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ABSTRACT 

The Textile and Apparel industry, including Sri Lanka's, has grown significantly, 

offering substantial employment and economic benefits globally. Over the past four 

decades, Sri Lanka's apparel sector has experienced exceptional growth, becoming the 

nation's primary foreign exchange earner and employing thousands. Despite this 

success, Sri Lankan apparel faces higher costs and lead times compared to competitors, 

alongside a limited product range, which hampers its competitiveness. To stand out, it 

is crucial to leverage technological innovation for faster production, improved delivery 

times, precise research and development processes, and modern manufacturing 

techniques to reduce costs. However, technological innovation is fraught with 

uncertainty and a broad spectrum of risks, underlining the need for a robust risk 

management strategy. Due to varying organizational resources and product 

requirements, a generic risk management model is ineffective across different products 

and organizations. This situation necessitates a customized risk management approach, 

a need that current literature often overlooks. Furthermore, organizations are often 

hesitant to share confidential information with third parties, adding another layer of 

complexity. To address these issues, a risk management model was designed as a game, 

to solve the root causes of risk factors in technological innovations and effectively 

manage the associated risks. It integrates key elements from cooperative game theory, 

behavioral game theory, teamwork dynamics, psychological aspects of decision-

making, visual problem-solving, and the board gaming concept. This model enhances 

resilience and agility while preserving the confidentiality of organizational strategies.13 

leading apparel manufacturers and 10 textile manufacturers were selected covering 145 

factories. Data collection was conducted via questionnaires and structured/semi-

structured interviews. The results present a flexible, customized risk management model 

that adapts to emerging risks while maintaining the strategic confidentiality of 

manufacturing organizations, addressing a significant gap in existing literature. 

Keywords: Textile and Apparel Industry, Technological Innovations, Risk 

Management Model, Risk Factors and Root Causes, Game Theory 
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CHAPTER 1 

INTRODUCTION 

1.1 Sri Lankan textile and apparel industry 

Constituting $4.5 billion in exports for 2023, Sri Lanka's textile and apparel industry 

has exhibited remarkable performance and sustained growth over the past four 

decades, with a slight fluctuation observed in 2023 [1]. As the leading contributor to 

the country's foreign exchange, it accounted for 41.8% of total exports [1]. 

Additionally, the sector has directly employed over 300,000 individuals and indirectly 

created job opportunities for 600,000 people [2]. Apparel sector contributes around 

7% to the country’s GDP, according to the statistics in 2023 [3]. To leverage the 

strategic contribution to the economy, the Sri Lankan government has the vision of 

elevating the country to an $ 8 billion global apparel hub by 2025 [3]. However, based 

on statistics from the Central Bank of Sri Lanka and provisional data from the Joint 

Apparel Association Forum (JAAF), the Sri Lankan apparel industry is currently on a 

downward trajectory, on a year-on-year basis since the final quarter of 2022 [4].  While 

the global textile and apparel industry embraces customized, sophisticated and 

sustainable products, steering away from traditional large-scale orders, the Sri Lankan 

apparel sector faces compounded challenges [5],[6]. The industry must prioritize 

customized products to effectively respond to evolving market demands. Additionally, 

comparisons reveal that Sri Lankan apparel prices and lead times significantly surpass 

those of competitors, eroding its global competitive edge and curtailing economic 

benefits [7]. Consequently, the primary challenges for the Sri Lankan textile and 

apparel industry lie in offering customized, sophisticated, and sustainable products at 

competitive prices within minimal lead times, essential for maintaining 

competitiveness and reaping economic gains in global trade [7]. 

Elevating innovative capabilities has become the key solution in achieving the similar 

challenges faced by other contemporary industries [1], since, regardless of the product 

or service produced; innovation has emerged as a critical determinant of any 

organization's ability to "Stay Relevant” [7], [8]. Apple's dynamic technologies, like 

the iPhone, can revolutionize lives, enabling experiences previously unimaginable [9]. 

AIG, a multinational insurance giant operating in 80+ countries, leverages cutting-

edge tech and embraces continuous improvement for sustained dominance [10]. 

Game-changing technological strides, from self-driving cars to crypto-currencies and 

personalized medicine, underscore the global impact of innovation [11]. In addition to 

wearable smart textiles, interactive fabrics, and high-performance apparel, the 

integration of automated processes signifies the cutting-edge innovations driving the 

textile and apparel industry forward. These observations underscore the necessity for 

an innovative approach to ensure survival and growth in the global market, a common 
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imperative shared by all manufacturing and service industries, including textile and 

apparel [12]. 

The apparel business transforms from labor-intensive to capital-intensive production, 

driven by advanced manufacturing technologies. This shift brings advantages in 

efficient and effective production, more sustainable procedures, and shorter lead times 

[13], [14]. 

1.1.1 Innovations in the Sri Lankan textile and apparel industry 

To maintain its global market share, Sri Lanka's textile and apparel industry too, has 

implemented innovation in a variety of areas including sophisticated manufacturing 

infrastructures to ensure higher product quality as well as process efficiency and 

effectiveness. Furthermore, this improves the security and safety of both workers and 

machines, while lowering the cost involved [2]. Modern technologies have been 

endorsed across the entire supply chain to ensure the smooth flow of the entire process 

[15], [16], [17].  

Yet, innovation carries significant risks, jeopardizing the economic gains of innovators 

[18]. Notably, Zara, global clothing giant, faced scrutiny for high levels of toxic 

chemicals in its products, leading to environmental and customer pressure [19]. In 

response, Zara committed to zero hazardous chemical discharge throughout its supply 

chain by 2020, successfully regaining market share. Other major brands, including 

Calvin Klein, Benetton, Giorgio Armani, and the Gap, faced similar challenges but 

pledged to go Toxic-Free for global business survival proving that surviving in the 

global market necessitates adopting a sustainable innovative approach. Most brands 

developing wearable fashion technology have failed due to issues in merging fashion 

with cutting-edge technology. This combination often leads to innovative product 

failures. [20].  

This elucidates the intricate nature of innovation, which entails numerous risks. 

Consequently, the identification and proficient management of these risks have 

emerged as pivotal priorities [21]. Thus, early in the innovation process, understanding 

the interdependence in complex systems can lead to the creation of better, original, 

and copy-proof product architectures as well as intelligent risk management [21]. This 

permits and promotes effective and efficient innovation, whereas failing to do so 

would fail. Working with complicated systems, if well handled, can give a firm plenty 

of options that might otherwise be unavailable [22]. Moreover, evidence implies that 

the current extremely high level of volatility in the textile and apparel sector will 

worsen in the years and decades to come.   

In addition, the relationship of sustainability to the firm competitiveness too is 

significant to leverage the business strategies related to innovations. As per the study 

carried out by Fanny et.al, putting the sustainability approach on product, process, and 

managerial aspects will enhance the competitive advantages in terms of increased 
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value creation, reduced costs and non-financial assets [22]. Further, the sustainability 

approach reduces the risk involved in innovation [23].  

Innovation is about continually reaching better performances.  Thus, incorporating risk 

management into the innovation processes unleashes significant opportunities for the 

organizations. This facilitates the implementation of new solutions for the long-term 

sustainability of resources, organizations, and the global environment [24].  

1.2 Research gap 

To excel in the dynamic global market, Sri Lanka must adeptly produce customized, 

sophisticated, and sustainable products at competitive prices while also meeting short 

lead time requirements to effectively navigate competitive challenges. The industry 

identifies three primary concerns impacting its trajectory. Bridging the gap between 

the current and desired future state hinges largely on technological innovation, which 

stands as the foremost contributor among various innovation concepts. Efficient and 

effective risk management is crucial due to the inherent risks associated with 

innovations. Therefore, comprehensive research on risk management in the context of 

technological innovations is essential for the survival and growth of any organization. 

This research analyzes various innovation concepts applicable across all industries, 

including textile and apparel. Furthermore, it classifies these concepts, offering 

valuable insights for selecting the most suitable innovation approach throughout the 

entire innovation process. This addresses a crucial gap in existing literature. 

Effectively managing risks associated with innovations requires a thorough grasp of 

the pertinent risk factors (variables linked to increased risk) and root causes 

(fundamental reasons behind these risk factors). This enhanced understanding 

significantly improves decision-making. However, existing literature lacks a 

consolidated list of risk factors and root causes related to technological innovation, as 

they are dispersed across various research papers. Furthermore, there is a notable 

absence of quantitative analysis of risk factors and root causes specific to 

technological innovations in the textile and apparel industries. Complicating matters, 

risks vary in impact, with some being tolerable while others are either intolerable or 

must be minimized to an acceptable degree. Consequently, establishing a risk criterion 

for assessing acceptable levels is crucial in the decision-making process. 

Understanding diverse risks associated with innovation, along with their individual 

contributions, is vital for analyzing their impact on the final product. Additionally, 

optimal resource allocation is paramount to achieving favorable outcomes in product 

quality, lead time, and costs. Hence, these insights enable firms to comprehend and 

focus on the most effective and pragmatic risk management strategy tailored to their 

innovative approach.   

As the impact of risks and available resources varies across products and 

organizations, crafting a unique risk management strategy tailored to both the product 
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and the organization proves challenging. Moreover, a company must adeptly utilize 

this strategy while safeguarding confidential information from third parties. Early 

identification of the optimal innovation approach, aligned with the organization's 

resources, not only secures market share but also guides effective actions throughout 

the entire innovation process. This model not only offers insights into risk 

management across various innovation concepts but also introduces a novel approach 

to risk management strategies in the textile and apparel industry. Consequently, this 

innovative risk management model bridges existing gaps, highlighting the research's 

significance. 

1.3 Research problem  

The global competitiveness of the Sri Lankan textile and apparel industry is hindered 

by challenges in producing customized, sophisticated, and sustainable products at 

competitive prices, within short lead times. While technological innovation stands out 

as the primary solution among other innovation concepts for these issues, the industry 

struggles with a notable rate of innovation failures and unsuccessful attempts. This 

underscores the critical need for effective and efficient risk management strategies 

within the technological innovation processes to enhance the industry's overall 

performance while achieving sustainable goals. 

1.3.1 Aim of the research 

The aim of the research is to develop a risk management model associated with 

technological innovations in the textile and apparel industry, and thereby 

minimize/manage the risks involved in the technological innovation process.  

1.3.2 Research Objectives 

1.  Identify innovation concepts  

2. Evaluate the contribution of risk factors and root causes involved in technological 

innovations related to the textile and apparel industry 

3. Develop a risk management model in technological innovations 

4. Validate the risk management model 

1.3.3 Scope of the research 

The study's goal is to identify the factors influencing the success of technological 

innovations in the textile and apparel industry in Sri Lanka, as well as to create a 

model to manage the risk involved in the technological innovation process.  The 

Grounded theory, Analytic Network Process, Neural Networks, core concepts of 

Cooperative Game Theory, Behavioral Game Theory, Collaborative approach, 

psychological effects in decision-making, and board game concept have become 

the foundation for developing the risk management framework.  
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1.3.4 Research design 

This research is analytical mixed research that incorporates both quantitative and 

qualitative approaches. The risk variables involved in technological innovations are 

risk factors and root causes. These data were collected through a review of the 

literature, as well as structured and semi-structured interviews with industry experts 

during factory visits, over-the-phone interviews, and questionnaires with Likert- 

scales. This include, employees in positions of Executives, Senior Executives, 

Managers, Senior Managers, and General Managers across various departments, 

(Human Resource, finance, marketing, merchandising, sourcing and supply chain, 

Product development, raw material inspection, cutting, stores, Industrial engineering, 

production, quality, finishing departments) well as staff members from the production 

department all of whom provided insights based on their job-specific expertise. 

Since the research is based on developing a risk management strategy in innovations 

related to the textile and apparel industries, key exporters of the apparel industry and 

the main textile manufacturers of Sri Lanka were considered for the research. The 

"Industry Capability Report" published by the Export Development Board of Sri 

Lanka in 2017 [25] was used to identify key apparel exporters. This consists of 135 

apparel manufacturers related to 13 main groups. Together with 10 main textile 

manufacturers in Sri Lanka, 145 factories were considered as the population of the 

research. All 145 factories have adopted innovations in their manufacturing process. 

They pursued both incremental and breakthrough innovations [26]. The sample was 

selected according to simple random sampling and the sample size was calculated 

based on the following formula [27]. 

 

Where n is the sample size, “N” is the population size 145, and e is the level of 

precision, which is considered to be 0.05 in this research.  Accordingly, at a 95% 

confidence level, the calculated sample size was 106. This sample was used in 

structured interviews and obtaining questionnaire feedback during the research.  

1.4 Outline of the thesis  

The thesis is structured to provide a clear and logical progression of the research. 

Chapter 1 introduces the research problem and reviews the existing literature relevant 

to the study. Chapter 2 expands on this by offering a comprehensive overview of the 

literature, establishing the theoretical foundation for the research. Chapter 3 outlines 

the chosen research methodology, detailing the approaches and techniques employed. 

Chapter 4 presents the results, validates the developed risk management model, and 

discusses key findings. Finally, Chapter 5 concludes the research by summarizing the 

study, addressing its limitations, and suggesting potential future research directions 
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CHAPTER 2 

LITERATURE REVIEW  

2.1 Introduction 

The comprehensive literature review conducted during the research is presented in this 

chapter. The main points covered in this chapter are summarized below. 

 Challenges in the textile and apparel industry  

 An overview of different innovation concepts 

 Different approaches to the innovation process 

 Role of technological innovations in textile and apparel industry 

 Risk in innovation process 

 Risk management in the technological innovation process 

 Risk factors related to the technological innovation process 

 Root causes related to risk factors of technological innovation 

 Interconnections between different factors  

 Classification techniques  

 Artificial neural networks for data classification 

 Consistency of the data classification 

 Dealing with large data sets  

 Root cause analysis methods  

 Prioritization techniques of root causes  

 Methods used in risk management models 

 Visual representation in problem-solving   

 Validation   

2.2 Challenges in the textile and apparel industry 

Textile and apparel manufacturing industries have emerged as highly sought-after 

industries worldwide, serving as vital sources of income and economic incentives for 

millions of individuals [28]. This has intensified the competitiveness of both sectors 

on a global scale. Moreover, the textile and apparel industries significantly contribute 

to income generation in the Sri Lankan economy, simultaneously offering a substantial 

number of employment opportunities for the local population [2]. However, statistics 

underscore the imperative for the Sri Lankan textile and apparel industry to prioritize 

the production of customized, sophisticated, and sustainable products at competitive 

prices, all while minimizing lead times. This strategic focus is crucial for bolstering 
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competitiveness in the global market [29]. Ongoing research has conclusively 

identified that embracing technological innovation, among other innovation concepts, 

is pivotal in achieving this objective, aligning seamlessly with the overarching theme 

of sustainability [30]. Existing literature highlights the industry's multifaceted efforts 

to achieve its goals through diverse measures. Advanced technologies, such as smart 

working, smart manufacturing, smart products, and intelligent supply chains, play 

pivotal roles in aligning with contemporary business trends, particularly those focused 

on sustainability. The textile and apparel sector, for instance, has significantly shifted 

from labor-intensive practices to automation, incorporating robotics, Computer-Aided 

Design (CAD), and Computer-Aided Manufacturing (CAM). This strategic shift not 

only contributes to cost efficiencies but also leads to shorter lead times [31]. 

In tandem with process innovation, the industry has embraced new product 

development and innovative approaches to bolster its competitive edge, infusing 

novelty into its product offerings [32]. Beyond mere technological advancements, this 

holistic approach has not only streamlined processes but also elevated efficiency 

levels, resulting in the production of high-quality goods within remarkably short time 

frames [32]. 

Furthermore, the literature highlights the significant efforts directed toward enhancing 

the supplier chain to attain competitive advantages in the textile and apparel industry 

[33]. Additionally, backward integration has been integrated into the system, aiming 

to streamline processes, reduce both time and costs and provides a greater control over 

the production of raw materials locally within Sri Lanka [33]. While considerable 

efforts are dedicated to enhancing technological innovations across different stages of 

the innovation process, the industry still struggles to compete effectively in the global 

market. This challenge persists due to various factors contributing to failures. 

According to Rasika et al. [12], internal quality failures have emerged as a significant 

concern. The findings underscore issues in quality control and assurance methods, 

operator skill levels, awareness of quality standards, and absenteeism as root causes 

of this problem. Human resource challenges further exacerbate productivity and cost 

minimization issues, with a scarcity of skilled workers due to high turnover, 

absenteeism, and diverse workforce attitudes and behaviors. Management skill levels 

also play a crucial role in exacerbating these challenges [2]. Moreover, a decline in 

demand from key market segments like the US and UK emphasizes the necessity to 

explore new markets [3]. Reduced and canceled orders escalate the risk of failure [18], 

while market volatility, environmental regulations, and safety hazards add additional 

risk factors to the industry landscape [34]. Research indicates that the absence of 

process automation or access to the latest technology poses a significant risk to 

achieving competitive advantages through lower costs, increased production 

efficiency, and reduced lead times [21]. Additionally, inefficiencies in resource 

utilization, poor information flow, and non-productive activities have been identified 

as hindrances to the productivity of the Sri Lankan apparel industry [22]. Addressing 
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these multifaceted challenges requires a comprehensive approach encompassing 

technological upgrades, quality assurance enhancements, human resource 

management improvements, and strategic market diversification efforts. Scholars have 

extensively explored the front-end decision-making processes, particularly in the 

identification of optimal innovation approaches. Their research delves into 

streamlining the entire innovation process, spanning from conceptualization to 

implementation. The overarching goal is to enhance the overall performance of the 

innovation process, shorten product development cycle times, maximize profitability, 

and elevate the quality of design solutions enhancing the sustainability of the product 

as well as the whole process [35]. In the textile and apparel industry, focus on 

sustainability has emerged as a crucial focal point for both customers and 

manufacturers. It represents a delicate balance between economic prosperity and 

environmental impact, making it a pivotal consideration in decision-making processes 

[23]. 

Despite significant advancements, a comprehensive approach to risk management in 

various industries is still lacking, with only a few models addressing industry-specific 

risk factors [36]. Research conducted by Suborna et al. highlights the inadequacy of 

current risk management strategies in the apparel manufacturing sector of developing 

countries like Sri Lanka, where the adoption of limited strategies or the inefficacy of 

those in place has been observed [37]. Additionally, a critical aspect identified in risk 

management is the irregular assessment of risk consequences and likelihood, coupled 

with a lack of dedicated resources for such evaluations [37]. 

Moreover, the literature suggests that the textile and apparel industry sees higher 

returns from technological investments compared to investments in other industrial 

equipment [38]. Furthermore, Industry 4.0, representing the forefront of the new 

industrial revolution, is emerging as a decisive force driving sustainability and 

competitive advantage throughout the entire textile and apparel supply chain [39]. This 

paradigm shift is characterized by a multitude of features including automation, 

digitization, optimized resource allocation, production enhancement, adaptability, and 

enhanced human-machine interaction [40]. Furthermore, the integration of Industry 

4.0 technologies into textile and apparel businesses, coupled with Business 

Intelligence Systems (BIS), empowers companies to derive broader benefits through 

informed decision-making based on relevant data and insightful reports. Therefore, 

integrating advanced technologies into management, manufacturing, and operational 

processes becomes crucial to addressing industry challenges and promoting 

technological innovations [39], alongside the development of a robust risk 

management model to bridge existing gaps in the current literature. 

In par with these technological advancements, the textile and apparel industry 

witnesses a surge in innovative concepts and approaches aimed at further enhancing 

competitiveness. The literature presents various innovation concepts tailored to 

specific applications, offering a spectrum of options for organizations to explore [41]. 
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Effective decision-making hinges upon a comprehensive grasp of diverse innovation 

concepts, their interconnectedness, and systematic classification. This depth of 

understanding enhances the capacity to adeptly apply pertinent innovation principles 

and enhance resource allocation. Moreover, classifying these concepts serves to 

mitigate confusion arising from similarities among differing terms, which have often 

been named haphazardly. This addition emphasizes the importance of structured 

classification in addressing confusion stemming from inconsistent naming practices. 

2.3 An overview of different innovation concepts   

An extensive exploration of the literature reveals the identification of 21 unique 

innovation concepts spanning across 31 manufacturing and 19 service industries 

worldwide. These concepts encompass a wide spectrum of sectors, including 

electronic commerce, telecommunications (both fixed and mobile), high-tech 

industries, logistics, textiles, electrical wiring, biotechnology, medical services, 

information technology and computing, the Internet of Things, real estate, 

pharmaceuticals, software services, apparel, pulp and paper, metallic products, 

machinery and equipment manufacturing, and photo-electronic industries. Notably, 

these industries are distributed across diverse regions, with representation from 

countries such as China, Canada, Switzerland, and India. Summarized interpretations 

corresponding to these 21 innovation concepts are collated in Table 2.1 for 

comprehensive understanding and reference. 

TABLE 2.1: SUMMARIZED INTERPRETATIONS OF INNOVATION 

CONCEPTS 

Innovation 

Concept 

Summarized Interpretations 

Process 

innovation 

  

 

Process innovation uses different concepts to improve the firm’s 

performance and increase the return on investment by 

incorporating the concepts such as Business Process Re-

Engineering (BPR), Just In Time (JIT), Total Quality Management 

(TQM), and Lean manufacturing Process innovation is a 

methodology that leverages various concepts to enhance a firm's 

performance and maximize its return on investment [50], 

[51],[52],[53],[54],[55],[56],[57]. 
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Technological 

innovation 

 

 

Technological innovation fosters the survival and sustained growth 

of organizations by generating Intellectual Property (IP) rights, as 

well as economic and social benefits. This is closely connected 

with Research & Development, product, process, management, 

culture, and structure innovations. To optimize resource utilization, 

organizations leverage technological 

innovations[34],[38],[39],[40],[42],[43],[44],[45],[46],[47],[48],[

49],[52],[56],[57],[62],[63],[64],[65],[66],[67],[68],[69],[70], 

[71], [72],[73]. 

Enterprise 

innovation 

To achieve strategic objectives, businesses need to improve their 

operational efficiency and effectiveness, which can be done by 

shortening processes. This leads to Business Model Innovation. 

Management control is an effective tool that can help achieve 

organizational strategic goals by providing complete oversight 

over funds, materials, equipment, technology, personnel, and 

marketing, all of which can promote business innovation [74]. 

Human 

Resource 

Management 

innovation 

(HRM) 

Innovation in Human Resource Management (HRM) is crucial for 

the success of a company. It improves talent recruitment and 

development and is closely linked to innovation performance and 

capability. By adopting innovative HRM practices, organizations 

can unlock the potential of their employees and drive innovation 

across all operations [40], [47], [65], [75], [76]. 

Service 

innovation 

  

Service innovation is crucial for the success of any organization. 

By continuously developing and improving services, companies 

can meet the ever-changing needs of their customers, leading to 

higher satisfaction and greater success [34], 

[38],[42],[43],[54],[58],[77],[78].  

Resource 

innovation 

Resource innovation is the process of optimizing an organization's 

internal and external resources to maximize the utilization of all 

funds. This can include finances, inventory, personal skills, 

production materials, equipment, or information technology 

[79],[80]. 

System 

innovation 

System innovation is crucial for creating an environment that 

fosters enterprise innovation. Adopting new systems and processes 

can streamline operations, reduce costs, and create more 

opportunities for technological innovation [65]. 

Regional 

indigenous 

innovation 

Regional Indigenous Innovation helps enhance regional 

competitiveness, market share, and sustainable development by 

addressing key technical issues faced by a region [62], [64].  
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Green 

innovation 

Green innovation encompasses energy-saving technologies, waste 

recycling, pollution prevention, and the development of eco-

friendly products and processes that enhance a company's 

environmental performance and competitive edge [81].  

Ecological 

innovation  

Ecological innovation develops sustainable and eco-friendly 

products and processes, focusing on renewable resources, reducing 

waste, and pollution. It aims to minimize the negative impact of 

human activities on the environment [61].  

Marketing 

innovation 

  

Marketing innovation is a vital aspect of a company's survival, 

growth, and economic success. It involves understanding the needs 

and wants of customers to stay up-to-date with current trends and 

demands. By doing so, the company can develop effective 

management concepts and techniques for product and process 

innovation [42],[43],[44],[49],[40],[47],[51],[52],[59], 

[68],[72],[75]. 

User 

innovation 

User innovation primarily concentrates on enhancing customer 

satisfaction, which is a fundamental component of marketing 

innovation [82], [83]. 

Strategy 

innovation 

Strategy innovation involves various concepts like technological, 

marketing, organizational, management, and cultural innovations. 

It helps to create new business opportunities and improves the 

quality and performance of the firm [42], [44], [47]. 

Management 

innovation 

  

Management innovation involves linking the organization's vision 

for innovation with research and development. This includes 

strategic business models, organizational structure, and HRM 

innovation, with a significant impact on the organization's overall 

performance. [40],[43],[44],[84]. 

Institution 

Innovation 

  

Institutional innovation pertains to an organization's human 

resource practices that aim to foster a culture of innovation among 

employees. This includes incentive mechanisms, reward systems, 

and performance management strategies that encourage innovative 

thinking and actions [40],[43],[44],[51]. 

Organizational 

innovation 

Organizational innovation helps optimize the structure of an 

organization to ensure its survival and growth. This involves 

incorporating technology, HRM innovations, and the management 

vision of the organization [40],[43],[44],[47], [52], [60], [63], [75].  

Culture 

innovation 

Culture innovation, when combined with strategy, management, 

institutional, market, technology, and HRM innovation, leads to 

sustainable growth and helps solve bottleneck problems in 

technological innovation. It creates a learning culture that 
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  encourages innovative thinking, which in turn improves employee 

performance, educational qualifications, motivation, intelligence, 

teamwork, recognition, and remuneration - all of which are crucial 

factors that determine a firm's success 

[40],[43],[44],[49],[57],[63],[64],69],[75],[85]. 

Cooperative 

innovation 

  

Cooperative innovation involves collaborating with others to co-

finance R&D initiatives. This fosters innovative collaboration and 

interactive cooperation, leading to higher profits and a stronger 

competitive advantage. It also helps reduce uncertainty, share 

resources, save costs, and ensure long-term survival and 

development [44], [49], [86].  

Business 

Model 

innovation 

Business Model Innovation focuses on building strong 

relationships with customers, enhancing customer processes, and 

supporting the product life cycle. It also emphasizes continuous 

learning and innovation to solve complex market problems [38], 

[46], [54], [58], [60], [65], [87]. 

Life Cycle 

innovation 

Life Cycle Innovation involves working closely with customers to 

deeply understand their values, which is key to producing 

innovative solutions that meet their requirements. This helps 

businesses re-engineer their processes and improve their overall 

performance [46],[47],[58]. 

Industries adopt different innovation concepts throughout their entire supply chain, 

according to the applications. Among the various innovative concepts introduced in 

the literature, technological innovation has emerged as a hot topic, as it revolutionizes 

living standards by taking them to the next level [88], [89]. Since it pushes the limits 

of manufacturing, production, marketing, and the entire supply chain, technological 

innovation has become a governing factor in creating a sustainable economy in every 

manufacturing field, including the textile and apparel industry [90]. Thus, it’s 

worthwhile to pay more emphasis on technological innovations. The literature 

demonstrates how technological advancements, in addition to benefiting other 

industries, have also significantly impacted the textile and apparel industry.  

Moreover, the literature offers a diverse array of strategies for organizations to foster 

innovation within their operations. Selecting the most fitting approach holds 

paramount importance in optimizing innovation endeavours, highlighting its pivotal 

role as a critical subject for deliberation [91]. 

2.4 Different approaches to the innovation process 

A thorough analysis of the literature reveals the presence of diverse innovator types 

categorized based on the method of innovation or the approach employed to introduce 

products or services to the market. Manly et al. in their report from the Boston 

Consulting Group [92], have delineated six distinct innovator types, encapsulating the 
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entire spectrum of innovation initiation. These categories include creators, solution 

builders, leveragers, expanders, defenders, and fast followers. Literature elaborates 

characteristics of 6 innovator types, introduced in the Boston Consulting Group report, 

January 2017 [96].Literature summarizes the main traits of these 6 innovator types as 

illustrated in Table 2.2.  

TABLE 2.2: SUMMARIZED CHARACTERISTICS OF DIFFERENT 

INNOVATOR TYPES 

Innovator 

Type 

Characteristics 

Creators 

Entrepreneurial thinking, actively seeking out gaps in the market to 

drive innovation.To succeed in creative and innovative fields, 

individuals need a blend of key skills and attributes. These include 

being open to new ideas, fostering creativity, and engaging in 

analytical and strategic thinking. Strong communication and 

leadership abilities, coupled with the capacity for collaborative 

teamwork, are essential. Adaptability, motivation, and the ability to 

make decisions and take risks are also crucial. Industry experience and 

a global mind-set further enhance effectiveness. Creation, however, 

comes with significant risks and demands considerable effort, time, 

resources, mental energy, risk tolerance, discipline, and persistence 

[92], [93],[94],[95],[96],[97]. 

Solution 

Builders 

 

 

Strive to delight customers by deeply understanding their needs and 

preferences. Key factors for success include analyzing competitors' 

products and behavior, understanding available market products and 

patents, and addressing customer pain points with shorter product life 

cycles, fair pricing, and better quality. Timing market positioning is 

crucial, as understands customer needs to avoid overpricing. Building 

strong customer relationships and staying informed about new trends 

are also essential [92],[93],[94],[95],[96],[97]. 

Leveragers 

Innovate by optimizing their core capabilities to create superior 

business models. To stay competitive, businesses must conduct 

ongoing market research on trends and competitor behavior, 

continuously innovate their existing models, and expand their market 

through new features and marketing strategies. Offering improved 

products with added benefits through resource, process, and energy 

innovations is key, along with building stronger customer trust [92], 

[93],[94],[95],[96],[97]. 
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Defenders 

Continuously refine product ideas and concepts to maintain their 

dominant position in the market. To maintain a competitive edge, 

companies should focus on their advantages, especially in mature or 

slow-changing sectors. Continuous improvement of current offerings 

and vigilant monitoring of potential disruptions are essential. Mergers, 

acquisitions, and partnerships can help keep pace with industry 

changes, while a skilled team and ongoing training is critical for 

sustained success [92],[93],[94],[95],[96],[97]. 

Expenders 

Mandate for growth. To succeed, companies should focus on one or 

two key strengths, maintain consistent market experimentation, and 

foster an open, empowering innovation culture. A highly skilled team, 

continuously trained in relevant technologies, is essential. Strategies 

to reduce product life cycle and costs while staying competitive with 

fast-moving rivals are critical. Delivering high quality, fair prices, 

durability, and performance helps build brand recognition and 

customer loyalty, which can support the success of future innovations 

under the same brand [92],[93],[94],[95],[96],[97]. 

Fast 

Followers 

Possess the agility and skills to swiftly respond to competitors' actions 

and develop improved solutions. Success in innovation requires 

focusing on sensing and reacting quickly to competitive changes, 

which reduces risk. Rapid decision-making, continuous market 

experimentation and competitor awareness are key. A highly skilled 

team with advanced technological knowledge, ample resources and 

investment, and a strong innovative culture are essential. Additionally, 

companies must find ways to shape innovations into superior offerings 

for customers [92],[93],[94], [95],[96],[97]. 

 

2.4.1 Different innovator types in the textile and apparel industry 

Examining various innovation approaches in literature alongside real-world business 

examples reveals distinct strategies of leading companies. Adidas pioneers new 

materials and technologies, like recycled ocean plastics, embodying the role of a 

creator [98]. Nike maintains market dominance with innovative sports apparel, 

showcasing a solution builder approach. Zara's agile and market-responsive business 

model epitomizes a leverager [99]. Lululemon diversifies into new market niches and 

establishes global tech hubs, illustrating the approach of an expander [99]. H&M 

secures its market segment through incremental product enhancements, adopting the 

characteristics of a defender [100]. Conversely, Forever 21 swiftly reacts to 

competitors' actions as a fast follower to maintain its relevance [101]. However, not 

every innovative organization achieves its full potential, as the choice of innovation 

approach significantly influences its success within the competitive landscape [102]. 
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2.5 Role of technological innovations in textile and apparel industry 

The textile and apparel industry is a pivotal component of growing economies 

worldwide, responding to fast-changing customer behaviors through innovation [95]. 

Innovative technologies offer customizable, sophisticated, and sustainable products at 

competitive prices, driving competitiveness in global trade. Manufacturers leverage 

innovation to adapt to evolving customer needs and a competitive market [103], 

streamlining operations and modernizing processes effectively. Technological 

innovation plays a crucial role in developing novel fabrics with innovative features, 

including smart clothing and health-conscious garments, sustaining the apparel 

industry [104]. Improved internet connectivity enhances communication, while 

Artificial Intelligence (AI) revolutionizes customer shopping experiences, real-time 

data tracking, inventory management, and supply chain optimization [105]. Big data 

aids in trend forecasting and analyzing customer behavior, informing business 

strategies to maintain brand relevance [105]. Block-chain technology enhances supply 

chain transparency, addressing inventory issues effectively [106]. Technological 

innovation is crucial in transitioning to a sustainable economy, facilitating sustainable 

manufacturing processes and recycling solutions [107]. However, research indicates 

that innovation attempts often fail due to inherent risks [21]. 

2.6 Risk in innovation process 

The industry provides evidence of failures in innovation within the apparel and textile 

sectors [108]. Among the pressing concerns, failures in innovation, which lead to 

dissatisfaction among the customer, may result in a loss of the market share. Besides, 

this increases the excessive use of resources, time, and money. In addition, loss of 

customer reputation may hinder the future orders as well [20].  

Highlighting the consequences, a single failure of a sportsman's shoe caused a 

significant setback for the sportswear giant Nike, resulting in a staggering $1.1 billion 

reduction in market capitalization. H & M has stopped orders due to not meeting the 

environmental sustainability requirements [19]. Inadequate risk management has 

impeded progress which underscores the critical importance of effective risk 

management in the innovation process, as even a single oversight can potentially lead 

to disastrous outcomes for an organization [114],[115]. Since, technological 

innovation makes the most significant contribution to the innovation outcome, 

effective and efficient risk management in the technological innovation process is 

imperative to reap the full potential of the innovation efforts [110],[114]. 

The literature provides invaluable theories and methodologies for scrutinizing 

innovation-related risks and quantifying them effectively [79],[176],[177]. A 

comprehensive understanding of these theories and methods can lead to the 

implementation of more effective risk management solutions. 
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2.7 Risk management in the technological innovation process 

Researchers stress the importance of risk management in ensuring the success of 

innovation processes [112]. The realm of contemporary literature on risk management 

models encompasses a diverse range of theories, methodologies, and mathematical 

tools designed to identify, analyze, categorize, and assess risks across different 

processes and contexts [115]. These resources offer valuable insights for pinpointing 

existing gaps in the risk management process. In contemporary literature, a critical 

focal point of the risk management models is the intricate interplay between diverse 

risk factors, which elevate the overall risk level, and the challenges encountered during 

the technological innovation process within the manufacturing and service 

organizations, including the textile and apparel industry.  

