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The development of automation technology demands that science learning, particularly electricity 

topics at the junior high school level, be supported by media relevant to current technological 

advancements. This study aims to develop a smart home media as an enrichment teaching aid for 

electricity materials and to analyze its validity, practicality, and students’ responses. Unlike previous 

studies that mostly focused on static and conventional electrical circuit visualizations, the novelty of 

this research lies in the integration of dynamic electricity concepts with Internet of Things (IoT)-

based automation systems and microcontrollers (Arduino), packaged contextually for junior high 

school students. This study employed a Research and Development (R&D) method using the ADDIE 

model. The validation results indicated that the media was categorized as highly valid, with 

percentages of 82 percent from media experts, 96 percent from material experts, and 81 percent from 

learning experts. The practicality assessment by teachers reached 73 percent and 80 percent, 

categorized as fairly practical, while students’ responses reached 87 percent, categorized as very 

attractive. The smart home media is feasible to be used as a supplementary enrichment tool to 

introduce modern technology applications to students. However, this study has limitations regarding 

the scope of the trial subjects, which was limited to one school, and the evaluation focus, which only 

reached the feasibility stage and has not yet empirically tested the effectiveness of the media on 

improving students’ cognitive learning outcomes on a broader scale. 
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1. Introduction 
The development of science and technology has brought significant changes in the field of 

education, particularly in the demands of science learning at the junior high school level [1]. Science 

learning is no longer sufficient if it only emphasizes the mastery of theoretical concepts, but it must also 

be able to connect these concepts with their applications in real life and the development of modern 

technology [2]. Electricity, as one of the fundamental topics in science, is closely related to various 

technological developments; therefore, it requires learning media that can visualize concepts in a 

concrete, contextual, and applicative manner [3]. Therefore, the development of innovative technology-

based learning media has become an important necessity to improve the quality of science learning at 

the junior high school level [4]. 

Based on observations conducted at a junior high school in Tongas District, Probolinggo Regency, 

electricity learning is still dominated by conventional methods with limited use of technology-based 

learning media [5].  
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This condition causes learning to tend to focus on theoretical concepts and to lack connections with 

real-life applications. As a result, students are not yet able to understand the relevance of electricity 

concepts in everyday life or in the development of modern technology. In fact, learning that integrates 

concepts and applications has been proven to improve students’ understanding and learning interest. 

On the other hand, students’ interest in technology, such as robotics, programming, and Internet 

of Things (IoT)-based automation systems, shows an increasing trend [6]. However, this high level of 

interest has not been optimally integrated into science learning in the classroom. According to 

Widyantoro, mastery of technology and engineering competencies from an early age can enhance 

students’ creativity, innovation, and readiness to face the development of digital-based industries [7]. 

This indicates an opportunity to integrate electricity learning with modern technology that is relevant 

to students’ interests. 

Various previous studies have developed electricity learning media, such as simple electrical 

circuit models, series-parallel circuit panels, and electric current demonstrations  [8]. These media are 

effective in helping visualize basic electricity concepts. However, most studies still focus on basic 

conceptual aspects and have not deeply connected them with modern technological applications. In 

addition, the developed media tend to be static and have not provided contextual, interactive, and 

technology-based learning experiences that are closely related to students’ daily lives today [9]. A 

similar study was also conducted by Fakhruddin, who developed teaching aids for electricity topics in 

the form of simple electrical circuit models, series-parallel circuit panels, and electric current 

demonstrations [10]. This media was intended to help students understand electricity concepts 

visually. However, most previous studies still focused on visualizing basic electricity concepts and had 

not connected them with the application of modern technologies, such as automation systems and 

robotics. Sugandhi also explained that the development of IoT-based learning media has the potential 

to help junior high school students understand electricity topics through practical and innovative smart 

home media [11]. However, studies that specifically focus on deepening students’ understanding of 

electricity concepts through smart home media are still relatively limited. 

Based on the explanation above, several research gaps can be identified: (1) the limited 

availability of electricity learning media that integrate concepts with modern technological 

applications, (2) the minimal use of contextual IoT-based media in science learning at the junior high 

school level, and (3) the suboptimal utilization of media as an enrichment tool that connects electricity 

concepts with automation systems and robotics. To address this gap, this study develops a smart home–

based learning media that integrates electrical concepts with a simple IoT-based automation system. 

