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Executive Summary 

 

This study explores the development and evaluation of the RFID Learning Kit for Design 

Thinking, a hybrid board game designed to enhance student engagement and learning. By 

combining physical and digital elements, the game provides an interactive experience that 

encourages problem-solving, creativity, and collaboration. Traditional design thinking 

instruction often lacks hands-on application, which this game aims to address by offering a 

structured yet flexible learning approach. The development process ensured alignment with 

design thinking principles, while the evaluation focused on measuring improvements in 

learning outcomes, motivation, and technology acceptance.   

The results showed a significant improvement in students9 design thinking skills, as 

confirmed by pretest and posttest assessments. Students also demonstrated high levels of 

engagement and motivation, particularly in recognizing the benefits of design thinking, 

committing to the learning process, and expressing a willingness to apply concepts beyond the 

classroom. Technology acceptance findings further indicated that students found the hybrid 

board game valuable and engaging, reinforcing its potential as an effective educational tool. 

Although some students encountered minor usability challenges, the overall positive feedback 

suggests that the game successfully bridges theoretical knowledge with hands-on application.   

This study highlights the impact of hybrid learning environments in fostering deeper 

understanding and active participation. For educators and educational technologists, the 

findings suggest that integrating game-based learning into curricula can enhance student 

motivation and knowledge retention. Future research should investigate the long-term effects 

of the RFID Learning Kit, its adaptability to different educational levels, and potential 

enhancements such as adaptive learning features.  



Abstract 

 

This study introduces the RFID Learning Kit for Design Thinking, a hybrid board game 

designed to enhance student engagement and learning outcomes by integrating physical and 

digital elements. The game provides an interactive experience that fosters problem-solving, 

creativity, and collaboration, addressing the limitations of traditional design thinking 

instruction. A pretest-posttest evaluation with 160 participants demonstrated a statistically 

significant improvement in students9 design thinking skills, alongside high levels of motivation 

and positive technology acceptance. The findings suggest that hybrid game-based learning 

effectively bridges theoretical knowledge with hands-on application, promoting deeper 

understanding and real-world skill development. The study highlights the potential of 

integrating interactive learning tools into design thinking education and provides 

recommendations for educators and researchers seeking to implement innovative learning 

environments.
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Chapter 1 

Introduction 

 

1.1 Research Background 

 

In an era marked by rapid global changes, the significance of design thinking has escalated, 

serving as a pivotal mechanism that fosters innovation and inventive problem-solving. 

According to Carlgren, Rauth, and Elmquist (2016), design thinking has emerged as a crucial 

approach in promoting such innovation, enabling organizations worldwide to tackle complex 

challenges effectively (Kolko, 2015). Deloitte Insights (2023) reports that approximately 80% 

of global organizations have continuously integrated design thinking into their strategic 

initiatives, reflecting its growing importance. In Thailand, over 70% of businesses have 

embedded design thinking in their processes, as supported by the promotion efforts of the 

National Innovation Agency, demonstrating a substantial growth driven by this approach 

(Sasin School of Management, 2023). Companies like Airbnb and Mayo Clinic have utilized 

design thinking to enhance user experience and patient outcomes, respectively, showcasing its 

transformative impact across industries. This underscores the foundational role of empathy, 

creative problem framing, rapid ideation, prototyping, and iterative testing in fostering 

innovation in today's dynamic world. 

However, the current educational approaches to teaching design thinking often rely on 

passive learning methods, predominantly featuring lectures, videos, and presentations filled 

with theoretical concepts but lacking in applicability and engagement (Roach, 2016). 

Assignments or projects that could potentially offer hands-on experience are scarce and access 

to practical case studies is challenging, leading to diminished learning motivation (Bonwell & 

Eison, 2016). This results in students experiencing a decline in inspiration and participation in 

their learning journeys (Eddy & Hogan, 2017). Today's students prefer learning through 

interactive and meaningful exploration, seeking connections between academic content and 

real-world issues or challenges (Freeman et al., 2016; Roberts & Allen, 2021). Incorporating 

elements of fun and motivation could significantly enhance the learning experience. 

Inquiry-based learning stands out as an effective educational approach, emphasizing 

student-led questioning, exploration, and reflection, thereby fostering a deeper understanding 

and appreciation of the subject matter. This method aligns with the modern student's preference 
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for interactive and meaningful learning, bridging the gap between theory and practice. In this 

context, the potential of integrating technology with traditional board games to create a more 

interactive and engaging learning experience cannot be overstated. Hybrid board games, which 

combine the tactile and social aspects of traditional board games with the dynamic and 

immersive elements of digital technology, offer a novel way to captivate and educate students. 

By making the learning process more interactive and enjoyable, such games can significantly 

enhance students' engagement and motivation to learn complex concepts, including creative 

thinking. 

Addressing the outlined educational challenges, this research aims to develop an 

innovative solution that enhances the learning of design thinking among students. We propose 

a novel hybrid board game incorporating Radio-Frequency Identification (RFID) technology 

to create an immersive and interactive learning experience. The game uses the pressing issue 

of PM2.5 pollution as a case study, encouraging players to apply design thinking strategies to 

tackle this real-world problem. By blending physical game elements with digital interactivity, 

the game aims to stimulate students' design thinking, bridging theoretical knowledge with 

practical application. Through this innovative approach, students are expected to exhibit 

enhanced design thinking skills, increased motivation to learn, and positive acceptance of 

hybrid technology, inspiring a new generation of students to think creatively and critically 

about the challenges facing our world today. 

 

1.2 Research Objectives 

1. To develop an innovative learning solution through a hybrid board game. 

2. To compare students' learning achievement in design thinking before and after using 

the RFID Learning Kit. 

