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Abstract 

Innovation is one of the key drivers of technological, economic and social development around the 

world, with innovative solutions to some of the most common or complex problems resulting in world-

changing technologies, businesses and concepts. While these innovations may seem to appear 

suddenly and then revolutionise the world in which we live at a rapid pace, in fact, the development 

of these innovations is complex and often invisible from surface-level view. Often, at least in the past, 

innovations came from the commercial and professional technological sectors and then transferred 

into mainstream use. But today, and in the future, the contributions of non-expert innovators to a 

more inclusive innovation ecosystem will make an increasing impact, so contributions from the public 

are also required. In order to facilitate user input into the process, as well as to increase impact from 

those more familiar with the innovation space, the concept of an ‘innovation methodology’ has 

developed. This thesis contributes to the emergent field of Innovation Methodology. 

An innovation methodology is a structured process that guides a user through the process of 

innovation, providing support, guidance and tools for use during innovation activities. Whilst there 

are a growing number of innovation activities in the general public domain due to the increased 

availability of rapid prototyping tools such as 3d printers et al., still, it is apparent that the most popular 

and impactful methodologies have a number of core advantages and disadvantages to be considered 

by users for maximum impact. These characteristics must be carefully assessed, evaluated and refined 

to develop the core aspects of an impactful innovation methodology. This thesis outlines that process 

of engagement, analysis, application and impact. 

The thesis thus grounds its core contributions in the main field of Innovation Methodologies, and 

extends carefully into specific areas of the cognate fields of STEM, Business and Social Impact, with 

the goal of examining the development of the practices of innovation in a number of fields over time, 

allowing the framing of the concept and potential areas of application. The aim of the project is the 

investigation, analysis and evaluation of currently proposed innovation methods & processes, in order 

to identify the most successful practices, details and inputs into these processes. This research is 

supported by the utilised research tools of bibliometric keyword evaluation, heuristic assessment and 

expert user input gathered via a structured survey which collected qualitative insights from these 

expert users. The data gathered through this process was analysed and applied to a proposal of a new 

innovation methodology: the “Double Helix Innovation” methodology, aimed at directly applied 

innovation action by “non-expert” users. In order to enable and enhance the successful future 

application of this methodology, a model of praxis - involving a selection of internal and external tools  

-was also developed.  
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The original and substantial contributions to knowledge offered via this thesis are: a new topography 

of current innovation methods, a categorisation of the highly impactful aspects of these methods, and 

a new applied innovation methodology and supporting praxis, named the “Double Helix Innovation” 

method, which has been strongly influenced by the best practice models and aspects of current 

methods, and refined to provide an easier to use, more flexible methodology to allow more people to 

innovate and create solutions to today’s interdisciplinary problems.  

It is hoped that this thesis will make a substantial original contribution to knowledge in the field of 

Innovation Methodology, with impact and applications for all practitioners & all cognate fields, and 

for scholars, engineers, artists and other practitioners in the open innovation ecosystem. 
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Foreword: Innovation Inception: The path that led to this thesis 

Whilst the research presented in this thesis was conducted during the time of the author’s PhD 

registration (2016-2020), the background research and practical engagement in the field began long 

before. Background knowledge and experience have been mined and applied, tested and analysed in 

the context of the PhD. 

In the context of the Thematic PhD in Inclusive Design and Creative Technology Innovation, an 

important aspect of the process is the naming of and contextualising of that background learning and 

to note the role of the author as an active practitioner in innovation platform development, and also 

as a maker and engineer dedicated to opening new pathways for inclusive design in engineering and 

innovation contexts. The academic journey now culminating in this PhD (with intention to carry on 

long past this thesis) began many years ago when I worked as a car mechanic with my father and 

engaged with cars and other mechanical objects as self-directed engineering projects. Early on, I 

observed the need for creative innovation in problem-solving, not only for high level or ‘blue sky’ 

problems but mainly for daily, common, ubiquitous problems such as the broken car in front of me. 

I entered academia through the UCD Access programme, as one of the first members of my family to 

engage in higher education. My mechanical experience and natural curiosity began to find a context 

for development through that programme and throughout my undergraduate and masters 

programmes. This PhD grows from all that work and builds upon real-world observations and many 

years of practical intervention and engagement with real people and their real needs: whether in my 

charity work designing and making 3D printed prosthetic limbs for children in need, through co-design 

of learning spaces and augmented reality solutions with artists and technologists to innovation 

consultancy work with some of the biggest organisations in the world.  

In the SMARTlab and Inclusive Design Research Centre programmes, we are all encouraged to state 

and hold true to our own ‘plumblines’: the part of our academic work that begins with our most valued 

principles and experiences, and that develops through high-level thinking, making, doing and analysis. 

The importance of Praxis as a flowing, multi-faceted combination of practice and theory, has not only 

been a major part of the process of this lifelong engagement and PhD research but has also become a 

central part of the ‘product’ and placement of my work, which I now see as informed and motivated 

equally by the fields of Art and Inclusive Design as it is by Engineering. 

This PhD IS my plumbline: it began and ends with a desire to be of service to a more inclusive accessible 

world and to support others on their own journey in innovation.  
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Chapter 1: Thesis Introduction 

1.1 Context 

1.1.1 Background to this Research 

Consumer and digital technologies are developing at an unbelievable rate, with advanced 

technologies becoming mainstream and more available to the general consumer. This has given 

more people access to highly impactful technologies, at very low costs allowing high impacts and 

advancements to occur unlike any other time in human history (Figure 1). 

 

Figure 1 Accelerating growth in technology (Asgard.vc) 

These developments have created a new area of technology known as “Disruptive Technologies”, or 

technologies which enter markets or fields of application and very quickly revolutionise these fields, 

creating market changes in how they operate (Christensen, 2003). These technologies (including 

virtual reality, virtual worlds, additive manufacturing, desktop production systems and open source 

design, modelling and imaging software) are beginning to make an impact in specific technical fields 

(Materials Engineering, Architecture, Medicine, Education etc.) but offer huge opportunities in all 

fields. These technologies have the potential to allow non-experts and daily users of products, devices 

and utilities, to develop and innovate, potentially revolutionising industries. Access to such technology 

bridges the gap between the general public and experts, allowing more collaboration and 

understanding to develop, increasing comprehension, development, and interest in the fields.  These 

technologies have brought the fields of art & science closer together, allowing the mixing of ideas, 

methodologies and solutions, while allowing both fields to be effective in numerous contextual areas.  
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This work is directly influenced by the authors previous work, in particular the interdisciplinary 

integration of new technologies into what were traditionally non-technical fields. Previous work 

applying new disruptive technologies (namely 3D Printing, Virtual Reality Digitisation) to the fields of 

Biological Sciences (Keaveney et al, 2016), Marine Ecology (Gutierrez-Heredia et al, 2016), Education 

(Gutierrez-Heredia et al, 2018), Geography (Keogh et al, 2017) and Personal Care (Cohen et al, 2017), 

greatly influenced and supported this research. This work showed the potential for new innovative 

ideas to be shared via an interdisciplinary nature, producing exciting new impacts and opportunities 

in cognate fields. While the interdisciplinary teams that produced this work had expertise in these 

new disruptive technologies, significant opportunities can also arise in teams lacking such experience 

or expertise. In order for these teams to effectively undertake similar work, new methods and 

supports in innovation practice, methodology and disruptive technologies are required.  

 A critical area that has been relatively overlooked in the literature is that of user needs and tools 

provision; in other words, there is a gap in knowledge in the area of how to most effectively bridge 

the gap between how users think, inquire and design, and the tools available for users to realise their 

ideas.  A disconnect between these two aspects will reduce the potential outcomes of both (quality of 

use of the technologies and users’ intentions/ideas), reducing the innovative output and user’s 

engagement with the issue at hand. Disruptive technologies and thinking processes are a new form of 

tool, not a panacea for innovation. Effective methodologies are required to link the thought process 

and the realisation tools, to improve both while extracting the best innovative ideas, and outputs from 

the user.  

The field of “Innovation Methodologies” has been growing rapidly since the 1960s, but to date has 

focused either on technological development or business practise innovation. New innovation 

methodologies are needed to help drive these new innovations, supported by disruptive technologies. 

The aim of the project is the investigation, analysis and evaluation of currently proposed innovation 

methods & processes, to identify the most successful practices, details and inputs into these 

processes. This will be supported by expert users’ input, gathered via a structured survey to collect 

qualitative insights from these expert users. The gathered data will be used to influence the proposal 

of a new innovative thinking methodology, aimed at directly applied innovation based on the use of 

disruptive technologies. 
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1.1.2 Research Aims & Research Question 

The aim of this research is to explore, analyse and improve the currently utilised and promoted 

methodologies for innovation, which are applied in the broad sectors of STEM (Science, Technology, 

Engineering and Maths), Business and Social impact, with the goal of making them more accessible, 

easier to use and more impactful to a greater number of sectors of society. This will be achieved 

through the following stages: 

1. Production of a detailed literature review of the concept of an innovation methodology and 

the growth of these methodologies in the broad sectors of STEM, Business and Social impact 

2. Collect and assess currently proposed innovation methodologies, their popularity in the 

proposed sectors via bibliometric analysis and subsequent assessment of these 

methodologies to evaluate their ease of use and impact. 

3. Production and use of a survey targeting successful innovators in the chosen areas, to gather 

qualitative evidence from practitioners on the application and use of these innovation 

methodologies 

4.  Development of a new “applied innovation methodology”, outlining the requirements 

identified, a framework which forms its basis and output of the process 

5. Development of an accompanying praxis to guide the application of the developed 

methodology in the field 

6. Evaluate and discuss the findings, process and developed methodology, leading to new and 

original contributions to the field of innovation methodologies for use in applied applications 

by larger sections of society.  

The following research question seeks to identify clear outcomes and thus an original contribution to 

knowledge in relation to the area of innovation methodologies: “How can currently utilised 

innovation methodologies be improved to increase the access, outcomes and potential of a greater 

number of sectors in society?”. This question and two other sub-questions are discussed further in 

the Methodology sections below. 

The primary motivation of this thesis is to collect, asses and distil the best aspects of currently utilised 

innovation methodologies, to support the development, testing and validation of an improved 

method aimed at applied utilisation by non-expert users in the indicated cognate fields.  
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1.2 Methodology 

This chapter outlines the range of sections that underpin the methodological approach to this study, 

which explains the research question, hypothesis and approach to the selection of the methodological 

approach. 

1.2.1 Research Question  

This study examined the currently utilised innovation methodologies, under the separate but 

interlinked fields of Business, Technology and Social Impact applications, to evaluate their key 

attributes to propose a new developed “Applied Innovation” methodology & praxis, which can adapt 

to the impact of disruptive technologies. 

The research question proposed asks “How can currently utilised innovation methodologies be 

improved to increase the access, outcomes and potential of a greater number of sectors in society?”. 

This question arises from the experience and background of the researcher, having worked in both 

technical & non-technical fields, at manual up to academic levels, with the desire to understand the 

mechanisms and attributes that contribute to successful innovation methodologies to improve the 

innovative outcome of more people in a wider range of sectors of society. Innovation, and the 

methodologies associated with it, are becoming more of a focus in all industries, fields and sectors of 

society, as humans strive for improvement, be it financial gain, technological advancement or a more 

progressive society. As seen in Chapter 2, the literature review, the interest and use of methodologies 

to guide and support innovation has grown over the past decade, as the pace of technological 

hardware advancements slows, resulting in companies and individuals looking for new ways of 

creating, differentiating or advancing their activities. 

A number of sub-questions arise from the overarching research question, which deals specifically with 

the intricacies of the innovation process, how they operate in practice, what influences their success 

and how can these be improved to allow more sectors of society to utilise and benefit from their 

guidance. These questions are as follows: 

● What are the key strengths & weaknesses of currently proposed innovation methodologies? 

● What are the factors that influence successful innovation actions? 

● How can these improved methodologies be applied to more people via the use of disruptive 

technologies?  
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1.2.2 Research Hypothesis 

The research hypothesis was developed based in part on an understanding of the gaps in the field, 

based on the researcher’s work as an engineer, both in industry and academia. Years of previous work 

had been conducted on the frontline of innovation and disruptive technologies, mainly in the areas of 

3D printing and its real-world applications for development, of both products and regions. This applied 

experience - added to reviewing and assessing the relevant literature over the years- led to the 

hypothesis that while numerous innovation methodologies are effective in their own niche fields,  

there are aspects of each that are highly impactful to the process, increasing the likelihood of success. 

In addition, these methods are highly reliant on a strong knowledge and/or experience base for 

effective use of the methodology in question, either from the user themselves or via a skilled 

facilitator, which in most cases where innovation is truly needed or is driven by strong external drivers, 

is lacking or non-existent. 

Many of the innovation methodologies that currently are utilised, as enumerated and discussed in 

Chapter 3, the methodology assessment sections, are focused on longer-term outcomes such as 

changing the financial operations of a business, foreseeing next-generation technologies or 

encouraging fundamental social change. In many cases where innovation is required, it is needed 

much sooner than these methodologies allow, this influenced the research to focus on “applied 

innovation”, with the target timeframe for implementation being between six - eighteen months. This 

timeframe allows the rapid adoption and implementation of new innovations in time-critical sectors, 

including a diverse range of ideas from emerging nations development intervention, through adoption 

and adaption of disruptive competitor technologies, to turn around failing business models.  

Therefore, it is the research hypothesis of this thesis that a unified innovation methodology aimed at 

“applied innovation” is possible, through the assessment, evaluation and distillation of the best 

aspects of current innovation methodologies. The goal of this work is to assemble this unified “Applied 

Innovation” methodology for use by a much broader range of society, without the need for significant 

moderation, influence or education from external actors. The researcher posits that such a 

methodology will increase the impact of new technologies and allowing increased innovation to occur 

in all sectors.  
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1.2.3 Framework Consideration 

This section outlines the frameworks and methodologies considered for use to complete the proposed 

research, ultimately addressing the methodology selected to allow the addressing of the research 

question and to test and evaluate the assumptions in the hypothesis. This research relies on the input 

and influence of both inductive and deductive research, with both gathered data sets utilised along 

with the insights of expert users; thus, this study utilises a pragmatic methodological approach, based 

around a traditional mixed-method approach. This method will be used to collect both quantitative 

and qualitative data, which will then be compared for convergence and/or divergence.  

Strictly quantitative or qualitative frameworks were considered, including experimental, opinion 

based and observational-based methods, to act as the framework for this research, the area of 

innovation methodologies. Upon examination and evaluation of numerous methods, the mixed 

methods approach was chosen as the best fit for this research. 

1.2.4 Mixed Methods Approach 

The use of the mixed methods approach for this research allows the data and value of both empirical 

evidence and stakeholder experience to be gathered and used to provide both depth and breadth to 

the research. This robustness allows for the empirical evidence gathered and assessed, to be validated 

or invalidated by shareholder experience of these methodologies in practice, strengthening the 

outcomes of this research.  

The mixed methods approach, according to Guest (2012), acknowledges that “the problems faced by 

social and health researchers are complex and the use of either quantitative or qualitative approaches 

by themselves inadequate to address this complexity”. This is very relevant in this research, as it 

includes both quantitative and qualitative information but also social, scientific and business based 

insights; thus, a focus on mixed methods approaches was chosen. Some of the best analysis of the 

mixed methods approach was conducted by Creswell and Plano Clark (2007;2010), during which they 

classified the various mixed methods approaches into a number of typologies, under which mixed 

methods have been applied to numerous diverse fields.  

This research has identified four major types of mixed methods design: 

1. Embedded Design 

2. Explanatory Design 

3. Exploratory Design  

4. Triangulation Design 
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Triangulation Design  

These four major types of mixed methods design were all considered for application under this 

research, with Triangulation design chosen as most appropriate due to its purpose “ to obtain different 

but complementary data on the same topic” (Morse, 1991). This method allows the collection of 

different (quantitative & qualitative data) on the innovation process, which complements the goals of 

the research. This allows the design structure to bring together the different strengths and 

nonoverlapping weaknesses of both quantitative and qualitative methods (Patton, 1990). This 

approach will be used to expand quantitative results with statistical data and will be guided by the 

extensive literature on the topic (Jick, 1979; Brewer & Hunter, 1989; Greene et al., 1989; Morse, 1991). 

The triangulation design process is a one-stage design during which the quantitative and qualitative 

methods occur over the same timeframe with equal weighting. This single-stage timeframe has 

resulted in the process becoming known as “Concurrent Triangulation Design” (Creswell, Plano Clark, 

et al., 2003). The process involves the concurrent, but separate collection and analysis of both 

quantitative and qualitative data, with the aim of allowing the researcher to best understand the 

research problem. These two datasets are then merged, via interpretation or transformation, to allow 

the joint interpretation of the collected information. Jenkins (2001), single-phase study of rural 

adolescent perceptions around drugs and alcohol resistance is a well-regarded example of a 

triangulation design approach, during which the author collected and analysed quantitative and 

qualitative data, merging the datasets into one overall interpretation.  

Variations in Triangulation Design 

There are four variations in Triangulation Design models, as seen in Figure 2, namely the convergence 

model, the data transformation model, the validating quantitative data model and the multilevel 

model. The convergence and data transformation models are used to merge data types (either during 

interpretation or analysis), the validating quantitative model is used to enhance findings from a 

survey, and the multilevel model is used to investigate different levels of analysis.   
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Figure 2 The Four Types of Triangulation Design Model (Creswell, 1998) 

The convergence model is considered to be the traditional model of a mixed methods triangulation 

design, which allows the researcher to collect and analyse quantitative and qualitative data separately, 

on the same topics and then results converged during interpretation. This method is used in order to 

compare results to validate, confirm or corroborate quantitative results with qualitative findings. The 

end result should be a valid and well-substantiated conclusion about the targeted topic. The work on 

the motivations of college student plasma donors, by Anderson, Newell and Kilcoyne (1999) very 

effectively utilised this method to converge quantitative survey results with their qualitative focus 

group findings. This model suits the intended goals of this research, so will form the methodological 

basis for this study, which is displayed graphically in Figure 3. 

 

Figure 3 Proposed Methodological Layout of the Research 
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Qualitative Aspects 

● Literature Review 

A comprehensive literature review will be completed to gather, analyse and assess innovation 

methodologies on an ongoing basis, under the categories of STEM, Business & Social Innovation. 

These collected methodologies and thoughts on their application will be used to inform the design 

of the proposed “Methodology for Applied Disruptive Innovation.”  

 

● Interview/survey 

After the collection, evaluation and interpretation of the currently proposed innovation 

methodologies, a target user survey will be conducted within a population of targeted individuals 

in the innovation space. This targeted population will include expert users of innovation 

methodologies, either via organic innovation practices or via the classification of structured 

approaches. Classification of these fields will be used (STEM, Business and Social) to gather expert 

users’ insight to utilise along with the experienced user insights.  

 

Quantitative Aspects 

● Bibliometrics 

A bibliometric assessment of the occurrence and growth of the specific terminology associated 

with the identified innovation methodologies will be undertaken, with a view to aid in the 

classification of the methodologies under specific fields (STEM, Business & Social Impact). The 

bibliometric data will be used to track the development of each methodology over time and their 

impact on each specific field in question.  

 

● Methodology Performance Ranking 

A key part of this research will be the assessment and rating of each identified innovation 

methodology, with a view to assessing their suitability and usability for applied innovation 

practice. These assessment metrics are outlined in future sections of this thesis but allow the 

assessment of each methodology on the following broad aspects: the capacity for ideation, prior 

research, prototyping, practical testing, ease of use, cyclability, staged evaluation/assessment, 

visual nature and technical complexity. These outlined areas will allow an overall assessment of 

the impact, operation, usability, impact and potential of each methodology.  
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New Methodology Design (Interpretation Stage) 

The quantitative and qualitative aspects outlined previously will be utilised to inform the development 

of the proposed improved innovation methodology. The working title of such a proposed 

methodology is “Methodology for Applied Disruptive Innovation”. A second stage will accompany 

this theory, which will attempt to develop a whole methodology, a theoretical framing alongside a 

toolkit, to develop a praxis to accompany the theory, such as “Praxis for Applied Disruptive 

Innovation”. 

1.2.5 Ethics Approval 

An application for an ethics exemption was submitted to the Human Research Committee of 

University College Dublin. The ethics exemption was granted by UCD to proceed with the proposed 

research elements, under the code LS-E-19-111-Keogh-Goodman. This research complies fully with 

the UCD Ethical Issues Policy.  

1.3 Thesis Domains 

1.3.1 The Main & Cognate Fields of Study 

Figure 4 below, illustrates the proposed main and cognate fields of study. This highlights the 

knowledge and fields that this work draws from and aims to contribute to going forward.  

 

Figure 4 Thesis Fields of Knowledge 
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Main Field  

Innovation Methodologies 

The main field of study of this research is the area of “Innovation Methodologies”, viewed from the 

author's main field (Science, Technology, Engineering & Maths), but also under the fields of business 

and social impact. This research is intended to refine current and develop new knowledge in the field 

of innovation methodologies, to enhance the potential impact of these methods via the enhanced 

application by more sectors of society and through the use of new disruptive technologies and 

concepts to accelerate the innovation process. These methods include popular innovation methods 

such as Design Thinking (IDEO, 2007), Six Sigma (Smith 1986), Business Model Canvas (Osterwalder, 

2010) and Kaizen (Deming, 1982), but also a number of field-specific methods from the three main 

areas of analysis (STEM, Business and Social impact fields), along with a selection of tools and 

processes to aid in the delivery and impact of this new methodology. The applicable areas of research 

are supported by the Design Thinking Venn diagram (d.school at Stanford) which places design 

thinking at the intersection of the fields of Technology, Business and Human Values, as seen below in 

Figure 5.  

 

Figure 5 Design Thinking Venn Diagram (D.school, Stanford 
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The innovation process is a fluid concept of development and iteration, which takes on different roles, 

meanings and forms depending on the background of the user, the field in which it is to operate and 

the desired outcome. These processes will form an important aspect of the proposed research, so an 

investigation into the development of the idea of an innovation process, the foundations of its 

development and its progress through industries will be examined and included to help inform the 

future progress of the field. Innovation process literature from numerous fields will act as key research 

for the proposed new methodology and assessment of previously proposed methodologies.  

Cognate Fields 

The cognate fields were chosen to help guide the investigation stage and influence the potential 

outcomes and fields of application of the proposed final methodology. The three main cognate fields, 

as they relate to Innovation Methodologies include the fields of: 

Business 

Innovation, from a business perspective, relates to the refinement, improvement or development of 

new and improved business opportunities with firms. Businesses must adapt, develop a new product, 

open new markets and find new opportunities to ensure a steady supply of business and to reduce 

the threat from external competitors.  Overall, the goal in this field is the improvement of business 

practice, through the introduction of new services, processes or products, with the goal of affecting a 

positive change in the business. The aim is to drive business, create new value and boost growth, 

productivity and revenue. Related fields include General Business, Sales, Accountancy, Advertising, 

Banking, Finance, HR, Management, Consultancy, Public Relations and Marketing.  

Business innovation methods, therefore, focus on the analysis and improvement of business models, 

the reduction of costs and the development of improved product or service offerings to ensure these 

new lines of business. These methods, therefore, have a significant focus on financial mapping, cost 

reduction and customer satisfaction. 

Science, Technology, Engineering & Maths (STEM) 

The area of STEM has always embraced innovation, with many of the developments in this area arising 

from organised and progressive efforts to seek improvements in the science, technology, engineering 

and technical development domains. Innovation, as it applies to the STEM sector is focused mostly in 

the development of new technologies, processes and systems to tackle complex problems. STEM 

methods focus on the creation of scientific, technical or digital innovations, namely manufacturing 

processes, consumer goods or technological inventions. Related fields include both basic & applied 

Science, Engineering, Technology, Mathematics, Medicine and Computer Science, among others. 
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The innovation practices, and therefore the innovation methods, prioritise the generation of new 

knowledge, technologies and processes for tackling global issues, resulting in a focus on prototyping 

and testing of fully developed systems.  This field is what the general public most closely tends to 

associate with “Innovation”, due in large part to the advancement of consumer technologies and the 

proliferation of digital systems in our daily lives.  

Social Impact 

The final main cognate field is the area of Social Impact, and how innovation methodologies are 

utilised in this area. While STEM focuses on the generation of hardware and systems to tackle global 

problems, the social impact area focuses on the improvement of the people’s lives, the environment 

and living situation of people, places or animals. These methods operate in many fields and areas, but 

the driving force behind them is the improvement of a process, problem or issue for the greater good 

of humanity. Related fields include Social Care, Environmental Protection, Conservation, 

Rehabilitation, Nursing, Politics, Social Services and Social Cohesion. 

The innovation practices in these areas, therefore, focus on the improvement of the targeted problem, 

via positive action from the community, connected parties or society. These methods, therefore, have 

a focus on the sharing of knowledge & experience, integration of the users into the process, and the 

open dissemination of solutions to effect maximum impact.  

In addition, two additional cognate fields, which act as connectors or bridges between common traits 

in the three main cognate fields are included. These two additional cognate fields are: 

Disruptive Technologies 

Disruptive technologies, and their applications in the respective fields, share common ground with the 

cognate fields of Business and STEM, with both fields utilising these technologies in different ways.  

Disruptive technologies will act as a key tool for innovation into the future, as such, they will be 

included as tools to accelerate development, allow greater access to the innovation process among 

users and aid in the education of the innovation process with a wider range of non-specialist 

audiences. A defined list of disruptive technologies which are suitable to integrate smoothly into the 

innovation process will be compiled and discussed and will then inform the development of the new 

methodology put forward in this thesis. 
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The Open Source Concept 

The Open Source concept, and its application, shares common ground with the cognate fields of STEM 

& Social Impact, via the sharing of ideas, concepts and solutions between people freely with the goal 

of accelerating impact & development.  

The idea of “Open Source” began as an assumption from the software industry, which developed 

without a defined name or clear alternative (Bretthauer, 2001). This drive towards open, collaborative 

software development gained significant interest due to the high quality, stable and world-changing 

software the concept helped to produce. The concept then moved into hardware and revolutionised 

consumer access to disruptive hardware technologies such as open-source computing hardware, 

electronics and mechatronic systems. This movement helped create some of the most potentially 

revolutionary hardware in respect to innovation, including systems such as open-source electronics 

(Arduino, Adafruit) and consumer 3D printing systems (RepRap, Ultimaker), laser cutters (Lasersaur) 

and medical devices (Enable Hands, OpenBionics). These technologies have had a huge impact in their 

applied sectors, so they will be used to inform the development of future innovation methodologies 

as a cognate field of knowledge. 

 

 

 

 

 

 

 

 

 

 

 

 

 



16 
 

1.4  Intended Original Contributions to Knowledge 

The contribution that I offer to the field of innovation methodologies is a topography, review and 

assessment of current innovation methodologies, the areas required for improvement influenced by 

application, review and expert user feedback. Moreover, I offer a new applied innovation 

methodology, influenced by the best aspects of current methods, to act as an easier to use, flexible 

methodology that may allow more people to innovate and create solutions to social problems.  

Thus, I offer considered theoretical insights into the practice and process of innovation, what supports 

are necessary in the modern world and experienced insight into the practical application of these 

methodologies in the areas of Science, Technology, Engineering & Maths (STEM), Business and Social 

Impact. By combining quantitative and qualitative elements, research and expert users insights, I 

propose a new methodology, and accompanying praxis toolkit to support the next wave of innovation 

practice.  

In summary, I offer an improved innovation methodology and praxis toolkit, to allow users to create, 

innovate and develop solutions to problems in different fields, with different tools and at different 

levels of experience.  

This intended original contributions to knowledge stemming from this research are as follows: 

● A topography of impactful innovation methodologies in the fields of STEM, Business and Social 

Impact. 

● An evaluation of the advantages and disadvantages of the most popular innovation 

methodologies. 

● A newly developed, impactful applied innovation methodology. 

● An accompanying set of internal and external tools in the form of a praxis & toolkit to support 

the use of this new methodology. 

● Validation and Verification of the newly proposed methodology as a method to support the 

process of innovation.  
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1.5 Thesis Structure 

This thesis is divided into seven chapters.  

Chapter One introduces the context of the thesis, the scope of the research and fields of study.  

Chapter Two presents the literature review of the field of Innovation Methodologies, the evolution of 

the concept, the different types of innovation and the development of different methodologies in 

each cognate field.  

Chapter Three introduces the gathered Innovation Methodologies, which are assessed for use, 

popularity and functionality under a number of metrics, and the key methodologies indicated.  

Chapter Four discusses the development of the new applied innovation methodology, the influencing 

factors and elements that contribute to its creation.  

Chapter Five presents the accompanying praxis toolkit, that aids in the utilisation of the proposed 

methodology. 

Chapter Six presents the validation and verification of the new applied methodology via the Validation 

Square method.  

Chapter Seven presents the final conclusions, recommendations and overall findings of the research, 

including the original contributions to knowledge put forward by the thesis overall. 
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Chapter 2: Literature Review 

2.1 Introduction 

This chapter provides a review of the published literature in the area of Innovation. It presents a 

succinct overview of the concept of innovation, where it stems from, the need for in it the STEM, 

Business and Social Impact fields and how the process of innovation operates. Then a review of the 

evolution of innovation over time, how the concept developed, and its resultant impact is discussed, 

followed by a review of the types of innovation as framed by the Business field.  

As this research focused on the creation of new innovation methodologies, the history & evolution of 

innovation models is then discussed, and how innovation has developed in the targeted fields of STEM, 

Business and Social Impact. This chapter closes with a discussion of one of the key modern innovation 

methods, Design Thinking, and its impact on the field, followed by a brief review of disruptive 

technologies and the Open Source concept as they apply to Innovation Methodologies.  

2.1.1 Innovation 

Innovation has very rapidly become one of the main drivers of economic, social and human progress, 

with what appears to be a never-ending push forward propelling humanity towards a better future. 

Humanity has been innovating since human life began on earth, creating new tools, methods and 

concepts to improve the human condition & position on this planet. Anthropogenic innovations like 

planned agriculture, human settlement, industrialisation, mass production and electrification have 

changed the path of both humanity and the planet we live on.  

The defined and well-studied concept of “Innovation”, which is now fairly commonplace, originally 

emerged in the business sector, in the context of a focus on commercial growth based on finding the 

“next best thing” to give a financial advantage to companies in growing and uncertain markets. During 

such periods of emergence and change, it is relatively easy to rely on improving current operations, 

increasing efficiencies, reducing costs or optimising supply chains. While this may work in the short 

term to preserve business, on longer terms, progress will eclipse these gains, with the market 

potentially leaving the company behind. Innovation of new products, markets and industries is 

therefore required to ensure business evolves with these changing times.  

The Global Innovation Science Handbook (Gupta, 2014), discusses an excellent case study showing 

how this process occurs via the history of the trade in ice. It notes that the trade-in natural cut ice 

began in New England in the early 1800s, with businesses profiting from the supply of ice cut from 

frozen lakes around the world. Expansion and investment into the industry continued into the early 

1900s, despite the initial signs of new innovations successfully being applied, namely industrially 
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produced ice and early refrigerator cooling systems. The industries response to these potentially 

disruptive innovations was to increase efficiencies in their operations, which ultimately couldn’t save 

them from the inevitable destruction of their business by refrigeration systems. Their mistake was to 

revel in the false comfort that natural ice was of superior quality to industrial ice, and not anticipate 

how well high-quality ice could be cost-effectively produced, or the large scale adoption of home 

refrigeration reducing the demand for ice chests, and thus the elimination of the need for ice for 

cooling within a  few decades. This example highlights the need for true innovation to occur, not only 

when faced with competition but beforehand, to allow progress to continue.  

 

 

Figure 6 Cumulative survival rates for establishments by birth year (JPMorgan Chase, 2018) 

Spruijt (2013) quotes Einstein: ““If you always do what you always did, you will always get what you 

always got””. This is particularly relevant to the field on Innovation, as everyone recalls a business that 

has failed, a product the has been surpassed or a traditional approach being replaced by a new 

standard practice. Be it the rates of business failure, such as the generalised downward curve in the 

survival rates of the businesses over a period of time, such as in Figure 6 above, or the rapid 

development of circuit chips, evident by the rapid increase in the number of transistors on integrated 

circuit chips, also known as Moore’s Law (Moore, 1965) as in Figure 7. Similarly, the growth rate of 

new global threats & challenges present is increasing, with issues such as Globalisation (Parisi et al., 

2006), Global Waste, Climate Change (Brainport, 2007), Population Migration and the Digitisation of 

Work (Sistermans et al., 2005) at the forefront of most popular discussion. This rapid rate of change 

results in a need to develop the new: Ideas, products, markets etc., with the Global Innovation 

Handbook arriving at the challenging conclusion, phrased as a mantra: “Innovate or Die” (Gupta, 

2014). 
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Figure 7 Moore’s Law – The number of transistors on integrated circuit chips from 1971 to 2018 (OurWolrdinData.org, 
2019) 

It has been observed that the traditionally accepted approach for “Innovation”, is to make small 

changes to “business-as-usual”, maintain security and comfort while hoping to stumble upon a 

disruptive innovation. While this may work in the short term, as demonstrated by previous examples, 

this approach is not a formula for progress or longevity and is  particularly unsuited to the pace of 

change of the modern world. Many people assume innovation is random, and/or requires creative 

genius or a sudden spark of inspiration (Gupta, 2014). While significant skills, training or experience in 

creativity, or the sudden strike of inspiration is of huge benefit to the process of innovation, most 

innovation derives from a structured, systematic approach, by which people (or organisations) 

increase their chances of finding new innovation, tackling future issues and striving into the future.  

Most people are aware of what are considered to be “Game-Changing” technological innovations;  for 

instance, Apple’s iPod & iPhone, IBM’s Microchips, 3D Printing, 5G Connectivity, Self-Driving Cars, 

Advanced Medicine and many other examples. All of these innovations have resulted from processes 

and methods to create new sustainable and disruptive innovations in companies, universities and 

institutions around the world. Innovation isn’t sourced in chaos, but via structured approaches to 

apply new technologies, ideas, methods and processes to tackle problems. In 2008, IBM surveyed 

1130 global CEO’s about the “Enterprise of the Future”, with the results describing this enterprise as: 

“beyond articulated needs and wants, creating first-of-a-kind products, services, and experiences that 

were never asked for—but are precisely what customers desire.” (IBM, 2008). This can only be 

achieved by following orderly methods & processes, to create these new next-generation solutions.  
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2.1.2 Definitions of Innovation 

Due to the focus on and popularity of “Innovation” in the modern age, the term has become overused, 

in all fields, areas and sectors, resulting in numerous and variable definitions of the word. The 

Cambridge English Dictionary Definition of the word Innovation is: “(the use of) a new idea or method”, 

which is an acceptable generalised definition. Such is the proliferation of interest in innovation, Lala 

Popa et al. (2010) listed a number of definitions of innovation, showing the variety and resulting 

vagueness of the term. These definitions can be seen below in Table 1. 

Table 1 Definitions of Innovation (Lala Popa et al., 2010) 

Author Definition 

Joseph Schumpeter 

(1930) 

• Introducing a new product or modifications brought to an existing product.  

• A new process of innovation in an industry.  

• The discovery of a new market.  

• Developing new sources of supply with raw materials.  

• Other changes in the organisation. 

Peter Drucker (1954) One of the two basic functions of an organisation 

Howard and Sheth 

(1969) 

Any new element brought to the buyer, whether or not new to the organisation. 

Mohr (1969) The degree to which specific new changes are implemented in an organisation 

Damanpour and 

Evan (1984) 

Broad utility concept defined in various ways to reflect a specific requirement 

and characteristic of a particular study 

Kenneth Simmonds 

(1986) 

Innovations are new ideas that consist of new products and services, new use of 

existing products, new markets for existing products or new marketing methods 

Kenneth Simmonds 

(1986) 

Basic creative process 

Damanpour (1991) Development and adoption of new ideas by a firm. 

Davenport (1991) Complete a task development in a radically new way 

Evans (1991) The ability to discover new relationships, of seeing things from new perspectives 

and to form new combinations from existing concepts 

Covin şi Slevin 

(1991), Lumpkin and 

Dess (1996), Knox 

(2002) 

Innovation can be defined as a process that provides added value and a degree of 

novelty to the organisation, suppliers and customers, developing new 

procedures, solutions, products and services and new ways of marketing. 
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There are numerous reasons for this “overuse”, with Shaver (2019) noting that there are several 

reasons for the overuse of the term innovation, with a primary contributor being “ the variety of 

definitions permeating the corporate world, popular press, business publications, and the research 

literature.” This lack of a generally agreed-upon definition has resulted in confusion among those 

interested in the field, thus making discussion and analysis difficult.  

The Oslo Manual (OECD, 2015) definition of innovation is considered to be one of the best definitions 

of the process. The Organisation for Economic Cooperation and Development (OECD) developed the 

Oslo Manual to provide guidance for the collection and interpretation of data on innovation, seeking 

to facilitate international comparability and provide a grounding for research into innovation 

measurement. The OECD general definition of innovation Is “An innovation is a new or improved 

product or process (or a combination thereof) that differs significantly from the unit’s previous 

products or processes and that has been made available to potential users (product) or brought into 

use by the unit (process).” 

This definition will be the standard definition of “Innovation” through the course of this research while 

the Oslo Manual will be discussed in detail in a later section.  

 

 

Business Council 

Australia (1993) 

Adoption of new or significantly improved elements to create added value to the 

organisation directly or indirectly for its customers. 

Henderson and Lentz 

(1995) 

Implementation of innovative ideas 

Nohria and Gulati 

(1996) 

Any policy, structure, method, process, product or market opportunity that the 

manager of a working business unit should perceive as new. 

Rogers (1998) Involves both knowledge creation and diffusion of existing knowledge. 