2.7.1 Risk factors related to the technological innovation process 

An exhaustive review of the literature underscores a crucial aspect: failure to assess 

the innovation concept considering the organization's financial, structural, marketing, 

and technological capacities represents a substantial risk factor linked to technological 

innovations [111],[116]. This oversight profoundly influences the success of 

outcomes, determining whether the organization possesses adequate capabilities for 

successful implementation [111],[116]. Budgeting accuracy poses risks across 

industries, where inadequate financial and structural capacity may hinder innovation 

implementation [117], and insufficient financial resources can lead to research fund 

shortages or cost overruns, obstructing project success and potentially leading to 

cancellation. Immature or inadequate technological leadership and mismanagement 

are critical risk factors, as effective leadership is pivotal for organizational success 

[118] and lack of clear vision and goals can hinder progress, emphasizing the 

importance of inspiring and engaging leadership. The absence of a team with the 

necessary technological capabilities poses a significant risk, rendering innovation 

efforts futile [119]. At the same time, strong marketing skills are essential to secure 

innovation and market share [119]. Successful innovation must align with the 

company's long-term goals and competitive advantage, as competitors may exploit 

unprotected ideas or skills [116],[120]. Sharing ideas with investors, subcontractors, 

or partners exposes innovation, making it susceptible to intellectual theft and 

undermining market share efforts [120], and strength shortages are critical, with the 

lack of skilled personnel posing a significant risk to organizations [120],[121], as 

strengths, including human resources, financial capabilities, and leadership skills, are 

vital resources for achieving objectives and sustaining operations [120],[121]. Human 

Resources (HR) play a crucial role in organizational success, requiring strategic 

management to maintain high morale and performance [122],[123]. HR risks, such as 

team member accountability issues and technological incompatibility, can hinder 

organizational goals and lead to employee turnover [124]. Failing to manage talent 

retention risks may result in higher employee turnover rates, impeding goal 

achievement and requiring additional time and effort for talent acquisition [125]. 
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Positive employee relationships and strategic retention approaches are essential for 

mitigating this risk [124],[125], and brand recognition risks can lead to customer 

dissatisfaction and loss of market share, affecting long-term success [120],[121], while 

ensuring a skilled supplier base is crucial for meeting innovation goals, with raw 

material availability and quality being significant considerations [116].  

Commercialization methods and information resource risks, such as inadequate 

market research and creativity, can harm business outcomes [126]. Effective 

marketing strategies are essential for innovation sustainability and market penetration. 

Proper product positioning and understanding market trends are critical for successful 

product launches and market share retention [127]. Failing to identify threats and 

opportunities may lead to market share loss and business failure, as seen with 

BlackBerry smartphones [18]. Alignment of innovation process stages and life cycle 

management are also essential for successful innovation outcomes [119],[128]. Failure 

to address organizational and marketing innovation concepts can hinder technological 

innovation progress [129], and clear goal-setting, documentation, and project 

boundaries are critical for innovation project success [130],[131], while 

miscommunication and missed opportunities due to lack of collaboration can lead to 

project failure [132].  

Learning from innovations and effective risk management are vital for project 

consistency and success [133], [134]. Supervision and control throughout the process 

are essential for mitigating risks and ensuring project success [134]. Failure to manage 

risks in technological innovation can lead to fines and legal consequences, 

highlighting the need for formal risk management processes [126]. Lack of technical 

capacity and R&D process issues can also impede innovation success [121],[135]. 

Moreover, identifying the root causes is essential for ensuring that innovation efforts 

target genuine problems within a specific context. Many innovation initiatives falter 

because they address the wrong problems, often targeting the wrong audience. 

Therefore, researchers in the literature have highlighted the importance of identifying 

potential root causes of risk factors that can lead to innovation failures. [136].  

2.7.2 Root causes related to risk factors of technological innovation  

Various causes, including both direct contributing factors and root causes, exist. 

Identifying the root causes is essential for effectively addressing the issue. It's 

imperative to systematically tackle underlying root causes to effectively manage risk 

factors, thereby safeguarding innovation endeavors from potential wastage.  

 Failing to assess the innovation concept related to financial, structural, 

marketing, and technological capabilities. [67],[116]. 

This risk factor emphasizes the importance of evaluating the innovation concept 

thoroughly in terms of financial, structural, marketing, and technological capabilities. 

Insufficient investment availability, lack of external funding opportunities, and 
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inaccurate budgeting can hinder the implementation of innovative ideas. Additionally, 

the absence of prior expertise in evaluating innovation concepts and leadership's lack 

of experience in guiding the innovation process contribute to the failure to assess 

innovation concepts effectively. 

 Not aligning the company’s long-term goals with its innovation strategy [126]. 

Misalignment with long-term organizational goals can lead to ineffective innovation 

strategies. Not considering the company's long-term objectives during the innovation 

process and lacking the necessary organizational strengths to develop ideas that align 

with these goals are significant root causes. This emphasizes the importance of 

ensuring that innovation initiatives are aligned with the broader strategic objectives of 

the organization. 

 Violating intellectual property rights or stealing intellectual property from 

others [120]. 

Violating intellectual property rights or failing to protect intellectual property assets 

can pose significant risks to technological innovations. Root causes include neglecting 

to conduct thorough checks on intellectual properties related to the innovation, not 

securing patents or other appropriate protections, and failing to establish Non-

Disclosure Agreements (NDAs) with relevant stakeholders. Protecting intellectual 

property is essential for safeguarding innovative ideas and preventing unauthorized 

use or replication by competitors. 

 Lack of organizational strength (including human resources, financial 

resources, leadership, contracts, brand recognition, and a skilled supplier base) 

[120],[121]. 

Organizational strength deficiencies encompass various factors such as human 

resources, financial resources, leadership, contracts, brand recognition, and a skilled 

supplier base. Root causes include skill shortages within the organization, inadequate 

training initiatives to develop necessary skills, and a lack of a learning culture that 

fosters continuous improvement. Additionally, ineffective supplier selection processes 

and relationship issues between team members can further exacerbate organizational 

strength deficiencies. 

 Not implementing better commercialization methods and inaccurate market 

positioning [126].  

Ineffective commercialization strategies and inaccurate market positioning can 

undermine the success of technological innovations. Root causes include inadequate 

customer education about products or services, lack of consultation with experienced 

third-party experts in the commercialization process, and insufficient market research 

to inform proper market positioning. Developing robust commercialization strategies 

and accurately positioning products in the market are essential for maximizing the 

success of innovation initiatives. 
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 Redundancy and unprecedented risks [67]. 

Redundancy and unprecedented risks highlight the need to identify and mitigate 

potential risks that may arise during the innovation process. Root causes include 

failure to analyze redundancy risks, insufficient market research to anticipate market 

trends, and unawareness of competitive advantages that could differentiate products 

or services from competitors. Understanding market dynamics and competitive 

landscapes is crucial for effectively managing redundancy and unprecedented risks in 

innovation projects. 

 Incorrect or distorted information [120]. 

Misinformation, such as inaccurate market analysis or failure to identify customer 

requirements, can lead to flawed innovation strategies. Root causes include inadequate 

market analysis, failure to identify customer needs accurately, and inaccuracies in 

feasibility studies that inform the innovation process. Addressing misinformation and 

ensuring that innovation initiatives are based on accurate market insights and customer 

feedback is essential for achieving successful outcomes. 

 Failure to generate technological ideas through customer feedback, basic 

research, and creativity [67],[126].  

Customer feedback is invaluable for refining and improving technological 

innovations. Root causes include overlooking customer feedback, failure to meet 

customer expectations, and inability to keep up with evolving technological trends. 

Incorporating customer feedback into the development process and ensuring that 

innovations address customer needs effectively are critical for enhancing product 

relevance and competitiveness. 

 Risk involved in material resources [116]. 

Material resource risks highlight challenges related to raw material quality, supply 

chain disruptions, and inadequate procedures for handling material rejections. Root 

causes include issues with raw material quality, supply chain disruptions that affect 

material availability during production, and inadequate protocols for managing 

rejected materials. Ensuring a stable and reliable supply of materials is essential for 

mitigating material resource risks in innovation projects. 

 Advancements and the emergence of new technologies [120]. 

Technological advancements can present both opportunities and challenges for 

innovation projects. Root causes include insufficient market research to identify 

emerging technologies or technological trends, lack of resources to adopt new 

technologies, and failure to leverage technological advancements to enhance 

innovation outcomes. Staying abreast of technological developments and strategically 

integrating new technologies into innovation initiatives are essential for maintaining 

competitiveness in rapidly evolving markets. 



20 

 

 Not aligning the development, implementation, and output of the entire process 

due to incomplete project information and communication issues [120].  

Incomplete alignment across the development, implementation, and output phases of 

innovation projects can lead to inefficiencies and suboptimal outcomes. Root causes 

include inaccurate process definition, ineffective stakeholder engagement, and 

communication issues that hinder collaboration and coordination among project 

teams. Addressing these root causes and ensuring seamless alignment across all phases 

of the innovation process is crucial for maximizing project success and achieving 

desired outcomes. 

 Unavailability of a robust risk management strategy [126]. 

Inadequate risk management practices can expose organizations to various risks that 

may derail innovation projects. Root causes include a lack of robust evaluation 

mechanisms, failure to assign responsibilities for risk assessment and mitigation, and 

ineffective monitoring of risk exposure throughout the innovation process. 

Implementing effective risk management strategies and ensuring comprehensive risk 

assessment and mitigation efforts are essential for safeguarding innovation initiatives 

and minimizing potential disruptions. 

 Inadequate technical capability [126]. 

Technical capacity deficiencies, such as inadequacies in machinery, equipment, or 

skilled workforce, can impede innovation projects. Root causes include resource 

inadequacy, inability to address capacity gaps, and failure to plan for workforce skill 

requirements. Addressing these root causes and ensuring sufficient technical capacity 

are essential for overcoming technical challenges and facilitating successful 

innovation outcomes. 

 Issues in the research and development process [135]. 

Researchers have identified the corresponding root causes for the risks involved in the 

research and development phase as not defining the development process in achieving 

the right product/service, impossible to overcome challenges in the development 

process, not performing a development trial, unable to apply the same methods/ 

development process for bulk production and Any alternative methods increasing the 

requirements of costs/ lead time/ special skills and other [137],[138],[139],[140].  

Moreover, the literature emphasis the importance of discerning the interconnections 

among various factors pivotal to the development of a robust risk management model. 

2.8 Interconnections between different factors 

Developing effective risk management models requires a deep understanding of the 

interconnections between various factors, as the outcomes are influenced by the 

complexity of these interconnections [141]. Researchers employ diverse methods, 

including correlation and regression analysis, clustering algorithms, association rule 
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mining, time series analysis, Bayesian methods, and graph neural networks, to discern 

relationships between factors [141]. However, each method presents unique strengths 

and limitations. Correlation analysis, for instance, requires measurable variables and 

only captures linear relationships [142], while regression analysis is unsuitable for 

qualitative phenomena [143]. Additionally, association rule mining is not universally 

applicable and is more effective with larger datasets. Graph neural networks excel at 

capturing relationships but are computationally demanding for larger datasets. 

Moreover, simplifying the interconnections among various factors is crucial for 

facilitating well-informed decision-making. 

2.9 Classification techniques  

Data classification is crucial for converting raw data into actionable insights, 

facilitating comprehensive decision-making, and maximizing the value of data assets 

within organizations. Additionally, feature selection is crucial, particularly in datasets 

with numerous variables, as it enhances classification accuracy and performance 

[144]. Various methods exist for qualitative and quantitative data classification. 

Qualitative analysis often involves "coding," where codes represent themes or ideas. 

However, software tools like NVivo or Atlas.ti may not fully interpret the context of 

words or phrases, potentially leading to misinterpretation [145]. When exploring 

quantitative methods for data classification, K-Nearest Neighbor (KNN) emerges as a 

straightforward supervised machine learning algorithm applicable to both 

classification and regression tasks, especially suited for multi-class problems [146]. 

However, its accuracy is contingent upon data quality and performs optimally with a 

limited number of inputs. Additionally, KNN is slower, sensitive to outliers, and 

requires the selection of an optimal number of neighbors when classifying new data 

[146]. Decision Trees represent another data classification approach. However, even 

minor alterations in data can alter the tree structure, potentially yielding unexpected 

results [147]. Support Vector Machines (SVM) excels in scenarios with clear margins 

between classes. Nevertheless, they are restricted to binary outputs and struggle with 

larger datasets or overlapping target classes [148]. Naïve Bayes, while assuming 

feature independence, is recognized as a suboptimal estimator [146]. Random Forest, 

an extension of decision trees, accommodates a substantial number of variables but 

introduces complexity, rendering it less efficient for real-time predictions. Gradient 

Boosting Classifier builds robust models by aggregating weaker ones, yet its 

application is limited to binary targets [149],[150]. Lastly, Logistic Regression is 

suitable for linear data and binary predictions [146]. While each method has its 

strengths and weaknesses, underscoring the significance of choosing the most suitable 

technique according to specific data characteristics and desired outcomes, it's 

important to note that these methods also exhibit common limitations, including the 

need for binary target requirements, applicability solely to independent data, 

incapacity to classify overlapping data, and constraints in prediction efficiency and 

effectiveness [151]. 
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In addition, a comprehensive exploration of various classification methods sheds light 

on the versatility of Artificial Neural Networks (ANN) across diverse applications, 

encompassing clustering, classification, pattern recognition, text classification, 

information extraction, regression, risk detection, and more, with the list expanding 

continuously [152]. 

2.9.1 Artificial neural networks for data classification 

Neural networks offer numerous advantages [152],[153]. They excel in pattern 

recognition across various data types, including images, text, time series, and sound. 

Additionally, their self-learning capability enables the identification of hidden trends 

with minimal human error. Moreover, neural networks can process a vast number of 

parameters, yielding consistent outcomes. Notably, they are adept at learning and 

modeling complex decision-making processes, especially in uncertain data 

environments. Furthermore, once trained, neural networks provide swift predictions. 

Crucially, they serve as effective tools for analyzing and quantifying risks associated 

with innovations, making them invaluable for predicting and forecasting specific 

events based on historical data [152],[153]. 

The literature introduces various neural network architectures suitable for data 

classification, each with its advantages and limitations. Radial Basis Network (RBN) 

[154] offers a faster learning rate, while Random Boltzmann Machine (RBM) [155] is 

versatile for both supervised and unsupervised data, boasting simplicity and speed 

during training, along with powerful generative capabilities. Extreme Learning 

Machine (ELM) [156] demonstrates excellent generalization performance and rapid 

learning, outperforming Support Vector Machines (SVM) but introduces randomness 

leading to uncertainty and potential generalization degradation with inappropriate 

activation functions. Kohonen's network [157], a self-organizing map, effectively 

categorizes data in both supervised and unsupervised settings, organizing complex 

datasets with easily interpretable data mapping. However, determining input weights 

and ensuring nearby points behave similarly pose challenges. Support Vector Machine 

(SVM) [158] excels in binary classifications, particularly in text classifications. Feed 

Forward Neural Network [159],[160],[161], the basic type of network processing 

information in one direction offers simplified architecture advantageous for 

classification, characterized by resilience to noise, strong learning ability, simplicity, 

and speed. Bayesian Neural Networks (BNNs), an extended version of Feed Forward 

Neural Networks (FFNNs), are better suited for smaller datasets but with higher 

computational demands and increased complexity [141].  

Neural networks have several drawbacks. They are often considered "black boxes," as 

their structure reveals little about the function being approximated [162]. Additionally, 

neural networks may require more data and computational complexity compared to 

traditional algorithms [162], [163]. Determining the optimal network structure can be 

challenging, often relying on trial and error [162], [163]. Other drawbacks include 
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hardware dependence, longer training times, over-fitting, under-fitting, and reduced 

prediction accuracy [162], [163], [164]. 

2.10 Consistency of the data classification 

Most validation methods for the consistency of qualitative data classifications rely on 

independent evaluations by at least two experts, ensuring cross-validation of findings 

[165]. Additionally, coding consistency across all categories can be assessed using 

Cohen's kappa (interpretative reliability coefficient, k), with values above 0.8 

generally indicating consistent categorization [165]. Furthermore, the Kruskal-Wallis 

test can be employed to statistically verify the consistency of categorizations. This test 

identifies significant differences between groups but does not indicate which groups 

are distinct [166]. 

Furthermore, researchers highlight that larger data sets can sometimes mislead the 

decisions produced by various analyses. 

2.11 Dealing with large data sets 

Variables or data with similar trends or information may produce more related results. 

Hence, instead of using all [167], the same result can be obtained with a smaller data 

set. Thus, dimensionality reduction methods play an important role in addressing the 

various issues that arise when dealing with large data sets. Correspondence Analysis 

(CA), Multiple Correspondence Analysis (MCA), and Principle Component Analysis 

(PCA) methods are widely used dimensionality reduction methods to reduce variables 

as much as possible while retaining as much information as possible, as well as to 

investigate relationships between dependent variables [168]. 

These methods work with various data types. PCA is primarily used for numerical 

data, whereas CA (correspondence analysis) and MCA (multiple correspondence 

analysis) are used for nominal categorical data [169]. Furthermore, MCA is an 

excellent tool for gaining a general understanding of how categorical variables are 

related. The correspondence analysis technique is used to summarize relativities in 

tables. Because tables are so common in data analysis, this is a technique that can be 

used in a variety of situations [168]. Both CA and MCA have limitations when it 

comes to interpreting relationships between more than six variables. Because plotting 

every level of all categorical variables in the same map makes the resulting maps 

extremely difficult to use. [169].Moreover, checking conclusions with raw data is 

extremely difficult [169]. 

Besides, in machine learning applications, Principal Component Analysis (PCA) is a 

popular dimension reduction method [170]. It displays properties that vary widely 

across the data set. Furthermore, by transforming correlated variables into linearly 

uncorrelated principle Components (PC's), PCA highlights variations and highlights 

strong patterns in the data set [171]. Aside from that, PCA accomplishes a variety of 
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tasks, including outlier detection, prediction, data visualization, variable selection, and 

classification [172]. The PCA report displays several outputs in various plots including 

Scree plot, profile plot, pattern plot, and loading plot [173].  PCA, on the other hand, 

cannot be used in the analysis of categorical data which contains non-linearly related 

variables measured using the Likert scale (ordinal). As a result, Non-Linear Principal 

Component Analysis (NLPCA) or the Categorical Principle Component Analysis 

(CATPCA) the nonlinear equivalent of PCA, can be used for nominal (qualitative) and 

ordinal data types [174],[175]. 

Furthermore, various causes, including both direct contributing factors and root 

causes, exist. Identifying the root causes is essential for effectively addressing the 

issue. 

2.12 Root cause analysis methods 

In the process of developing a risk management model, analysing root causes is crucial 

for effective problem-solving and prevention of recurring issues [176]. Root Cause 

Analysis (RCA) aims to systematically identify and resolve underlying issues, offering 

a structured approach to problem-solving [176], [177]. Various methods are employed 

for root cause analysis, including Pareto charts, which highlight the significance of 

different problems based on frequency or cost [178]. The 5 Whys method drills down 

into successive layers of a problem through a series of questions, offering a simple yet 

effective approach to identify- causes [178]. Fishbone diagrams categorize possible 

causes into branches stemming from the original problem, providing a deeper 

understanding of contributing factors [178]. Scatter plots help uncover relationships 

between variables, aiding in cause identification [178]. Failure Mode and Effects 

Analysis (FMEA) explores potential defects or failures during product or process 

design [178]. Factor analysis and Fault Tree Analysis delve into systematic 

interdependence among variables to identify latent factors and system failures 

[179],[180]. Events and Casual factor Analysis establishes event timelines leading to 

incidents, while Kepner Tregoe offers problem-solving and decision-making methods 

[179],[181]. Barrier Analysis assesses system controls to pinpoint potential failures, 

and Problem Tree Analysis creates diagrams of potential causes for observable 

problems [179]. Issue Trees narrow down root causes and solutions, providing a 

quantitative problem-solving approach [182]. Additionally, RCASE automates root 

cause analysis, and P-M analysis addresses chronic losses resulting from complex 

combinations of causes [180],[183]. These diverse methods provide comprehensive 

approaches to root cause analysis in risk management, enhancing decision-making and 

problem-solving processes. 

Apart from this, the importance of understanding the contribution of root causes in 

developing robust risk management models cannot be overstated, as decisions heavily 

rely on assessing the associated risk levels [184],[185]. 
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2.13 Prioritization techniques of root causes 

Evaluating risk factors involves prioritization, effectively tackled by Multi-Criteria 

Decision Making (MCDM) methodologies, which offer various tools such as AHP 

(Analytic Hierarchy Process), TOPSIS (Technique for Order of Preference by 

Similarity to Ideal Solution), SAW (Simple Additive Weighting), and PROMETHEE 

(Preference Ranking Organization Method for Enrichment Evaluation) [186]. AHP 

and TOPSIS, frequently used for evaluating alternative priorities or rankings, stand 

out in decision-making within the MADM (Multiple Attribute Decision Making) 

model [187],[188]. AHP, especially, is widely recognized for its ability to facilitate 

decision-making across various disciplines, providing support to decision-makers in 

diverse fields [189]. However, complex interactions between decision elements may 

render hierarchical structuring infeasible, necessitating the use of the Analytic 

Network Process (ANP) to address such scenarios [190], [191]. ANP, a generalization 

of AHP, excels in handling problems with interdependencies, offering insights into 

complex issues [192]. While manual implementation of ANP is laborious, Super 

Decision Software streamlines the process by allowing the creation of tailored network 

structures [193]. This user-friendly tool accepts various input formats and provides 

comprehensive results, including consistent assessments of priorities, thereby aiding 

decision-makers in effectively analyzing complex problems [193]. Through ANP and 

Super Decision Software, researchers can delve into intricate problem spaces, 

uncovering influential elements and gaining deeper insights into multifaceted issues 

[190]. 

Moreover, in-depth analysis of risk management models in the literature typically 

addresses specific issues related to risk factors and utilizes previously described 

methods. However, there is a growing demand for comprehensive risk management 

models that provide a holistic view of organizations as well as the innovation process. 

2.14 Methods used in risk management models 

When analyzing the problem-solving processes in non-apparel and textile industries, 

Game theory serves as a valuable framework for risk management, offering insights 

into complex interactions and facilitating improved decision-making among 

stakeholders in various scenarios. By analyzing economic competition, labor 

negotiations, conflicts, and resource allocation, Game theory enhances outcomes by 

optimizing payoffs and reducing costs [194],[195]. However, the reliance on 

assumptions of rationality and self-interest can lead to unreliable results in real-world 

situations [196],[197]. Behavioral Game Theory (BGT) addresses these limitations by 

integrating psychology and philosophy, providing a more nuanced understanding of 

decision-making processes and individual biases [188]. Moreover, group discussions 

in risk management, incorporating diverse perspectives and expertise, enhance 

decision-making by providing a broader scope of information and promoting 

cooperation among team members [199],[200]. While game theory offers valuable 
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insights, challenges remain in its application, including the complexity of solving 

games involving mixed strategies and limitations in economic modeling [194], [201]. 

Overall, while game theory offers valuable tools and insights for risk management, 

addressing its limitations and complexities is crucial for maximizing its effectiveness 

in real-world scenarios. Hence remodeling coalitions in the CGT with the 

collaborative approach both within the team (intra-team collaboration) and between 

teams (inter-team collaboration) will offer richer explanations on managing the risk 

involved, leading towards achieving a common goal of the organization [201].  

Besides, research have shown that visualization relocates cognitive tasks to a physical 

space where the entire problem becomes clearer, enabling organizations to approach 

them more methodically and collaboratively, thereby enhancing their ability to 

achieve business objectives [202]. This approach can be particularly valuable when 

developing risk management models. 

2.14.1 Visual representation in problem-solving 

Research indicates that 90% of information transmitted to the brain is visual, and the 

brain processes visual information differently than auditory or other perceptual data 

[202], [203]. Another benefit is company's return on investment can be significantly 

improved through improved analytical skills and involving every employee in the 

analysis process [202]. Using data-driven insights to formulate actionable strategies 

enhances the professional growth and development of any organization. Most 

importantly, visualization of problems provides a quick, intuitive, and simpler way 

of conveying critical concepts, making the analysis process more dynamic and 

understandable even by a non-technical audience [204]. In data visualization, it is 

critical to present the data most effectively for the specific project, audience, and 

purpose. It should also be clearer, more comprehensible, and more organized so that 

the team can quickly identify the most important points [202]. This will enable the 

entire team to collaborate on the analysis process [202],[203]. Thus, visualizing a 

problem is a better way to get a project to the desired state. 

The literature emphasizes that the validation process is crucial in proving the 

effectiveness of efforts made to develop a risk management model. This validation is 

essential for demonstrating the intended utility of risk management models [205]. 

2.14.2 Validation  

Validation of a system is essential to ensure its capability to perform its intended 

function under specific operational conditions, and to demonstrate its ability to 

produce accurate results within its designated parameters [206],[207]. Both qualitative 

and quantitative research can benefit from validation efforts, with qualitative data 

providing depth and detail to comprehend implications, and quantitative data 

supporting broader research points [208]. Validation in qualitative research assesses 

the appropriateness of tools, processes, and data, while quantitative validation 
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compares model predictions with experimental observations [209]. Criteria such as 

internal validity, external validity, reliability, and objectivity are used to evaluate 

quantitative research, while qualitative validation focuses on credibility, 

transferability, dependability, and conformability [210]. 

Validated questionnaires are commonly used in the validation process, and it's crucial 

to ensure they remain unaltered as even minor modifications can invalidate their 

accuracy [211]. These questionnaires should only be used with the population for 

which they were created and validated. Additional techniques for validating 

qualitative research include triangulation, respondent validation, and actively seeking 

alternative explanations. Commonly used questionnaires for measuring application 

usability include the Usability Metric for User Experience (UMUX), the Post-Study 

System Usability Questionnaire (PSSUQ), and the After Scenario Questionnaire 

(ASQ) [212]. Rubin's research indicates that usability is now considered a business 

phenomenon [213]. Besides, TAM (Technology Acceptance Model) finds outs, user’s 

behavioural intention.   Another method to determine validity is through the System 

Usability Scale (SUS), a ten-item questionnaire answered using a 5-point Likert Scale 

ranging from "Strongly Disagree" to "Strongly Agree". Although initially designed for 

testing website usability, studies suggest the SUS is suitable for testing the usability 

of various products and can detect changes with just two participants [214]. 

Moreover, literature on risk management models tailored specifically for 

technological innovations in the textile and apparel industry is scarce, with existing 

models often being generalized and not industry-specific. Given the varying resources 

and competencies across organizations, there is a need for customized risk 

management models tailored to the unique challenges of technological innovations in 

the textile and apparel industry. Developing such tailored models would fill a 

significant gap in the literature and better address the specific needs and complexities 

of this industry. 
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CHAPTER 3 

RESEARCH METHODOLOGY 

3.1 Introduction 

This chapter introduces the procedure for developing a risk management model for 

technological innovations within the textiles and apparel industry. The model is 

meticulously developed through a comprehensive synthesis of findings from literature 

reviews, insights obtained from questionnaires, and perspectives shared during 

interviews. Furthermore, the validation of this model by industry experts provides 

substantial validation of its effectiveness and relevance within the field. 

The main points covered in this chapter are summarized below: 

 Interconnections of innovation concepts 

 Classification of innovation concepts 

 Validation of the consistency of the classification 

 Core innovation concepts 

 Base for the risk management model 

 Risk factors associated with technological innovations 

 Refined list of risk factors associated with technological innovations 

 Classification of risk factors into main phases of innovation process 

 Validation of the consistency of risk factor classification  

 Root causes associated with technological innovations 

 Innovator type of the organization 

 Structuring the Neural Network 

 Priorities of risk factors related to different innovator types 

 Priorities of root causes on risk factors 

 Limitations in developing a customized risk management model 

 The rationale for the risk management model 

 Methodology for forming the game 

 The risk management model and validation 

 

3.2 Inter-connections of innovation concepts  

As per the definitions made by different researchers, the literature contains various 

types of innovation concepts as illustrated in Table 2.1, representing both common as 

well as diverse characteristics to one another. For effective risk management and 

streamlined decision-making in the supply chain, a thorough evaluation of diverse 

innovation concepts and their interconnections is essential.  
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3.2.1 Detailed analysis of the interpretation of innovation concepts 

Product innovation involves enhancing or introducing new functions to meet customer 

needs, necessitating a strategic plan for technological advancements through research 

and development activities [6],[262],[263],[264],[265]. Similarly, service innovation 

entails introducing new or significantly improved service concepts, relying on 

technology or systematic methods for implementation [9],[13],[42],[263],[265], [266]. 

Both types of innovation require a knowledgeable team, skilled human resources, and 

an organizational learning culture. Recruiting capable employees and providing 

training and incentives are essential for product innovation success [2], [6],[16],[43], 

[267]. Introducing new ideas, workflows, and technologies to enhance organizational 

efficiency is crucial for both product and service innovations, aligning with core 

business objectives. Product innovation involves close collaboration with customers 

to understand their values deeply, fostering independent and creative thinking among 

team members [3],[6],[34]. Both product and process innovations contribute to market 

sustainability, driven by awareness of technological changes and effective resource 

utilization. Implementing new marketing strategies is vital for innovation success, 

involving significant changes in product design, packaging, placement, promotion, or 

pricing. Additionally, product and service innovations intersect with key concepts like 

strategy, culture, human resources, business model, management, and marketing. 

Process innovation plays a critical role in enhancing the effectiveness of both product 

and service innovations, strengthening their relationships with various innovation 

concepts [2],[3],[6],[9],[21],[34],[43],[94],[266],[268],[269],[270]. 

Further, technological innovation, as defined in the literature, encompasses processes 

aimed at improving existing products or developing new ones, closely related to 21 

other innovation concepts across different levels [6],[22],[24],[262],[263],[265]. 

These concepts include product, process, service, regional indigenous, user, business 

model, life cycle, enterprise, system, green, ecological, marketing, strategy, 

management, institution, organizational, culture, cooperative, and human resource 

innovations. 

Besides, successful innovation requires structuring organizational activities to support 

development and production processes [6], [262], [263]. Enterprise innovation focuses 

on improving operational efficiency and effectiveness in achieving innovation goals, 

directly linked with system, marketing, cooperative, technological, and human 

resource innovations. System innovation, on the other hand, is intrinsically linked with 

technological innovation, as technological advancements often necessitate 

corresponding system adaptations [22]. 

Apart from this, regional indigenous innovation addresses key technical issues, 

utilizing indigenous knowledge to promote regional development, and is related to 

technological innovations [22],[265]. Furthermore, strategy innovation involves 

planning for improvements by encouraging advancements in technology or services 
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through research and development activities, directly linking with technological, 

human resource, and strategy innovations [6], [24],[262],[263],[265]. Moreover, green 

and ecological innovation involves the development of products and processes 

contributing to long-term development, directly related to technological, product, 

process, and service innovations [2],[3],[6],[9],[21],[34],[43],[94],[266],[268],[269], 

[270]. They significantly impact a company's environmental performance and 

competitive advantages, connecting with marketing, strategy, and management 

innovation concepts to enhance revenue generation. Marketing innovation provides 

vital external information for informed decision-making on innovation strategies, 

enhancing customer relationships and identifying technological trends, patents, and 

competitors [2],[3],[6],[9],[21],[34],[43],[94],266],[268],[269],[270]. It benefits 

product, technological, service, enterprise, user, strategy, business model, human 

resource, and life cycle innovations, linking with all previously mentioned concepts. 

In addition, user innovation focuses on customer satisfaction within the broader 

context of marketing, product, and service innovations. Moreover, strategy innovation 

involves organizational planning to encourage technological or service advancements 

through research and development investments [6],[39],[262],[263],[271], connecting 

with marketing, management, institutional, organizational, cultural, cooperative, and 

human resource innovations for effective long-term planning. 

Apart from this, management innovation [2], [42],[266],[268] focuses on achieving 

innovation goals by defining what to produce, how to produce, and the technology to 

use, closely related to product, process, service, and technological innovations. It 

encompasses organizational structuring, establishing a supportive culture, skill 

development, and operational efficiency improvements, connecting with various 

innovation concepts. On top of that, innovation [6],[42],[90],[272] promotes 

innovative performance through human resource mechanisms, aligning with 

technological, marketing, organizational, cultural, cooperative, and human resource 

innovations. Moreover, organizational innovation [2], [6], [21], [43],[44], [52],[266], 

[267], [268], [273] involves managing work processes to improve or change products, 

processes, or services, connecting with technological, marketing, institutional, 

cultural, human resource, business model, life cycle, cooperative, product, process, 

and service innovations. Further, culture innovation [2], [16],[22],[25],[43],[45], 

[263], [266],[268],[273],[274] fosters creative thinking and value extraction from 

knowledge, intersecting with technological, marketing, strategy, management, 

institutional, cooperative, and human resource innovations. Additionally, cooperative 

innovation focuses on increasing innovation efficiency, linking with technological, 

strategy, management, human resources, and enterprise innovations. 

Similarly, human resource innovation serves as the foundation for all other innovation 

concepts, as various human resource activities drive the entire supply chain. Also, 

business model innovation [3],[13],[24],[42],[44],[266],[267] introduces new ideas, 

workflows, methodologies, services, or products, connected with product, process, 
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service, technological, marketing, and strategy innovations. Besides, Life cycle 

innovation [3],[6],[42] involves understanding customer needs closely, intersecting 

with marketing, product, service, and user innovation concepts.  

Chapter 4(Results), subsection 4.1 summarizes the interconnections among the 21 

innovation concepts identified through the analysis. Further, visualisation of these 

interconnections provides a more comprehensive understanding of interconnections. 

3.2.1.1 Visualization of interconnections of innovation concepts 

Given the qualitative nature of the data aimed at understanding interconnections 

among innovation concepts, graph visualization is preferred over numeric data-centric 

techniques to identify relationships between different elements (different innovation 

concepts) in different contexts. 

Apart from this, Graph theory emerges as the optimal approach due to its broad 

applicability across domains [141]. Graph theory illustrates the interconnections of 

different factors using nodes and edges. In this study, 21 innovation concepts 

identified in the literature, as described in Table 2.1, were considered as nodes. Edges 

represented the connections between these innovation concepts. Additionally, the 

mapping of nodes and edges were based on interpretations and underlying meanings 

summarized in Table 2.1. 

Graphviz was chosen for its graph drawing capabilities, simplifying the process by 

requiring only node, edge, and label specifications. With Graphviz, users can easily 

create visualizations without needing advanced programming skills, streamlining the 

learning process. Additionally, its automatic layout features efficiently positions nodes 

and edges, eliminating the need for manual adjustments and reducing extra effort. 

Besides, this provides customization options to improve the appearance of the graph. 

Due to the absence of quantifiable information, the graph serves solely to visualize 

relationships without quantification. 

Chapter 4 (Results), subsection 4.1.1, Figure 4.1 illustrates the visual representations 

of the interconnections among the 21 innovation concepts. 

Moreover, inter-connections derived using Graph theory illustrates that; all the 

innovation concepts have connections with at least 3 or more other innovation 

concepts, which confirms that they are sharing similar characteristics.  Further, 

researchers sometimes assign different names to identical innovation concepts based 

on their applications, which can complicate the decision-making process. Therefore, 

there is a need to minimize redundant innovation concepts with similar meanings and 

systematically classify them based on insights shared in the literature.  
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3.3 Classification of innovation concepts  

Qualitative data classification can be achieved through methods such as thematic 

analysis, Content analysis, Grounded theory, Mind mapping, Constant comparative 

analysis, and using software like MaxQDA or NVivo. These methods all have in 

common, is a constant comparative process, in which data processing involves, sorting 

and organizing raw data into groups (codes and themes) according to their attributes 

[215],[216]. Among them, Grounded theory has emerged as widely preferred for 

qualitative data classification due to its robustness, practicality, and relevance. Its 

multiple stages of coding facilitate the refinement of data, leading to the development 

of clear and robust concepts and ultimately enhancing the research conclusions [217]. 

Therefore, the Grounded theory was chosen as the preferred method for classifying 

innovation concepts in this study [218]. Open coding, axial coding, and selective 

coding have been employed to derive codes and categories relevant to innovation 

concepts [219].  

During the classification process of innovation concepts according to Grounded 

Theory, the 21 innovation concepts identified in the literature were considered codes. 

Summarized definitions and underlying meanings of these concepts were utilized to 

compare and contrast similar data. Further analysis, utilizing axial coding from 

Grounded Theory, deduces the linking patterns among these codes, which are 

classified as categories. Together, the codes and categories collaborate to complete the 

classification which becomes the core category. 

