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The thesis comprises 6 chapters:

Chapter 1: This chapter introduces the research by contextualizing it within the evolving global and|
Malaysian sports industry, emphasizing the increasing role of technologies such as Artificial
intelligence (Al) and wearable systems, specifically post COVID-19 pandemic. Nevertheless, non-
profit sports organizations (NPOs) such as TKD, often face limited financial and resources, therefore,
transitioning into social enterprises (SEs) to sustain operations by integrating commercial strategies
while maintaining their social mission. Accordingly, this study selected TKD as a case study due to
its popularity, technological innovations and strong social significance. This study proposes a|
strategic framework for generating ideas and novel design concepts for future TKD systems, using
patent and non-patent analysis, novelty potential and patent-based design catalogue.

Chapter 2: This chapter reviews previous studies relevant to the research topic obtained from various|
sources such as books, journals, peer-reviewed articles, and conference papers. This study expands|
on various streams, particularly those focused on (i) Martial arts (Tackwondo), technological
innovations and issues and challenges, (ii) Idea generation and design concepts creation, including
theoretical foundations, novelty potential/void matrix, patent-based design catalogue, large language
models (LLMs) and generative Al (Gen Al) and finally (iii) Research approach.

Chapter 3: This chapter outlines the research methodology, utilizing patent and non-patent sources.
Initial investigation on patent and non-patent information is conducted to identify technological
trends and key knowledge domains analyzed using Cooperative Patent Classification (CPC) codes
and co-occurrence network analysis. Second approach conducted case studies to generate and validate
novel design concepts; Case study 1: Novelty potential(word2vec). Novelty potential was introduced
to determine the potential of the two function concepts, the combination of which would lead to novel
concepts based on their corresponding patent abstracts. It assumes that the more different the two

chosen concepts are, the more novel the subsequent combination would be. The combination is
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calculated using Word2vec compared to more advanced model such as Bidirectional Encoder

Representations from Transformers (BERT) as this study prioritized measuring semantic
relationships and conceptual distances between abstract concepts from patents data rather than
contextual sentence interpretation.

Case study 2 (core methodology): patent-based design catalogue approach, integrating three ideation|
approaches: the novelty potential/void matrix, a patent-based design catalogue, and generative Al
(e.g., ChatGPT). Generative Al is employed as a supporting tool for concept refinement and
benchmarking to validate our proposed approach. Additionally, semi-structured interviews with|
industry stakeholders are conducted to provide empirical validation and practical insights.

Chapter 4: This chapter presents all the research findings and analysis derived from the dataj
collection.

1)Patent and non-patent investigation:

The results from patent and non-patent trends revealed emerging technologies and potential
combinations for innovation for TKD SEs. For instance, based on the co-occurrence analysis results,
new CPC codes combinations are recommended such as (HO4L chaining) and A63B (sports|
equipment). It also reveals high centrality keywords from non-patent abstracts, such as the words
“ToT”, “secure” and “smart contract” with “supply chain.”

2) Application and validation;

a) Case study 1: Novelty potential (word2vec)

A dendrogram was drawn using the distance information between the concepts found in the abstracts.
The horizontal axis represents the number of sentences, and the vertical axis represents the distance|
between concepts obtained by measuring the cosine distance. Regarding the thresholds involved in
the classification of 16 abstract concepts, 0.85 was determined as the threshold after several rounds
of trial and error. Next, two matrices were created, novelty potential and void. The novelty potential
matrix measured the distance of cosine similarity. The higher the number, the further the distance;
therefore, the higher the novelty potential. Meanwhile, the void matrix showed the count of patent
numbers between the groups. Void indicates no similar patents; therefore, the combination of groups
with the most voids can be new. Using the equation,

Void

n= Novelty Potential

a new matrix was created. While novelty potential measures novelty through semantic distance, the|
m value incorporates the “void” aspect, representing areas with limited existing patent saturation.
Therefore, it helps to identify combinations with high novelty and technologically underexplored
concepts, increasing the possibility of first-mover advantage and future innovation opportunities. Two

groups are selected from the novelty potential/void matrix (Al and video content), and (IoT and solar|
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cells). Verification using patent investigation shows an upward trend, indicating that Al in digital|

media and content platforms is increasingly integrated into businesses. Similarly, the growing
adoption of solar cell technologies and IoT devices reflects increasing awareness of sustainability and|
energy-efficient solutions. These combinations may be new ideas for TKD SEs.

b) Case study 2: Patent-based design catalogue with GenAl
Concepts with high novelty potential and minimal technological saturation (void) are identified|
through patent abstracts analysis before generating novel conceptual combinations with ChatGPT.
Based on the comparative evaluation data, the proposed ideation approach yields concepts with
superior originality and no overlap with Large language models (LLM)-generated ideas, suggesting
a more substantial potential for first-mover advantage than ideas generated solely through LLM|
models. Although the differences were not statistically significant, the trend still suggests that the|
proposed method may offer higher novelty compared to LLM-generated ideas. A detailed assessment
of relevant CPC codes is also conducted to validate the novelty of the proposed concepts. The results
confirm the absence of analogous patents, underscoring the uniqueness of the identified combinations
for TKD SEs.

c) Semi-structured interviews: The semi-structured interview results provides practical insights and|
validation from stakeholders on challenges and feedback from design catalogue. We compared large
enterprises (LEs) and small and medium enterprises (SMEs) business model, challenges and analyzed|
using Porter’s 5 analysis and gain insights from blockchain organization on potential blockchain|
technology to enhance security, transparency, and data reliability through immutable and time-
stamped records. Finally, the findings from Malaysian TKD clubs and the federation are obtained
related to innovation importance and challenges, and feedback of the design catalogue challenges,
usability, recommendations and future hopes.

Chapter 5: This chapter synthesizes all the results to develop recommendations for strengthening
business model innovation and design concepts for TKD SEs based on the novelty potential
(word2vec), including an advanced video content platform using Al, Blockchain & IoT devices. The|
patent-based design catalogue further discussed on the independent expert scoring and proposed a
new design concept; a smart scoring system enhanced by an emotion-responsive platform.
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Figure 1. The smart scoring system and emotion-driven platform framework for TKD SEs

Chapter 6: This chapter concludes all the chapters in the study by synthesizing the key findings and|
reaftirming the academic and practical contributions. It also addresses the study limitations, including
limited generalizability as it only focusing on single case study, TKD, potential biases may occur
from patent data and small sample from interviews. Several future recommendations are proposed to|
strengthen the generalizability, robustness and practical applicability of the proposed framework,
including expanding the case study to include different sports, including lower-growth martial arts
such as Judo and Karate, other sectors and technologies and conducting international interviews with|
TKD practitioners.
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