The European 

Commission Green 

(1999) 

Successful production, assimilation and exploitation of novelty in the economic 

or social environment 

Boer and During 

(2001) 

Creating a new association (combination) product market-technology-

organization. 
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2.1.3 The Evolution of Innovation  

The idea of a defined innovation process has its origins in the product life cycle (Verhaeghe & Kfir, 

2002), and how that influences the growth of a business. While there is significant literature spanning 

decades, the first scientifically mentioned account of this was by Levitt (1965), in which the four stages 

of the product life cycle where discussed. These stages were elaborated by Perreault in a number of 

revisiting continuation studies (Perreault et al., 2000), with the model consisting of a 4 stage process: 

Introduction to Market, Market Growth, Market Stability then eventually Market Decline. While these 

types of models focus on the market aspect of new products, similarly with Rogers “The Diffusion of 

Innovation and Adopter Categories” (Rogers, 2002), managing the innovation process is commonly 

cyclical in nature.  

This cyclical approach is common in innovation as it allows for reflection, analysis and iteration, thus 

allowing the generation of dynamic growth. The first published method of this cyclical scientific-based 

approach was by Francis Bacon in his book “Novum Organum”  from 1620, who stated that the 

scientific process should consist of a hypothesis, experiments and evaluations, with these repeating 

until new discoveries are made (Bacon, 1889). This work was developed over the decades, with 

famous methods being published and utilised including Deming’s “Plan-Do-Check-Act” cycle (Deming 

& Edwards, 1982) and Coles “Probe-Test-Evaluate-Learn” cycle (Cole, 2002). A lot of research has been 

undertaken into innovation processes, and the regularly occurring steps that constitute  in these 

processes. Even though there have been many studies, models and proposals on the exact order and 

number of innovation stages, little consensus is shown regarding this order and quantity (Adams, 

Bessant, & Phelps, 2006; Gopalakrishnan & Damanpour, 1997). Most models consist of 4 or 5 

individual stages, under the generalised headings including: 

 

● Ideation or Idea Generation 

● Project or Problem Definition 

● Problem Solving or Solution Development 

● Design & Development  

● Marketing & Commercialization.  

 

Many examples of these methods can be found, with various orders, wordings and additions, by 

authors such as Gopalakrishnan & Damanpour (1997), Adams et al. (2006), Goffin & Pfeiffer (1999), 

Verhaeghe & Kfir (2002) and Rothwell (1992). While many innovations arise directly from the use of 

new, innovative technologies (disruptive technologies), most arise from incremental, structured 

change.  
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These incremental structured innovations are supported by explicit and structured innovation 

processes, with organisations (or teams, individuals, etc.) following a prescribed innovation process. 

When unstructured processes are used (especially in the early idea generation stage of an innovation 

process), the chance of success is lower than following prescribed processes but when success is 

achieved it often leads to disruptive or radical innovations. This unstructured early stage of the process 

is often referred to as the “fuzzy front end” of innovation (Brentani & Reid, 2012). 

While the presence of structure and organisation in later phases of an innovation process is usually a 

benefit for the success rate of the innovation process, the early unstructured element is often desired 

for problem identification and opportunity recognition. This “fuzzy front end” puts an emphasis on 

continuous unstructured problem identification and opportunity recognition, while more structured 

processes mainly utilise problem structuring and opportunity structuring in the early stages of the 

process (Hauser, Urban, & Weinberg, 1993; Leifer, O'Connor, & Rice, 2001). The difference in approach 

mainly exists where the information collection and exploration processes begin and the directional 

flow of information into the process. Disruptive or radical Innovations arise from an outside-in (or 

divergent) thought process, which is highly beneficial for the generation of a large volume of new 

ideas and concepts. Traditional structured innovation processes generally utilise inside-out (or 

convergence) thought processes, which in some cases can restrict the innovative capacity of a team 

to internally applied barriers (whether they are acknowledged or not). This desire for unstructured 

idea generation but also a solid structure to follow, from a business or operational perspective, has 

resulted in a number of innovation framework models being developed over the decades, with the 

goal of allowing innovation at a firm level to occur while also maximising the potential for new Radical 

Innovations.  

The concept of innovation as perceived by professional industry and business companies has evolved 

over recent decades, from simple linear-based models to evermore complex layer processes, involving 

internal & external stakeholders. These stakeholders, utilise a number of complex internal and 

external processes, requiring ever-growing oversight from a skilled practitioner. Rothwell (1994) 

proposed the five generations of innovation model in business, each differentiated by the 

management focus, drivers, processes and level of integration with external partners. The evolution 

of these models shows their ever-increasing complexity, as new practices emerge as a solution to 

evolving contexts while addressing the limitations of previous generations (Ortt and van der Duin, 

2008). Rothwell noted that while these models have evolved from each other, that they do not 

necessarily substitute one for another, that they may exist side-by-side, or be interwoven with 

elements of the previous or preceding model. These models can be seen below in Table 2.  
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Table 2 Generations of Innovation Framework Models (IPACSO, 2019) 

Generation Model Characteristic Strengths Weaknesses 

1st Technology 

Push 

Simple linear model, sequential 

process, focus on R&D and Science 

Simple 

Radical Innovation 

Lack of Feedback 

No Market Focus 

No Networked 

Actions 

No technological 

instruments 

2nd Market 

Pull 

Simple linear model, sequential 

process, focus on market, market 

supplies ideas for R&D 

Simple  

Incremental 

Innovation 

 

Lack of Feedback 

No technology 

research, No 

Networked Actions, 

No technological 

instruments 

3rd Coupling Acknowledges interaction between 

different elements with feedback 

loops between them focus on 

integrating R&D and marketing 

Simple 

Radical & 

Incremental 

Innovation 

Feedback between 

phases 

No networked 

actions, No 

technological 

instruments 

4th Interactive Combination of push seven pull 

models, integrated into the firm, 

focus on external linkages 

Actor networking, 

Parallel phases 

Complexity 

increments of 

reliability 

No technological 

instruments 

5th Network Focus on knowledge accumulation 

and external linkages, systems 

integrated with extensive networking  

Pervasive 

innovation  

Use of complex 

technological 

instruments 

Networking to 

pursue innovation 

Complexity 

increments of 

reliability 

 

6th Open Internal & external ideas & paths to 

market combined to advance new 

technology development 

Combining of 

internal & external 

ideas as well as 

paths to market 

Assumes 

willingness & 

capacity to 

collaborate 

Risks of external 

collaboration 
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● 1st Generation: Technology Push 

The first generation of innovation model (Figure 8), the Technology Push, is a simple linear sequential 

structure in which innovation is mapped across a number of discrete stages. It assumes that new 

innovations are based on R&D and scientific discovery, with the technology innovation “pushed” by 

applied research, engineering, manufacturing and marketing, thus resulting in new products or 

inventions. 

 

Figure 8 Technology Push (Rothwell, 1994) 

● 2nd Generation: Market Pull 

The 2nd generation, Market Pull model (Figure 9), is similar in structure to the Technology Push model, 

but in this case, prioritises the market demand in progressing innovation. In this case, new ideas 

originate in the market, with R&D becoming a reactive part of the process; thus, innovation is led from 

market need.  

 

Figure 9 Demand Pull  (Rothwell, 1994) 

● 3rd Generation: Coupled Innovation 

The 3rd generation model (Figure 10), the Coupling models, overcame many of the issues associated 

with the previous linear models, by incorporating feedback loops and interactions between elements, 

therefore, recognise that innovation is characterised by the coupling and interaction of Science, 

Technology & the Market. Therefore, these models integrate multiple internal and external functions, 

with actions occurring in isolation, then interacting with other stages of the process. While these 

models are non-linear, with feedback loops, they are also sequential in nature overall.  

  Basic Science   
Design & 

Engineering   Manufactruing   Marketing   Sales 

  Market Need   Development   Manufacturing   Sales 
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Figure 10 Coupled Innovation (du Preez and Louw, 2008) 

One of the most well-known linear innovation processes models is the Stage-Gate Model (Figure 11) 

from Cooper (du Preez and Louw, 2008), which separates the product innovation process into stages 

with defined decision points or gates. These gates occur after each stage and act as a point to review 

and evaluate the previous stage- success allows progress while failure leads to further iteration until 

success is achieved.  

 

Figure 11 Cooper Stage-Gate Model (du Preez and Louw, 2008) 

● 4th Generation: Interactive Innovation 

The 4th generation model (Figure 12), the Interactive approach, arose out of the need to tackle the 

lack of functional integration in the linear based models. It views the innovation process as a series of 

parallel activities across an organisation, led by different departments, with regular joint meetings 

between all players to inform and update. While these models help integrate innovation activities, 

they do not describe the whole innovation process. 

 

Figure 12 Fourth Generation Interactive Model (Rothwell, 1994) 
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 A well-known 4th generation model is the Minnesota Innovation Research Program (MIRP) (Figure 13) 

from the 1980s (Hildrum, 2007). The MIRP models elaborate on the stages of core characteristics 

during the process of bringing an innovative idea from an idea into reality. Each stage has two 

successive periods, the developmental period and the implementation period. Each stage has 

particular distinguishable process characteristics, but no clear cut boundaries between these three 

periods. Therefore, overlaps occur, mainly between the development period and implementation 

period, due to the interactions between innovation teams and market feedback.  

 

Figure 13 MIRP Model  (Hildrum, 2007). 

● 5th Generation: Network Innovation 

The 5th Generation of model (Figure 14), the Network Innovation approaches arose during the 1990s 

in an attempt to explain the complexities of the innovation process. The main characteristics of this 

approach is the interactions with and influence of the external environment on the innovation 

process. It views the process as a network, that required both internal and external inputs, in all stages 

of the process and from all areas of the business. These models are generally closed networks of 

innovation, fitting the traditional developmental process of innovation taking place internally in a 

company.  These limits, therefore, make these network innovation models a closed innovation system, 

with employees developing ideas internally and secretly within organisations.  

 

Figure 14 Network Innovation Approach (du Preez and Louw, 2008) 
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● 6th Generation: Open Innovation 

The newest 6th generation of model, Open Innovation models (Figure 15), are also network models of 

innovation but instead of being only focused on internal ideas and development, Open models utilise 

internal and external ideas, but also internal and external paths to market, combining the above to 

develop new technologies.  The concept of open innovation was first coined by Chesbrough (2003), 

with the main advantage of the process being the ability to gather a much large base of ideas and 

technologies to drive growth and innovation. The innovation environment has changed drastically 

through networking and collaboration, and open innovation required companies to adopt new 

practices embracing openness and collaboration, to allow them to recognise new growth 

opportunities from external sources.  

 

Figure 15 Open Innovation Approach (Docherty, 2006) 

The evolution of the six stages of innovation framework occurred to adapt to changing requirements, 

trends and technologies in the innovation field, with a selection of innovation models presented 

highlighting the core elements of each framework stage. The models, and indeed stages, all have their 

own inherent advantages and disadvantages, with Du Preez et al. (2008) noting that a synthesis of the 

innovation process model from the literature suggests that: 
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1. Most innovation process models contain a pattern of a number of the following steps or 

stages: (a) idea generation and identification, (b) concept development, (c) concept evaluation 

and selection, (d) development, and (e) implementation. 

2. Innovation can be driven by either market pull, technology push, or a combination of both. 

3. Integration and interaction between the different functions within the innovation process is 

of utmost importance and can often be the discriminating factor in a successful application. 

4. The latest open innovation process models utilise a network approach where innovation is 

focused not only internally, but also externally to maximise innovative input.  

5. Most of the models do not incorporate the full lifecycle of an innovation initiative which runs 

from the idea/opportunity stage, through to the final successful commercialisation or 

implementation of the innovation. It is only through the successful completion of all the 

lifecycle phases that an innovation initiative may accomplish its goals. A specific lifecycle stage 

that was found lacking was the exploitation stage, the use in the market (or in the field) of the 

developed innovation, including adaptation and improvement. 

Any new development and improvement to the open innovation frame (or any of the other 

frameworks) therefore must include usual steps or stages, have the ability to adapt to a pull or push 

driving force, be cyclical between stages of the process, be open to external inputs and include the 

final exploitation (or implementation) phase to justify the goal and endeavour. 
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2.1.4 Types of Innovation 

Innovation has been studied from numerous different perspectives over the years (Crossan & Apaydin, 

2009), with Spruijt et al. (2013) noting perspectives including innovation as ‘doing things differently’, 

technological innovation (Markard & Truffer, 2008; Schilling, 2005), process innovation (Davenport, 

1992), organisational innovation (Chesbrough, 2010; Crossan & Apaydin, 2009; Johnson, Christensen, 

& Kagermann, 2008) and innovation education (Gupta, 2014; Spruijt et al., 2013). The main types of 

innovation were outlines by Gupta (2014) which can be seen below in Figure 16.  

 

 

Figure 16 Innovation Types  (based on Gupta, 2014) 

Process Innovation 

Process innovation is the act of innovating production processes. In effect, all organisations are 

involved in the process of implementing new, improved or enhance product or delivery methods. 

Improved production methods may include the use of new software, new hardware, new machinery, 

new ways of using previous tools, news ways of serving customers or new improvements to improve 

process efficiencies.  These new process, tools or ideas can occur in all areas of the proposed supply 

chain, with the key to this process laying with the use of information technology to measure, analysis 

and indicate the performance, impact and outcomes of both the old and new processes and tools.  
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 Numerous management processes have been developed over the years, with the goal of improving 

production processes, with many becoming popular in other fields and sectors, due to their impressive 

impact and results. These include methods such as Six Sigma, Kaizen, Lean Manufacturing, TRIZ, Just 

In Time Management, Design of Experiments, Plan-Do-Check-Act and the Theory of Constraints, 

among others. The idea of process innovation methods is to reduce customer costs, while also making 

the production process more capital efficient to maintain good business margins.  

A key example of a process innovation model is Deming’s (Demings & Edwards, 1982) “Continuous 

Improvement Model” (Figure 17), which was an evolution of Shewhart’s “Plan-Do-Check-Act” cycle, 

which was first published in 1939. Deming changed the Shewhart process to emphasise analysis over 

inspection, thus giving the “Plan-Do-Study-Act” cycle of the Deming continuous improvement model. 

The goal was to plan a step or process, follow the plan, analyse the results and achievements, and 

then improve the step or a similar step in some way, based on learning from this process. 

 

Figure 17 Deming’s Continuous Improvement Model (Gupta, 2014) 

Process innovation, by its very nature, is often considered to be an incremental innovation process, 

but in many instances can drastically impact the products, services or processes its applied to. A key 

example of this would be the process innovation applied by Henry Ford’s assembly line concept, which 

brought parts to the worker, lithography processes in the microchip production process, or customer 

tracking of shipments via the internet, small incremental changes with drastic impacts on markets, 

industries and consumers.  Solid innovation methods and frameworks to map current processes, adapt 

solutions from other sectors and apply these new processes without negatively impacting the previous 

process are therefore highly valued in the field.  
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Functional Innovation  

Functional innovation or “Systems Thinking” is a process in which a problem is seen as being a part of 

a full system, meaning that the problem is not addressed in isolation, thus trying to minimise the 

potential for wasted effort or unintended consequences. Each part of the system is viewed in the 

context of themselves, their interactions within the full systems and their relationship with other 

related systems. The key to successful functional innovation is to break down a challenge into its 

functional components, allowing them to be fully analysed, understood and examined. Once these 

components are identified, you can address the underlying functions which need to be improved. This 

process will highlight the overlaps, problems, holes and inefficiencies contributing to the challenge. 

These problems can then be effectively addressed to improve the overall process.  

Functional innovation approaches can allow people who are fully engrossed in the problem, 

specialised in the field or people who deal with the process on a daily basis, to disaggregate and 

breakdown a complex situation. This approach is applied to many fields, but in particular to 

engineering problems, customer account management and customer relations in business. This 

approach is often used by external consulting firms, where an external unbiased perspective on the 

problem can be useful, with consultancy companies using clear questioning and frameworks to 

identify potential areas for improvement within the context of the whole system.  

A key approach to functional innovation is to establish cross-functional innovation teams (Figure 18), 

with both internal and external members, from across the spectrum of departments or groups 

affected by the problem. Internal members (members from each business unit affected by the 

problem) and external members (such as customers, suppliers, supporters etc.) work together during 

the innovation process, valuing all inputs and parts that lead to the specific problem.  
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Figure 18 Cross-Functional Teams (Gupta, 2014) 

These cross-functional teams support a range of varying perspectives and insights, from numerous 

areas, which would not occur if the innovation team came from a single business unit or area. This 

involvement from “external” members can help avoid the issues associated with “groupthink”, or the 

creation of “silos” in a company. These processes are similar in design to open innovation methods, 

allowing external sources of innovation to be applied, but some structure and focus is required to 

ensure manageable idea input and stop solution or opportunity creep from killing the innovation 

process with unmanageable scale.  

Design Innovation  

Gupta (2014) firstly identifies what design innovation “is not”, by stating it is not: “focus groups, 

quantitative market research, traditional market-testing techniques, asking customers what they need 

or want, though some products and services are designed in this manner, or even asking customers or 

potential customers what they think about a product. It is not restricted to focusing on quantum leaps 

in product performance that are enabled by breakthrough technologies.” 

The idea that customers purchase products to complete a particular task was introduced by Levitt in 

1974 (Levitt, 2004), stating that customers don’t set out to buy products as an end in itself, but as a 

problem arises in their daily life, they search for the best product to solve this issue. This results in the 

requirement, in the design phase for products and services, discovering the jobs or task the customer 

needs to be done, which are not currently being served very well, or at all, with existing solutions. This 

need to understand the customers’ requirements and jobs-to-be-done is the first stage in the process 

of design innovation.  
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Customers generally cannot imagine the solution to the problem they currently face or picture a 

convenient, easy to use, affordable tool they need to complete a specific task. This presents significant 

opportunities for the area of innovation, where there is a gap in the supply of adequate solutions to 

important tasks or activities. Design innovation, therefore, focuses only on the functional elements of 

these jobs-to-be-done. The fundamental processes of design are observation, brainstorming, and 

prototyping. Observing users and customers to understand what job they want to be completed, of 

observing people, technologies, processes or systems to identify ideas that would be used in a 

different context, field or industry (Dyer, 2011). This process of observe, brainstorm and prototype 

are a core feature to many of the utilised innovation processes, with these stages resulting in the rapid 

development of new ideas, concepts and solutions.  

Product Innovation  

In today’s modern technologically driven world, it is easy to see that there is a  lot of product 

innovation occurring globally. Patents are a clear example of this rate of product innovation with 

Gupta (2014) highlighting that the U.S. Patent and Trademark Office granted 2,622,917 utility patents 

up to the year 1998, but since 1998 it has issued 2,369,275 as of 2014. As an example, in the year 2018 

(WIPO, 2019) there were 3,326,300 patent applications worldwide (up 5.2% on 2017), 1,542,002 

application in China (up 11.6%), 597,141 applications in the US (down 1.6%) and 313,567 in Japan 

(down 1.5%).  Modern product innovation is a complex multidisciplinary process that requires 

collaboration between multiple different departments and functions within a large organisation. One 

of the most important cross-business relationships in product innovation is that between the 

marketing and R&D functions.  

The marketing section identifies potential jobs-to-be-done opportunities, with the vision of estimating 

the potential market opportunity. This assessment is then reviewed, either by the marketing team or 

by an executive, such as the Chief Innovation Officer, who will lead the initial investigations with early 

adopter customers. Competitive advantage, therefore, comes from product innovation, via the 

business ability to supply adequate manufacturing and logistical support to the development process, 

ensuring the ability to supply an uninterrupted supply of the product to the market. This sets up 

complex market and competitor dynamics, in which competitors, both known and unknown, are 

working at an ever-faster pace to develop competitor product and thus take market share.  

Failure is a significant factor in the product innovation space, Clayton Christensen (2003) estimates 

that 30,000 new consumer products are introduced onto the market each year, with 95% of them 

failing from a business context. There are many reasons for these failures, beyond poor technical 

performance and functionality, meaning that excellent product innovations can fail due to 
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nontechnical reasons. These alternative reasons for failure can be market-related, such as a lack of 

understanding of product purpose from consumers, not solving a job-to-be-done for enough potential 

customers, poor reviews or a lack of overall market desire. Failure can also occur due to internal 

business reasons in the company, such as under capitalisation, a poor business plan, a lack of 

leadership, business structures that cannot support fast growth or commoditisation of the product 

line. An additional consideration for new product innovation is the impact of social media on the 

success of a product, both positively and negatively. These consumer considerations may go beyond 

product factors, into emotional responses to the product and the image it creates with Richardson 

(2010) indicating that : “More demanding customers who place a higher premium on the experiential 

qualities of using a product—ease of use, how it makes them feel, how it fits into their lives, what it 

communicates to others—that go above and beyond familiar objective criteria like performance and 

price.”  

The goal of a product innovation process is to deliver competitive advantage (or significant product 

improvements) to a product, allowing it to compete with the initial flood of new competitors into the 

same market with comparable products, but using different technologies. Each competitor will be 

promoting a different variation or standard with the product, be it voltages (as in the Edison era) or 

Sony’s Betamax versus VHS. The eventual outcome is that a design or standard becomes dominant in 

the market, with all follow on products adopting similar functions and features, with the visual design 

being the only real differentiating factor, as seen in consumer smartphones.   

This standardisation in product designs can lead to commoditisation, resulting in stiff competition and 

almost zero margins for participants. Over time product markets reach relative stability, with some 

large companies producing relatively undifferentiated products, with stable large market shares, with 

smaller companies producing niche products for much smaller market shares (Utterback, 1994).This 

dynamic usually continues until a new disruptive entrant enters the market, driving the need for 

innovation from competitors to compete. 

The overall goal of a product innovation process in a “volume-operations” market, such as consumer 

products, is to amass a large number of customers over a short period of time. To achieve this goal, it 

necessitates taking a breakthrough idea and executing it quickly, a successful execution phase which 

Govindarajan &Trimble (2010) calls “the other side of innovation”. There has been much written about 

the advantages of being first to market with a new disruptive, radical product innovation, with benefits 

such as large market share, leader advantage and defining product status, but first to market 

advantage is not a sure bet for dominating a market.  
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Traditional business factors such as the existence of distribution channels, partnerships with key 

players, good business strategy, the capacity to manufacture and other traditional business success 

metrics are also required to capitalise on a newly disrupted market.  

Innovation methods and frameworks are therefore highly utilised in this area, from the initial 

customer interaction stage right through development, testing and implementation, to encourage 

innovation in products, with an emergent focus on human-centred design, user inclusion in the design 

process and nontangible performance metrics such as branding, consumer opinion and the influence 

of social media.  

Service Innovation  

As modern economies move rapidly towards more innovation lead economies where research, 

knowledge, technology and innovation are paramount, innovation in the service area will grow in 

significance. Mainly of the worlds most developed economies are service-based economies, with an 

estimated 80% of US GDP represented by services (Gupta, 2014). In essence service innovation is 

similar to product innovation, in that the goal is to satisfy customers jobs-to-be-done, impress and 

retain them as customers, thus maximising profit or efficiency of service. Failure to focus service 

innovation on what the user requires tends to lead to the same outfalls, as in product innovation, of 

failing to meet your customers primary functional and emotional needs.  

Burkhardt (2010) argues that service innovation should always focus on the customers’ job-to-be-

done, without constraint thinking : “So long as you’re focused on service, whether on improving an 

existing service or creating a new one, your understanding of customer needs will be less than optimal 

to guide innovation. If you make the job [to-be-done] the focal point, if you focus on what customers 

are trying to accomplish, then you’re free to talk to customers about their needs in a way that isn’t 

constrained by the services you offer today or even those you might envision.”  

This focus on the jobs-to-be-done better equips a company to disassemble the various steps in its 

service delivery process, and look for ways to streamline its delivery, removing or mitigating irritating 

steps or even remove non-value adding components. Each step that impacts a user’s experience must 

be considered and measured against the customers expected outcomes. A systematic approach to 

this process should allow many new service innovation opportunities to be presented.  

Missing steps to enhance the process can be added, steps delaying or confusing the process can be 

improved or removed entirely, and new steps to increase customer experience can be added. In many 

cases, the difference between a positive and negative users experience is in the process needed to 
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attain the service, for example, attentive service increasing user experience while delays or confusion 

negatively impacts the user experience of the service.  

A focus on the user’s job-to-be-done and possible outcomes can help to uncover other services which 

can be provided, resulting in the development of new services, or even new types of services. Another 

possible approach to service innovation, especially for manufacturers or distributors of products, is to 

search for “consumption chain” jobs-to-be-done when a product is purchased Burkhardt (2010). A 

consumption chain begins when a product (or service) is selected by the user, continues with 

purchase, installation, learning how to use, actual use, warrantee claim, moving, storage, 

maintenance, upgrade, disposal, and replacement. Service opportunities exist at every stage of this 

process, for example, for helping customers with the process of environment-friendly recycling or 

sourcing a replacement product or service.  

One of the key differentiating factors between product and service innovation is the level of 

involvement from the customer. Service interactions have significantly more involvement from the 

users in determining the type and level of service they receive but may don’t involve the user or 

customer in finding the solutions to these service-related issues. Services are frequently bundled with 

products and therefore are a vital part in providing positive outcomes for customers, while also acting 

as a key differentiator for products in highly competitive environments. The main point is that both 

functional and emotional jobs are critical to innovation, and companies (or individuals) can uncover 

and prioritise both from a customer perspective. This prioritisation can lead to incremental 

improvements to existing services and facilitate the creation of radical innovations in the provision of 

services.  Frameworks and methods for involving the users of services and mapping their jobs-to-be-

done are therefore required to connect developers and users. These frameworks can be used to create 

new incremental or radical innovations, but customer/user focus is the key to successful innovation 

in this space.  

Business Model Innovation  

Business model innovation has been the driving force of many of the world’s most revolutionary 

companies, from Uber & Airbnb to Netflix, new business models are a core area for innovation. The 

ever-increasing pace of change in technological development, markets, and the global social, 

economic and political environment, stable long term business models are rapidly becoming a victim 

to progress.  
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A business model is the plan or model in which an organisation creates and utilises to deliver value to 

its customers, thus generating new revenue, markets or opportunities. In order for business models 

to adapt and change, the first step in identifying a new business model is to identify the target 

customers, their problems, and what value you can provide to them. This concept of the value 

proposition can be framed in terms of what job the target customers want to be done, what problem 

you are therefore solving in the marketplace and how you can transmit this value to the target 

customer. This value delivery stage requires the identification of the capabilities required from the 

solution, the providers and the market to deliver this value to the user. The final stages of this process 

are to identify how you will capture the created value, generate the required resources to apply the 

solution and the process in which it will benefit those that supply the solution.  

Even the most successful enterprises can face significant threats to their operation and growth, with 

many succumbing to this rapid pace of progress. Traditional and established enterprises focus all their 

business aspects, such as culture, structure, practices, strategies and resources, into scaling and 

executing their core business model to compete for market share. As long as the business model is 

viable, employees must continually improve their performance in the business, optimising all aspects, 

to maintain the value they create. Problems arise when 100% of the organisation is focused on 

improving the performance of their existing business model, following the “business as usual” 

approach, with no effort spent on exploring entirely new business models. Throughout business 

history, there are many examples of enterprises that failed to adapt to emerging business models, 

ultimately failing due to this fact. Kodak, once a leader in the field of photography, failed to adapt its 

business model to the emerging digital camera technology field, despite being one of the first to 

develop digital image capturing technologies (Gupta, 2014).  

This failure to adapt lead to the inevitable bankruptcy of Kodak, stemming from them waiting too long 

to adapt, while watching their traditional revenue sources decline. A similar example can be found in 

the commercial Blockbuster chain, whose business model of providing physical movies to customers 

in their own homes failed to adapt to the non-manual collection of the physical hardware, versus 

Netflix postal distribution model. Blockbusters goal of protecting their brick and mortar business 

model prevented them from developing radical new business models, again leading to their ultimate 

failure. A good analogy for this process is provided by (Gupta, 2014) as a situation when “everyone is 

focused on achieving “best practice”, and no one is specifically tasked with developing “next practice.”  
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Many new start-up companies utilise disruptive business models, to either meet the lower product or 

service need of customers who have been ignored or to initially target new potential customers who 

are not being satisfied by an affordable, accessible, or simple solution. A slightly modified version of 

this approach occurs when a large enterprise will spin off a small start-up company or align a business 

unit to operate using a different business model than the enterprise core business model. Once the 

job-to-be-done has been identified for the potential customer, the new company will usually start 

small with a low-cost business model and basic offering, to allow the concept to be tested in the 

targeted market. This testing process will identify if there is market interest or if the offering needs 

improvement (Burkhardt, 2010).  These new ventures to test new business models are normally only 

given enough resources to allow them it develop the solution, test the key assumptions and prove 

viability; otherwise, an excess of resources removes the need for urgency and can lead to delays in 

deployment or failure.  

In 2010, IBM conducted a survey of 1500 CEOs around the world, to gather insights on their ability to 

adapt to new business opportunities and embrace innovation (IBM, 2010). This survey showed that 

most CEO’s interviewed understood the need to question “obvious” industry assumptions and 

practices, to ask what new entrants to the industry may do contrary to these assumptions, with the 

author noting: “The CEOs we met with talked of adopting a new approach to planning—iterating their 

business strategies with greater frequency and instituting continuous change through business model 

innovation. This calls for operating models designed for extreme flexibility and the surety to act with 

speed.” (IBM, 2010). This is in direct contrast to previous business practices, where most leaders, and 

employees, worked with the assumption that the business model was stable so as to focus their 

activities on improving the organisation performance of the business. This change has resulted in an 

ever-continuing process, in which improvement to the business model are sought, through the 

repeated designing, prototyping, testing and deployment of new business models, regardless of their 

alignment with the core business model utilised.  

These newly developed business models must serve two purposes, the first in ensuring that all people 

in the organisation work towards the same shared goals (Leaders, Managers & Employees), following 

a shared mental model of how the business operates. The second goal of the business model is to help 

understand the current business model when attempting the development of new business models 

for each product, service or technology. Adaption to current business models may allow new 

opportunities to be presented, such as offering the service for free, turning fixed costs into variable 

costs or offer new pricing models to legacy industries. Gupta (2014) offers the example of M-PESA, 

the cash alternative offered in Kenya, which arose from asking “What if rural Kenyans working in 

Nairobi or diaspora abroad could send money home to their families even though they don’t have bank 
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accounts?”. This example highlights a core strength to business model innovation, that of the ability 

to modify current business models for emerging markets, opening up new opportunities for 

enterprise. As emerging markets offer approximately 85 percent of the world’s consumers, with 

projected population growth rates of least double that of developed countries (Gupta, 2014), the 

practice of modifying the products or prices will not be sufficient to tackle these markets.  These 

regions require completely new solutions and business models, to allow them to operate in the varied 

markets and conditions in these regions, and in many cases require that these solutions be developed 

within these emerging markets to ensure adequate fit with the market dynamics and culture.  

In order to support organisations in the need to create ever-evolving and adapting business models, 

Alexander Osterwalder and Yves Pigneur designed a template to help guide the preparation of a 

business model (both legacy and new models). Their “Business Model Canvas” (Osterwalder et al., 

2010) is a model construction tool that is composed of nine “building blocks”, as seen below in Figure 

19,  which each supporting the distillation of the main influencing factors on new business models. 

These nine factors include customer segments; value propositions; communication, distribution, sales 

channels; customer relationships; revenue streams; key resources needed; key activities; key 

partnerships; and inherent cost structures (Gupta, 2014).  

Gupta (2014) states that a great business model must be “implemented well. Think big but start small. 

Test early and validate assumptions, adjust the plan’s building blocks accordingly, then, once proven, 

scale up with speed.”. 

 

Figure 19 Business Model Canva (Osterwalder & Pigneur, 2010) 
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Co-creation Innovation  

The process of Co-creation is a way to introduce external insights, partners, catalysts, ideas and 

disruptive thinking into an organisation with the goal of stoking innovation and progress. The term co-

creation for innovation can be used to describe two separate phenomena; the co-development of 

products and services by two or more organisations; and also, the co-creation of products and services 

with customers or users themselves.  

The first co-creation process, the co-development of products and services by two or more 

organisation goes beyond a simple partnership or consortia agreement, to a truly collaborative model 

in which the participants work closely together to provide new competitive advantages and 

innovations in the modern technology age. The partners in the co-creation process share and 

contribute their own specific strengths and assets, such as capital resources, technology or R&D 

capabilities, to support the generation of new innovations. Some companies may no longer have the 

ability to generate sufficient returns on invested capital due to increasing costs or reduced product 

life cycles (in fields such as biopharma), while others may not have the capacity (capital, technology, 

resources or ability to execute) to develop their own offering in the field. A co-creation agreement 

may allow a consortium of participants to market and distribute a product under their own branding, 

while jointly developing a replacement through the utilisation of shared resources, intellectual 

property or expertise. In a co-creation agreement, high levels of trust and information sharing are 

required, as participants must share governance, risk, allocation of work and interactions across many 

different boundaries between all parties. These sorts of collaborations can involve multiple 

companies, teams, countries and regions, which can result in highly complex projects, with a strong 

need for plans for how and when these agreements end or problems occur. 

A successful example of this in action was the co-development of a number of food technology 

products (Glad Food Wraps, Containers and ForceFlex waste bags), between Procter & Gamble and 

Clorox Company (Staggs, 2008). A similar example from the services area was the creation of 

SpineConnect (Miles et al., 2009), a collaborative information network which allows spinal surgeons 

to share knowledge, develop new treatment processes, discuss complex challenges and to develop 

new technological solutions. Raymond Miles et al. (2005) refer to this process as “collaborative 

entrepreneurship”; the creation of value based on jointly generated ideas arising from businesses 

sharing information and knowledge. 
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The more common model for the co-creation of innovation involves the collaboration between 

organisations and their customers or users to create extra value or improve current offerings. 

Consumers have more choice than ever in the market, and as such organisations cannot view 

customers solely as participants in a consumer interaction. It is clear that users can have significant 

insights about the design, function and operation or a product or service, can help develop new 

engagement processes for conveying use, desire or operation of these new innovations. The easy 

integration with customers, from a co-creation viewpoint, is via social media and online interactions, 

where users comment on products, services and their interactions with them. Customer feedback 

before, during and after interaction with the product or service, increases customer engagement and 

streamlines the feedback of insights to an organisation. 

 A key point is to embrace this feedback, use it as constructive criticism and improve the offering in 

situations when the feedback is not highly complementary. Social media and online interaction like 

these, give users a voice and input into the development of these new product and service offerings, 

usually enhancing the value offered to them and increasing the chance of wider market adoption. In-

person feedback from users can also be utilised as a source of feedback for innovation, with focus 

groups, surveys and structured interviews all producing useful information and insights directly from 

the target users. User focus feedback techniques and empathy mapping process can help uncover 

users’ unconscious impressions, emotions and feelings as they relate to current and future innovations 

and are therefore more likely to generate insights that will lead to new innovations. The previously 

discussed IBM CEO survey (IBM, 2010), also found that co-creation processes with customers are a 

high priority for global CEO’s, with them noting that “The most successful organisations co-create 

products and services with customers and integrate customers into core processes. They are adopting 

new channels to engage and stay in tune with customers. By drawing more insight from the available 

data, successful CEOs make customer intimacy their number-one priority” (IBM, 2010).  

Industry examples of these co-creation processes are common, with video game products using co-

creation to build loyalty and continued value with their customer base (Gupta, 2014) and Apple’s App 

Store another example of a co-creation process between company and developers. Gupta also 

suggests many other examples of the results of co-creation such as Nivea’s Black & White Deodorant, 

Macdonald’s “Just Stevinho Burger, Adidas’ soccer shoe, Danone’s yoghurt “Fruchtzwerge,” and  Fiat’s 

“Mio” car concept. In 2009, global automotive maker FIAT started the “Fiat Mio Project”, an ambitious 

project to develop the world’s first crowd sourced car (Figure 20). They launched a website inviting 

people to help create the car of the future, with more than 17,000 participants from around the world 

submitting more than 11,000 ideas (Prado Saldanha et el, 2014, Pozzebon et al., 2015).  
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Respondents were promoted to think about the future of automotive transport from the viewpoint of 

traffic and life onboard the vehicle, with the ideas interpreted by Fiat resulting in the Fiat Mio Concept 

car which was unveiled at the Sao Paulo Auto Show in October 2010.  

 

Figure 20 Fiat Mio Concept Car (Autoplus.fr, 2010) 

The Co-creation process opens up exciting new opportunities in the area of personalisation and 

customisation. Many industries currently offer opportunities for customers to personalise their 

products or service to mode adequately match their needs; current approaches are quite limited. 

Online systems to allow limited customizability of a user’s interaction with the product or service is 

growing in popularity. Gupta (2014) suggested that in the future the next generation of personal 

transport devices will be co-created with the customer, replacing a growly obsolete business model 

of vehicle dealers stocking generalised solutions, hoping a buyer will appear who happens to match 

one of the choices presented in stock. In the future, it may become standard practice for customers 

to design their perfect vehicles online for direct delivery, which can already be seen with offerings 

from companies like Tesla Automotive. This, in essence, is the difference between standardisation and 

customisation.  

Tapscott et al. (2007), presents the healthcare industry as an example of an area of huge potential for 

co-creation, with the proposal that “patients” will start becoming “prosumers of wellness” rather than 

a passive consumer of healthcare. This collaborative healthcare approach will be enabled by 

advancements in technology that allow patients to easily generate and produce medical information 

about themselves, as seen with the growth in fitness & sleep tracking technologies. When patients 

collect, store and have access to precise health information, it allows them to receive a timely, precise 

and personalised diagnosis, treatments and preventative care to minimise health risks.  
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The work of Eric Topol (Topol, 2013) is a great example of this, in which he developed a series of 

smartphone applications that allow patients to monitor their own vital signs, and enables doctors to 

provide individualised treatment and care continuously, via updated vital sign information delivered 

over the internet.  

Co-creation with customers, users and clients can help increase their engagement levels, generate 

long-term loyalty and generate better solutions & innovations. Co-creation is, in essence, user-

supported innovation, integrating prototyping and testing into the process, with much quicker 

turnaround times. While there are a number of customer-facing and back end co-creation processes 

available, some may fall under the Open Innovation banner, which is discussed further below.  

