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ABSTRACT 

This study aims Multisystem Aquaponic Model with a photovoltaic Solar power technology as a teaching aid 

for the topic of design technology subject in Malaysia. Specifically, the objectives of this study are to 

identify the needs and key elements for the development of the Multisystem Aquaponic Model with a 

photovoltaic Solar power technology as a teaching aid for the Aquaponic Design topic, to design the model, 

and to validate it for use as a teaching aid for the same topic. Solar technology is an integration system for 

the power efficiency to the Aquaponic system. Photovoltaic solar type suggested in this study. In other hand, 

study applies constructivism theory and is developed based on the ADDIE model. It also adopts a Design 

and Development Research (DDR) approach through qualitative methods, utilizing interviews with three 

experts who are Design and Technology subject teachers from a secondary school. An interview protocol 

inventory was used with the appointed experts. The findings indicate that the developed Multisystem 

Aquaponic Model with a photovoltaic Solar power technology is positively received and validated for use as 

a teaching aid for the Aquaponic Design topic. The findings indicate that the developed Multisystem 

Aquaponic Model with a photovoltaic Solar power technology is positively received and validated for use as 

a teaching aid for the Aquaponic Design topic. 

Keywords: Aquaponic, Photovoltaic Solar power technology, Design and Technology Subject, Malaysian 

Education 

INTRODUCTION 

Design and Technology was introduced in the Secondary School Standard Curriculum (KSSM) in 2017 to 

replace the Integrated Living Skills subject, which had been implemented since 1988 (KPM, 2016). This 

replacement aimed to equip students with skills that are more relevant to current needs, such as the ability to 

design, apply modern manufacturing technology, solve problems systematically, and develop innovative 
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projects (Zamri Sahaat & Nurfaradilla Mohamad Nasri, 2020). Additionally, design and technology 

emphasize communication skills, entrepreneurship, as well as critical and creative thinking in product 

development (KPM, 2016). KSSM design and technology is implemented for students from Form One to 

Form Three, covering various learning aspects such as an introduction to RBT, project management, the 

design process, sketching, technology applications, inventive problem-solving, product development, and 

business design. However, this study focuses on the design and technology syllabus, particularly on the 

topics of Inventive Problem-Solving and Technology Applications. One of the key subtopics in Technology 

Applications is Aquaponic Design with solar technology, which is the primary focus of this study in 

developing an effective Teaching Aid to enhance students' understanding (Mohd Zukhairi Abdul Rahman et 

al., 2017). 

Research Background  

The topic of Aquaponic Design in design and technology introduces students to agricultural technology that 

integrates aquatic animal farming with plant cultivation using water as a medium (Mohd Shafik Mohd Samsi 

et al., 2022). Students are required to master eight subtopics, including understanding the concept of 

aquaponics, identifying components, sketching and constructing aquaponic system models, and proposing 

improvements (Mohd Zukhairi Abdul Rahman et al., 2017). One of the key aspects of this topic is 

Aquaponic System Design, which includes models such as the Raft System, Ebb & Flow, and NFT. 

Therefore, the use of Teaching Aids is crucial in enhancing students' understanding, as it helps them focus 

while stimulating creative and innovative thinking (Zainatul Fakih Zainon & Sharifah Juliana Yaakub, 2022; 

Hanin Falina Mohd Hashim, 2021). This study focuses on the development of a Multisystem Aquaponic 

Model as an integrating multiple aquaponic systems with Solar power. 

Problem Statement 

Students continue to face difficulties in understanding the concepts and interactions within aquaponic 

systems due to the lack of effective Teaching Aids, resulting in learning that relies solely on text and verbal 

explanations. This reduces student engagement and limits practical applications in teaching and learning 

(Hanin Falina Mohd Hashim, 2020). Although teachers recognize the importance of teaching aids, its usage 

remains moderate (Nurul Ain Yaakop et al., 2024; Siti Aminah Sallehin & Fazlinda Ab Halim, 2018). The 

absence of teaching Aids leads to passive and unengaging teaching methods, negatively impacting student 

motivation and comprehension (Tyastya Chaeruna et al., 2023). Furthermore, the lack of appropriate 

Teaching Aids contributes to students’ failure to fully grasp the subject matter, highlighting the importance 

of teachers’ creativity in (Amirul Ismail et al., 2023; Siti Aishah Sumadi, 2021). Therefore, the development 

of a Multisystem Aquaponic Model with Solar technology as a teaching aid is necessary to enhance students' 

understanding through visualization and a more interactive learning experience. 