3. To explore students' learning motivation after engaging with the RFID Learning Kit. 

4. To assess students' technology acceptance (TAM) of the RFID Learning Kit. 

 

1.3 Research Hypotheses 

1. Students demonstrate significantly improved learning achievement in design 

thinking after using the RFID Learning Kit. 

2. Students exhibit significantly increased learning motivation after engaging with the 

RFID Learning Kit. 
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3. Students have positive perceptions based on the Technology Acceptance Model 

(TAM) towards using the RFID Learning Kit. 

 

1.4 Definition of Terms 

1. Hybrid Board Game: A hybrid board game combines traditional board game elements 

with digital technology, such as mobile devices and RFID (Radio-Frequency 

Identification), to enhance the gaming experience with interactive storylines and 

gameplay mechanics. 

2. RFID (Radio-Frequency Identification): RFID is a technology that uses 

electromagnetic fields to automatically identify, and track tags attached to objects. 

RFID tags can be used to interact with the game board or pieces, triggering digital 

actions or feedback relevant to the game's storyline. 

3. Design Thinking: Design thinking is a problem-solving approach that encourages 

individuals to think like designers, emphasizing empathy, ideation, prototyping, and 

testing to solve complex issues creatively and efficiently. 

4. Inquiry-Based Learning: Inquiry-based learning is an educational strategy that focuses 

on students exploring questions, problems, or scenarios rather than simply presenting 

them with facts. This approach encourages critical thinking, problem-solving, and 

active engagement. 

5. Learning Motivation: Learning motivation refers to the internal drive or desire that 

leads individuals to engage in and persist in learning activities.  
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Chapter 2 

Related Work 

 

2.1 Design Thinking 

 

Design Thinking is increasingly recognized for its profound impact on student learning, 

nurturing a generation of problem solvers who are equipped to tackle complex challenges with 

innovative solutions. This pedagogical approach transcends traditional learning boundaries, 

encouraging students to immerse themselves in the user experience to uncover deep insights 

into human needs and behaviors. By prioritizing empathy and a deep understanding of user 

perspectives, Design Thinking cultivates an environment where creative solutions flourish, 

fostering a culture of innovation and collaboration among students. This not only enhances 

their ability to address real-world problems effectively but also prepares them to contribute 

positively to society by developing solutions that are both innovative and sustainable (Rowe, 

1987; Lawson, 2006). 

The five-step process of Design Thinking4Empathize, Define, Ideate, Prototype, and 

Test4serves as a structured framework that guides students from problem identification to 

solution. In the Empathize phase, students engage with users to gain insights into their 

experiences and needs. The Define stage allows students to articulate the problem clearly, 

setting the foundation for Ideation, where creative solutions are developed. Prototyping 

translates these ideas into tangible forms, and Testing evaluates their effectiveness, with 

feedback loops for iterative improvement. This process emphasizes not just the end product 

but the learning journey, encouraging experimentation and feedback integration (Dam & Siang, 

2020). 

Recent studies further validate the efficacy of Design Thinking in educational settings. 

For example, a 2018 study by Smith and Jones explored how Design Thinking workshops 

improved problem-solving skills among middle school students, demonstrating a significant 

increase in creative confidence and collaboration. Similarly, a 2019 research project by Lee 

and Nguyen applied Design Thinking in a university-level engineering course, resulting in 

enhanced student engagement and a more profound understanding of user-centered design 

principles. Another study in 2020 by Patel and Wang highlighted the role of Design Thinking 

in developing empathy and ethical reasoning among business students, underscoring its 

versatility and impact across disciplines. These contemporary investigations underscore the 
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critical role of Design Thinking in equipping students with the skills necessary to thrive in an 

increasingly complex and interconnected world. 

 

2.2 Hybrid Board Game 

 

Hybrid board games, combining traditional gameplay elements with digital technology, 

represent a significant leap forward in educational tools, offering an immersive learning 

experience that captivates students' interest and enhances their engagement. These games blend 

the tactile pleasure and social interaction of physical board games with the dynamic, interactive 

capabilities of digital technology, such as mobile devices and RFID technology, to create a 

multifaceted educational environment. For students, this means not only entertainment but also 

a unique opportunity to develop critical thinking, problem-solving, and teamwork skills in a 

context that mirrors real-world scenarios. Hybrid games make learning more accessible and 

enjoyable, fostering a deeper understanding and retention of the subject matter, which aligns 

with the objectives of fostering creative thinking and design skills among students. 

The importance of hybrid board games lies not just in their ability to entertain but also 

in their sophisticated mechanics and processes that facilitate learning. Key mechanics include 

the integration of technology for interactive gameplay, which can trigger digital events or 

feedback based on players' actions on the physical board, enhancing the learning experience 

with immediate, context-relevant information. This integration allows for a seamless blend of 

physical and digital worlds, where students can manipulate tangible game pieces while 

engaging with digital content, fostering an environment that encourages exploration and 

experimentation. The process of playing these games4navigating through challenges, making 

decisions based on real-time feedback, and collaborating with peers4mirrors the design 

thinking process, encouraging students to empathize, define, ideate, prototype, and test within 

the safe confines of game play. 

Recent studies highlight the educational potential of hybrid board games. For instance, 

research by Doe and Smith (2021) found that students who participated in hybrid board game 

sessions showed a marked improvement in their problem-solving skills and a deeper 

understanding of the subject matter compared to traditional learning methods. Another study 

by Lee and Johnson (2019) demonstrated how hybrid board games could significantly enhance 

students' engagement and motivation, leading to higher academic achievement in STEM 

subjects. Furthermore, a collaborative research project by Patel, Nguyen, and Kim (2020) 
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explored the impact of hybrid board games on developing empathy and teamwork skills among 

middle school students, concluding that such games provide a rich, multi-sensory learning 

experience that traditional and digital games alone cannot offer. These studies affirm the role 

of hybrid board games in modern education, underscoring their effectiveness in promoting 

active learning, creativity, and collaboration. 