This media functions not only as a visual aid for understanding concepts, but also as a means of further 

exploration that enables students to directly understand the application of electrical concepts in 

modern technology. Therefore, this study is expected to contribute to the creation of learning that is 

more contextual, interactive, and relevant to technological developments and students’ interests. 

 

2. Methods 
This study aims to develop smart home media as a teaching aid for science learning on electricity 

topics and to determine the levels of validity, practicality, and students’ responses to the use of this 

media in learning. The study focuses on describing the media development process and evaluating its 

feasibility as an enrichment learning resource for junior high school students. This study employed a 

Research and Development (R&D) approach using the ADDIE development model proposed by Robert 

Maribe Branch. The research stages consisted of analysis, design, development, implementation, and 

evaluation  [15].  
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The analysis stage was conducted to identify learning needs and problems related to electricity 

topics. The design stage involved media planning and the preparation of research instruments. The 

development stage included the assembly of the smart home media and functional testing. The 

implementation stage was carried out by applying the media in the learning process, while the 

evaluation stage aimed to assess the feasibility of the media based on the results of validity, practicality, 

and students’ responses. The research subjects consisted of three validators, namely a media expert, a 

subject-matter expert, and a learning expert, who were responsible for assessing the validity of the 

media. In addition, two ninth-grade science teachers served as participants in the practicality testing of 

the media. The subjects of the limited trial in this study were ninth-grade students of SMP Negeri 1 

Tongas, Probolinggo Regency, East Java, who were involved to determine students’ responses to the 

use of the smart home media in learning. 

The research instruments used included expert validation sheets, a teacher practicality 

questionnaire, and a student response questionnaire. The validation sheets were used to assess the 

quality of the media, the suitability of the content, and the alignment of the media with learning 

objectives. The practicality questionnaire was used to measure the ease of use of the media by teachers, 

while the student response questionnaire was used to identify students’ levels of interest and learning 

experiences. The questionnaire instruments were constructed based on a Likert scale adapted from 

Hidayati and Ananda and then modified according to the context and objectives of the study  [16],  [17]. 

Likert scale for validity (Table 1), practicality (Table 2), and students response shows in Table 3. 

The data analysis technique was carried out descriptively. Quantitative data were analyzed 

using percentage analysis based on the Likert scale to determine the levels of validity, practicality, and 

students’ responses. Qualitative data in the form of suggestions and comments from validators as well 

as students’ feedback were analyzed descriptively as a basis for revising and improving the developed 

smart home media.  

 

Table 1. Likert Scale for Validity 

Validity Criteria Level of Validity 

81,00% - 100,00% Very effective, can be used without revision or with 

minor revisions 

61,00% - 80,00% Fairly effective, can be used but requires moderate 

revisions 

41,00% - 60,00% Less effective, requires major revisions, not 

recommended for use 

21,00% - 40,00% Ineffective, cannot be used 

00,00% - 20,00% Very ineffective, cannot be used 

 

Table 2. Likert Scale for Practicality 

Practicality Criteria Level of Practicality 

81,00% - 100,00% Very practical, can be used without revision or with 

minor revisions 

61,00% - 80,00% Fairly practical, can be used but requires moderate 

revisions 

41,00% - 60,00% Less practical, requires major revisions, not 

recommended for use 

21,00% - 40,00% Not practical, cannot be used 

00,00% - 20,00% Very ineffective, cannot be used 
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Table 3. Likert Scale for Student Responses 

Attractiveness Criteria Level of Attractiveness 

81,00% - 100,00% Very interesting, can be used without revision or 

with minor revisions 

61,00% - 80,00% Fairly interesting, can be used but requires 

moderate revisions 

41,00% - 60,00% Less interesting, requires major revisions, not 

recommended for use 

21,00% - 40,00% Not interesting, cannot be used 

00,00% - 20,00% Very uninteresting, cannot be used 

 

3. Results and Discussion 
This study produced smart home media as a teaching aid for science learning on electricity topics, 

which was developed through the stages of the ADDIE model, including analysis, design, 

development, implementation, and evaluation [15]. He results of the study at each stage are presented 

as follows. 