Research Objectives 

This study is conducted to achieve the following objectives, to identify the requirements and key elements 

for designing the Multisystem Aquaponic Model as a teaching aid for the topic of Aquaponic Design, to 

integrated Solar technology design of the Multisystem Aquaponic Model and obtain validation for its use as 

a teaching aid for the topic of Aquaponic Design. 

Conceptual Framework 

The development of the Multisystem Aquaponic Model design as a teaching aid serves as the independent 

affects the dependent variable, which is the validation level of the model for use as a teaching aid in the topic 

of Aquaponic Design with Solar Design. The following Figure 1.1 is the conceptual framework used in this 

study: 
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Figure 1.1: Conceptual Framework of the Study. 

LITERATURE REVIEW  

Teaching Aids are learning media that help teachers deliver content more effectively, capture students' 

interest, and enhance their focus (Yanuardi et al., 2024; Farahana Nadirah Mahamad Nadzar, 2022). Studies 

show that interactive teaching aids can improve students' understanding and academic performance (Siti 

Sakinah Mohd Yusuf et al., 2018). Various types of teaching aids exist, including electronic and traditional 

methods. However, for the Aquaponic Design topic integrated with Solar Technology, physical models are 

more suitable as they allow students to observe and understand system structures directly (MA Ismail, 2024). 

The Raft system allows plants to float directly on water using materials like polystyrene, enabling direct 

nutrient absorption for faster growth (Faizah Mohd Sharoum et al., 2016). However, it risks root rot and 

bacterial infections (Mohd Zukhairi Abdul Rahman et al., 2017). The Ebb & Flow system uses a siphon bell 

to regulate water flow in the planting medium, enhancing biofiltration but requiring continuous electricity 

and maintenance (Sudibyo Karsono et al., 2008). The NFT system, pioneered by Allen Cooper in 1965, 

circulates a thin nutrient film to plant roots, using minimal water but requiring additional filtration (Resh, 

2013). Vertical aquaponics system combines fish farming with soil-free planting, optimizing space but 

sometimes producing less flavorful crops (Justin & Suwardana Winata, 2024). This study integrates the 

vertical system into the Multisystem Aquaponic Model to expose students to diverse aquaponic techniques 

beyond textbook knowledge (Muhammad Zukir & Yoana Nurul Asri, 2022). Figure 2.1 shows Photovoltaic 

Panel integrated to Aquaponic System (MA Ismail, 2024). 

 

Figure 2.1: Photovoltaic Panel integrated to Aquaponic System 

The Multisystem Aquaponic Model developed in this study integrates Raft, Ebb & Flow, NFT, and vertical 

systems on a small scale, featuring key components such as a fish tank, piping system, and planting media. 
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However, it is semi-functional, utilizing artificial fish and plants for learning purposes only. Figure 2.2 

shows types of Aquaponic Systems with Solar Power. 

 

Figure 2.2: Types of Aquaponic Systems with Solar Power 

This study uses the constructivist learning theory, which emphasizes the formation of knowledge through 

experience and social interaction, with learning occurring through guidance and active experience. In this 

study, the Multisystem Aquaponic Model is used as a teaching aid that supports students' Zone of Proximal 

Development (ZPD) in understanding Aquaponic Design and Solar system. Students can view the model 

directly, receive explanations from the teacher, and connect their prior experiences with fish farming and 

plant cultivation to understand the concept of aquaponics. This study also uses the ADDIE model, which 

consists of five phases: the analysis phase aims to identify the needs and key elements in developing the 

model; the design phase generates physical sketches based on the analysis; the development phase creates 

the model based on the sketches; the implementation phase tests the effectiveness of the model; and the 

evaluation phase assesses its suitability through expert interviews (Ibrahim Maulana Syahid et al., 2024; 

Halimaton Shamsuddin, 2021; Maswani Ismail, 2023). 