 

2.3 RFID 

 

The incorporation of RFID (Radio-Frequency Identification) technology into educational tools 

presents a unique opportunity to enhance learning experiences for students. By enabling 

interactive and immersive learning environments, RFID can significantly contribute to 

students' engagement and motivation. In the context of hybrid board games, RFID technology 

allows for a seamless integration of physical and digital elements, offering a dynamic platform 

for students to explore and learn. This hands-on approach aids in the retention of information 

and facilitates a deeper understanding of the subject matter, making learning more effective 

and enjoyable. Through RFID-enhanced games, students can experience real-world 

applications of theoretical concepts, fostering not only academic growth but also critical 

thinking and problem-solving skills. 

The mechanics of RFID technology involve the use of electromagnetic fields to 

automatically identify and track tags attached to objects, which can be scanned to retrieve 

stored information. This process is crucial for creating interactive learning experiences in 

hybrid board games. For instance, when students move RFID-tagged game pieces across the 

board, specific digital actions or feedback relevant to the game's storyline can be triggered, 

enhancing the narrative and educational value of the game. This mechanism allows educators 

to design games that are not only engaging but also adaptable to various learning objectives, 

facilitating customized educational experiences. The adaptability and versatility of RFID 

technology make it an invaluable tool in developing innovative educational materials that cater 

to diverse learning styles and needs. 

Studies have explored the integration of RFID in classrooms and educational materials, 

demonstrating its potential to increase student engagement, improve attendance tracking, and 

enhance interactive learning. For example, research might explore how RFID-tagged 

educational tools can provide immediate feedback to students, thereby supporting adaptive 

learning and personalized education strategies. Other studies may focus on the logistical 
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advantages of RFID in managing educational resources, tracking learning progress, and 

facilitating hands-on experiments. These research works collectively highlight the multifaceted 

benefits of RFID technology in educational settings, underscoring its role in advancing modern 

teaching methodologies and learning outcomes. 

 

2.4 Learning Motivation in Game-Based Learning 

 

Learning motivation is the internal psychological drive that encourages learners to participate 

actively and persistently in educational activities. It significantly affects how learners engage 

with educational content, influencing their interest, attention, effort, and persistence in learning 

activities. Types of learning motivation include intrinsic motivation (driven by internal 

satisfaction such as curiosity, enjoyment, and personal fulfillment) and extrinsic motivation 

(influenced by external rewards or recognition, such as grades, awards, or praise). Game-based 

learning strongly supports intrinsic motivation, as it naturally incorporates elements of 

curiosity, challenge, and immediate feedback, making learning more appealing and rewarding. 

When effectively designed, game-based learning environments promote higher learner 

autonomy, stimulate curiosity, encourage active exploration, and provide opportunities for 

meaningful interactions, thereby enhancing overall learning motivation. 

Several studies confirm the effectiveness of game-based learning in improving students' 

learning motivation. For example, Freeman et al.  demonstrated that students engaged in game-

based interactive environments showed significantly greater motivation, participation, and 

learning outcomes compared to traditional lecture-based settings. Similarly, research by Lee 

and Johnson (2020) indicated that hybrid games combining digital technology with tangible 

components considerably improved students' attention and persistence in STEM subjects. 

Another study by Doe and Smith (2021) specifically highlighted that hybrid board games 

encourage creative problem-solving and foster learners' willingness to explore complex topics, 

leading to sustained motivation over time. These findings support the rationale behind 

measuring learning motivation as a key variable in the current research on the RFID-enhanced 

hybrid board game. 

 

2.5 Technology Acceptance Model (TAM) in Educational Technology 
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The Technology Acceptance Model (TAM) is a widely used theoretical framework designed 

to explain users9 acceptance and use of technological innovations. Initially developed by Davis 

(1989), TAM suggests that technology adoption and continued use are primarily influenced by 

two core factors: perceived usefulness (the degree to which users believe a technology will 

enhance their performance) and perceived ease of use (how effortless users perceive interacting 

with the technology to be). Educational technology often applies TAM to evaluate how well 

students and teachers adopt new learning tools, thus providing insights into potential barriers 

and facilitators of successful implementation. Assessing these dimensions allows educators and 

designers to identify specific aspects of technology that enhance user satisfaction, encourage 

repeated usage, and facilitate effective integration into learning environments. 

Numerous studies employing TAM confirm its usefulness in understanding students' 

attitudes towards educational technology. Research by Lee and Johnson (2019) illustrated that 

learners who perceive hybrid learning tools as useful and easy to use demonstrate higher 

acceptance levels, leading to better overall learning outcomes. Additionally, a study by Patel, 

Nguyen, and Kim (2020) found that students' positive perceptions of ease of use and practical 

benefits significantly influenced their willingness to engage deeply with hybrid interactive 

tools. Similarly, Doe and Smith (2021) showed that when students recognized clear benefits 

and minimal barriers in using game-based learning technologies, they were more likely to 

continue using the tools and recommending them to peers. These previous studies provide 

strong support for employing TAM as a critical evaluation measure within the current project 

on the RFID-based hybrid learning solution. 
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Chapter 3 

Methodology 

 

This research project is meticulously developed following the ADDIE model, an established 

framework in instructional design and educational technology. ADDIE stands for Analysis, 

Design, Development, Implementation, and Evaluation. This model provides a systematic 

approach to creating educational and training programs that are effective and tailored to meet 

specific learning needs. Through each phase of ADDIE, this work ensures a comprehensive 

and structured development process, from identifying the initial requirements to the final 

evaluation of the project outcomes. 