 

3.1. Analysis Stage 

The results of the analysis indicate that science learning on electricity topics at the junior high 

school level is still dominated by conventional methods, with limited use of technology-based learning 

media. Based on observations and interviews with science teachers, a gap was identified between 

students’ high interest in and literacy of technology and the instructional approaches used in the 

classroom. Teachers have not yet optimally utilized innovative learning media that are able to connect 

electrical concepts with modern technological applications. Curriculum analysis indicates that the 

school has implemented the Merdeka Curriculum, with science learning outcomes for Phase-D 

emphasizing scientific thinking skills, problem solving, and the application of concepts in everyday life 

contexts [19]. However, learning on electricity topics has not yet been fully facilitated through 

contextual and application-oriented media. Therefore, the smart home teaching aid was developed and 

designed as an enrichment material or learning supplement, provided to students after they have 

exceeded the basic competencies or minimum learning outcomes targeted by the curriculum [20]. In 

this role, the smart home media is not intended to replace the learning of basic electrical concepts, but 

rather to expand students’ understanding through the application of electrical concepts in the context 

of automation and modern technology. In addition, the analysis of the characteristics of ninth-grade 

students shows that they have relatively high technological literacy, a tendency toward kinesthetic and 

auditory learning styles, and strong enthusiasm for interactive media-based learning. These findings 

further strengthen the urgency of developing technology-based learning media that are relevant to 

students’ needs and characteristics. 

 

3.2. Design Stage 

3.2.1. Development of the Smart Home Media Design 

Based on the needs analysis, the smart home learning media was designed with the following 

specifications: a simple house model; the ability to open doors automatically when an object is detected 

by a sensor; the ability to move a simple clothesline when it rains; the ability to provide warnings in 

the event of a fire; and the ability to automatically open and lock doors using a digital key or card. 

Based on these specifications, the required components include an ultrasonic sensor (HC-SR04), a card 

sensor (RFID), a rain sensor (YL-83), a fire sensor (flame sensor), a servo motor, a microcontroller, and 

a power supply.  
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The media design included the development of a control system scheme based on Arduino 

microcontrollers (Arduino Uno and Arduino Mega), the physical design of the house structure, and 

supporting visual elements tailored to the characteristics of junior high school students. This design 

process aimed to produce learning media with an attractive, informative, and systematic appearance, 

while facilitating the contextual presentation of electricity topics. The design of the smart home media 

based on Arduino Uno and Arduino Mega is presented in Figure 1. 

 

 

 

Figure 1. Smart Home Media Design 

3.2.2. Design of the Smart Home Media 

At this stage, the researcher developed a structured design of the smart home media that included 

the layout of components, the system workflow, and the interconnections among the media 

components. The design was then realized through initial programming and component assembly, 

resulting in a smart home media prototype ready for testing. The basic circuit scheme and sensor 

placement were designed using the Fritzing application as a visual guide for the media assembly 

process, as shown in Figure 2. 

 

 
Figure 2. Fritzing Dashboard 

The circuit schematics based on Arduino Uno and Arduino Mega, which were used as references 

for the realization of the media, are presented in Figures 4 and 5. These schematics served as the basis 

for the subsequent stage, namely the microcontroller programming process to control the automation 

functions of the smart home media. 

 

 

 

 

 

 

 

 

Figure 3. Arduino Uno and Arduino Mega 
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3.2.3. Programming Design of the Smart Home Media 

The design stage also included software development in the form of programming the Arduino 

Uno and Arduino Mega microcontrollers. The programming was carried out to regulate the operation 

of electrical circuits, sensors, and actuators contained in the smart home media so that they functioned 

according to the designed learning scenarios. After the program design process was completed, the 

program code was integrated into the smart home media system, resulting in a fully functional teaching 

aid ready for use in the development stage. The programming process of the smart home media is 

shown in Figure 4. 

 

 
Figure 4. Smart Home Media Programming 

3.3. Development Stage 

The appearance of the smart home media is presented in  

 

 

Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Appearance of The Smart Home Media 

After undergoing the design and product refinement stages, the developed media was subsequently 

validated by experts. This validation process referred to the criteria listed in the following table, which 

presents the scores of expert assessments on the aspects of media, content, and learning. 
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Table 4. Media Validation Results 

No Aspect Score 

1 Physical 16% 

2 Utilization 26% 

3 Design 27% 

4 Usability 8% 

Average (criteria) 82% (Very Valid) 

 

Based on the assessment results, a validity score of 82% was obtained, which falls into the very 

valid category according to the criteria presented in Table 1. The validation results from the media 

expert indicate that the learning media is essentially ready to be used and feasible for trial 

implementation in learning activities. Nevertheless, the media expert recommended adding a user 

guide for the learning media as a form of refinement. 