3.3.1 Classification of innovation concepts using Grounded Theory 

Analysis of similar codes through axial coding reveals their association with distinct 

phases of the innovation process. The initial phase encompasses all preliminary work 

required to initiate an innovation. The subsequent set of codes pertains to acquiring 

external information. Finally, a third set of similar codes indicates a phase 

corresponding to the development, bulk production, and market introduction of the 

innovation. Consequently, three main phases, which were classified according to the 

Grounded theory, have been identified and defined as, Intra-Organizational Innovation 

Phase (P1), which involves organizing the organization for sustainable innovation; 

Peripheral Innovation Phase (P2), which entails gathering external information for 

sustainable innovation; and Sustainable Innovation Phase (P3), which involves 

implementing sustainable innovation.  

P1 - Intra-Organizational innovation phase:  This involves aligning the organization's 

vision, strategic planning, organizational culture, human resource development, 

reward systems, and investment capabilities to improve efficiency and drive future 

growth. These elements are crucial for fostering sustainable innovation and 

maintaining a competitive edge in the global market. Achieving this can be done 

through organizational management, structural enhancements, cultural development, 
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cooperative strategies, human resource optimization, institutional adjustments, and 

enterprise innovations [40], [42], [43], [44], [47], [49], [51], [52], [57], [60], [63], [64], 

[65], [69], [74], [75], [76], [85], [86]. 

P2 - Peripheral innovation phase: The primary goal of innovation is to develop 

products or services that meet customer needs while maintaining market share. This 

requires a deep understanding of customer requirements, market trends, and 

competitors to identify potential threats and opportunities. Failure to accurately assess 

these factors can lead to an innovation's failure. As summarized in Table 2.1, this 

understanding is essential for staying competitive and ensuring continual growth. 

Mastery of marketing, business models, life cycles, and user innovation is crucial for 

achieving sustainable innovation and economic success [40], [42],[43],[44],[46], [47], 

[51], [52], [54], [58], [59], [60], [65], [68], [72], [75],[82], [83], [87]. 

P3 - Sustainable innovation phase: A firm's dynamic capabilities lie in its ability to 

create products or services that establish market dominance, ensuring the 

organization's success and longevity. Effective implementation of any innovation 

encompasses technological, product, process, service, system, regional indigenous, 

resource, green, and ecological innovation concepts. These are complemented by 

innovation concepts associated with the initial and subsequent innovation phases, 

driving the organization toward sustainable innovation [34],[38], [39], [40], [42], [43], 

[44], [45], [46], [47], [48], [49], [50], [51], [52], [53], [54], [55], [56], [57], [58], [59], 

[60], [61], [62], [63], [64], [65], [66], [67], [68], [69], [70], [71], [72], [73], [77], [78], 

[79], [80]. 

Chapter 4 (Results), subsection 4.2, Figure 4.2, presents the classification of the 21 

innovation concepts into the main phases of the innovation process 

Since the classification was based on qualitative analysis, which heavily relies on the 

analytical and integrative abilities of the person who performed the analysis, as well 

as the personal knowledge of the social context in which the data was collected, the 

derived theory can manifest in various forms [220]. Therefore, it is crucial to ensure 

the consistency of classification [207]. 

3.3.2 Validation of the consistency of the classification 

Since the innovation concepts were identified in the literature related to different 

industries, a questionnaire (QE1), was developed and distributed among 350 textile 

and apparel industry experts, to see if the industry agreed with the given innovation 

concepts and their classification.  

The questionnaire (QE1), included in Appendix A, encompasses the innovation 

concepts classified using Grounded theory within the main phases, P1, P2 and P3 of 

the innovation process, which have been identified as “Categories” during the 

classification process. To enhance understanding of the innovation concepts, 
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summarized meanings of the 21 innovation concepts were provided. Subsequently, 

respondents were asked to indicate their level of agreement with the classification of 

innovation concepts based on a Likert-type scale: 1-Strongly Disagree, 2-Disagree, 3-

Undecided, 4-Agree, and 5-Strongly Agree. 

Questionnaires (QE1) was distributed among 350 persons, and 321 completed 

feedback were received. The percentages of the feedback received for each response 

option - strongly disagree, disagree, undecided, agree, and strongly agree on each 

phase, illustrated in Table 3.1. This has been graphed to validate the consistency of 

the classification and presented in Chapter 4 (Results), subsection  4.2.1 , Figures 4.3, 

4.4, and 4.5. 

TABLE 3.1: PERCENTAGE DISTRIBUTION OF FEEDBACK ON 

QUESTIONNAIRE (QE1) 

Phase of the 

innovation 

process 

Percentage (%) distribution of responses 

Strongly 

Agree 

Agree Undecided Disagree Strongly 

Disagree 

P1 0.1 3.0 7.7 36.8 52.4 

P2 0.2 4.8 5.7 31.5 57.8 

P3 0.1 0.4 10.3 43.5 45.7 

Since the graphical representation of the feedback received from the questionnaire was 

based solely on the number of responses, without any further analysis, statistical 

validation was conducted separately to assess the accuracy and consistency of the 

results. 

3.3.2.1 Statistically proving the consistency of the classification  

The statistical validation of the consistency of the classification confirms the reliability 

of the process, and Kruskal-Wallis test has been used for the task. Since this is a non-

parametric test, the data from questionnaire (QE1), were tested for normality using the 

Kolmogorov-Smirnov test, which is appropriate for datasets larger than 50. The test 

was performed in SPSS, were illustrated in Table B.1 through Table B.21 in Appendix 

B. The significant values of the Kolmogorov-Smirnov test for all 21 innovation 

concepts were 0.000 (p < 0.05), indicating that the dataset was not normally 

distributed. In addition, the feedback from questionnaire (QE1) was measured on an 

ordinal scale; the use of the Kruskal-Wallis test was justified and aligned with the 

rationale outlined in previous research [88]. 
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In further justifying the use of the Kruskal-Wallis test, the feedback was based on three 

independent variables: P1 - Intra-organizational innovation, P2 - Peripheral 

innovation, and P3 - Sustainable innovation, representing key phases of the innovation 

process. These independent variables, which influenced innovation concepts, were 

considered observably independent (P1, P2, and P3). The dependent variables, 

innovation concepts, were measured on an ordinal scale using a Likert scale (ranging 

from 1 to 5). Therefore, the Kruskal-Wallis test was applied to examine the following 

hypotheses.  

Null hypothesis – The distribution of responses (medians) are same across all 

categories 

Alternative Hypothesis – At least one median is different 

The analysis involved two statistical tests: the Independent Samples Median Test and 

the Kruskal-Wallis Test, both applied to evaluate the feedback from the Questionnaire 

(QE1). These tests, conducted using SPSS software on all 21 innovation concepts, 

were instrumental in validating the consistency and reliability of the classification 

process. 

Chapter 4 (Results), subsection 4.2.2, Table 4.3, illustrates the hypothesis test 

summary that demonstrates the consistency of the classification. 

Since innovation concepts classified under each main phase share similar 

characteristics, this can be further streamlined by analyzing the underlying meanings 

of innovation concepts under each phase, which reduces the complexity of the 

decision-making process by limiting the analysis of similar data. Besides, this 

classification enhances the effectiveness in addressing issues.  

3.4 Core innovation concepts  

Grounded theory was used to refine the classification. The underlying meanings of 

each innovation concept listed under each main phase were further analyzed to 

determine if they shared more similar characteristics in order to simplify the 

classification even further.  

This procedure was replicated across all three main phases P1, P2 and P3, to deduce 

core innovation concepts from each main phase, which represents the characteristics 

of the other innovation concepts listed under the same phase.  

 

 

 



36 

 

3.4.1 Deriving core innovation concepts from three main phases using Grounded 

Theory 

P1 – Intra organizational innovation phase– Structuring the organization for a 

sustainable innovation  

In Chapter4 (Results), subsection 4.2, Figure 4.2, innovation concepts are classified 

across key phases of the innovation process, emphasizing factors crucial for 

sustainable innovation. Concepts such as management, strategy, culture, human 

resources, cooperation, organizational, and institutional innovation align closely with 

the intra-organizational phase. This phase includes strategic planning, organizational 

culture, human resource management, training, rewards systems, investment 

capabilities, risk management, and vision alignment, essential for achieving 

innovation goals [52], [174], [193], [229]. 

Management innovation, central to the organization's vision, plays a pivotal role in 

driving innovation across areas like research and development [52], [174], [193], 

[229]. Strategy innovation, as per Xu [16], guides integrated innovation across 

technology, organization, marketing, management, culture, and institutions, 

enhancing competitive advantage [16], [169], [175], [193]. 

Culture innovation, integrating strategy, management, institutional, marketing, 

technology, and HR management concepts, nurtures a learning culture conducive to 

innovation [22],[40],[42],[53],[59],[64], [68],[72], [267],[277],[276]. Human resource 

(HR) innovation, vital for the success of technological and product innovations, 

focuses on recruiting capable team members and motivating them through training and 

incentives [42], [54], [64], [270],[277]. Institutional innovation enhances innovative 

performance through incentive mechanisms aligned with HR and intra-organizational 

concepts [269], [270], [276],[278]. 

Organizational innovation promotes competitive advantages by fostering new ways of 

organizing work processes, managing relationships, and cultivating an innovative 

culture [22], [44], [52], [54], [64], [70], [270], [276], [277]. Together, these concepts 

form the foundation for structuring organizations for sustainable innovation within the 

intra-organizational phase, where management innovation stands out as the core 

concept. 

P2 - Peripheral innovation phase - Information outside the organization for a 

sustainable innovation  

The ultimate goal of innovation is to create products or services that solve customer 

pain points and profitably introduce them to the global market. This requires a deep 

understanding of customer needs, market trends, and competitor identification, which 

are essential for innovation success. 
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Marketing innovation, as noted in the literature, involves working closely with 

customers to meet market demands and directly influences technological, product, and 

process innovations, enriching business strategies with external insights [279], [280], 

[273]. User innovation, focused on customer satisfaction, aligns with marketing 

innovation in the peripheral innovation phase. 

Business model innovation prioritizes continuous customer relationships, process 

improvements, and problem-solving to enhance competitive advantage and long-term 

growth. Though connected to product and process innovations, its primary impact is 

on marketing innovation by seeking external information [22], [39], [47], [49], [267], 

[282], [283]. 

Life cycle innovation, which works closely with customers to understand their values, 

leverages product innovation during emergence and process innovation during growth 

and maturity. It is closely tied to marketing and business model innovation, with a 

focus on effective customer satisfaction [47], [270], [283]. 

In summary, marketing innovation encompasses business model, life cycle, and user 

innovation, making it the key concept in the peripheral innovation phase. 

P3 - Sustainable innovation phase - Implementing a sustainable innovation 

A firm's dynamic capabilities rest on its ability to create market-leading products or 

services, ensuring success and longevity. The sustainable innovation phase, shown in 

Figure 4.2, includes technological, product, process, service, green, ecological, 

resource, system, and regional indigenous innovations. These components converge 

to bring innovations to market. Process innovation is crucial in turning ideas into 

tangible products, while service innovation focuses on implementing new or improved 

service concepts [22], [39], [47], [267], [273], [282]. 

Technological innovations drive market disruption and enhance competitiveness by 

improving quality, reducing prices, and shortening lead times [336], [20]. While 

service innovation often transcends technological domains, technological concepts are 

key to achieving service innovation goals [40], [70], [267], [276], [283]. 

System innovation, defined by Jing [267], involves technology and information 

exchange and is fundamental to technological innovation [67]. Resource innovation, 

according to Meissner et al. [267], emphasizes the effective use of resources, a critical 

part of technological innovation [40], [42], [267], [276]. Regional indigenous 

innovation addresses technical challenges in regional development, using local 

knowledge for progress and fitting within technological innovation [40]. 

Ecological and green innovations focus on sustainability. Ecological innovation 

advances sustainable development with eco-friendly technologies, while green 
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innovation aims at creating greener products, processes, and performance [47]. Both 

are driven by technological innovation. 

The successful implementation of any innovation involves technological, product, 

process, service, system, regional indigenous, resource, green, and ecological 

innovations. These efforts are enhanced by leveraging intra-organizational and 

peripheral phases. Since all these concepts rely on technological innovation, it serves 

as the core driver of sustainable innovation. 

The analysis identified core innovation concepts: management innovation from P1, 

marketing innovation from P2, and technological innovation from P3. Chapter 4 

(Results), subsection 4.3, Table 4.4 summarizes these findings. 

Further, innovations often fail to meet expectations [20] due to the inherent risks in 

the innovation process. To manage these risks effectively, it is crucial to identify the 

factors that increase risk during innovation. Managing risk factors for individual 

components is simpler and more efficient than addressing the entire process at once. 

The core innovation concepts, management, marketing, and technological innovations 

are derived from the main phases P1, P2, and P3, respectively, using Grounded 

Theory. This approach identifies the core concept that represents key ideas of other 

innovation concepts within the same phase. Therefore, managing risks related to these 

core concepts helps mitigate overall risk effectively. 

3.5 Base for the risk management model  

Effective management of overall innovation risk requires addressing risks within core 

innovation concepts. This necessitates a thorough understanding of the associated risk 

factors and access to relevant industry information. To gather these insights, 

Questionnaire QE2 (included in Appendix C) was developed. Its primary objective 

was to assess the industry's willingness to share crucial information for evaluating 

risks in core innovation concepts. The questionnaire incorporates key risk factors 

(labelled A through S) identified from the literature. [79],[176],[177],[179]. 

QE2 was distributed among textile and apparel industry experts in Sri Lanka, resulting 

in 73 completed responses. The analysis of these responses aimed to evaluate the 

industry's readiness to share essential information for developing a comprehensive risk 

management model across the three core innovation concepts. Figure 3.1 presents the 

responses from various organizations, highlighting their consent to share information 

on the primary risk factors (A through U) outlined in the questionnaire (QE2) in 

Appendix C. 
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Fig. 3.1: Consent to share information on risk factors of core innovation concepts     

Based on the feedback received, the industry did not confirm its willingness to share 

confidential data related to management and marketing innovations with a third party. 

Thus, assessing risk in management and marketing innovation proved challenging 

since organizations were hesitant to disclose confidential information regarding 

innovation strategies, organizational strategies, budgets, and human resource plans, 

making it difficult to evaluate the associated risks. They were willing to share 

information related to technological innovations, but not on all risk factors associated 

with technological innovations, as indicated in the feedback. 

Given this constraint, the focus shifted to technological innovations. Further, 

technological innovation emerged as the dominant factor driving organizational 

survival and growth [69],[70], thus establishing itself as the base for developing a risk 

management model. Hence, an in-depth analysis of risk factors associated with 

technological innovations has become essential.     

3.6 Risk factors associated with technological innovations  

An extensive analysis of literature was done to find out risk factors introduced, related 

to technological innovations. This includes manufacturing and service organizations, 

including the textile and apparel industry, worldwide. Table 3.2 illustrates the 

summarized risk factors of technological innovations found in the literature.  

TABLE 3.2: TECHNOLOGICAL INNOVATION RISK FACTORS IN THE 

LITERATURE 

Risk 

Factor 

Technological innovation risk factors in the literature 

1 Failure to evaluate the innovation concept based on financial, structural, 

marketing, and technological capabilities [67], [116]. 
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2 The company's long-term goals are not aligned with its innovation 

strategy [126]. 

3 Violating intellectual property rights or stealing intellectual property from 

others [120]. 

4 Lack of organizational strength (including human resources, financial 

resources, leadership, contracts, brand recognition, and a skilled supplier 

base) [120], [121]. 

5 Failure to adopt better methods of commercialization, and inaccurate 

market positioning [126].  

6 Redundancy (a profitable innovation today may become obsolete shortly) 

and Unprecedented risks - (risks beyond the organization's control, 

fluctuations in customer demand, social and economic environment, and 

national industrial policies) [67]. 

7 Information resource risk, including distorted market information [120]. 

8 Failure to generate technological ideas through customer feedback, basic 

research, and creativity resulted in Innovation failure to address customer 

pain points [67], [126]. 

9 Material resource risks, which affects timely delivery of goods [116]. 

10 Technological advancements and the emergence of new technologies 

[120]. 

11 Failure to properly align the development, implementation, and output of 

the entire process (incomplete project information and communication 

issues) [120]. 

12 Lack of a better risk-control mechanism, which risk management, must 

be combined with the enterprise's development plan, strategies, 

manpower, and financial investments, including a lack of risk supervision 

and control activity throughout the process and failure to adopt the 

"learning-through-experiment" process [126]. 

13 Inadequate Technical Capacity [126]. 

14 Issues with the R&D process, sample-to-batch challenges, Inbound and 

outbound communication issues, as well as inconsistency in project 

organization and management [135]. 

Moreover, an expert review was conducted through structured and semi-structured 

interviews to confirm that the identified risk factors were common to both the textile 

and apparel sectors. These interviews also aimed to uncover any additional risk factors 

encountered in each sector throughout the innovation process across the entire supply 

chain. The interviews continued until information saturation was reached. 

Table 3.3 presents a compilation of technological innovation risk factors derived from 

structured and semi-structured interviews conducted with industry experts, where 
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information was gathered separately from the textile and apparel sectors, and the 

identified risk factors were common to both. 

TABLE 3.3: TECHNOLOGICAL INNOVATION RISK FACTORS IDENTIFIED 

FROM THE INDUSTRY 

Risk 

Factor 

Technological innovation risk factors identified from the industry 

1 Redundancy (The possibility of a profitable innovation today may be 

redundant shortly) and Unprecedented risks -   Risks outside the control of 

the organization, fluctuations in the customer demand, social and economic 

environment, national industrial policies  

2 Innovation is not aligned with the company's long-term goals  

3 Not adopting better ways of commercialization, Inaccurate market 

positioning 

4 Not generating the technological innovation idea through customer 

feedback, basic research, and creativity/ Product is not solving the pain point 

of the customer, and inadequate market research 

5 Not assessing the innovation idea in terms of finance, structural, marketing, 

and technology 

6 Human resource risks including team members not being held accountable, 

technological incompatibility, technical skill incompatibility, and attitude. 

7 Not properly aligning development, implementation, and output of the 

whole process (project information incompleteness)  

8 Shortages in the strength of the organization (including skilled team, 

Financial, Leadership, contracts, Brand recognition, and skilled supplier 

base)  

9 Not having a better risk controlling mechanism, which risk management 

needs to be combined with the enterprise's development plan, strategies, 

investments of manpower and funds, including lack of risk supervision and 

control activity throughout the process and not adopting the process of  

"learning through experiment" 

10 Material resource risks, which affects timely delivery of goods 

11 Risk of information resource, including distorted market information and 

project information incompleteness  
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12 Not focusing well on information transmission and utilization during the 

project, Problems in inbound and outbound communication  

13 Risk of technological advancement in the market and Emergence of new 

technologies 

14 Limited technical capacity  

15 Theft of intellectual property, including patents, copyrights, trademarks, or 

trade secrets. 

16 Issues related to the supplier base which hinders the development and 

production plans 

17 Issues in R & D process, sample to bulk challenges, inconsistency of project 

organization and management  

18 Over-value addition to the product will not be accepted by the customer 

19 Fewer orders and order quantities  

20 A lead time of the innovation may be higher than expected and cannot 

achieve the required time lines, this will lose orders 

21 Difficulty in convincing operators about process changes 

22 Not achieving the expected time savings/ profit  

23 Unable to find out customer market share 

 

3.6.1 Refined list of risk factors associated with technological innovations  

The analysis reveals discrepancies between technological innovation risk factors 

identified in industry interviews and those documented in the literature. The literature 

highlights 14 risk factors associated with technological innovations, while feedback 

from the industry observed 23. Consequently, a comprehensive analysis was 

warranted to compare all these factors and consolidate the definitive list. The 

industry's list of risk factors overlaps with 14 identified in the literature, yet it 

introduces 9 additional ones. Hence, there emerged the need of a thorough 

investigation of industry-specific risk factors that were not covered in the existing 

literature. Among the methods discussed in subsection 2.12, Fishbone diagrams were 

chosen due to their ability to categorize potential causes into branches stemming from 

the core problem, facilitating a deeper comprehension of contributing factors [178]. 

Given the straightforward nature of the issue's context, Fishbone diagrams were 

deemed suitable as they provide a structured framework for analysis without 

unnecessary complexity. Figures 3.2 through 3.7 present root causes analysis done 
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using Fishbone diagrams, for the industry-specific risk factors, labeled from 18 to 23 

in Table 3.3, while factors up to 18 were common to both literature and industry.  

Figure 3.2 delves into the reasons behind customer reluctance to accept excessive 

product enhancements. Industry experts highlight that customers resist additional costs 

for unrequested innovations unless explicitly authorized. Consequently, this poses a 

significant risk of customer rejection. The fishbone diagram encapsulates related 

causes, echoing risk factors of Table 3.2, as distorted market information (Seventh risk 

factor) and failure to solicit customer feedback or generate innovative ideas addressing 

customer needs (Eighth risk factor). 

 

 

 

 

 

 

 

 

     Fig. 3.2: Causes for product not being accepted due to over value addition 

Fewer orders and quantities can jeopardize innovation success, leading to lower 

revenue and delaying breakeven points, as emphasized in industry discussions. This 

risk, highlighted by experts, stems from factors detailed in Figure 3.3, aligning with 

literature on failure to assess innovation concepts based on financial, structural, 

marketing, and technological capabilities (Risk Factor 1) and unforeseen risks (Risk 

Factor 6) in Table 3.2. 
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         Fig. 3.3: Fewer orders and order quantities 

        Fig. 3.3: Fewer orders and order quantities 

Figure 3.4 shows the causes of longer lead times, a major risk in the textile and apparel 

industry due to rapidly changing customer demands. Managing the entire supply chain 

is the key to reducing lead times. The factors in Figure 3.4 align with risk factors for 

technological innovations listed in Table 3.2, such as lack of organizational strength, 

material resource risks, and misalignment in process development, inadequate 

technical capability, and R&D issues, lack of a proper risk management strategy 

consistent with risks identified in the literature. 

 

                

 

 

 

 

         Fig. 3.4: Higher lead times 

Industry experts highlighted the challenge of introducing new processes and 

convincing operators to adopt changes. Operator and team resistance underscores the 

need for strong persuasion skills. Figure 3.5 outlines potential causes, aligning with 

the risk factor of lack of organizational strengths noted in Table 3.2 and supported by 

the literature. 
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        Fig. 3.5: Difficulty in convincing operators on changes 

The overall profit of the innovation process is crucial, yet deviations from planned 

costs have been observed in industries, heightening the associated risks and impacting 

the outcome. Figure 3.6 illustrates the reasons for not achieving the expected profit 

margins, covering all the risk factors in Table 3.2, identified in the literature.  

 

             

 

 

 

 

             Fig. 3.6: Not achieving the expected profit 

Another significant challenge faced by the industry was identifying the right customer 

market for their innovation. Failure to pinpoint the appropriate market niche can 

undermine all innovation efforts. The literature has already addressed possible causes 

for this challenge illustrated in Figure 3.7, as evidenced in Table 3.2.  
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               Fig. 3.7: Finding out the customer market share 

Root cause analysis reveals that the risk factors identified within the industry align 

with those documented in the literature. However, a discrepancy arises as the industry 

has designated these risks using distinct terminology. Experts endorsed that the risk 

factors associated with technological innovations were consistent across the literature 

and the industry with no exception to both textile and apparel sectors. 

The refined list of 14 risk factors related to technological innovations has presented in 

Table 4.5, subsection 4.4 in Chapter 4 (Results).  

A thorough understanding of when risk factors emerge during the innovation process 

greatly enhances the effectiveness of the risk management model [221], [222]. This 

promotes the early detection of risks and allows for targeted analysis of specific 

phases, rather than applying a uniform approach to all phases. In addition, the effective 

use of organizational resources will be enhanced, contributing to managing the risk 

involved [223]. Thus, the next step was to classify risk factors according to the 3 main 

phases, P1, P2 and P3 of the innovation process. 

3.7 Classification of risk factors into main phases of the 

innovation process 

Consistent with existing research, Grounded Theory was used to classify risk factors 

based on the main phases of the innovation process, P1,P2 and P3, representing a novel 

contribution to the literature. The coding process integrated insights from a literature 

review on various risk factors associated with technological innovations, along with 

industry experts' perspectives on these risks and their occurrence during different 

phases of the innovation process, gathered through structured and semi-structured 
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interviews. Grounded theory has been used in the classification elaborate in the 

subsections of 3.7.1, 3.7.2, 3.7.3.  

3.7.1 Intra-organizational innovation phase (P1) 

From an organizational perspective, four risk factors—failure to evaluate the 

innovation concept against financial, structural, marketing, and technological 

capabilities, C1 misalignment of long-term goals with innovation strategy,C2 

intellectual property infringement, C3 and lack of organizational strength (including 

human resources, financial resources, leadership, contracts, brand recognition, and 

skilled supplier base), C4 are classified under the intra-organizational innovation 

phase. Since, risk factors C1, C2, C3, and C4 lay the groundwork for structuring the 

organization for long-term innovation, representing the codes of the intra-

organizational innovation phase according to Grounded Theory. Further, this phase 

assesses the organization's capacity to undertake innovation by comparing required 

resources to available resources. 

3.7.2 Peripheral innovation phase (P2) 

The peripheral innovation phase focuses on external information and interactions 

beyond the organization's boundaries. Risk factors of product commercialization, C5 

redundancy, and unprecedented risks, C6 and the accuracy of external information, C7 

are beyond the organization's control but require precise identification and appropriate 

actions to manage the associated risks. 

3.7.3 Sustainable innovation phase (P3) 

Sustainable innovation phase encompasses both product and process innovation 

phases. 

Product innovation phase: This phase primarily addresses product-related risk factors 

critical to innovation success. The organization's focus is on efficiently addressing 

customer pain points, C8 to ensure market survival. Raw materials, C9 play a vital 

role in achieving innovation goals, impacting quality. Market technological 

advancements and emerging technologies, C10 can have a significant impact on 

product quality, novelty, cost, and time. These factors, C8, C9, and C10, are key 

components of the product innovation phase. 

Process innovation phase: Ensuring the accuracy of defining the entire innovation 

process is crucial for achieving desired goals. Proper alignment of development, 

implementation, and output, C11 streamlines the process flow. Implementing an 

effective risk control mechanism, C12   is essential to avoid potential disasters. 

Adequate technical capacity, C13 is crucial for both development and bulk production 

processes. Additionally, research and development, C14 are pivotal in determining 

innovation success. These factors, C11, C12, C13, and C14, contribute significantly 
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to the process innovation phase. Classification of the risk factors into main phases was 

depicted in Chapter 4 (Results), subsection 4.5, Figure 4.7. 

Since this involves qualitative data and solely depends on the person who performed 

the analysis, the validation process was needed to ensure the consistency of the 

classification.  

3.8 Validation of the consistency of risk factor classification  

To validate the consistency, a method involving the collection of feedback through a 

structured questionnaire was employed [224]. Questionnaire (QE3) was developed to 

cross-validate the consistency, which presented the risk factors and 3 main phases of 

the innovation process, requesting respondents to indicate to which phase the risk 

factors can be classified into, to measure their level of agreement with the 

classification. The questionnaire (QE3) is outlined in Appendix D. This involved 

seeking validation from ten industry experts, consisting of eight individuals from the 

apparel industry and two from the textile industry, all of whom were part of the sample 

selected for the study.  

The consistency was assessed by analyzing the feedback received on (QE3), from the 

10 industry experts. 

Based on feedback from 10 experts, nine agreed with the classification shown in 

Figure 4.7, while one agreed only on classifying 13 risk factors. This was finalized in 

Chapter 4 (Results), subsection 4.5.1. 

Furthermore, understanding the fundamental root causes behind risk factors is 

essential for effectively addressing issues and preventing their recurrence. This 

strategic approach prioritizes tackling the root cause rather than merely alleviating 

symptoms, thereby guaranteeing lasting solutions. 

3.9 Root causes associated with technological innovations  

A comprehensive review of the literature identifies 65 root causes tied to 14 specific 

risk factors related to technological innovations, finalised in Table 4.5, subsection 4.4 

in Chapter 4 (Results).  Risk factors were labelled as "C" and root causes as "A." For 

example, the root causes for risk factor C1 related to the failure to evaluate innovation 

concepts based on financial, structural, marketing, and technological capabilities were 

listed as A1.1 through A1.5. The number of root causes differs for each risk factor. 
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TABLE 3.4: RISK FACTORS AND CORRESPONDING ROOT CAUSES OF 

TECHNOLOGICAL INNOVATIONS 

Risk Factor Root causes 

C1 

Failure to evaluate the 

innovation concept 

based on the 

company's financial, 

structural, marketing, 

and technological 

capabilities  

 

 

A1.1 Insufficient investment available 

for the project [286]. 

A1.2 Limited opportunities to secure 

external funding (loan, joint 

venture, mortgage, other) in the 

absence of internal investment 

[287]. 

A1.3 Failure to review the innovation 

idea by experts to assess necessary 

implementation steps and potential 

risks [288]. 

A1.4 Leadership lacks prior knowledge 

and experience to effectively guide 

the innovation process [289]. 

A1.5 Inaccuracy of the budgeting 

process [117]. 

C2 

The company's long-

term goals are not 

aligned with its 

innovation strategy  

A2.1 Failure to consider the company's 

long-term goals during the 

innovation process [290]. 

A2.2 Lack or unavailability of 

necessary resources and 

capabilities to develop the 

innovation in line with long-term 

goals [290]. 

C3 

Violation of 

intellectual property 

rights or theft of 

intellectual property 

from others  

A3.1 Failure to verify existing 

intellectual property related to the 

product, such as patents [119]. 

A3.2 Not securing the innovation with a 

patent or other appropriate 

methods [291]. 

A3.3 Lack of Non-Disclosure 

Agreements (NDAs) with relevant 

personnel [291]. 

C4 

 

 

Lack of 

organizational 

strength, including 

human resources, 

financial resources, 

A4.1 Lack of long-term critical skill 

holders within the organization 

[292]. 

A4.2 Insufficient skills and knowledge 

among team members [292]. 
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leadership, contracts, 

brand recognition, and 

a skilled supplier base  

A4.3 Failure to provide adequate 

training to improve skills and 

knowledge (internal, on-the-job, 

external, or other appropriate 

training) [293]. 

A4.4 Absence of a learning culture 

within the organization [130], 

[294]. 

A4.5 Poor relationships among team 

members [295]. 

A4.6 Difficulty convincing operators to 

adopt process changes [296]. 

A4.7 Lack of time and resources for 

"learning through 

experimentation” [134]. 

A4.8 Poor decision-making when 

selecting suppliers (price, lead 

time, material quality, cost 

benefits, credit terms, 

accreditations) [297]. 

A4.9 Disagreements with suppliers 

reduce negotiation opportunities 

[298]. 

C5 

Failure to adopt 

improved methods of 

commercialization 

and inaccurate market 

positioning  

 

A5.1 

 

Absence of a mechanism to inform 

customers about new products or 

services [299]. 

A5.2 Failure to consult experienced 

third-party teams during the 

commercialization process [300]. 

A5.3 Failure to consult experienced 

third-party teams during the 

commercialization process [300]. 

C6 

Innovation may 

become obsolete due 

to redundancy, and 

unprecedented risks 

(including customer 

demand fluctuations, 

social and economic 

environment changes, 

and shifts in national 

industrial policies) 

A6.1 Analysis of the information on 

redundancy or unprecedented risks 

which can impact the organization 

[17]. 

A6.2 Being the first entrant into the 

market [302]. 

A6.3 Presence of significant 

competitors [302]. 

A6.4 Lack of competitive advantages 

over rivals (price, quality, user-
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can impact the 

organization  

 

friendliness, market segment, 

brand recognition, durability, lead 

time) [17]. 

A6.5 Lack of understanding of customer 

demand patterns related to the 

innovation [303]. 

A6.6  Innovation does not comply with 

legislation or national industry 

policies [304]. 

C7 

Risk of incomplete 

and inaccurate 

information, 

including distorted 

market data  

A7.1 Failure to conduct a proper target 

market analysis [17]. 

A7.2 Inability to identify the actual 

needs of the customer [118]. 

A7.3 Problems arising from the 

feasibility study [305]. 

C8 

Failure to generate 

technological ideas 

through customer 

feedback, basic 

research, and 

creativity leads to 

innovation that does 

not address customer 

pain points  

A8.1 Failure to incorporate customer or 

market research feedback into the 

innovation process [306]. 

A8.2 Innovation does not meet customer 

expectations [287]. 

A8.3 Innovation fails to compete with 

current technological trends [287]. 

C9 

Material resource risk 

affects timely delivery 

of goods 

A9.1 Raw material quality does not 

meet customer requirements or 

predetermined standards [307]. 

A9.2 Unavailability of raw materials 

during bulk production [307]. 

A9.3 Lack of proper procedures for 

handling rejections and 

replacements of raw materials 

[308]. 

C10 

Risk posed by the 

emergence of new 

technologies and 

technological 

advancements  

 

A10.1 Insufficient market research on 

innovation trends and competitors 

[17]. 

A10.

2 

Lack of consideration for 

upcoming technological 

advancements in product 

or service innovation 

[309]. 

A10.3 Negative impacts on the 

innovation due to lack of 
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resources for implementing new 

technology [310] 

C11 

Failure to properly 

align the 

development, 

implementation, and 

output of the entire 

process, including 

incomplete project 

information and 

communication issues  

 

A11.1 Inaccuracies in defining the overall 

innovation process [130]. 

A11.2 Failure to clearly define each 

phase of the process with specific 

instructions [131]. 

A11.3 Inadequate determination of the 

information to be shared at each 

phase with appropriate personnel 

[131]. 

A11.4 Process issues that hinder meeting 

required timelines [131]. 

A11.5 Process issues that affect achieving 

the desired innovation quality 

[303]. 

A11.6 Process inefficiencies that prevent 

achieving cost savings [306]. 

A11.7 Failure to identify all relevant 

stakeholders in the process [132]. 

A11.8 Lack of effective communication 

channels [308]. 

A11.9 Failure to share required 

information and provide access to 

stakeholders [132]. 

C12 

Lack of a robust risk-

control mechanism 

integrated with the 

company’s 

development plans, 

strategies, manpower, 

and financial 

investments, 

including insufficient 

risk supervision and 

failure to adopt a 

"learning-through-

experiment" approach  

A12.1 Lack of an appropriate evaluation 

mechanism with necessary control 

parameters [294]. 

A12.2 Ineffective review methods 

(internal, third-party, or both) 

[311]. 

A12.3 Failure to control the process 

according to the plan [17]. 

A12.4 Inadequate frequency of analyzing 

control parameters [294]. 

A12.5 Failure to identify risks involved in 

the innovation process [294]. 

A12.6 Low success rate of past 

innovations [309]. 

C13 

Inadequate technical 

capacity to support 

innovation  

A13.1 Insufficient capacity of machinery 

and equipment for bulk production 

[137]. 
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A13.2 Lack of contingency plans to meet 

capacity needs (joint venture, 

subcontracting, collaboration, 

purchasing, hiring) [312]. 

A13.3 Inadequate workforce availability 

for bulk production [292]. 

A13.4 Inaccurate definition of the skills 

required to complete the 

innovation [292]. 

A13.5 Lack of plans to acquire necessary 

technical skills [313]. 

C14 

Issues with the R&D 

process, challenges in 

scaling from sample 

to batch production, 

inbound and outbound 

communication 

problems, and 

inconsistency in 

project organization 

and management  

A14.1 Failure to define the development 

process for achieving the best 

product or service [138], [112]. 

A14.2 Inability to overcome challenges 

during development [137], [310]. 

A14.3 Failure to conduct development 

trials [314]. 

A14.4 Inability to scale the development 

process for mass production [113]. 