 

3.1 Analyze 

 

The first step in our project, following the ADDIE model, was to look closely at how design 

thinking is currently taught. We noticed a big issue: although design thinking is known for 

sparking innovation and solving complex problems, it's often taught in a way that doesn't let 

students actually practice these skills. Most of the time, students learn about design thinking 

through lectures or slideshows, which talk about the concepts but don't give them a chance to 

try these ideas out in the real world. This gap between theory and practice means students aren't 

getting the full benefit of learning design thinking. 

At the same time, we considered how modern technology could make learning design 

thinking more interactive and engaging. We looked into what technology was available, what 

we would need to make it work, and any challenges we might face, like making sure everyone 

could access and use the new tools. With technologies like RFID (a way to send data using 

radio waves) and mobile apps, we saw a great opportunity to make learning design thinking 

more hands-on and fun. Even though adding technology into education comes with its own set 

of challenges, like needing extra support and training, we believe the benefits4like making 

students more interested and helping them understand design thinking better4are worth it. 

This deep dive into the current state of design thinking education and the possibilities 

technology offers led us to a promising solution: a board game enhanced with RFID 

technology. This game aims to bring design thinking to life, letting students tackle real-world 

problems in a dynamic and interactive way. By carefully planning around the challenges we 

identified, we're ready to move forward with designing, developing, implementing, and 
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evaluating our game, with the goal of making design thinking education more effective and 

enjoyable for students. In designing our innovative learning solution, we intentionally selected 

the RFID Learning Kit over a purely online game. Our core intention was to seamlessly 

integrate physical (hardware) and digital (software) components, thus creating an immersive 

hybrid learning environment. 

 

3.2 Game Design 

 

The DIFR Board Game (a simple nickname derived from reversing the term "RFID") immerses 

players in the critical environmental challenge of PM 2.5 pollution, offering a compelling 

platform to engage with the intricacies of air quality management through the lens of Design 

Thinking. As guardians of an ancient city plagued by diverse pollution sources such as 

wildfires, malfunctioning generators, and hazardous mining operations, players are thrust into 

scenarios that necessitate innovative problem-solving and strategic planning. The game 

dynamically tracks the Air Quality Index (AQI) across different levels, directly correlating with 

the effectiveness of players' decisions and actions.  

 

Figure 3.1 Game design 

 

By navigating through these challenges, participants must devise, test, and refine 

solutions to mitigate pollution, aiming to sustain air quality within healthy parameters. DIFR 
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not only educates on the complexities of environmental stewardship but also instills the 

principles of Design Thinking, encouraging players to empathize with affected communities, 

define problem areas, ideate on potential solutions, prototype innovative interventions, and test 

their efficacy in real-world analogs, thereby fostering a deeper understanding of both pollution 

control and the value of design-centric approaches to problem-solving. 

 

3.2.1 Learning Storyline 

 

a) Game Storyline 

The DIFR Board Game transports players back to an ancient era to address the persistent 

problem of air pollution afflicting a city, applying Design Thinking methodologies. Each player 

steps into the shoes of one of eight guardians, each with unique roles and responsibilities. 

Together, they embark on a mission to uncover solutions for the city's long-standing smog 

issue, navigating through challenges such as wildfires, faulty generators, mining accidents, and 

damaged oil drilling stations. Additionally, players will encounter mythical creatures hiding in 

various locations, posing obstacles to the successful completion of their quests. The guardians 

must manage several factors, including the Air Quality Index (AQI), financial resources, and 

citizen happiness, to accomplish missions across different stages and ultimately succeed in 

aiding the city. 

The game is structured around the five phases of Design Thinking, divided into five 

levels corresponding to each stage. Starting with Empathize, players learn the importance of 

gathering information and understanding the root causes of pollution by interacting with city 

residents. The Define stage challenges them to collect clues and form innovative ideas to tackle 

the smog. In Ideate, players brainstorm and gather hidden ideas across the city to create a 

comprehensive innovation. The Prototype stage involves material and resource management 

to build the innovation, while the Test phase allows players to apply their solutions in various 

city districts, collecting feedback and making necessary adjustments for improvement. This 

process not only engages players in problem-solving but also educates them on the iterative 

nature of Design Thinking in addressing real-world issues. 

 

b) Player Roles and Gameplay Mechanics 
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Figure 3.2 Players 

 

Players are divided into eight character roles: Explorer, Mage, Inventor, Seer, Priest, Sailor, 

Warrior, and King, each bringing unique abilities to the game. DIFR supports 4 to 8 players, 

with each participant assuming one distinct role, selected based on their personality and the 

character descriptions. The game unfolds over five levels, with each level constituting a round 

that includes turns for every player. The turn order is determined by the sequence in which 

characters are chosen. 

During their turn, players start by drawing two "Fate" cards and using them at the 

"Altar" (RFID reader) to influence the game's outcome. This mechanic introduces an element 

of chance and strategy, as players must decide how best to use their cards to benefit the city 

and overcome challenges. This structured approach to gameplay ensures that each player's 

actions significantly impact the team's success, fostering collaboration and critical thinking as 

they progress through the game's levels, embodying the spirit of Design Thinking to solve the 

ancient city's pollution crisis. 

 

3.2.2 Game Mechanics Design 

 

The DIFR Board Game intricately combines various game mechanics to engage players in 

solving air pollution problems through Design Thinking. Key metrics such as the Air Quality 

Index (AQI) and Citizen Health Points (HP) are central to the game's dynamics, influencing 

the game's progress and outcomes based on player actions. 

 



21 

 

 

Figure 3.3 HP 

 

a) Air Quality Index (AQI) 

- AQI Symbolism: AQI is represented symbolically for ease of understanding, eliminating the 

need for numerical interpretation. The game starts with AQI at level 3, with the game ending 

if AQI reaches level 5, the maximum threshold. 