Open Innovation  

Open Innovation utilises external ideas and technologies to enhance and improve an organisation's 

internal operation, reduce costs, reduce time to market and improve their overall product, service or 

process innovation. At the same time, unused intellectual property, technology or solutions are made 

available to other organisations to license, utilise or apply to their own operations. This utilisation can 

take many forms, including joint ventures, spin-offs or even external exploitation in other 

organisations, all with the goal of developing new innovative solutions in new or existing markets. This 

Open Innovation concept allows organisations to tap into the huge body of expertise in other 

organisations, Universities and other groups, to massively increase their R&D potential by gaining 

access to significantly more experts in a number of similar or diverse fields. In the traditional closed 

innovation approach, R&D is integrated internally in organisations, with significant measures taken to 

protect these developments via tight security and controls on the created information. New 

innovations are developed internally, commercialised and sent to market, with the goal of gaining first 

to market advantage and increasing market share, with external technologies usual only integrated 

via corporate acquisitions.  Open Innovation prioritises the use of innovations, for application in reality 

over intellectual protection of ideas.  

Open Innovation practices have shown many benefits when taken on a whole-organisation scale, with 

significant cost savings, superior solution development and the pace at which new developments get 

to market all  increased (Gupta, 2014). The process shows that exceptional solutions can be brought 

onto the market much faster than before, using methodologies to rapidly access a wealth of global 

talent. As new technology gets ever increasingly more complex, the cost of developing new 

technological solutions is becoming more and more prohibitive for all but the largest of global 

organisations, with those organisations also subject to the cost pressures of extended product 

development cycles.  
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This coupled with the ever-decreasing product life-cycles of consumer goods and solutions, results in 

significant pressure to develop new innovative solutions on ever shortened time frames, as seen in 

the consumer technology, pharmaceutical and digital media sectors.  

Chesbrough (2006), when discussing new business models, describes how open innovation models 

can be of benefit to the development of services, which he views as a series of process stages. 

Openness in the provision of service can enhance its impact by providing the customer with the cost 

benefits of a one-stop shopping location, brought by sharing of infrastructure costs between 

participating companies, allowing the similar provision of services to all participants. He calls this 

openness in the provision of services as “leveraging outside-in openness for economies of scope”, while 

also conversely “exploiting inside-out openness for economies of scale” thus creating a situation in 

which firms share a core service to produce revenues with every transaction, regardless of who’s 

product is sold. His example (Chesbrough, 2011) is of a manufacturer allowing the selling of some or 

all of its products under a competitor’s brand name, as well as its own, with centralised manufacturing 

and distribution channels supporting both brands. Stanley Black and Decker operate a similar model, 

selling similar consumer tool products under the Stanley, DeWalt, Black+Decker, Craftsman, Irwin 

Tools, Mag Tools & Bostitch brands (Stanley Black and Decker, 2019). An ever-growing number of 

companies are searching the world for new technologies to help them with their innovation strategies, 

with many setting up online portals or technology accelerators programs to help attract collaborations 

with the owners of technologies that may help them meet their needs. Examples presented by Gupta 

(2014) include Unilever, General Electric, Ford, IBM, 3M, LEGO, Medtronic, DSM and Proctor & 

Gamble. Stanley Black and Decker operate a technology accelerator program in Hartford, Connecticut 

to help find the next generation of manufacturing and packaging technologies, during which they 

mentor, develop and support start-up companies to develop new technological solutions (Techstars, 

2020).  

As companies face an ever-growing pressure to be innovative, along with ever shirking R&D budgets 

and increasing costs of developing new technologies, open innovation could potentially provide a 

market competitive advantage. Gupta (2014) views it as likely that open innovation practices will form 

part of every successful companies’ business strategy, possibly best summed up by Golightly (2012): 

“The optimum “balance” of open and closed innovation for a large corporation will be found through 

fostering a culture and attitude where “Open Innovation” is always considered as an option for new 

knowledge, and the onus is on those who wish to remain closed to make their case”. 
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2.1.5 Drivers of Innovation 

The drivers of innovation are numerous and varied, with a number of different influencing factors 

depending on the field, goals or originator of the driving force towards innovation. While the internal 

driving forces for innovation in firms, organisational and societies, such as increased market share, 

improved social situations and improvement in technology capacity, are discussed in other sections of 

this thesis, this section will focus on the external drives of innovation. These external drivers can be 

classified under two main areas, namely drives to increase the economic activity of a region or the 

tackling of large complex human facing problems.  

Since the global economic crash of 2008, the world's societies have faced varying degrees of economic 

and social challenges, leading to reduced output growth, rising unemployment and ever-increasing 

public debt levels. These issues have occurred at a time when many countries are faced with 

stagnating or declining populations, diminishing returns from labour and financial investments and 

reductions in physical capital. To recover from this economic shock, countries have looked towards 

innovation to help repair this economic damage.  While the Organisation for Economic Co-operation 

and Development (OECD) defines innovation as: “the implementation of a new or significantly 

improved product (good or service), or process, a new marketing method, or a new organisational 

method in business practices, workplace organisation or external relations.” (OECD, 2015).  

 it is clear that innovation is a much broader notion that just R&D activities, which can be influenced 

by a wide range of external factors, some of which can be directly influenced by economic and 

government policy.  

In 2010 the OECD (2010) released a ministerial report on the overall OECD region innovation strategy, 

which was updated in 2015, with their stated goal of using “Innovation to strengthen growth and 

address global and social challenges”. This strategy set out five main policy principles for OECD 

members to follow, with the goal of increasing innovation and therefore, economic activity in their 

regions. The strategy was built around five priorities for government action, which together were to 

help underpin a strategic and broad-based approach to promoting innovation in the modern age. 

These five priorities were supported by five accompanying principles: 

 

1. Empowering people to innovate 

Via adequate educational and training in the skills needed for innovation, ensuring customers 

participate in the innovation process and support on how to foster the entrepreneurial culture 

needed for innovative enterprise creation.  
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2. Unleashing innovations 

Via strong policies that support competition and innovation in a mutually reinforcing manner, 

mobilise private funding to ensure access to funding for innovative concepts and to help foster 

an open, competitive and dynamic business sector.  

 

3. Creating and applying knowledge 

Through the provision of sufficient investment in the public research system, ensuring modern 

knowledge infrastructure is developed, encourage efficient knowledge flows between all 

sectors of the innovation field and to embed innovation in all public sector areas.  

 

4. Applying innovation to address global and social challenges 

Via the improvement of national scientific and technological cooperation processes, enhance 

each transfer capability, set predictable and stable policy regimes for tackling global 

challenges while strengthening the foundations for innovation in low-income countries.  

 

5. Improving the governance and measurement of policies for innovation 

Through ensuring that innovation forms a central component of government policy with 

support from strong leadership internationally and between partner nations.  

 

In addition to economic difficulties, all of the world’s countries are experiencing a time of increasing 

political pressure to meet the various global social challenges faced by society. These challenges are 

highly global in nature (such as climate change), require global action to combat (global health, 

provision of food supplies and the increasing scarcity of clean water). Strong, globally coordinated 

responses to these issues are required in order to attempt to tackle these problems. In a world in 

which global temperatures could increase by 4-6°C by the end of the century, the world must feed 3 

billion more people by 2060, and 14-17 million people will continue to die every year from preventable 

infectious diseases globally, such complex challenges cannot be tackled by any one country. 

Innovation, collaboration and policy interventions are therefore necessary to address these and other 

problems. These global problems are external drivers for innovation and have promoted the creation 

of sets of global challenges that must be tackled. The most successful of these coherent lists of global 

challenges are the United Nationals Sustainable Development Goals, or SDG’s. 
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The global SDG’s built upon decades of work by the United Nationals (UN, 2015), beginning in 1992 

when more than 178 countries adopted “Agenda 21”, a comprehensive action plan to build global 

partnerships for sustainable global development with the goal of improving human lives and 

protecting the environment. This action plan evolved into the Millennium Declaration, with the UN 

unanimously adopting it in September 2000, leading to the creation of the Millennium Development 

Goals (MDG’s), as seen below in Figure 21,  to reduce extreme poverty by 2015.  The Johannesburg 

Declaration on Sustainable Development and the Plan of Implementation was adopted at the World 

Summit on Sustainable Development in South Africa in 2002, thus reaffirmed countries commitments 

to poverty eradication and the environment, through increased focus on multilateral partnerships. 

 

Figure 21 The Millennium Development Goals (UN, 2015) 

The current model of SDG’s came out of the United Nations Conference on Sustainable Development 

in Rio de Janeiro, Brazil, in June 2012, where UN Member States adopted a document called, "The 

Future We Want" in which they decided, collaboratively, to launch a process to develop a set of 

Sustainable Development Goals to improve upon the Millennium Development Goals and to establish 

a high-level political forum on global sustainable development. These goals contained measures for 

the implementation of sustainable development, including mandates for future programmes of work. 
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In January 2015, the United Nations General Assembly began a process  of negotiating the post-2015 

development agenda which culminated in the subsequent adoption of the 2030 Agenda for 

Sustainable Development, with it containing the 17 SDGs at its core (Figure 22). The program, entitled 

“Transforming our world: the 2030 Agenda for Sustainable Development” was adopted at the UN 

Sustainable Development Summit in New York on September 2015. Since then, the annual high-level 

political forum on Sustainable Development acts as the main vehicle for the follow-up and review of 

the set SDG’s. 

 

Figure 22 The United Nations Sustainable Development Goals (UN, 2015) 
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2.1.5 Innovation Standards 

Standardisation is the process of implementing and developing technical standards based on the 

consensus of different parties, including companies, users, professional groups, governments and 

standards organisations (Xie et al., 2016). These resulting standards are intended to increase 

compatibility, quality and interoperability, with early examples including the standardisation of thread 

sizing in nuts, bolts and screws. 

Standards are usually developed and governed by Standards Development Organizations (SDO), such 

as the International Standards Organisation (ISO), or independently by firms who have a first-mover 

advantage or market dominance in their field (Utterback, 1996). The term “Standardisation effort”, 

applies to a firm taking a leadership role in developing standards to further innovation, for example 

when Google undertook a “Standardisation effort” when acquiring and developing the innovations 

unique to  its Android operating system (Grøtnes, 2009). 

The impact of standardisation on the creation and diffusion of innovations is considered inconsistent 

amongst scholars (Xie et al., 2016), with many noting that standards have had a significant impact on 

the area, including (Dolfsma and Seo, 2013, Grøtnes, 2009, Lecocq and Demil, 2006, Tassey, 2000, 

Wrighta et al., 2012). Some propose a positive relationship between standardisation and innovation, 

as in (Rysman and Simcoe, 2008), some showing they can help foster the diffusion of innovation 

(Hashem and Tann, 2007) and some showing how they can help change industrial structures (Lecocq 

and Demil, 2006). Other studies and scholars have argued that standardisation can constrain or reduce 

innovation potential, through the inhibition of creativity (Hamel, 2006) and even unnecessarily extend 

the growth period between invention and commercialisation for truly innovative ideas (Hill and 

Rothaermel, 2003). Numerous studies (Gilson et al., 2005; Kano, 2000; Wrighta et al., 2012; Yoo et al., 

2005) presented unclear findings on the relationship between innovation and standardisation. 

The two main bodies working on the standardisation of innovation at present are the Organisation for 

Economic Co-operation and Development (OECD) and the International Organization for 

Standardisation (ISO). Their activities in the process of standardisation of the innovation process are 

discussed below. 
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Organisation for Economic Co-operation and Development (OECD)  

While the OECD’s work does include innovation, its focus is the measurement, monitoring, tracking of 

economic activity and development, through regular monitoring of hundreds of economic data points. 

It focuses its efforts towards the monitoring of country development, growth and comparison on 

internal & external markets & industries and forecasting of major economic trends, disruptions or 

opportunities for its partner countries.  

In 2007, OECD Ministers acknowledged a need for a cross-government policy to harness innovation as 

a major driver of productivity to strengthen economic growth and development in their regions. Due 

to the growing number of countries faced with stagnating or declining populations, and its effect on 

labour inputs, while investments in physical capital are facing diminishing returns, the need for a 

focused effort in innovation was identified. Innovation activities are being driven by these economic 

factors, along with increasing public and political need to make progress against an ever-growing list 

of social challenges, such as climate change, global health, food security and the growing scarcity of 

clean water. Therefore in 2010, the OECD’s “Innovation Strategy” (OECD, 2010) was unveiled, with an 

updated document; “The Innovation Imperative” released in 2015 (OECD, 2015). The Innovation 

Strategy was built around five priorities for government action, which together were aimed at 

underpinning a strategic approach to promoting innovation. These five priorities were: 

1. Empowering people to innovate 

2. Unleashing innovation in firms 

3. Creating and applying knowledge 

4. Applying innovation to address global and social challenges 

5. Improving the governance of policies for innovation 

The outcomes of this work were a number of recommendations and goals for increasing innovation, 

in the areas of 1) Defining and Measuring Innovation, 2) Policy Principles for Innovation and 3) A 

Measurement Agenda for Innovation. These outcomes focus mainly on the measurement and tracking 

of innovation metrics at a country & industry level, based around the Oslo Manual (OECD, 2018). The 

Oslo Manual focuses on the measurement of innovation, mainly at a macro level, setting out the rules 

needed to guide the measurement of innovation in reproducible and comparable ways. The 

development of the first Oslo Manual was described by Gault (2013) as being developed with support 

from the Nordic Fund for Industrial Development and presented publicly to NESTI in 1989, was 

approved in 1991 and appeared in 1992 (OECD, 1992a) as a guide to support the first European 

Community Innovation Survey (CIS).  The Oslo Manual is the set of rules that guides the collection of 

innovation statistics in 34 OECD member countries, 27 EU member states and other countries globally.  
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The Oslo Manual helps in the conceptualisation of innovation, sets a general definition of innovation 

for measurement purposes as: “An innovation is; A new or improved product or process (or a 

combination thereof), That differs significantly from the unit’s previous products or processes and That 

has been made available to potential users (product) or brought into use by the unit (process)” (OECD, 

2018). 

It also helps outline guidelines and framework for the collection of innovation statistics, provides 

definitions of innovation in a business context, sets out guideline taxonomy for business processes 

and helps map innovation activities, knowledge flows, influencing factors, issues, policies and data 

collection tools for said topics. It is important to note that the Oslo Manual is not an isolated set of 

rules (Gault, 2013), but rules set in the context of the guidelines for the systems of national accounts 

(EC et al., 2009) and business surveys, deployed by individual countries to measure innovation using 

common classifications.  

International Organization for Standardisation (ISO) 

Recognising that innovation is a key to global competitiveness and human progress, the International 

Organization for Standardisation (ISO) set out the ISO 56000 series of guidance standards on 

innovation management. Noting that the innovation capabilities of an organisation includes the ability 

to understand and respond to changing conditions in its industry, to pursue new opportunities and to 

effectively leverage the knowledge & creativity of the people within the organisation, the ISO 56000 

series was produced. This series was developed by innovation experts from across the world, providing 

international best practice on the systematic management of innovation activities in organisations of 

all types. They believe that organisations that proactively manage innovation activities with the ISO 

56000 series will ultimately be more likely to take effective action and achieve sustained success by 

addressing customer need.  

The ISO 56000 series has a number of key innovation management principles including Realisation of 

Value, Future-focused Leaders, Strategic Direction, Culture, Exploiting Insights, Managing Uncertainty, 

Adaptability and Systems Approach. 
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Figure 23 Innovation Management Systems Standards (NSAI, 2019) 

As outlined by the National Standards Authority of Ireland (NSA, 2019), the ISO  56000 series, Figure 

23, consists of the following subsections: 

ISO 56000: Innovation Management: Fundamentals and Vocabulary 

Publication due early of 2020  

The ISO 56000 standard sets out to define consistent vocabulary and terminology used in innovation 

management while also explaining the core principles behind innovation. ISO 56000 is being designed 

to help the user through the development of a coherent, consistent, and common framework to:  

● understand the main concepts, principles, terms and definitions of innovation management 

● support an organisation to establish, implement, maintain, and continually improve an 

innovation management system and other innovation management standards 

● facilitate communication and create awareness of innovation activities internally and across 

organisations  
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The goal of ISO 56000, as explained by NSAI (2019), is to provide the fundamental concepts and 

innovation management principles, describing why organisations should engage in innovation 

activities, what are the main concepts regarding innovation, and the principles that an organisation 

should consider as the basis for the effective management of innovation activities and the foundation 

of the innovation management system. The document will also describe the important terms and 

definitions needed to understand innovation and the application of an innovation management 

system. 

ISO 56002:2019 Innovation Management System – Guidance 

IS0 56002: 2019 was published by ISO in July 2019 

The ISO 56002 guidance standard offers guidance & support for the establishment, implementation, 

maintenance, and continual improvement of an innovation management system for use in all 

organisations, both large and small. The guidance provided in the standard is generic and intended to 

be applicable to all types of organisations and all types of innovations, including product, service, 

process, business model and organisational innovations, from incremental changes up to radical 

innovations.  

The NSAI (2019), state that an organisation can innovate more effectively and efficiently if all 

necessary activities and other interrelated or interacting elements are managed as a whole system. 

The goal of an innovation management system is to provide the necessary guidance to the 

organisation, and its employees, on how to determine its innovation vision, strategy, policy, and 

objectives, and to establish the support systems and processes improvements needed to achieve the 

intended outcomes.  

They note the potential benefits of implementing an innovation management system in accordance 

with the IS0 56002 standard as; increased ability to manage uncertainty,  

● increased growth, revenues, profitability and competitiveness  

● reduced costs, waste, and increased productivity & resource efficiency 

● improved sustainability and resilience 

● increased satisfaction of users, customers, citizens and other interested parties  

● sustained renewal of the portfolio of offerings  

● engaged and empowered people in the organisation  

● increased ability to attract partners, collaborators and funding  

● enhanced reputation and valuation of the organisation 

● facilitated compliance with regulations and other relevant requirements 
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This standard is based on innovation management principles including a statement of the principle, a 

rationale of why it is important for the organisation, examples of benefits associated with the principle 

and examples of actions the organisation can take to improve performance when applying the 

principle. The following principles are indicated as the foundations of the innovation management 

system: 

● realisation of value  

● future-focused leaders  

● strategic direction  

● culture 

● exploiting insights  

● managing uncertainty  

● adaptability  

● systems approach 

ISO 56003:2019: Innovation Management: Tools and Methods for Innovation Partnership – Guidance 

ISO 56003: 2019 was published by ISO in February 2019 

The ISO 56003 guidance standard offers recommendations for the process of engaging in external 

partnerships to realise innovation, describing the innovation partnership framework and 

corresponding tools to decide if & when to enter an innovation partnership, how to identify, evaluate 

and select partners, how to ensure an alignment in the perceptions of value and challenges of the 

partnership and how to manage the partner interactions effectively.  

 Innovation partnerships are proposed to help create value for each partner working together and 

achieve benefits, including:  

● access to knowledge, skills, technology and other intellectual assets that are not available 

within the organisation and  

● access to infrastructure resources, such as experimental laboratories and equipment to 

develop new or improved product and services  

The guidance and recommendations provided by the ISO 56003 standard are noted as being relevant 

for any type of partnerships and collaborations and as applicable to any organisations, regardless of 

its type, size, product/service provided. 
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ISO/TR 56004:2019:  Innovation Management Assessment – Guidance 

ISO/TR 56004 was published by ISO in February 2019 

This ISO Tech Report ISO/TR 56004 sets out guidance on why it is beneficial to implement an 

Innovation Management Assessment (IMA), what you can expect from a good IMA, how to carry it out 

and act upon the results. Its goal is to support the user in the process and to help them to understand 

the:  

● value and benefits of carrying out an IMA  

● key principles behind a good IMA  

● different approaches for an IMA  

● IMA process, its steps and impact  

● improvement potential for the IMA and, as a result, for the assessed organisation 

As with the ISO 56003 standard, ISO/TR 56004 is intended to be applicable to all types of organisations, 

regardless of sector, age, size, or country 

ISO 56005: Innovation Management Tools and methods for intellectual property management – 

Guidance 

ISO 56005 is due to be published by ISO in 2021 

Due to be published in 2021, ISO 56005 is aimed at governing the effective management of intellectual 

property (IP), as a key support to the process of innovation, due to the importance of IP as an essential 

element of an organisations growth and protection and is a strong source of their industry 

competitiveness. NSAI (2019) not the increasing importance of effective IP management on a global 

scale in today’s knowledge-based economy, for all organisation from Start-ups & SMEs right up to 

large corporates & organisations.  

ISO 56005 will set out guidelines for effective IP management within an innovation management 

system with the stated aims of addressing the following topics at both strategic and operational levels:  

● Creating an IP strategy to support innovation in an organisation  

● Establishing IP management in the innovation process  

● Applying IP tools and methods in the innovation process  

As with the ISO 56003 standard & ISO/TR 56004, this standard is intended to be applicable to all types 

of innovation. 

 



58 
 

ISO 56006: Innovation Management Strategic Intelligence Management – Guidance 

ISO 56006 is due to be published by ISO in 2021 

Also, due to be published in 2021, ISO 56006 focuses on strategic intelligence, and the key role it has 

in helping organisations define their general strategy and improve their capacity to respond to 

changes in the external environment. It encourages and supports risk reduction, while also enabling 

strategic growth, to help enhance the decision-making capacity of organisations.  

ISO 56006 aims to provide guidance to management on how to implement Strategic Intelligence 

principles and information, as supports to their decision making as it impacts the vision, mission, and 

innovation activities within the organisation.  

The NSAI (2019) expects this standard to: 

− provide a methodology for acquiring intelligence from internal and external sources, or for 

collaborating with interested parties in the use of relevant tools and methods, e.g. data mining, 

analytics, prediction, environmental scanning, technology watch  

− specify activities to acquire, collect, interpret, analyse, evaluate, apply and disseminate the 

necessary data, information and knowledge to decision-makers and other interested parties 

 − consider the need for developing influencing activities to increase acceptance of innovation, e.g. 

evolution of regulatory requirements, international standards, innovation ecosystems 

All the guidance within ISO 56006 is expected to be generic and intended to be applicable to all 

organisations interested in establishing an internal culture of managing strategic intelligence requiring 

stages such as planning, deployment, measurement and continual improvement, regardless of 

organisation size, sector or location. 

 

ISO 56007: Innovation Management Idea Management – Guidance 

ISO 56007 is due to be published by ISO in 2022 

Core to the process of innovation and thus to the survival and growth of an organisation, is the 

processes leading to the generation, selection and development of new ideas. Ideas have the potential 

to make incremental improvements in the efficiency of an organisation right through to drastically 

changing the focus and direction or the organisation or a re-evaluation of its entire business model.  
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The ISO 56007 standard aims to provide guidelines for the management of ideas, the people who have 

them and the benefits they bring, aiming to address idea management at both the strategic and 

operational level through several stages including: 

● The culture and leadership of an organisation 

● Opportunity and risk management  

● Intrapreneurship  

● Problem-solving  

● Tools and methods for managing creativity and ideas  

ISO 56007’s goal is to be applicable to all organisations, regardless of size and activity, but also to 

support the Innovation Management System of ISO 56002, while also helping to support organisations 

and individuals not implementing such an innovation management system. 
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2.1.6 Development of the Field of Design Innovation 

While previous sections discussed the development of innovation methods and concepts in the field 

of STEM, Business and Social Impact, an additional area to be discussed is the evolution of the field of 

design innovation. This field is markedly different from the previously discussed area of design 

innovation (as a type of innovation), as this deals with how the theories and methods of innovation 

evolved in the design field, how the design process itself was analysed, examined and quantified, with 

the goal of understanding the process a designer undergoes as they innovate. The eminent author in 

this area is Cross (2007), who mapped the development of design innovation from inception in the 

early 1960s. 

For many, the concept of design methodology as a subject or field arose after the first “Conference on 

Design Methods” in London in 1962 (Jones and Thornley, 1963) introducing the “Design Method 

Movement”.  This new movement was further built upon in the UK by a number of important 

conferences in the 1960s, including “The Design Method” in Birmingham in 1965 (Gregory, 1966) and 

“Design Methods in Architecture” in Portsmouth in 1967 (Broadbent and Ward, 1969). The origins of 

design methods which emerged in the 1960s can be traced back to the creation of novel “scientific” 

methods to tackle the issues arising from the 2nd World War, also giving birth to new operational, 

management and decision-making techniques, but also the emergence of creativity techniques in the 

1950s.  With such strong framework to build upon, the first design methods books (Asimow (1962), 

Alexander (1964), Archer (1965), Jones (1970)) and creativity methods books (Gordon (1961) & Osborn 

(1963)) began to appear. According to Cross (2007), the period was encapsulated by the following two 

quotes: the first from Bruce Archer (1965); ‘The most fundamental challenge to conventional ideas on 

design has been the growing advocacy of systematic methods of problem-solving, borrowed from 

computer techniques and management theory, for the assessment of design problems and the 

development of design solutions.’ 

 The second quote is from Herbert Simon (1969) from ‘a science of design’, which would be ‘a body of 

intellectually tough, analytic, partly formalizable, partly empirical, teachable doctrine about the design 

process.’. Cross indicates that there was a desire to ‘scientise’ design in the 1960s. In the 1970s, there 

was somewhat of a backlash against this move to formalise and “scientise” the design approach, with 

many of the early pioneers critical of the move. Two of the founding innovators of the movement, 

Alexander & Jones, were particularly vocal with their criticisms of the early methods. Alexander (1971) 

said: “I’ve disassociated myself from the field. There is so little in what is called ‘‘design methods’’ that 

has anything useful to say about how to design buildings that I never even read the literature anymore. 

I would say forget it, forget the whole thing” and Jones (1977) saying “In the 1970s I reacted against 
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design methods. I dislike the machine language, the behaviourism, the continual attempt to fix the 

whole of life into a logical framework”. 

Cross notes that these criticisms must be considered while accounting for the cultural & social climate 

of the late 1960s, with campus revolutions, rejection of previous social norms and the emergence of 

new ideas such as new liberal humanism. In addition, he notes that there had been a lack of successful 

applications of these new “scientific” methods in design during that period. Some key fundamental 

issues were raised by Rittel and Webber (1973), who first characterised design and planning problems 

as “Wicked Problems”, or problems fundamentally un-suitable to the techniques and processes of 

science and engineering, which in their view tackled “Tame Problems”. The field of design 

methodology was in effect “saved” by Horst Rittel’s (1973) proposal for “generations” of design 

methods. He proposed that the “first generation” of design methods, those that arose during the 

1960s, were a simplistic but necessary beginning for the field and that the second generation of 

methods was emerging in the early 1970s. This allowed the rigid methodists of the period to escape 

from their commitment to “inadequate” first-generation methods, thus promising an endless future 

of new generations which iterate on the previous generations. This “first generation” of design 

methods was developed based on earlier “scientific” methods, including the application of systematic, 

rational, scientific methods, while the emerging “second generation” methods moved on from 

optimisation from omnipotent designers, towards a process of recognising satisfactory solutions and 

a more argumentative process, in which participation designers are partners in the process with the 

problem owners. These new methods found great success and application in the architectural and 

planning fields, while the engineering & industrial design fields were developing their own 

methodologies in different directions.  

The 1980s was the key developmental stage for the growth of the engineering design methodology 

field. A series of events from ICED (International Conference on Engineering Design), pushed 

development in the area. Strong developmental growth from the traditional powerful engineering 

economies of German and Japan. A number of engineering design methods and methodologies books 

began to appear, including Hubka (1982), Pahl and Beitz (1984), French (1985), Cross (1989), and Pugh 

(1991). Similar developments were also occurring in the United States, including numerous 

publications from the Design Methods Group and via the conference series from the Environmental 

Design Research Association (EDRA). The US National Science Foundation established new initiatives 

on design theory and methods, and the American Society of Mechanical Engineer (ASME) launched a 

conference series on Design Theory and Methodology, both of which led to substantial growth in the 

area of engineering design methodology.  
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While the 1970s was a period of doubt in the field, the 1980s led to a significant consolidation of 

design research.  The DRS conference on Design:Science: Method in the 1980s (Jacques and Powell, 

1981) was pivotal, as it severed the established link with science. The first journals aimed particularly 

at design research emerged, with Design Studies (1979), Design Issues (1984), Research in Engineering 

Design (1989) emerging. Some significant books appeared with a new focus on design cognition from 

the field of architecture, such as Lawson’s How Designers Think (1980) and Rowe’s Design Thinking 

(1987). This established design as a coherent discipline of its own, which Archer (1979) supported; 

‘there exists a designerly way of thinking and communicating that is both different from scientific and 

scholarly ways of thinking and communicating, and as powerful as scientific and scholarly methods of 

enquiry when applied to its own kinds of problems’  

Donald Schon (1983) promoted a new view in his book “The Reflective Practitioner” that sought to 

establish ‘an epistemology of practice implicit in the artistic, intuitive processes which [design and 

other] practitioners bring to situations of uncertainty, instability, uniqueness and value conflict.’. 

According to Cross, design research came of age during the 1980s, with a period of expansion through 

the 1990s up to today, with new journals appearing, new conferences being established and a number 

of design societies emerging. New concepts like Design Thinking, Co-Creation and Open Innovation all 

stemmed from the work of these early researchers in the area of design innovation, working towards 

the goal of codifying design and producing a unified process for design.  
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2.2 Design Thinking  

Design thinking, the cognitive progress during which design concepts are developed is a popular 

method of innovation and creativity, in which the “designers” attention fluctuates between the 

problem and context. The core idea is that new solutions to problems leads to a deeper understanding 

of the problems themselves, thus triggering more and/or improved solutions to these very issues. This 

iterative process has developed over the decades since the 1960s and has helped to merge the 

creative focus of the arts with the analytical problem solving of science and engineering. This iterative 

process and the focus on problem-solving will be used as a base on which to develop new targeted 

innovation methodologies. 

The origins of Design Thinking can be found as far back as the 1960s, as researchers attempted to fully 

understand every aspect of design, its process, methodologies and influences, with the goal of 

developing a science of design, through rigorous application of scientific methodology and processes. 

Cross (2001) unpacks the struggle in the 1960s, in which attempts were made to “scientise” design 

and bring the field into the objective of rational sciences. He notes, in particular, the statements from 

the radical technologist, Buckminster Fuller, in which he refers to the “design science decade” (The 

Interaction Design Foundation, 2020); "[Fuller] called for a ‘design science revolution', based on 

science, technology and rationalism, to overcome the human and environmental problems that he 

believed could not be solved by politics and economics” Cross (2001). As this struggle progressed, Horst 

Rittel spoke extensively on the subject of problem-solving in design, then later went on to term the 

phrase “Wicked Problems” for extremely complex and multi-dimensional problems. In the mid-1960s, 

these wicked problems are at the core of Design Thinking, these sorts of complex and multi-

dimensional problems that require a collaborative methodology which focuses on understanding the 

human element of the problems.  

In the 1970’s, Nobel Laureate & computer scientist, Hebert A. Simon, was one of the first to refer to 

design as a science or a way of thinking, in his 1969 book, “Science of the Artificial”, with similar 

concepts appearing in Robert H. McKims book, “Experience in Visual Thinking” (1973). Simon has been 

credited with contributing many of the core ideas to design thinking in the 1970s, having spoken of 

the structured concepts of rapid prototyping and testing through observation, which form the core of 

many design and innovation processes today. Similarly, Kim focuses on the impact visual thinking had 

on the understanding of things and our ability to solve problems, with his book describing various 

aspects of visual thinking and design methods for solving problems with particular emphasis on 

combining the left and right brain modes of thinking for enhanced problem-solving capacity. These 

concepts went on to underpin the Design Thinking Methodology of today.  
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Moving into the 1980s, Nigel Cross, a designer and academic, discussed the nature of designers 

problem-solving capacity in his “Designerly ways of knowing”(2001) paper, with a focus on the 

comparison between designers problem-solving processes and those of non-design related problem 

solutions in everyday life. Additional input was garnered from Bryan Lawson, a professor at the School 

of Architecture at the University of Sheffield, who conducted a series of tests (Lawson, 2014) on 

postgraduate architecture students (his “Designers”) and postgraduate scientists (his “Scientists”). He 

tested the problem-solving abilities of both groups and discovered that scientists tended towards the 

systematic exploration of all possible outcomes to develop a series of rules on how to solve the 

problem, while the designers quickly created possible solutions and tested them to see if they solve 

the problem. His work showed that the “Scientists” were problem-focused problem solvers, while the 

“Designers” were solution-focused problem solvers. In 1987, Peter Rowe, the then Director of Urban 

Design Programs at Harvard, released his book “Design Thinking” (1987), which focuses on how 

architecture designers approach their work through a lens of inquiry. He attempted to create a 

generalised portrait of design thinking, with the goal of mapping the underlying structure and focus 

of inquiry during the process of “seeking out” solutions during the process of inventing or creating 

new buildings and artefacts. The multifield development of design thinking enhances the process, 

through the various lenses and expertise of the various early instigators.  

 

Figure 24 The five phases of design thinking (IDEO 2007) 

One of the major inflexion points in Design Thinking occurred in 1991 when IDEO was formed and 

released its design process (Figure 24), modelled on work completed at the Stanford Design School. It 

is widely considered one of the companies that brought design thinking into the mainstream, through 

the development of a number of customer-friendly terminology, steps, tools and images over the 

years. These supports allowed people without formal design or innovation training to become 

accustomed and comfortable with the process quickly. One year later in 1992, Richard Buchanan, the 

Head of Design at Carnegie Mellon University, published his article “Wicked Problems in Design 

Thinking” (1992) which discussed the origins of design thinking. He clarified that design thinking was 
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formed as a means of integrating the highly specialised fields of scientific inquiry, so they could be 

applied to the new problems the world faces from a holistic perspective.  

 

Figure 25 Hasso Platner Design Thinking Process (Hasso Plattner, 2019) 

Design thinking then started to become mainstream and began being taught in design schools and 

universities globally, with the Stanford d.school, which is now known as the Hasso Plattner Institute 

of Design, leading the way in global design thinking education (Figure 25). The d.school promoted 

design thinking as the innovative area at the intersection of Technology, Business and Human Values, 

seen below in Figure 26. Since then there have been numerous new versions of design thinking, 

updated processes from IDEO and significant adoption of design thinking in a wide variety of fields 

and sectors. Design Thinking emerged from the confusion cross over regions of numerous scientific, 

design and architecture fields, to combine the technological, human and strategic needs of the 

modern world, into a structure which is still be explored, adapted and improved to this day.  



66 
 

 

Figure 26 Design Thinking Venn Diagram (D.school, Stanford) 

While design thinking has been widely praised and adopted in a number of fields, it is not without 

criticism (Jen (2018), Ketterman (2019) & Ayla Ersoy (2018)). Design thinking with its inbuilt benefits 

stemming from the inclusion of elements of inclusive design, problem synthesis and prototyping, has 

helped solve many design challenges, but a number of criticisms have arisen from its wider adoption. 

A common criticism of the design thinking process is that it dilutes the process of design into a 

structured, linear and cleanly ordered process, with critics arguing that “real” design is a chaotic, 

complex and nonlinear process that cannot be ordered and packaged. Natasha Jen, a partner at 

Pentagram, a design consultancy, criticised design thinking in 2018 (Jen, 2018), with the main 

arguments as summarised by Ketterman (2019) being: 

● Design is human intuition that many design processes are natural with much of the insights 

gained from structured processes being intuitive to most people already.  

● Lack of Criticism, that criticism from others is a necessary but messy process which help 

designers ensure that their ideas are good or bad in reality, which isn’t a linear process.  

In addition, design thinking has become a corporate buzzword and, in many cases, a corporate 

checkbox, which then leads to a lack of true understanding of the process and thus opinion dilution 

due to its gained popularity but poor understanding. In summary, the perceived linear, structured 

process, leading to contained thinking lack of criticism during the process and the over corporatisation 

of the process are all a weakness to design thinking use today. If used appropriately, design thinking 

can help solve complex problems, help bring divergent input into the innovation process in an 

understandable user-friendly method. These criticisms allow new opportunities for new adapted 

versions of this process to develop, which tackle these criticisms and help increase innovation among 

more people.  
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2.3 Disruptive Innovation & Technologies  

The term “Disruptive Innovation” and its associated theory was first published by Clayton Christensen 

in his book entitled “The Innovator’s Dilemma” (2003), which resulted in him becoming a leader in the 

field of technological innovation in commercial enterprises. According to Christensen, as described by 

Yu and Chieh Hang (2010), disruptive technologies can be described as technologies which provide 

different values from mainstream technologies and in their earliest stages of application can appear 

inferior to mainstream alternatives when compared on a performance basis. These technologies 

performance characteristics then change over time, as both user and customer demands drive 

improvement. Christensen introduces the importance of how this performance changes with time, 

plotting this trajectory for different market segments, technologies and proposes that technology 

disruption occurs when these trajectories intersect, which can be seen below in Figure 27. Christensen 

gives examples of the effect of these technologies and market dynamics through the context of the 

development of technologies such as hard disk drives, earth moving equipment and motor control 

systems. In the early developmental stage of a product based on disruptive technology, it serves a 

niche segment that places a high value on its non-standard performance characteristics. Further 

development of the technologies performance then raises the technology in question to a level 

sufficient to satisfy mainstream requirements and customers. While the technology has improved, it 

is still inferior to the performance standards of the established mainstream technologies currently in 

use, which have also been developing and improving. The disruption occurs when the disruptive 

technology, despite still possible being inferior to the established technologies, displaces the 

mainstream product on the mainstream market. 

 

Figure 27 The Disruptive Innovation Model (Yu and Chieh Hang (2010) 
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This concept of Disruptive Innovation Theory was developed from a series of other technological 

innovation studies, all building upon each other resulting in the publication of the first of Christensen's 

books, “The Innovator’s Dilemma” in 2007, with its origin in Creative Destruction from the 1942 book 

“Capitalism, Socialism and Democracy” by Schumpeter (1942). The development of this concept can 

be seen chronologically in Figure 28 below. In order to tackle Christensen's “Innovator’s Dilemma” 

over how well managed incumbent firms can avoid displacement by utilising developing disruptive 

technologies, Christensen & Raynor (2003) published a new book, “ The Innovator’s Solution” in which 

they replace disruptive technology with the term “Disruptive Innovation”.  