A14.5 Alternative methods increase 

costs, lead times, or require special 

skills and resources [177]. 

 

In addition, Questionnaire (QE4), presented in Appendix E, was developed to address 

the 14 risk factors that increase the likelihood of risks in technological innovations. 

The questionnaire aims to identify the root causes behind the occurrence of these 14 

risk factors as recognized by the textile and apparel industry in Sri Lanka. 

Questionnaire (QE4) was distributed to industry experts in diverse roles across all 

departments involved in the innovation process. This broad representation allowed for 

a comprehensive understanding of the root causes across various levels and areas of 

expertise within the industry. In addition, structured and semi-structured interviews 

were conducted with these experts, using Questionnaire (QE4), until the sample 

outlined in subsection 1.3.4 in Chapter 1(Introduction), was fully covered. 

The literature review confirmed the existence of root causes related to these risk 

factors, further validated by industry experts. Consequently, 65 root causes associated 

with the 14 risk factors were finalized and summarized in Chapter 4 (Results), 

subsection 4.6, Table 4.6. 



54 

 

Apart from the risk factors and root causes, there is a notable correlation between the 

method chosen for innovation and the level of risk inherent in the innovation process. 

Various approaches, often referred to as innovator types, have been delineated in the 

literature, encompassing the full spectrum of methods for implementing innovation. 

3.10 Different innovator types 

Among the different innovator types introduced, the report from Boston Consulting 

Group introduces, 6 innovator types covering possible approaches to innovations [92]. 

These approaches include creators, solution builders, leveragers, expanders, 

defenders, and fast followers have been considered in this study. 

Each type of innovator, as outlined in Table 2.2 of Chapter 2 in the Literature, exhibits 

distinct characteristics and requires a unique set of organizational resources to 

succeed. Therefore, it is essential to identify the most suitable innovator type for an 

organization that aligns with its core competencies. This ensures the optimal use of 

resources and maximizes profits. 

Furthermore, this comprehensive understanding aid in formulating a risk prioritization 

strategy tailored to the organization's chosen innovator type. Additionally, focusing 

exclusively on a specific innovator type rather than considering a diverse range can 

lead to more effective innovations with significant growth potential. Moreover, 

organizations can leverage this insight to identify the next most suitable innovator 

type, and thereby facilitating business expansion while minimizing risk exposure. 

3.10.1 Innovator type of the organization 

In determining the innovator type, an organization's proficiency in managing the root 

causes of technological innovations can serve as a basis that aligns best with its 

competencies, which need a classification process. 

For this task, regression models including decision trees, K Nearest Neighbours 

(KNN), and ensemble methods such as Random Forests or Gradient Boosting Models 

were considered,  based on the data's nature and interpretability requirements 

[230],[231]. However, the mentioned methods may fall short in achieving high 

accuracy when analyzing a broad range of input data. Further, this limitation is 

significant as inaccuracies stemming from data type mismatches and input/output 

issues can lead to imprecise predictions, jeopardizing organizational decisions. 

In contrast, neural networks, often deemed superior to regression models, excel in 

handling complex and nonlinear data relationships [232], [233], [234]. Neural 

Networks can autonomously learn relevant features from data, eliminating the need 

for manual feature engineering. Additionally, neural networks can adapt to diverse 

data types and problem domains. Furthermore, Machine Learning (ML) and Deep 

Learning (DL) are subsets of artificial intelligence (AI) distinguished by their 

methods, architectures, and applications. DL, a specialized and advanced subset of 
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ML, relies on neural networks with multiple layers. ML finds applications across 

various scenarios, including spam filtering, recommendation systems, regression 

analysis, and classification tasks [235]. 

Deep learning, particularly deep neural networks, often requires significant 

computational resources, including specialized hardware [235], making the training 

process highly intensive. While Bayesian neural networks can yield comparable 

results as the FFNN. However, their complexity is considerably higher. 

Given the smaller dataset and the relatively simpler nature of the classification task, a 

machine learning approach—specifically, a Feed Forward Neural Network (ML-

FFNN)—was chosen. This decision was driven by the industry's preference for a more 

simplified and less complex model. 

The Feed Forward Neural Networks (FFNN) proves useful for estimating data that 

cannot be separated linearly [236]. Moreover, their characteristics, such as being less 

affected by noise, possessing good learning ability, exhibiting less complexity, 

featuring simplified architecture, operating at faster speeds, and being widely used in 

classification tasks [236], [237], [238], supported the decision. This choice avoids 

unnecessary complexity and higher computational resource usage, which would be 

wasteful for the task. 

3.10.1.1 Structuring the Neural Network 

In this context, 65 root causes associated with 14 technological innovation risk factors 

were utilized as input for the Neural Network. Furthermore, since the existence of all 

these root causes was highlighted both in the literature and from the industry, the 

whole set of root causes has become an optimal number of root causes, to be used as 

inputs to the Neural Network. Even a minor root cause can lead to substantial failures 

if the likelihood of the associated risk is significant. The output or targets of the neural 

network were defined as the six distinct innovator types. 

To achieve the desired output, the structure of a Feed Forward Neural Network 

(FFNN) is developed on the Matlab platform. Questionnaire (QE5), (Appendix F), 

comprising 65 root causes, was sought to gauge responses aimed at addressing specific 

innovation-related root causes, which have already been identified. Feedback was 

collected using a Likert-type scale, and additionally, respondents were asked to 

specify their innovator type for the already done innovations. Feedback of 

Questionnaire (QE5) was taken as input data for the Feed Forward Neural Network 

(FFNN). Table G.1 and Figure G1.1 through Figure G.65 in Appendix G present 

histograms visualizing the input data obtained from feedback of (QE5). 

In terms of data preparation, out of the 89 feedbacks received, 6 had missing values. 

To resolve this issue, the missing values were replaced with the response "3," 

representing a moderate response; according to constant imputation. This approach 
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was chosen to minimize any potential bias towards extremes. While there is no 

universal rule for data splitting, literature suggests different ratios based on the data 

size and neural network model. A common ratio of 70/30 for training/testing is often 

optimal [240]. For datasets ranging from 100 to 1000 samples, a 60/10/30 split for 

training, validation, and testing, respectively, is recommended [240]. In this study, the 

dataset (n=89) was divided into 60% for training, 10% for validation, and 30% for 

testing to ensure an unbiased evaluation of model performance [239]. 

3.10.1.2 Hidden layers and the nodes  

The number of hidden layers, nodes within each hidden layer, and the activation 

function were adjusted in an iterative process to determine the optimal structure. 

Through careful evaluation of the accuracy of each option, the neural network 

architecture yielding the highest accuracy was selected. 

3.10.1.3 Output of the Neural Network 

An organization's classification into a specific innovator type can be represented using 

a range from 0.00 to 1.00 across all six innovator types by enabling the model to select 

six answers. This can be achieved by employing an activation function that produces 

probabilistic outputs [241]. Figure 3.8 depicts the basic structure of the FFNN, with 

adjustments made to parameters such as the number of layers, nodes in the hidden 

layers, and the activation function to maximize accuracy in identifying the 

organization's innovator type. In the diagram, A1 through A65 represent the inputs to 

the neural network, which correspond to the 65 root causes related to technological 

innovations, while A0 represents the bias node. The parameters H1 through Hn denote 

the hidden nodes, and the six output nodes are designated for the six innovator types. 

 

 

 

 

 

 

 

 

 

                  Fig. 3.8: Structure of the FFNN used in classification 
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Chapter 4 (Results), subsection 4.7 , Tables 4.7 and 4.8 present the summary of 

different NN architectures tested to select the most appropriate NN configurations and 

the parameters of the selected model, model 9  to find out the innovator type of the 

organization respectively. Besides, Table H.1 in Appendix H presents the detailed 

information on the different NN architectures tried out in achieving this task.   

Refining the prioritization of risk factors and root causes has become an important 

aspect in identifying the urgency of risk mitigation efforts and also identifying which 

root causes and risk factors to prioritize.   

3.11 Priorities of root causes and risk factors  

Further, this describes effective and efficient ways of resource utilization, enhancing 

the full potential of the innovation process. This can be achieved by assessing the 

priorities of both risk factors according to the innovator type of the organization and 

the root causes related to each risk factor. 

Among the methods introduced in the literature for assessing the priorities of different 

alternatives, Multi-Criteria Decision Making (MCDM) is a problem-solving technique 

that helps select the most appropriate alternative by considering multiple criteria [225], 

[226], [227]. In evaluating MCDM tools, AHP and TOPSIS are commonly used. AHP 

employs weighted aggregation through pair-wise comparisons and decision-maker 

preferences, while TOPSIS relies on distance-based calculations. Research shows that 

both methods are valuable for decision-making in the MADM model, but AHP is often 

more suitable for cases involving qualitative data and multiple criteria [228]. 

The interdependencies of the risk factors, as illustrated in Table I.1 in Appendix I, 

were analyzed and mapped using Graph Theory. The resulting interconnections are 

presented in Figure I.1 in Appendix I. 

Given the interdependencies among risk factors, and recognizing that AHP operates 

within a hierarchical structure without supporting such interdependencies, the 

Analytic Network Process (ANP), has been applied. ANP accounts for interactions 

among factors, leading to a more comprehensive understanding of the problem [167]. 

Therefore, this study utilizes ANP to evaluate the priorities of risk factors and root 

causes based on the available data and the specific context [187], [188]. 

The ANP methodology comprises several key steps [229], facilitated by the Super 

Decision Software (SDS) for its accuracy, simplicity, and time efficiency [193]. This 

software simplifies the task by allowing the risk breakdown structure to be entered 

systematically, one phase of the innovation process and its related risk factors at a time 

[193]. Furthermore, the consistency of the priorities was validated using the 

Consistency Ratio (CR) determined by the SDS [190]. 
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3.11.1 Priorities of risk factors related to different innovator types 

Deriving priorities involves three steps: First, the problem is structured for use in the 

Super Decision Software. Second, a weighted super-matrix is created. Third, the 

super-matrix is used to determine the priorities. Figure 3.9 presents the risk breakdown 

structure used in the Super Decision Software. C1 through C14 illustrate the risk 

factors of technological innovations presented in Table 4.5, subsection 4.4 in Chapter 

4 (Results)). 

 

 

 

 

 

 

 

 

 

 

 

    Fig. 3.9: Risk breakdown structure to evaluate priorities 

Step 1: 

 Decompose the problem into criteria and alternatives for pairwise comparisons 

and local priority vectors. 

 Develop the risk breakdown structure based on classifying risk factors into the 

main phases of the innovation process (illustrated in Figure 3.2). 

 Form clusters for criteria and alternatives, where the main phases of the 

innovation process (intra-organizational innovation phase through process 

innovation phase) serve as criteria and corresponding risk factors (C1 through 

C14, illustrated in Table) as alternatives. 

 Organize risks into a network model within Super Decision Software, 

establishing connections. 
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Step 2: 

 Form a weighted super-matrix from an un-weighted super-matrix through pair-

wise comparisons [193],[229]. 

 Determine the intensity of pairwise comparisons based on feedback from 

structured and semi-structured interviews with industry experts (Section 3.9) 

and previous research. 

 Perform pairwise comparisons at cluster and node levels, comparing 

alternatives with criteria and vice versa [193]. 

 Calculate consistency of priorities within SDS. 

Step 3: 

 Perform super-matrix formation and transformation within SDS. 

 Capture priorities from pairwise comparisons in an un-weighted super-matrix. 

 Create a weighted super matrix by multiplying the un-weighted super-matrix 

by cluster weights. 

 Use the limit super-matrix to determine priorities by increasing the weighted 

super-matrix to powers until convergence [193]. 

 Repeat the procedure for all six innovator types. 

How the priorities of different risk factors changed according to the innovator type of 

the organization is illustrated in Chapter 4 (Results), subsection 4.8, Table 4.9. 

In addition, understanding the priorities of root causes associated with each risk factor 

enhances comprehensive decision-making. 

3.11.2 Priorities of root causes on risk factors  

Following the same procedural steps outlined in the immediate section 3.10.1, the risk 

breakdown structure illustrated in Figure 3.10 was developed by reorganizing the risk 

factors and root causes as detailed in Chapter 4 (Results), subsection 4.6, Table 4.6. 

The sub-models, highlighted in red rectangles, were inputted into the Super Decisions 

software, comprising clusters, nodes, and alternatives necessary for analysis. In Figure 

3.10, C1 through C14 denote distinct clusters within the risk breakdown structure, 

specifically technological innovation risk factors; N1.1 through N14.2 denote Nodes 

associated with each cluster, and A1.1 through A14.5 denote the alternatives, 

consisting of root causes. Table J.1 in Appendix J provides abbreviations for all 

elements in Figure 3.10, along with the risk factors and root causes illustrated in Table 

4.6 (Chapter 4 – Results, Subsection 4.6).  

Pairwise comparisons were conducted based on insights gathered from industry 

experts through structured and semi-structured interviews, referring to the 

Questionnaire (QE6) included in Appendix J, which covers the sample size. 
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Chapter 4 (Results), subsection 4.9, Figures 4.12 through 4.25 present the priorities of 

root causes related to 14 risk factors. In-addition, Table 3 in Appendix K presents the 

summary of priorities corresponding to root causes of 14 risk factors. 

However, limitations were encountered with the methods used in developing a risk 

management model. This underscores the need to explore alternative approaches to 

the task. 
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Fig.3.10: Breakdown structure of the technological innovation risk factors and root cause
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3.12 Limitations in developing a customized risk management model  

Recognizing the limitations of a one-size-fits-all risk management model, especially 

given the diverse resource availability and organizational competencies across entities, 

a decision was taken to develop a customized risk management model. 

In the pursuit of designing a comprehensive risk management model covering the 

entire innovation process, various approaches were explored. Initially, efforts were 

directed towards managing risks associated with core innovation concepts, aiming to 

address overall risk. However, industry reluctance to disclose critical and confidential 

information on management and marketing innovations necessitated a shift towards 

focusing solely on technological innovations. Efforts to predict potential risks and 

their root causes accurately led to the exploration of inferential statistical methods. 

While regression models were commonly employed for such predictions, their 

practicality was hindered by data limitations. Despite efforts to locate a comprehensive 

training dataset tailored to the required information for model development within the 

industry's repository, none could be found. Consequently, the absence of an 

appropriate statistical method rendered this approach infeasible, prompting an 

exploration of alternative methodologies diverging from traditional statistical 

techniques. 

Subsequently, neural networks were considered to identify the organization's 

innovator type and quantify associated risks. Although the first step, identifying 

innovator types, was completed, quantifying risk proved challenging due to a lack of 

historical data necessary to prepare a test dataset. The absence of consistent data 

derived from the same basis hindered this effort. Consequently, a generalized risk 

management strategy was deemed inadequate for effectively addressing the specific 

risks at hand, necessitating the derivation of an approach free from these constraints. 

3.13 The rationale for the risk management model 

Risk management strategies cannot be generalized because risks and their levels vary 

not just between organizations, but also across different products. The degree of risk 

is intricately linked to the objectives that drive an organization's existence. Factors 

such as human resources, financial strength, leadership proficiency, supplier expertise, 

contractual agreements, and brand reputation play significant roles in shaping an 

organization's risk appetite [242]. Furthermore, how organizations perceive, evaluate, 

and respond to risks varies widely, impacting their risk acceptance behavior [243]. 

Therefore, it is essential to develop customized risk management strategies that are 

tailored to both the unique characteristics of the product and the overarching goals of 

the organization. This tailored approach is critical for realizing the most favorable 

outcomes in the innovation process. Creating such strategies necessitates a thorough 
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understanding of the organization's innovation objectives and strategies, available 

investments, leadership competencies, marketing plans, human resource strategies, 

customer communication, supplier relationships, and specific research and 

development initiatives pertinent to the product. It is worth noting that these crucial 

factors are often treated as confidential, as organizations are generally reluctant to 

disclose sensitive information to third parties. Thus, there is a pressing need to develop 

an internal model that empowers teams to craft robust risk management strategies 

specific to the product while safeguarding the confidentiality of sensitive information,  

In response to the constraints outlined in section 3.12.1, the focus shifted towards 

leveraging Game Theory concepts. Game Theory elucidates decision-making in 

intricate settings, encompassing strategies to maximize payoffs, minimize costs, 

navigate group dynamics, and understand human behavior [194], [195], since these 

insights are essential in driving forward the organizational innovation process. 

Following an extensive analysis of these principles, core concepts from Cooperative 

Game Theory, Behavioral Game Theory, a collaborative approach, psychological 

decision-making, and board game dynamics were integrated into the risk management 

model. This comprehensive model effectively addresses the identified requirements 

throughout the entire risk management process. Building on the applied concepts, this 

model follows the idea of coalition formation in cooperative game theory to achieve 

the best possible outcome, rather than insisting on a complete 100% coalition [197]. 

However, proving strict coalition formation mathematically is challenging because 

game theory models often require extensive mathematical validation. Additionally, the 

industry's reluctance to share information on financial payoffs makes such proof 

impractical. In addition, integrating elements of Behavioral Game Theory addresses 

the aspect of rationality within Game Theory by acknowledging the complexities of 

human behavior and decision-making processes. Further, cooperative behavior 

enhances team cohesiveness and decision-making ability.  

Moreover, the size of the group has a significant impact on the effectiveness of the 

decisions made. Consequently, the game's methodology, which forms the base of the 

risk management model, has been designed to ensure game comprises smaller, tightly-

knit units. This deliberate choice is rooted in the understanding that collective 

decisions tend to be more accurate than individual ones [249]. Moreover, the decision-

making process becomes increasingly challenging in larger groups, with optimal 

effectiveness typically achieved in groups of up to 12 individuals [250]. Extensive 

research further supports the notion that small to intermediate-sized groups 

consistently outperform larger groups in terms of decision accuracy. By forming 

smaller groups, the game maximizes decision effectiveness and accuracy, thereby 

fortifying the risk management model and ensuring its robustness [251]. 

The risk management model has been developed as a board game, a hot topic in many 

scientific studies [244]. Visualizing problems through board games enhances the 
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robustness of decisions. Since then, researchers have found that the board gaming 

approach is interconnected with human psychology [245]. The board games reflect 

one’s intelligence, skills, wisdom, and even tricky behavior in making strategic 

decisions [245], [246]. Further, board games are fairly simple as the core mechanisms 

are transparent, and even a layman can swiftly grab the way the game plays. Since the 

player will be given all the risk-related technical knowledge to find perspectives to 

formulate a highly effective solution.  

In addition, players will be psychologically convincing that they would play a game, 

instead of striving to find a solution to a complex issue, they face. This brings out 

flexible and creative approaches which are crucial in effective decision-making [247]. 

In addition, considering the functions of the brain, each side of the brain has distinct 

functions where the right side of the brain is more visual, creative, and intuitive while 

the left brain is more verbal, orderly, and analytic. Visual representation with the use 

of a game board helps engage both the left and right hemispheres of the brain which 

is significant in creating a better risk management strategy. In addition, it is found that 

board games keep the brain sharper, which maximizes the accuracy of the decisions 

[248].  

3.13.1 Methodology for forming the game  

The game serves as a strategic tool for managing 14 risk factors associated with the 

technological innovation process, by managing the corresponding root causes of these 

14 risk factors. The game comprises players, a game board, resources used to manage 

risks, and game pieces for the gameplay.  The risk management model has been 

developed in the form of a game. It consists of 3 main phases including the pitch-

making phase, the kick-start phase, and managing the unsolved risk factors, as 

illustrated in Figure 3.11. 

 

 

                

 

 

 

 

 

 

 

                 Fig. 3.11: Main phases of the risk management model 
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In this initiative, players comprising members from various departments actively 

engage in a game designed to tackle 14 distinct risk factors inherent in technological 

innovations, as outlined in Chapter 4 (Results), sub section 4.6, Table 4.6 in. Each risk 

factor is meticulously handled by a specialized team responsible of managing its root 

causes.   To illustrate, consider the second risk factor from Table 4.6: “The Company’s 

long-term goals are not aligned with its innovation strategy.” This issue arises from 

two root causes: (1) Innovation planning that fails to consider the company’s long-

term goals, and (2) A lack of necessary resources to develop innovation ideas that 

align with these long-term goals. As detailed in Table 3 in the guide book included in 

Appendix K, which provides a general idea of the departments responsible for solving 

root causes, the Senior Management team is responsible for managing the first root 

cause by integrating long-term goals into innovation planning. Meanwhile, 

departments such as Finance, R&D, HR, Merchandising, Marketing, Production, and 

Supply Chain are responsible for addressing the second root cause by ensuring the 

availability of strengths and resources needed to align innovation efforts with the 

company’s long-term objectives. However, the departments involved in managing risk 

factors may differ from one organization to another. Hence, teams can be formed based 

on individuals performing similar functions, irrespective of departmental labels. For 

instance, while one organization may have a dedicated merchandising department 

responsible for supplier orders, another organization may assign this responsibility to 

its supply chain management department. In both cases, despite the different 

departmental labels, the functional roles are similar. 

Additionally, due to the varying number of root causes associated with each risk factor, 

the composition of teams may differ in terms of the number of participants. This 

flexibility ensures that the effectiveness of the gaming process remains unhindered by 

uniform team sizes. Players engage with the game board to solve the risk factors linked 

to the organization's technological innovation. Figure 3.12 depicts the game board, 

comprising 14 unit cells, with each cell representing one of the 14 risk factors 

associated with technological innovations. 

 

 

              

 

 

 

        Fig. 3.12: The game board 
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Moreover, in the realm of operations management, priority was given to primary 

factors that may disrupt the manufacturing process [217]. Consequently, various 

combinations of the 7M's (Money, Man, Material, Method, Machine, Management, 

and Minutes) were evaluated [252]. Money, Man, Material, Method, and Machine 

were selected for inclusion on the game board as these mechanisms are vital for 

addressing the risks inherent in innovation and manufacturing processes. While 

Management and Minutes are also critical factors within the 7M's framework, Minutes 

were omitted under the assumption that they would inherently contribute to the 

innovation process. Risk management necessitates the most controlled approach, 

thereby automatically minimizing the significance of the Minutes factor. 

Furthermore, despite Man and Management representing both indirect and direct 

labour, only one plot is assigned to them to simplify the game's complexity. This 

streamlined approach enables users to readily identify which factor to consider for 

each relevant risk factor based on the root causes. Money, Man, Material, Method, and 

Machine serve as common mechanisms for analyzing and managing root causes. 

Additionally, evaluating the risks associated with these factors in the context of 

innovation is crucial for refining the approach further. Figure 3.13 illustrates the key 

mechanisms of a unit cell: Money, Man, Material, Method, and Machine, which drive 

the game. Additionally, it includes an indicator representing the current risk level 

associated with these mechanisms. This risk level reflects the degree of risk based on 

the availability of key mechanisms and the effectiveness of managing related risks. 

Each mechanism has been assigned a unique symbol for easy identification, although 

these symbols are not standard. 

 

 

 

                      

 

 

 

                Fig. 3.13: Symbols of the key mechanisms 

The unit cell of the game board, depicted in Figure 3.14 was designed including the 

key mechanisms of Man, Money, Machine, Method, Material and the Risk level 
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related to these mechanisms. Since these are the critical factors impacting the 

innovation process.  Within each unit cell, strategic mechanisms are integrated to 

effectively address the root causes of potential risks. These decisions are informed by 

primary factors identified in operations management, ensuring resilience against 

disruptions in the manufacturing process [217]. Thus, the unit cell stands as a 

testament to proactive risk management and operational efficiency in the pursuit of 

successful innovation. 

 

 

 

 

 

 

                             Fig. 3.14: Unit cell of the Game board 

The game pieces, shown in Figure 3.15, are used to play the game on the game board. 

They represent the key mechanisms, including Man, Money, Machine, Material, 

Method, and Risk level. Players can place the game pieces in the relevant space on the 

unit cell. To quantify the results, these factors are assigned unit values based on the 

number of corresponding game pieces present on the game board.  In addition, the 

game pieces are color-coded, with green indicating an excess of a particular resource 

and red signaling a deficiency. This color scheme aids teams in making informed 

decisions during gameplay by providing clear visual cues about the availability of 

resources.  

Elaborating more on game pieces, Money required for innovation can be acquired 

through various methods represented by game pieces [253]. These methods include 

company investments, joint ventures, partnerships, loans, mortgages, and other 

funding sources, each of which can be indicated by flags fixed separately to the game 

pieces. The next resource Man, represents different levels of the organizational 

workforce involved in the innovation process. 

However, the game pieces representing 'Machine,' 'Method and 'Material' are highly 

dependent on the specific innovation being undertaken.  Since materials, methods and 

machine requirements vary according to the product. In accommodating this 

variability, customized game pieces can be utilized, with relevant information fixed to 
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each piece separately. This allows for greater adaptability and ensures that the game 

accurately reflects the unique requirements of each innovation scenario. 

 

 

.  

              

 

 

 

 

 

              Fig. 3.15: Game pieces 

The literature presents various risk levels associated with innovation processes [254], 

which can be estimated by taking the products of the severity and likelihood levels 

[255]. Mapping the risk to the corresponding risk level is a significant way to influence 

decision-making and can be used to determine the risk prioritization plan. Risk levels 

were classified into four different levels since having more risk levels is essential for 

obtaining sufficient resolution in the outcome [256].  

Risk levels encompass Low, Moderate, High, and Extreme risks, each demanding 

varying degrees of attention and action. Low risks, though minimal in impact, remain 

significant and should be addressed post-mitigation of major risks. Moderate risks 

represent mid-level concerns crucial for maintaining project deliverable quality. High 

risks require prompt attention but are comparatively less severe than extreme risks, 

which are high-priority and demand immediate responses.  

Apart from the elements in the game board, severity and likelihood levels of risks too 

need to be determined during the game to assess the risk levels. Severity, which is the 

highest level of damage possible due to an occurrence of a risk, needs an appropriate 

scale to assign ranks to identify the different levels. An ordinal scale has been used for 

ranking severity, as severity expresses a non-mathematical idea with a clear rank order 

but does not have an even distribution. Severity levels have been divided into five 

categories according to their severity levels. This includes 1 for Negligible, 2 for 

Minor, 3 for Moderate, and 4 for Major, and 5 for Catastrophic [255].  
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Differentiating between various levels of severity of risk events is needed in the game. 

A negligible risk event poses little to no impact on achieving organizational goals, 

resulting in minor repercussions for clients, the organization, and the workforce. 

Similarly, a minor risk event also entails minimal impact on organizational goals, with 

minor repercussions across stakeholders. Moving up the scale, a moderate risk event 

signifies a moderate impact on organizational goals, potentially leading to client 

losses, minor complaints, or penalties, in other words, not posing serious threats to the 

workforce. A major risk event significantly affects achieving organizational goals, 

potentially causing the loss of important clients, legal issues, and serious workforce 

challenges. At the top of the hierarchy, a catastrophic risk event carries severe 

consequences, including substantial financial losses, loss of major clients, and critical 

impacts on the workforce, making it imperative for organizations to address such risks 

with utmost urgency and attention. 

Likelihood, which is the probability of a particular risk occurring [255] can be 

expressed as a probability value, rating, or frequency. Considering the simplicity, 

likelihood is determined as frequencies. Further, this approach uses an ordinal scale, 

facilitating easier interpretation compared to numerical values and providing support 

when explicit quantification is not feasible [256].  Likelihood levels have been 

classified into 5 groups, which include: 1- Rare (for the events unlikely to happen), 2 

- Unlikely (for the events that may occur occasionally), 3 - Possible (for the events 

likely to occur sometimes), 4 - Likely (for the events more likely to occur several 

times), and 5 - Almost certain (for the events most certain to occur frequently). 

The other important factor is determining the risk tolerance level, which an 

organization can accept for an individual risk [256] to take necessary actions on 

different risk levels. The risk tolerance level depends on the type of industry, 

objectives, financial strength, available resources, and the risk absorption level of the 

organization.  

To ensure effective engagement in the game, a moderator will provide all team 

members with instructions on how to play. Additionally, each team must possess game 

pieces representing key mechanisms and risk levels. Teams will assign unit values to 

these game pieces, representing resources, to facilitate gameplay. Each team will 

receive a game card detailing the risk factors they need to address, along with related 

root causes and their priorities. This information is aided by pre-evaluated data. 

Moreover, each of the 14 teams will be provided with a checklist titled "Pitch-making 

meeting checklist," as illustrated in Figure 3.16. This checklist is designed to guide 

the teams through the initial analysis of the innovation, resource requirements, and 

resource availability. It comprises 10 distinct points aimed at stimulating 

brainstorming and covering critical aspects related to the innovation being developed. 

These points include assessing risk levels based on severity and likelihood, conducting 

a SWOT analysis (Strengths, Weaknesses, Opportunities, and Threats) to evaluate the 
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innovation's position, determining risk tolerance, exploring factors that could mitigate 

risks, and devising strategies to address them. Furthermore, the SWOT analysis serves 

as a powerful risk management tool, enabling teams to assess the organization's 

current position and identify potential blind spots before formulating a new strategy. 

Integrating SWOT analysis into the risk management strategy is crucial for achieving 

strategic objective [257],[258]. 

 

Pitch Making Meeting Check List 

Risk factor: 

1. What could go wrong? 

2. How severe is the risk and the criteria to assess severity? 

3. What is the worst-case scenario? 

4. How likely is the risk to occur and criteria to assess the likelihood? 

5. What is the risk tolerance? 

6. Strengths and Weaknesses of the innovation 

7. Efforts to combat 

8. Threats and opportunities of the innovation 

9. What could prevent this from happening? 

          Fig. 3.16: Checklist of the pitch-making meeting 

3.14 The risk management model 

The risk management model has been developed with three main phases, as illustrated 

in Figure 3.11. Each phase is further divided into multiple sub-phases, detailed in 

Figure 3.17.
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Fig. 3.17: Breakdown of main processes related to each phase of the risk management model
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3.14.1 Pitch Making Phase  

The Pitch-Making phase, illustrated in Figure 3.17, is dedicated to equipping players 

with essential game tools. A facilitator, proficient in the gaming process, is assigned 

to guide and ensure smooth progress throughout the game. 

Fourteen teams, each comprised of members from different departments, need to be 

formed. Their main goal is to address the root causes associated with fourteen specific 

risk factors.  

To aid in this task, each team receives a game card that details the specific risk factor 

to be addressed, the associated root causes, and their prioritization. Providing the root 

causes ensures that teams do not overlook any critical issues related to the risk factor, 

while prioritization helps teams understand the order of importance for addressing 

these root causes. This approach ensures a comprehensive understanding necessary 

for effective risk management. However, the specifics of the game card may vary 

between organizations based on their resource availability. The information (root 

causes and their priorities) related to game cards of 14 risk factors was illustrated in 

Table 3 in the guide book attached to Appendix K. Further, information included in 

each of the game card has been highlighted in the Table 1. 

Additionally, a pitch-making meeting checklist is provided to facilitate a thorough 

analysis of the innovation. This tool assists the teams in conducting a detailed 

examination of the innovation, guiding them through the process step by step. 

During discussions, players contribute ideas and expertise in identifying risk factors, 

root causes, and resource requirements aligned with organizational objectives and 

available resources. The aim is to pinpoint gaps in resources (money, manpower, 

methods, machines, and materials) required to progress with the innovation. Through 

negotiation, questioning, reasoning, and collaboration, players address checklist 

questions shown in Figure 3.16, facilitating better understanding and consideration of 

all potential outcomes, including risks and opportunities. Each team follows the same 

procedure independently. 

3.14.2 Kick Start Phase 

As illustrated in Figure 3.17, the game commences with a formal meeting where the 

results of the pitch-making session are presented to all 14 teams. This meeting serves 

to provide teams with a comprehensive understanding of the innovation, its 

consequences, and the impact of all 14 risk factors and root causes on innovation. 

Teams discuss strategies to improve weaknesses, leverage strengths, and allocate 

resources effectively.  

The Kick Start Phase comprises of four steps, each introducing a group's resource 

allocation plan and associated risks. Following this, a session is held to share opinions 

on effective resource utilization and develop the best risk management plan for the 
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planned innovation. The game unfolds over four steps, allowing for thorough 

exploration and refinement of strategies. 

Step 1: Each team strategically places game pieces on the corresponding slots of the 

game board, representing resource allocation and analysing the project's current status. 

Step 2: Teams explain their decisions from the first step and introduce their interests 

and action plans. This process repeats sequentially for each team. 

Step 3: Teams exchange views on each other's resource allocation plans. For example, 

teams 2 to 14 share thoughts about team 1's resource allocation plan. This allows for 

diverse perspectives and more effective resource allocations for the entire team and 

project. 

Step 4: Resource allocation plans are adjusted based on agreed-upon actions from the 

third step, aiming for a better payoff for the organization as a whole. The game board 

now represents the controlled risk status after effective resource allocations. 

Some risk factors may persist even after the kick-start phase. The third phase, 

Unresolved Risk Factors, is dedicated to managing these persistent risks. 

3.14.3 Unsolved risk factors 

Unsolved risk factors related to technological innovation are addressed in the third 

phase of the risk management model, as illustrated in Figure 3.17. This phase involves 

a quantitative analysis of the risks to determine the best-fitting risk management 

strategy for unsolved risk factors, thereby managing the total risk of technological 

innovations.  

The main functions of this phase include identifying current risk controls, evaluating 

severity and likelihood to estimate risk level, determining risk tolerance, establishing 

the risk prioritization plan, defining new risk controls and the risk management 

strategy, and documenting the risk management process while educating the team. 

The game uses a risk matrix to assess risk levels and establish a risk prioritization plan 

within the risk management process.  An ordinal scale was chosen to represent 

consequences and likelihoods, facilitating interpretation even for people with less 

experience on this [260]. Since, interpreting results on an ordinal scale is simpler than 

dealing with numerical values, especially when explicit quantification is not feasible 

[260]. This approach enhances the usability and accessibility of the risk matrix across 

diverse stakeholders. 

The risk levels of the remaining risk factors are assessed using the risk matrix. Figure 

3.18 illustrates the criteria for assessing the risk level of a specific risk factor using the 
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risk matrix.  In this illustration, the risk level of a risk factor, with Severity 3 and 

Likelihood 2, is 6. Numbers inside the matrix represent the risk levels. 

 

 

 

                            

 

 

                           Fig. 3.18: Assessing risk level with risk matrix 

To enhance resolution in risk prioritization, additional risk levels are deemed 

necessary. Industry experts and literature support the use of a 5x5 risk matrix, which 

serves as a screening tool in risk management activities. Discussions with industry 

experts led to the adoption of a 5x5 risk matrix with specific color patterns, as depicted 

in Figure 3.18, to aid intuitive risk prioritization decision-making [261]. 

Furthermore, different risk levels can be managed through Accepting, Avoiding, 

Mitigating, or Transferring. This involves defining boundaries for each level, which 

may vary depending on the resources of the organization. Figure 3.19 illustrates the 

necessity for organizations to establish these boundaries, marked with blue arrows. 

This defines the middle value of severity and likelihood scales, which an organization 

can tolerate for a particular risk level. This connects the different risk levels with 

actions of accepting, avoiding, mitigating, or transferring the risk. 

Furthermore, this decision is solely depend on the risk tolerance levels of the 

organization. By doing so, organizations can tailor a risk management approach to the 

four specified risk levels with four different colors for easy identification. 

Key to the color codes include,  

 

Low Risks     High Risks   

Moderate Risks  Extremely High Risks 
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    Fig. 3.19: Four risk levels and their boundaries 

 

Hence, in developing the risk matrix with different risk levels, team can colour the risk 

matrix with different colors to visualize risk levels, and this is again subjective to vary 

according to the resource availability of the organization. Hence, organizations have 

to decide on the boundaries or the risk levels corresponding to 4 risk levels. Figure 

3.20 illustrates different risk levels referring to the key to the color codes to identify 

risk levels. 