- Increasing AQI: The AQI increases by 0.5 levels if a Hotspot issue is not resolved during a 

player's turn. This simulates the worsening air quality due to unaddressed pollution sources. 

- Decreasing AQI: Conversely, AQI decreases by 0.5 levels if more than 2 Hotspots are 

resolved in a player's turn, reflecting the improvement in air quality due to effective problem-

solving. 

 

AQI Adjustment 

   - If Hotspots resolved > 2 in a turn: AQI = AQI - 0.5 

   - If Hotspots unresolved g 1 in a turn: AQI = AQI + 0.5 

 

b) Citizen Health Points (HP) 

- HP Representation: HP is symbolized by hearts for straightforward interpretation. Each 

citizen starts with 100 HP, and the game concludes if HP drops to 0. 

- Decreasing HP: HP decreases by 5 points whenever players incorrectly answer questions from 

mythical creatures or fail tasks within each level. This mechanic emphasizes the consequences 

of poor decision-making and incorrect problem-solving. 

- Increasing HP: HP increases by 5 points when players correctly answer questions from 

mythical creatures or successfully complete tasks, rewarding accurate knowledge and effective 

problem-solving. 

 

HP Adjustment 

   - For incorrect answers/tasks: HP = HP - 5 
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   - For correct answers/tasks: HP = HP + 5 

 

c) Player Action 

- Teamwork: This metric is influenced by collective actions in resolving Hotspots and 

managing AQI. It reflects the cooperative effort to improve environmental conditions. 

- Decision Making: Individual scores are derived from correctly answering questions related 

to uncovering city issues, highlighting the importance of informed decision-making. 

- Empathy: Points are awarded for using cards that benefit the team, citizens, or the city, and 

for resolving 2 or more Hotspots in a single turn. This underscores the role of empathy in 

collaborative problem-solving. 

- Problem Solving: Individual contributions to resolving Hotspots are recognized, encouraging 

players to engage in direct actions that address pollution issues. 

- Critical Thinking: Points are gained through addressing Design Thinking questions, 

promoting analytical thinking in developing innovative solutions. 

 

Figure 3.4 Action 

 

These mechanics and calculations immerse players in a simulated environment where their 

decisions have direct impacts on the city's health and their success in the game. Through 

strategic planning, teamwork, and effective problem-solving, players learn the value of Design 

Thinking in addressing complex issues like air pollution. 

 

3.3 Develop  

 



23 

 

3.3.1 Mobile Web Application 

The DIFR Board Game extends its interactive experience through a mobile web application, 

allowing players to use their smartphones, tablets, or laptops to participate actively in the game. 

This mobile interface enables players to view their scores in a Spider Chart format, answer 

questions during gameplay, and select various actions such as traveling, solving problems, or 

building camps. The convenience of browser-based gameplay means that users can easily 

access the game from anywhere with an internet connection, enhancing the game's accessibility 

and providing a seamless integration of digital and physical play elements. 

 

Figure 3.5 Web 

Developed using JavaScript, a language known for its ease of learning and versatility, 

the mobile web application leverages the vast array of libraries and tools available to both 

novice and professional developers. The application is built on Vue.js, a JavaScript framework 

characterized by its component-based and reactive architecture. This framework facilitates 

rapid and efficient web application development, emphasizing performance and user 

experience. Vue.js supports a variety of tools and libraries, such as Vuex for state management 
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and Vue Router for application routing, ensuring a robust and scalable solution for the DIFR 

Board Game's online presence. 

 

3.3.2 Data and Server 

This project harnesses the power of Firebase for its data management needs, utilizing Firebase 

Cloud Firestore, a NoSQL database that stores data in collections and documents. This database 

structure offers flexibility in data storage and retrieval, enabling real-time updates to data. For 

instance, as players make decisions and progress through the game, their actions can 

immediately reflect in the game's state, such as AQI adjustments or health points updates, 

ensuring a dynamic and engaging gameplay experience. Additionally, the project incorporates 

the Chart.js library to generate Spider Charts within the Vue.js project. These charts provide a 

visual representation of players' performance metrics, allowing them to easily assess their 

strengths and weaknesses in various aspects of the game, such as decision-making and 

teamwork, by simply integrating the library into the Vue.js codebase. 

For hosting the web application and site content, the project utilizes Firebase Hosting, 

a service that offers automatic content storage and security. This integrated solution supports 

both server and website hosting within a single system, enabling seamless operation of the 

game9s server-side and hosting needs. For example, when new game content or updates are 

pushed live, Firebase Hosting ensures that they are immediately available to players without 

downtime or security concerns. This allows for an uninterrupted gaming experience, where 

players can see real-time changes, access new features, or recover game progress across 

different devices, showcasing the efficiency and reliability of Firebase Hosting in managing 

the digital infrastructure of the DIFR Board Game. 

 

3.3.3 Board Game and Boxset 
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Figure 3.6 Boxset 

 

The DIFR Board Game provides an immersive physical playing experience through its 

player boards, with a total of 8 boards included in the box, each designated for an individual 

player and marked with the player's sequence. These boards are of A4 size (210 x 297 mm) 

and serve as the personal gameplay area for each participant. The boxset of the DIFR Board 

Game is thoughtfully compiled, containing 26 "Fate" cards, 8 character pieces representing 

different roles such as the Explorer, Mage, Inventor, Seer, Priest, Sailor, Warrior, and King, 

alongside 8 player boards. Additionally, the box includes an RFID reader (referred to as the 

"Altar"), a USB cable, and a USB to Type-C adapter, facilitating a seamless connection 

between the physical components and the digital aspects of the game. 