This new term widens the application of the theory to include not only technological products but also 

innovative services and business models, which can also help disruptive incumbent markets and 

players. This model was further refined by Christensen & Raynor (2003) also to emphasise that 

disruptive innovation could be broadly classified into low-end and new-market innovations. Low-end 

disruptions attack the least profitable and most over-served customers at the low end of a particular 

market, while new-market disruptions create whole new value networks in which tackling non-

consumption of the solution or service is required, instead of tackling market incumbents. There were 

many other contributors to the development of Disruptive Innovation theory, including Foster 

(1986)who defined the concept of the technology “S-Curve”, Henderson & Clark (1990) mapping 

design innovation from architectural innovation, Moore (1991) on new marketing techniques with Dru 

(1996)and Foster & Kaplan (2001) developing market dynamics for disruptive technologies. 

Christensen was by far the major influence on the development of the concept of disruptive 

technologies and innovation, which can be seen below in Figure 28.  

 

Figure 28 Timeline of the Evolution of Disruptive Innovation Theory (Yu and Chieh Hang (2010) 
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Disruptive Technology  

The OECD (2018) report, by Koutroumpis & Lafond (2018), outlines the historical development of the 

actual technologies that can be considered “Disruptive” as in the technologies themselves and their 

effects on the world vs their effect on global markets and business. It notes that over the very long-

run history of technology, there have been numerous technologies that have affected human life. 

From the first tools deliberately made by humans, a river cobble with pieces broken off (Headrick, 

2009) through tools deliberately made by Homo Erectus and Homo Sapiens for different purposes, 

through to the most modern of digital technologies, the development of new technologies to improve 

daily life has been a defining characteristics of humanity. Over time there have been numerous periods 

of immense technology development, interspersed with periods of slower growth and progress.  

The Classical Antiquity period (500 BCE-500 CE) was a period of slow technological growth, with the 

most important innovation being that of the lever, attributed to Archimedes, a fundament tool for 

human development. The Greeks and Romans of that age began to develop technologies around 

public civil engineering works such as roads, wastewater & sewage systems and designed irrigation 

systems. Metallurgical progress was slow during this period, due to the difficulty in reaching the high 

temperatures need to cast iron, with nearly all developments localised to particular regions. The 

following Early Middle Age period (500-1150) is defined by a sustained decline in global trade, 

transport and increased violence, hence becoming known as the Dark Ages. While slow, there were 

some standout developments during this period, most notably, the heavy plough which made tilling 

heavy soil possible, which lead to a change in large scale land use as the three-field crop rotation 

system emerged.  

Therein followed the Late Middle Age (1150-1500) defined by the Koutroumpis & Lafond (2018) as a 

period of “slow but inexorable progress”, led by large numbers of tinkerers and craftsmen. This period 

led to the development of the windmill, improved navigation techniques, high-temperature furnaces 

leading to the wide-scale availability of cast-iron in Europe. Important inventions of this period include 

the weight-driven mechanical clock, the printing press (by Gutenberg in 1453), and increased use of 

chemicals; with gunpowder being the most impactful example. The Renaissance and pre-industrial 

period (1500-1750) was considered to be an age of discoveries and instruments, but still had a large 

gulf between technical designs and the ability to build them. Notable progress was made in 

agriculture, the use of peat and coal began, and major improvements arose in manufacturing with 

blast furnaces and mining emerging. This period is better known for its scientific advances rather than 

its technological innovations, with algebra introduce from India via the Middle East, Fibonacci 

introducing Arab numerals into Europe in 1202.  
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While slow to diffuse, algebra help developed the field of double-entry bookkeeping in the mid-14th 

century. While this period had a lack of great inventions, society became to become permeated with 

technology and the culture of knowledge, with books allowing the distribution and accumulation of 

knowledge possible.  

The first Industrial Revolution (1760-1830), mainly beginning in Britain, was a revolutionary period in 

many ways. Koutroumpis & Lafond (2018) noted it has been studied extensively with the period 

defined in a number of main ways. A major factor was that while it was a period of very rapid and 

profound technological change, the impact of these changes didn’t reach most workers (Allen, 2009). 

Another point was the significant interdependence between the utilised technologies of the day, with 

examples found in textile manufacturing and machinery. Textile production grew through the 

mechanisation of the spinning process and other stages of the manufacturing process benefiting from 

this new culture of innovation in the area. Similarly, the development of precision instruments and 

machine tools, made it possible to form steel and iron into any shape, thus leading to revolutionary 

inventions such as Watts steam engine. This newly developed steam engine was used mainly to pump 

water out of flooded coal mines, with the subsequent coal then used for steam engines and furnaces 

to power industrial growth. Geography played a key role in how and where technologies developed, 

with Saul & Mokyr (1991) noting that the slow diffusion of steam power could possibly be explained 

by improvements to the efficiency of waterpower via new innovations such as the breast wheel and 

water turbine. The pace of technological development was so fast during this period, new global hubs 

were created rapidly, such as London and nearly all fields of technological develop experience 

significant growth, in many ways laying the foundations for modern society and industry.  

The later nineteenth-century period (1830-1914), is often separated from the previous period due to 

the increased rate of development, which was of a more scientific basis and focused more on 

increasing returns via technologies.  During this period, the goal was to improve economies of scale 

through high fixed costs in plants and machinery, learning-by-doing methods of training, the earliest 

stages of network technologies and technical-scientific factors, such as the use of newly developed 

chemicals and chemistry processes. Commercial, affordable steel was one of the major developments 

of this period, reducing its costs while improving its quality, all stemming from an increased 

understanding of the nature of matter via the first series of published chemistry books in the 1849’s. 

This scientific process led to even more innovation, including the systematic discovery of artificial dyes, 

fertilisers and the invention of plastics in the second half of the 19th century. While electricity had 

been known since the 18th century, the first major use of electricity was for the telegraph, developed 

for the railway system to improve the safety and infrastructure of railway systems. 
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 The electric arc lamp started to become more practical and affordable, thus replacing gaslighting In 

railway stations, factories and other public spaces. The late 19th-century brought about the invention 

of many new electrical applications such as the modern lightbulb, the electric motor and the 

telephone. This electrical age was defined by the battle between direct and alternating current, with 

Westinghouse and Edison competing to set the new standard for electrical systems in the United 

States.  

Transport grew rapidly, starting with the  “meteoric growth of railroads”, distribution of steamships, 

the emergence of the bicycle and arguably the most important innovation, the internal combustion 

engine. This period is also closely associated with what the OECD called the “American System of 

Manufacturing”, which was developed slowly after the Civil War, characterised by mass production 

processes and the use of interchangeable parts. In Europe, a marked transfer of technological 

dominance occurred, shifting from Britain to Germany in the late 19th century, where the domestic 

chemical and techno-scientific industries developed together and to the United States which was 

driven by communication and mass production manufacturing methods.   

In the modern age, one of the major innovations of our time was the development of solid-state 

electronics, which can trace its origin to the 2nd world war efforts to develop high-frequency radar 

(Misa, 2013). This endeavour resulted from government-organized collaborations between MIT, Bell, 

Westinghouse, GE, Sylvania and Dupont. After the war, the newly formed Bell Labs (Shockley, Brattain, 

and Bardeen) built the first transistor, with Shockley returning to his hometown of Palo Alto, to form 

a company. This move led directly to the formation of a number of semiconductor companies such as 

Fairchild Semiconductors, and led to many of the world’s largest technology companies, such as Intel, 

to be formed.  

Then in 1959, both Texas Instruments and Fairchild Semiconductors developed methods of joining 

transistors on a single wafer, developing the integrated circuit, the key component to the digital age. 

Shockley’s return to his hometown, was the instigator of the development of Silicon Valley, thus 

leading to the concentration of technology developing around Palo Alto and allowing the development 

of many of the world largest technology companies today. This method of state-supported R&D 

collaborations, originally formed to support the war effort, also led to the development of digital 

computing, the development of early networks and ultimately the internet.  

 

 



72 
 

While this mapping of disruptive technology development over the ages is a very European modernist 

lens of continuous improvement, the author is aware that this model of development doesn’t include 

innovation between human societies, or methods to tackle global sustainability issues. As the author 

background is in the European engineering and technology sector, and the research undertake form 

the viewpoint of a mechanical engineer, this approach best matched the authors interactions and 

work in this space. Therefore, this work focuses on Innovation Methodologies from the main field of 

study of the STEM (mainly engineering) fields, thus building upon these engineering elements during 

the research.  

Disruptive technologies in the modern age are focused on a core of digital technologies, 

semiconductor developments and the integration of advanced circuitry into more products. The 

progress developments in circuitry led to higher computation capacity, faster performance and vast 

data storage increases, which spurred higher data processing capabilities, due to higher potential 

speeds. These higher speeds, capacity and processing ability have led to a higher increase in data 

creation, via widespread adoption of personal computers and subsequently mobile devices. These 

devices, via real-time global connectively, drastically changed how society functions.  This global mass 

adoption of digital technologies, with real-time connectivity, has led to significant disruption to global 

companies and social norms, in all fields. In 2013, McKinsey (McKinsey, 2013) gathered the 12 most 

potentially economically disruptive technologies as a vision for the future, which can be seen below 

in Figure 29. While this list is a vision for the future of technology, many of the technologies have 

already drastically impacted society (Mobile Internet, Cloud Technologies, Advanced Materials etc.) 

and many more are very likely to drastically impact society as a whole (Automation, Autonomous 

Vehicles, Genomics & Renewable Energy).  

 

Figure 29 12 Potentially Economically Disruptive Technologies (McKinsey, 2013) 
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In business, it led to the rise of companies providing digital services. In 2009, only two digital disruptor 

companies held spots in the top 10 global company valuations (Chine Mobile and Microsoft) (Financial 

Times, 2019), while in 2019, 7 out of 10 of the world’s largest companies by market value are digital 

disruptors (Apple, Microsoft, Amazon, Alphabet, Facebook Alibaba and Tencent Holdings) according 

to Statista (2019). These digital disruptors have changed how we buy products (eBay & Amazon), travel 

(Uber, Lyft), are accommodated (AirBnB), work (Amazon Mechanical Turk) and communicate 

(Facebook, Instagram and WhatsApp). In the financial sector, disruption occurred again via 

digitisation. Firstly, through the proliferation of digital and online banking systems (Japparova and 

Rupeika-Apoga, 2017), but then by the advent of cryptocurrencies in 2008. Since the original Bitcoin 

whitepaper was published in 2008, (Nakamoto, 2008), huge interest has been garnered by the 

development of the cryptocurrency concept, with many financial institutions investigating the 

potential for consumer-facing and backend blockchain system integration.  

Manufacturing has been dramatically affected by the advancement of Digital Disruption, first via the 

integration of robotic systems into the manufacturing supply chains, with robotic use expected to 

double in 2020 (Vision Systems Design, 2019). The digitisation of design also affected manufacturing, 

with additive manufacturing & 3D printing technologies modifying the whole manufacturing process, 

modifying the standard approaches to localised and personalised production in the modern age. In 

addition, brand new technologies have emerged, such as Artificial Intelligence (AI), Internet of Things 

(IoT) and advanced genomics, all facilitated by digital technologies. These new technologies have been 

slowly changing the way society operates, created brand new opportunities and will drastically impact 

the future of social development.  

The rapid development and integration of digital technologies into all aspects of modern human life 

have brought many benefits and advantages, but it’s clear that new thinking, education and 

innovation processes will be required to connect the diverse contributing factors of modern 

technological enhanced innovation together.  
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2.4 Open Source Concept 

“Open-source” is defined by DiBona and Ockman (1999) as a philosophy of providing access to a 

finished product (or software’s) source materials, plans, designs or code base. It goes further also 

requiring that users should be allowed to use, improve and modify the end product freely without 

restriction. While this concept is most commonly associated with computer software, it has grown to 

also include hardware and other consumer products. The open-source concept is not a purely modern 

idea, with Sherman & Bentley (1999) arguing that until the 19th century, society had not yet developed 

the idea of intellectual property, resulting in open sourcing becoming more prolific. The idea of 

intellectual property arose in order to protect the creators of new and wonderful ideas by not allowing 

others to replicate it without paying the original creator. It was argued that these protections were 

necessary to ensure that people would be motivated to innovate and create.  

This argument is contested by DiBona and Ockman (1999) with the example of the development of 

the double-helix model of DNA by Linus Pauling, Francis Crick and James Watson. The authors argue 

that competition between Watson & Pauling's teams resulted in both “parties from disclosing all they 

knew and that the progress of science may have been delayed, if ever so slightly, by that secrecy.”. The 

impact of closed-source thinking to negatively impact the progress of innovation is one of the key 

reasons for open-source adoption, with it acting as a counter to the idea that the sharing of ideas and 

freedom of ownership will degrade the motivations for innovation.  

The open-source concept played a key role in the development of computing systems, with Stallman 

(2010) proposing that the status quo in software in the 1970s was that software was shared for free 

between creators and users. Along with the rapid development of the computing community in the 

1980s, a closed source software model was introduced by Bill Gates in his famous open letter sent to 

hobbyists in 1976 (Gates, 1976). Even though the closed-source approach rapidly became the norm in 

the software field, the Open Source Initiative (OSI) was formed in 1998 (OSI, 1998) as an educational, 

advocacy and stewardship organisation to promote the open-source concept. The “Open Source” 

label was created in Palo Alto, California on February 3rd, 1988. OSI was formed to execute a mission 

of promotion and support of the open-source movement, which was agreed at the Free Software 

Summit in April 1998. The initial groups focused on explaining and protecting the “open source” label, 

which resulted in the standardised definition of “open source” which among other things includes 

descriptors covering: free distribution, availability of source code, rights of derived works, integrity of 

source code, no discrimination against persons or groups and rules governing the distribution of 

licences.  
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The clauses that constitute the open-source license are complex and unique but must be followed to 

qualify as open source. The use and development of software using the Open-Source model resulted 

in the rapid development of consumer software (both paid and free) due to the significant 

development undertaken by a wide variety of developers, empowered by the open-source model.  

Wong (2011), adeptly described the linked development of both OSS and OSHW, and how they 

influenced each other. While the concept of Open Source Software deals mostly with software 

products, the Open-Source Hardware (OSHW) model deals with physical objects or “hardware” 

including but not limited to furniture, tools, machinery or equipment. Similarly, to OSS, OSHW is not 

a new concept, with open design and construction “already being implemented in a substantial variety 

of projects” (Balka et al., 2009). While many designs of new objects are shared openly, an ever-

increasing number of hardware components are close-sourced with strict usage terms and rules, with 

warranty negating effects if broken. The OSHW movement is concerned mainly with the right to 

freedom in use, modification and combination of physical objects as they see fit, with the OSHW 

community fighting against legal limitations placed by manufacturers on how they use this hardware 

(McNamara, 2007).  

While OSHW and OSS share many similarities, namely a commitment to fostering innovation through 

the process of sharing and collaboration, they differ mainly due to the innate difference between 

hardware and software, namely how they are transmitted to the users and how they are produced. 

OSS is mainly transmitted through the internet in a finished form, as a complete and working piece of 

software, while it is much more complex to transmit OSHW from developer to user due to its physical 

nature. This has resulted in OSHW developers adopting a number of distribution methods; providing 

documentation for users to build themselves, selling a semi-complete kit or providing a fully finished 

product.  

In this area, the most common transmission method is for developers to supply the documentation 

needed to produce the completed hardware via a number of different forms including guiding 

webpages, online videos, design files, blueprints or 3d models. The form the documentation takes 

depends on the form of the final object, with plastic objects provided via 3d files for 3d printing, while 

electronics may be providing as a partly assembled kit requiring the users to solder and complete. The 

final mode of delivery is via completed product sales, with many of the most popular OSHW products 

for sale as complete items, including 3D printers (RepRap, MakerBot etc.) and low costs electronic 

sensors (Monomes, etc.). In addition to being sold by the original developer, identical or modified 

copies of these objects may also be sold by others, with different names and features, under the open-

source framework.  
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Community plays a large role in both the open-source hardware and software areas, but their 

structures are quite different. Most software-based communities exist mostly online, utilising 

discussion forums, chatrooms and other online spaces, while the hardware area utilises physical 

locations as part of their communities (necessary due to the requirement for hardware and 

machinery) — these physical spaces, in the form of hackerspaces, maker spaces, fab labs, clubs or 

conventions. 

Open Source & Innovation 

While the idea of “openness” regarding technology, and thus innovation, arose from the field of IT, as 

described previously, this concept of “openness” has since proliferated into new areas namely open 

development, open innovation, open business, open education and open science. The spread of 

openness, as a means to nurture new ideas, applies to a broad range of phenomenon but the 

boundaries are not clear cut with one able to contest whether prescribed phenomena really qualifies 

as “open”.  

There are numerous forms of open co-creation in online-based communities, that all can be 

considered “open” including open-source software development such the Linux platform (Benkler, 

2002) or Apache (Lakhani and von Hippel, 2003) or open content co-creation like Wikipedia 

(Germonprez et al., 2011). There have been numerous concepts presented to help capture the 

essence of this open co-creation process, such as  Benklers (2006) “commons-based peer production” 

model which focuses on the communal and non-proprietary production model of open co-creation or 

Puranam et al.’s (2014) “new forms of organising” in which the focus is on novel approaches to the 

division of labour and integration of efforts into the open co-creation process.  

In the business and financial sector, openness for innovation has focused mainly on the idea of open 

innovation as a systematic source of external knowledge for improved organisational R&D processes, 

thus the firm’s “innovativeness” (Chesbrough, 2003; West et al., 2014). Open engagement processes 

such as crowdsourcing are being used by organisations to help develop or improve their product and 

service offerings (Orlikowski and Scott, 2015). Organisations including Dell (Di Gangi et al., 2010), LEGO 

(Schlagwein and Bjørn-Andersen, 2014), SAP (Leimeister et al., 2009) and Starbucks (Gallaugher and 

Ransbotham, 2010) have all used crowdsourcing techniques to capture customer feedback and/or to 

improve their products and services offerings. Even early stages companies, such as technology start-

ups, have employed crowdfunding techniques to fund new entrepreneurial business ventures 

(Kuppuswamy and Bayus, 2013). The result has been some of the world’s largest, and considered by 

many to be most innovative, companies utilising peer-to-peer exchanges to facilitate their corporate 

activities, such as Uber and Airbnb (Nickerson et al., 2016; Sundararajan, 2016). 
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In addition to externally facing “openness”, many open innovation type principles have been used 

within the confines of traditional organisations. This “Intra-perineurial” or internal innovation 

practice, combined with agile development processes mixing intra-organisational teams in open 

innovation networks, have had proven results (Conboy and Morgan, 2011). These internal open 

innovation principles have taken many forms from “inner source software” development (Stol and 

Fitzgerald, 2015), internal crowdsourcing platforms replacing idea suggestion boxes in organisations 

while resulting in new business opportunities, process improvements or even new corporate 

strategies using “open strategy” principles (Hautz et al., 2017; Tavakoli et al., 2017).  

These “openness” concepts have not only been used to develop new technology or business 

opportunities but have been applied to many other domains and sectors of society, with “Open 

Government” making information transparent and processes collaborative and participatory (Feller et 

al., 2011; Obama, 2009), supported by open data (Janssen et al., 2012). Even though openness has 

always historically been core to academia, new concepts and technologies have allowed new 

approaches for undertaking research such as citizen science (Levy and Germonprez, 2017; Wiggins 

and Crowston, 2011), the growth of open access (Suber, 2013) for journal and publications and new 

open approaches for open education, including IT-focused courses and new formats such as massive 

open online courses (MOOCs)(Peters and Britez, 2008), 

These open concepts have created a new understanding and appreciation of this idea of open 

innovation among companies and individuals, with a much greater willingness for traditional 

organisations to collaborate with non-standard players in the innovation space. High-quality 

innovation methodologies, such as Design Thinking, which have seen wide adoption in numerous 

fields opened up innovation potential to a wider range of people in numerous fields.  
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2.5 Literature Review Summary 

The aim of this chapter was to examine the literature as it relates to the area of innovation 

methodology and the development over time in the related fields. It is clear from such a review that 

innovation is a broad term, covering a multitude of definitions, in a number of fields, with varying end 

goals desired. What is clear is that innovation is a process, that can be mapped, allowing new methods 

to be developed with the goal of guiding users through the innovation process. The evolution of these 

processes was mapped, showing the variation in the contributing elements to the creation of the 

concept of innovation practice.  

The numerous types of innovation practice were discussed, showing that the processes used vary 

depending on the end goal and field of application. The external drivers of innovation are also 

discussed, but these focus mainly on the measurement and tracking of innovation of region scale 

economic activity. While beneficial to regions as a whole, these external drivers do little to support 

the actual generation of new innovations, excluding the provision of funding for these sorts of 

activities in some situations. While new global standards are being developed for innovation, via 

groups such as the OECD & ISO, they focus mainly on the high-level management of innovation, or 

provision of supportive environments (including funding, collaborations and regulations) for 

innovation activities to occur. This is an important differentiating factor between innovation methods 

and innovations standards, while there is some potential risk that the standardisation of innovation 

could possibly limit the creative & iterative nature of the process, thus limiting its outcomes.  

The development and evolution of Design Thinking, a core part of this work was examined, tracking 

its core elements, continuous evolution and human focus, which all contributed to its current 

popularity. The concept of disruptive innovation, its development as a market driving designator of 

technology, and the evolution of a technology which “disrupts” were mapped over the ages. A number 

of high potential future disruptive technologies were identified, and their current & potential future 

impact discussed. 

 Finally, the concept, development and impact of “Open Source” was examined, tracing its origins from 

open source software, through hardware to the modern dissemination of new disruptive technologies 

from open-source origins. The concept of “openness” has begun to permeate business, technology, 

industry, government and civic society, laying the foundations for, and showing a strong public 

appetite for new open processes in all sectors of society.  

The literature, when viewed holistically, shows significant demand and potential for new types of 

multidisciplinary innovation methodologies. These potential new methods will utilise the most 

important aspects of previous innovation methods, while incorporating aspects of the driving forces 
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of technology development globally, leading to new forms of methodology. These methodologies 

must, therefore, be easy to use by everyone, open & iterative, while focusing on the future user for 

feedback, development and insights. New technologies and processes must form a core part of these 

methods, leveraging new prototyping, visual engagement and project management processes, to 

ensure they fit into the modern fast-paced, globally connected world while leveraging the growing 

diverse userbase. Methodologies of this type have the potential to unlock new innovative capacity in 

people, regions and sectors currently underutilised in the area of innovation.  
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Chapter 3: Innovation Methodology Assessment  

3.1 Introduction 

In order to effectively propose a new applied innovation methodology, a thorough understanding of 

currently used innovation methodologies is required. This supported the assessment and evaluation 

of current methodologies, allowing the identification of advantages, disadvantages and other 

opportunities presented by current systems.  

This assessment will be combined with the results of quantitative bibliometric analysis and an expert 

survey, which will be aimed at collecting the insights of successful innovators, educators and 

technologists in the field, to identify the key requirements for a successful applied innovation 

methodology. The combination of the resultant data will give an indication of the most impactful 

innovation methodologies for further analysis.  

3.2 Innovation Methodology Classification 

In order to catalogue and analyse the collection of innovation methods, they were classified under a 

number of specific headings, to allow sorting, analysis and assessment of the methodologies.  

The methodologies were classified under the following headings: 

3.2.1 Field Classification 

The scope and variety of innovation methodologies results in a need to classify the methodologies 

under broad areas of application to allow the effective evaluation of such methodologies. Supported 

by information gathering during the literature review process, three classifications are defined, under 

which the methodologies were classified. These three classifications are 

• STEM (Science, Technology, Engineering & Maths),  

• Business  

• Social Impact 

As evidenced from the literature, these three areas are by far the most common areas of application 

for innovation methodologies, all with separate goals, methods and tools; thus, these will act as the 

core classification metrics to allow for collection, analysis and utilisation of the gathered innovation 

methodologies. These three classifications are discussed below.  

 

 

 



81 
 

STEM Based Methods 

Science, Technology, Engineering & Maths (STEM) methods focus on the creation of scientific, 

technical or digital innovations, namely manufacturing processes, consumer goods or technological 

inventions. Fields of application include both basic & applied Science, Engineering, Technology, 

Mathematics, Medicine and Computer Science.  

Common model focus types include Creative Problem Solving, Design & Product Design. Common 

models include Altshuller Triz Process, Mesarovic Design Process, D.school Design Thinking Process 

and the Engineering design process. 

Business Based Methods 

Business methods focus on the improvement of business practice, through the introduction of new 

services, processes or products, with the goal of affecting a positive change in the business. The goal 

is to drive business, create new value and boost growth, productivity and revenue. Fields of application 

include General Business, Sales, Accountancy, Advertising, Banking, Finance, HR, Management, 

Consultancy, Public Relations and Marketing.  

Common model focus types include Creative Problem Solving, Product Design, Service Design & 

Organizational Innovation. Common models include Kaizen, Lean Start-up, Just-In-Time, Pace NPD 

Framework and the Business Model Canvas.  

Social Based Methods 

Social methods focus on the improvement of the lives, environment and situation of people, places or 

animals. These methods operate in many fields and areas, but the driving force behind them is the 

improvement of a process, problem or issue for the greater good of humanity. These methods are 

applied in the areas of Social Care, Environmental Protection, Conservation, Rehabilitation, Nursing, 

Politics, Social Services and Social Cohesion. 

Common model focus types include Creative Problem Solving, Design, Service Design, Organizational 

Innovation and Social Innovation. Common models include Human Centred Design, Nesta Innovation 

Process, Bloomberg Philanthropies Innovation Process and Humantific Strategic Co-creation Process. 
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3.2.2 Focus Classification 

The focus of each model was classified based on the grouping system applied by Vanplatter & Pastor 

(2016), which groups each method under the following headings: 

1. Creative Problem Solving (CPS) 

Creative problem solving is a method of solving problems and identifying opportunities when 

traditional methods have failed. It encourages fresh insights and perspectives and acts to help 

generate new innovative solutions. These methods focus on the generation of new innovative 

ideas and opportunities.  

Example CPS methods include Altshuller Triz Process (Source), Osborn-Parnes CPS Process 

Model, Wallas Creativity Process & Isaken Treffinger CPS Process. 

 

2. Design  

Design focused models look to help support the design process, solving problems and 

identifying opportunities via design.  

Example Design methods include Mesavoric Design Process, IDEO Design Thinking Process, 

D.school Design Thinking Process & Luma Institute: Human-Centred Design Methods. 

 

3. Product Design 

Product design focused models support the development of actual physical products 

(Consumer Goods, Machinery, Buildings, etc.), solving problems and identifying opportunities 

for new product innovations.  

Example Product Design methods, include The Deming Cycle, Copper Stage-Gate Model, 

Google Ventures Design Sprint. 

 

4. Service Design 

Service design focused models look at solving problems and identifying opportunities in the 

delivery of services to customers, clients and users. These methods map user journeys and 

focus on the provision and development of better service.  

Example Service Design methods include The Frog service design model, Stickdron service 

design process, Evenson & Dubberly service design process and the Copenhagen Living Lab 

Innovation Process. 
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5. Organisational Innovation 

Organisational innovation focuses on organisational processes and operations, supporting the 

solving of problems and identifying opportunities for new business market opportunities. 

Example Organizational Innovation methods, include MG Taylor Process, Lean Six Sigma, 

Nowhere Group innovation process and the Humatific Strategic Innovation Process.  

 

6. Social Innovation 

Social innovation focuses on making an impact on society, using methodologies to help 

support the solving of problems and identifying opportunities for social issues such as local 

employment, environmental degradation or social cohesion.  

Example Social Innovation methods include Mindlab Co-creation process, Nesta Innovation 

Process, Remandu: Big Fast Results and the Frog Collective Action process.  
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3.2.3 Structure 

The structure of an innovation methodology is very important to its field, application and usability. In 

order to effectively categorise the collected innovation methodologies, they must also be classified 

according to their physical structure. A diverse range of innovation modelling processes are present 

in literature (Rothwell, 1994; Tidd, 2006; du Preez and Louw, 2008; O’Raghallaigh et al., 2011 ). The 

existing catalogue of process models of innovation to date have been subdivided into three broad 

categories (IPACSO): Linear Models, Phased Models and Cyclical Models. Three addition models were 

proposed to further categorise the newly emergent innovation process models: Funnel, Conceptual & 

Hybrid. The structures used in this study are discussed below.  

Linear Model 

 

Figure 30 Linear Model Structure 

A linear process structure consists of a series of steps, occurring linearly one after another, with the 

previous step providing important insights on data for the next step in the process. Some process 

cycles are run once, while others can be run iteratively.  

An example of a linear structured model would be “Design Thinking”. 

Cyclical Model 

 

Figure 31 Cyclical Model Structure 

Cyclical process models are designed to be iterative, with each stage occurring sequentially, but 

iteration is built into the process from the outset. These cyclical processes are designed to be run 

continuously, with iteration the key part of the process structure.  

An example of a cyclical structured model would be “Plan-Do-Check-Act”. 

 



85 
 

Staged Model 

 

Figure 32 Staged Model Structure 

A staged innovation model also has sequential steps (like both the linear & cyclical models), but there 

is a review point (or gate) between each stage. This review point acts as a forced inflexion point, 

prioritising the reviewing and assessment of the actions from the previous stage of the process. These 

review stages can be purely for reflection or can have necessary steps required to pass on to the next 

stage of the process.  

An example of a staged structured model would be “Cooper Stage Gate” model. 

Funnel Model 

 

Figure 33 Funnel Model Structure 

A funnel innovation model is focused on the collection and sorting of ideas and concepts for further 

development. These funnel-based systems incorporate a number of processes and stages but operate 

on a principle of generating a volume of ideas, refining and reviewing this group of ideas and then 

focusing on the most likely or impactful idea.  

An example of a funnel structured model would be “New Product Development Funnel”. 
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Conceptual Model 

 

Figure 34 Concept Model Structure 

A conceptual innovation method is in effect a more theoretical model, one in which the method is 

conveyed verbally, or via a list of set actions or stages. These conceptual models are usually less visual 

and/or incorporate a number of diverse activities into one unified conceptual heading.  

An example of a structured conceptual model would be “Human-Centred Design”. 

Hybrid Model  

 

Figure 35 Hybrid Model Structure 

A hybrid innovation method is one which incorporates a number of the previous structures (or 

elements of) into a single method. These methods formed from the combination of previous methods 

and incorporate multiple elements from the other structures into one method. In effect, a Hybrid 

model is a model that does not fit under any of (or more than 1) of the previous structures.  

An example of a hybrid structured model would be the “Braided Design Model”. 

Additional Classification 

To enhance the tracking, mapping and development of these methods over time, they were also 

classified according to the year they were published, origin publication and publishing authors.  
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3.3 Collected Innovation Methodologies  

In total, 218 “Innovation” methodologies were collected and assessed from the STEM, Business and 

Social fields. The full list of collected methodologies can be found in Appendices. These methods cover 

the areas of STEM, Business and Social Impact, and a number of different structures and focus, as 

discussed above. The methods span a period from 1620 to 2015, with the development of the concept 

of an innovation methodology beginning around the 1930s. The standout methods are discussed 

below.  

Presentation in this Research 

In order to effectively present the chosen innovation methodologies, the passporting method (Ludvik 

& Peterkova, 2016) was used to display important information about each methodology. The created 

passport for this research utilised a visual table, which can be seen in Table 3 below, and included the 

methods name, a short description, its origin publication, its original author, its year of publication, its 

closest field (STEM, Business or Social), its source and the main method imagery. 

Table 3 Innovation Method Passport (Ludvik & Peterkova, 2016) 

1. Name: Innovation Cycle 

2. Description: 

 

3. Origin: 

 

4. Author: 

 

5. Published: 

 

6. Field: 

 

7. Sources and literature: 
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3.4 Methodology Bibliometric Keyword Analysis 

3.4.1 Bibliometric Analysis  

A keyword bibliometric analysis was undertaken to discover the distribution and evolution of the 

identified innovation methodologies over their lifetime, their fields of particular focus and popularity 

in said fields. This keyword bibliometric analysis of innovation methodologies utilised the Web of 

Science database of Thomson Reuters and Google Scholar to conduct the analysis. The Web of Science 

database contains more than 12,000 high-impact scientific journals along with more than 90,000,000 

other records. While Google does not publish the size of the Google Scholar Database, Gusenbauer 

(2019) estimated it is the most comprehensive academic search engine, with 389 million records. Both 

Web of Science and Google Scholar were chosen due to the nature of how the newer innovation 

methodologies are published. While Web of Science provides access to many high-impact academic 

papers, many of the newer innovation methodologies are published in commercially available books, 

on websites or as public articles in business focused publications such as the Harvard Business Review. 

Therefore, Google Scholar was used to capture these non-traditional publication approaches and 

increase the scope of the keyword analysis.  

Bibliometric Keyword Method 

The keyword analysis process began with the construction of a corpus to be analysed, with this corpus 

consisting of the published name for each of the identified innovation methodologies on the gathered 

methodology list. These published names form the assembled corpus, which was then combined with 

the keyword “Innovation” to ensure the focus of the assessment stays true to the overall field. This 

additional keyword was required, as many of the innovation methodology names utilise generic words 

or phrases, such as “Creative Process” which will result in inaccurate keyword search results.  

An initial general search of the term “Innovation” was undertaken in both databases, resulting in 

186,506 results since 1945 through Web of Science, and 4,290,000 results via Google Scholar. An 

example of the keyword search method is demonstrated. A search for the “TRIZ” methodology as it 

applies to the field on innovation was completed with the “(“TRIZ” + “Innovation”)” search term, which 

resulted in 1493 results in Web of Science and 150,000 results via Google Scholar.  
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3.4.2 Results & Discussion of Bibliometrics 

A total of 218 identified innovation methodologies were searched, with a total of 109,504 results from 

Web of Science and 737,579 results arising from Google Scholar. The full search results database can 

be found in the Appendices.  

In order to identify the most discussed innovation methods for the gathered collection, the top 30 

methodologies with the highest results were collected, which can be seen below.  

Web of Science 

Choosing the top 30 ranking methods from the quantitative bibliometric assessment gave the 

following results (Table 4): 

Table 4 Web of Science Bibliometrics 

Ranking Name Year Author Results 

1 Heuristics 1970 Amos Tversky and Daniel 

Kahneman 

46,123 

2 Ethnography 1743 Gerhard Friedrich Muller 22,340 

3 Delphi Method 1959  Olaf Helmer, Norman Dalkey, and 

Nicholas Rescher 

6117 

4 Value Analysis 1947 Lawrence Miles, Jerry Leftow, 

Harry Erlicher 

5,915 

5 Open Innovation 2005 Chesbrough 4,429 

6 Dynamic 

Capabilities 

1997 Teece & Pisano 2753 

7 Co-Creation 2000 C. K. Prahalad AND Venkat 

Ramaswamy 

1,838 

8 Design Process Various Various 1669 

9 Triz 1956 Genrich Altshuller 1493 

10 Crowdsourcing 2006 Howe, J 740 

11 Product 

development 

process 

1990 Stuart Pugh 715 

12 Lean Six Sigma 

Process 

1986 Bill Smith 714 
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13 Value Stream 

Mapping 

1916 Charles E Knoeppel 655 

14 Balanced Scorecard 1996 Robert Kaplan and David Norton 505 

15 Kano-Modell 1980 Noriaki Kano 461 

16 Core Competencies 1990 C. K. Prahalad and Gary Hamel 424 

17 Creative Process 1980 Bryan Lawson 357 

18 Six Sigma 1986 Bill Smith 327 

19 Value Engineering 1947 Miles & Erlicher 309 

20 The new product 

development 

process 

1995 Steven D. Eppinger and Karl T. 

Ulrich 

274 

21 Just In Time 1950 Taiichi Ohno 252 

22 Creative Problem 

Solving 

1985 Isaksen 239 

23 Innovation Cycle 2013 Avans University 220 

24 Road-mapping 1967 Willyard & McClees 215 

25 Dominant Design 1975 Utterback & Abernathy 170 

26 4D NA Unknown 155 

27 Synectic’s 1950 Prince & Gordon 154 

28 Lean Manufacturing 1986 John Krafcik 125 

29 Business Model 

Canvas 

2008 Alexander Osterwalder 115 

30 Problem Solving 

Process 

1945 George Polya 113 
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Google Scholar 

Choosing the top 30 ranking methods from the quantitative bibliometric assessment gave the 

following results (Table 5). 

Table 5 Google Scholar Bibliometrics 

Ranking Name Year Author Results 

1 Design Process Various NA 433000 

2 Just In Time 1950 Taiichi Ohno 231000 

3 Ethnography 1743 Gerhard Friedrich Muller 207000 

4 Open Innovation 2005 Chesbrough 156000 

5 Triz 1956 Genrich Altshuller 150000 

6 Heuristics 1970 Amos Tversky and Daniel 

Kahneman 

134000 

7 4D NA Unknown 132000 

8 Co-Creation 2000 C. K. Prahalad AND Venkat 

Ramaswamy 

130000 

9 Creative Process 1980 Bryan Lawson 129000 

10 Core Competencies 1990 C. K. Prahalad and Gary 

Hamel 

111000 

11 Diffusion of innovation  1962 E.M Rogers 

 

109000 

12 Dynamic Capabilities 1997 Teece & Pisano 105000 

13 5D NA  Unknown 54800 

14 Balanced Scorecard 1996 Robert Kaplan and David 

Norton 

52100 

15 Product development 

process 

1990 Stuart Pugh 49700 

16 Crowdsourcing 2006 Howe, J 38500 

17 The Scientific Method 1620 Francis Bacon 

 

37600 

18 Creative Problem Solving 1985 Isaksen 

 

54800 

19 Six Sigma 1986 Bill Smith 52100 

20 Problem Solving Process 1945 George Polya 49700 
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21 Value Engineering 1947 Miles & Erlicher 38500 

22 Problem Solution 1967 JJ Foreman 

 

37600 

23 Value Analysis 1970 John Chris Jones 36300 

24 Design of Experiments 1926 R.A Fisher 

 

34600 

25 Lean Manufacturing 1988 John Krafcik 

 

32200 

26 Kaizen 1950 William E Deming 

 

31900 

27 Delphi Method 1959 Olaf Helmer, Norman 

Dalkey,  Nicholas Rescher 

 30400 

28 The Iterative Design Process 2009 Corrine Beaumont 

 

27100 

29 The new product 

development process 

1995 Steven D. Eppinger and Karl 

T. Ulrich 

20200 

30 Plan-Do-Check-Act 1939 Walter A.Shewart 19500 

 

Review 

The results show significant agreement and similarity between the two separate bibliometric keyword 

searches, with many of the same innovation methods appearing on both. In some instances, the 

original naming of the method was too generalised, for example in “Design Process” or “Problem 

Solving Process” resulting in a large number of results for that search term, which was taken into 

consideration when all the search results were combined. In addition, the date of the original 

inception also influenced the number of results for each search term, with older methods having 

higher results in general, as is to be expected. 