 

 

 

  

 

 

 

 

    

                              Fig. 3.20: Risk matrix with different risk levels 

As the next step, developing the risk prioritization plan helps to decide which risks 

need prior attention. This can be done based on the risk matrix with different risk 

levels. Through risk prioritization, the team determines the basis for resource 

allocation and manages the realization of risk events with either high severity or high 

probability of occurrence. 
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A risk prioritization matrix can be set up to give extra weight to consequences than 

the likelihood. This is because, severity is more important than the likelihood of the 

risks with the same risk levels, as introduced in the literature [261]. Figure 3.22 

illustrates a generalized risk prioritization matrix, where “P1” represents the most 

prioritized risk while “P25” represents the least. 

In managing different risk priorities, a generalized risk prioritization plan 

incorporating priority numbers with the risk levels has been illustrated in Figure 3.21. 

However, the team needs to decide on the most effective and efficient risk 

prioritization plan to manage different risk levels. Which risks to be accepted, avoided, 

mitigated, or transferred may vary according to the risk management criteria selected 

by the organization. Colours of the risk prioritization matrix shown in Figure 3.22 can 

be incorporated with the risk management actions for each risk factor corresponding 

to each risk level. 

 

 

                            

 

 

 

 

 

 

                               Fig. 3.21: Risk Prioritization matrix 

 

 

 

   

 

 

 

 

       

       Fig. 3.22: Risk prioritization and management 
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Once the risk prioritization matrix has been crafted, the next step involves refining risk 

controls tailored to the identified risk factors. Before implementing new controls, it's 

imperative to assess the effectiveness of existing ones. Current risk controls are the 

activities already taken to detect, prevent or mitigate the risks involved. They can be 

categorized into 3 main groups: effective controls, ineffective controls and controls 

neither effective nor ineffective. This evaluation ensures that redundant or ineffective 

controls are identified and eliminated, optimizing the risk management process for 

efficiency and effectiveness. 

Apart from this, the new controls, put in place to manage the available risks need to 

be tested for their effectiveness. Thus, it is required to create a corrective plan for the 

controls having deficiencies. Taking into account these considerations, the risk 

management strategy is formulated, encompassing,  

 Clear introduction to the risks 

  Action plans 

  Stakeholders of the actions 

  Clear instructions on the risk assessment method 

  Time intervals to review and monitor the process 

  Assumptions made during the process 

  Limitations of the risk management strategy 

The subsequent step entails documenting the risk management process and educating 

the team on the risk management strategy, along with delineating the actions to be taken. 

This is followed by monitoring and reviewing the process at predefined intervals. As 

risk management is an iterative process, the team must continuously monitor and review 

it to achieve continuous improvement in the risk management model. Additionally, to 

enhance the overall risk management strategy, maintaining a risk register, which is used 

to record all the risks occurred is crucial. This register aids in identifying both new and 

existing risks, suggesting changes to controls, assessing the effectiveness of risk 

evaluation methods, establishing timelines for monitoring and reviewing processes, and 

refining the risk management strategy as necessary. 

Ultimately, when all 14 teams synergistically work towards the shared goal of 

organizational innovation, the game reaches its pinnacle. To reach this conclusive stage, 

it's imperative to allocate resources effectively and efficiently across the 14 teams and 

implement comprehensive action plans for managing the 14 risk factors associated with 

technological innovation. 

As it's typically impossible to eliminate all risks in full, residual risks persist within the 

innovation process even after implementing control measures. These residual risks can 

be quantified by determining the variance between the "Risk level before applying 

control measures" and the "Risk level after applying control measures." These values 

are derived using the risk matrix, which assesses risk levels based on severity and 

likelihood values, as outlined in Figure 3.23. 
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                   Fig. 3.23: How to define risk levels 

Residual Risk Reduction = (Risk level before applying control measures – Risk 

level after applying control measures) 

Risk level before applying control measures = (2*4) = 8  

Risk level after applying control measures = (3*2) = 6 

Residual Risk Reduction = (8-6) = 2 

In this example, by following the implementation of control measures, there is typically 

a decrease in the overall risk level. 

However, it's crucial to sustain the monitoring and reviewing process to identify further 

action plans aimed at minimizing any remaining risks. This entails establishing a new 

risk prioritization plan, devising additional risk controls, and refining the risk 

management strategies to effectively address evolving risks. 

A comprehensive user guide titled "The Game Changer" will be supplied to aid in 

customizing and adopting the risk management model to align with the unique 

requirements of organizations. This guide, attached to Appendix K, aptly named after 

the game itself, will serve as a valuable resource, ensuring a thorough understanding 

of the process and facilitating its seamless integration into organizational frameworks. 

3.15 Validation of the risk management model 

The risk management model was presented to 5 industry experts, representing 3 key 

apparel manufacturers in the textile and apparel industry. Amendments done were 

presented in Chapter 4 (Results). , subsection 4.11.1. 

In addition, given that this methodology is entirely dependent on user interactions. 

Therefore, it is crucial to guarantee that this system's usability falls within the 

acceptable range for both design and human factor validations.  From the available 
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methods to find out usability, System Usability Scale (SUS) has been selected for the 

research, since this is more of a process design methodology with a user-centered 

approach and the SUS is the most common and effective design validation technique 

used to confirm the usability of products and services [212].  The standard System 

Usability Scale (SUS) questionnaire was distributed to five industry experts for 

evaluation. Given that the minimum recommended sample size for validating SUS is 

two participants [214], the feedback from these experts is sufficient for a meaningful 

assessment.  

The full questionnaire, (Table L.1 of Appendix L), interpretation of System Usability 

Score (Table L.2 in Appendix L), calculation steps, and individual System Usability 

Score (Table L.3 in Appendix L) were included in Appendix L. Further, the Average 

score and the interpretation of the result were presented in Chapter 4 (Results). , 

subsection 4.11.2
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CHAPTER 4 

RESULTS AND DISCUSSION 

This chapter delineates the outcomes of the conducted research. Below, a concise 

summary of the primary findings is provided.  

 Inter-connections of different innovation concepts 

 Visualization of inter-connections of innovation concepts   

 Classification of innovation concepts  

 Validation of consistency of classification   

 Statistical validation of consistency of classification 

 Deriving core innovation concepts  

 Classification of risk factors into main phases of innovation process  

 Classification of innovation concepts  

 Validation of consistency of risk factor classification 

 Root causes associated with technological innovation risk factors  

 Innovator type of the organization  

 Assesing priorities of risk factors related to different innovator types  

 Assesing priorities of root causes related to each risk factor  

 Risk management model for technological innovations in textile and apparel 

industry  

 Risk management model presents to organization 

 Validation of the risk management model  

 Feedback of the industry validation process   

 Validation of the risk management model with System Usability Scale 

 Discussion  

4.1 Inter-connections of different innovation concepts 

Table 4.1 summarizes 21 innovation concepts introduced in the literature and 

illustrates their inter-connections with other innovation concepts.  
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TABLE 4.1: INTER-CONNECTIONS OF INNOVATION CONCEPTS 

Innovation Concept Inter-connections of innovation concepts 

Product innovation Technology, strategy, culture, human resource, business model, 

enterprise, management, life cycle, organizational, cooperative, 

ecological, resource, green, marketing, process innovations 

Process innovation Technology, strategy, culture, human resource, business model, 

enterprise, management, life cycle, organizational, cooperative, 

ecological, resource, green, marketing, product innovations 

Technological 

innovation 

Product, process, service, regional indigenous, user, business 

model, life cycle, enterprise, system, green, ecological, 

marketing, strategy, management, institution, organizational, 

culture, cooperative, human resource, ecological, green 

innovations 

Service innovation Technology, strategy, culture, human resource, business model, 

enterprise, management, life cycle, organizational, cooperative, 

ecological, resource, green, marketing, process innovations 

Enterprise 

innovation 

System, marketing, cooperative, technology and human 

resource innovations 

System innovation Technological innovation 

Regional indigenous 

innovation 

Technology, human resource, and strategy innovations 

Green innovation Technology, product, process, service, marketing, strategy and 

management innovations 

Ecological 

innovation 

Technology, product, process, service, marketing, strategy and 

management innovations 

Marketing 

innovation 

Process, product, technology, service, enterprise, user, strategy, 

business model, human resource and life cycle innovations 

User innovation Marketing, product and  service innovations 

Strategy innovation Marketing, management, institutional, organizational, cultural, 

cooperative, and human resource, business model, product, 

process, technological, service, regional indigenous  

innovations 

Management 

innovation 

Organizational, culture, enterprise, marketing, human resource, 

and institutional, strategy, technology, product, process, service 

innovations 

Institution 

innovation 

technology, marketing, organizational, cultural, cooperative, 

and human resource innovations 

Organizational 

innovation 

technology, marketing, institutional, cultural, human resource, 

business model, life cycle, cooperative, product, process, and 

service innovations 
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Culture innovation Technological, marketing, strategy, management, institutional, 

cooperative, and human resource innovations 

Cooperative 

innovation 

Technology, strategy, management, human resource, and 

enterprise innovations 

Human Resource 

Management 

innovation 

Product, process, service, regional indigenous, user, business 

model, life cycle, enterprise, system, green, ecological, 

marketing, strategy, management, institution, organizational, 

culture, cooperative, Technology, ecological, green innovations 

Business model 

innovation 

Product, process, service, Technology, marketing, and strategy 

innovations 

Life cycle 

innovation 

Marketing, product, service, and user innovations 

Resource innovation Technology, product, process, service, green, ecological and  

human resource innovations 

 

4.1.1 Visualization of inter-connections of innovation concepts 

Figure 4.1 illustrates the inter-connections of 21 innovation concepts identified in the 

literature, as analyzed using Graph Theory. 

Figure 4.1 demonstrates that each innovation concept is interconnected with at least 

three or more other innovation concepts. This underscores the interdependent nature 

of innovation concepts, highlighting that they cannot be viewed in isolation but are 

rather intricately linked to one another. 

 

 

                         

 

 

 

                    Fig. 4.1:Inter-connections of innovation concepts 

4.2 Classification of innovation concepts  

Figure 4.2 illustrates the summary of the classification of 21 innovation concepts into 

the main phases of the innovation process.  
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Fig. 4.2: Classification of innovation concepts using the Grounded theory 

4.2.1 Validation of the consistency of the classification 

Figures 4.3, 4.4, and 4.5, based on feedback from Questionnaire (QE1), illustrating the 

percentages of the responses on the classification of innovation concepts.  

-  

Fig. 4.3: Summary of responses for the classification on P1-Structuring the 

organization for a sustainable innovation 
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Fig.4.4: Summary of responses for the classification on P2 - information, 

outside the organization for a sustainable innovation 

 

Fig.4.5: Summary of responses for the classification on P3 - implementing a 

sustainable innovation 

The data shows that 89% of respondents selected "Agree" or "Strongly Agree," for 

classification related to  each phase, indicating strong consensus compared to the 

remaining options ("Strongly Disagree," "Disagree," and "Undecided") , which covers 

only 11% of the total responses  which demonstrate a high consistency in 

classification. 

4.2.2 Statistical validation of the consistency of classification of innovation 

concepts. 

Table 4.2 presents the hypothesis test summary of the Kruskal-Wallis test for the 

business model innovation concept. The "hypothesis test summary" box shows a p-

value ("Sig.") of 0.000, which was less than 0.001, leading to the rejection of the null 

hypothesis. This proved that the distribution of responses was not the same across all 

categories. 
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TABLE 4.2: HYPOTHESIS TEST SUMMARY RELATED TO BUSINESS 

MODEL INNOVATION CONCEPT 

Hypothesis Test Summary 

Null Hypothesis Test Sig. Decision 

The distribution 

of Responses is 

the same across 

categories of 

Category. 

Independent-

Samples 

Kruskal-Wallis 

Test 

.000 Reject the null 

hypothesis. 

Asymptotic significances are displayed. The significance level is 

.050. 

Further, there is very strong evidence to suggest the existence of differences between 

at least one pair of groups. In finding out which pairs, the box plot was used. The box 

plot compares the medians and the spread of the data by group. As illustrated in Figure 

4.6 of the box plot of the business model innovation , a notable discrepancy was 

observed in one innovation phase, P2, while the other two (P1 and P3) remained 

consistent. Specifically, P2 exhibited a significant divergence from both P1 and P3 

phases, with a notably higher median. This validates the classification of the business 

model innovation in to the phase P2, as depicted in Figure 4. 6. 

Table 4.3 offers a concise summary of the hypothesis test results from the Kruskal-

Wallis test conducted on all 21 innovation concepts.  

 

 

 

 

Fig. 4.6: Summary of hypotheses regarding boxplot ranges in business model 

innovation 
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TABLE 4.3: HYPOTHESIS TEST SUMMARY OF KRUSKAL-WALLIS TEST 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Innovation Concept Independent Samples  - Kruskal- Wallis Test 

(Significance Level 0.5) – Box Plot range of the 

Majority of Responses 

C1 C2 C3 

Management Innovation 4-5 1-3 1-3 

Strategy Innovation 4-5 1-2 1-3 

Organizational Innovation 4-5 1-2 1-2 

Institutional Innovation 4-5 1-2 1-2 

Human Resource Innovation 4-5 1-2 1-2 

Culture Innovation 4-5 1-2 1-2 

Enterprise Innovation 4-5 1-3 1-2 

Cooperative Innovation 4-5 1-3 1-3 

Marketing Innovation 1-2 2-4 1-2 

User Innovation 1-2 4-5 1-2 

Life Cycle Innovation 1-3 2-5 1-3 

Business Model Innovation 1-2 4-5 1-2 

Technological Innovation 1-3 1-2 4-5 

Product Innovation 1-2 1-2 3-4 

Process Innovation 1-3 1-2 4-5 

Service Innovation 1-3 1-3 3-5 

Green Innovation 1-2 1-2 4-5 

Resource Innovation 1-2 1-2 4-5 

System Innovation 1-2 1-2 4-5 

Regional Indigenous Innovation 1-2 1-3 4-5 

Ecological Innovation 1-2 1-2 4-5 
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This clearly highlights the existence of three distinct sets of innovation concepts as 

highlighted in red squares, each set exhibiting varying results across the two remaining 

phases of the innovation process to which the concepts were classified. This proves 

the classification illustrated in Figure 4.2.  

Furthermore, Table B.22 and the Figure B.1 through B.21 in Appendix B provides 

concise summaries of the hypotheses with boxplot images for all 21 innovation 

concepts.  

4.3 Deriving core innovation concepts 

Table 4.4 summarizes the core innovation concepts derived from each innovation 

phase using the Grounded theory. 

TABLE 4.4: CORE INNOVATION CONCEPTS RELATED TO MAIN PHASES 

OF INNOVATION PROCESS 

Main phase of the innovation process Core innovation concept 

P1 - Intra Organizational innovation phase Management innovation 

P2 -Peripheral innovation phase Marketing innovation 

P3 - Sustainable innovation phase Technological innovation 

4.4 Refined list of risk factors related to technological innovations 

Table 4.5 illustrates the refined list of risk factors corresponding to technological 

innovations related to textile and apparel industry 

TABLE 4.5: REFINED LIST OF RISK FACTORS RELATED TO 

TECHNOLOGICAL INNOVATIONS 

No Risk factors of technological innovations 

C1 Failure to evaluate the innovation concept based on financial, structural, 

marketing, and technological capabilities  

C2 The company's long-term goals are not aligned with its innovation strategy  

C3 Violating intellectual property rights or stealing intellectual property from 

others  

C4 Lack of organizational strength, including human resources, financial 

resources, leadership, contracts, brand recognition, and a skilled supplier base 
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C5 Failure to adopt improved methods of commercialization and inaccurate 

market positioning 

C6 Innovation may become obsolete due to redundancy, and unprecedented risks 

(including customer demand fluctuations, social and economic environment 

changes, and shifts in national industrial policies) can impact the organization  

C7 Risk of incomplete and inaccurate information, including distorted market 

data 

C8 Failure to generate technological ideas through customer feedback, basic 

research, and creativity leads to innovation that does not address customer 

pain points 

C9 Risks associated with material availability and quality 

C10 Risk posed by the emergence of new technologies and technological 

advancements 

C11 Failure to properly align the development, implementation, and output of the 

entire process, including incomplete project information and communication 

issues  

C12 Lack of a robust risk-control mechanism integrated with the company’s 

development plans, strategies, manpower, and financial investments, 

including insufficient risk supervision and failure to adopt a "learning-

through-experiment" approach 

C13 Inadequate technical capacity to support innovation 

C14 Issues with the R&D process, challenges in scaling from sample to batch 

production, inbound and outbound communication problems, and 

inconsistency in project organization and management 

 

4.5 Classification of risk factors into main phases of innovation 

process 

Figure 4.7 illustrates the classification of risk factors into the main phases of the 

innovation process, P1, P2 and P3, where P3 consists of sub phases of product and 

process innovations. Specifically, it represents sustainable innovation through product 

and process innovations.C1 through C14 illustrates the risk factors in Table 4.5.  
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                     Fig. 4.7: Classification of risk factors into main phases of the innovation 

process 

4.5.1 Validation of the consistency of risk factor classification  

Feedback from 10 experts showed that nine agreed with the classification in Figure 

4.7. However, one expert classified the risk factor “inadequate technical capacity” 

under the intra-organizational innovation phase. As a result, the classification in Figure 

4.7 was finalized, with 90% of the experts in agreement. 

4.6 Root causes associated with risk factors of technological 

innovations 

Table 4.6 summarizes the 65 root causes related to 14 risk factors of technological 

innovations which has been introduced in the literature and further validated by 

industry experts. “C” Denotes the risk factors while “A” denotes the root causes in the 

Table 4.6. 

TABLE 4.6: RISK FACTORS AND CORRESPONDING ROOT CAUSES OF 

TECHNOLOGICAL INNOVATIONS 

Risk Factor Root causes 

C1 Failure to evaluate the 

innovation concept 

based on the 

company's financial, 

structural, marketing, 

A1.1 Insufficient investment available for 

the project  

A1.2 Limited opportunities to secure 

external funding (loan, joint venture, 

mortgage, other) in the absence of 

internal investment  
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and technological 

capabilities  

 

 

A1.3 Failure to review the innovation idea 

by experts to assess necessary 

implementation steps and potential 

risks  

A1.4 Leadership lacks prior knowledge 

and experience to effectively guide 

the innovation process  

A1.5 Inaccuracy of the budgeting process  

C2 The company's long-

term goals are not 

aligned with its 

innovation strategy  

A2.1 Failure to consider the company's 

long-term goals during the 

innovation process  

A2.2 Lack or unavailability of necessary 

resources and capabilities to develop 

the innovation in line with long-term 

goals  

C3 Violation of 

intellectual property 

rights or theft of 

intellectual property 

from others  

A3.1 Failure to verify existing intellectual 

property related to the product, such 

as patents  

A3.2 Not securing the innovation with a 

patent or other appropriate methods  

A3.3 Lack of Non-Disclosure Agreements 

(NDAs) with relevant personnel  

C4 Lack of 

organizational 

strength, including 

human resources, 

financial resources, 

leadership, contracts, 

brand recognition, 

and a skilled supplier 

base  

A4.1 Lack of long-term critical skill 

holders within the organization  

A4.2 Insufficient skills and knowledge 

among team members  

A4.3 Failure to provide adequate training 

to improve skills and knowledge 

(internal, on-the-job, external, or 

other appropriate training)  

A4.4 Absence of a learning culture within 

the organization  

A4.5 Poor relationships among team 

members  

A4.6 Difficulty convincing operators to 

adopt process changes  

A4.7 Lack of time and resources for 

"learning through experimentation”  

A4.8 Poor decision-making when 

selecting suppliers (price, lead time, 

material quality, cost benefits, credit 

terms, accreditations) 
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A4.9 Disagreements with suppliers reduce 

negotiation opportunities  

C5 Failure to adopt 

improved methods of 

commercialization 

and inaccurate market 

positioning  

 

A5.1 

 

Absence of a mechanism to inform 

customers about new products or 

services  

A5.2 Failure to consult experienced third-

party teams during the 

commercialization process  

A5.3 Failure to consult experienced third-

party teams during the 

commercialization process  

C6 Innovation may 

become obsolete due 

to redundancy, and 

unprecedented risks 

(including customer 

demand fluctuations, 

social and economic 

environment changes, 

and shifts in national 

industrial policies) 

can impact the 

organization  

 

A6.1 Analysis of the information on 

redundancy or unprecedented risks 

which can impact the organization  

A6.2 Being the first entrant into the market  

A6.3 Presence of significant competitors  

A6.4 Lack of competitive advantages over 

rivals (price, quality, user-

friendliness, market segment, brand 

recognition, durability, lead time)  

A6.5 Lack of understanding of customer 

demand patterns related to the 

innovation  

A6.6  Innovation does not comply with 

legislation or national industry 

policies  

C7 Risk of incomplete 

and inaccurate 

information, 

including distorted 

market data  

A7.1 Failure to conduct a proper target 

market analysis  

A7.2 Inability to identify the actual needs 

of the customer  

A7.3 Problems arising from the feasibility 

study  

C8 Failure to generate 

technological ideas 

through customer 

feedback, basic 

research, and 

creativity leads to 

innovation that does 

not address customer 

pain points  

 

A8.1 Failure to incorporate customer or 

market research feedback into the 

innovation process  

A8.2 Innovation does not meet customer 

expectations  

A8.3 Innovation fails to compete with 

current technological trends  
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C9 Material resource risk 

affects timely 

delivery of goods 

 A9.1 Raw material quality does not meet 

customer requirements or 

predetermined standards  

A9.2 Unavailability of raw materials 

during bulk production  

A9.3 Lack of proper procedures for 

handling rejections and 

replacements of raw materials  

C10 Risk posed by the 

emergence of new 

technologies and 

technological 

advancements  

 

A10.1 Insufficient market research on 

innovation trends and competitors  

A10.2 Lack of consideration for upcoming 

technological advancements in 

product or service innovation  

A10.3 Negative impacts on the innovation 

due to lack of resources for 

implementing new technology  

C11 Failure to properly 

align the 

development, 

implementation, and 

output of the entire 

process, including 

incomplete project 

information and 

communication 

issues  

 

A11.1 Inaccuracies in defining the overall 

innovation process  

A11.2 Failure to clearly define each phase 

of the process with specific 

instructions  

A11.3 Inadequate determination of the 

information to be shared at each 

phase with appropriate personnel  

A11.4 Process issues that hinder meeting 

required timelines  

A11.5 Process issues that affect achieving 

the desired innovation quality  

A11.6 Process inefficiencies that prevent 

achieving cost savings  

A11.7 Failure to identify all relevant 

stakeholders in the process  

A11.8 Lack of effective communication 

channels  

A11.9 Failure to share required information 

and provide access to stakeholders  

C12 Lack of a robust risk-

control mechanism 

integrated with the 

company’s 

development plans, 

strategies, manpower, 

and financial 

A12.1 Lack of an appropriate evaluation 

mechanism with necessary control 

parameters  

A12.2 Ineffective review methods (internal, 

third-party, or both)  

A12.3 Failure to control the process 

according to the plan  
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investments, 

including insufficient 

risk supervision and 

failure to adopt a 

"learning-through-

experiment" 

approach  

A12.4 Inadequate frequency of analyzing 

control parameters  

A12.5 Failure to identify risks involved in 

the innovation process 

A12.6 Low success rate of past innovations  

C13 Inadequate technical 

capacity to support 

innovation  

A13.1 Insufficient capacity of machinery 

and equipment for bulk production  

A13.2 Lack of contingency plans to meet 

capacity needs (joint venture, 

subcontracting, collaboration, 

purchasing, hiring)  

A13.3 Inadequate workforce availability for 

bulk production  

A13.4 Inaccurate definition of the skills 

required to complete the innovation 

A13.5 Lack of plans to acquire necessary 

technical skills  

C14 Issues with the R&D 

process, challenges in 

scaling from sample 

to batch production, 

inbound and 

outbound 

communication 

problems, and 

inconsistency in 

project organization 

and management  

A14.1 Failure to define the development 

process for achieving the best 

product or service  

A14.2 Inability to overcome challenges 

during development  

A14.3 Failure to conduct development trials  

A14.4 Inability to scale the development 

process for mass production  

A14.5 Alternative methods increase costs, 

lead times, or require special skills 

and resources  

 

4.7 Innovator type of the organization 

Different Neural Network architectures were tested using MATLAB, and the results 

were summarized in Table 4.7. A detailed analysis of these tests is included in Table 

H.1 in Appendix H. 
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TABLE 4.7: SUMMARY OF THE NEURAL NETWORK CONFIGURATIONS 

USED TO DETERMINE INNOVATOR TYPE OF THE ORGANIZATION 

Model Type Number 

of Layers 

No of 

nodes in 

layers 

Activation 

Function 

Accuracy Comments 

1. Medium 

neural network 

1 25 ReLu 46.1 %  

2. Medium 

neural network 

1 25 ReLu 42.7% Keeping only 

35 

components to 

explain 95% 

variance 

according to 

PCA 

3. Optimizable 

neural network 

1 50 Tanh 51.7%  

4. Medium 

KNN 

   38.2%  

5. Fine Tree    49.4% Maximum 

number of 

splits 

according to 

Gini’s 

diversity  

index - 100 

6.Optimizable 

tree 

   50.6% Maximum 

number of 

splits 

according to 

Gini’s 

diversity  

index - 10 

7. SVM Kernal    39.3%  

8. Bilayered 

Neural Network 

2 1st layer 

10, 2nd 

layer 10 

ReLu 41.6%  

9. Wide neural 

network 

1 100 ReLu 60.7%  
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10.Trilayered 

neural network 

3 1st layer 

– 10, 2nd 

layer – 

10, 3rd 

layer - 

10 

ReLu 37.1%  

11.Optimizable 

Neural Network 

2 1st layer 

– 96, 2nd 

layer - 

243 

Sigmoid 52.8% Optimizer: 

Bayesian 

optimization 

12.Wide Neural 

Network 

1 1st layer 

-100 

Tanh 52.8%  

 

Among the various configurations, Model 9 was selected to identify the organization's 

innovator type due to its highest accuracy of 60.7% among the 12 models tested. Table 

4.8 illustrates the network parameters for the selected model, identified as model 9.  

TABLE 4.8: SUMMARY OF THE NETWORK PARAMETERS 

Training results 

Accuracy (Validation) 60.7% 

Total cost (Validation) Not applicable 

Prediction speed ~5400 obs/sec 

Training time 0.92314 sec 

Model Type  

Preset Wide Neural Network 

Number of fully connected layers 1 

First layer size 100 

Activation Function ReLu 

Iteration limit 1000 

Regularization strength (Lambda) 0 

Standardize data Yes 

Optimizer options Hyper parameter options disabled 

hyper parameter options Disabled 

Feature selection All features used in the model, 

before PCA 

PCA PCA disabled 

Misclassification costs Not supported 
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Regarding the model tuning, changing the number of hidden layers from 1 to 2 to 3 

changed accuracy from 60.7% to 52.8% and 37.1%, respectively. Hence, one hidden 

layer with 100 nodes and the ReLu activation function gives the best accuracy of the 

options tried. However, the sigmoid and Tanh gave lower accuracies than the ReLu. 

Due to limitations in generating appropriate loss function graphs with MATLAB, the 

model was re-implemented using Tensor Flow in Python. This yielded a final accuracy 

of 76.47%. To address the constraints posed by the small dataset, 5-fold cross-

validation was employed, which helped to improve the model’s accuracy. Figure 4.8 

shows the validation loss over 5 epochs. Further, Validation accuracy has become 

76.47% and found a validation loss of 1.49. However, accuracy could be further 

improved with a larger data set and by fine-tuning the neural network's internal 

parameters. This was not pursued in this study, as the focus was on demonstrating the 

methodology. 

 

 

              

 

 

 

 

      Fig. 4.8: Validation loss over 5 epochs 

4.8 Assessing the priorities of risk factors related to different 

innovator types 

Table 4.9 showcases ANP's identification of risk factor priorities across different 

innovator types. The "Limiting" column presents global priorities for 14 risk factors, 

while the "Normalized by cluster" column highlights priorities specific to each cluster.  

Furthermore, the Consistency Ratios (CR) of these priorities were less than 0.1, 

indicating acceptable consistency of all priorities. These global priorities guide 

decision-making by collectively addressing all 14 risk factors. 
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TABLE 4.9: PRIORITIES OF RISK FACTORS RELATED TO DIFFERENT 

INNOVATOR TYPES USING ANP 

Risk 

Factors 

Creator Solution Builder Leverager 
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rm
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y
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L
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C1 0.06188 0.03093 

 

0.05669 0.028346 0.06731 0.03365 

C2 0.02321 0.01160 0.04461 0.022306 0.0516 0.02579 

C3 0.1177 0.05885 0.12057 0.060283 0.11888 0.05943 

C4 0.08472 0.04236 0.08317 0.041585 0.08939 0.04469 

C5 0.03273 0.01636 0.05143 0.025713 0.03225 0.01612 

C6 0.1839 0.09194 0.15469 0.077346 0.16801 0.08400 

C7 0.04744 0.02371 0.06663 0.033316 0.04896 0.02448 

C8 0.05152 0.02576 0.08774 0.043869 0.0767 0.03835 

C9 0.0296 0.01480 0.0357 0.01785 0.0368 0.01840 

C10 0.05372 0.02686 0.04998 0.024989 0.03701 0.01850 

C11 0.05511 0.02755 0.04632 0.023159 0.04669 0.02334 

C12 0.13642 0.06821 0.10743 0.053716 0.1241 0.06204 

C13 0.03302 0.01651 0.03979 0.019894 0.03335 0.01667 

C14 0.08903 0.04451 0.05526 0.027628 0.06895 0.03447 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Intra 

Organizat

ional 

0.28254 0.14127 0.30734 0.153671 0.37444 0.18722 

Periphera

l 

0.18096 0.09048 0.26022 0.130112 0.13468 0.06733 

Process 0.20329 0.10164 0.21818 0.109091 0.2264 0.11320 

Product 0.33321 0.16660 0.21425 0.107125 0.26448 0.13224 
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Risk 

Factors 

Expander Defender Fast Follower 
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al
iz

e

d
 b

y
 

C
lu

st
er

 
L

im
it

in
g
 

N
o
rm

al
iz

e

d
 b

y
 

C
lu

st
er

 

L
im

it
in

g
 

N
o
rm

al
iz

e

d
 b

y
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L
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C1 0.0677

3 

0.033863 0.0577 0.028852 0.07393 0.03696 

C2 0.0393

6 

0.019681 0.03999 0.019997 0.03327 0.01663 

C3 0.1312

9 

0.065643 0.13335 0.066677 0.12276 0.06138 

C4 0.1074

9 

0.053743 0.10853 0.054266 0.10472 0.05235 

C5 0.0288

8 

0.01444 0.03737 0.018685 0.03427 0.01713 

C6 0.1766

4 

0.08832 0.16348 0.081742 0.18066 0.09033 

C7 0.0494

5 

0.024726 0.05402 0.027009 0.05962 0.02980 

C8 0.0449

8 

0.022488 0.04805 0.024027 0.03908 0.01953 

C9 0.0287

8 

0.014392 0.03319 0.016597 0.02814 0.01407 

C10 0.0539

7 

0.026987 0.05152 0.025761 0.06164 0.03081 

C11 0.0523 0.026149 0.04737 0.023687 0.03976 0.01987 

C12 0.1210

8 

0.060542 0.11226 0.056129 0.12134 0.06067 

C13 0.0371 0.018551 0.03678 0.01839 0.03198 0.01599 

C14 0.0609

5 

0.030476 0.07636 0.038181 0.06883 0.03441 

       

Intra 

Organizati

onal 

0.35954 0.17976 0.33771 0.16885 0.35625 0.17812 

Peripheral 0.09639 0.04819 0.13732 0.06865 0.16283 0.08141 

Process 0.25673 0.12836 0.23327 0.11663 0.20372 0.10185 

Product 0.28734 0.14366 0.2917 0.14585 0.27721 0.13860 

 

Figure 4.9 illustrates a graphical representation of summary of the priorities of 14 

technological innovation risk factors based on the organization's innovator type, while 
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Figure 4.10 illustrates how priorities across main innovation phases vary according to 

six innovator types.  

 

Fig. 4.9: Priorities of 14 technological innovation risk factors related to 6 innovator         

types 

 

  Fig. 4.10: Priorities of main phases of innovation process related to 6 innovator 

types 

The research highlights key risk factors for various innovator types, focusing on 

redundancy and unprecedented risks (C6), and the need for strong risk management 

strategies (C12), which are critical across all innovator profiles due to their potential 

to disrupt innovation. Securing intellectual property rights (C3) and leveraging 

organizational strengths (C4) are also crucial for long-term success. 

Effective risk management is essential for addressing technological innovation risks 

and ensuring access to necessary resources. Research and Development (R&D) (C14) 

plays a pivotal role by providing valuable insights for innovation. Different innovator 

types require tailored strategies: creators prioritize organizational strengths (C1), 

solution builders focus on information resources (C7), and expanders need to align 

innovation with strengths (C4) while managing technological risks (C10).Defenders 

and fast followers emphasize precise information (C7), with defenders focusing on 

maintaining competitiveness through continuous improvement, and fast followers 

prioritizing R&D (C14) and organizational strengths (C4) to enhance existing 

innovations. The insights on risk priorities will make more effective with the findings 
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of Figure 4.10, which elaborates which phases need more attention according to the 

innovator type of the organization.  

4.9 Assessing the priorities of root causes related to each risk factor 

The priorities of root causes for each technological innovation risk factor, as 

determined by the Super Decision software, are presented in Table 3 of Appendix K. 

The consistency ratios (CR) for all these priorities were below 0.1, confirming their 

acceptable consistency [190]. 

Figures 4.11 through 4.24 visually represent the priorities of root causes associated 

with each risk factor. “C” Denotes the risk factors and “A” denotes root causes 

corresponding to each risk factor in the graphs. 

 

 

 

 

 

 

 

 

Fig.4.11: Priorities of root causes related to C1 

 

 

Fig. 4.12: Priorities of root causes related to C2 
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Fig.4.13: Priorities of root causes related to C3 

      

 Fig. 4.14: Priorities of root causes related to C4 

 

 

 

 

 

              Fig. 4.15: Priorities of root causes related to C5 

   

   Fig. 4.16: Priorities of root causes related to C6 
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   Fig 4.17: Priorities of root causes related to C7 

 

 

             Fig. 4.18: Priorities of root causes related to C8 

 

 

 

 

                    

 

              Fig. 4.19: Priorities of root causes related to C9 

 

 

       Fig. 4.20: Priorities of root causes related to C10 
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                   Fig. 4.21: Priorities of root causes related to C11 

 

Fig. 4.22: Priorities of root causes related to C12 

 

 

 

 

 

                     Fig. 4.23: Priorities of root causes related to C13 

 
Fig. 4.24: Priorities of root causes related to C14 
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goals, as seen in Figures 4.11 and 4.12. Protecting innovations through proper risk 

management strategy (Figure 4.22) and measures like patents and NDAs (Figure 4.13) 

is vital to safeguarding investments. Organizational strengths, such as experiential 

learning and supplier management (Figure 4.14 and Figure 4.19), are critical for 

innovation success. Managing external information and technological advancements 

is crucial for competitiveness (Figure 4.17 and Figure 4.18), while addressing 

redundancy and unprecedented risks helps maintain stability (Figure 4.16). Precise 

information and market feedback (Figures 4.17 and 4.15) mitigate risks during product 

innovation, and managing risks related to raw materials and supplier flexibility (Figure 

4.19) ensures operational efficiency. 

Adapting to technological advancements (Figure 4.20) and managing risks in process 

innovation (Figure 4.21) offer competitive advantages. Finally, addressing technical 

capacity risks (Figure 4.24) and defining the right research and development approach 

(Figure 4.24) are key to achieving successful innovation outcomes. 