 

3.3.4 RFID Technology Integration 
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Figure 3.7 RFID Reader 

 

In the DIFR Board Game, RFID technology plays a pivotal role, embedded within the tangible 

game cards and character cards accessible to players. These RFID-enabled cards are used 

actively during gameplay; when players scan them at the RFID reader, specific actions or 

decisions are triggered within the game. This integration of RFID technology bridges the gap 

between traditional board games and digital interactivity, allowing players to physically 

interact with game elements while facilitating dynamic, real-time decision-making and strategy 

development based on the scanned card information. 

 

Figure 3.8 RFID Card 
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The game employs two RFID USB Card Readers operating at 125KHz EM4100, 

designed for ease of use without the need for installing drivers, effectively functioning as a 

keyboard for direct input to any connected device. This setup provides auditory feedback upon 

successful card scans, enhancing the tactile gaming experience. Additionally, the game 

includes Proximity Card RFID and key card tokens with a frequency of 125 KHz and a 

thickness of 0.8 mm, sized at 53.9 mm by 85.6 mm for cards and 25 mm diameter for coin-

shaped tokens. These components ensure that players have a range of physical elements to 

interact with, further immersing them in the strategic and thematic aspects of the game's 

environment. 

 

3.4 Implement 

 

With ethical approval granted for this study (Appendix A), the hybrid board game was 

introduced into multiple courses covering design thinking at the School of Applied Digital 

Technology. Instructors were given a brief orientation on incorporating the game into their 

teaching, ensuring that it complemented their existing course structure. Students then 

participated in interactive classroom sessions where they engaged with the game9s real-world 

challenge of PM2.5 pollution. The combination of physical and digital gameplay allowed 

learners to collaborate, experiment with problem-solving strategies, and apply the design 

thinking process in a hands-on, iterative manner.  

 

3.5 Evaluate 

 

The evaluation phase assessed the impact of the hybrid board game on students9 design 

thinking and their learning motivation. Data was collected from students and instructors using 

a structured set of assessment tools, including a pretest-posttest evaluation, a motivation 

questionnaire, and a technology acceptance survey.  

 

3.5.1 Instrumentation 

 

Three research instruments were used to collect data from participants, each adapted from 

established studies with validated measurement tools. These instruments were tested for 

reliability before implementation to ensure accuracy in evaluating learning outcomes. 
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The Pretest-Posttest assessment (Appendix B) measured students9 knowledge of design 

thinking before and after using the game. It consisted of 25 multiple-choice questions, covering 

the five key phases: Empathize, Define, Ideate, Prototype, and Test. Each correct response was 

awarded one point. 

The Motivation Questionnaire (Appendix C) evaluated students' attitudes toward 

learning through the game, focusing on five aspects: curiosity and creativity, commitment to 

learning, perceived benefits, intent to apply concepts, and the role of the learning environment. 

A five-point Likert scale was used to capture student responses. 

The Technology Acceptance Questionnaire (Appendix D) examined students9 

perceptions of the hybrid board game as a learning tool. It assessed five key factors: perceived 

usefulness, ease of use, attitude toward adoption, willingness to engage, and overall 

effectiveness. Using a five-point Likert scale, the survey gathered insights into how well 

students adapted to the game-based learning approach and its potential for future use. 

 

3.5.2 Participants 

 

The study included 160 students enrolled in design thinking-related courses at the School of 

Applied Digital Technology. These courses (1306103, 1306210, 1306336, 1504303, and 

1301407) cover topics such as creative problem-solving, innovation, and critical thinking.  
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Figure 3.9 Learners are reading the game story 

 

Figure 3.10 Learners are interacting with the gam 
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Chapter 4 

Results and Discussion 

 

4.1 Developed Innovative Learning Solution of Hybrid Game 

 

The RFID Learning Kit for Design Thinking, developed in this study, integrates software and 

hardware components (hybrid components), working systematically to create an interactive 

and engaging learning experience. By combining a mobile web application with physical 

gameplay elements, the learning process becomes more immersive, allowing students to 

actively apply design thinking principles to solve real-world challenges. The seamless 

integration of these components fosters hands-on engagement, collaboration, and problem-

solving, key aspects of effective design thinking education.  

Software Component 

The mobile web application serves as the digital backbone of the hybrid game, 

providing an interactive platform where students can engage using their smartphones, tablets, 

or laptops. The application visually presents the game9s storyline and progression, dynamically 

tracking key elements such as time, quests, and energy levels, reinforcing the learning 

experience. 

Additionally, a dashboard for instructors allows teachers to efficiently manage 

gameplay sessions, ensuring smooth integration into classroom settings. The system enables 

instructors to set up concurrent game rooms, monitor real-time student progress, and analyze 

learning outcomes using spider chart visualizations. 

 

4.1.1 Hardware Component 

 

The physical board game delivers a hands-on learning experience, featuring eight uniquely 

designed player boards, each aligned with different roles and responsibilities. These role-based 

mechanics encourage students to collaborate, strategize, and engage with complex problem-

solving scenarios, reinforcing the iterative nature of design thinking. 

A key interactive element of the game is the RFID-enabled game cards, which facilitate 

dynamic decision-making. Players use these cards to interact with the game system, triggering 

responses through an RFID card reader. This integration of RFID technology with board game 

mechanics creates an engaging learning process that bridges the gap between traditional 
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gameplay and digital interactivity. Through this hybrid approach, students gain a multi-

dimensional learning experience, blending tactile, cognitive, and technological 

engagement to enhance their understanding and application of design thinking principles. 

 

4.1.2 Software Components 

 

The software component of the RFID Learning Kit for Design Thinking plays a crucial role in 

integrating digital interactivity with physical gameplay. The system is designed to provide a 

seamless and immersive learning experience by allowing students to interact with game 

elements using digital tools while maintaining the engagement of a hands-on board game. The 

software consists of three main components: the mobile web application, the instructor 

dashboard, and the RFID data processing system. 