There was a total of 23 innovation methods that appeared on both bibliometric keyword searches, 

showing a high occurrence of those terms in the corpus of literature. The non-shared methods from 

each list, 14 in total, can be seen below in Table 6. 
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Table 6 Non-Shared Methods 

 Name Year Author Source 

1 Value Stream Mapping 1916 Charles E Knoeppel Web of Science 

2 Kano-Modell 1980 Noriaki Kano Web of Science 

3 Innovation Cycle 2013 Avans University Web of Science 

4 Road-mapping 1967 Willyard & McClees Web of Science 

5 Dominant Design 1975 Utterback & 

Abernathy 

Web of Science 

6 Synectic’s 1950 Prince & Gordon Web of Science 

7 Business Model Canvas 2008 Alexander 

Osterwalder 

Web of Science 

8 Diffusion of innovation  1962 E.M Rogers Scholar 

9 The Scientific Method 1620 Francis Bacon Scholar 

10 Problem Solution 1967 JJ Foreman Scholar 

11 Design of Experiments 1926 R.A Fisher Scholar 

12 Kaizen 1950 William E Deming Scholar 

13 The Iterative Design Process 2009 Corrine Beaumont Scholar 

14 Plan-Do-Check-Act 1939 Walter A.Shewart Scholar 

 

Some of the foundation elements to scientific enquiry itself, mostly developed as the field of scientific 

enquiry grew in the modern age, such as “Value Stream Mapping”, “Diffusion of Innovation”, “The 

Scientific Method” and “Design of Experiments” were excluded due to their overly generalised nature. 

The “Kano Model” was excluded as it is a theory for product development helping to classify customer 

satisfaction, thus is more of a tool than a method, while “Dominant Design” was excluded as it is a 

market principle that dictates the key features that become standards in an industry.  

“Problem Solution” was excluded as it is a generalised problem-solving process breakdown, which was 

soon surpassed by more complex model of problem inquisition mapping. The final method to be 

excluded was the “Kaizen” process, which is more of a cultural movement, originating in Japan, for 

continuous improvement in all areas of industrial activity, to constantly strive for improvement. The 

”Innovation Cycle”, “Road Mapping”, “Synectic’s”, “Business Model Canvas”, “The Iterative Design 

Process” and “Plan-Do-Check-Act” methods were all included along with the additional methods 

shared between each list. The finalised list of 29 high impact methodologies arising from the 

bibliometric keyword analysis can be seen below in Table 7. 
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Table 7 Finalised List of Bibliometric Source Methodologies 

Rank Name Year Author 

1 Heuristics 1970 Amos Tversky and Daniel Kahneman 

2 Ethnography 1743 Gerhard Friedrich Muller 

3 Delphi Method 1959  O Helmer, N Dalkey, and N Rescher 

4 Value Analysis 1947 Lawrence Miles, Jerry Leftow, Harry Erlicher 

5 Open Innovation 2005 Chesbrough 

6 Dynamic Capabilities 1997 Teece & Pisano 

7 Co-Creation 2000 C. K. Prahalad & Venkat Ramaswamy 

8 Design Process Various Various 

9 Triz 1956 Genrich Altshuller 

10 Crowdsourcing 2006 Howe, J 

11 Product Development 

Process 

1990 Stuart Pugh 

12 Lean Six Sigma Process 1986 Bill Smith 

13 Balanced Scorecard 1996 Robert Kaplan and David Norton 

14 Core Competencies 1990 C. K. Prahalad and Gary Hamel 

15 Creative Process 1980 Bryan Lawson 

16 Six Sigma 1986 Bill Smith 

17 Value Engineering 1947 Miles & Erlicher 

18 The NPD process 1995 Steven D. Eppinger and Karl T. Ulrich 

19 Just In Time 1950 Taiichi Ohno 

20 Creative Problem Solving 1985 Isaksen 

21 Innovation Cycle 2013 Avans University 

22 Road-mapping 1967 Willyard & McClees 

23 4D NA Unknown 

24 Synectic’s 1950 Prince & Gordon 

25 Lean Manufacturing 1986 John Krafcik 

26 Business Model Canvas 2008 Alexander Osterwalder 

27 Problem Solving Process 1945 George Polya 

28 Iterative Design Process 2009 Corrine Beaumont 

29 Plan-Do-Check-Act 1939 Walter A.Shewart 
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3.5 Assessment of Methodologies 

In order to adequately assess the functionality of the collected innovation methodologies, a series of 

evaluation metrics were required. These metrics allow the methods to be evaluated against each 

other, to identify the most impactful & usable methods from a user’s perspective. In order to evaluate 

these methods, the author utilised a Heuristic evaluation methodology (Nielsen, 1994) to evaluate the 

usability and key features of the identified methodologies.  

Heuristic evaluation is a method proposed by Nielsen (1994), as a usability inspection method aimed 

at finding usability problems in a user interface design, so they can be improved as part of an iterative 

design process. The process involves having an evaluator (or numerous) examine the interface and 

judge its compliance with recognised usability principles (known as the heuristics). 

Nielsen (1994) set out the ten general principles for interaction design, known as “heuristics ”, as they 

are broad rules of thumb used to evaluate systems. These heuristics can be seen in many of today’s 

technology products designed by some of the most successful global companies including Apple, 

Google and Adobe. These ten principles, as outlined by Nielsen (1994), are: 

1. Visibility of system status 

The system should always keep users informed about what is going on, through appropriate 

feedback within a reasonable time. 

2. Match between system and the real world 

The system should speak the user's language, with words, phrases and concepts familiar to 

the user, rather than system-oriented terms. Follow real-world conventions, making 

information appear in a natural and logical order. 

3. User control and freedom 

Users often choose system functions by mistake and will need a clearly marked "emergency 

exit" to leave the unwanted state without having to go through an extended dialogue. Support 

undo and redo. 

4. Consistency and standards 

Users should not have to wonder whether different words, situations, or actions mean the 

same thing. Follow platform conventions. 
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5. Error prevention 

Even better than good error messages are a careful design which prevents a problem from 

occurring in the first place. Either eliminate error-prone conditions or check for them and 

present users with a confirmation option before they commit to the action. 

6. Recognition rather than recall 

Minimise the user's memory load by making objects, actions and options visible. The user 

should not have to remember information from one part of the dialogue to another. 

Instructions for the use of the system should be visible or easily retrievable whenever 

appropriate. 

7. Flexibility and efficiency of use 

Accelerators—unseen by the novice user—may often speed up the interaction for the expert 

user such that the system can cater to both inexperienced and experienced users. Allow users 

to tailor frequent actions. 

8. Aesthetic and minimalist design 

Dialogues should not contain information which is irrelevant or rarely needed. Every extra unit 

of information in a dialogue competes with the relevant units of information and diminishes 

their relative visibility. 

9. Help users recognise, diagnose and recover from errors 

Error messages should be expressed in plain language (no codes), precisely indicate the 

problem, and constructively suggest a solution. 

10. Help and documentation 

Even though it is better if the system can be used without documentation, it may be necessary 

to provide help and documentation. Any such information should be easy to search, focused 

on the user's task, list concrete steps to be carried out and not be too large. 

These ten heuristics will form the basis for the assessment criteria used to evaluate the collected 

innovation methodologies.  
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3.5.1 Assessment Criteria/Metrics 

The Interactive Design Foundation (Brooks, 2019), states that in today’s technologically advanced 

world, designers should establish their own specific heuristics to evaluate their products, systems and 

websites, as the Nielsen heuristics were developed in the 1990s when technology was much less 

advanced than today. The IDF recommends that the Nielsen heuristics be used to inform and inspire 

the evaluators' development of their own set of specific heuristics for the given task.  

The 10 Nielson Heuristics (Brooks, 2019) are as follows: 

1. Visibility of system status 

2. Match between system and the real world 

3. User control and freedom 

4. Consistency and standards 

5. Error prevention 

6. Recognition rather than recall 

7. Flexibility and efficiency of use 

8. Aesthetic and minimalist design 

9. Help users recognize, diagnose, and recover from errors 

10. Help and documentation 

In order to assess the collected innovation methods, Nielsen’s 10 Heuristics formed the basis for the 

creation of 9 separate evaluation criteria. These evaluation criteria combined the standard common 

features and processes of innovation methodologies with the 10 Nielsen heuristics to form the 

following nine evaluation heuristics, as seen in Table 8 below.  

Table 8 Heuristic Relationships to Nielsen Scale 

Heuristic Name Related Nielsen Heuristic 

1 Ideation 3, 5 

2 Research 5,7, 

3 Prototyping 3, 5, 

4 Practical Testing 3, 5, 7 

5 Ease of Use 1,2,3,4, 5, 7, 8, 10 

6 Cyclability 3, 4, 5, 6, 7, 9 

7 Staged Evaluation 1,3, 4, 5, 7, 9, 10 

8 Visual 1,4, 6, 8, 9 

9 Technical Complexity 2, 3, 6, 10 
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These nine developed heuristics were used to evaluate the collected innovation methodologies and 

compare them against each other to highlight the key methods, tools and elements in the area. The 

first four heuristics cover the main stage of the innovation process (Ideation, Research, Prototyping & 

Testing), while the final five heuristics (Ease of Use, Cyclability, Staged Evaluation, Visuals & Technical 

Complexity) deal with usability and utilisation of the innovation methods from a beginner’s 

perspective. The individual heuristics are discussed below.  

Ideation 

This heuristic is a measure of the emphasis and focus dedicated to the ideation or idea generation 

stage of the innovation process. Actions under this heading usually include Idea Generation, Idea 

Selection, Brainstorming and Idea Comparison among others. 

Research 

This heuristic is a measure of the emphasis and focus placed on adequately researching the target 

market, problem or area, to ensure that the right problem is being solved. Actions under this heading 

usually include Background Research, Competitor Analysis and Expert Interviews among others. 

Prototyping 

This heuristic is a measure of the emphasis and focus given to creating functional prototypes of the 

innovation, to generate real-world usability and suitability information.  Actions under this heading 

usually include Basic Model Production, Crafting, Wireframing and Additive Manufacturing among 

others.  

Practical Testing 

This heuristic is a measure of the emphasis and focus given to testing the idea with users, to gather 

user information and to gain useful feedback for further iterations of the innovation. Actions under 

this heading usually include User Interviews, User Analysis, Alpha Testing, Focus Groups and Use 

Feedback studies among others.  

Ease of Use 

This heuristic is a measure of how user-friendly and easy to use the methodology is to utilise. Clear 

guidance, easy to follow processes and the ability to apply the methodology to a desired industry, field 

or problem is included. The requirement for an external facilitator to implement this method is also 

included in this heuristic.  
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Cyclability 

This heuristic is a measure of how well the methodology allows the stages, both individually and as a 

whole process, to be repeated in an iterative manner, with the aim of refining and perfecting the 

proposed innovation. Support to cycle through stages, revisit previous sections to refine ideas and 

reiterate on a developed concept are also included in this heuristic.  

Staged Evaluation 

This heuristic is a measure of the ability of the methodology to allow or encourage reflection, 

assessment and evaluation of both the problem and proposed solution, at various stages throughout 

the process. Tools, Supports and Indications on when and how to review progress are included in this 

heuristic.  

Visual Aids 

This heuristic is a measure of how well the method uses visual aids, diagrams, graphics and images, 

both as stages in the process but also transitioning between stages. How well these visual supports 

aid in the progress, how complex they are and how visually appealing & supportive it is for a beginner 

are also included in this heuristic.  

Technical Complexity 

This heuristic is a measure of how complex the method is to use, its overall structure, its visual aids 

and how complex the individual stages & transitions between stages are, along with its ease of use for 

a beginner.  

Heuristic Criteria Validation 

As noted above these heuristics cover both the stages and usability of the assessed methodologies, 

with the first four heuristics covering the main stages of the innovation process (Ideation, Research, 

Prototyping & Testing), while the final five heuristics (Ease of Use, Cyclability, Staged Evaluation, 

Visuals & Technical Complexity) deal with usability and utilisation of the innovation methods from a 

beginner’s perspective. As this research aims to develop a more effective methodology for use by non-

expert users, the five usability heuristics are of higher importance in this review. Ease of use, 

accessibility to new users and the provision of clear guidance are a requirement for use by non-expert 

users are therefore of higher priority for this assessment.  

 



100 
 

The four heuristics covering the main stages of the innovation process are common to all 

methodologies, therefore their inclusion was necessary to evaluate how the core components of an 

innovation process are encouraged and presented to new users via each methodology.  

Per Nielsen’s approach (Brooks, 2019) these criteria were established for this research, thus aligning 

to the evaluation goals of this work. Therefore, additional external validation will be conducted in the 

future, to further validate the criteria. In this case the initial heuristic evaluation approach was used 

as a baseline to support this research and evaluate the process. There may be some inherent bias 

towards these evaluation criteria which were developed in the initial stages of this process, but the 

impact of this bias is minimised by application of the same initial criteria at all stages of the process 

(Assessment, Evaluation and Expert Survey of all methodologies). Additional work will be conducted 

to further reduce any inherent bias as follow on work after the completion of this thesis.  
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3.5.2 Heuristic Evaluation Checklist 

In order to support the Heuristic Evaluation of 200+ collected innovation methods, a “Heuristic 

Evaluation Checklist” was developed, based on Web Criteria (2002) checklist, to allow the author to 

evaluate the methods against the set Heuristics. This checklist can be seen below in Figure 36. 

 

Figure 36 Heuristic Evaluation Checklist 
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Heuristic Evaluation Methodology 

The author utilised and reviewed the collected innovation methodologies using the defined Heuristics, 

using the developed heuristic evaluation checklist based on Nielsen’s (1994) principles, assigning an 

overall 5-point Likert rating scale for each principle (from  1: Poor performance in that area to 5: 

Excellent performance in that area). Basic descriptions, comments and highlights were also noted. The 

30 highest rated methodologies emerging from this assessment will be presented for further 

discussion and analysis.  

The authors experience as a practicing engineer & designer, with significant experience in the 

academic, industry and developmental innovation fields, ensure that they have the practical 

experience to review the collected innovation methods. As the goal of the research is to develop an 

applied innovation method for non-expert users, a “Beginners Mind” viewpoint will be adopted during 

the evaluation process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



103 
 

3.5.3 Results & Discussion of Assessment 

Assessment Outcome 

Choosing the top 30 ranking methods from the criteria assessment gave the following results (Table 

9): 

Table 9 Top 30 Ranking Methods from the Criteria Assessment 

Ranking Name Year Author Classification Score 

1 
Business Model Canvas 

2008 Alexander 

Osterwalder 

Business 33 

2 Open Innovation 2005 Chesbrough Business 32 

3 Double Diamond 2005 British Design Council STEM 31 

4 Mesarovic Design 

Process 

1964 Mihajlo D. Mesarovic STEM 31 

5 Value Analysis 1970 John Chris Jones Business 31 

6 Human-Centred Design 2014 IDEO Social 30 

7 Berkhout Cyclic 

Innovation Model 

(CIM) 

2006 Guus Berkhout Business 30 

8 Cooper Stage-Gate 

Model 

1986 Robert G.Cooper Business 30 

9 Design and Marketing 

of New Products 

1980 Urban & Hauser Business 29 

10 Stage-Gate Model in 

Crowdsourcing 

2014 Saldanha Social 29 

11 Deep Dive 2006 Boynton and Fischer Business 29 

12 Altshuller Triz Process 1956 Genrich Altshuller STEM 29 

13 Isaken Treffinger CPS 

Process V3 

1985 Scott Isaksen & 

Donald Treffinger 

Business 29 

14 Lean Six Sigma Process 1986 Bill Smith Business 29 

15 Isaken Treffinger CPS 

Process V4 

1992 Scott Isaksen & 

Donald Treffinger 

Business 29 

16 IDEO Design Thinking 

Process 

2004 IDEO Business 29 



104 
 

17 D.school Design 

Thinking Process 2007 

2007 Hasso Plattner 

Institute 

STEM 29 

18 Design Against Crime 

Innovation Process 

2011 Design Against Crime STEM 29 

19 Spiral model of 

software development 

1986 Barry Boehm STEM 29 

20 IBM Design Thinking 

Model 

2014 IBM STEM 29 

21 5D NA Unknown Business 28 

22 Lean Start-up 2011 Eric Ries Business 28 

23 Crowdsourcing 2006 Howe, J All 28 

24 Value Engineering 

Method 

1947 Miles & Erlicher STEM 28 

25 Value Proposition 

Design 

2014 Osterwalder Business 28 

26 Customer 

Development 

1996 Blank Business 28 

27 Creative Problem 

Solving 

1985 Isaksen STEM  

28 Possibility Thinking 1967 Schuller Social  

29 ARIZ-85C 1956 Genrich Altshuller STEM  

30 Jones Design Process 1970 John Chris Jones STEM  
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3.6 Survey Development 

This research applied a mixed methods approach, combining quantitative and qualitative research, 

therefore in order for the collected data to be applied correctly, a solid basis for the collection and 

analysis of innovation data is required. The basis of this survey development is influenced by the 

groundwork set out by the Oslo Manual (OECD,2005), the Romijn & Albaladejos Innovation Index 

(Romijn & Albaladejo, 2002), the Hansen & Birkinshaw's Capability Measure (Hansen & Birkinshaw, 

2007) and the Solvay Business School Survey (Peeters & Van Pottlesberghe, 2003). 

This chapter discusses the process of setting out the survey guidelines for the central elements of the 

collection and analysis of experienced applied innovators and their views on current innovation 

methodologies.  

 

 

3.6.1 Survey Purpose & Context 

Purpose 

The goal of the survey instrument used in this research was to aid in the extraction of the insight, 

experience and expertise of experts in the field of innovation. It utilised a set of previously definined 

Heuristic measures, additional characteristics and a number of other variables to gather the 

experience, insights and expertise of a number of innovation experts.  

Context 

The survey was deployed under the context of innovation methodologies, as viewed by innovation 

experts. The development of this questionnaire was influenced by: 

● Literature Review 

● The author's experience of innovation methods & technologies and their application in the 

STEM field. 

● Input from experienced innovation practitioners 

● Doctoral Studies Panel 

● Doctoral Supervisors 

3.6.2 Survey Methodology 

The section outlines the survey methodology applied, selection of participants and details regarding 

the deployment of the survey.  



106 
 

Research Method 

The survey approach used in this section of the research utilised an online questionnaire, to be 

received “cold” by a number of innovation experts in the targeted areas. As this surveys aim was to 

gather information about the usability, process, order, methods and priorities of an innovation 

methodology and its use in action, an Ethnographic survey was deemed appropriate. Logan (2011) 

noting that in the field of usability, user-centred design and service design, ethnography techniques 

can be used to enable a designer’s deepening of understanding of the design problem at hand, 

including aspects such as the relevant domain, audience(s), processes, goals and context(s) of use. As 

the innovation process can be considered a form of design, namely the design of new concepts, 

processes, objects or solutions, this selection is valid.  

The survey was conducted via an anonymous Google Forms survey and was left open for one month 

in total. 

Sample Selection 

The targeted sample for this survey was “Innovation Experts” in the fields of STEM,  Business & Social 

impact. These experts had significant experience in the area of Innovation, leading innovative work 

professionally for a number of years. They had significant academic qualifications and worked in one 

for the identified fields in some form of innovative capacity. The focused populations fall under the 

headings of Business, Technology and Social Impact. 

Identification and Contact of Subjects 

The subjects were targeted via a number of related areas. The anonymous survey link was promoted 

via email and posting to a number of innovation-related networks. University networks were targeted 

in Ireland and the US, Business & Technology networks (Forbes Global Under 30 Network, TechStars 

Global Accelerator Network, Start-up Week Global Network) and Social impact networks (Social 

Entrepreneurs Ireland) were also targeted. This wide promotion of the anonymous survey ensured 

adequate reach to innovation professionals.  

Sample Size:  

Morse (1994) suggests at least 6 participants in studies where one is trying to understand the essence 

of experience, 30-50 participants for ethnographies and grounded theory studies, while Creswell 

(1998) suggests 20-30 participants for grounded theory studies. Therefore, a target sample size of 50 

respondents was chosen, with additional respondents only serving to improve the qualitative 

feedback.  
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Ethics Exemption 

As this survey was anonymous and targeted non-vulnerable groups, an ethics exemption was 

requested and granted by UCD to proceed with the proposed research elements under the code LS-E-

19-111-Keogh-Goodman. This research complies fully with the UCD Ethical Issues Policy. 

Consent 

Respondents were assured of the anonymity of the data being collected, the absence of any tracking 

details in their responses and were asked to consent to the survey prior to the survey.  

Response rate 

A total of 71 responses we received over the course of 1 month, exceeding the target of 50 

respondents.  

Data Analysis 

The data set was reviewed, refined, and any user errors corrected. The data was analysed using both 

Google Forms and Microsoft Excel, to find overall respondent sentiment, experienced viewpoints on 

method application, methodologies for inclusion in the study and for opinions on potential technology 

adoption as it relates to innovation.  
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3.6.3 Survey Format 

The survey was broken down into several sections, each aimed at gathering insight and opinions of 

innovators in several fields. The full Survey questionnaire can be found in the Appendices. The main 

elements of the survey included: 

Consent 

Firstly, respondents were asked to consent to undertaking the survey.  

Respondent Demographics 

Respondents were asked basic demographic questions to help in the sorting and analysis of the 

responses and framing of insights from respondents. Respondents were asked for: 

● Age Range 

● Highest Level of Education Achieved 

● Primary Area of Qualification 

● Primary Area of Employment 

Defining Innovation 

Respondents were then asked their insights on what they perceived innovation to be, where it is 

applicable, and how important it is to their professional activities. Respondents were asked: 

● What they consider to be innovation. 

● What areas Innovation is most important. 

● How important innovation is to their professional activity. 

Innovation Methodologies 

Respondents were then asked about their exposure and use of Innovation Methodologies to date, to 

gauge how familiar they were with the concept of an Innovation Methodology. Respondents were 

asked: 

● How familiar with the concept of an Innovation methodology were they? 

● If they had heard of any of a set list of methodologies before? 

● If they had used any innovation methodology before? 

● What exact methodologies they have used? 

● What in their opinion, was the best form of innovation methodology ? 

● What in their opinion, was the best structure of innovation methodology? 
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The Innovation Process 

This section gathered information about how respondents rated the importance of the five defined 

sections of the innovation process (Discovery, Definition, Design, Demonstration, Dissemination) in 

relation to each other. The rating used a standard 1-5 Likert Scale, from “Not At All Important” to 

“Very Important”. 

It also asked respondents to order the five stages in what they believe to be the best order of 

occurrence. They were then asked if this order occurs in real innovation situations and were given the 

chance to reorder the five stages in  the order in which they occur in practice.  

Respondents were then asked to rate how important they deem the innovation review criteria were 

in the innovation process:  

● Ability/Encouragement to Ideate 

● Focus on background research 

● Prototyping 

● Practical user testing 

● Ease of use 

● Repeatable stages 

● Periodic reviews 

● Visual supports 

● Technical complexity 

● Sharing of the idea or concept with others 

● Use of technology 

● Diverse team background 

● Involving the user of the solution in the process 

● Video content 

● Facilitator involvement 

● Intellectual property protection 

These review criteria were a combination of the Heuristic Criteria set out during the course of this 

research, important characteristics of innovation teams and a selection of common supports & aids 

to the innovation process.  
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Users/Customer Involvement 

This section gathered respondents’ thoughts on user/customer involvement in the innovation process, 

in addition to asking at what stage of the innovation process should users be involved in the innovation 

process. 

Innovation Stages 

This section covers the most important aspects in the five identified stages of the Innovation process 

and asked respondents to rate how important they deem each aspect of the innovation process to be 

based on the innovation review criteria. The rating used a standard 1-5 Likert Scale, from “Not At All 

Important” to “Very Important”. The chosen aspects were based on the heuristic assessment criteria 

set out for the assessment stage of this research.  

The five identified stages of the innovation processes include: 

Discovery: Understanding the market, problem, customer or issue. Idea Generation, Consumer 

Empathizing etc. 

Definition: Framing the problem, fixing boundary conditions, constraining the target problem etc 

Design: Building, coding, design. Producing the desired solution or innovation. 

Demonstration: Validation of the solution in the market, testing in the field, customer validation. 

Dissemination: Sharing the idea with customer or users, marketing, industry awareness, public 

relations. 

Obstacles to Innovation 

This section gathered respondent insights on what they perceive as the main obstacles for innovation. 

Disruptive Technologies 

This section gathered respondents’ thoughts on the potential impact of disruptive technologies, the 

technologies with the highest potential for impact and what they view as the main benefits of using 

disruptive technologies.  

Other 

This section gathered any other input, comments or suggestions from the respondents.  
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3.6.4 Survey Results & Discussion 

The collected data was cleaned, sorted, categorised and coded, with the goal of gathering insights on 

the importance of specific characteristics in the innovation process, during individual stages and in the 

field. The results of this data analysis and accompanying discussion can be seen below, with the full 

survey responses found in Appendices. 

Response Rate 

In total 71 responses were received over the course of 1 month, with one respondent refusing 

consent, giving a data pool of 70 respondents 

Participant Profile 

The predominant age profile of respondents (Figure 37) was 31-40 (47%), followed by 50+ (17%), 25-

30 (16%), 41-50 (13%) and finally less than 25 years old (7%).  

 

Figure 37 Respondents Age Range 

The predominant highest level of education of respondents (Figure 38) was Postgraduate (57%), 

followed by Undergraduate (19%), Doctorate (14%) finally secondary (or high school) education (10%).  
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Figure 38 Respondents Education Levels 

The predominant primary field of education of respondents (Figure 39)  was STEM (46%), followed by 

Business/Finance (27%), Creative (14%), Social (9%) and Education (10%).  

 

Figure 39 Respondents Area of Qualification 

The predominant primary field of employment of respondents (Figure 40)  was STEM (43%), followed 

by Business/Finance (31%), Education (16%), Social (6%) and Creative (4%).  
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Figure 40 Respondents Primary Area of Employment 

Further analysis of the survey data showed no meaningful correlation between respondent 

demographics as it relates to innovation methodologies, their application or features of the innovation 

process. Increasing respondent numbers may result in such a correlation arising, but was beyond the 

scope of this research.   

When asked about their familiarity with the concept of an Innovation method (Figure 41), 77% of 

respondents were familiar with the idea of an innovation methodology, showing the high level of 

awareness of the pool of expert respondents.  

 

Figure 41 Respondents Familiarity with an Innovation Methodology 
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Similarity, 86% of respondents have used an innovation methodology before, with only 14% having 

not used one previously (Figure 42).  

 

Figure 42 Respondents Familiarity with an Innovation Methodology 

By far the most popular innovation methodology (Figure 43) with respondents was Design thinking 

(62) followed by Lean Start-up (59), Agile (53), Six Sigma (52) and Design Sprint (47), which correlates 

with the results from the keyword bibliometric search previously conducted. 

 

Figure 43 Respondents Familiarity with an Innovation Methodology 

A number of other methodologies were mentioned, including Business Model Canvas, Human-centred 

Design, Co-creation, Scenario Planning, Value Proposition, Simplexity Thinking, Doblin's Ten Types of 

Innovation, Empathy Mapping, Systems Thinking, Open Innovation and Co-creation. These methods 

were collected and integrated into the methodology list refinement process, which is discussed in a 

later section.  
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When asked how important innovation was to their business or company (Figure 44), 95.7% of 

respondents ranked it 4 (Important) or 5 (Very Important), with only 4.3% indicating it was 1 (Not At 

All Important) or 2 (Not Important). 

 

Figure 44 Importance of Innovation to Respondents Business/Company 

When asked what they consider to be innovation (Figure 45), respondents most closely associated 

with the development of a new products/processes/services (57), Improvements to existing 

products/processes/services (53), Important innovations/breakthroughs for the markets (46), 

Solutions to global/social issues (45), with the other suggestions ranking much lower. This indicates 

that respondents closely relate innovation to product/process/services development with an 

emphasis on breakthrough innovations.  



116 
 

 

Figure 45 Respondents Consideration to What Constitutes Innovation 

Respondents indicated that they believed that innovation was most important (Figure 46) in the areas 

of Social Improvement (61), Environmental Improvement (52), Technological Improvement (49) 

followed by Financial Improvement (31), with indications towards other areas of importance including 

Art, Public Services, Marketing and finally, in all identified areas.  

 

Figure 46 Respondents Area of Most Importance for Innovation 
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When asked to identify the best form of innovation methodology (Figure 47), from the Visual, 

Numerical, Word Based or Practical Based methods, 51% of respondents indicated that Practical forms 

of method were preferred, followed by 36% indicating a preference for visual methods. Other forms 

were also suggested including a participant-specific method, discursive methods, and assumptive 

methods, with the most common alternative, suggested being a Combination of all methods.  

 

Figure 47 Respondents Best Form of Innovation Method 

Similarly, when asked to identify the best structure of innovation methodology (Figure 48), from the 

Cyclical, Hybrid, Conceptual, Funnel, Linear and Staged structures, 47% of respondents indicated that 

hybrid structures were preferred, followed by 30% indicating a preference for cyclical structure and 

12% for Funnel structures. Other structures ranked much lower with respondents,  including 

additional suggestions of Double Diamond, Fuzzy Front End or Any of the above as appropriate to the 

situation. 

 

Figure 48 Respondents Best Structure of Innovation Method 
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When asked to rank the relative importance of the five stages of the innovation process, as seen in 

Figure 49,  (Discovery, Definition, Design, Demonstration and Dissemination), respondents 

cumulatively ranked the Discovery (4.77), and Demonstration (4.49) stages as most important, 

followed by the Design (4.37), Definition (4.33) and Dissemination (4.11) stages. This shows a strong 

focus on understanding the problem space and demonstrating the innovation value in said problem 

space. 

 

Figure 49 Relative Importance of Each Stage of the Innovation Process 

When asked about the order of occurrence of stages (Figure 50), the majority of responses confirmed 

the suggested order of stages, with Discovery (80% confirmed as 1st stage), Definition (68.6% 

confirmed as 2nd stage), Design (74.3% confirmed as 3rdstage), Demonstration (64.3% confirmed as 4th 

stage and Dissemination (77.1% confirmed as 5th stage).  The variation arises mainly from 

interchangeability between Discovery & Definition as the 1st and 2nd stage, and similarly between 

Demonstration and Dissemination as the 4th & 5th stage.  

.  

4

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

5

Discovery Definition Design Demonstration Dissemination

Relative Importance of each stage of the innovation process



119 
 

 

Figure 50 Preferred Ordering of Innovation Stages 
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When asked whether this order occurs in practice (Figure 51), only 51.4% of respondents agreed. 

Showing a disconnect between the order in theory and in practice.  

 

Figure 51 Occurrence of Methodology Order in Practice 

When asked on the order of occurrence in practice (Figure 52), a wide variety of responses were 

recorded, but in general the 1st, 2nd and 3rd stage varied between Discovery, Definition and Design, 

with the 4th and 5th stage varying mainly between Discovery, Demonstration and Dissemination. While 

varied alternative orders were presented, the results show strong agreement between the order 

chosen for the proposed new methodology and that suggested by respondents.  

 

Figure 52 Suggested In Practice Ordering of Innovation Stages 
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When asked whether innovation teams should include intended users in the process (Figure 53), the 

majority (88.6%) indicated that they should play a role in the innovation process. Regarding the stage 

at which they should be involved (Figure 54), Every stage was most popular (57.1%) followed by the 

Testing stage (50%), Concept stage (44.3%), Prototype stage (40%) and finally the Pre-commercial 

launch stage (25.7%).  

 

Figure 53 Should User be Involved in the Innovation Process 

 

Figure 54 Stages of User Involvement in the Innovation Process 
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The survey also asked respondents to rank the key aspects of an innovation process, in relation to 

each other, from a list of key aspects based on the heuristic assessment criteria. The cumulative 

relative ranking of the key aspect of an innovation process can be seen in Figure 55. Respondents 

indicated that the most important aspects of the innovation process were practical user testing (4.64) 

followed by the ability/encouragement to Ideate (4.59), involving the user of the solution in the 

process (4.49), prototyping (4.41) and ease of use (4.3). Aspects with lower levels of importance 

include visual supports (4.36), sharing of the idea or concept with others (4.26), having a diverse team 

background (4.24) and inclusion of repeatable stages (4.2). The lowest-ranked aspects of the 

innovation process were periodic reviews (4.18), a focus on background research (3.94), included IP 

protection (3.61), facilitator involvement (3.56), technical complexity (3.41), the use of technology 

(3.41) and finally the inclusion of video content (2.91).  

 

Figure 55 Relative Importance of Key Aspects of the Innovation Process 
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While the ranking showed clear preferences, the fact that 10 of the 16 aspects scored over 4 out of 5, 

shows that there are a number of important aspects for inclusion into an idea innovation 

methodology. These ten aspects will be used to influence the design of the newly proposed innovation 

methodology.  

Similarly, the respondents were then asked to rank the key aspects of each of the identified stages of 

the innovation process, from the same list of key aspects based on the heuristic assessment criteria. 

The cumulative relative ranking of the key aspects of each stage can be seen below.  

For the Discovery stage (Figure 56), respondents indicated that the most important aspect in this stage 

was the ability/encouragement to Ideate (4.59), followed by having a diverse team background (4.21), 

involving the user of the solution in the process (4.2), a focus on background research (4.14), periodic 

reviews (4.0), the use of visual supports (4.0) and the inclusion of repeatable stages (4.0). Following 

the aspects rated 4.0 and above, came sharing of the idea or concept with others (3.97), practical user 

testing (3.94), prototyping (3.83), ease of use (3.81) and facilitator Involvement (3.61). The lowest 

raked aspects included IP protection (3.5), the use of technology (3.3), technical complexity (3.21) and 

finally, the inclusion of video content (2.82). Therefore, the Discovery stage should prioritise the ability 

to Ideate with a focus on diverse team backgrounds, while involving the user of the solution in the 

process, focusing on background research, integration of periodic reviews and inclusion of visual 

supports.  
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Figure 56 Relative Importance of Key Aspects of the Discovery Stage 

For the Define stage (Figure 57), respondents indicated that the most important aspect of this stage 

was again, the ability/encouragement to Ideate (4.2), followed by a focus on background research 

(4.16), having a diverse team background (4.03) and involving the user of the solution in the process 

(4.0). Following the aspects rated 4.0 and above, came the inclusion of repeatable stages (3.91), 

periodic reviews (3.90), sharing of the idea or concept with others (3.90), ease of use (3.84), practical 

user testing (3.77), prototyping (3.73), facilitator Involvement (3.69) and visual supports (3.64). The 

lowest raked aspects included technical complexity (3.31), IP Protection (3.3), the use of technology 

(3.19) and inclusion of video content (2.87). Similarly, to the Discovery stage, the Define stage should, 

therefore, prioritise the ability to Ideate with a focus on background research with diverse team 

makeups involving the user of the solution in the process.  
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Figure 57 Relative Importance of Key Aspects of the Define Stage 

For the Design stage (Figure 58), respondents indicated that the most important aspect of this stage 

was, unsurprisingly, Prototyping  (4.79) followed by a large number of aspects rated 4.0 and above. 

This include practical user testing (4.6), ability to Ideate (4.49), involving the user of the solution in 

the process (4.33), periodic reviews (4.31), repeatable stages (4.21), ease of Use (4.19), the sharing of 

the idea or concept with others (4.17), diverse team background (4.13) and inclusion on visual 

supports (4.03). The lowest raked aspects included IP protection  (3.94), a focus on background 

research (3.89), the use of technology (3.86), technical complexity (3.67), facilitator Involvement 

(3.46) and inclusion of video content (3.1). As is to be expected, the Design stage should focus on 

prototyping for practical user testing and iterating ideas, the involvement of the user in the design 

stage, inclusion of periodic reviews and repeatable stages and finally visual supports to encourage the 

sharing of ideas among a diverse team  
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Figure 58 Relative Importance of Key Aspects of the Design Stage 

For the Demonstration stage (Figure 59), respondents indicated that the most important aspects in 

this stage was practical user testing (4.69), the sharing of the idea or concept with others (4.54), 

ease of use (4.53), involving the user of the solution in the process (4.39), inclusion of visual supports 

(4.27), integrated periodic reviews (4.26), repeatable stages (4.0) and IP protection (4.0). Following 

the aspects rated 4.0 and above, came prototyping (3.93), a diverse team background (3.9), the ability 

to Ideate (3.87), inclusion of video content (3.84), the use of technology (3.66), facilitator involvement 

(3.63), technical complexity (3.57) and a focus on background research (3.44). As was expected, 

respondents indicated that the Demonstration stage should prioritise practical user testing via sharing 

the idea with others, in an easy to use way which involves the user in the process, while being highly 

visual & repeatable but while still  protecting the developed IP.  
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Figure 59 Relative Importance of Key Aspects of the Demonstration Stage 

For the final stage in the process, the Dissemination stage (Figure 60), respondents indicated that the 

most important aspect in this stage is the sharing of the idea or concept with others (4.64). This is 

followed by the use of visual supports (4.4), ease of use (4.33), involving the user of the solution in the 

process (4.26) and periodic reviews (4.1).Following the aspects rated 4.0 and above, came practical 

user testing (3.99), IP protection (3.99), video content (3.91), repeatable stages (3.9), a diverse team 

background (3.86) and use of technology (3.77). The lowest ranked aspects included facilitator 

involvement (3.64), the ability to Ideate (3.53), technical complexity (3.43), prototyping (3.4) and a 

focus on background research (3.33). Respondents indicated that the Dissemination stage should 

prioritise the sharing of the idea with others via easy to use, periodically reviewed visual supports, 

highlighting the application to the user. 
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Figure 60 Relative Importance of Key Aspects of the Dissemination Stage 

The final aspect of the survey asked respondents for insight on what they deem to be the main 

obstacles to Innovation (Figure 61), with high priority placed on a resistance to change (48), lack of 

funding (44), lack of resources (43), company or group politics (39), a lack of time (35) and a lack of 

infrastructure (32). These could, in theory, be tackled via the use of new innovation methodologies, 

focused on the efficient, fast iteration of ideas arising from all sectors and roles in an organisation.  
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Figure 61 Main Obstacles for Innovation 

Similarly, the survey asked respondents for insight on what they deem to be the disruptive 

technologies that will have the biggest impact on the innovation process going forward (Figure 62), 

with high priority placed on cognitive computing & AI (47), 3D printing & additive manufacturing (38), 

augmented & virtual reality (37), big data analytics (36), IOT (31), automation (29) and blockchain 

systems (25). This shows respondents view computer generation of innovations, automated processes 

& manufacturing and digital system interaction as making the most impact on innovation in the future.  