METHODOLOGY 

This study uses the Design and Development Research (DDR) approach to create a Multisystem Aquaponics 

model as a teaching aid for the topic of Aquaponic Design using Solar technology. A qualitative approach 

with expert interviews is used to gather insights and validate the use of this model. Three experienced Design 

and Technology teachers were selected as respondents. The research instrument, in the form of an interview 

protocol inventory, was developed to collect information on the needs and validity of the model. Before the 

interviews were conducted, the protocol was validated by experts, namely lecturers from the Department of 

Engineering Technology at Sultan Idris Education University. Structured interviews were carried out to 

gather more detailed information regarding the key elements and validity of the model. The data collection 

process involved recording the interview sessions and transcribing them to ensure data accuracy. The 

collected data was analysed using thematic analysis to identify key themes related to the research objectives 

and to assess the validity of using the model as a teaching aid. 
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The process of building the Multisystem Aquaponic with Solar Technology model follows the ADDIE 

model, which consists of five phases: analysis, design, development, implementation, and evaluation. The 

analysis phase aims to understand the needs and key elements in the development of the teaching aid. The 

design phase involves planning the structure and function of the model, while the development phase focuses 

on constructing the physical model. The implementation phase involves testing the model and introducing it 

to teachers through usage demonstrations, and the evaluation phase ensures the validity of the model as a 

teaching aid based on feedback from the teachers. The entire process aims to create a model that is effective 

and meets educational needs. 

RESEARCH FINDINGS 

The researcher explains the findings on the needs identified through interviews with three teachers and the 

product development process using the ADDIE model. Additionally, this section discusses the validity of 

using the Multisystem Aquaponics with Solar Technology model as a teaching aid based on interviews with 

the three teachers. 

Analyze Process 

This section analyses the elements required to develop the design of the Multisystem Aquaponic model as a 

teaching aid for the topic of Aquaponic Design. The study findings include demographic data from three 

Design and Technology teachers, the need for teaching aids for this topic, and the elements required for 

model development. Additionally, this section addresses the first research objective, which is to identify the 

needs and key elements in the design of the model. The needs analysis involves 10 questions related to 

demographic data and the requirements for teaching aids. These findings serve as the foundation for building 

a more effective model. The findings from the interviews highlight several important elements in developing 

the design of the Multisystem Aquaponic model with Solar Technology as a teaching aid. The teachers 

recommended the use of clear and effective teaching aids, including basic elements such as fish, plants, 

piping systems, and water tanks. Some teachers suggested adding a vertical aquaponic system to introduce 

current systems not found in textbooks. 

Design Process 

The design phase in the ADDIE model utilizes data from the analysis phase to plan and determine key 

elements in developing the Multisystem Aquaponic model as a teaching aid. This process includes selecting 

an appropriate design, choosing suitable materials, determining colour schemes, and defining the size and 

functionality of the model. To ensure precision and accuracy, the researcher uses AutoCAD software to 

create detailed 2D sketches and technical drawings. This allows for better visualization and refinement of 

components such as the piping system, water tank, and other essential elements. The finalized design serves 

as a structured guide for the model's construction, ensuring that it effectively facilitates students' 

understanding of the aquaponic system by providing a clear and comprehensive representation of its 

functions. 

Development Process 

The development phase in the ADDIE model involves constructing the Multisystem Aquaponic model as a 

teaching aid for the Aquaponic Design topic. This process begins with the preparation of materials such as 

PVC pipes, plastic containers, and other suitable components to ensure the model is durable and easy to use. 

The model framework is built by cutting and connecting the pipes with adhesive according to the design 

sketches. Next, the system components are assembled by drilling holes in the NFT system, Ebb Flow system, 

vertical aquaponic system, and filtration tank to place plant containers and connect PVC pipes. Finally, the 

finishing process involves painting different parts of the model with distinct colours to differentiate each 

system, such as green for the NFT system, blue for the vertical aquaponic system, white-yellow for the Ebb 

Flow system, and red for the fish tank and filtration container. 
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Implementation Process of the Model 

The implementation phase in the ADDIE model involves several important steps to assess the suitability of 

the multisystem aquaponic model as a teaching aid. The first step is testing the model to ensure that its 

functions meet the construction objectives, including the stability of the structure and the effectiveness of the 

aquaponic system. Feedback from the testing is used for model improvements. Next, a user manual is 

provided to guide teachers on the functions and usage of the model. The final step is a model demonstration 

via a YouTube video for the teachers, offering explanations and the opportunity to provide feedback and 

evaluate the model's suitability as a teaching aid. 

Evaluation and Validation Process 

The evaluation phase in the ADDIE model involves interviews with three experienced RBT teachers to 

gather feedback on their understanding, ease of use, and the potential of the multisystem aquaponic model as 

a teaching aid. The teachers provided critical insights and suggestions for improvements based on their 

experiences. The feedback analysis helps assess how well the model meets the established requirements and 

identifies any weaknesses that need to be addressed. A validity study was also conducted through 10 

questions related to the model's design, suitability within the curriculum, and effectiveness as a teaching aid, 

which serves as a guide to enhancing its quality and usability before final validation. 