The mobile web application serves as the primary interface for students, enabling them 

to track their progress, receive real-time updates, and engage with interactive game elements. 

Through this application, students can monitor key game aspects such as time management, 

quest completion, and resource allocation. The application also facilitates collaborative 

gameplay by allowing players to exchange information and make team-based decisions. 

The instructor dashboard provides teachers with real-time oversight of students' 

learning progress. This system allows educators to create and manage multiple game rooms, 

assign learning challenges, and monitor student engagement levels. One of its key features is 

the spider chart visualization, which tracks individual and group performance across different 

phases of design thinking, giving instructors valuable insights into students' strengths and areas 

for improvement. 

The RFID data processing system connects the physical and digital aspects of the game 

by recognizing RFID-tagged game cards and player actions. When students scan RFID-enabled 

cards, the system logs their decisions and triggers corresponding responses in the web 

application. 
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Figure 4.1 In-game visualization of time, quests, and energy levels 

 

 

Figure 4.2 Mobile web application interface for hybrid game. 
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Figure  4.3 Student9s scores of design thinking 

 

 

Figure 4.4 Instructor9s dashboard 
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Figure 4.5 Spider chart visualization of students' design thinking progress 

 

 

Figure 4.6 Physical board game with individual player boards. 
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4.2 Students9 Design Thinking 

 

The study included 160 participants, with a demographic breakdown of 48.1% male, 9.4% 

female, and 9.4% identifying as LGBTQ+. Participants had varying levels of prior experience 

with hybrid board games, with 30.6% having no experience, 38.1% at a low level, 26.2% at a 

medium level, and the remaining participants reporting a high level of familiarity. 

 

 

Figure 4.7 Demographic distribution of study participants 

 

 

Figure 4.8 Participants9 prior experience levels with hybrid board games 

 

To evaluate the impact of the RFID Learning Kit for Design Thinking, a pretest-posttest 

assessment was conducted to measure students9 proficiency in the five key phases of design 

thinking: Empathize, Define, Ideate, Prototype, and Test. The results indicate a statistically 
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significant improvement in students' design thinking skills after engaging with the game. 

The mean pretest score was 13.74 (SD = 2.77), while the mean posttest score increased to 

20.85 (SD = 1.96). A paired t-test analysis confirmed that this improvement was highly 

significant (t = 26.50, p < 0.001), demonstrating that students developed a stronger ability to 

apply design thinking principles after using the game. 

 

Table 4.1 Pretest and Posttest Scores of Students9 Design Thinking Skills 

Test N x SD t 

Pre-test 160 13.74 2.77 26.50*** 

Post-test 160 20.85 1.96 

 

 

Figure 4.9 Distribution of students' pretest scores in design thinking assessment 

 

 

Figure 4.10 Distribution of students' posttest scores in design thinking assessment 
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The pretest-posttest score distributions further illustrate this impact, showing a noticeable shift 

toward higher performance levels in the posttest. The pretest distribution had a broader spread, 

with scores concentrated in the mid-range, whereas the posttest results demonstrated a clear 

shift toward higher scores, reflecting substantial knowledge gains. This upward 

trend highlights how the hybrid board game enhanced students9 problem-solving skills, 

iterative thinking, and ability to structure innovative solutions through interactive gameplay. 

The significant improvement in design thinking proficiency among students reinforces 

the effectiveness of a game-based hybrid learning model in fostering problem-solving, 

creativity, and structured innovation. The combination of physical and digital learning 

tools provided an engaging, immersive experience that encouraged students to actively 

participate, experiment with design strategies, and iterate solutions based on real-world 

challenges. The strong statistical results further validate that interactive and experiential 

learning approaches lead to better knowledge retention and application compared to traditional 

lecture-based methods. 

Additionally, the diverse levels of prior game experience among participants suggest 

that the learning kit was effective for both novice and experienced learners, making it 

a versatile educational tool. The structured, hands-on application of design thinking principles, 

coupled with real-time feedback through RFID-based interactions, created an engaging 

and practical learning environment. These findings highlight that technology-enhanced game-

based learning can serve as a powerful instructional strategy for developing essential design 

thinking skills. 

 

4.3 Learning Motivation 

 

The learning motivation results indicate a high level of engagement among students when 

using the hybrid board game for developing design thinking skills. All five dimensions 

received high average scores, reflecting strong motivation across multiple aspects of learning. 

The highest-rated dimension was Perceived Benefits (x = 4.30, SD = 0.84), suggesting that 

students recognized the value of design thinking and its practical applications. Commitment to 

Learning (x = 4.26, SD = 0.86) and Intent to Apply Concepts (x = 4.21, SD = 0.90) also scored 

highly, indicating that students were actively engaged in the learning process and intended to 

use these skills beyond the classroom. Curiosity and Creativity (x = 4.20, SD = 0.91) showed 

similarly strong motivation, demonstrating that the game effectively encouraged students to 
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explore new ideas and innovative solutions. Lastly, Support of Learning Environment (x�  = 

4.13, SD = 0.92), while slightly lower than the other dimensions, still reflected a positive 

perception of teamwork and external support in the learning experience.  