 

Table 5. Material Validation Results 

No Aspect Score 

1 Content Accuracy 14% 

2 Content Clarity 15% 

3 Content Coverage 19% 

4 Language Clarity 10% 

5 Usability 5% 

Average (criteria) 96% (Very Valid) 

 

Based on the assessment results in Table 5, the validity score reached 96%, which falls into the very 

valid category according to the criteria in Table 2. Based on the evaluation by the material expert, it was 

suggested that science teachers need to have good skills in delivering learning materials by using media 

that are appropriate and aligned with the characteristics of the content. In line with this suggestion, 

revisions were made to the student worksheets so that they are arranged in a simpler manner and are 

easier to use during the learning process. 

 

Table 6. Learning Validation Results 

No Aspect Score 

1 Content Relevance 8% 

2 Appearance and Design 8% 

3 Ease of Use 7% 

4 Learning Strategy 10% 

5 Media Benefits 16% 

Average (criteria) 81% (Very Valid) 

 

Based on the assessment results in Table 6, a validity score of 81% was obtained, which falls into 

the very valid category according to the criteria in Table 2. Based on the evaluation provided, it was 

suggested that the instructions in the media usage guide be clarified for each component. As a follow-

up to this suggestion, revisions were made by adding a wiring table that functions as a guideline or 

technical instruction for each component. 
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3.4. Implementation Stage 

After being declared valid and feasible by the validators, the Smart Home instructional media 

was implemented in science learning through a product trial. This trial was conducted offline at SMP 

Negeri 1 Tongas, specifically with students of class IX D, over two meetings on October 18–19, 2025, 

involving a total of 31 students. In addition to involving students, during the implementation stage the 

science teacher also participated as a respondent by completing a media practicality questionnaire after 

the learning process. This questionnaire was used to obtain data on ease of use, clarity of procedures, 

and the suitability of the Smart Home instructional media with classroom learning activities, thereby 

providing an overview of the media’s feasibility from the perspective of educational practitioners. 

 

Table 7. Teacher Practicality Results 

No Aspect Teacher 1 Score Teacher 2 Score 

1 Content Accuracy 12% 12% 

2 Content Clarity 11% 12% 

3 Content Coverage 14% 15% 

4 Language Clarity 8% 9% 

5 Usability  3% 4% 

Average (criteria) 73% Fairly Practical 80% Fairly Practical 

 

Based on the results of the teacher response questionnaire on the practicality of the Smart Home 

learning media (Table 7), percentages of 73% from the first teacher and 80% from the second teacher 

were obtained. As shown in Table 3, these results fall into the fairly practical category, indicating that 

the Smart Home learning media is feasible for use in the learning process. The suggestions provided 

by both teachers indicated that the media is easy to use and effective in helping explain the concept of 

dynamic electricity. However, the media still needs to be complemented with a more concise user 

guide, labeling on each component to help students recognize their functions, the addition of a 

demonstration flow in the form of sample questions or simple activities to increase student 

engagement, and reinforcement of circuit durability to ensure the media is safer and more durable for 

repeated use in the classroom environment. 

 
Table 8. Student Response Results 

No Aspect Score 

1 Appearance  87% 

2 Usability 87% 

3 Student Interest 87% 

Average (criteria) 87% Very Interesting 

 

Based on the calculation results (Table 8), the percentage of student responses reached 87%, 

which, according to the assessment criteria, falls into the very interesting category. These results 

indicate that the Smart Home learning media is able to attract students’ attention and receive very 

positive responses during the learning process. The suggestions provided by students include making 

the appearance of the Smart Home media more attractive by adding labels or markers to each part of 

the electrical circuit, extending the practice time so that students have more opportunities to explore, 
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adjusting the number of media units to match group distribution so that all students can be actively 

involved, and further developing the Smart Home media by adding a greater variety of electrical circuit 

simulations.  

 

Based on the students’ responses, the strengths of the Smart Home media are its ability to make 

learning more enjoyable and less monotonous, as well as to help students connect learning materials 

with the application of technology in everyday life. However, the identified limitations include limited 

learning time, which does not yet allow for comprehensive exploration of the media, and the media’s 

appearance, which still needs further development to make it more engaging. 