The evaluation phase summary indicates that teachers have confirmed the Multisystem Aquaponic model as 

a suitable teaching aid for the Aquaponic Design topic. The model is recognized as safe, easy to use, and has 

an attractive design suitable for students. The use of color elements and labeling helps students understand 

different aquaponic systems, while the user guide facilitates teachers in mastering the model. Additionally, 

the model's design aligns with DSKP requirements and has a positive impact on learning. The validation 

obtained proves the success of the model’s development according to the research objectives and addresses 

its suitability as a teaching aid. 

FINAL RESULT 

This study was conducted to identify the challenges faced by design and technology, teachers in teaching the 

topic of aquaponic design due to the lack of suitable teaching aids. Therefore, a multisystem aquaponic 

model was developed using the ADDIE model through five main phases. The analysis phase identified 

teachers' needs, followed by the design phase, which produced a 2D sketch using AutoCAD. The 

development phase involved material preparation, assembly, and finishing of the model, while the 

implementation phase included model testing, guide preparation, and a demonstration via a YouTube video. 

Finally, the evaluation phase confirmed the model's effectiveness in enhancing students' understanding and 

suggested improvements such as the provision of a user manual and the selection of more suitable materials 

to enhance visual comprehension in the teaching and learning process. 

Discussion of the Study 

This section of the discussion emphasizes the importance of developing the multisystem aquaponic model as 

a teaching aid, especially in the context of Malaysia, where the lack of suitable teaching aids can hinder 

students’ understanding of complex topics like aquaponic design and solar technology. The study revealed 

that the model should effectively illustrate the aquaponic process, including the relationship between the 

aquaculture and hydroponic systems, as well as crucial components like fish, plants, piping systems, and 

drainage systems. In addition, the model must align with the learning levels outlined in the Malaysian’s 

syllabus curriculum to ensure it helps students grasp the fundamental concepts and functions of each system 

part. These findings underline the importance of appropriate teaching aids in enhancing student 

comprehension and the overall effectiveness of the teaching and learning process in Malaysia's educational 

system. 
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Furthermore, this section highlights the research findings on how the design of the multisystem aquaponic 

model was developed and validated as a teaching aid. The evaluation results indicate that the model meets 

the necessary criteria and has been validated by experts. The design and technology, teachers interviewed 

provided positive feedback on its design and functionality, noting that the model allows students to clearly 

understand the aquaponic process in an interactive manner. The model effectively includes key elements 

such as aquaculture systems, hydroponics, and their connection, while also enabling students to physically 

manipulate its components. Its compact and lightweight design makes it ideal for classroom use in Malaysian 

secondary schools. Experts suggested improvements such as adding a user manual and enhancing material 

durability for long-term use, ensuring that the model can be widely adopted in Malaysian education, 

supporting a more hands-on, engaging, and effective learning experience. 

RESEARCH RECOMMENDATIONS 

Based on the study findings, several recommendations have been made to improve the effectiveness of 

teaching aids for the Aquaponic Design topic in Malaysia. The model should be easy to understand, 

interactive, and clear, with a focus on the relationship between aquaculture and hydroponic systems. 

Attractive, colourful materials should be used to enhance student focus. A detailed user manual for both 

teachers and students are necessary for effective usage. Durable materials and a modular design are 

recommended to ensure long-term use. Additionally, integrating digital technologies such as mobile apps or 

virtual reality (VR) can enrich the learning experience. These recommendations aim to make teaching and 

learning more engaging and effective in Malaysian schools, aligning with modern educational trends. 

CONCLUSION 

In conclusion, the findings in this study indicate that the development of the Multisystem Aquaponic with 

Solar technology model as a teaching aid is a significant necessity to enhance students' understanding of the 

Aquaponic Design topic. This model has been validated by experts as an effective teaching tool that can help 

students understand aquaponic concepts both visually and practically. Key elements such as the use of fish, 

plants, piping systems, and a design that is easy to understand are crucial components that ensure the model 

is relevant and impactful in the learning process. Additionally, suggestions such as the selection of durable 

materials, the preparation of user manuals, and the integration of digital technology can add value to the 

model, making it more interactive and suitable for use in modern educational contexts. This study also 

recommends expanding the model's application to other topics and promoting its use across various 

educational levels. Thus, this study not only achieves the objectives set but also makes a significant 

contribution to the field of Design and Technology, while opening avenues for further research to ensure the 

continued relevance and sustainability of this teaching aid. 
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