 

Figure 62 Technologies with the Biggest Impact on Innovation 
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The final question asked respondents to outline what they view as the main benefits for the use of 

disruptive technology for innovation (Figure 63). They indicated that the benefits include increased 

productivity (44), improved products & services (43), improved customer/user satisfaction (39), 

optimised processes (38), increased impact (37), ability to add cutting edge technology (27), reduced 

risk (18), increased sales (15) and a number of others (8).  This shows that increased productivity in 

the production of new products & services, which will be more appreciated by the customer are some 

of the main benefits of disruptive technology.  

 

Figure 63 Main Benefits of Disruptive Technologies 
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3.5.5 Summary of Survey Results 

The completed survey gave strong indication towards the most common, impactful and useful 

innovation methodologies, with 86% of respondents having used an innovation methodology. This 

familiarity, along with the fields of employment (74% in STEM or Business) and educational 

background of the respondents (71% postgraduate and above) helps support the subsequent 

recommendations on the form, structure and details of preferred innovation methodologies. 

The strong correlation between the keyword bibliometric search and the methodologies identified by 

respondents supports their inclusion in the research. The strong indication that respondents closely 

relate innovation to product/process/services development with an emphasis on breakthrough 

innovations shows that practical, focused methods are preferred. This is not to say that Social   & 

Environmental improvements are not key areas of application of innovative thinking practice.  

The results show the respondent’s lean heavily towards Visual & Practical based innovation methods, 

with strong support for Hybrid & Cyclical based structures (with 77% combined). Strong emphasis is 

placed on the identified key stages of Discovery, Design and Demonstration, along with strong support 

for the proposed operational order of Discovery, Definition, Design, Demonstration and 

Dissemination.  

The results indicate that users should as much as possible be involved in the process, with 88.6% of 

respondents indicating this opinion, with more than half (57%) recommending they are involved at 

every stage of the process. The results also indicate strong support for the inclusion of the following 

aspects in any innovation process: practical users testing, the ability/encouragement to Ideate, 

involving the user of the solution in the process, prototyping, ease of Use, strong visual Supports, the 

sharing of the idea or concept with others, diverse team backgrounds and the inclusion of repeatable 

stages.  

The results also gave strong indications of the most desired aspects at each stage of the process, with 

the following aspects prioritised at each stage: 

● Discovery 

The ability/encouragement to Ideate, a diverse team background, involving the user of the 

solution in the process, a focus on background research, periodic reviews, the use of visual 

supports and the inclusion of repeatable stages. 

● Definition 

The ability/encouragement to Ideate, a focus on background research, having a diverse team 

background and involving the user of the solution in the process. 
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● Design 

Prototyping, practical user testing, the ability to Ideate, involving the user of the solution in 

the process, periodic reviews, repeatable stages, ease of Use, the sharing of the idea or 

concept with others, diverse team background and the inclusion of visual supports. 

● Demonstration 

A focus on practical user testing, the sharing of the idea or concept with others, ease of use, 

involving the user of the solution in the process, the inclusion of visual supports, integrated 

periodic reviews, repeatable stages and IP protection. 

● Dissemination  

The sharing of the idea or concept with others, the use of visual supports, ease of use, 

involving the user of the solution in the process and periodic reviews. 

The final insights indicate that respondents identified a resistance to change, lack of 

funding/resources, company or group politics, a lack of time and a lack of infrastructure as key 

obstacles to innovation in their work. This can be seen to demonstrate potential for disruptive 

technologies to bring many benefits to the field of innovation in the future. These insights can be seen 

to provide guidance on some of the best potential elements for an improved innovation methodology 

and show that new innovation methods have the potential to help utilise disruptive technologies, 

along with a more user-focused iterative process, to add positively to society in the future.  
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3.7 Key Methods 

In order to identify the standout key innovation methods presented from the research, the different 

means of assessment (Bibliometrics, User Assessment and Expert Feedback) were combined and 

refined. The initial combination of identified innovation methods can be seen below in Table 10. 

Table 10 Combined List of Innovation Methods 

 Bibliometrics Assessment Survey 

1 Heuristics Business Model Canvas Design Thinking 

2 Ethnography Open Innovation Agile 

3 Delphi Method Double Diamond Six Sigma 

4 Value Analysis Mesarovic Design Process Lean Start-up 

5 Open Innovation Value Analysis Design Sprint 

6 Dynamic Capabilities Human-Centred Design TRIZ 

7 Co-Creation Berkhout Cyclic Innovation Model 

(CIM) 

Global Innovation 

Management 

Methodology 

8 Design Process Cooper Stage-Gate Model Human Centred Design 

9 Triz Design and Marketing of New Products Doblin's Ten Types of 

Innovation 

10 Crowdsourcing Stage-Gate Model in Crowdsourcing Co-creation 

11 Product development 

process 

Deep Dive Scenario Planning 

12 Lean Six Sigma Process Altshuller Triz Process Value Proposition 

13 Balanced Scorecard Isaken Treffinger CPS Process V3 Systems thinking 

14 Core Competencies Lean Six Sigma Process  

15 Creative Process Isaken Treffinger CPS Process V4  

16 Six Sigma IDEO Design Thinking Process  

17 Value Engineering D.school Design Thinking Process 2007  

18 New product development 

process 

Design Against Crime Innovation 

Process 

 

19 Just In Time Spiral model of software development  

20 Creative Problem Solving IBM Design Thinking Model  

21 Innovation Cycle 5D  

22 Road-mapping Lean Start-up  
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23 4D Crowdsourcing  

24 Synectic’s Value Engineering Method  

25 Lean Manufacturing Value Proposition Design  

26 Business Model Canvas Customer Development  

27 Problem Solving Process Creative Problem Solving  

28 The Iterative Design 

Process 

Possibility Thinking  

29 Plan-Do-Check-Act ARIZ-85C  

30  Jones Design Process  

 

Further refinement and review resulted in a final list of high potential methodologies for further 

review and discussion. Methods were removed if duplicated, if they were deemed not suitable or if 

they were not actually methods (Tools, Guides, Basic Concepts, Descriptors, Books, etc.). Additional 

methods were selected by the author during the assessment and review process, due to their inherent 

advantages, structures or specific design elements. These methods may have specific elements that 

are particularly useful to this research, while not ranking highly in any of the previous assessment 

stages. These methods can be found from number 44 – 58 in the complied list. The reasoning for the 

removal or addition of particular methods is outline in Table 11. The finalised list of methods for review 

and analysis can be seen below in Table 12.  

Table 11 Inclusion & Exclusions Reasoning for Methods 

Method Action Reason 

Crowdsourcing Removed Tool not Method 

Six Sigma Removed Duplicate 

Value Engineering Removed Generalised Term  

Just In Time Removed Data Driven Method 

Lean Manufacturing Removed Data Driven Method 

The Iterative Design Process Removed Generalised Term 

Plan-Do-Check-Act Removed Duplicate 

Open Innovation Removed Generalised Term 

Value Analysis Removed Generalised Term 

Altshuller Triz Process Removed Duplicate (TRIZ) 

Isaken Treffinger CPS Process V4 Removed Alternate Version 

Value Engineering Method Removed Generalised Term 
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Creative Problem Solving Removed Generalised Term 

ARIZ-85C Removed Duplicate (TRIZ) 

Design Thinking Removed Duplicate 

Design Sprint Removed Tool not Method 

Global Innovation Management Methodology Removed Data Driven Method 

Human Centred Design Removed Generalised Term 

Doblin's Ten Types of Innovation Removed Generalised Term 

Co-creation Removed Generalised Term/Tool 

Scenario Planning Removed Data Driven Method 

Value Proposition Removed Generalised Term 

Systems thinking Removed Generalised Term 

Theory of Constraints Added Natural Iteration Cycle 

PACE NPD Framework Added Good Staging Framework 

IDEAL Cycle Added Common Terminology 5 Stage Process 

Parnes CPS Spiral Model Added Unique Use Perspective 

Basadur Simplex CPS Process Added Stages with Nested Tools 

Plsek Creative Thinking Cycle Added Example of Confusing Visual Layout 

The Iterative Design Process Added Simplified Visual Layout 

Copenhagen Living Lab Innovation Process Added Simplified Visual Layout 

Australian Centre Social Innovation Process Added Example of Confusing Visual Layout 

Humantific Strategic Cocreation Process Added Example of Confusing Visual Layout 

Plan-Do-Check-Act Added Simplified Iterative Approach 

Engineering design process Added STEM Based Logical Order 

User-centred design process (UCD) Added User Focus at its Core 

Braided Design Model Added High Potential Iterative Approach 
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Table 12 Finalised List of Methods for Review 

 Method  Method 

1 Heuristics 30 Deep Dive 

2 Ethnography 31 Isaken Treffinger CPS Process V3 

3 Delphi Method 32 IDEO Design Thinking Process 

4 Value Analysis 33 D.school Design Thinking Process 2007/2009 

5 Open Innovation 34 Design Against Crime Innovation Process 

6 Dynamic Capabilities 35 Spiral model of software development 

7 Co-Creation 36 IBM Design Thinking Model 

8 Design Process 37 5D 

9 Triz 38 Lean Start-up 

10 Product development process 39 Value Proposition Design 

11 Lean Six Sigma Process 40 Customer Development 

12 Balanced Scorecard 41 Possibility Thinking 

13 Core Competencies 42 Jones Design Process 

14 Creative Process 43 Agile 

15 The NPD process 44 Theory of Constraints 

16 Creative Problem Solving 45 PACE NPD Framework 

17 Innovation Cycle 46 IDEAL Cycle 

18 Road-mapping 47 Parnes CPS Spiral Model 

19 4D 48 Basadur Simplex CPS Process 

20 Synectic’s 49 Plsek Creative Thinking Cycle 

21 Business Model Canvas 50 The Iterative Design Process 

22 Problem Solving Process 55 Nesta Innovation Process 

23 Double Diamond 52 Copenhagen Living Lab Innovation Process 

24 Mesarovic Design Process 53 Australian Centre Social Innovation Process 

25 Human-Centred Design 54 Humantific Strategic Cocreation Process  

26 Berkhout Cyclic Innovation Model 

(CIM) 

55 Plan-Do-Check-Act 

27 Cooper Stage-Gate Model 56 Engineering design process 

28 Design and Marketing of New 

Products 

57 User-centred design process (UCD) 

29 Stage-Gate Model in Crowdsourcing 58 Braided Design Model 
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These methods are presented below, in passport form, as per Ludvik & Peterkova (2016) with 

subsequent discussion and review.  

 

Identified Methods 

1. Name Heuristics 

2. Description A method for quickly solving problems for which we don’t have a known 

method. 

3. Origin Judgment under Uncertainty: Heuristics and Biases 

4. Author Amos Tversky and Daniel Kahneman 

5. Published 1970 

6. Focus Social Innovation 

7. Classification Social 

8. Structure Concept 

 

Not Applicable 

Comments: 

Heuristics are sets of non-optimum problem-solving methods that utilise shortcuts to produce 

adequate solutions to given problems under limited timeframes. The outcomes may not be optimum, 

but adequate while allowing the process of iteration to occur. Heuristics are, therefore, a base 

functional aspect of the innovation process, underpinning the concept of innovation as a means to 

produce something new. The speed and drive for “adequate” solutions are a key strength in the fast 

paced innovation field. Thus, inclusion of a fast-paced, but the iterative innovation process would be 

beneficial.  
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1. Name Ethnography 

2. Description The systematic study of people and cultures, from the standpoint of social 

relations.  

3. Origin NA 

4. Author Gerhard Friedrich Muller 

5. Published 1743 

6. Focus Social Innovation 

 

7. Classification Social 

8. Structure Concept 

NA 

Comments: 

As Ethnography is the study of social life and culture in specific social systems, it focuses on the people, 

their interactions and activities, via detailed observations of them in the field. The focus on people, in 

this context, users, customers or practitioners, is key to understanding the desired outcome from 

specific problems. As innovation as an activity is focused on the generation of new solutions to 

problems, these solutions must be to actual problems faced by people, companies or groups. The 

human-centric focus of ethnography is a key take away, emphasising the importance of human 

focused solutions to ensure innovation activity is not wasted on non-problems.  

 

 

 

 

 

 

 

 



139 
 

1. Name Delphi Method 

2. Description Anonymous questioning of experts, to gather and find a consensus of 

opinions, using intuitive judgement and a geographically dispersed group. 

3. Origin Rescher (1998): Predicting the Future, (Albany, NY: State University of New 

York Press, 1998) 

4. Author Olaf Helmer, Norman Dalkey, and Nicholas Rescher 

5. Published 1959 

6. Focus CPS 

7. Classification STEM 

8. Structure Concept 

 

Figure 64 Delphi Method (Erpicum, 2015) 

Comments: 

The Delphi method normally utilises a written questionnaire, to allow for anonymous & independent 

consultation with experts, to minimise groupthink and confrontations. While this method was 

developed during the Cold War to forecast the impact of technology on military conflicts (Custer et 

al., 1999), it’s found regular use in the Business & STEM fields for questioning of experts & leaders. 

The process of questioning (Experts in this case) is used to gain insights into the intricacies of specific 

problems and progression routes of technologies. The consensus approach of this method allows the 

convergence of opinions while allowing points of divergence to be acknowledged, strengthening the 

stronger elements while tackling the weaker aspects. This focus on expert input, while aiding divergent 

and convergent aspects is one of the strongest elements of this methodology, making it a valuable 

tool for early-stage innovation activities.  
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1. Name Value Analysis or Value Engineering 

2. Description Value Analysis is a systematic function-based thinking system used to 

analyse and improve value in a product, facility, system or service. 

3. Origin General Electric Company 

4. Author Lawrence Miles, Jerry Leftow, Harry Erlicher 

5. Published 1947 

6. Focus Organisational 

7. Classification Business 

8. Structure Concept 

Na 

Comments: 

The focus of the Value Analysis (also known as Value Engineering) process is the systematic review, 

and reduction of individual costs in a system to reduce overall costs. This process is not focused solely 

on reducing cost, as costs will only be reduced if it will not affect the perceived quality of the product 

from a customer’s perspective. The focus on constituent parts and elements, and how they combine 

into the larger cost profile supports the breakdown of a larger problem into small constituent 

components. While this method is particularly suited to the Business field, it can also be used in the 

STEM fields, to develop new production variations. The focus on cost reduction at the earliest stages 

of innovation, while important, is not a significant element from the creation of new ideas and 

concepts. Therefore, the scope of this method is limited to later stage innovations and iterating new 

product lines and processes.  
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1. Name Open Innovation 

2. Description Open Innovation is the gathering and use of purposive inflows and 

outflows of knowledge to accelerate the rate of internal innovation, thus 

expanding new markets for the external use of innovation. 

3. Origin Open Innovation: The New Imperative For Creating And Profiting From 

Technology 

4. Author Chesbrough 

5. Published 2003 

6. Focus CPS 

7. Classification Business 

8. Structure Funnel 

 

Figure 65 Open Innovation (Chesbrough, 2003) 

Comments: 

The Open Innovation concept has been one of the popular innovation approaches of the last decade, 

developed by Chesbourgh (2003) and popularised in his book “Open Innovation: The New Imperative 

for Creating and Profiting from Technology”. This model postulates that due to the increasing mobility 

and availability of highly educated people, large amounts of knowledge exist outside research labs & 

intuitions. This added to the flows of knowledge when people change jobs, and the growth of 

entrepreneurial tendencies (and venture capital funding), results in companies looking to external 

sources of innovation, inspiration and increased efficiency. In practice, concepts like crowdsourcing, 

open-source and co-design, operate as open innovation concepts. The ready flow of experience, 

expertise and ideas from one area (Field, Industry, Country etc.) to another enriches the overall pool 

of innovative ideas and strengthens the overall development of the area in question. This openness 

to external, non-standard ideas and solutions has greatly enhanced many fields, and shows a need for 

openness & inclusion of external viewpoints into any innovation methodology.  
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1. Name Dynamic Capabilities 

2. Description A business concept which sets "the firm’s ability to integrate, build, and 

reconfigure internal and external competences to address rapidly changing 

environments." 

3. Origin Dynamic Capabilities and Strategic Management 

4. Author Teece & Pisano 

5. Published 1997 

6. Focus Organisational 

7. Classification Business 

8. Structure Concept 

 

Figure 66 Dynamic Capabilities (Teece, 2018) 

Comments: 

At its core, Dynamic Capabilities are a measure of the ability of an organisation to adapt to new 

external threats and opportunities. They are different from a firm’s operational capabilities, which 

relate to the current operations of an organisation, as they are, by contrast, related to “the capacity 

of an organisation to purposefully create, extend, or modify its resource base” (Helfat et al., 1997). The 

basic assumption of the dynamic capabilities’ framework is those core competencies should be used 

to modify short-term competitive positions that can be used to build longer-term competitive 

advantage. There are three capabilities this model sets out for organisations to achieve; namely the 

capacity to 1) Sense and Shape Opportunities, 2) Seize Opportunities and 3) Maintain competitiveness 

through enhancing, combining, protecting, and when necessary, reconfiguring the business 

enterprise’s intangible and tangible assets (Teece, 2018).  
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These capacities form a solid grounding for the ideation and problem finding stages of an innovation 

process, allowing exploration into new areas while maintaining a focus on the skills, resources and 

background of the innovation group (Individuals or Teams). The three stages of Opportunity 

Recognition, Design & Refine and Develop, are similar to the early stages in other innovation methods, 

but its focus on assessing the capabilities of the “innovators”, in this case, the firm, is exceptional. 

Similar capability review processes, which set the capabilities of the group at an early stage, would 

allow the tailoring of supports suggested by an innovation method, to tailor to the requirements of 

the team at that time.  
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1. Name Co-Creation 

2. Description Co-creation is the process of allowing the customer to co-construct the 

solution to their problem with the company, jointly creating the desired 

value to suit customer context.  

3. Origin "Co-Opting Customer Competence" 

4. Author C. K. Prahalad AND Venkat Ramaswamy 

5. Published 2000 

6. Focus Organisational 

7. Classification Business 

8. Structure Concept 

 

Figure 67 Co-creation in Markets (Prahalad & Ramaswamy, 2004) 

Comments: 

While popularised by Prahalad & Ramaswamy (2004), its origins can be found in numerous works 

linking customer involvement in production to greater customer satisfaction. Their focus was on 

increasing the commercial opportunities to customers, by allowing firms to work closely with 

customers to provide “customised” solutions to their problems. The idea of co‐creation is, in essence, 

the active involvement of customers in the design or development of future offerings (Ramirez, 1999), 

often with the help of tools that are provided by the firm in question (Piller et al., 2011). These tools 

included methods such as ideation contests (Piller & Walcher 2006; Terwiesch &Xu 2008), co‐design 

toolkits (Franke & Piller 2004), consumer opinion platform (Hennig‐Thurau et al. 2004) or lead user 

workshops (Von Hippel 1988, 2005). These tools may be of benefit for inclusion into the praxis 

accompanying the proposed new innovation model. The key role the customer (or user) has in the 

developmental process and their involvement early in the innovation process is a standout feature. 
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User-focused design from an early stage and direct interaction with the user is a must-have feature in 

any successful innovation methodology.  

Note: The “Design Process” term is quite vague, with significant keyword hits from general usage of 

the term, and not as it particularly relates to innovation methodologies. Two different version of 

innovation models identified as “Design Process” were highlighted due to their particularly beneficial 

attributes.  
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1. Name Design process 1 

2. Description A Spiral path model to represent repeating circles (stages) in the design 

process. A 5stage process, converging inward with core stages of; Analysis, 

Strategy, Architecture, Implementation and Feedback. 

3. Origin “How do you Design” by Dubberly 

4. Author Paul Souza 

5. Published 1999 

6. Focus Design  

7. Classification STEM 

8. Structure Hybrid 

 

Figure 68 Design Process by Souza (Dubberly, 1999) 

Comments: 

The more design-focused process which uses a spiral model to represent repeating circles is a visual 

representation of a 5-stage innovation process, covering Analysis, Strategy, Architecture, 

Implementation and Feedback. The spiral imagery is a useful visual aid for highlighting the repeating 

nature of each stage as the process develops, highlighting the iterative nature of the design process. 

This highly iterative nature is key to innovation, with iteration improving ideas as the process 

continues. While this model is quite simplistic in appearance, it lacks any framework or guidance for 

the repetition of the stages, nor for what is to be completed in each stage. The iterative visual focus 

is highly advantageous but must be supported by more supportive guidelines for use during and 

between each individual stage.  
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1. Name Design Process 2 

2. Description A complex structure with a general outline of the design process, with 

significant detail on tacks and activities.   

3. Origin Engineering Design: A Systematic Approach 

4. Author Gerhard Pahl and Wolfgang Beitz 

5. Published 1984 

6. Focus Design 

7. Classification STEM 

8. Structure Hybrid 

 

Figure 69 Design Process by Pahl & Beitz (Dubberly, 1999) 

Comments: 

This complex visual structure of the design process outlines the core stages of developing new designs. 

From ideation to definition, specification, problem identification, concept development, optimisation 

and finalisation, it covers the whole design process. The ordered, logical layout of this process is strong 

support to users, but the level of detail and focus will be daunting for new users. The iterative 

elements, namely the “Upgrade and Improve” loops, encourage iteration and repetition, refining the 

design and repeating stages as necessary. The four staging sections: Clarification of Task, Conceptual 

Design, Embodiment Design & Detail Design, echo the four main stages of innovation. The iterative 

encouragement and visual support for repetition between stages is one of the highlights of this 

process. 
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1. Name Altshuller Triz Process 

2. Description A 4-phase proven model which focuses on Specific & General problems & 

solutions. Known as a “Systematic approach for analysing challenging 

problems where inventiveness is needed". It is sometimes known as 

“Creative Thinking for Engineers”. Consists of a selection of 40 tools to 

tackle complex problems.  

3. Origin "On the Psychology of Inventive Creation" 

4. Author Genrich Altshuller 

5. Published 1956 

6. Focus CPS 

7. Classification STEM 

8. Structure Linear 

 

Figure 70 TRIZ Problem Solving Process (Mann, 2001) 

Comments: 

TRIZ (Teoriya Resheniya Izobreatatelskikh Zadatch), also known as the theory of Creative Problem 

Solving, derived from work by Genrich Altshuller (1998), a soviet engineer and author. In essence, it is 

an analysis, forecasting and problem-solving tool deriving from the study of patterns of invention in 

global patent literature. The theory develops from the study and review of hundreds of thousands of 

patents and inventions, with the goal of finding generalised patterns and characteristics of global 

problems and the solutions developed to tackle them. The method includes a practical methodology, 

sets of tools, a developed knowledge base and a number of models based systems for problem-

solving. In review, the work resulted in three main findings, which are that problems and their 

solutions follow similar patterns across fields and sciences, that these patterns of technical evolutions 

are also repeated and that many of the innovations used scientific effects external to the field they 

are based.  
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The TRIZ process contains five basic principles and 40 inventive principles, which forces users to look 

at problems differently and to look for patterns of repetition. The five basic principles are: 

1. Ideal End Result 

Thinking outside the box is encouraged, with users encouraged not to be satisfied with 

solutions and to be open to even better solutions. 

2. Less Is More 

Innovation processes don’t necessarily need large investment, solving problems with existing 

materials is encouraged. 

3. Solutions Already Exist 

Solutions have generalised principles and are frequently used in other fields. 

4. Search for Fundamental Contradictions 

Innovation is the process of solving problems, problems which arise from contradictions. 

Tackling these contradictions will often provide a solution to these problems. 

5. Lines of Evolution 

There are fixed patterns in the evolution of solutions to be found and utilised. 

 

In addition to the five general principles, there are 40 inventive principles (Table 12) that can be used 

to solve complex problems. According to the method, each innovative solution can be traced back to 

the application of one or more of these principles. Classifying the problem into the right contradiction 

will allow a user to find appropriate solutions from the list of 40 invention principles.  

Table 13 40 TRIZ Principles (Altschuller, 2002) 

Principle Name Principle Name 

1 Segmentation 21 Rushing Through 

2 Extraction 22 Convert harm into benefit 

3 Local Quality 23 Feedback 

4 Asymmetry 24 Mediator 

5 Combination 25 Self-Service 

6 Universality 26 Copying 

7 Nesting 27 Inexpensive short life 

8 Counterweight 28 Replacement of a mechanical system 

9 Prior Counteraction 29 Use pneumatic or hydraulic systems  

10 Prior Action 30 Flexible film or thin membranes 

11 Cushion in Advance 31 Use of Porous Materials 
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12 Equipotentiality 32 Changing the colour 

13 Inversion 33 Homogeneity 

14 Spheroidality 34 Rejection and regenerating parts 

15 Dynamicity 35 Transforming physical or chemical states 

16 Partial, Overdone or 

Excess Action 

36 Phase Transition 

17 Moving to a new 

Dimension 

37 Thermal Expansion 

18 Mechanical Vibration 38 Use Strong Oxidisers 

19 Periodic Action 39 Inert Environment 

20 Continuity of useful 

action 

40 Composite Materials  
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1. Name Product Development Process 

2. Description This methodology combines circular and linear design processes, with 

particular emphasis on engineering-based problems. Developed mainly for 

the product design area but focused on the core design process. 

3. Origin Total Design: Integrated Methods for Successful Product Engineering 

4. Author Stuart Pugh 

5. Published 1990 

6. Focus Design 

7. Classification STEM 

8. Structure Linear 

 

Figure 71 Design Process by Pahl & Beitz (Dubberly, 1999) 

Comments: 

Stuart Pugh is a highly regarded product designer, who presented the above model in his book “Total 

Design: Integrated Methods for Successful Product Engineering” in 1991 (Pugh, 1991). The product 

development process model is a 4 step, market requirement driven model, that brings elements of 

the process outside the model itself. The four main stages; Specification, Concept Design, Detail Design 

and Manufacture, occur in a linear process, with external drivers influencing the design elements. 

These external drivers such as Competition Analysis, Synthesis, Concept Selection and Optimization 

that take the form of externally applied tools. These tools provide input or information to aid in the 

design process. This model’s visual presentation in 3 dimensions is quite unique, showing each main 

stage as a plan, during which a variety of activities occur. This 3D form and the use of externally derived 

tools are interesting additions to the design process.  



152 
 

1. Name Lean Six Sigma Process 

2. Description A method that allows teams to collaboratively improve 

performance by systematically removing waste in mainly 

manufacturing processes. 

3. Origin Alex Sugimoto, Lean Six Sigma 

4. Author Bill Smith 

5. Published 1986 

6. Focus Organisational 

7. Classification Business 

8. Structure Hybrid 

 

Figure 72 Lean Six Sigma Process by Bill Smith (Fitac, 2019) 

Comments: 

The Lean Six Sigma process is an innovation improvement process that uses collaborative team efforts 

to improve the performance of a system thought the systematic removal of waste and variation in the 

process. Developed by Bill Smith at Motorola in 1986, it was developed to compete against the 

Japanese efficiency process Kaizen. From there, this method was utilised in manufacturing, electronics 

and consumer good to remove waste from processes. The Lean addition was added during the 2000s, 

which incorporated lean manufacturing methodologies to improve the outcome of the process. The 

easy to follow logical process used by this method, along with the constant measure, examine and 

improve iterative functionally is a significant benefit. The problem identification stage is first, followed 

by the iterative processes, similar to many of the other 5 stage innovation processes. The focus on 

removing waste and inefficiency and a clear focus on feedback and iteration are key characteristics of 

this method.  
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1. Name Balanced Scorecard 

2. Description Balanced indicators of business performance  

3. Origin “Using a balanced scorecard as a strategic management system.” 

4. Author Robert Kaplan and David Norton 

5. Published 1996 

6. Focus Design 

7. Classification Business 

8. Structure Hybrid 

 

Figure 73 Balanced Scorecard (Martinsons et al, 1999) 

Comments: 

The balanced scorecard method is a strategic planning and management system that organisations 

use to help them communicate their goals, align daily workflows to a single coherent strategy, 

prioritise project, products and services, and monitor progress towards strategic targets. This method 

focuses on choosing a small selection of key performance criteria which are continuously monitored, 

thus tracking the development of the goals of the organisations. This method focuses on four main 

perspectives, which form the basis for the ongoing assessment, these being Financial Perspectives, 

Customer Perspectives, Internal Business Processes and Learning & Growth Perspectives.  
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 This method builds a basic framework around the key metrics many businesses will usually be 

tracking, allowing them to be presented to all members of the organisation to support collaborative 

action towards the organisation’s goals. While aligning these goals in the same structure is beneficial, 

the method lacks any form of validation for the goals achieved, does not give a unifying view on 

progress and has a significant emphasis on financial stakeholders beyond all others. As such, this 

method has become associated with financial target tracking. The aspect of continuous tracking of 

assigned targets is highly beneficial to an innovation method, allowing internal and external players 

to ensure they stay on target during the process of implementing innovations.  
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1. Name Core Competencies 

2. Description A combination of multiples resources and skills that distinguish a firm in 

the marketplace 

3. Origin "The core competence of the corporation." 

4. Author C. K. Prahalad and Gary Hamel 

5. Published 1990 

6. Focus Organisational 

7. Classification Business 

8. Structure Concept 

 

Figure 74 General Core Competency Model (Ormerod, 2002) 

Comments: 

The Core Competency method is a concept in management theory which is defined, by Schilling 

(2013), as "a harmonised combination of multiple resources and skills that distinguish a firm in the 

marketplace" and therefore sets the core foundation of a companies' competitiveness in the 

marketplace. These core competencies must meet three criteria under the model: They must provide 

potential access to a wide selection of markets, should make a significant contribution to the customer 

benefits arising from the use of the final products while also making it hard to replicate the product 

by competitors. This approach, in effect, allows an organisation to map its strengths and advantages, 

in comparison to competitors, thus allowing them to focus on what makes them successful in the 

market. This focus on inherent skills and advantages helps an organisation to focus improvements in 

areas of strength, but also support the identification of new opportunities in the same areas of 

strength, which may sometimes occur in brand new markets or product sectors. The built-in element 

of core strength analysis and guidance on improving these strength is an advantage in the area of 

innovation, allowing people & organisations to assess their current expertise, focus their own efforts 

in these areas and also allows them to identify areas of weakness to be filled by collaboration.   
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1. Name Creative Process 

2. Description 5 stage process comparing the design process to the creative 

process. 

3. Origin How Designers Think 

4. Author Bryan Lawson 

5. Published 1980 

6. Focus CPS 

7. Classification STEM 

8. Structure Linear 

 

Figure 75 Five Stage Model of the Creative Process (Lawson, 2006) 

Comments: 

This five-stage process flow, depicting the five stages of the creative process, was developed by 

Lawson (2006), to map the thought processes of a designer. The five stages of First Insight, 

Preparation, Incubation, Illumination and Verification, are very similar to the stages in other 4 or 5 

step innovation processes, showing strong consistency in the staging of innovation projects between 

the technical and creative fields. Unlike the other methods, the Incubation period encourages the 

designer to remove themselves from the process, making no conscious effort to work on it. This 

addition is considered important, as it is meant to allow time for the mind to review, re-structure and 

consider the information absorbed during the research period, setting up the conditions for the 

occurrence of a “Eureka” moment. This idea is supported by similar proposals from Whitfield (1975) 

and Glegg (1969), who also promoted the use of the designer subconscious in the design process. This 

Incubation period is relatively unique, and a factor in the creative models of innovation, but the 

concept of removing the developer from the problem to allow conscious and unconscious reflection 

is an excellent addition to the process.  
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1. Name The new product development process 

2. Description The staged product development process, with prototyping cycles-

built in.  

3. Origin Product Design and Development 

4. Author Steven D. Eppinger and Karl T. Ulrich 

5. Published 1995 

6. Focus Product Design 

7. Classification STEM 

8. Structure Hybrid 

 

Figure 76 Product Development Process (Ulrich & Eppinger, 2008) 

Comments: 

Ulrich & Eppinger (2008), considered a product as something that is to be sold by an enterprise to its 

customers. Before the product can be sold, the enterprise must design and manufacture the product. 

Therefore, they proposed mapping the whole product development cycle, from initial planning to 

production ramp-up. This Product Development Cycle encourages the analysis of every stage of the 

product design process, from pre-planning, concept development, system-level design, detail design, 

testing & refinement and finally, production ramp-up. The model breaks the whole process down into 

5 phases, encouraging organisations to analyse all comments in each stage, to ensure that the process 

is successful, with built-in elements of divergent and convergent thinking. While quite similar to other 

product design models, the Phase 0, or pre-planning stage is a strong addition, focusing organisations 

on assessing the capabilities and gaps before undertaking the process, with the divergence and 

convergent elements showing during each stage. The progressive nature of the process gives good 

organisational support but may inhibit the iteration between stages or stop the updating of product 

needs as the design process continues.  
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1. Name Creative Problem Solving 

2. Description A six-step problem-solving process including Mess Finding, Data Finding, 

Problem Finding, Idea, Solution Finding & Acceptance Finding. 

3. Origin Creative Problem Solving: The Basic Course 

4. Author Isaksen 

5. Published 1985 

6. Focus CPS 

7. Classification STEM 

8. Structure Concept 

 

Figure 77 Creative Problem Solving (Fan-Ray et al, 2014) 

Comments: 

The process of Creative Problem Solving (Isaken & Treffinger,  1985) is a guide to the creative problem-

solving process which supports the use of creative and critical thinking to understand challenges and 

opportunities to generate new ideas and develop effective problem-solving plans. This process has 

developed over many iterations and built upon theory and research from a number of fields, including 

cognitive science, behavioural science, business, education and psychology. It has gone through 6 

versions to date, with the generations broken down as follows: V1 (Making the creative process 

explicit and deliberate), V2 (Preparing CPS for an instructional program), V3 (Linking person to the 

process), V4 (Breaking up the process), V5 (Taking a descriptive approach) and finally V6 (Integrating 

the model into systematic framework).  
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The process overall breaks creativity down into six stages, with convergent and divergent elements in 

all stages. The process begins with the fuzzy front end (Mess Finding), with follow on stages of other 

innovation processes. Again, the six stages are similar to other methods, but the addition of 

convergent and divergent elements are a nice addition. The process is still quite linear, impeding 

iteration between stages and therefore possibly limiting the development of the developed ideas. This 

method considers each of the CPS stages as “buckets”, each of which can be filled with ideas, methods 

and tools to assist the problem-solving efforts. This “bucket” concept has great potential for the 

proposed new methodology.  
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1. Name Innovation Cycle 

2. Description A cyclical approach to innovation based around the four core stages of 

Problem Finding, Ideation, Concepting & Implementation. 

3. Origin Avans School 

4. Author Avans University 

5. Published 2013 

6. Focus CPS 

7. Classification STEM 

8. Structure Cyclical 

 

Figure 78 Avans Innovation Cycle (Avans, 2019) 

Comments: 

Avans University of Applied Sciences developed a basic four stage innovation cycle which covers 

Problem Finding, Ideation, Concepting and Implementation, based around a cyclical iteration process. 

This simple model is also similar to other 4 step innovation models, but the cyclical image helps 

encourage iteration between stages. Some variations of this model include visual guidance on the 

presence of multiple steps making up each stage of the process. Clean imagery is a significant 

advantage to this model.  
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1. Name Road mapping 

2. Description Method for developing a strategic product plan that is 

documented, tracked and updated as the relationship between 

new technologies and marketplaces is developed 

3. Origin Motorola's Technology Roadmap Process 

4. Author Willyard & McClees 

5. Published 1987 

6. Focus Product Design 

7. Classification STEM 

8. Structure Concept 

 

Figure 79 LEAD Innovation Management Map (Putz, 2019) 

Comments: 

The innovation road-mapping process is a widely used tool in innovation management. It is seen as a 

practical tool to map the strategies or goals desired by a company along a timeline, to help plan the 

development of an organisation into the future. These roadmaps can include insights and points from 

market trends, market direction, technologies, products, projects, competitors, all to support the 

development of future business planning. In order to develop an innovation roadmap, developers 

must first decide on the orientation of the map, setting guidance on the desired future of the 

innovation activities. This is followed by intensive analysis, during which potential opportunities, risks 

and trends are identified for the target market. These steps allow the creation of the planned 

roadmap, which controls the development and pace of new innovations. The process of aligning all 

tools, goals and stages, over a prescribed timeline, helps support the development of new innovations 

while acting as a visual guide for all members of an organisation.  
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1. Name 4D 

2. Description This method divides the innovation process into four stages, 

Discover, Design, Develop and Deploy. 

