (Awaludin et 

al., 2024). Furthermore, a meta-analysis highlights that STEM education fosters critical 

thinking, creativity, and higher-order thinking skills, benefiting students across genders 

(Fadillah et al., 2024). Lastly, the use of personalized instructional models, particularly those 

utilizing digital materials, has been found to significantly improve basketball skill acquisition 

compared to traditional methods (Juditya et al., 2021). Collectively, these findings underscore 

the effectiveness of a STEM approach in enhancing basketball education outcomes. 

The integration of STEM principles in basketball-related educational programs 

significantly enhances student engagement and learning outcomes. Research indicates that 

such programs, like the "Science in Sports" initiative, effectively engage students by 

challenging them to apply engineering concepts to sports materials, thereby fostering a deeper 

understanding of STEM subjects and improving attitudes towards these fields (Ali et al., 2021). 
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Additionally, integrated STEM curricula have been shown to positively influence students' 

motivation and self-efficacy in science and mathematics, although careful implementation is 

necessary to maintain these benefits (De Loof et al., 2022). Furthermore, the combination of 

project-based learning (PjBL) with STEM principles has been linked to increased motivation 

and scientific literacy, leading to improved academic performance (Nurhayati B et al., 2023). 

Meta-analyses confirm that STEM integration, particularly through PjBL, yields high effect 

sizes on learning outcomes, emphasizing the importance of critical thinking and problem-

solving skills essential for future career readiness (Khoiri, 2019). Overall, these findings 

underscore the potential of STEM integration to create engaging and effective educational 

experiences in sports contexts. 

Recent research explores the integration of STEM concepts into basketball learning, 

offering innovative approaches to engage students in science and mathematics. Sports analytics 

can provide a tangible application of STEM concepts, potentially increasing students' interest 

in STEM careers (Drazan et al., 2017). The "STEM Circle" approach uses basketball-related 

problems to teach content, develop language skills, and promote problem-solving abilities 

among emergent multilingual students (Suh et al., 2020). Physics education can be enhanced 

by incorporating basketball, using video analysis tools to study projectile motion and improve 

students' understanding of kinematics graphs (Chanpichai et al., 2010). Physics concepts 

applied to basketball, such as spin and trajectory, can improve players' performance and deepen 

understanding of scientific principles (Watkins, 2007). These studies collectively highlight the 

potential of sports-integrated STEM education to make science and mathematics more 

accessible and appealing to diverse student populations, fostering both academic and athletic 

development. In the realm of computer animation, trajectory optimization and deep 

reinforcement learning techniques have been employed to create realistic basketball dribbling 

controllers for simulated players, demonstrating the application of advanced computational 

methods in sports simulation (Liu & Hodgins, 2018). These studies highlight the potential of 

basketball as a versatile tool for STEM education and research. 

The integration of a STEM approach in physical education, particularly in basketball, has 

shown significant positive impacts on student learning outcomes and engagement. Research 

indicates that project-based learning models enhance students' understanding and skills in 

basketball, leading to improved psychomotor, cognitive, and affective outcomes, as evidenced 

by increased student performance metrics over multiple cycles (Raibowo et al., 2024). 

Additionally, the application of STEAM principles in physical education has been linked to 

enhanced self-directed learning abilities and more favorable attitudes towards PE classes, 
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addressing issues of student alienation (Lee, 2021). Furthermore, the Sport Education model 

has been shown to significantly boost both common and specialized content knowledge among 

preservice teachers, indicating that structured, accountable learning environments can 

effectively enhance basketball performance and understanding (Liu et al., 2023). Overall, these 

findings suggest that incorporating STEM methodologies into basketball education not only 

enriches the learning experience but also fosters essential skills for students' physical and 

cognitive development (Wang, 2024). 

The integration of STEM principles in physical education (PE) classes, particularly those 

focused on basketball, effectively addresses student alienation by fostering engagement, 

creativity, and self-directed learning. Research indicates that STEM-based PE classes 

significantly improve students' attitudes towards physical education and enhance their self-

directed learning abilities, which are crucial for reducing feelings of alienation and avoidance 

behaviours (Lee, 2021). Additionally, incorporating STEM activities promotes health, 

creativity, and social skills, thereby creating a more inclusive and engaging environment for 

students (Glišović & Jovanović, 2024). The development of interdisciplinary programs that 

link physical education with subjects like life sciences and arts has shown to increase student 

satisfaction and participation, further mitigating alienation (Hyuk-Gyu, 2024). Moreover, 

integrating concepts from physics into PE has been linked to heightened motivation and 

satisfaction, which are essential for fostering a positive learning atmosphere (Papaioannou et 

al., 2020). Overall, STEM integration provides a multifaceted approach to combatting 

alienation in PE settings (Kim, 2022). 

CONCLUSION  

This research successfully developed STEM-based teaching materials (Science, 

Technology, Engineering, and Mathematics) for basketball material. The results showed that 

the designed teaching materials were able to improve students' understanding of STEM 

concepts integrated with sports, especially basketball. Through this approach, students not only 

understand the basic techniques and rules of basketball, but also relate concepts such as physics 

(force, gravity, and shot angle), technology (video analysis of the game), and mathematics 

(calculation of distance, speed, and shot angle). In addition, the integration of STEM approach 

in sports learning is proven to increase students' learning motivation, critical thinking skills, 

and collaboration ability. Thus, STEM-based teaching materials in basketball materials can be 

an innovative alternative to teach STEM concepts in a contextual, relevant, and applicable 

manner, and support the development of 21st century competencies. This study recommends 
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wider implementation and further evaluation to maximize its effectiveness at various levels of 

education.   
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