 

3.5. Evaluation Stage 

The evaluation stage is the final phase in the ADDIE development model, which aims to assess 

the achievement of the media development objectives and to identify both strengths and aspects that 

still require improvement. In this study, the evaluation was conducted formatively, as proposed by 

Branch and Maribe, namely an evaluation carried out at each stage of development to improve the 

quality of the resulting product [21]. Finally, this paper evaluates and discusses several findings as 

follows. The evaluation in this study includes the results of expert validation, the practicality of the 

media according to teachers, and students’ responses after the implementation of the Smart Home 

media in science learning [22]. The validation results show that the Smart Home media achieved a very 

valid category from the media expert (82%), the material expert (96%), and the learning expert (81%). 

These findings indicate that the media meets feasibility criteria in terms of physical aspects, design, 

content, learning strategies, and alignment with the learning objectives of science education on the topic 

of electricity. Athallah’s study confirms that such media meets feasibility criteria in terms of physical 

design and content, and also has a positive impact on improving students’ learning outcomes [23]. The 

high level of media validity reflects that the media has fulfilled the principles of effective instructional 

development, particularly in the integration of content and visual design, as emphasized in multimedia 

learning theory, which states that the coherent presentation of information can improve the quality of 

learning. 

In addition to validity, the evaluation also examined the practicality aspect of the media through 

a teacher response questionnaire. The assessment results indicate that the Smart Home media falls into 

the fairly practical category, with practicality percentages of 73% from the first teacher and 80% from 

the second teacher. Nevertheless, the teachers provided several constructive suggestions, including the 

need for a more concise user guide, labeling of media components, the addition of a learning 

demonstration flow, and reinforcement of circuit durability to ensure the media is safe for repeated 

use. These suggestions served as the basis for media improvement at the evaluation stage to enhance 

ease of use and the effectiveness of classroom implementation. In line with Seo’s research, these 

findings generally emphasize the importance of continuous evaluation and user participation in this 

case, teachers to ensure that the developed media truly meets needs and is able to optimally support 

the learning process [24]. 

Evaluation from the perspective of end users, namely students, shows very positive results. 

Students’ responses to the use of the Smart Home media reached a percentage of 87%, which falls into 

the very interesting category. These results indicate that the media is able to attract students’ attention, 

increase their engagement during the learning process, and create a more interactive and contextual 

learning environment, as described in Muharam’s research [25]. The high level of student responses 

toward the use of the Smart Home media can be explained through the ARCS learning motivation 

model proposed by John Keller, which consists of four main components: attention, relevance, 

confidence, and satisfaction. The Smart Home media is able to attract students’ attention through its 

visual appearance and interactivity (attention), while also presenting learning contexts that are closely 
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related to daily life, thereby increasing relevance (relevance). In addition, the ease of use of the media 

supports the improvement of students’ confidence in understanding the material (confidence), as well 

as providing an enjoyable learning experience that leads to learning satisfaction (satisfaction) [23]. 

Based on the overall evaluation results, it can be concluded that the Smart Home media as an 

instructional aid for science learning on the topic of electricity meets the criteria of being valid, fairly 

practical, and very interesting. Therefore, this media is deemed feasible for use as a technology-based 

learning medium that functions as enrichment material or a supplementary resource in junior high 

school science learning, and it has the potential to be further developed and implemented in broader 

learning contexts. 

 

4. Conclusion 
This study resulted in the development of Smart Home–based learning media for junior high 

school electricity topics using the ADDIE model. The findings indicate that the developed media 

possesses a very high level of validity, adequate practicality, and strong attractiveness for students. 

This suggests that the Smart Home media has the potential to serve as an enrichment learning tool 

capable of integrating electrical concepts with contextual automation-based technology applications, 

while also encouraging active engagement and a more interactive learning experience. However, the 

interpretation of these research findings should consider several limitations. The implementation of the 

media was still limited to a single school context with a relatively small sample size, so the 

generalizability of the findings remains limited. In addition, this study focused on the feasibility aspect 

and did not empirically examine the effectiveness of the media in improving learning outcomes. From 

a technical perspective, the durability of the components and the optimization of the user guidelines 

also indicate that the media still requires further refinement to support its sustainable use in learning 

environments. Therefore, future studies are recommended to adopt experimental or quasi-

experimental designs to comparatively examine the effectiveness of Smart Home media on learning 

outcomes in comparison with conventional approaches. In addition, further development should be 

directed toward enhancing the robustness, scalability, and adaptability of the media, so that it is not 

only conceptually feasible, but also applicable and sustainable across various technology-based 

learning 
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