4.10 Risk management model for technological innovations in the textile and 

apparel industry 

Figure 4.25 illustrates the risk management model developed for handling 

technological innovation risks within the textile and apparel industry. 

5including technical knowledge and step-by-step procedures for playing the game. 

Upon completion of the game-play, risks will be effectively managed through optimal 

utilization of internal resources. The user guide titled "How to Play the Game" has 

been appended in Appendix K for reference. 

4.11 Validation of the risk management model 

4.11.1 Feedback of the industry validation process 

Industry experts made suggestions on:  

1. Identifying the respective departments accountable for addressing each root cause    

individually. 

2. Specifying the resources required to mitigate the root causes of each risk factor    

individually. 

3. Proposing an alternative approach for team members to convene during the pitch-

making meeting, considering logistical constraints with attending 14 separate 

meetings. The user guide has been updated with revised information for points 1 and 

2, incorporating the respective departments and required resources in Table 1, in the 

user guide attached to Appendix K.  
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Additionally, an alternative suggestion for point 3 proposes forming three teams to 

collectively address all 14 risk factors, as shown in Table 4.10, which is also included 

in the Appendix of the user guide. 

TABLE 4.10: ALTERNATIVE SUGGESTIONS TO FORM TEAMS FOR THE 

PITCH-MAKING MEETING 

Risk Factors Teams to be gathered 

C1,C2,C6,C7,C13 Senior management team taking organizational decisions, 

Finance, Marketing, Merchandising, Industrial Engineering, 

Research and Development (R & D), Supply chain, 

Production, Planning, Quality, Human Resources (HR) 

C3,C4,C5,C8,C10 HR, Planning, Production, Supply Chain, Merchandising, R 

& D, Industrial Engineering 

C9,C11,C12,C14 

 

R & D, Supply Chain, Planning, Merchandising, Industrial 

Engineering, Raw Material Inspection, Cutting, Production, 

Quality, Raw Material stores, Finance 

 

4.11.2 Validation of the risk management model with System Usability Scale 

Based on feedback from five industry experts, attached in the Appendix R, Table 4.13 

illustrates the individual System Usability Scores of 5 respondents. The Average 

System Usability Score was 81, indicating that the developed methodology is 

acceptable. The SUS score was calculated according to the methodology introduced in 

the literature [224], which has been elaborated in Appendix K. 
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Fig. 4.25: Risk management model 

 



107 

 

 

4.12 Discussion 

In December 2023, export earnings from Sri Lanka's Apparel and Textile sector 

experienced a notable decline of 8.64% year-over-year, dropping to US$ 438.78 

million compared to the same period in 2022 [4]. This downward trend persisted into 

2024, highlighting ongoing challenges within the industry amidst shifting global 

market dynamics [225]. This decline is exacerbated by the current economic crisis. 

Statistics point outs three key factors contributing to this downturn: increased lead 

times, rising costs, and a limited product range. To revitalize the industry's competitive 

edge in the global market, a strategic approach is imperative. Addressing these issues 

head-on paves the way for a resilient and thriving future for Sri Lanka's textile and 

apparel sector. 

Numerous researchers and industry experts have shifted their focus toward innovation 

as a primary research objective [30]. This shift highlights the pivotal role innovation 

plays in determining an organization's success and longevity, a trend evident even 

within the textile and apparel industry. The literature delineates 21 distinct concepts of 

innovation, some of which perform similar functions but are referred to by different 

names. Through literature-based elucidations, a deeper comprehension of these 

various innovation concepts emerges, facilitating the selection of the most suitable 

innovation type aligned with the specific task at hand. This nuanced understanding 

guides the entire supply chain process, thereby enriching both research endeavours and 

organizational strategic planning, and bridging a gap in the literature. 

Employing Grounded Theory to classify innovation concepts with analogous 

meanings streamlines the classification process, enhancing the efficacy of decision-

making by alleviating the burdensome task of redundant information analysis. 

Consequently, this refinement contributes to the accuracy and effectiveness of the 

innovation process. However, the complex interrelationship among innovation 

concepts, as illustrated by Graph Theory, presents a challenge, as complete isolation 

during classification proves infeasible. This limitation spotlights the intricacies 

inherent in innovation concept classification. 

Three main phases emerge from the classification of innovation concepts: intra-

organizational innovation, peripheral innovation, and sustainable innovation. These 

phases are instrumental in identifying the pivotal components that exert the greatest 

influence on innovation outcomes. Additionally, focusing on different innovation 

concepts depending on the phase of the innovation process improves strategic 

alignment. Furthermore, heightened attention is warranted towards technological 

innovation and risk management to optimize the impact of innovation endeavours. 

Given the multifaceted nature of technological innovation and its associated risks, 

robust risk management strategies are imperative. However, in the existing literature, 

while some risk factors and root causes are individually examined, not all were 
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considered comprehensively, hindering the determination of the big picture. Thus, the 

findings emphasize potential risk factors and root causes inherent in technological 

innovations, addressing a gap in the literature where comprehensive analyses are often 

lacking. This comprehensive examination of risk factors contributes to a deeper 

understanding of the underlying causes, enriching the existing literature on this subject 

matter. 

Moreover, it is essential to recognize that various business models adopt six distinct 

strategies for introducing new products to the market, namely creators, solution 

builders, leveragers, expanders, defenders, and fast followers [92]. However, not every 

innovative business realizes its full potential, as the chosen innovation strategy plays 

a pivotal role in determining whether the organization achieves a position of high or 

low success. This understanding underscores the importance of comprehending the 

correlation between risk factors and their impact on different approaches of the 

innovation process. 

Leveraging probabilistic outputs, organizations can strategically identify the most 

appropriate innovator type that aligns with their resources and competencies, allowing 

for a well-defined progression plan. Despite the potential of Back Propagation Neural 

Networks to offer quantifiable risk evaluations, challenges such as limited data 

availability and disparities in data derivation hinder their application. 

The Feed Forward Neural Network (FFNN), achieving an accuracy of 60.7% in 

identifying an organization's innovator type, faced performance challenges primarily 

due to insufficient training data, which risks poor generalization and over fitting. Data 

augmentation techniques can mitigate these issues to some extent by enhancing 

prediction accuracy. Although hyper-parameter tuning—adjusting learning rates, 

hidden layers, nodes, and activation functions can further improve accuracy, it was not 

performed in this model due to contextual limitations and practical constraints, with a 

focus on avoiding over fitting given the small dataset. 

The wide neural network developed in MATLAB showed a validation accuracy of 

60.7%, compared to 76.47% achieved by the same architecture in Tensor Flow. These 

discrepancies can be explained by differences in implementation specifics, training 

procedures, data management, regularization methods, and other facets of the machine 

learning pipeline, despite having an identical network design. 

Moreover, a validation loss of 1.49 measures the model’s prediction error on the 

validation dataset, reflecting its effectiveness in determining the most appropriate 

innovator type for the organization. Improved prediction accuracy can be achieved by 

optimizing model performance through techniques such as hyper parameter tuning, 

feature engineering, or leveraging more advanced models, especially when supported 

by a sufficient dataset. 
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Since the primary goal of using the FFNN was to assess the feasibility of neural 

networks for identifying an organization’s innovator type, a task not effectively 

achievable through traditional statistical methods. This neural network model, 

although separate from the risk management model, acts as a conceptual proof of the 

approach. Future efforts could focus on enhancing its performance through more 

comprehensive hyper-parameter tuning and the use of a larger dataset.  

Furthermore, a holistic approach to risk management is necessary, encompassing the 

entire innovation lifecycle from conceptualization to post-launch activities. This 

comprehensive strategy enables organizations to identify and prioritize specific risk 

factors based on the phase of the innovation process and the innovator type, thereby 

facilitating the development of a tailored risk management model specific to the 

organization's innovator type or product. 

The Analytic Network Process (ANP) is utilized as a decision model for data with 

interdependencies [167]. It effectively determines the priorities of risk factors 

associated with the innovation process and various innovator types. This approach 

enhances comprehension of risk factor prioritization by identifying relationships 

accurately, thereby supporting a balanced risk-reward outcome. Moreover, the study 

reveals that applying identical risk prioritization across all innovator types is 

impractical; different approaches tailored to each type are necessary to fully capitalize 

on innovation efforts. 

Understanding the priority shifts is crucial for aligning goals, allocating resources, 

managing risks, making decisions, fostering collaboration, adapting to changes, 

engaging stakeholders, and continuously improving strategies. This comprehension 

empowers businesses to make informed decisions, enhance their innovation 

endeavors, maximum utilization of resources and navigate the intricate realm of 

technological innovation efficiently.  

Thus, the findings stress the importance of developing a customized risk management 

strategy based on the unique characteristics of the organization's innovator type. This 

approach enables organizations to prioritize risks effectively, align internal resources 

accordingly, and address critical factors prior to pursuing innovative initiatives. 

The research provides valuable insights into prioritizing the root causes of the 14 

identified risk factors using the ANP. These priorities, illustrated in Figures 4.17 

through 4.30, offer a comprehensive view of how various root causes impact risk 

factors at different stages of the innovation process. This understanding equips 

organizations with a broader perspective on the potential threats to their innovation 

efforts and how to address them effectively. As a result, organizations can develop 

targeted risk management strategies that enhance the likelihood of successful 

innovation outcomes. 
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In addition, ANP priorities were derived from insights shared by industry experts, 

reflecting real-world scenarios in manufacturing organizations. By focusing on the 

most critical root causes, organizations can allocate resources more efficiently and 

mitigate challenges more effectively. This understanding is essential for addressing 

the underlying issues that contribute to risks, leading to more robust and efficient risk 

management strategies [285]. 

To enhance risk management in technological innovation, organizations must address 

the root causes of risk to eliminate associated problems and facilitate smoother 

innovation. Customizing risk management strategies to the specific needs of each 

organization and innovation is more effective than a generalized approach.  The 

diversity and level of risk depend on factors such as organizational objectives, human 

resources, financial capacity, and brand reputation, making a one-size-fits-all approach 

impractical. Besides organizations differ significantly in how they perceive, assess, 

and respond to risks, which influences their behavior toward risk acceptance. Hence, 

both product-specific and organization-specific risk management strategies are 

essential for maximizing innovation benefits and fostering growth. 

Furthermore, confidentiality concerns of organizations hinder the disclosure of critical 

risk management factors to third parties, posing a significant challenge. Thus, it is 

imperative to develop a robust risk management model which maintains 

confidentiality is essential. 

The risk management model is developed on core principles from Cooperative Game 

Theory, Behavioral Game Theory, a collaborative approach, psychological aspects of 

decision-making, visual representation of problems and the concept of board games. 

These foundational elements collectively provide a comprehensive model that 

effectively meets the outlined requirements across the entire risk management process 

providing practical solutions to the textile and apparel industry. 

Further, board games offer a novel, simplified approach to risk management in the 

textile and apparel industry, promoting flexibility and creativity, while enhancing 

decision-making accuracy. Visualizing problems through the game board strengthens 

decision-making, and researchers have discovered that this approach is closely linked 

to human psychology [245].Involving both hemispheres of the brain and leveraging 

diverse expertise during group discussions lead to a greater pool of potential solutions. 

Besides, the game consists of smaller, closely-knit units, as the size of the group 

significantly influences the effectiveness of decision-making [249]. 

The game connects members from all departments involved in the innovation process, 

bridging the gap between technical and all other teams. This alignment fosters a unified 

team effort toward the organization’s goals. By visualizing problems through the game 

board and pieces, the entire team gains a comprehensive view of the innovation status, 

ensuring transparency in decision-making.  
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Additionally, the game improves the efficient use of organizational resources without 

concentrating them in a single area. The introduction of specific phases—such as 

pitch-making, kick-starting, and addressing unresolved risk factors—ensures thorough 

risk assessment and mitigation, leading to informed decisions and optimal outcomes. 

Furthermore, providing teams with essential technical knowledge and guidance 

empowers them to make better decisions and develop a risk management strategy 

tailored to the organization. 

Despite the numerous risks and challenges inherent in the textile and apparel industry, 

there is a noticeable gap in the literature regarding comprehensive documentation and 

research on these issues. Furthermore, existing strategies often fall short as they are 

not tailored to address the industry's multifaceted challenges but rather focus on 

solving isolated problems. Therefore, this integrated strategy offers a powerful model 

for enhancing risk management by optimizing resource utilization, ensuring 

transparency, safeguarding the confidentiality of strategic plans, and maximizing the 

benefits of technological innovations tailored to the organization. It paves the way for 

a groundbreaking approach to risk management in the textile and apparel industry, 

opening new avenues for exploration and advancement
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CHAPTER 5 

CONCLUSION AND FUTURE RESEARCH 

5.1 Conclusion 

Enhancing the competitive edge of Sri Lanka's textile and apparel industry on the 

global stage requires embracing technological innovations. As literature suggests, 

innovation is the catalyst that turns creative concepts into tangible realities, making it 

indispensable for the survival and growth of any organization across industries. 

Strategic application of research findings throughout the innovation process ensures 

survival and positions organizations among the world's most innovative businesses. 

Technological innovation plays a significant role in reshaping the textile and apparel 

industry, offering fresh perspectives to achieve shorter lead times and cost benefits while 

providing sophisticated and customized products at reasonable prices, thus enhancing 

the industry's competitive power in the global market. However, the pursuit of 

technological innovation also brings significant risks, necessitating the development of 

a robust risk management model. A one-size-fits-all approach to risk management is 

inadequate, given the varied organizational contexts and inherent complexities of 

innovation processes.  

The developed risk management model offers a comprehensive approach by integrating 

key organizational elements such as investments, leadership skills, marketing strategies, 

human resource management, customer and supplier relationships, and R&D strategies. 

This tailored approach ensures that each component aligns with the organization's unique 

strengths and capabilities, enabling effective risk mitigation. By leveraging these 

resources in a cohesive framework, the model fosters sustainable growth, enhances 

innovation efforts, and secures a competitive edge in the market. 

As part of the research, the findings provide comprehensive insights into various 

innovation concepts, their classifications, associated risk factors, and their root causes. 

These insights also highlight the prioritization of these risks. This in-depth 

understanding equips organizations with the ability to make informed decisions, 

thereby minimizing uncertainty and improving strategic planning. Moreover, 

organizations can utilize this knowledge to identify the most appropriate innovator 

type based on their key competencies, further elevating innovation efforts. 

This strategic alignment serves as a potent tool for reducing uncertainty and 

complexity in innovation endeavours. Moreover, with NN outputs providing 

probabilities across all six innovator types, organizations gain valuable insights into 

their strengths and capabilities. This enables them to determine the most suitable 

innovation approach for expanding their market niche with greater confidence. 
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Furthermore, the developed risk management model fills critical gaps in the existing 

literature, offering novel features and benefits. The model ensures the privacy of 

organizational strategies while enhancing the organization's ability to remain resilient 

and adaptable in the face of future challenges. In addition, the model incorporates 

decisive concepts that enhance critical thinking, empowering organizations to reshape 

their strategies effectively by themselves. The integration of the board gaming concept 

adds novelty to the research, fostering innovative thinking and creativity within teams. 

Moreover, this is an interactive model, which brings down disconnect between technical 

and other teams and brings them all together to harness the full potential of the team. 

Since, this increases the effectiveness and transparency of the decisions made while 

empowering team members to make smarter alternatives.  

By identifying potential disconnect between different phases of the innovation process, 

the model promotes a smoother flow and faster adaptation to both internal and external 

changes. This equips decision-makers with critical information to make effective, 

informed decisions at the earliest stages, ultimately driving organizational success. 

Furthermore, the methodology promotes collaboration among team members, 

leveraging their collective expertise to develop smarter solutions and control biased 

decisions.  

The model's adaptability extends beyond technological innovations in the textile and 

apparel industry, offering potential applications in other manufacturing domains and 

inter-departmental technological innovation risk management. Moreover, this model 

can evolve into a comprehensive risk management model for the entire innovation 

process by incorporating key risk factors and identifying root causes of marketing and 

management innovations. By delineating core innovation concepts that encompass all 

21 dimensions outlined in the literature, this enhanced model offers a structured 

approach to managing risks and fostering innovation across the board.  

Another significant aspect is the model's ability to accommodate resolving additional 

risk factors, which are probable with future technological innovations. This can be 

accomplished by adding more unit cells to the game board, each with its own root 

causes and priorities. Besides, this is a generalized model, irrespective of the type of 

innovation and the position of the organization, i.e. whether it’s a start-up, developing, 

or an established organization.   

In a nutshell, the developed risk management model transforms risks into opportunities 

across three main phases of technological innovation in the textile and apparel industry. 

The model's acceptance, as evidenced by the impressive System Usability Scale rating, 

underscores its efficacy and potential for widespread adoption. By addressing critical 

points lacking in the existing literature, the model offers a comprehensive and 

customized approach to risk management in innovation processes, unlocking massive 

growth opportunities for organizations. 



114 

 

 

5.2 Limitations and future research 

This research acknowledges several limitations that have already been addressed. 

Stakeholder decisions, critical to the outcomes, were supported by statistically 

validated judgments to reduce the potential for bias in interpreting qualitative 

feedback. To manage challenges in determining risk tolerance and handling 

unresolved risks, ordinal scales were introduced, enhancing precision in assessing 

likelihood, severity, and risk levels. 

The risk matrices, initially vulnerable to human bias, have been improved through the 

implementation of team-based decision-making, transparency in action plans, and the 

use of clear, visible information. Additionally, the neural network's 60.7% accuracy in 

identifying innovator types has been enhanced through measures such as increasing 

dataset accuracy and optimizing the network structure via trial and error. Group 

discussions, which previously risked leaning toward extreme solutions, have been 

made more effective by forming experienced teams with a shared goal. This approach 

ensures balanced decisions and reduces bias.  

For future advancements, a user-friendly interface could be developed to streamline 

questionnaire feedback, making it easier for organizations to identify their innovator 

type. Additionally, improving the accuracy of the neural network through an expanded 

dataset and hyper-parameter tuning is essential. 

There is also potential to transform the risk management model into an online platform, 

which would support geographically dispersed organizations and foster collaborative 

teamwork towards shared objectives. 

The research findings hold significant promise for broader application across various 

industries engaged in technological innovation. These insights offer valuable strategic 

guidance that can drive global growth and success across diverse sectors. 
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APPENDIX A 

Questionnaire QE1, to validate the consistency of classification of innovation 

concepts  

Please indicate the extent to which you agree with the following classification. The 

classification is based on the definitions of innovation concepts in Table 1. 

Scale –  

1 – Strongly Disagree 

2 – Disagree 

3 – Undecided 

4- Agree 

5 – Strongly Agree 

TABLE A1: DEFINITIONS OF THE INNOVATION CONCEPTS 

Innovation 

concept 

Summarized interpretations 

Product 

innovation 

  

Product innovation improves existing functions or introduces new ones 

to meet evolving customer needs. It is driven by technological advances, 

marketing strategies, cultural trends, and research and development 

(R&D). R&D plays a crucial role in identifying enhancements and cost-

saving opportunities. 

Product 

innovation 

  

Product innovation enhances existing functions or introduces new ones 

to meet evolving customer needs. It is closely tied to technological 

advances, marketing strategies, and cultural trends. Research and 

development (R&D) are integral, helping to pinpoint areas for 

improvement and identify cost-saving opportunities 

Process 

innovation 

Process innovation improves a firm's performance and boosts ROI by 

using methods like Business Process Re-engineering (BPR), Just In 

Time (JIT), Total Quality Management (TQM), and Lean 

Manufacturing. 

Technology 

innovation 

 

Technology innovation drives organizations' survival and growth by 

generating intellectual property, economic, and social benefits. It is 

linked with R&D and innovations in products, processes, management, 



145 

 

culture, and structure. Organizations use technology innovations to 

optimize resource utilization. 

Enterprise 

innovation 

To meet strategic objectives, businesses must enhance operational 

efficiency by streamlining processes, leading to Business Model 

Innovation. Effective management control ensures oversight of 

resources, technology, and personnel, promoting overall business 

innovation 

Human 

Resource 

Management 

innovation 

(HRM) 

Innovation in Human Resource Management (HRM) is essential for 

company success, enhancing talent recruitment and development. It 

boosts innovation performance and capability, enabling organizations 

to unlock employee potential and drive innovation throughout 

operations. 

Service 

innovation 

Service innovation is vital for organizational success. Continuous 

development and improvement of services allow companies to meet 

evolving customer needs, leading to higher satisfaction and success 

Resource 

innovation 

Resource innovation optimizes an organization's internal and external 

resources to maximize fund utilization, including finances, inventory, 

skills, materials, equipment, and IT. 

System 

innovation 

System innovation is essential for creating an environment that 

encourages enterprise innovation. Adopting new systems and processes 

can streamline operations, cut costs, and generate opportunities for 

technology innovation 

Regional 

indigenous 

innovation 

Regional indigenous innovation enhances regional competitiveness, 

market share, and sustainable development by addressing key technical 

challenges unique to the region. 

Green 

innovation 

Green innovation includes energy-saving technologies, waste recycling, 

pollution prevention, and the development of eco-friendly products and 

processes. These initiatives enhance a company's environmental 

performance and competitive edge. 

Ecological 

innovation 

  

Ecological innovation focuses on developing sustainable and eco-

friendly products and processes. It emphasizes using renewable 

resources, reducing waste, and minimizing pollution to mitigate the 

negative impact of human activities on the environment. 

Marketing 

innovation 

  

Marketing innovation is crucial for a company's survival, growth, and 

economic success. It involves understanding customer needs and trends 

to develop effective management concepts and techniques for product 

and process innovation. 

User innovation User innovation focuses primarily on enhancing customer satisfaction, 

which is a fundamental aspect of marketing innovation 

Strategy 

innovation 

Strategy innovation incorporates technological, marketing, 

organizational, management, and cultural innovations to create new 
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business opportunities and enhance the quality and performance of the 

firm. 

Management 

innovation 

  

Management innovation links the organization's innovation vision with 

research and development. It encompasses strategic business model, 

organizational structure, and HRM innovations, significantly impacting 

the organization's overall performance. 

Institution 

Innovation 

  

Institutional innovation focuses on an organization's human resource 

practices aimed at cultivating a culture of innovation among employees. 

This involves implementing incentive mechanisms, reward systems, 

and performance management strategies that encourage innovative 

thinking and actions. 

Organizational 

innovation 

Organizational innovation optimizes the structure of an organization to 

ensure its survival and growth. This includes integrating technology, 

HRM innovations, and the management vision of the organization 

Culture 

innovation 

  

Culture innovation, integrated with strategy, management, institutional, 

market, technology, and HRM innovation, promotes sustainable growth 

and addresses bottlenecks in technological innovation. It fosters a 

learning culture that stimulates innovative thinking, enhancing 

employee performance, educational qualifications, motivation, 

intelligence, teamwork, recognition, and remuneration—all critical 

factors for a firm's success. 

Cooperative 

innovation 

  

This version succinctly emphasizes how cooperative innovation, 

through collaborative R&D initiatives, benefits organizations by 

enhancing innovation capabilities, reducing costs, and improving 

competitive advantage and long-term sustainability. 

 

Innovation Concepts P1 - Concepts 

related to 

structuring the 

organization for a 

sustainable 

innovation 

P2 - Concepts 

related to External 

Information 

needed for a 

sustainable 

Innovation 

P3 - Concepts 

related to 

Implementation 

of an Innovation 

Management Innovation    

Strategy Innovation    

Culture Innovation    

Human Resource 

Innovation 

   

Cooperative Innovation    

Organizational Innovation    

 Institutional Innovation 
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Enterprise Innovation    

Marketing Innovation    

User Innovation    

Life Cycle Innovation    

Business Model Innovation    

Technological Innovation    

Product Innovation    

Process Innovation    

System Innovation    

Regional Indigenous  

Innovation 

   

Service Innovation    

Resource Innovation    

Green Innovation    

Ecological Innovation    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



148 

 

 

APPENDIX B 

Summary of normality tests done on feedback of Questionnaire QE1, illustrated 

in Table B.1 through Table B.21.   

TABLE B.1: MANAGEMENT INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statist

ic 

df Sig. Statist

ic 

df Sig. 

Intra-

Organizational 

.314 321 .000 .763 321 .000 

Peripheral .242 321 .000 .828 321 .000 

Sustainable .252 321 .000 .819 321 .000 

 

TABLE B.2: STRATEGY INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statist

ic 

df Sig. Statist

ic 

df Sig. 

Intra-

Organizational 

.300 321 .000 .779 321 .000 

Peripheral .244 321 .000 .824 321 .000 

Sustainable .271 321 .000 .801 321 .000 

 

TABLE B.3: CULTURE INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.367 321 .000 .666 321 .000 

Peripheral .264 321 .000 .788 321 .000 

Sustainable .260 321 .000 .791 321 .000 
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TABLE B.4: HUMAN RESOURCE INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.379 321 .000 .634 321 .000 

Peripheral .265 321 .000 .784 321 .000 

Sustainable .263 321 .000 .779 321 .000 

 

TABLE B.5: INSTITUTIONAL INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.413 321 .000 .616 321 .000 

Peripheral .268 321 .000 .775 321 .000 

Sustainable .293 321 .000 .764 321 .000 

 

TABLE B.6: ORGANIZATIONAL INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.434 321 .000 .592 321 .000 

Peripheral .261 321 .000 .783 321 .000 

Sustainable .291 321 .000 .766 321 .000 

 

TABLE B.7: ENTERPRISE INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.324 321 .000 .761 321 .000 

Peripheral .216 321 .000 .841 321 .000 

Sustainable .236 321 .000 .829 321 .000 
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TABLE B.8: CO OPERATIVE INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.374 321 .000 .696 321 .000 

Peripheral .276 321 .000 .784 321 .000 

Sustainable .300 321 .000 .777 321 .000 

 

TABLE B.9: MARKETING INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.288 321 .000 .756 321 .000 

Peripheral .461 321 .000 .534 321 .000 

Sustainable .254 321 .000 .766 321 .000 

 

TABLE B.10: TECHNOLOGICAL INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.234 320 .000 .830 320 .000 

Peripheral .241 320 .000 .820 320 .000 

Sustainable .331 320 .000 .762 320 .000 

 

TABLE B.11: BUSINESS MODEL INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.270 321 .000 .775 321 .000 

Peripheral .389 321 .000 .644 321 .000 

Sustainable .270 321 .000 .782 321 .000 
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TABLE B.12: LIFE CYCLE INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statist

ic 

df Sig. Statist

ic 

df Sig. 

Intra-

Organizational 

.217 321 .000 .837 321 .000 

Peripheral .365 321 .000 .712 321 .000 

Sustainable .247 321 .000 .823 321 .000 

 

TABLE B.13: USER INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.258 356 .000 .780 356 .000 

Peripheral .337 356 .000 .697 356 .000 

Sustainable .304 356 .000 .755 356 .000 

 

TABLE B.14: PRODUCT INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.291 321 .000 .703 321 .000 

Peripheral .303 321 .000 .724 321 .000 

Sustainable .519 321 .000 .387 321 .000 

 

TABLE B.15: PROCESS INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.228 321 .000 .830 321 .000 

Peripheral .232 321 .000 .846 321 .000 

Sustainable .327 321 .000 .768 321 .000 
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TABLE B.16: SYSTEM INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.240 321 .000 .824 321 .000 

Peripheral .262 321 .000 .813 321 .000 

Sustainable .253 321 .000 .769 321 .000 

 

TABLE B.17: REGIONAL INDIGENOUS INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.224 321 .000 .833 321 .000 

Peripheral .238 321 .000 .827 321 .000 

Sustainable .336 321 .000 .758 321 .000 

 

TABLE B.18: ECOLOGICAL INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.253 321 .000 .802 321 .000 

Peripheral .261 321 .000 .795 321 .000 

Sustainable .347 321 .000 .718 321 .000 

 

TABLE B.19: RESOURCE INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.299 321 .000 .711 321 .000 

Peripheral .293 321 .000 .724 321 .000 

Sustainable .519 321 .000 .387 321 .000 
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TABLE B.20: GREEN INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.256 321 .000 .781 321 .000 

Peripheral .247 321 .000 .792 321 .000 

Sustainable .398 321 .000 .667 321 .000 

 

 

TABLE B.21: SERVICE INNOVATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statisti

c 

df Sig. Statisti

c 

df Sig. 

Intra-

Organizational 

.214 321 .000 .838 321 .000 

Peripheral .223 321 .000 .834 321 .000 

Sustainable .349 321 .000 .747 321 .000 

 

Summary of the hypotheses tests with boxplot images 

Kruskal-Wallis hypotheses test results on the classification of innovation concepts 

All the 21 innovation concepts have received the below Hypothesis test summary as 

illustrated in Table B22. 

TABLE B22: HYPOTHESIS TEST SUMMARY 

Hypothesis Test Summary 

 Null Hypothesis Test Sig. Decision 

1 The medians of 

Response are the 

same across 

categories of 

Category. 

Independent-Samples 

Median Test 

.000 Reject the null 

hypothesis. 

2 The distribution of 

Response is the same 

across categories of 

Category. 

Independent-Samples 

Kruskal-Wallis Test 

.000 Reject the null 

hypothesis. 

Asymptotic significances are displayed. The significance level is .050. 
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Box plot images of 21 innovation concepts are illustrated in Figure B.1 through B 

    

 

Marketing innovation       

 

 

Life Cycle innovation 

     

Fig. B.1: Organizational innovation                       Fig. B.2:  Institutional innovation

  

    

 

Marketing innovation       

 

 

Life Cycle innovation 

     

Fig. B.3: Marketing innovation                            Fig. B.4: Life cycle innovation 

 

    

 

Marketing innovation       

 

 

Life Cycle innovation 

     

Fig. B.5: Business model innovation                    Fig. B.6: Technological innovation 
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Marketing innovation       

 

 

Life Cycle innovation 

     

Fig. B.7: Product innovation                              Fig. B.8: Process innovation 

 

    

 

Marketing innovation       

 

 

Life Cycle innovation 

     

Fig. B.9: System innovation                                  Fig. B.10: Regional indigenous 

                                                                               innovation 

 

    

 

Marketing innovation       

 

 

Life Cycle innovation 

     

Fig. B.11: Service innovation                                 Fig. B.12: Green innovation  
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Fig. B.13: Cooperative innovation                      Fig. B.14: Culture innovation  

 

    

   

 

 

 

 

 

 

 

Fig. B.15: Ecological innovation                         Fig. B.16: Enterprise innovation  

 

    

   

 

 

 

 

 

 

 

Fig. B.17: Human resource innovation                Fig. B.18: Management innovation 
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Fig. B.19: Resource innovation                            Fig. B.20: Strategy innovation 

 

    

   

 

 

 

 

 

 

 

Fig. B.21: User innovation                                    
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APPENDIX C 

Questionnaire QE2 assesses the industry's willingness to share necessary 

information for evaluating risks in core innovation concepts.  

Please indicate whether the organization is willing to provide the information 

requested in the 1st column of the table, either with Yes or No. 

Information Needed to assess Risk Involved 

in Core Innovation Concepts 

Related Core 

innovation concepts 

Consent to 

share 

information 

A:Key business objectives Management 

Marketing 

 

B:Organizational vision on Innovation Management  

Marketing 

 

C:Future plan for the growth of the innovation  Management 

Marketing 

Technological 

 

D: Financial plan on Innovation Management 

Marketing 

Technological 

 

E:Organizational Strategy in achieving 

Innovation goals 

Management 

Marketing  

 

F:Identifying training needs of the team in 

achieving innovation goals 

Management 

Technological 

 

G:Analysis of Strengths of the organization in 

terms of 

   

H:Competitive advantages of the 

Organization 

Management 

Marketing 

 

I:Skills required for the innovation Technological  

J:Expertise Knowledge required on 

Innovation 

Management, 

Technological 

 

K:Special Talents required on Innovations Technological  

L:Investments needed for Innovation Management  

M:Skills already available in the team Management 

Technological 
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N:Analysis of Threats of the organization  -     

O:Labour Shortages Management 

Marketing 

Technological 

 

 P:Legislative Hurdles Management 

Marketing 

 

 Q:Detrimental Economic/Political 

developments 

Management 

Marketing 

 

 R:Competitors Marketing 

Management 

Technological 

 

S:Strategy  in reaching and identifying the 

customers and their unmet needs 

Marketing 

Management 

 

T: Defining the Marketing strategy testing on 

target market 

Marketing  

U:Power and knowledge of key decision 

makers 

Marketing 

Management 

Technological 
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APPENDIX D 

Questionnaire QE3, to validate the consistency of risk factor classification related 

to different phases of innovation process 

Instructions to fill the questionnaire 

Please put a tick for the most appropriate innovation phase, related to each risk factor  

Numb

er 

Risk factors of technology innovation 

failures 

In
tr

a
 

O
r
g
a
n

iz
a
ti

o
n

a
l 

in
n

o
v
a
ti

o
n

 

p
h

a
se

 
(S

tr
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tu

r
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e
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iz
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ti
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fo
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su
st

a
in
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) 
P

e
r
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h
e
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in
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p

h
a
se

 
( 

In
fo

r
m

a
ti

o
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o
u

ts
id

e
 

th
e
 

o
r
g
a
n

iz
a
ti

o
n

) 

P
r
o
d

u
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in
n

o
v
a
ti

o
n

 p
h

a
se

  

P
r
o
c
e
ss

 i
n

n
o
v
a
ti

o
n

 p
h

a
se

 

C1 Failure to evaluate the innovation 

concept based on the company's 

financial, structural, marketing, and 

technological capabilities 

    

C2 The company's long-term goals are not 

aligned with its innovation strategy 

    

C3 Violation of intellectual property rights 

or theft of intellectual property from 

others 

    

C4 Lack of organizational strength, 

including human resources, financial 

resources, leadership, contracts, brand 

recognition, and a skilled supplier base 

    

C5 Failure to adopt improved methods of 

commercialization and inaccurate 

market positioning 

    

C6 Innovation may become obsolete due to 

redundancy, and unprecedented risks 

(including customer demand 

fluctuations, social and economic 
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environment changes, and shifts in 

national industrial policies) can impact 

the organization 

C7 Risk of incomplete and inaccurate 

information, including distorted market 

data 

    

C8 Failure to generate technological ideas 

through customer feedback, basic 

research, and creativity leads to 

innovation that does not address 

customer pain points 

    

C9 Material resource risk affects timely 

delivery of goods 

    

C10 Risk posed by the emergence of new 

technologies and technological 

advancements 

    

C11 Failure to properly align the 

development, implementation, and 

output of the entire process, including 

incomplete project information and 

communication issues 

    

C12 Lack of a robust risk-control mechanism 

integrated with the company’s 

development plans, strategies, 

manpower, and financial investments, 

including insufficient risk supervision 

and failure to adopt a "learning-through-

experiment" approach 

    

C13 Inadequate technical capacity to support 

innovation 

    

C14 Issues with the R&D process, 

challenges in scaling from sample to 

batch production, inbound and 

outbound communication problems, 

and inconsistency in project 

organization and management 
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APPENDIX E 

QE4 - Questionnaire to identify root causes related to 14 risk factors in 

technology innovations  

Please explain the reasons or root causes for the occurrence of these risk factors related 

to technological innovations 

No. Risks factors of technology innovation failures Reasons or 

root causes 

for the 

occurrence 

of these risk 

factors 

related to 

technology 

innovations 

C1 Failure to evaluate the innovation concept based on 

financial, structural, marketing, and technological 

capabilities  

 

C2 The company's long-term goals are not aligned with its 

innovation strategy  

 

C3 Violating intellectual property rights or stealing 

intellectual property from others  

 

C4 Lack of organizational strength (including human 

resources, financial resources, leadership, contracts, brand 

recognition, and a skilled supplier base) 

 

C5 Failure to adopt better methods of commercialization, 

inaccurate market positioning  

 

C6 Redundancy (a profitable innovation today may become 

obsolete in the near future) and Unprecedented risks - 

(risks beyond the organization's control, fluctuations in 

customer demand, social and economic environment, and 

national industrial policies)  

 

C7 Information resource risk, including distorted market 

information  

 

C8 Failure to generate technological ideas through customer 

feedback, basic research, and creativity resulted in 

Innovation failure to address customer pain points  

 

C9 Material resource risk   

C10 Technological advancements and the emergence of new 

technologies  
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C11 Failure to properly align the development, 

implementation, and output of the entire process 

(incomplete project information and communication 

issues)  

 

C12 Lack of a better risk-control mechanism, which risk 

management, must be combined with the enterprise's 

development plan, strategies, manpower, and financial 

investments, including a lack of risk supervision and 

control activity throughout the process and failure to 

adopt the "learning-through-experiment" process  

 

C13 Inadequate Technical Capacity  

C14 Issues with the R&D process, sample-to-batch challenges, 

Inbound and outbound communication issues, as well as 

inconsistency in project organization and management  
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APPENDIX F 

Questionnaire QE5, to gather input data for the Feed forward Neural 

Network (FFNN) aimed at assessing the innovator type of an organization 

Innovator Type 

Please select the Innovator type related to your Innovation 

* Required 

Innovator Type 

Mark only one oval. 