3. Origin Unknown 

4. Author Unknown 

5. Published Unknown 

6. Focus CPS 

7. Classification Business 

8. Structure Hybrid 

 

Figure 80 Sample 4D Process (Mobionicsolutions (2018) 

Comments: 

This 4D method is a generalised concept, outlining the four stages of a general innovation process, 

which is shared as a core element by a number of other innovation methods. The four stages of 

Discover, Design, Develop and Deploy, are the basic steps involved in the creation and development 

of new ideas, with each stage containing numerous steps and processes. Many of the methods using 

the 4D stages as a core, use them in a linear fashion, indicating movement from one stage to the 

next. These linear methods do not encourage iteration between stages, which in many cases is 

required as ideas develop, are refined and possibly need revision of aim, function or operation. 
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1. Name Synectic’s 

2. Description A problem-solving method that attempts to capture the thought process 

that users may not be aware of. 

3. Origin Synectic’s: The Development of Creative Capacity 

4. Author Prince & Gordon 

5. Published 1950 

6. Focus CPS 

7. Classification STEM 

8. Structure Concept 

 

Figure 81 Synectics Process (Synecticsworld, 2018) 

Comments: 

Synectics is a problem-solving methodology which is designed to try to stimulate new thought 

processes in users which they may not previously be aware of. According to Gordon (1961), Synectics 

has three main assumptions; The creative process can be taught, invention processes are analogues 

and are driven by the same “psychic” processes and finally that individual & group creativity are 

analogous. By combining the area in which the user is operating (Climate), How they think (Thinking) 

and the actions being taken (Action) the process places new innovation at the intersection of these 

three areas. The process is based around a core of brainstorming, to generate new ideas and input 

into the process, with the method using many creative behaviour tools to enhance the creativity of 

users by developing positive, creative experiences. The use of supportive behaviour tools and a focus 

on the generation of mass ideas (using brainstorming) is a key feature of this method, supporting its 

goal to generate insights users may not previously be aware of.  
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1. Name Business Model Canvas 

2. Description The Business Model Canvas is a strategic management tool 

based lean start-up template, used to develop new or documenting 

previous business models. 

3. Origin What is a Business Model 

4. Author Alexander Osterwalder 

5. Published 2008 

6. Focus CPS 

7. Classification Business 

8. Structure Hybrid 

 

 

Figure 82 Business Model Canvas (Osterwalder & Pigneur, 2010) 

Comments: 

The Business Model Canvas is a management and start-up tool to support the development of new or 

existing ideas, concepts, innovation or business models. It takes the form of a visual chart or map, that 

allows users to easily describe an organisation or products core elements, namely value proposition, 

customers, infrastructure, markets and finances. The model consists of 9 core elements, which were 

proposed by Osterwalder in 2005, with the publication of his work in 2008. Since the release of his 

model, a number of other specified models, based around this design, has been developed supporting 

specific aspects of the process, specific markets and particular fields. The easy to follow visual nature 

makes this one of the most user-friendly and impactful innovation models, allowing users to quickly 

categorize the main factors influencing the idea. The process also encourages iteration, through 

continued repetition of the canvas as the innovation develops, updating the process as it develops.  
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1. Name Problem Solving Process 

2. Description A process for solving maths problems, which formed the basis of 

many design methods. 

3. Origin How to Solve It 

4. Author George Polya 

5. Published 1945 

6. Focus Design 

7. Classification STEM 

8. Structure Concept 

 

 

Figure 83 4 Step Problem Solving Process (Rimbey, 2019) 

Comments: 

In 1945 George Polya, a mathematician released his book (“How to Solve It”(Polya, 1945)), in which 

he described his methods of solving mathematical problems. The main method the book is based 

around is his 4 step process when solving mathematical problems: 

1. Understand the Problem 

2. Make a Plan 

3. Carry Out the Plan 

4. Look Back on the Work 



166 
 

Similar to other methods, this method follows a similar 4 step approach to problem-solving. The 

additional of the reflection stage is a rare inclusion, actively encouraging users to reflect on the 

process, review the work and ensure the correct problem was identified in the first place. This method 

influences many of the other problem-solving techniques in the fields of engineering, mathematics 

and computer science.  Incorporation of a single or numerous reflection stages will be core to the 

proposed new innovation methodology, as this reflection can not only help confirm the development 

of solutions but also confirm the correct problem is being solved from the outset. 
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1. Name Double Diamond 

2. Description The DD model is a graphical representation of the design process, 

developed from case studies gathered from the design departments at 11 

global firms. It identifies four generic stages that describe this process 

model. 

3. Origin British Design Council 

4. Author British Design Council 

5. Published 2005 

6. Focus Design 

7. Classification STEM 

8. Structure Hybrid 

 

Figure 84 Double Diamond Framework (British design Council, 2019) 

Comments: 

The Double Diamond methodology, launch by the British Design Council in 2005, is a clear, 

comprehensive visual description of the design process. It consists of a double diamond shape, which 

represents the process of exporting ideas in either convergent (Deeper exploration) or divergent 

(wider exploration) manner, ultimately taking more focused action to create a solution. The process 

adds the convergent and divergent elements to a simple 4 stage innovation process, following the 

Discover, Define, Develop and Deliver stages. The process exhibits a number of design principles that 

focus the user’s operations under the system. While it is noted in the system, that it is not a linear 

process, there is little in the way of visual or process support of encouraging iteration internally and 

between stages. Iteration under this process would make it much more effective, but more support 

and encouragement towards iteration is required.  
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1. Name Mesarovic Design Process 

2. Description A 6-stage design process from abstract to a concrete definition of need, 

feasibility study, preliminary design, detailed design, production planning 

and production. Each stage then has four substages: analysis, synthesis, 

evaluation and communication. 

3. Origin Views on General Systems Theory 

4. Author Mihajlo D. Mesarovic 

5. Published 1964 

6. Focus Design 

7. Classification STEM 

8. Structure Linear 

 

Figure 85 Mesarovic Design Process (Mesarovic, 1964) 

Comments: 

This process is one of the most interesting processes presented, while being similar into the Pugh 

(1991) “Product Development Process”, it is one of the only methods to include an element of 3D 

dimensional thinking in the design of the process. This process was developed by Mihajlo Mesarovic 

(1964), as a visualisation of the design process, making it one of the earliest visual forms of innovation 

model presented. This model involves six stages, from abstract to focused, ranging from the definition 

of need, through feasibility study, preliminary design, detailed design, production planning, and 

ending with production.  
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Each stage involved the completion of 4 sub-stages, namely analysis, synthesis, evaluation and 

communication. While the stages and sub-stages are similar to other methods, the helix model is 

unique. It could be considered a more complex version of the spiral models seen in other methods, 

but it clearly indicates fluid progression from one stage to the next, via the indicated sub-stages. As a 

scientist, the logical process developed by Mesarovic is highly prescribed in comparison to some of 

the more creative focused methods.  

The three-dimensional nature and fluid progression between stages and sub-stages would support 

the development of new complex innovations, with the sub-stage structure allowing for focused effort 

during each stage, without ignoring the bigger goal of the process. Iteration is encouraged in the sub-

stages, via the namely analysis, synthesis, evaluation and communication loop, but overall while the 

process allows fluid flow forward between stages, it could impede the iteration backwards between 

stages if improvements or changes are required.  
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1. Name Human-Centred Design 

2. Description IDEO defines human-centred design as a “creative approach to problem-

solving that starts with people and ends with innovative solutions that are 

tailor-made to suit their needs.” 

3. Origin IDEO 

4. Author IDEO 

5. Published 2014 

6. Focus Design 

7. Classification Social 

8. Structure Concept 

 

Figure 86 User-Centred Design Process (IDEO, 2014) 

Comments: 

While the concept of user-centred design has been around for decades, it was popularised by IDEO in 

2014 when they released their user-centred design process, which focuses on six stages in a cycle: 

Observation, Ideation, Rapid Prototyping, User Feedback, Iteration and Implementation. While the 

stages are similar to other methods, the presence of Rapid Prototyping early in the process helps 

create tangible outcomes for testing, and the marked stage of iteration helps encourage the process. 

The cyclical nature of the method strongly supports iteration and repetition of the whole process, with 

the focus on human needs a strong support for both outcomes. Clear visuals and simple phrasing help 

make this cyclical method highly intuitive and user-friendly. 
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1. Name Berkhout Cyclic Innovation Model (CIM) 

2. Description A top-down model showing the intertwined nature of the innovation 

process and how the stages interact with each other.  

3. Origin Innovating the innovation process, International Journal of Technology 

4. Author Guus Berkhout 

5. Published 2006 

6. Focus Organisational 

7. Classification Business 

8. Structure Cyclical 

 

Figure 87 Berkhout Cyclic Innovation Model (Janse, 2018) 

Comments: 

The Berkhout Cyclic Innovation Model (CIM) (2006) is a method which supports the constant process 

of innovation within an ecosystem by showing the intertwined actions of all parts of the innovation 

process. It is a patented process which shows how linear and cyclical the open innovation process is. 

The process maps the four main aspects of the innovation ecosystem; Technology, Product 

Development, Market and Scientific Research, all iterating with each other and with the 

Entrepreneurial process. There are some important interlinked dynamics between particular sections, 

these giving indications of areas to focus on. The cyclical and interlinked nature shows the complex 

and iterative nature of true innovation processes, and a clear focus on identifying value creation 

results in improved products while reducing market saturation of inferior products.  
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1. Name Cooper Stage-Gate Model 

2. Description This method, developed as a project management tool divides projects 

into stages (gates), with each gate deciding the continuation of the 

process. 

3. Origin "Winning at New Products" 

4. Author Robert G.Cooper 

5. Published 1986 

6. Focus Product Design 

7. Classification Business 

8. Structure Staged 

 

Figure 88 Cooper Stage Gate Model (BV, 2020) 

Comments: 

The stage-gate process developed by Cooper (B.V 2020) is an innovation process that supports the 

product development cycle from idea to launching of new products into the market. Each stage of the 

process consists of a number of cross-functional activities that must be completed before the stage is 

approved by the management thus allowing progression to the next stage. This approval stage takes 

the form of a gate or an intermediary step in which goals must be met to allow the project to progress 

to the next stage. These stages, known as gates, control the process and help manage quality control, 

project continuation decisions and markers for preparation for the next stage. The stage-gate process 

is a great addition, allowing focused reflection and review between each stage, allowing operation 

decisions to be made on whether the process continues. While this use of the gate process focuses on 

management decisions to progress, via an assessment on financial, operation and market factors, the 

addition of these gates as review points for users of innovation methods would be beneficial. Users of 

innovation methodologies must regularly review their progress, their adherence to the initial design 

and how well they tackle the initial problem, so the integration of review processes between stages 

would help focus activities towards the planned goal and minimise project drift.  



173 
 

1. Name Design and Marketing of New Products 

2. Description A complete and practical, how-to exploration of each step in the strategy, 

opportunity identification, design, testing, launch, and profit-management 

stages of new-product development. 

3. Origin Design and Marketing of New Products 

4. Author Urban & Hauser 

5. Published 1980 

6. Focus Product Design 

7. Classification Business 

8. Structure Linear 

 

Figure 89 Design and Marketing of New Products (Costa & Wim, 2006) 

Comments: 

This process flow for the design and marketing of new products, developed by Urban & Hauser (1993) 

mapped the process of bringing new products to market, via staged development processes, with 

built-in Go/No Go review processes between each stage. It’s based around a five-stage developmental 

process, including Opportunity Identification, Product Design, Testing, Introduction and Life-Cycle 

Management stages. It differentiates from other five-stage methods mainly in its inclusion of a market 

introduction and life-cycle management criteria as stages, thus emphasising the importance of market 

adoption and feedback for new products.  
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It includes a built-in feedback and iteration loop, which forces iteration between stages in the 

progression criteria. The market focus, progression gates and iteration loops are excellent additions 

which strengthen the process overall. Inclusion of similar elements in the proposed methodology 

would be highly beneficial.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



175 
 

1. Name Stage-Gate Model in Crowdsourcing 

2. Description A crowdsourced model is more akin to a process that articulates a 

succession of broadening and funnelling periods that represent 

information requests and deliveries. 

3. Origin Challenging the Stage-Gate Model in Crowdsourcing: The Case of Fiat Mio 

in Brazil 

4. Author Prado Saldanha 

5. Published 2014 

6. Focus Organisational 

7. Classification Social 

8. Structure Concept 

 

Figure 90 Stage Gate in Crowdsourcing (Prado Saldanha et el, 2014) 

Comments: 

This proposed methodology mapped the process of running open crowdsourcing campaigns, mapped 

from the Fiat Mio crowdsourcing process (Prado Saldanha et el, 2014). This accordion-type model is a 

nonlinear model, with broadening and narrowing of specific processes as the method progresses. The 

model begins with an original idea, broadening as the ideation stages are opened to the public, with 

subsequent focusing where ideas are reviewed by experts for feasibility and potential. These 

broadening and narrowing of focus continue through the process, leading to the launch of a new 

product or idea. This method is designed to allow the amassing of ideas from the public via 

crowdsourcing techniques while using internal teams to remove ideas, groups topics and refine 

general concepts. This is similar in approach to other divergent and convergent thinking models, with 

broad and deep focus elements used for different stages. Again, staged reviews, broad and narrow 

focus variation, and a nonlinear approach are highlights of this model. 
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1. Name Deep Dive 

2. Description Deep Dive is a technique used to rapidly immerse a group or team into a 

situation with the goal of problem-solving or idea creation.  

3. Origin Ideo 

4. Author Boynton and Fischer 

5. Published 2006 

6. Focus CPS 

7. Classification Business 

8. Structure Concept 

 

Figure 91 Deep Dive Process (Audy, 2017). 

Comments: 

The Deep Dive method is a thought based approach developed by IDEO, for rapid product 

development, in which teams are rapidly immersed in a situation for problem-solving or idea creation. 

This approach is often used in the product or process development fields. The method used by IDEO 

was mapped by Andy Boynton and Bill Fischer (both from the International Institute of Management 

Development (IMD) business school), latter enhancing the process and selling the rights to Deloitte in 

2006. The approach uses four key areas to map a problem or innovation, namely Process, 

Organization, Culture and Leadership.  
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The process requires participants to begin with information about the needs of the customer and an 

open mind on how they can meet these needs, with the process containing elements to encourage 

the open creation of new ideas. Variations of the deep dive process closely follow the five stages of 

design thinking, including prototyping of ideas and solicitation of feedback on innovations, while 

others take the form of multi-day workshops, leading participants on innovation journeys to develop 

new ideas.  
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1. Name Isaken Treffinger CPS Process V3 

2. Description "Bucket" based method, grouping tools from each stage into 

"Buckets" allowing users to try other tools if success is not 

achieved 

3. Origin Creative Problem Solving: The Basic Course, 1985 

4. Author Scott Isaksen & Donald Treffinger 

5. Published 1985 

6. Focus CPS 

7. Classification Business 

8. Structure Hybrid 

 

Figure 92 Creative Problem Solving V3 (Isaken & Treffinger, 1985) 

Comments: 

While the Creative Problem Solving process has already been mentioned and discussed above, this 

version of the process, Version 3, links the user to the creative process making it the most applicable 

method of this research. As this method further elaborates on the Bucket concept previously 

discussed, with each stage acting as a bucket to be filled with ideas, methods and tools to support the 

user in their problem-solving process. If one tool doesn’t work, the user can reach into the “bucket” 

and try another tool, while also suggesting that the “buckets” could be included, excluded or 

rearranged as necessary to support the user’s needs. While the bucket concept is highly beneficial for 

flexibility, the lack of guidance in order, or how to iterate between stages is a disadvantage.  
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The flexibility presented by this process is not conveyed in the graphic representations found 

associated with the method (Isaken & Treffiner, 2004). A risk arising from this bucket concept is that 

users may disregard ideas or concept generated if the method they use ultimately fails, thus 

potentially removing useful insight and lessons learned when they utilise another tool.  
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1. Name IDEO Design Thinking Process 

2. Description Basic 5 step process, the indicates the five main stages of a design process. 

3. Origin "Design Thinking", Harvard Business Review, June 2008 

4. Author IDEO 

5. Published 2004  

6. Focus Design 

7. Classification Business 

8. Structure Staged 

 

Figure 93 IDEO Design Thinking Process (VanPlatter & Pastor, 2016) 

Comments: 

The process of Design Thinking has been developed over the years by a number of organisations, with 

IDEO and the Stanford d.school (now known as the Hasso Plattner Institute) being the main groups 

associated with its development, via the work of David Kelly. The process was developed from the 

1950s, with work from Arnold (1959) and Archer (1965) setting the foundations. Various researchers 

and methods developed systems based around a way of thinking, but the process gained popularity 

when it was applied to the business field in the 1990s. Kelly developed the concept via his roles as a 

Stanford professor and founder of the IDEO design agency. The basic process includes five stages: 

Inspiration, Empathy, Ideation Prototyping and Implementation, with various modification of these 

steps in existence. In essence, it forms a process which takes the form of overlapping spaces, in which 

the steps are completed, with project looping back through stages as the idea develops.  

In 2005, Stanford Universities d.school began teaching design thinking as a generalised method for 

technological and social innovation, via evolving models of the process (2007 & 2009) 
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1. Name D.school Design Thinking Process 2007 

2. Description The process which combines ideas from engineering, art, social 

science and business, to acts as a tool for use by students. 

3. Origin Stanford d.school 

4. Author Hasso Plattner Institute 

5. Published 2007  

6. Focus Design 

7. Classification STEM  

8. Structure Hybrid 

 

Figure 94 Design Thinking 2007 (Hasso Plattner Institute, 2020) 

Comments: 

In 2007, the d.school updated their version of design thinking with the visual model above, which 

consisted of 6 stages, with a complex system of feedback loops and paths. This method proved to be 

too complex to use effectively, thus leading to the 2009 version below.  
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1. Name D.school Design Thinking Process 2009 

2. Description 5 Stage design thinking zone model, with 37 techniques in total. 

3. Origin d.school Bootcamp Bootleg, Hasso Plattner, 2010 

4. Author Hasso Plattner Institute 

5. Published 2009 

6. Focus Design 

7. Classification STEM 

8. Structure Concept 

 

Figure 95 Design Thinking 2009 (Stanford,  2014) 

Comments: 

The 2009 model of Design Thinking became the go-to visual representation of the design thinking 

process. This version lists five stages; Empathize, Define, Ideate, Prototype and Test, in an iterative 

process. This method has found application in a number of fields, is taught in institutions around the 

world and has resulted in numerous innovations in organisations globally. This visually appealing and 

inviting process which is simplistic in its appearance and has found critics for being too simple. While 

the systems are iterative in nature, how stages iterate and how you move through the processes in an 

iterative nature is difficult for new users.  
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1. Name Design Against Crime Innovation Process 

2. Description A 10-step design process, intended to be user-centred and 

iterative. 

3. Origin Design Against Crime Research Centre 

4. Author Design Against Crime 

5. Published 2011 

6. Focus Social 

7. Classification STEM 

8. Structure Linear 

 

Figure 96 Design Against Crime Innovation Methodology (Design Against Crime, 2010) 

Comments: 

Design Against Crime (DAC) is a research initiative to develop new, socially responsive, practice-based 

methods and products of design to reduce all sorts of crime while also promoting community safety. 

The process arose from the idea of situational crime prevention, which suggests that crime is 

significantly about opportunity, and design can help remove this opportunity. The process aims to use 

design to address security issues without compromising on aesthetics, functionality or other 

performance (Gamman & Thorpe, 2006). The process uses elements of design thinking to set the 

project scope, which is then used by multiple interdisciplinary teams to develop concepts, which are 

critiqued, resulting in a response prototype. This response prototype is then tested in real applications 

leading to evaluation and implementation or improvement.  
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The staging of this method is highly innovative, with Design Thinking used as a precursor step to help 

set out the project scope, not to attempt to solve the problem. The addition of interdisciplinary and 

multidisciplinary design stages and the inclusion of a “critique” stage is also quite unique. These early 

stages will help to ensure the innovations are most likely to tackle the stated problem, with the 

prototyping and testing confirming this suitability or the areas required for improvement.  
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1. Name Spiral model of software development 

2. Description Model representing repeated cycles of design with a spiral path 

moving away from a starting centre point, with focus on risk 

reduction 

3. Origin A Spiral Model of Software Development and Enhancement 

4. Author Barry Boehm 

5. Published 1986 

6. Focus Design 

7. Classification STEM  

8. Structure Hybrid 

 

Figure 97 Spiral Model of Software Development (Boehm, 2000) 

Comments: 

The Spiral Model of Software Develop, first described by Boehm (1986), is a risk-driven model of the 

software development process, which incorporates elements from a number of other models 

including incremental development, waterfall development and evolutionary prototyping. It has four 

main stages, running iteratively, including determining objectives, identifying & resolving risks, 

development & test and planning of the next iteration. The four stages are run iteratively, following 

the spiral of the model, thus generating insights and evolutionary versions of the idea until an 

operational prototype is achieved for subsequent integration and implementation. This model focuses 

on the inherent risk at each stage, which can evolve as the project develops. This model is more of a 

theoretical model mapping the flow of innovation projects, not a guide to developing new innovations. 

The key elements of this model are the highly iterative nature, the variability of stages based on risk, 

the ability to skip stages and vary their order if required. It is visually and operationally complex, with 

no clear beginning, thus making it quite difficult to utilise in practice.  
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1. Name IBM Design Thinking Model 

2. Description The IBM Design Thinking process is a set of behaviours focused on 

discovering users’ needs and envisioning a better future. 

3. Origin IBM 

4. Author IBM 

5. Published 2014 

6. Focus Product Design 

7. Classification STEM 

8. Structure Hybrid 

 

Figure 98 IBM Design Thinking (Designorate, 2016) 

Comments: 

Based on the IDEO Design Thinking principles, IBM (Designorate, 2016) began to construct a design-

driven culture in 2013, for use by their 385,000 employees at the time. Over three years, the project 

involved more than 750 designers, and involved more than 10,000 employees, with the goal of 

mapping the design process in the firm. The final IBM design thinking model was developed, with 

the goal of using principles, the loops and associated keys to developing a deep understanding and 

empathy with the consumer. It is made up of three core principles, a focus on user outcome, 

multidisciplinary teams and restless reinvention. These principles operate on a loop, or pathway 

based around three steps, Observe, Reflect and Make. To support its use in large organisations, 

three Keys are also included, Hills (to align teams), Playbacks (Period of reflection) and Sponsor 

Users (Co-creation with users). While this model is highly visual, actual in practice application is 

difficult due to a lack of guidance. Beginning and end points are hard to find, how and when to apply 

the Keys is unknown, and the loop implies a never-ending process. The visual design of this method 

is its strongest advantage.  
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1. Name 5D 

2. Description Combination of the 4D & Double Diamond processes allows entry to any 

stage of the product design process. 

 

3. Origin Unknown 

4. Author Unknown 

5. Published Unknown 

6. Focus CPS 

7. Classification Business 

8. Structure Hybrid 

 

Figure 99 5D Methodology (Design Thinking Methodology, 2018) 

Comments: 

An elaborated version of the previously discussed 4D method, the 5D method is also a generalised 

concept, outlining the five stages of a general innovation process, which is shared as a core element 

by a number of other innovation methods. The four stages of the 4D method are present (Discover, 

Design, Develop and Deploy.) but with the addition of Define as a precursor stage to the Design stage. 

Many of the newer innovation methods have adopted the 5D process as a base for their models, with 

the Define stage adding a problem focused aspect to many of these processes.  
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Also, like the 4D method based processes, the 5D based systems apply the stages in a linear fashion, 

indicating movement from one stage to the next. While this method does have limited indication 

towards iteration between connected stages, it does not encourage iteration effectively between 

stages, which in many cases is required as ideas develop, are refined and possibly need revision to 

aim, function or operation. This method does include the ability to look external for input (With Input 

in the Define Phase, and External input sought during the Develop phase). This 5D method will form 

the basis of the proposed new innovation methodology.  
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1. Name Lean Start-up 

2. Description A business approach to innovation, bringing with customer needs and 

working backwards to Minimum Viable Product with the iteration of ideas.  

3. Origin "The Lean Start-up" 

4. Author Eric Ries 

5. Published 2011 

6. Focus CPS 

7. Classification Business 

8. Structure Cyclical 

 

Figure 100 Lean Startup Process (Perbellini, 2019) 

Comments: 

The Lean Start-up methodology is a process for developing businesses and products with the goal of 

shortening the development cycles, rapidly validating business models through the use of hypothesis-

driven experimentation, iterative prototyping and validated learning. The concept was first promoted 

by Eric Ries in 2008, becoming popularized in his book “The Lean Start-Up” (2011). The method 

promotes the reduction of wasteful practices and increasing the use of value-adding practices during 

the earliest stages of a company’s development. The Lean idea, similar to the concepts of lean 

manufacturing and lean software development, focuses on the cutting of waste to extend the lifetime 

of limited funding for development while focusing the work undertaken on activities that will add 

value. It integrates customer feedback during development, to ensure that only desired innovations 

are developed, through the use of minimum viable products (MVP’s). These MVP’s are a product or 

service that is not yet fully finalised but is the minimum form of the end product that achieves the 

desired goal. It focuses on iteration, measurement and lean, in constant feedback loops to rapidly 

drive the development of a product to the ultimate version of the targeted end product. This iterative 

approach, with focus on MVP’s, is the strongest aspect of this model.  
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1. Name Value Proposition Design 

2. Description The Value Proposition Canvas is a graphical tool to help ensure that a 

product or service is positioned around what the customer values and 

needs, through the mapping of customer values in a single location.  

3. Origin Osterwalder 

4. Author Osterwalder 

5. Published 2014 

6. Focus Design 

7. Classification Business 

8. Structure Concept 

 

Figure 101 Value Proposition Design ( AG, 2019) 

Comments: 

The Value Proposition Design Method is a method to support increased understanding with the needs 

of your targeted customer. This is achieved via a mapping process, via a canvas, between the product 

value proposition (Gain Creators, Pain Relievers, Products & Services) and customer needs (Gains, 

Jobs-To-Be-Done, Pains). This approach, based on Osterwalder’s previous business model canvas, 

helps more accurately design products & services that meet the needs of the targeted customers. This 

customer focus, highly visual in nature and easily iterated process allows a much greater connection 

between products, designers and users. When both product proposition and user needs align, better 

products are produced. The visual mapping involved in this method will be utilised in the proposed 

new methodology.  
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1. Name Customer Development 

2. Description A formal methodology for building start-ups and new corporate ventures. 

It is one of the three parts that make up a Lean Start-up (Business Model 

Design, Customer Development, Agile Engineering). 

3. Origin https://web.archive.org/web/20140731084056/http://www.founderly.co

m/2011/04/steve-blank-part-1-of-5/ 

4. Author Steve Blank 

5. Published 1996 

6. Focus Organisational 

7. Classification Business 

8. Structure Linear 

 

Figure 102 Customer Development Model (Blank, 2010) 

Comments: 

The customer development model, created by serial entrepreneur Steven Blank (2010), is a formal 

methodology for the process of validating ideas with customers. The four-step process assumes that 

new ideas have untested hypothesis around business models, so this model sets up a process that 

allows these hypotheses to be tested with real customers, to ensure the idea is valid, then allows the 

creation of customers to ensure there is a market for the proposed innovation. The four stages include 

Customer Discovery, Customer Validation (which iterates to ensure customer hypothesis are proven) 

followed by Customer Creation & Company Building. These stages encourage iteration and 

development; and contain review gates before the users can move onto the next process. These 

review gates are key to tracking of ideas, feedback and validation while ensuring that the innovation 

develops to meet customer need. The iterative nature, review gates and simple visual layout will 

influence the proposed innovation methodology.  

https://web.archive.org/web/20140731084056/http:/www.founderly.com/2011/04/steve-blank-part-1-of-5/
https://web.archive.org/web/20140731084056/http:/www.founderly.com/2011/04/steve-blank-part-1-of-5/
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1.  Name Possibility Thinking 

2. Description A concept that is described as the willingness to see possibilities 

everywhere instead of limitations, focusing on the solutions to the 

problems, not the problems themselves.  

3. Origin Move Ahead with Possibility Thinking 

4. Author Schuller 

5. Published 1967 

6. Focus CPS 

7. Classification Social 

8. Structure Concept 

 

Figure 103 Possibility Thinking (Schuller, 1967) 

Comments: 

Possibility Thinking is a concept, published by Schuller (1967), which encourages openness to see 

possibilities everywhere, instead of limitations. This concept focuses on the solutions to the problems, 

not the problems themselves, encouraging imagination and creativity while avoiding getting bogged 

down in the problem to be tackled. This idea is more of a creative mindset than innovation method, 

but the idea of possibility thinking is often associated with innovators, people who ask, “Why not?” or 

“How we can”. Innovation methods that included elements and encouragement towards possibility 

thinking would be highly beneficial and may help in the increased generation of possible innovative 

ideas in the earliest stages. 
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1. Name Jones Design Process 

2. Description Three-stage design process run cyclically with: Divergence, Transformation 

and Convergence.  

3. Origin Design Methods 

4. Author John Chris Jones 

5. Published 1970 

6. Focus Design 

7. Classification STEM 

8. Structure Concept 

 

Figure 104 Jones Design Process (Vanplatter & Pastor (2016) 

Comments: 

Through collaborations with engineers, Jones (1970) a designer, advocated for the consideration of 

user-centred issues and ergonomics, which were not considered in the field of engineering at the time. 

He conducted a number of user ergonomics studies, only to find that the results were not being used 

by designers of the day. He proposed a six-step design process (Issue Brief, Explore Situation, Problem 

Structure Transformed, Boundaries Set, Sub-Solutions Combined and Designs Evaluated), which 

roughly followed three distinct stages (Divergence, Transformation and Convergence). These three 

stages in effect were the stages of exploration of ideas, transformation into concepts and refinement 

of solutions. The inclusion of divergent and convergent processes was highly influential at the time 

and are a significant advantage to this day. The transformational step (which could be considered a 

form of prototyping or validation) is a highly impactful addition.  
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1. Name Agile 

2. Description Software development framework in which requirements and solutions 

evolve throughout a collaborative effort of cross-functional teams.  

3. Origin "Manifesto for Agile Software Development" 

4. Author Agile Alliance 

5. Published 2001 

6. Focus Design 

7. Classification STEM 

8. Structure Cyclical 

 

Figure 105 Agile Process (Mind Spark Technologies, 2018) 

Comments: 

The Agile process is a practical software development process that promotes the continuous iteration 

of developed products, with continuous testing throughout the process. This dynamic process 

promotes a controlled approach to developing software, emphasising individual interactions, user 

collaborations and continuous testing & improvement. The AGILE process contains six stages 

(Planning, Design, Development, Testing, Release and Feedback) on a cyclical iterative process. The 

focus on continuous testing and developing solutions, in a collaborative process (in teams, with 

customers and users). The process prioritises user satisfaction and ensures that users are involved as 

much as possible. While this process was developed for the software development field, it’s found use 

in project management, engineering and business fields. The fast pace, constant iteration and user 

focus of the Agile process is a significant advantage, and these advantages would be a beneficial 

addition to any innovation methodology.  
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1. Name Theory of Constraints 

2. Description Management process which views meanable systems as being limited in 

achieving its goal by a small number of constraints 

3. Origin "The Goal" 

4. Author Eliyahu M. Goldratt, 

5. Published 1984 

6. Focus Organisational 

7. Classification Business 

8. Structure Cyclical 

 

 

Figure 106 Theory of Constraints (Leanproduction, 2020) 

Comments: 

The Theory of Constraints was developed by Goldratt (1984), as a methodology for identifying the 

most important limiting factor (or constraint) that impedes a goal being achieved, and systematically 

improving those constraints until it no longer limits the process. This method arose from the 

manufacturing field, where these constraints are known as bottlenecks. The cyclical iterative process 

suits this method, as iteration between not adjacent stages is not required. The five stages (Identity, 

Exploit, Subordinate & Synchronize, Elevate the Performance of and Repetition), make up an effective 

iterative approach to systematically removing limiting constraints on a process. The identification of 

limiting constraints and the iterative cycle to solve them is highly effective, with the methodical 

removal of limiting factors a strong process to integrate into new innovation methodologies.  
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1. Name PACE NPD Framework 

2. Description The Product and Cycle-time Excellence (PACE) method are based on 

seven interrelated elements to ensure project success and minimise 

time-to-market. 

This gate based process uses a number of elements from other 

innovation methodologies to form a cohesive innovation framework.  

 

3. Origin Product Development: Success Through Product & Cycle Time 

Excellence (PACE), Butterworth-Heinemann, Oxford. 

4. Author Michael McGrath 

5. Published 1992 

6. Focus Organisational 

7. Classification Business 

8. Structure Hybrid 

 

 

Figure 107 PACE Methodology (Van Zyl, 2008) 

Comments: 
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The PACE NPD framework is a gated innovation methodology that focuses on the development of new 

products and services. Product and Cycle-time Excellence (PACE) focuses on seven related steps to 

ensure project success while reducing the development time.  The seven steps are grouped into two 

stages, namely project management steps and program steps. The project management steps include 

a gated NPD process, a cross-functional team, a structured development process and effective use of 

developmental tools & techniques. The process, as described by (Van Zyl, 2008), depicts the four 

balancing and control mechanisms needed for NPD processes. These internal processes include 

realisation teams, a structured development process, a decision point schedule and a review board to 

make progression decisions. This all-encompassing process is highly technical and only really useable 

by expert users. The combination of tools is a highlight.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



198 
 

1. Name IDEAL Cycle 

2. Description A 5 stage process with the IDEAL structure (Identify, Define, Explore, Act, 

Look) model 

3. Origin The IDEAL Problem Solver 

4. Author Stein 

5. Published 1984 

6. Focus CPS 

7. Classification STEM 

8. Structure Concept 

 

Figure 108 Ideal Cycle 

Comments: 

A simple modification of a tradition 5 stage innovation process, using the IDEAL (Identify, Define, 

Explore, Anticipate and Learn) nomenclature. While similar to the other 5 step processes, this model 

emphasis the Anticipation of the result via testing, and the integrated learning arising from it. It 

doesn’t include any market, business or prototyping element, thus making it a simple problem-

solving concept. The variation in nomenclature at this time showed the early stages of the process of 

integration between the scientific and design-focused innovation fields.  
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1. Name Parnes CPS Spiral Model 

2. Description Visual representation of a 5 step innovation process.  

3. Origin Creative Action Book 

4. Author Sidney J. Parnes 

5. Published 1967 

6. Focus CPS 

7. Classification Social 

8. Structure Concept 

 

Figure 109 Parnes CPS Spiral (Vanplatter & Pastor, 2016) 

Comments: 

This artistically interpretive model by Parnes (1972), was supplied as a pull out pocket card inside the 

front cover of his Creative Actionbook. It was one of the earliest illustrative depictions of the human 

journey through a creative problem-solving process. While visual and lacking in detail, the process has 

five steps (Fact-Finding, Problem Finding, Idea Finding, Solution Finding and Acceptance Finding). It 

showed the creative and progressive process of creative problem solving, with a depiction of the new 

challenges created from any innovative process. While illustrative only, it is in effect a conceptual 

outline of the human journey during innovation, thus giving some guidance on how to develop new 

CPS methods from a user’s perspective effectively.  
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1. Name Basadur Simplex CPS Process 

2. Description The simplex process aims to deliberatly find and solve valuable problems 

and implement workable solutions. 

3. Origin Simplex: A flight to Creativity, Canada: The Creative Education Foundation, 

Inc., 1999 

4. Author Min Basadur  

5. Published 1983  

6. Focus CPS 

7. Classification Business 

8. Structure Cyclical 

  

Figure 110 Basadur Simplex CPS Process (Wada, 2010) 

Comments: 

The Simplex Process is a creativity focused innovation process, that aims to find and solve valuable 

problems deliberately, while also implementing workable solutions to produce new and improved 

products, services and procedures. This three-phase, 8 step CPS process builds upon other CPS based 

innovation methods, with variations on wording, order and stage selection. The three stages of 

Problem Finding, Problem Solving and Solution Implementation are common, but clearly understood 

stages of the innovation process. The further inclusion of 8 steps under the stages, gives good guidance 

on activities to undertake under reach stage. The eight stages  are Problem Finding, Fact Finding, 

Problem Definition, Idea Finding, Evaluate & Select, Plan, Acceptance and Action. The circular shape 

implies a cyclical process, with no guidance for iteration between stages, and no indicated method to 

review progress.  
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1. Name Plsek Creative Thinking Cycle 

2. Description Combined synthesis model of numerous CPS models. 

3. Origin Working Paper: Model for the Creative Process, The Directed Creativity 

Cycle, 1996 

4. Author Paul Plsek 

5. Published 1996 

6. Focus CPS 

7. Classification Business 

8. Structure Cyclical 

 

Figure 111 Plsek Creative Thinking Model (Vanplatter & Pastor (2016) 

Comments: 

This innovation model is a synthesis model of creative thinking, that attempts to combine the base 

concepts of previously devised innovation models. This complex model divides the process into four 

stages (Preparation, Imagination, Development and Action) with eight steps nested under these 

headings (Living With It, Observation, Analysis, Generation, Harvesting, Enhancement, Evaluation and 

Implementation.). It is similar in structure to other CPS based models, with the stages also similar to 

4D based models. The strange location of the first stage is confusing, and there is no support given 

under each step. Iteration is not mentioned, with a cyclical whole process flow implied via the graphic. 

The use of nonfamiliar terminology, compared to other models, can be confusing to users. It's clear 

from this model that visual simplicity, familiar terminology and more support at every stage are 

required in impactful innovation methodologies.  
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1. Name The Iterative Design Process 

2. Description A model combining the design thinking stages, with experiential learning 

theory in a cyclical process. 