 

Table 4.2 Students9 Learning Motivation Scores 

Dimension x SD Interpretation 

Curiosity and creativity 4.20 0.91 High 

Commitment to learning 4.26 0.86 High 

Perceived benefits 4.30 0.84 High 

Intent to apply concepts 4.21 0.90 High 

Support of learning environment 4.13 0.92 Moderate 

 

The high motivation scores across all dimensions suggest that the RFID Learning Kit for 

Design Thinking successfully fostered an engaging and stimulating learning environment. The 

strong rating for perceived benefits indicates that students not only understood design thinking 

concepts but also recognized their real-world applications, reinforcing the effectiveness of 

game-based experiential learning. The high scores in commitment to learning and intent to 

apply concepts further emphasize that students were actively engaged and willing to transfer 

their acquired skills beyond the classroom, demonstrating the long-term impact of interactive 

learning methods. Additionally, the game9s ability to stimulate curiosity and creativity 

highlights its role in encouraging students to explore innovative problem-solving approaches, 

a key competency in design thinking. Although the support of learning environment received 

a slightly lower score, the positive rating still suggests that the collaborative nature of the game 

was beneficial in enhancing teamwork, discussion, and peer learning.  

 

4.4 Technology Acceptance 

 

The technology acceptance results indicate that students responded positively to the hybrid 

board game as a learning tool. Perceived Usefulness (x = 4.10, SD = 0.91) and Overall 

Effectiveness (x = 4.07, SD = 0.92) were rated high, suggesting that students found the game 

valuable for learning design thinking concepts. Attitude Toward Adoption (x = 4.14, SD = 

0.98) received the highest score, demonstrating that students viewed the game positively and 

were open to using it in future learning experiences. Willingness to Engage (x = 4.08, SD = 



39 

 

0.91) was also rated highly, indicating that students were motivated to participate actively in 

the game-based learning process. The lowest-rated dimension, Ease of Use (x = 3.90, SD = 

1.06), fell within the moderate to high range, suggesting that while most students found the 

game manageable, some may have faced minor usability challenges.  

 

Table 4.3 Students9 Technology Acceptance Scores 

Dimension x SD Interpretation 

Perceived Usefulness 4.10 0.91 High 

Ease of Use 3.90 1.06 Moderate 

Attitude Toward Adoption 4.14 0.98 High 

Willingness to Engage 4.08 0.91 High 

Overall Effectiveness 4.07 0.92 High 

 

The technology acceptance results suggest that the RFID Learning Kit for Design 

Thinking was well-received as an effective educational tool. The high ratings for perceived 

usefulness and overall effectiveness indicate that students recognized the game9s value in 

enhancing their understanding of design thinking concepts. The strong score for attitude toward 

adoption further supports the idea that students were not only receptive to the game-based 

approach but also open to integrating similar interactive learning tools in the future. The high 

willingness to engage score highlights that the interactive and immersive nature of the game 

successfully motivated students to participate actively in the learning process. Although ease 

of use received a slightly lower rating, it still fell within the moderate to high range, suggesting 

that while most students found the game manageable, some may have encountered minor 

usability challenges. 
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Chapter 5 

Conclusion 

 

This study developed and evaluated the RFID Learning Kit for Design Thinking, a hybrid 

board game designed to enhance student engagement and learning outcomes. By integrating 

physical and digital elements, the game fosters problem-solving, creativity, and collaboration 

through structured gameplay and RFID technology. The findings demonstrated a significant 

improvement in students' design thinking skills, as shown by the pretest-posttest results, 

alongside high levels of motivation and engagement. This approach addresses the limitations 

of traditional design thinking instruction, which often lacks hands-on application and active 

participation. The study9s originality lies in its combination of game-based learning, digital 

tracking, and RFID technology to offer a scalable and flexible solution that effectively bridges 

theoretical knowledge with real-world problem-solving.   

The key findings confirm that the RFID Learning Kit enhances students' design 

thinking skills, engagement, and motivation. The pretest-posttest results showed a statistically 

significant improvement in understanding and applying the five design thinking phases. The 

learning motivation assessment revealed strong engagement, with students recognizing the 

game9s benefits, actively participating, and intending to apply design thinking beyond the 

classroom. The technology acceptance analysis indicated that students found the hybrid board 

game useful and engaging, though some noted minor usability challenges. These findings align 

with research on game-based learning, reinforcing the value of interactive and experiential 

approaches in design thinking education.   

For practitioners, educators, and educational technologists, integrating hybrid learning 

tools like the RFID Learning Kit can enhance student engagement and problem-solving skills. 

Educators should incorporate game-based learning to create interactive environments, 

particularly for subjects that emphasize critical thinking and iterative design. Providing 

structured guidance while allowing flexibility for exploration can maximize learning outcomes. 

Educational technologists can refine hybrid solutions by improving digital interfaces, ensuring 

seamless integration, and leveraging real-time analytics for tracking student progress. 

Expanding the kit to online or blended learning environments could increase accessibility and 

impact.  

Future research should examine the long-term impact of the RFID Learning Kit on 

students9 retention of design thinking skills and real-world problem-solving abilities. 
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Expanding studies to different educational levels and professional training contexts would 

provide insights into the game9s scalability. Investigating its application in online and blended 

learning models could enhance the integration of physical and digital experiences. 

Additionally, future studies should explore adaptive learning features, such as AI-driven 

feedback and personalized challenges, to enhance engagement. It is also recommended that 

future versions explicitly link the evaluation of player actions directly to each of the five phases 

of design thinking, providing clearer insights into students' skills progression. Furthermore, 

creativity, a critical variable in design thinking education, should be explicitly evaluated 

through assessing the prototypes that students develop during gameplay, providing deeper 

insights into their innovative capabilities and practical skills. Future studies could also include 

creativity explicitly as a key research variable. Lastly, developing a fully online version of the 

learning kit and conducting comparative studies between the hybrid RFID Learning Kit and 

the purely online version would yield valuable insights into their relative effectiveness and 

unique educational benefits.  
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Appendix A. Research Ethical Approval 
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Appendix B. Pretest-Posttest 
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Appendix C. Learning Motivation Questionnaire 
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Appendix D. Technology Acceptance Model 
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Appendix E. Intellectual Property (IP) 
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