Creator - High Innovative capabilities and being inquisitive to find 

gaps 

Solution Builder- Looking to the market for inspiration, drawing 

on observations and deep insight to address customer priorities and 

problems 

Leverager - Create a superior business model and then capitalize 

on it to sustain their Industry leadership 

Expander- Apply their core capabilities in new ways to take over 

adjacent markets 

Defender - Focus on points of advantage in mature or slow 

changing sectors and innovate defensively to protect their advantage 

Fast Follower - Optimize their capabilities across all dimensions in 

order to quickly respond to and often improve upon competitor’s 

innovations 

 

Factors affecting technological innovation during Intra-organizational 

innovation phase 

Intra-Innovation Phase means structuring the Organization for a sustainable 

Innovation 

 

C1 - Failure to evaluate the innovation concept based on financial, structural, 

marketing, and technological capabilities 

A1.1 Availability of enough investments for the project 

A1.1 

Availability 

of enough 

investments 

for the 

project 
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A1.2.  If unavailable, chances of finding the required investments from outside (Loan, 

joint venture, mortgage, other) 
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A1.3. Reviewing the innovation idea by members with appropriate expertise in 

identifying what would be necessary to implement the idea and what might go wrong? 
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A1.4 Prior knowledge and experience of the leadership to guide the innovation 

process? 
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A1.5. Accuracy of the budgeting process 
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C2 The Company’s long-term goals are not aligned with its innovation strategy 
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A2.1 Considering the company's long term goals when doing the innovation? 
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A2.2 Required strengths (resources) of the organization in developing the innovation 

idea to match with company’s long term goals 
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C3 Violating intellectual property rights or stealing intellectual property from others 

 

A3.1 Checking the intellectual properties related to this product? Ex: Patent? 
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A3.2 Securing the innovation with a patent or any other appropriate method? 
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A3.3 Signing the NDA's (Non-Disclosure Agreements) with necessary personals? 
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C4 Lack of organizational strength, including human resources, financial resources, 

leadership, contracts, brand recognition, and a skilled supplier base 
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A4.1 Long term availability of critical skill holders in the organization 
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A4.2 Availability of required skills and knowledge of team members? 
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A4.3 Actions you have taken to improve your skills and knowledge? (1. Internal 

training, 2. On the job training, 3. External training with consultants 4. Any other 

appropriate training), (Skills for innovation and research? 
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A4.4 Having a proper learning culture in the organization 
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A4.5 The relationship between team members 
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A4.6 Level of convincing operators on process change 

Innovator Type 
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A4.7 Availability of time and other resources to go through the process of "learning 

through experiment" 

Innovator Type 
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A4.8 Facts considered when selecting the Supplier (1. price, 2. lead time, 3. raw 

material quality, 4. cost benefits, 5. credit terms, 6. accreditations),? 
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A4.9 Agreement with Supplier holds any chances for negotiation? 
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Factors affecting technological innovation during Peripheral innovation phase 

 

Peripheral-Innovation Phase means information required from outside the 

organization for a sustainable innovation 

 

C5 Failure to adopt improved methods of commercialization and inaccurate market 

positioning  
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A5.1 Availability of a proper mechanism to aware customers on products/services 
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A5.2 Consulting a 3rd party team with more experiences in the process of 

commercialization 
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A5.3 Deciding the correct market positioning through adequate market research 
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C6 Innovation may become obsolete due to redundancy, and unprecedented risks 

(including customer demand fluctuations, social and economic environment changes, 

and shifts in national industrial policies) can impact the organization 

A6.1 Analysis of the information on redundancy or unprecedented risks which can 

impact the organization 
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A6.2 Being the 1st entrant to the market 
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A6.3 If no, are there any significant competitors?? 
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A6.4 Competitive advantages over the competitors of similar product/services (in 

terms of price, quality, user friendliness, market segment, brand recognition, 

durability, lead time)? 

Strongly dissatisfied – None of the above factors 

Dissatisfied – 2 factors 

Neither satisfied nor dissatisfied – 3 or 4 factors including the factors 1,2 and 7 

Satisfied – 5 to 6 factors including the factors 1, 2 and 7 

Strongly satisfied – All factors 
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A6.5 Demand pattern of the customers related to the innovation 

Innovator Type 

S
tr

o
n
g
ly

 

D
is

sa
ti

sf
ie

d
 

D
is

sa
ti

sf
ie

d
 

N
ei

th
er

 

S
at

is
fi

ed
 

n
o
r 

D
is

sa
ti

sf
ie

d
 

S
at

is
fi

ed
 

S
tr

o
n
g
ly

 

sa
ti

sf
ie

d
 

      

 



171 

 

 

A6.6 6   Innovation complying with legislation and other national industrial policies 
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C7 Risk of incomplete and inaccurate information, including distorted market data 

 

A7.1 Conducting a proper target market analysis 
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A7.2 Identification of actual requirement of the customer 
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A7.3 The outcome of the feasibility study 
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Factors affecting technological innovation during sustainable innovation phase, 

related to product innovation 

 

Sustainable Innovation phase means implementing a sustainable innovation 

related to product and process 

C8 Failure to generate technological ideas through customer feedback, basic research, 

and creativity leads to innovation that does not address customer pain points 

 

A8.1 In cooperating customer feedbacks or market research feedbacks when 

developing the technological innovation idea 
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A8.2 Innovation fulfilling customer expectations 
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A8.3 Innovation is capable of competing with current technological trends 
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C9 Risks associated with material availability and quality 

A9.1 Raw material quality matching with the customer requirements or any 

predetermined standards 
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A9.2 Availability of raw material during the bulk 
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A9.3 Procedure to handle rejections and replacements of raw material 
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C10 Risk posed by the emergence of new technologies and technological 

advancements 

A10.1 Conducting proper market research on your innovation including current trends 

and competitors 
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A10.2 Any available/upcoming technological advancement related to your 

product/service? 
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A10.3 If yes, any harmful effects to the final innovation due to lack of resources to 

apply the new technology 



174 

 

Innovator 

Type 

N
o
t 

at
 A

ll
 

N
o
t 

V
er

y
 

L
ik

el
y
 

S
o
m

ew
h
at

 

L
ik

el
y
 

V
er

y
 

L
ik

el
y
 

E
x
tr

em
el

y
 

L
ik

el
y
 

      

 

Factors affecting technological innovation during sustainable innovation phase, 

related to process innovation 

Sustainable innovation phase means implementing a sustainable innovation 

related to product and process 

C11 Failure to properly align the development, implementation, and output of the 

entire process (incomplete project information and communication issues) 

A11.1 Failure to properly align the development, implementation, and output of the 

entire process, including incomplete project information and communication issues 
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A11.2 Accuracy of defining each phase of the process with clear 

instructions/information 
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A11.3 Deciding the required information to be shared in each phase, with correct 

people 
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A11.4 Contribution of the whole process in achieving the required timelines 
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A11.5 Contribution of the whole process in achieving the required quality of the 

innovation 
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A11.6 Contribution of the whole process in achieving the required cost savings 
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A11.7 Identification of all the stakeholders in the process 
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A11.8 Availability of an effective communication channel 
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A11.9 Sharing required information and access to the stakeholders 
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C12 Lack of a robust risk-control mechanism integrated with the company’s 

development plans, strategies, manpower, and financial investments, including 

insufficient risk supervision and failure to adopt a "learning-through-experiment" 

approach 

 

A12.1 Availability of an appropriate evaluation mechanism with required control 

parameters? 
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A12.2 Who will be reviewing the process (Internally, Third Party, Both) 

Do not consider - Strongly Dissatisfied 

Not Applicable –Dissatisfied 

Internally - Neither Satisfied nor Dissatisfied 

Third party – Satisfied 

Both internally and third party - Strongly satisfied 
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A12.3 Is the process well-controlled against the plan? 
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A12.4 Frequency of analysing the control parametersNever – Not at all 

Rarely - Not Very Likely 

Occasionally - Somewhat Likely 

Frequently - Very Likely 

Very Frequently - Extremely Likely 
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A12.5 Identification of risks involved in this innovation? 
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A12.6 If done, the success rate of the innovations 

0 – 20% - Strongly Dissatisfied 

21% - 40% –Dissatisfied 

41%- 60% - Neither Satisfied nor Dissatisfied 

61% - 80% – Satisfied 

81% - 100% - Strongly satisfied 
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C13 Inadequate technical capacity to support innovation 

A13.1 Availability of required capacity of resources (machinery and equipment) to be 

utilized in bulk 
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A13.2 If no, how the capacity is being filled (Joint venture, subcontracting, 

collaboration, purchasing, hiring, other) 
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A13.3 Availability of required work-force for a bulk production 
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A13.4 Defining the human resource skills requirement to complete the innovation 
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A13.5 If dissatisfied, having any alternate plans to acquire the required technical 

skills? 
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C14 Issues with the R&D process, challenges in scaling from sample to batch 

production, inbound and outbound communication problems, and inconsistency in 

project organization and management 

A14.1 Defining the development process in achieving the right product/service? 
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A14.2 Ability to overcome challenges in the development process? 
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A14.3 Performing a development trial 
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A14.4 Ability to apply the same methods/ development process for bulk production 
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A14.5 Any alternative methods increasing the requirements of costs/ lead time/ special 

skills and other 
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APPENDIX G 

Data Visualization illustrated in Table G.1. 

 

TABLE G.1: DATA VISUALIZATION 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statis

tic 

df Sig. Statistic df Sig. 

VAR00001 .353 89 .000 .794 89 .000 

VAR00002 .298 89 .000 .795 89 .000 

VAR00003 .423 89 .000 .667 89 .000 

VAR00004 .393 89 .000 .733 89 .000 

VAR00005 .271 89 .000 .802 89 .000 

VAR00006 .275 89 .000 .832 89 .000 

VAR00007 .404 89 .000 .710 89 .000 

VAR00008 .264 89 .000 .788 89 .000 

VAR00009 .224 89 .000 .845 89 .000 

VAR00010 .317 89 .000 .714 89 .000 

VAR00011 .380 89 .000 .712 89 .000 

VAR00012 .442 89 .000 .580 89 .000 

VAR00013 .314 89 .000 .830 89 .000 

VAR00014 .325 89 .000 .820 89 .000 

VAR00015 .400 89 .000 .717 89 .000 

VAR00016 .362 89 .000 .733 89 .000 

VAR00017 .252 89 .000 .854 89 .000 

VAR00018 .349 89 .000 .779 89 .000 

VAR00019 .385 89 .000 .744 89 .000 

VAR00020 .415 89 .000 .652 89 .000 

VAR00021 .207 89 .000 .889 89 .000 

VAR00022 .326 89 .000 .795 89 .000 

VAR00023 .323 89 .000 .822 89 .000 

VAR00024 .386 89 .000 .681 89 .000 

VAR00025 .379 89 .000 .663 89 .000 

VAR00026 .326 89 .000 .786 89 .000 

VAR00027 .382 89 .000 .701 89 .000 

VAR00028 .252 89 .000 .843 89 .000 

VAR00029 .290 89 .000 .845 89 .000 

VAR00030 .334 89 .000 .799 89 .000 
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VAR00031 .398 89 .000 .715 89 .000 

VAR00032 .276 89 .000 .768 89 .000 

VAR00033 .441 89 .000 .615 89 .000 

VAR00034 .295 89 .000 .820 89 .000 

VAR00035 .461 89 .000 .575 89 .000 

VAR00036 .425 89 .000 .664 89 .000 

VAR00037 .344 89 .000 .802 89 .000 

VAR00038 .342 89 .000 .796 89 .000 

VAR00039 .337 89 .000 .796 89 .000 

VAR00040 .214 89 .000 .902 89 .000 

VAR00041 .358 89 .000 .759 89 .000 

VAR00042 .343 89 .000 .746 89 .000 

VAR00043 .441 89 .000 .616 89 .000 

VAR00044 .346 89 .000 .756 89 .000 

VAR00045 .422 89 .000 .676 89 .000 

VAR00046 .335 89 .000 .780 89 .000 

VAR00047 .351 89 .000 .771 89 .000 

VAR00048 .393 89 .000 .723 89 .000 

VAR00049 .385 89 .000 .706 89 .000 

VAR00050 .306 89 .000 .820 89 .000 

VAR00051 .443 89 .000 .629 89 .000 

VAR00052 .364 89 .000 .752 89 .000 

VAR00053 .275 89 .000 .782 89 .000 

VAR00054 .399 89 .000 .692 89 .000 

VAR00055 .166 89 .000 .899 89 .000 

VAR00056 .346 89 .000 .754 89 .000 

VAR00057 .273 89 .000 .785 89 .000 

VAR00058 .432 89 .000 .652 89 .000 

VAR00059 .286 89 .000 .833 89 .000 

VAR00060 .331 89 .000 .785 89 .000 

VAR00061 .372 89 .000 .733 89 .000 

VAR00062 .432 89 .000 .617 89 .000 

VAR00063 .299 89 .000 .814 89 .000 

VAR00064 .382 89 .000 .711 89 .000 

VAR00065 .376 89 .000 .748 89 .000 
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Figure G.1 through G.65 illustrate histograms on 65 Variables (65 root causes used as 

input to the Neural Network) 
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Fig. G.1: Variable V1                                           Fig. G.2: Variable V2 
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Fig. G.3: Variable V3                                           Fig. G.4: Variable V4 
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Fig. G.5: Variable V5                                           Fig. G.6: Variable V6 
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Fig. G.7: Variable V7                                          Fig. G.8: Variable V8 
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Fig. G.9: Variable V9                                           Fig. G.10: Variable V10 
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Fig. G.11: Variable V11                                       Fig. G.12: Variable V12 
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Fig. G.13: Variable V13                                       Fig. G.14: Variable V14 

     

 

    

 

Marketing innovation       

 

 

Life Cycle innovation 

     

Fig. G.15: Variable V15                                       Fig. G.16: Variable V16 
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Fig. G.17: Variable V17                                      Fig. G.18: Variable V18 
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Fig. G.19: Variable V19                                      Fig. G.20: Variable V20 
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Fig. G.21: Variable V21                                      Fig. G.22: Variable V22 
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Fig. G.23: Variable V23                                      Fig. G.24: Variable V24 
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Fig. G.25: Variable V25                                       Fig. G.26: Variable V26 
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Fig. G.27: Variable V27                                       Fig. G.28: Variable V28 
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Fig. G.29: Variable V29                                       Fig. G.30: Variable V30 
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Fig. G.31: Variable V31                                       Fig. G.32: Variable V32 
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Fig. G.33: Variable V33                                       Fig. G.34: Variable V34 
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Fig. G.35: Variable V35                                      Fig. G.36: Variable V36 
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Fig. G.37: Variable V37                                       Fig. G.38: Variable V38 
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Fig. G.39: Variable V39                                       Fig. G.40: Variable V40 
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Fig. G.41: Variable V41                                       Fig. G.42: Variable V42 
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Fig. G.43: Variable V43                                       Fig. G.44: Variable V44 
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Fig. G.45: Variable V45                                       Fig. G.46: Variable V46 
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Fig. G.47: Variable V47                                       Fig. G.48: Variable V48 
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Fig. G.49: Variable V49                                       Fig. G.50: Variable V50 
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Fig. G.51: Variable V51                                       Fig. G.52: Variable V52 
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Fig. G.53: Variable V53                                       Fig. G.54: Variable V54 
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Fig. G.55: Variable V55                                       Fig. G.56: Variable V56 
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Fig. G.57: Variable V57                                       Fig. G.58: Variable V58 
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Fig. G.59: Variable V59                                       Fig. G.60: Variable V60 
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Fig. G.61: Variable V61                                       Fig. G.62: Variable V62 
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Fig. G.63: Variable V63                                       Fig. G.64: Variable V64 
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Fig. G.65: Variable V65                                        
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APPENDIX H 

Neural Network architectures explored to determine the innovator type of the 

organization are shown in Table H.1. 

 

TABLE H.1: NEURAL NETWORK ARCHITECTURES 

Model 

Number 

1 2 3 4 5 

Model 

Type 

Medium 

Neural 

Network 

Medium 

Neural 

Network 

Optimizable 

Neural 

Network 

Medium 

KNN 

FineTree 

Accuracy 46.1% 

 

42.7% 

 

51.7% 38.2% 49.4% 

Prediction 

Speed 

~5400 

obs/sec 

~1100 

obs/sec 

~4900 

obs/sec 

~1600 

obs/sec 

~4100 

obs/sec 

Training 

Time 

0.76883 sec 1.3845 sec 38.111 sec 1.6476 sec 1.1906 sec 

Number of 

Fully 

connected 

layers 

1 1 3 

1st layer – 1-

300, 2nd- 1-

300, 3rd 1-

300 

  

First Layer 

Size 

25 25 50   

Activation 

Function 

ReLu ReLu Tanh   

Iteration 

Limit 

1000 1000 1000   

Other 

Informatio

n 

Standardize 

data: Yes

  

Optimizer 

Options: 

Hyperparam

eter options 

disabled 

Feature 

Selection 

All features 

used in the 

model, 

Optimizer 

Options 

Hyperparam

eter options 

disabled 

Feature 

Selection 

All features 

used in the 

model, 

before PCA 

PCA PCA is 

keeping 

Optimizer 

Options 

Optimizer: 

Bayesian 

optimization 

Acquisition 

function: 

Expected 

improvemen

t per second 

plus 

Iterations: 

30 Training 

Number of 

neighbors: 

10 Distance 

metric: 

Euclidean 

Distance 

weight: 

Equal 

Standardize 

data: true 

Optimizer 

Options 

Hyperparam

Maximum 

number of 

splits: 100 

Split 

criterion: 

Gini's 

diversity 

index 

Surrogate 

decision 

splits: Off 

Optimizer 

Options 

https://localhost:31515/toolbox/matlab/appcontainer_dojo/index.html?channel=/app/31345084-46fc-4ddd-aa16-0288a7515946&toolstripChannel=/app/fb220673-debc-49a4-bbda-37460c438edf&id=ClassificationLearner&UseMF0ForTS=true&waitForJavascriptDebugger=false&snc=BBAODX
https://localhost:31515/toolbox/matlab/appcontainer_dojo/index.html?channel=/app/31345084-46fc-4ddd-aa16-0288a7515946&toolstripChannel=/app/fb220673-debc-49a4-bbda-37460c438edf&id=ClassificationLearner&UseMF0ForTS=true&waitForJavascriptDebugger=false&snc=BBAODX
https://localhost:31515/toolbox/matlab/appcontainer_dojo/index.html?channel=/app/31345084-46fc-4ddd-aa16-0288a7515946&toolstripChannel=/app/fb220673-debc-49a4-bbda-37460c438edf&id=ClassificationLearner&UseMF0ForTS=true&waitForJavascriptDebugger=false&snc=BBAODX
https://localhost:31515/toolbox/matlab/appcontainer_dojo/index.html?channel=/app/31345084-46fc-4ddd-aa16-0288a7515946&toolstripChannel=/app/fb220673-debc-49a4-bbda-37460c438edf&id=ClassificationLearner&UseMF0ForTS=true&waitForJavascriptDebugger=false&snc=BBAODX
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before PCA 

disabled 

Misclassific

ation Costs 

enough 

components 

to explain 

95% 

variance. 

After 

training, 35 

components 

were kept. 

Explained 

variance per 

component 

(in order): 

23.7%, 

7.3%, 6.8%, 

6.1%, 4.5%, 

3.8%, 3.6%, 

3.4%, 3.1%, 

2.7% 

(variances of 

least 

important 

components 

hidden) 

Misclassific

ation Costs 

Not 

supported 

time limit: 

false Feature 

Selection 

All features 

used in the 

model, 

before PCA 

PCA PCA 

disabled 

eter options 

disabled 

Feature 

Selection 

~1600 

obs/sec 

1.6476 sec 

221 All 

features 

used in the 

model, 

before PCA 

PCA PCA 

disabled 

Misclassific

ation Costs 

Cost matrix: 

default 

Hyperparam

eter options 

disabled 

Feature 

Selection 

All features 

used in the 

model, 

before PCA 

PCA PCA 

disabled 

Misclassific

ation Costs 

Cost matrix: 

default 

 

 

Model 

Number 

6 7 8 9 

Model 

Type 

Optimizable 

Tree 

SVM Kernel Bilayered 

Neural 

Network 

Wide Neural 

Network 

Accuracy 50.6% 39.3% 41.6% 60.7% 

Prediction 

Speed 

~5900 obs/sec ~1300 obs/sec  ~5400 obs/sec 

Training 

Time 

13.048 sec 7.2668 sec  0.92314 sec 

Number of 

Fully 

 2 

1st Layer 10 

 1 

https://localhost:31515/toolbox/matlab/appcontainer_dojo/index.html?channel=/app/31345084-46fc-4ddd-aa16-0288a7515946&toolstripChannel=/app/fb220673-debc-49a4-bbda-37460c438edf&id=ClassificationLearner&UseMF0ForTS=true&waitForJavascriptDebugger=false&snc=BBAODX
https://localhost:31515/toolbox/matlab/appcontainer_dojo/index.html?channel=/app/31345084-46fc-4ddd-aa16-0288a7515946&toolstripChannel=/app/fb220673-debc-49a4-bbda-37460c438edf&id=ClassificationLearner&UseMF0ForTS=true&waitForJavascriptDebugger=false&snc=BBAODX
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connected 

layers 

@nd Layer -10 

First Layer 

Size 

   100 

Activation 

Function 

 ReLu  ReLu 

Iteration 

Limit 

1000 1000   

Other 

Informatio

n 

Surrogate 

decision splits: 

Off Optimized 

Hyperparamete

rs Maximum 

number of 

splits: 10 Split 

criterion: 

Gini's diversity 

index 

Hyperparamete

r Search Range 

Maximum 

number of 

splits: 1-88 

Split criterion: 

Gini's diversity 

index, Twoing 

rule, Maximum 

deviance 

reduction 

Optimizer 

Options 

Optimizer: 

Bayesian 

optimization 

Acquisition 

function: 

Expected 

improvement 

per second plus 

Iterations: 30 

Training time 

limit: false 

Feature 

Learner: SVM 

Number of 

expansion 

dimensions: Auto 

Regularization 

strength 

(Lambda): Auto 

Kernel scale: 

Auto Multiclass 

method: One-vs-

One Iteration 

limit: 100 

Optimizer 

Options 

Hyperparameter 

options disabled 

Feature Selection 

All features used 

in the model, 

before PCA PCA 

PCA disabled 

~1300 obs/sec 

7.2668 sec 224 

Misclassification 

Costs Cost matrix: 

default 

Regularizatio

n strength 

(Lambda): 0 

Standardize 

data: Yes 

Optimizer 

Options 

Hyperparame

ter options 

disabled 

Feature 

Selection All 

features used 

in the model, 

before PCA 

PCA PCA 

disabled 

Misclassificat

ion Costs Not 

supported 

Standardize data: 

Yes Optimizer 

Options 

Hyperparameter 

options disabled 

Feature Selection 

All features used 

in the model, 

before PCA PCA 

PCA disabled 

Misclassification 

Costs Not 

supported 



197 

 

Selection All 

features used in 

the model, 

before PCA 

223 PCA PCA 

disabled 

Misclassificati

on Costs Cost 

matrix: default 

 

Model 

Number 

10 11 12 

Model Type Trilayered Neural 

Network 

Optimizable Neural 

Network 

Wide Neural 

Network 

Accuracy 37.1% 52.8% 52.8% 

Prediction 

Speed 

~4800 obs/sec ~3900 obs/sec ~5600 obs/sec 

Training 

Time 

0.87436 sec 47.578 sec 0.94898 sec 

Number of 

Fully 

connected 

layers 

3 

1st Layer 10 

@nd Layer -10, 3rd - 

10 

2 , 1st – 96, 2nd- 243 1 

First Layer 

Size 

10 96 100 

Activation 

Function 

ReLu Sigmoid Tanh 

Iteration 

Limit 

1000 1000 1000 
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Other 

Information 

Standardize data: Yes 

Optimizer Options 

Hyperparameter 

options disabled 

Feature Selection All 

features used in the 

model, before PCA 

PCA PCA disabled 

Misclassification 

Costs Not supported 

Standardize data: Yes 

Hyperparameter Search 

Range Number of fully 

connected layers: 1-3 

Standardize data: Yes, 

No Regularization 

strength (Lambda): 

1.1236e-07-1123.5955 

First layer size: 1-300 

Second layer size: 1-

300 Third layer size: 1-

300 Optimizer Options 

Optimizer: Bayesian 

optimization 

Acquisition function: 

Expected improvement 

per second plus 

Iterations: 30 Training 

time limit: false Feature 

Selection All features 

used in the model, 

before PCA PCA PCA 

disabled 

Misclassification Costs 

Not supported 

Standardize data: 

Yes Optimizer 

Options 

Hyperparameter 

options disabled,  

Feature Selection 

All features used 

in the model, 

before PCA PCA 

PCA disabled 

Misclassification 

Costs Not 

supported 
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APPENDIX I 

Risk factor interdependencies are shown in Table I.1. 

 

TABLE I.1: RISK FACTOR INTERDEPENDENCIES 

Risk 

factor 

Influencing risk 

factors 

C1 C2,C5,C6,C8 

C2 C5 

C3 C4,C12 

C4 C3,C7,C12 

C5 C6,C8 

C6 C9 

C7 C5,C8 

C8 C1,C5,C10 

C9 C6,C10,C11 

C10 C6,C8,C5 

C11 C9,C12 

C12 C13,C14 

C13 C14 

C14 C11,C13 

 

C1 through C14, are the risk factors of technological innovations presented in Table 

4.5, subsection 4.4 in Chapter 4 (Results). 

Figure I.1 presents the interconnections of risk factors using the Graph Theory. 

 

 

 

 

 

 

 

 

 

             Fig. I.1: Interconnections of risk factors 
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APPENDIX J 

Abbreviations of Figure 3.10 

TABLE J.1: ABBREVIATIONS OF FIGURE 3.10 

Abbreviation Description Abbreviation Description 

N 1.1 Leadership N8.1 Identify the customer 

N 1.2 Resources N8.2 Current trends 

N 2.1 Long term goals N9.1 Quality of raw 

materials 

N 2.2 Strengths of the 

organization 

N9.2 Flexibility of the 

supplier 

N3.1 Precautions are 

taken before the 

commencement 

N10.1 Information accuracy 

N3.2 Measures to 

secure the 

innovation 

N10.2 Lack of resources 

N4.1 Organizational 

culture 

N11.1 Process accuracy 

N4.2 Supplier base N11.2 Achievements(time, 

quality, cost savings) 

N5.1 Precision of 

timing 

N12.1 Accuracy of risk 

controlling 

mechanism 

N5.2 Product 

awareness 

N12.2 Risk identification 

N6.1 Risks related to 

customer 

N13.1 Resource availability 

N6.2 Risks related to 

laws & 

regulations 

N13.2 Defining the required 

skills 

N7.1 Customer 

behaviour 

N14.1 Defining the process 
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N7.2 Obtaining 

information 

N14.2 Challenges in bulk 

 

QE6 - Questionnaire to obtain intensity values for prioritizing root causes related to 

risk factors using ANP. Determine intensities of pairwise comparisons related to 14 

risk factors 

Risk Factor  - C 
Root 

Cause A1 

Root 

Cause A2 

…………………

……… 

Root 

cause 

An 

Root Cause A1 1    

Root Cause A2  1   

…………………………   
…………………

……… 
 

Root cause An    1 

Table 2: Pairwise comparisons related to intra organizational innovation phase 

 Table 3: Pairwise comparisons related to peripheral innovation phase 

Table 4: Pairwise comparisons related to Sustainable innovation phase  

Innovator Type Product  Innovation Phase 

C8 C9 C10 

C8    

C9    

C10    

 

 

 Innovator Type Intra Organizational Innovation Phase 

C1 C2 C3 C4 

C1     

C2     

C3     

C4     

Innovator Type Peripheral Innovation Phase 

C5 C6 C7 

C5    

C6    

C7    
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Table 5: Pairwise comparisons related to peripheral innovation phase  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Innovator Type Process Innovation Phase 

C11 C12 C13 C14 

C11     

C12     

C13     

C14     
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APPENDIX K 

User Guide 

 

 

How to Play the Game - The Game Changer 

Game of Risk Management 
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Aim of the game  

To find out the most efficient and effective causes of actions to manage technological 

innovation risks related to textile and apparel industries 

In this initiative, participants from various departments collaborate in a game aimed at 

addressing the root causes of 14 distinct risk factors associated with technological 

innovations, as detailed in Table 1in Appendix (User Guide). 

Game Elements  

 Game board 

 Game pieces 

 Check list for the Pitch making meeting 

 Game Cards bear the information on risk factors, root causes and their priorities 

Game Setup 

The game consists of 3 main phases as illustrated in Figure 1. 

 

 

 

Figure1: Main phases of the game 

 

Figure 2 summarizes the key processes associated with each main phase of the risk 

management model. 

PitchMaking 
Phase

Kick Start 
Phase

Unsolved 
Risk Factors

Preparing for playing the game by-  

Forming teams, analyzing & 

evaluating risk factors, root causes 

and resource availability,  

 

Playing the game with the game 

board 

 

Identify and manage unsolved 

risk factors 
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Figure 2: Key processes associated with each main phase of the risk management 

model 

Before starting the game: 

 Players 

Members from different departments participate to play the game  

 Team 

Members tasked with addressing the root causes of 14 risk factors in 

technological innovations will form teams. There will be 14 teams participating 

in the game, each focusing on a specific risk factor. 

Table 1 in Appendix K (User Guide) lists the departments responsible for addressing 

each risk factor. These departments may vary by organization. Therefore, teams should 

be formed based on similar functions rather than department names. For example, one 

organization might have a merchandising department for supplier orders, while 

another might assign this task to its supply chain management department. 

 Game Board 

Players play with the game board to manage the risk associated with the organization's 

technological innovation project. 
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 The game board, shown in Figure 3,comprises of 14 unit cells, 

representing 14 risk factors 

 Each unit cell, illustrated in Figure 4, contains the main mechanisms 

need to manage the risk involved.   This includes Money, Machine, 

Man, Method, Material and the Risk Level. (Figure 5) 

 

 

Figure 3: The Game Board 
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 The Game Pieces 

The game pieces represent the key mechanisms, including Man, Money, Machine, 

Material, Method, and Risk level, and are used on the board. Each unit cell of the game 

board features game pieces designed with different shapes to symbolize these factors. 

The game pieces are color-coded: green for an excess of a resource and red for a 

deficiency. This color scheme helps teams make informed decisions by providing clear 

visual cues about resource availability. Figure 5 illustrates the game pieces and their 

key mechanisms. 

 In order to play the game, each team should possess game pieces related 

to resources plus risk levels.  

 Unit value will be assigned to game pieces of the resources by each 

team.  

 A flag, which can be fixed to the game piece, will be given to put the 

category of the resource. (Ex. company investments, joint venture, 

partnership, loan, and mortgage or with other funding method for 

money) 

Figure 6 illustrates the game pieces, related to key mechanisms. 
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Figure 6: Game pieces 

 For Money  

Funds for the innovation can be obtained through company investments, joint ventures, 

partnerships, loans, mortgages, or other funding methods, each represented by game 

pieces. 

 For Man  

Different levels of the organizational workforce involved in the innovation process are 

represented by "Man" in Figure 5. The game piece for "Man" symbolizes: 

 Members involved in strategic planning and execution, Ex. C-level 

executives 

 Heads of various departments executing organizational plans and 

responsible for departments. Ex. Department managers 

 Members who executes the tasks, Ex. Assistant managers, senior 

executives, executives, staff members 

 For Machine 
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This highly depends on the specific innovation. Therefore, customized game pieces 

can be used for machines, with the machine types specified in the blank area to suit 

the particular innovation 

 For Method 

This too cannot be predetermined, as the methods are specific to the innovation and 

the team needs to define the most appropriated methods on the blank area of the game 

piece  

 For Material 

Players have to define materials according to the innovation 

 

 For Risk Level 

The team can determine the risk level corresponding to the resources and indicate it 

using the game pieces below.  

In-order to play the game, each team should possess game pieces related to resources 

plus risk levels. Unit value will be assigned to game pieces of the resources by each 

team.  

Identifying different parameters 

Risk factor: A condition, behaviour or other factor that increases the risk 

Root cause: A fundamental reason for the occurrence of a problem. In the absence of 

root causes, the effect of risk factors will be no more there. 

Check list of Pitch-Making meeting 

Each of the 14 teams will receive a checklist for conducting initial analysis of 

innovation, resource requirements, and availability. This section defines terms and 

outlines criteria for parameter analysis. 

Check List includes, 

1. What could go wrong? 

2. What is the worst case scenario? 

3. How severe is the risk? 

4. How often the risks are likely to happen? 

5. What is the risk level? 

6. What is the risk tolerance? 
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7. SWOT analysis 

8. Efforts to combat 

9. What could prevent this from happening? 

Check list -1 

What could go wrong?   

Possible reasons for deviations from the expected outcome of the innovation 

Team may come across (Examples) - 

 Final cost may be higher than the expected 

 Quality of the product may not be up to the required standards 

 Incorrect market positioning 

 Issues in product designing 

Check list -2  

What is the worst case scenario? 

The most disastrous situation, which may happen during the innovation process 

Examples -  

 Inadequate investments  

 Unavailability of skilled work force  

 Delay in receiving raw materials 

Check list -3   

How severe is the risk? 

Severity is the degree of impact or the highest level damage possible due to an 

occurrence of a risk.  

Evaluate the severity 

 This value needs to work out the risk level and determining the risk prioritization 

plan 

 Team needs to select an appropriate scale to assign ranks to the severity 

 Below explains the criteria to assign severity ranks to risk factors 
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Scale and corresponding criteria to determine severity 

 

 

 

 

 

Check list -4 

How often the risk is likely to happen? 

The extent to which the risks are likely to happen 

Evaluate the likelihood 

1
Negligible

A risk event which will have a little or no impact on achieving desired 
organizational goals if happens. In other words,  events likely to result 
in minor impacts to the clients, organization and work force

2
Minor

A risk event which will have a little or no impact on achieving desired 
organizational goals if happens. In other words,  events likely to result 
in minor impacts to the clients, organization and work force

3
Moderate

A risk event which will have moderate impact on achieving desired 
organizational goals if happens. In other words, events likely to result 
in loss or damage to clients, minor complaints or penalties, Not 
serious issues to work force.

4
Major

A risk event which will have significant impact on achieving desired 
organizational goals if happens. severe event likely to result in loss of 
important clients, legal issues, regulatory issue in raw materials, serous 
issue on workforce 

5
Catastrophic

A risk event which will have severe impact on achieving desired 
organizational goals, if happens.In other words, serious technical or 
performance issues, resulted in higher financial losses to the 
organization, loss of clients with significant contributions to the earnings 
of the organization, Penalties,  Claims, Critical impact on work force 
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 This value also needs to evaluate risk level and risk prioritization plan 

 Likelihood can be expressed as a probability value, a rating or as a frequency 

 In this game likelihood value has been taken as a frequency 

 

Scale and corresponding criteria to determine Likelihood 

 

 

 

 

 

 

Check list -5 

What is the risk Level? 

Risk Level = Severity * Likelihood 

 Risk can be categorized considering the risk level. 

 Mapping the risk, referring to risk level is a significant way to influence 

decision making 

 This can be used in determining the risk prioritization plan 

 

 

1
Rare

Unlikely to occur

2
Unlikely

May occur occasionally

3
Possible

Likely to occur sometimes

4
Likely

More likely to occur several times

5
Almost certain

Most certain to occur frequently
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Scale and corresponding criteria to determine Likelihood 

 

 

 

 

Check list -6 

What is the risk tolerance? 

The level of risk that an organization can accept for an individual risk  

Depends on –  

 Type of industry 

 Objectives 

 Financial strength 

 Available resources  

 Risk Absorption level 

Level

1

Low

Though the contribution or impact of these risks are minimal, these 
risks too important. But can be addressed after mitigating the major 
risks of the organization

Level

2

Moderate Risk 

These are the mid-level risks which are essential in maintain the 
quality of the project deliverables in the required level.

Level

3

High Risk 

These risks too need to be addressed quickly, but comparatively low 
risk than Extreme risks

Level

4

Extremely High Risk 

This denotes a situation that poses an exceptionally high likelihood of 
unfavorable events, severe consequences, or significant losses. Such 
conditions demand prompt attention and action.
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Next four steps will analyse and evaluate some important points of the innovation, 

which is crucial in developing the risk management strategy. 

 

Check list -7  

Strengths 

Recognize the strengths inherent in the innovation, allowing for a comprehensive 

understanding of its market behavior. Additionally, leverage the organization's own 

strengths to maximize effectiveness in the process. 

What are the advantages of the new product or service? 

◦ What are the product advantages over similar competitors in market? 

◦ What strength points do people see in the product or service? 

◦ What are the product’s unique selling factors? 

◦ Knowledge and experience 

◦ Creativity 

◦ Reputation, etc. 

There may be additional strengths available with the articular organization. 

Check list -7  

Weaknesses 

These are the possible weaknesses the teams may identify 

◦ What weakness could be improved in the design? 

◦ What issues should be avoided? 

◦ What are the factors that reduce your sales? 

◦ Does the production process have limited resources? 

◦ Less experience in the required area 

◦ Budget allocations 

 

Check list -7  

Opportunities 

Team needs to analyse opportunities of the innovation 
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◦ What are the opportunities for the new product? 

◦ What are the trends to take advantage of? 

◦ How can we turn strengths into opportunities? 

◦ Are there any changes in the market or government which can lead to 

opportunities? 

◦ A unique project idea 

Check list -7 SWOT  

Threats 

Team needs to identify possible threats to the innovation 

◦ Who are the existing or potential competitors? 

◦ What are the factors that can put business into risk? 

◦ What issues can threaten the product on the market? 

◦ Will there be any shifts in consumer behaviour, government or market 

that can affect the product success? 

 

Check list -8 

Efforts to combat 

Determine the actions required to mitigate or manage threats, while improving 

strengths and exploring opportunities.  

In the root cause management process, all SWOT aspects will be managed. 

Check list -9 

What could prevent this from happening?   Team needs to analyse and determine 

on action plans to manage risks involved in the innovation. 
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Starting the game 

 

Pitch Making Phase 

 

Players prepare for the game play during the Pitch-making phase 

A facilitator, proficient in the gaming process, need to be assign to guide and ensure 

smooth progress throughout the game. Teams need to assign unite values for the game 

pieces representing Money, Machine, Man and Material.  

During the Pitch –making phase, players will: 

1. Form 14 teams for 14 risk factors 

 Each risk factor should be addressed by a dedicated team comprised of 

members from various departments, tasked with resolving pertinent 

root causes.  Number of players may be varying with the type of risk 

factor and the root causes. 

 At times when separate departments are unavailable, personnel 

responsible for the task can be selected instead. Occasionally, individuals 

may undertake multiple tasks, with one person handling two or three 

responsibilities. 

 In-order to save time, an alternative plan has been suggested in Table 2 

of Appendix of User Guide (Attached in Appendix K), for team meet 

ups.  

2. Identify risk factors and root causes 

Teams go through the previously identified root causes related to the risk factor 

assigned to them.  Refer to Table 1 in the Appendix of the User Guide (attached in 

Appendix K) 

3. Analyze how pre evaluated priorities of root causes related to risk factors 

applicable to the innovation  

Teams go through the priorities generated on root causes related to risk factors of 

technological innovations  
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Pre-determined priority values of each root cause is given (Refer Table 3 in Appendix 

K) to the Teams, which they can obtain an idea on how root causes contribute to each 

risk factor, referring to pre evaluated priorities of root causes 

4. Analyze and evaluate risk factors, root causes and resource availability 

related to each root cause (Money, Man, Machine, Material, Method, 

according to the Pitch making meeting check list. (Figure 7) 

 

Pitch Making Meeting Check List 

Risk factor : 

1. What could go wrong? 

2. How severe is the Risk? Criteria to assess severity 

3. What is the worst-case scenario? 

4. How likely is the risk to occur? Criteria to assess the likelihood 

5. What is the risk tolerance? 

6. Strengths and Weaknesses of the innovation 

7. Efforts to combat 

8. Threats and opportunities of the innovation 

9. What could prevent this from happening? 

 

Figure 7: Pitch making meeting check list 

 

Kick- Start Phase 
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Kick start phase determines how to deal with root causes and risk factors of 

technological innovations 

Now the teams have the game board and game pieces, where 14 teams can play on the 

game board with the own game pieces. 

 All teams meet up formally to discuss on 14 risk factors 

 They share their views, thoughts, ideas with rest of the teams, to come up with 

an effective and efficient risk management strategy and effective utilization of 

internal resources  

 This phase consists of 4 rounds 

 1st round 

 Each team initially locate game pieces on the relevant risk factor of the game 

board according to  the findings of the Pitch making meeting 

 After 1st round, the Game board represents the current status of the  resource 

allocation on all 14 risk factors   

 2nd round 

Each team explains the rationale behind the discussions and justify them 

 3rd round 

 Each team negotiate on others decisions and questions on them  

 

 4th  round 

 Based on the negotiations, adjust the resource allocation and finalize it by each 

 team. Here the teams can interchange resources to make obtain a balance status 

 After 4th round, Game board represents the controlled risk status after 

 reallocation of resources  

Unsolved Risk Factors 
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Even after completing the Kick-start phase, some of the risk factors may remain 

unsolved. Hence, 3rd phase of the game deals with solving the unsolved risk factors 

related to the technological innovations. 

1. Identify current risk controls 

Current risk controls are the activities already taken to detect, prevent or mitigate the 

risks involved.  

Current controls can be categorized into 3 main groups.  

 Effective controls 

 Ineffective controls 

 Neither effective nor ineffective 

2. Estimate Risk Level with a Risk Matrix 

A risk matrix can be used to assess risk level. 

Risk Level = Severity * Likelihood 

 

5 10 15 20 25 

4 8 12 16 20 

3 6 9 12 15 

2 4 6 8 10 

1 2 3 4 5 

 

 

Figure 8: Risk levels of a risk matrix 

3. Managing different risk levels 

Boundaries of the risk levels may vary, all depending on the organization. Team has 

to define the boundaries marked with blue arrows, based on the risk acceptance level 

of the organization.  Accordingly, team can define risk management approach 

corresponding to 4 risk levels (Figure 9) 

Severity 

L
ik

el
ih

o
o
d
 

5 

5 

1 2 3 4 

2 

1 

3 

4 

Example – Risk Level of a risk factor with 

Severity 3 and Likelihood 2, is 6 

Numbers inside the matrix represent risk 

levels (Figure 8) 
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Figure 9: Different risk levels based on severity and likelihood values 

These risk levels can be managed through –  

 Accepting  

 Avoiding 

 Mitigating 

 Transferring 

Team needs to decide on 

 Middle value of severity and likelihood scales, which connects the 

different risk levels with actions 

 Which risk levels should accept, avoid, mitigate or transfer 

 This depends on the risk tolerance levels of the organization 

4. Develop the Risk Matrix 

Team can colour the risk matrix to visualize Risk Levels, and this is subjective to vary 

according to the organization. 

Low Risks              High Risks 

Moderate Risks   Extremely High Risks 

A generalized risk matrix with different risk levels has been illustrated in Figure 10.  
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Figure 10: Risk Matrix with different risk levels 

 

5. Risk Prioritization Plan 

 Risk prioritization plan helps to decide which risks need prior attention 

 Through risk prioritization, team determines –  

1. Basis for resource allocation 

2. Manages the realization of risk events with either high severity or 

high probability of occurrence 

 

 Risk prioritization matrix can be setup to give extra weight to consequences 

than the likelihood 

  This is considering the fact that, severity is more important than the likelihood 

for the risks with same risk levels, as introduced in the literature. 

 Below illustrates a generalized risk prioritization matrix, where “P1”represents 

the most prioritized risk while “P25”represents the least. (Figure 11) 
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Figure 11: Risk Prioritization based on severity and likelihood values 

6. How to Rank Different Possibilities 

 A generalized risk prioritization plan incorporating priority numbers of risk 

levels and managing actions (Figure 12) 

 This may vary according to the risk management criteria selected by the 

organization 

 

Figure 12: Risk prioritization with risk management actions 

What’s next? 

7. Define new risk controls 

 Define new risk controls for the risk factors identified during the risk 

management process. 
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 Analyze the already set controls before setting the new controls for –  

1. Their contributions to the process 

2. Any unproductive controls 

 The new controls need to be tested for their effectiveness. It is required to 

create a corrective plan for the controls having deficiencies. 

 

8. Documentation of the risk management process and educate the team on risk 

management strategy and actions to be taken 

 

 Documenting the risk management strategy and the action plans 

 Aware the team on this 

 Risk management strategy includes –  

1. clear introduction to the risks 

2.  Action plans 

3.  Stake holders of the actions 

4.  Clear instructions of risk assessment method 

5.  Time intervals to review and monitor the process 

6.  Assumptions made during the process 

7.  Limitations of the risk management strategy 

 

9. Monitoring and reviewing the process at predefined intervals 

 Risk management is an iterative process.  

 Team needs to monitor and review the process continuously , for a 

continuous improvement in the risk management framework 

 This provides insight on improving the overall risk management strategy 

How to do this?  

 Maintaining a risk register, this helps to identify –  

 

a. New and existing risks  

b. Changes to be done on controls 

c. Effectiveness of the risk evaluation methods 

 

 Setup timelines for frequencies for both monitoring and reviewing process 

Winning the game 

Here, all 14 teams will be collaboratively strived to win the same goal of innovation of 

the organization. 

To decide whether you are in the final stage of the game, make sure to: 

 Allocate resources among 14 teams effectively and efficiently 
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 Determine the risk management strategy and the action plans for managing 14 

risk factors of the technological innovation 

How to determine whether the risk management strategies implemented will be 

effective? 

Since all the risks cannot be eliminated completely, in general, there are always be some 

level of risks remain with the innovation process, which is called the residual risk 

Definition – 

The risks remain after applying the control measures 

 Residual risk can be calculated with 

Residual Risk = (Risk before applying control measures – Risk after applying 

control measures 

Risk can be calculated with the risk matrix as illustrated in evaluation of risk level using 

severity and likelihood, as illustrated in Figure 13. 

 

Figure 13: Calculating residual risk 

Example – 

 According to the equation,  

Residual Risk = (Risk before applying control measures – Risk after applying 

control measures) 

Risk level before applying control measures = (2*4) = 8  

Risk level after applying control measures = (3*2) = 6 

Residual Risk = (8-6) = 2 
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There is a reduction in the risk level after applying control measures.   

Monitoring and reviewing process needs to be continued to find out action plans to 

reduce the remaining risk as well.  

 

APPENDIX (User Guide) 

 

TABLE 1: DEPARTMENTS ACCOUNTABLE FOR SOLVING RISK FACTORS 

AND ROOT CAUSES OF TECHNOLOGICAL INNOVATION FAILURES WITH 

THE REQUIRED RESOURCES 

Risk Factor Root Causes and required resources Departments 

Accountable for 

solving risk 

involved 

1.0 Failure to evaluate 

the innovation concept 

based on financial, 

structural, marketing, 

and technological 

capabilities 

1.1 Availability of enough investments for 

the project ( Money) 

Senior management 

team taking 

organizational 

decisions 

1.2 If unavailable, finding the required 

investments from outside (Loan, Joint 

Venture, Mortgage, Other) ( Money, Man) 

Senior management 

team taking 

organizational 

decisions 

1.3 Reviewing the innovation idea by 

members with appropriate expertise in 

identifying what would be necessary to 

implement the idea and what might go 

wrong ( Man, Money, Method, Machine, 

Material) 

 

Senior management 

team taking 

organizational 

decisions , Finance, 

Marketing, 

Merchandising, 

Industrial 

Engineering, 

Research and 

Development (R & 

D ), Supply chain , 

Production, 

Planning, Quality, 
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Human Resource 

(HR) 

1.4 Prior knowledge and experience of the 

leadership to guide the innovation process 

(Man) 

Senior management 

team taking 

organizational 

decisions ,Finance, 

Marketing, 

Industrial 

Engineering, 

Merchandising, 

Research and 

Development (R & 

D ), Supply chain , 

Production, 

Planning, Quality, 

Human Resource 

(HR) 

1.5 Accuracy of the budgeting process ( 

Man) 

Senior management 

team taking 

organizational 

decisions ,Finance 

   

2.0 

The company's long-term 

goals are not aligned with 

its innovation strategy 

2.1 Considering the company's long term 

goals when doing the innovation (Man) 

Senior management 

team taking 

organizational 

decisions 

2.2 Required strengths (resources) of the 

Organization in developing the innovation 

idea to match with company’s long term 

goals (Man, Money, Material, Machine, 

Method) 

Finance, R & D , 

HR, 

Merchandising, 

Marketing, 

Production, Supply 

chain 

   

3.0 

Violating intellectual 

property rights or 

3.1 Checking the intellectual properties 

related to this Product? Ex: Patent ( Man, 

Material- i.e. for information) 

R & D , 

Merchandising 

Team or any other 

team who 
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stealing intellectual 

property from others 

responsible to check 

related  information 

3.2 Securing the innovation with a patent or 

any other appropriate method ( Man, 

Material- i.e. for information) 

Team accountable 

3.3 Signing the NDA's (Non-Disclosure 

Agreements) with necessary personals ( 

Man, Material- i.e. for information) 

Team accountable 

   

4.0 

Lack of organizational 

strength (including 

human resources, 

financial resources, 

leadership, contracts, 

brand recognition, and 

a skilled supplier base) 

4.1 Long term availability of critical skill 

holders in the organization (Man, Method) 

HR, Industrial 

Engineering, R & D 

4.2 Availability of Required skills and 

knowledge of team members (Man) 

HR, Industrial 

Engineering,, R & 

D, Planning 

4.3 Actions taken to improve skills and 

knowledge? (Internal Training, On the job 

training, External training with consultants, 

Any other appropriate training) ( Man, 

Money, may be Machine, Material, 

Method which needed for the training) 

HR 

4.4 Maintaining a proper learning culture in 

the organization (Man, Material  - which 

represents information) 

Senior management 

team taking 

organizational 

decisions , HR, 

4.5 The relationship between team members 

( Man) 

HR 

4.6 Level of convincing operators on 

process changes ( Man) 

Industrial 

Engineering,, 

Production, 

Quality, R & D 

4.7 Availability of time and other resources 

to go through the process of "Learning 

through Experiment" ( Man, Money, 

Machine, Material, Method) 

HR, Senior 

management team 

taking 

organizational 

decisions, R & D 
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4.8 Facts considered when selecting the 

Supplier (Price, Lead Time, Raw Material 

Quality, Cost benefits, Credit Terms, 

Accreditations) ( Man, Material) – Here 

material represents required 

information 

Supplier Chain, 

Merchandising 

4.9 Agreement with Supplier holds any 

chances for negotiation ( Man, Material) – 

Here material represents required 

information 

Supplier Chain, 

Merchandising 

   

5.0 

Failure to adopt better 

methods of 

commercialization, 

inaccurate market 

positioning 

5.1 Availability of a proper mechanism to 

aware customers on Products/Services ( 

Man , Money, Material) 

Merchandising, 

Marketing, R & D 

5.2 Consulting a  3rd party team with more 

experiences for the process of 

commercialization (Man, Money, 

Material) 

Merchandising, 

Marketing 

5.3 Deciding the correct market positioning 

through adequate market research (Man, 

Money, Material) 

Merchandising, 

Marketing 

   

6.0 

Redundancy (a 

profitable innovation 

today may become 

obsolete in the near 

future) and 

Unprecedented risks - 

(risks beyond the 

organization's control, 

fluctuations in customer 

demand, social and 

economic environment, 

national industrial 

policies) 

6.1 Analysis of the information on 

redundancy or unprecedented risks which 

can impact the organization (Material) 

Senior management 

team taking 

organizational 

decisions, 

Merchandising 

6.2 Are you the 1st entrant to the market 

(Material) 

Merchandising, 

marketing 

6.3If No, Are there any significant 

competitors? (Material) 

Merchandising, 

marketing 

6.4Competitive Advantages over the  

competitors of similar product/Services ( in 

terms of Price, Quality, User Friendliness, 

Market Segment, Brand Recognition, 

Durability, Lead Time) (Material) 

R & D , 

merchandising, 

Supply chain, 
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6.5 Demand pattern of the customers related 

to the innovation (Material) 

Merchandising , 

marketing 

6.6 Innovation complying with legislations 

and other national industrial policies 

(Material) 

R & D, 

Merchandising 

   

7.0 

Information resource 

risk, including distorted 

market information 

7.1 Conducting a proper target market 

analysis (Material) 

Marketing, 

Merchandising 

 7.2 Identification of actual requirement of 

the customer (Material) 

Merchandising, R & 

D 

 7.3 Outcome of the feasibility study 

(Material) 

Merchandising, R & 

D 

   

8.0 

Failure to generate 

technological ideas 

through customer 

feedback, basic 

research, and creativity 

resulted in Innovation 

failing to address 

customer pain points 

8.1 In cooperating customer feed backs or 

Market research feed backs when 

developing the technological Innovation 

idea (Material) 

Marketing, 

Merchandising, R & 

D 

8.2 Innovation fulfilling the customer 

expectations (Material) 

Marketing, 

Merchandising, R & 

D 

8.3 Innovation is capable of competing with 

current technological trends (Material) 

Marketing, 

Merchandising, R & 

D 

   

9.0 

Material resource risk 

9.1 Raw material quality matching with the 

customer requirements or any 

predetermined standards (Material, 

Method) 

Supply Chain, 

Merchandising, R & 

D 

9.2 Availability of Raw material during the 

bulk (Material) 

Supply Chain, 

Merchandising 
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9.3 Procedure to handle rejections and 

replacements of Raw Material (Material, 

Man, Method) 

Supply Chain, 

Merchandising,  

Raw Material 

Inspection 

   

10.0 

Technological 

advancements and the 

emergence of new 

technologies 

10. 1Conducting a proper market research 

on your innovation including current trends 

and competitors ( Material) 

Marketing, 

Merchandising 

10.2 Any available/Upcoming 

technological advancement related to your 

product/Service ( Man, Machine, 

Material, Method, Money) 

R & D, Industrial 

engineering, 

Production 

10.3 If yes, any harmful effects to the final 

innovation due to lack of resources to apply 

the new technology (Material) 

R & D, 

merchandising, 

Industrial 

engineering 

   

11.0 

Failure to properly 

align the development, 

implementation, and 

output of the entire 

process (incomplete 

project information and 

communication issues) 

11.1 Accuracy of defining the whole 

process of the innovation program ( Man, 

Machine, Material, Method, Money) 

R & D , Supply 

Chain, Planning, 

Merchandising, 

Industrial 

Engineering, Raw 

Material Inspection, 

Cutting, 

Production, 

Quality, stores 

11.2 Accuracy of defining each phase of the 

process with clear instructions/information 

(Man) 

R & D , Supply 

Chain, Planning, 

Merchandising, 

Industrial 

Engineering, Raw 

Material Inspection, 

Cutting, 

Production, 

Quality, Raw 

Material stores 
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11.3 Deciding the required information to 

be shared in each phase, with correct people 

(Man, Material) 

R & D , Supply 

Chain, Planning, 

Merchandising, 

Industrial 

Engineering, Raw 

Material Inspection, 

Cutting, 

Production, 

Quality, Raw 

Material stores 

11.4 Contribution of the whole process in 

achieving the required timelines (Material) 

R & D , Supply 

Chain, Planning, 

Merchandising, 

Industrial 

Engineering, Raw 

Material Inspection, 

Cutting, 

Production, 

Quality, Raw 

Material stores 

11.5  Contribution of the whole process in 

achieving the required Quality of the 

Innovation ( Material) 

R & D , Industrial 

Engineering, Raw 

Material Inspection, 

Cutting, 

Production, 

Quality, 

11.6 Contribution of the whole process in 

achieving the required Cost Savings ( 

Material) 

R & D , Supply 

Chain, Planning, 

Merchandising, 

Industrial 

Engineering, Raw 

Material Inspection, 

Cutting, 

Production, 

Quality, Raw 

Material stores, 

Finance 

11.7 Identification of all the stakeholders in 

the process ( Man , Material) 

R & D , Planning, or 

any relevant team 

doing this 
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11.8 Availability of an effective 

communication Channel ( Material, may 

be Machine) 

R & D , Planning, 

Merchandising 

11.9 Sharing  required information and 

access to the stakeholders ( Material, Man) 

R & D , Supply 

Chain, Planning, 

Merchandising, 

Industrial 

Engineering, Raw 

Material Inspection, 

Cutting, 

Production, 

Quality, Raw 

Material stores, 

Finance 

   

12.0  Lack of a better 

risk-control 

mechanism, which risk 

management, must be 

combined with the 

enterprise's 

development plan, 

strategies, manpower, 

and financial 

investments, including a 

lack of risk supervision 

and control activity 

throughout the process 

and failure to adopt the 

"learning-through-

experiment" process 

12.1 Availability of an appropriate 

evaluation mechanism with required 

control parameters (Material, Method, 

may be Money and Man for 

implementing the process) 

 

R & D , Supply 

Chain, Planning, 

Merchandising, 

Industrial 

Engineering, Raw 

Material Inspection, 

Cutting, 

Production, 

Quality, Raw 

Material stores, 

Finance 

12.2 Who will be reviewing the process ( 

Internally, Third Party, Both) (Man) 

Department 

managers need to 

assign relevant 

stake holders 

12.3 Is the process well controlled against 

the plan (Material, Method) 

Department 

managers need to 

assign relevant 

stake holders 

12.4 Frequency of analysing the control 

parameters (Material, Method) 

Department 

managers need to 

assign relevant 

stake holders 
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12.5 Identification of risks involved in this 

innovation ((Material, Method) 

Department 

managers need to 

assign relevant 

stake holders 

12.6 If done, Success rate of the innovations 

(Material, Method) 

Department 

managers need to 

assign relevant 

stake holders 

   

13.0 

Inadequate Technical 

Capability 

 

13.1 Availability of required capacity of 

resources (Machinery and Equipment) to be 

utilized in bulk (Machine) 

Industrial 

Engineering, 

Planning, 

Production, 

Merchandising, R & 

D 

13.2 If No, How the capacity is being filled 

( Joint Venture, Subcontracting, 

Collaboration, Purchasing, Hiring, Other ) 

(Man, Money, Material) 

Senior management 

team taking 

organizational 

decisions , 

Industrial 

Engineering, 

Planning, 

Production, 

Merchandising, R & 

D 

13.3 Availability of required work-force for 

a bulk production ( Man, Method) 

Planning, R & D , 

Production, HR, 

Industrial 

Engineering 

13.4 Defining the Human Resource skills 

and Technical skills of the team required 

completing the innovation (Man, Method, 

May be Money if need to hire) 

Industrial 

Engineering, 

Planning, 

Production, R & D 

13. 5 If Dissatisfied, Do you have any 

alternate plans to acquire required technical 

skills (Man, Method, Money) 

Senior management 

team taking 

organizational 

decisions, HR 
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14.0 

Issues with the R&D 

process, sample-to-

batch challenges, 

Inbound and outbound 

communication issues, 

as well as inconsistency 

in project organization 

and management 

14.1 Defining the development process in 

achieving the right product/Service (Man, 

Method, Material, Machine, Money) 

R & D, Industrial 

Engineering, 

Merchandising, 

Supply chain, 

Quality 

14.2 Ability to overcome challenges in the 

development process (Man, Method, 

Material, Machine, Money) 

R & D, Industrial 

Engineering, 

Merchandising, 

Supply chain, 

Quality 

14.3 Performing a development trial (Man, 

Method, Material, Machine, may be 

Money) 

R & D 

14.4 Ability to apply the same methods/ 

development process for bulk production 

(Man, Method, Material, Machine) 

R & D , Production 

, Quality, Industrial 

Engineering 

14.5 Any alternative methods increasing the 

requirements of costs/ lead time/ special 

skills and other (Material , Money, Man, 

Method , Machine) 

R & D , Production 

, Quality, Industrial 

Engineering 

 

TABLE 2: TEAMS TO BE GATHERED 

Risk Factors Teams to be gathered 

1, 2, 6, 7, 13 Senior management team taking organizational decisions , Finance, 

Marketing, Merchandising, Industrial Engineering, Research and 

Development (R & D ), Supply chain , Production, Planning, 

Quality, Human Resource (HR) 

3,4,5,8,10 HR, Planning, Production, Supply Chain, Merchandising, R & D, 

Industrial Engineering 

9.11.12.14 R & D , Supply Chain, Planning, Merchandising, Industrial 

Engineering, Raw Material Inspection, Cutting, Production, Quality, 

Raw material stores, Finance 
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TABLE 3: PRIORITIES OF ROOT CAUSES CORRESPONDING TO EACH 

RISK FACTOR, AS DETERMINED USING ANP 

Risk Factor Root Causes Priori

ties 

C1  

Failure to evaluate the innovation 

concept based on financial, 

structural, marketing, and 

technological capabilities 

A1.1   Availability of enough investments for the 

project 

0.2350 

A1.2   If unavailable, chances of finding the 

required investments from outside (Loan, joint 

venture, mortgage, other) 

0.2244 

A1.3   Reviewing the innovation idea by 

members with appropriate expertise in 

identifying what would be necessary to 

implement the idea and what might go wrong 

0.2576 

A1.4   Prior knowledge and experience of the 

leadership to guide the innovation process 

0.1928 

A1.5   Accuracy of the budgeting process 0.0903 

 

C2 

The company's long-term goals are 

not aligned with its innovation 

strategy 

A2.1   Considering the company's long term 

goals when doing the innovation  

0.3810 

A2.2   Required strengths (resources) of the 

organization in developing the innovation idea 

to match with company’s long term goals  

0.6191 

 

C3 

Violating intellectual property 

rights or stealing intellectual 

property from others 

A3.1   Checking the intellectual properties 

related to this product? Ex: Patent  

0.3533 

A3.2   Securing the innovation with a patent or 

any other appropriate method  

0.3920 

A3.3   Signing the NDA's (Non-Disclosure 

Agreements) with necessary personals  

0.2547 

 

 

C4 

Lack of organizational strength, 

including human resources, 

financial resources, leadership, 

contracts, brand recognition, and a 

skilled supplier base 

A4.1   Long term availability of critical skill 

holders in the organization  

0.1491 

A4.2   Availability of required skills and 

knowledge of team members  

0.1221 

A4.3   Actions you have taken to improve your 

skills and knowledge? (1. Internal training, 2. 

On the job training, 3. External training with 

0.0755 
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consultants 4. Any other appropriate training), 

(Skills for innovation and research, 2011)  

A4.4   Having a proper learning culture in the 

organization  

0.1159 

A4.5   The relationship between team members  0.0549 

A4.6   Level of convincing operators on process 

change 

0.0455 

A4.7   Availability of time and other resources 

to go through the process of "learning through 

experiment"  

0.2396 

A4.8   Facts considered when selecting the 

Supplier (1. price, 2. lead time, 3. raw material 

quality, 4. cost benefits, 5. credit terms, 6. 

accreditations),  

0.1000 

A4.9   Agreement with Supplier holds any 

chances for negotiation  

0.0975 

 

C5 

Failure to adopt improved methods 

of commercialization and 

inaccurate market positioning 

A5.1   Availability of a proper mechanism to 

aware customers on products/services  

0.5506 

A5.2   Consulting a 3rd party team with more 

experiences in the process of 

commercialization  

0.1544 

A5.3   Deciding the correct market positioning 

through adequate market research  

0.2950 

 

C6 

Innovation may become obsolete 

due to redundancy, and 

unprecedented risks (including 

customer demand fluctuations, 

social and economic environment 

changes, and shifts in national 

industrial policies) can impact the 

organization 

A6.1   Analysis of the information on 

redundancy or unprecedented risks which can 

impact the organization  

0.1976 

A6.2   Being the 1st entrant to the market  0.0549 

A6.3   If no, are there any significant 

competitors?  

0.0525 

A6.4   Competitive advantages over the 

competitors of similar product/services (in 

terms of price, quality, user friendliness, 

market segment, brand recognition, durability, 

lead time)  

0.0895 

A6.5   Demand pattern of the customers related 

to the innovation  

0.2051 

A6.6    Innovation complying with legislation 

and other national industrial policies  

0.4003 
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C7 

Risk of incomplete and inaccurate 

information, including distorted 

market data 

A7.1   Conducting a proper target market 

analysis  

0.3651 

A7.2   Identification of actual requirement of 

the customer  

0.5282 

A7.3   The outcome of the feasibility study  0.1067 

 

C8 

Failure to generate technological 

ideas through customer feedback, 

basic research, and creativity leads 

to innovation that does not address 

customer pain points 

A8.1   In cooperating customer feedbacks or 

market research feedbacks when developing 

the technological innovation idea  

0.3651 

A8.2   Innovation fulfilling customer 

expectations  

0.5282 

A8.3   Innovation is capable of competing with 

current technological trends  

0.1067 

 

C9 

Risks associated with material 

availability and quality 

A9.1   Raw material quality matching with the 

customer requirements or any predetermined 

standards  

0.4893 

A9.2   Availability of raw material during the 

bulk  

0.1781 

A9.3   Procedure to handle rejections and 

replacements of raw material  

0.3326 

 

 

C10 

Risk posed by the emergence of 

new technologies and 

technological advancements 

A10.1   Conducting proper market research on 

your innovation including current trends and 

competitors  

0.3647 

A10.2   Any available/upcoming technological 

advancement related to your product/service  

0.2739 

A10.3   If yes, any harmful effects to the final 

innovation due to lack of resources to apply the 

new technology  

0.3616 

 

 

C11 

Failure to properly align the 

development, implementation, and 

output of the entire process, 

including incomplete project 

 

A11.1   Accuracy of defining the whole process 

of the innovation program  

 

0.1830 

A11.2   Accuracy of defining each phase of the 

process with clear instructions/information  

0.1830 

A11.3   Deciding the required information to be 

shared in each phase, with correct people  

0.1303 
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information and communication 

issues 

A11.4   Contribution of the whole process in 

achieving the required timelines  

0.1491 

A11.5   Contribution of the whole process in 

achieving the required quality of the innovation  

0.0491 

A11.6   Contribution of the whole process in 

achieving the required cost savings  

0.1184 

A11.7   Identification of all the stakeholders in 

the process 

0.0455 

A11.8   Availability of an effective 

communication channel  

0.0746 

A11.9   Sharing required information and 

access to the stakeholders  

0.0670 

 

C12 

 Lack of a robust risk-control 

mechanism integrated with the 

company’s development plans, 

strategies, manpower, and 

financial investments, including 

insufficient risk supervision and 

failure to adopt a "learning-

through-experiment" approach 

A12.1   Availability of an appropriate 

evaluation mechanism with required control 

parameters  

0.1329 

A12.2   Who will be reviewing the process 

(Internally, Third Party, Both)  

0.0892 

A12.3   Is the process well-controlled against 

the plan  

0.1632 

A12.4   Frequency of analysing the control 

parameters  

0.2160 

A12.5   Identification of risks involved in this 

innovation  

0.2553 

A12.6   If done, the success rate of the 

innovations  

0.1434 

 

C13 

Inadequate technical capacity to 

support innovation  

A13.1   Availability of required capacity of 

resources (machinery and equipment) to be 

utilized in bulk 

 

 

 

0.2567 

A13.2   If no, how the capacity is being filled 

(Joint venture, subcontracting, collaboration, 

purchasing, hiring, other)  

0.1086 

A13.3 Availability of required work-force for a 

bulk production  

0.3076 

A13.4   Defining the human resource skills 

needed Technical skills of the team required 

completing the innovation  

0.1828 

A13.5   If dissatisfied, having any alternate 

plans to acquire the required technical skills  

0.1444 
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C14 

Issues with the R&D process, 

challenges in scaling from sample 

to batch production, inbound and 

outbound communication 

problems, and inconsistency in 

project organization and 

management 

A14.1   Defining the development process in 

achieving the right product/service  

0.2921 

A14.2   Ability to overcome challenges in the 

development process  

0.2867 

A14.3   Performing a development trial  0.0993 

A14.4   Ability to apply the same methods/ 

development process for bulk production  

0.0930 

A14.5   Any alternative methods increasing the 

requirements of costs/ lead time/ special skills 

and other  

0.2289 
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APPENDIX L 

Table L.1 depicts the SUS questionnaire used to obtain feedback for Industry 

validation  

TABLE L.1: FEED BACK RECEIVED FROM 5 RESPONDENTS 

Questions Responses of Industry Professionals Using 5 point 

Likert Scale 

R1 R2 R3 R4 R5 

1. I think that I would like 

to use this system 

frequently. 

     

2. I found the system 

unnecessarily complex. 

     

3. I thought the system 

was easy to use. 

     

4. I think that I would 

need the support of a 

technical person to be 

able to use this system. 

     

5. I found the various 

functions in this system 

were well integrated. 

     

6. I thought there was too 

much inconsistency in 

this system. 

     

7. I would imagine that 

most people would learn 

to use this system very 

quickly. 

     

8. I found the system very 

cumbersome to use. 

     

9. I felt very confident 

using the system. 

     

10. I needed to learn a lot 

of things before I could 

get going with this 

system. 

     

 

Calculating System Usability Score [224] 

Step1: Convert the scale into number for each of the 10 questions 
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Step 2: For odd numbered questions (1, 3, 5, 7, 9),  

[User rating]-1  

For even numbered questions (2, 4, 6, 8, 10), 

5-[User rating] 

Step 3: Add up the point of 10 questions into a user’s total points 

[Total points from user 1] * 2.5 = User 1’s System Usability Score 

 Repeat the steps 1 to 3 on all users and average the scores of all users to get the System 

Usability Score. Interpretation of System Usability Score shown in the Table L.2. 

 

TABLE L.2: Interpretation of System Usability Score  

SUS score Grade Rating 

>80.3 A Excellent 

68 – 80.3 B Good 

68 C Okay 

51-68 D Poor 

<51 E Awful 

 

TABLE L.3: SUS of individual respondents 

Respondent System Usability 

Score 

R1 82.5 

R2 85 

R3 77.5 

R4 77.5 

R5 82.5 

     Average Score 81. 