3. Origin Corrine Beaumont 

4. Author Corrine Beaumont 

5. Published 2009 

6. Focus Design 

7. Classification STEM 

8. Structure Cyclical 

 

Figure 112 Iterative Design Process  (Vanplatter & Pastor (2016) 

Comments: 

The Iterative Design Process cycle is a cyclical innovation process that arranges the problem-solving 

process into four distinct categories: Problem Finding (through observing), Problem Selecting (through 

reframing), Solution Finding (through converging) and Solution Selecting (through Experimenting). It 

requires a preliminary brief and is highly cyclical as a process, if not iterative between no adjacent 

stages. The general categories, in effect, group the stages of design thinking in the four stages. The 

clear visuals are beneficial, but it suffers from oversimplification and a lack of guidance for activities 

at each stage.  
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1. Name Nesta Innovation Process 

2. Description 7 step spiral innovation process that focuses on social innovation 

3. Origin Nesta 2014 

4. Author David Puttnam 

5. Published 2009 

6. Focus Social 

7. Classification Social 

8. Structure Hybrid 

 

Figure 113 Nesta Innovation Process (Cukurova et al, 2013) 

Comments: 

The Nesta Innovation Process (Cukurova et al., 2013), arose from their work on the Development 

Impact and You Toolkit, as a seven-step social innovation-focused innovation process, spiral based 

model covering; Opportunities & Challenges, Generation of Ideas, Developing & Testing, Marking the 

Case, Delivering & Implementing, Growing & Scaling and Changing the System. This process does not 

include any form of problem identification, therefore assuming a problem has already been found. 

While the process is similar to the other CPS spiral models, it lacks guidance when compared to them. 

In this case, the spiral appears to be visual only, with no meaningful contribution to the process. There 

is no indication of the need for iteration, either internally or between stages of the process with limited 

support at every stage. This method is one of the only social innovation-focused methods in the 

literature, but its poor performance and lack of guidance make its use difficult. 
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1. Name Copenhagen Living Lab Innovation Process 

2. Description A method developed to create service and welfare innovations, via a 5 

phase, eight-step circular process. 

3. Origin Hammer-Jakobsen, T. Copenhagen Living Lab 

4. Author Living Lab 

5. Published 2010 

6. Focus Service Design 

7. Classification Social 

8. Structure Cyclical 

 

Figure 114 Living Lab Innovation Process (Vanplatter & Pastor (2016) 

Comments: 

The Copenhagen Living Lab Innovation Process was developed for use in service and welfare 

innovation. The 5 step process (Value Creation, Innovative Ethnography, Transforming Insights, Co-

Creation and Eco-system Analysis) appears cyclical in nature. It begins assuming that a 

service/experience is the problem, will also be the solution and will be created via the process. The 

five stages are similar to other 5D methods, with the order of the stages the most noticeable 

difference. Visual interaction with this model is difficult, due to the lack of start point, confusing order 

of stages and particular positions of the first step. While cyclical, little in the way of inter-stage 

iteration is encouraged, and the is little support provided on tools or processes to undertake at each 

stage.  
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1. Name Australian Centre Social Innovation Process 

2. Description 7 stage social innovation process the focus on "people as experts” but 

defines problems externally. 

3. Origin The Australian Centre for Social Innovation 

4. Author Australian Centre for Social Innovation 

5. Published 2011  

6. Focus Social 

7. Classification Social 

8. Structure Hybrid 

 

Figure 115 Australian Centre Social Innovation Process (Vanplatter & Pastor (2016) 

Comments: 

The Australian Centre for Social Innovation was established to develop, test and circulate innovations 

that change the lives of people who need it most. At its core, they believe that people are the experts 

in their own lives and that the best innovations come from working alongside people who face the 

very challenges they are trying to solve. This spiral based 7 stage model begins after a problem has 

been identified, moving through 7 stages (Get Ready, Look & Listen, Create, Prototype Interactions, 

Prototype Systems, Value and Grow) each leading to a new piece of the solution. This method, while 

easy to follow and highly visual, doesn’t provide much guidance during or between stages and 

provides no indication of the tools or processes to be used in each stage. There is no support for 

iteration during the process, with each stage presented in isolation. While visually simple, more 

human-centred elements, tools and process are needed, while more in the way of support must be 

provided to users of the method.      
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1. Name Humantific Strategic Cocreation Process  

2. Description Combination of best practices from Design Thinking, Creative Problem 

Solving & Visual Sensemaking. 

3. Origin Humantific 

4. Author GK VanPatter & Elizabeth Pastor 

5. Published 2014 

6. Focus Organisational 

7. Classification Social 

8. Structure Hybrid 

 

Figure 116 Humantific strategic Cocreation Process (Vanplatter & Pastor (2016) 

Comments: 

The Humantific Strategic Cocreation process was a method developed by Vanplatter & Pastor (2016), 

aiming to combine the best practices of numerous professional practice communities including Design 

Thinking, Creative Problem Solving and Visual Sensemaking. The method was designed to be 

adaptable to all organisational and social challenge types. It has eight steps (Scan, Clarify, Frame, 

Conceive, Prototype, Plan, Build & Measure) on a cyclical model, with a list of “backpocket” tools to 

be used (Empathize, “Dataize”, Visualize, Socialise and Actionize). While this method aims to combine 

the best of other innovation methods, it is presented in a very complex visual diagram.  
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The eight stages of the process seem excessive compared to the usual 4 or 5 steps in other methods. 

The “Backpocket” tools use unfamiliar terms, such as “Dataize”, and provides no guidance on how to 

use them under each stage. The only iterative element appears to be between the Conceive and 

Prototype phase, with no support for iteration in any other phase. This method highlights the 

challenges of combining best practices from other methods, with a highly complex method as a result. 

An easier to follow method, with more support provided on the tools to use, along with more focus 

on iteration, would possibly be more impactful.  
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1. Name Plan-Do-Check-Act 

2. Description Plan, Do, Check, Act; Cyclical process for continuous improvement. 

3. Origin Statistical Method form the Viewpoint of Quality Control 

4. Author Walter A.Shewart 

5. Published 1939 

6. Focus CPS 

7. Classification Business 

8. Structure Cyclical 

 

Figure 117 Plan-Do-Check-Act (Dubberly, 1999) 

 Comments: 

Plan-Do-Check-Act, also known as PDCA, is an iterative four-step management tool use to help the 

continuous development of new processes, products and services. This method, made popular by 

Deming (1982), evolved from the work of Shewhart (1939), into a number of variations of similar 

models including the Deming Cycle, Shewhart Cycle, Control Circle and Plan-Do-Study-Act (PDSA). 

Again, this method is very similar to the other 4D innovation methods, putting emphasis on the Plan, 

Do, Check and Act phases of innovation processes. This method, while simple, was one of the first 

methods to effectively convey the iterative aspect of the processes, encouraging the improvement 

and iteration of ideas on a continuous basis.  It can be argued that the iteration between stages only 

occurs between directly linked stages, making modification of the order, of both the process and 

iterative cycles, difficult. While a foundational model for innovative practice, its simplicity makes it a 

good base for further developing more complex, supportive innovation models.  
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1. Name Engineering design process 

2. Description Engineering breakdown of the problem of design, with the classification of 

each stage. 

3. Origin Conceptual Design for Engineers 

4. Author Michael J. French 

5. Published 1985 

6. Focus Product Design 

7. Classification STEM 

8. Structure Hybrid 

 

Figure 118 Engineering Design Process (Dubberly, 1999) 

Comments: 

Michael J French (1985) described a detailed model of the engineering design process, breaking the 

process down into the following stages: analysis of the problem, conceptual design, the embodiment 

of schemes and detailing. In effect, these four stages are similar to the other 4D process, focusing on 

the problem definition, initial design, review and final design of the solution. This approach gives the 

desired goal as an outcome of each stage (Statement of Problem, Selected Schemes and Working 

Drawings, etc.) acting as a form of review process. While highly focused on engineering outcomes, 

hence in the inclusion of working drawings, the clear process flow, elements of review gates and the 

integrated feedback loop is highly beneficial.    
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1. Name User-centred design process (UCD) 

2. Description User-centred design (UCD) is an iterative design process in which designers 

focus on the users and their needs in each phase of the design process 

3. Origin User-Centred System Design: New Perspectives on Human-Computer 

Interaction (Norman & Draper, 1986) 

4. Author Donald Norman 

5. Published 1985 

6. Focus CPS 

7. Classification STEM 

8. Structure Cyclical 

 

Figure 119 User Centred Design Process (Brooks 2019) 

Comments: 

While the concept of placing the user at the centre of the design process is common in all areas of 

design, the term “User-Centred Design” was coined by Donald A Norman (Norman, 1986). This method 

is a framework of processes that places usability goals, user characteristics, associated environmental, 

task and workflows, at the heart of the design process. This focuses the process on the human user, 

attempting to ensure the solution directly solves the need of the human user. It is a multistage design 

process of understanding, specification, design and evaluation, similar to other 4D based methods. 

While the stages are similar to other methods, the main difference in this approach is that user-

centred design focuses on how the user can, wants or needs to use the product/service, rather than 

trying to change the user’s behaviour to  suit the design.  This user-focused approach must be 

considered, not only in the design of products or services but also in the design of innovation 

methodologies. The goal of an innovation methodology is to guide the non-experienced user in the 

innovation process, so incorporating user-centred design aspects will help ensure any new method 

focuses on how the users currently need to use it, rather than trying to force change in how they 

operate.  
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1. Name Braided Design Model 

2. Description a “braided” approach to product development, which weaves design, 

strategy, and technology efforts—and employees—into a single strand 

3. Origin McKinsey Digital Labs 

4. Author McKinsey Digital Labs 

5. Published NA 

6. Focus Design 

7. Classification Business 

8. Structure Hybrid 

 

Figure 120 Braided Design Model (McKinsey, 2015) 

Comments: 

According to McKinsey Group (McKinsey, 2015), building a design-driven business can help companies 

to engage more effectively with their customers. In order to support this effort, and inspired by Design 

Thinking, they developed their “Braided Design” model. In this model, three main elements (Design, 

Strategy & Technology) intertwined through the design process, with five main stages (Frame, 

Cocreate, Prototype, Validate and Govern).  
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These stages are similar to the stage of other 5D based methods, with recommendations under each 

stage under the three main elements of the model. These extra recommendations are very beneficial 

in giving clear direction to the user, and the braided structure shows how interlinked the stages are in 

reality. This method does not give any support to iteration between stages, with the model implying 

a “top-down” direction, implying linearity. While highly visual, with good recommendations for actions 

under each stage, there needs to be increase encouragement towards iteration included.  
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3.8 Summary of Key Methodology Characteristics 

The data, feedback and operational experience gathered from the 3 identified assessment stages, 

discussed above, were collated, refined and distilled into the main characteristics of highly successful 

innovation methodologies. These key characteristics were generated by the author from the 

assessment of the collected methods. These characteristics were developed from applied comparison 

and use of the highest ranked methodologies, over the course of the research, which were further 

supported by expert user feedback. These characteristics are grouped around common themes, such 

as Method Structure (Multistage Process, Built in Reviews & Separation of Stages), User Complexity 

(Simplicity, Clear Directional Guidance & Good Visual Support), Operational Characteristics (Highly 

Iterative, Smooth Transitions, Separation of Stages & Focus on Testing) and Adaptability (Assessment 

of Current Position, Grouping of Tools, Supporting Curiosity & Flexibility to Adapt). As the focus of this 

work was to increase the usability and accessibility of the method to more “non-expert Users”, the 

characteristics influencing usability are deemed most important in the development of any new 

methodology. These characteristics are discussed in detail below.  

In summary, the common and highly beneficial characteristics for impactful innovation methodologies 

arising from the conducted assessment include: 

● A Simple Multistage Process 

The use of simple stages, with common terminology, is a common aspect of these 

methodologies. The best systems utilise a base staging framework of 4 or 5 core stages, giving 

clear demarcation between the stages but also supporting the user in traveling through the 

whole innovation process. The 4D, 5D, Iterative Design Process and the Design Thinking 

Process are clear examples of this layout.  

● Highly Iterative Nature 

Nearly all the assessed innovation methodologies put a focus on iteration and the repetition 

of stages. This repetition is to ensure concepts and solutions are proven through iteration, to 

clarify the focus and scope of the problem or solution. Methods that emphasise repetition 

both during (Souza’s Design Process) and between stages (Human Centred Design Process) 

are more useable. Visual, in addition to written indications and guidance on the iteration 

elements, is preferred to further emphasise the importance of iteration to the innovation 

process. Another example of a highly iterative method can be found in the Lean Start-Up 

methodology.  
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● Smooth Stage Transitions 

Smoothly exiting and entering stages is an important factor that ensures the user-friendliness 

of an innovation method. How complex the entry and exit processes are, the steps taken 

during the transition and the collection of information between stages is an area for focus. 

Continuous processes, that don’t interruption the transition between stages, but also allow 

the stop/starting of the process as a benefit. The Iterative Design Model and Agile 

Methodology are good examples of fluid, but interruptible innovation process models.  

● Built-in Reviews 

The staged nature of many of the more technically focused innovation models, such as the 

Archer Design Process, allow easy reviewing between stages, but most models do not ask 

users to review progress as they move through the process. Review stages, with a clear 

indication of when to review progress, would be beneficial. Active comparisons of each 

review stage, with thought given to the problem trying to be solved, would support a 

reduction in scope creep, and ensure that the users don’t drift off course in solving the 

originally proposed problem. The Cooper Stage-Gate Model has built-in review gates to allow 

management to make stop/go decisions on project viability, but an evolution of this concept 

could include periodic review of progress at each stage in comparisons to the original goal of 

the process. Similar review points are built into the Engineering Design Process. 

● Clear Directional Guidance 

Clear indication of the preferred direction of travel throughout the whole process, but also 

between each section is required. Iterative processes such as the Design Thinking model can 

be difficult to follow in an iterative manner, thus adding confusion to the process. Clear 

indications of direction, path and process order will allow a much easier user journey, with 

the goal of producing a less intimidating innovation process. The Customer Development 

model gives clear guidance on direction and cycling of stages, with similar support is offered 

by the Spiral Model of Software Development.  

● Clear Start & End Points 

A good process has a clearly defined beginning and end point, helping users understand the 

whole process while also providing users with clear indications of how far along the journey 

they are at any stage of the process. Confusing starting points such as those in the 

Copenhagen Living Lab Process or the Plesk Creative Thinking Cycle, complicate the early 

phase of a process, discouraging new users. Easy visual guidance on how to start and end the 

process is required to enhance usability.  The Stage-Gate Model in Crowdfunding and Design 

Process 2 both give a good indication of both beginning and end points.  
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● Clear, Easy to Follow Visuals 

Visual supports are a very important aspect in the large majority of the assessed innovation 

methodologies, as they provide process guidance along with initial user curiosity from the 

outset. Clear, easy to understand and visually appealing visuals are required in an effective 

innovation methodology. The Design Thinking model uses very clear appealing imagery, 

having reduced the complexity of its imagery between its 2005 & 2007 model variations. The 

more of the process that can be explained or supported via visual methods, the better. 

Complex processes can also be shown via clear visual with the Mesarovic Design Process & 

Product Development Process, both showing quite complex processes via clear visual models.  

● Avoiding Overly Complex Models 

Over complex or overly technical models will be counterproductive for the target users (non-

experts), therefore easy to use & less complex models are preferred. Some of the more 

technical STEM (“Staged product development process, with prototyping cycles built-in” by 

Eppinger), Design (Design Process by Pahl) and social (Humantific Strategic Co-creation 

Process) models are very complex, making them difficult to use by non-experts. Simplicity is 

a priority.  

● Grouping of Useful Tools 

There are many tools, exercises and activities that can be used in all stages of the innovation 

process. Therefore, the ability to use multiple tools, in multiple stages, multiple times is 

required to allow the method to adapt. These tools allow the method to adapt to the user, 

team, field, area or problem, thus allowing the users to tailor theirs to a specific task. The 

concept of “Bucketing” used in the Isaken Treffinger CPS Process V3, with tools “bucketed” 

under specific stages, allowing the user to specify which tools to use, is an example of a 

successful grouping mechanism. Similar groups of tools and methods can be seen in the 

Altschuller TRIZ process.  

● Separation of Phases and Steps 

Each stage must be its own defined stage, allowing users to focus on the particular activities 

and steps in that stage. While the stages link and can be iterated, they should also be 

independent to support user focus. While the steps in each stage can be linked, allowing free 

movement between steps, amassing information as it progresses, to allow better outcomes, 

should be encouraged. Examples include Engineering Design process, Isaken Treffinger CPS 

Process V3 and the Jones Design Process.  
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● Clear Focus on a Defined Problem 

Since the goal of many innovation activities is the solving of problems, a clear focus must be 

placed on the problem being solved. Focus on the identified problem is vital to ensure that 

the solutions are adequate, the scope of the solution does not creep during the process and 

that the problem being addressed is the actual route of the issue being tackled. Therefore, an 

emphasis on the problem, reviewing and checking the problem focus is still as intended and 

reviewing progress as the process evolves should be a core part of a successful innovation 

methodology. Whether the main focus is on the search for problem commonalities 

(Altschuller TRIZ) or toward problem focus (Creative Problem Solving) the problem should be 

located at the core of the process. 

● Assessment of Current Positioning  

Similarly, an assessment of the current position of the solutions, the process or the users 

would help the innovation process by highlighting strengths and weaknesses as soon as 

possible, allow gaps to be filled or tools to be used to maximise the skill set of the user. Tools 

to support the assessing of current positioning may be required. Analysis of current 

capabilities (Dynamic Capabilities Model) and specific ecosystem analysis (Berkhout Cyclic 

Innovation Model) are examples of methods encouraging assessment of current positioning 

in relation to the problems.  

● Supporting Curiosity 

Stages and tools that support curiosity, the questioning of assumptions and the investigation 

of potential would be highly beneficial to an innovation process. Applied curiosity is, in effect, 

innovation itself, so a process that provides support and guidance to non-expert users while 

not limiting the creativity & curiosity of those users is preferred. Divergence should be 

encouraged at appropriate stages (Double Diamond Method) and from external parties 

(Stage-Gate in Crowdsourcing Model), for increased insight.  

● Flexibility to Adapt  

A process that is flexible to different users, problems, fields and areas, while also being flexible 

in its structure would be highly beneficial to the area of innovation. By their very nature, 

Innovation processes evolve as new solutions arise from new problems, using new tools, 

therefore a process that can evolve with both the user and the problem would be extremely 

beneficial. The “bucketing” concept from the Isaken Treffinger CPS Process V3 is a good 

starting point for built-in flexibility.  
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● Focus on Testing & Prototyping 

A strong focus on the validation (Testing & Prototyping) of solutions is a key desired 

characteristic. A process of iterative user testing, evaluating & prototyping, results in better 

outcomes during any innovation process, therefore a strong emphasis on early testing and 

prototyping during the innovation process is desired (as in the Agile Method or the User-

Centred Design Process). New disruptive technologies and open source communities have 

made the process of testing, prototyping and iterating, easier than ever before, so utilising 

these supports would be advantageous.  
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Chapter 4: Proposed Methodology Development 

This chapter proposes a new formulation of a multi-functional, self-assembled innovation 

methodology, formulated from the most impactful elements of the assessed methodologies, expert 

user feedback and literature review.  

4.1 Methodology Development Introduction 

This section outlines the development of the newly proposed innovation methodology, based on the 

outcomes of the prior research stages and the summary of required key methodology characteristics.  

The requirements of the new methodology will be outlined with a brief discussion on what aspect they 

will be linked-to in the new innovation process. A discussion on the base framework and inspiration 

for the newly developed methodology will follow, with a step by step breakdown of the development 

of the new methodology. Finally, the finished methodology outline will be presented and discussed.  

4.1.1 Requirements 

As discussed in the previous chapter, a number of key characteristics of the best-assessed innovation 

methodologies were refined from the assessment process. These characteristics were used to set the 

base requirements for the proposed innovation methodology. Some of these desired characteristics 

will be built into the methodology itself; others will be included via the tools and supports provided 

via the praxis toolkit while others will appear in both aspects.  

The requirements that related to the methodology aspect are as follows: 

● A Simple Multistage Process 

● Highly Iterative Nature 

● Smooth Stage Transitions 

● Built-in Reviews 

● Clear Directional Guidance 

● Clear Start & End Points 

● Clear, Easy to Follow Visuals 

● Avoiding Overly Complex Models 

● Grouping of Useful Tools 

● Separation of Phases and Steps 

● Assessment of Current Positioning  

● Flexibility to Adapt  
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4.1.2 Framework 

An initial framework to base the development of the new innovation methodology was required, to 

ascribe some initial structure to the evolving design. The base framework for the new innovation 

methodology is the 5D structure.  This structure, as seen below in Figure 121, combines the following 

five innovation stages; 

● Discover 

● Define 

● Design 

● Develop 

● Deploy 

 

 

Figure 121 5D Innovation Process (Design Thinking Methodology, 2018) 

These stages, or variations of, are common in a number of the assessed innovation methodologies, 

such as Design Thinking (Figure 122), which contains Empathize (Discover), Define, Ideate (Design), 

Develop (Prototype) and Test (Deploy).  

 

 

Figure 122 Design Thinking (IDEO, 2007) 
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The 4D process, as seen below in Figure 123, was not chosen, as the addition of the 5th stage (Define) 

was a common requirement to ensure the necessary focus was put on defining a specific problem to 

solve.   

 

 

Figure 123 4D Design Process 

Design Inspiration 

A number of standout models acted as design inspiration for the creation of the new methodology. 

These methods possess standout features, characteristics, tools, visuals or design elements, that help 

inspire the creation of the new methodology. These methods and their highlighted features are 

discussed below. 
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Mesavoric Design Process 

The Mesarovic Design process (Figure 124), with its cyclical stages, and helix approach to moving 

between stages acts as a highly fluid process of iteration internally and between stages. The visual 

aspects of this method, its graphical presentation and the move from Abstract to Concrete as the 

method progresses is also a core influence.  

 

Figure 124 Mesarovic Design Process (Mesarovic, 1964) 
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Braided Design Model 

The implied cyclical and intertwined nature of the Braided Design Method, as seen in Figure 125, 

(McKinsey Digital Labs, 2015) also acted as a design influence. In practice, the braided nature and 

implied iteration are not present when you utilise this model, but the graphical presentation, clear 

start point and identification of activities under each stage (even though they are only concepts 

suggestions in this case) are also initial influences.  

 

Figure 125 Braided Design Model (McKinsey, 2015) 
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4.1.3 Methodology Development 

The base framework for the method was an adapted version of the 5 D innovation structure (Discover, 

Define, Design, Develop & Deploy) with the modifications consisting of the replacement of Develop 

(which in this case is an integral part of the Design process) with Demonstrate, emphasising the 

importance of prototyping and testing, and the replacement of the Deploy stage with Disseminate 

(Deploy is integrated into the Demonstrate stage, overlapping into the application of the innovation 

in the Disseminate stage). Separation of stages was included to allow the partitioning of activities and 

breaking up of the process into smaller sections (Figure 126). 

 

Figure 126 5D Stage Development 
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Iteration is a focus of the proposed innovation model; therefore, iteration between all stages was 

integrated. Iteration occurs both forwards and backwards in the process to enable users to go back 

and improve their solutions and further refine their problems. The proposed iterative process in Figure 

127, was cumbersome and inhibited iteration between non-adjacent stages (such as between Design 

& Discover) which would inhibit the iteration process. 

 

Figure 127 Integration of Iteration Process between Stages 

To improve the iteration between stages, both operationally as well as visually, fluid seamless flow 

between stages was required. Numerous variations and alternatives were tested until a conjoined 

circular tower was utilised. This circular focused tower layout, as seen in Figure 128,  shows that the 

method allows seamless movement from between stages, by flowing the process downwards as well 

as upwards between stages. 
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Figure 128 Seamless Flow Process between Stages 
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A major characteristic requirement of this model was the ability to conduct staged reviews. External 

review markers can interrupt the flow of the process, while gates or separation lines could restrict or 

limit users passing freely between stages. Therefore, a point gate review method was chosen in which 

a clearly indicated review point is placed between the stages, acting as a prompt to conduct the 

accompanying review process. A clear visual representation of this review gate (Figure 129) signals 

the need for a review but doesn’t now visually or mental impede the smooth transition between 

stages. 

 

Figure 129 Inclusion of Review Gates between Stages 
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While the circle focused tower structure allows the seamless movement between stages, the direction 

of movement can be confusing. Therefore, an alternating Green & Blue colour marker on either side 

of each circle indicates the desired path forward (Via the Green Path) through the process, as well as 

backwards (Via the Blue Path), repeating stages as necessary. Colours were chosen to avoid 

insinuating that repeating or iterating stages was accepting failure (implied via a red path), so green 

and blue were chosen as opposing colours, as seen in Figure 130. 

 

Figure 130 Directional and Iterative Guidance Integration into Method 
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A clearly marked beginning and end to the process is also required, while also encouraging iteration 

of the whole process, or future iteration if required. Therefore, a clear entry and exit mechanisms 

where added (Figure 131), using a similar Green & Blue colour pattern. These mechanisms allow users 

an easy indication of the beginning and end of the process, while also supporting further work, 

iteration and use of the model on the developed innovation. 

 

Figure 131 Incorporation of Entry and Exit Guidance 



229 
 

As the concept of “Bucketing” was a requirement for this model, visual supports were added to give 

structure and visual indication of the existence of specific tools in each stage. While the number of 

these tools can vary at each stage, a visually appealing and clear four sections were added to each 

stage, via horizontal separating lines (Figure 132). The lines, matched with the previous Green & Blue 

colour scheme, give the model a DNA Double Helix like structure, thus giving the model its working 

name of “The Double Helix Innovation Model”. 

 

Figure 132 Bucketing of Tools in Stages 
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Instructional Elements 

In order to also provide more instruction on how each stage operates, to indicate the direction of 

movement (Green Path Creates, Blue Path Refines), the locations of the review gates and the 

bucketing of tools, an additional visual guide was developed. This guide, as seen in Figure 133, gives a 

clearer indication of the direction of flow of each path, via externally located directional arrows.  

 

 

Figure 133 Methodology Movement Guide 

Some additional guidance is required on operating the model, so an additional information section 

was included, to provide information regarding movement between stages, the focus of the review 

points and additional instructions while in use. This additional information section utilised similar 

colourways to the model and can be seen below in Figure 134. 

 

Figure 134 Guidance Information Section 
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These elements were combined into the overall framework of the model, presented below in Figure 

135.  This framework will act as the basis for all stages of the innovation process, as the primary 

instructional tool for utilising the model and as the opening step in applying the process.  

 

Figure 135 Overall Framework for the Double Helix Innovation Method 

Staged Progression 

As the user progresses along the five stages of the Double Helix Innovation method (Discover, Define, 

Design, Demonstrate and Disseminate), specific questions & supports will be offered at each stage. In 

order to account for this, an alternative design for each progressive stage was required.  Individual 

support concepts were developed and customised for each stage while maintaining a similar visual 

aesthetic to the overall innovation model.  

A mechanism to keep track of what stage of the process the user is in, while also indicating previously 

completed and future stages was needed. This tracking of progress helps users estimate their progress 

and encourages iteration.  The overall Double Helix model was used, with only the current (and 

previously completed) stages highlighted in colour, while yet to be completed stages are present & 

visible but not emphasised, as seen below in Figure 136. 
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Figure 136 Staged Progression Visual Guidance 

The “Bucketing” of tools used as part of the accompanying praxis must be displayed visually to support 

the application and modification of the process by users. Therefore, in each stage, a number of 

sections are integrated, but also indications of the tools identified for the process, via naming in each 

section. This allows the fast identification of the tools suggested for that stage, as seen below in Figure 

137.  

 

Figure 137 Identification of Suggested Tools via Bucketing 
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Further information, guidance and support for applying each tool was also required. This information 

is presented via a process information box, sharing the same colour profile as the forward (or create) 

process path in the proposed methodology. This information box will provide brief information, to act 

as a primer, for the users to provide initial guidance in that stage, that tool and overall in the 

innovation process. This information box can be seen below in Figure 138.  

 

Figure 138 Additional Information Box 

As the bucketing system allows the user alternative tools, an indication of some potential alternatives 

is also required. These alternative tools can be used to replace, or support, each tool used in the 

process, and may be required if the review point processes diverts away from the identified problem. 

These tools are presented via an “Alternative Tools” box, again using similar colours to the backward, 

or refine, path of the overall process, as seen in Figure 139.  

 

Figure 139 Alternative Tool Guidance 
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As the review gate acts as a vital part of the new innovation process, some uniformity and guidance 

are required to support the user reviewing their progress at each review point.  To support the review 

process, the W51H question structure was utilised. The processes used the following six words to 

support user questioning at each stage: Who, What, When, Where, Why & How. These question 

supports aid the user in the review process, to help ensure that the user is effectively review their 

progress, to both the overall goal and the outputs of each stage of the process, to ensure they do not 

drift too far away from the initial identified problem. A separate review gate information page will be 

included early in the methodology, as seen below in Figure 140, to give support and guidance in the 

review process, suggest routes of questioning to undertake and how to compare the answers at each 

stage. In addition, specific review gate prompts and suggested questions will also be provided at each 

stage of the process, with a specific review tips section at each stage. An example of one of these 

review tips sections can be seen below in Figure 141.  

 

Figure 140 Review Gate Guidance 

 

Figure 141 Review Suggestions at Each Stage 
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4.2 Summary 

The output methodology is therefore presented under the working name of “The Double Helix 

Method” or “DNA Innovation Method”. A summary of the methodology is discussed below. This 

methodology was fully developed by the author, with the only other inputs being continuous 

discussion and feedback on concepts provided by the Doctoral Studies Panel, the Industry Mentor and 

the Principle Supervisor. This method is therefore an original contribution to knowledge from the 

author. 

Double Helix Innovation Method Prototype 

The Double Helix Innovation Method was developed to be a simple multistage, highly iterative 

innovation process that is usable by a wide range of people in a number of different fields. The process 

integrates a built-in review structure, clear guidance and progression markers, beginning & end stages 

and inbuilt guidance of the stages, tools and current positioning of the user during the process.  The 

initial stage explains the five stages of the process, with guidance on how to use the iterative cycling, 

review gates and grouping of tools under each stage, as seen in Figure 142 below.  

 

Figure 142 Initial Guidance for the Proposed Double Helix Innovation Method. 
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Guidance and support for the utilisation of the integrated review gate process is included, with 

indications of the basis of the review process, and support on the comparison between stages. In 

addition, guidance on the provision of alternative tools is provided to enhance the innovation 

outcomes or repeat stages if required. These elements can be seen below in Figure 143.  

 

Figure 143 Review Gate & Alternative Tool Guidance for the Proposed Double Helix Innovation Method. 

Individual stage guides were developed, to support each stage of the process through the indication 

of recommended tools, information on the utilisation of the chosen tools, recommendations for 

alternative tools and review tips for the completion of the review gate at each stage. These stages can 

be seen in Figure 144 and will be discussed in detail in a later section.  
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Figure 144 Individual Stage Guides for the Proposed Double Helix Innovation Method. 

The developed “Double Helix Innovation Methodology” incorporated the best elements from the 

collected innovation methodologies, with the goal of developing a simple multistage, highly iterative 

innovation process to be usable by a wide range of people to support innovation processes in a 

number of different fields. The process integrates a built-in review structure, clear guidance and 

progression, beginning & end-stage indications and uses inbuilt guidance during the stage for the use 

of tools and assessment of current positioning of the user during the process.   
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Chapter 5: Praxis Development 

This chapter deals with the development of the praxis or toolkit to support the application and 

implementation of the developed innovation methodology. An introduction to the concept of a praxis 

will open the chapter, followed by a discussion of the development of the praxis in relation to the 

developed innovation methodology.  

5.1 Praxis Introduction 

A praxis, in the context of innovation methodologies, is the process by which a theory, method, lesson 

or skill is enacted, realised or embodied. In effect, it is practice and is usually contrasted to “theory”, 

or abstract ideas regarding a particular phenomenon. Theory allows the derivation of generalised 

principles (or rules) which can then be applied to problems via practice. The “theory” is the generation 

of knowledge, while the practice is the application of that knowledge. A praxis implies a process 

involving the interpretation, understanding and application of an idea in “One Unified Process” 

(Gadamer, 1979). This “Unified Process” was diagrammatically displayed by Grundy (1987), and 

interpreted by Smith (1994), which can be seen in Figure 145.  

 

Figure 145 Praxis as a “Unified Process” (Smith, 1994) 

While the concept of “praxis” is one of a “Unified Process”, in the area of innovation methods the 

concept of a praxis relates to the practice or application of an innovation theory or method, or the 

process or tools utilised by users of a methodology to tackle the identified problem while following an 

overall guidance framework (in this case methodology). Therefore, in this context, the praxis is the 

supporting tools that allow the generation of the key elements of the new innovation.  

The Praxis, or tools used to support the generation of the core elements of the proposed innovation, 

are both internal and external to the methodology. There are praxis tools inbuilt into the Double Helix 

Innovation method (such as the Review Gates, Review Support and support for iteration), which are 

intrinsic to the methodology. In addition, the ability of the method to support external tools, methods 

and processes, aimed at generating the core elements of the new innovation also form part of the 

praxis. 
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This section will discuss the internal and external tools that make up the praxis, outlining their goal, 

function and operation.  

5.2 Requirements 

In support of the integrated requirements of the methodology, arising from the assessment stages of 

this work, the praxis tools must support the desired characteristics of the methodology, in particular, 

the following aspects: 

● Clear Focus on a Defined Problem 

● Assessment of Current Positioning  

● Supporting Curiosity 

● Avoiding Overly Complex Models 

● Flexibility to Adapt  

● Focus on Testing & Prototyping 

5.3 Framework 

As discussed above the base framework for the method was an adapted version of the 5 D innovation 

structure (Discover, Define, Design, Develop & Deploy) with the modifications consisting of the 

replacement of Develop (which in this case is an integral part of the Design process) with Demonstrate, 

emphasising the importance of prototyping and testing, and the replacement of the Deploy stage with 

Disseminate (Deploy is integrated into the Demonstrate stage, overlapping into the application of the 

innovation in the Disseminate stage). Separation of stages was included to allow the partitioning of 

activities and breaking up of the process into smaller sections. 

A similar process to that used in Design Thinking, of suggesting the use of specific tools at each stage 

of the process is also utilised for the development of the accompanying praxis. This concept is 

enhanced through the use of the “Bucketing” concept used in the Isaken Treffinger CPS Process V3, 

Figure 146, during which various tools are suggested at each stage, with additional support provided 

to guide users on swapping tools if required. Therefore a “Bucketing” concept built into the proposed 

process would allow the process to adapt to different applications, but also to be adapted by the users 

to best suit their desired function or to adapt to changing insights gained during the innovation 

process. A similar concept, albeit without being directly built into the methodology itself, can be found 

in the “Method Bank” concept used in the UK Design Council Double Diamond Process.  

In essence, the praxis to support the implementation of the developed Double Helix methodology, will 

provide support in utilising the process in practice, guidance on iteration and support & 

recommendations in the use of tools to achieve innovative progress. 
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Figure 146 Isaken Treffinger CPS Process V3 (Isaken & Treffinger, 1985) 

5.4 Praxis Development 

The development of the praxis was based around the requirements outlined in the previous sections, 

but also the concept of “Bucketing” of tools. The main stages of the proposed supporting praxis are 

discussed below. 

Innovation Tools 

Innovation tools are activities or processes that are commonly used in the innovation process, with 

common examples including Brainstorming, Mind Maps, Business Model Canvas and Rapid 

Prototyping. During the process of developing the proposed innovation method, a number of key 

innovation tools were gathered, classified and utilised, with the most impactful tools chosen for 

inclusion in this version of the proposed innovation praxis.  

 

In total, 121 tools were gathered, classified and reviewed, with a selection included due to their ease 

of use, potential impact and relationship to each of the five proposed stages.  
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Tools List 

The gathered tool list, including 121 innovation-related tools, was developed to include a brief 

description, particular fields of application, and the stages of the process in which that tool is most 

suitable. A selection from this tool list can be seen below in Figure 147, with the completed list found 

in  the thesis Appendices.  

 

Figure 147 Tool List Sample 

 

 

Tool Grouping & Classification  

In order to recommend the best innovation tools for the five innovation stages in the proposed model, 

the tools were classified based on the field, stage of the innovation process most suitable and potential 

impact. This allowed specific tools to be chosen for each stage.  
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The classification of the collected tools was used to develop three base “Tool Sets”, one for each of 

the three main focus areas (STEM, Business and Social), as seen in Figure 148 below, with the tools 

most suited to those specific areas recommended in each.  The tool sets recommend a number of 

tools, as well as potential alternatives, for use during each of the 5D stages of the process (Discover, 

Define, Design, Demonstrate and Disseminate). This recommending of tools allows adaptability in the 

model via the tools used while maintaining the overall innovation method structure and operational 

characteristics.  

 

Figure 148 Recommended Tool Sets for Each Field 

 

Recommended Tool Groupings 

A recommended tool list, including primary and alternative tools, was developed for each of the three 

fields (STEM, Business & Social) with tools most applicable to those fields included. Each 

recommended list includes two primary and six alternative tools for use during each of the five stages 

of the Double Helix Methodology. It is envisioned that these tools will be incorporated into specific 

versions of the Double Helix Methodology, thus giving the method the ability to adapt to user’s needs. 

These area-specific tool lists can be found below in Figure 149.  
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Figure 149 Area Specific Tool Lists 
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Tool Support Section  

One of the main results from the assessment of the collected innovation methodologies, and thus a 

recommendation for the proposed new method, was the provision of increased guidance to the user 

on each tool used during each stage (Figure 150). Many of the visual focused methods provided little 

support for actual utilisation of the stages; thus, provision of some guidance on tool use was required 

as an integrated part of the method. Thus, the inclusion of the tool support section, which provides 

brief information on the use of the recommended tools for each stage, while maintaining a highly 

visual and user-friendly appearance. While this element can be considered a support tool, hence 

included as a praxis element, it also is integrated into the methodology to ensure seamless integration 

into the method as a whole. The guidance and recommended tools will adapt, to the chosen field of 

application, suggesting the best tools for use at each stage, along with brief guidance on how to use 

the recommended tools.  

 

Figure 150 Guidance Support for Tool Use 
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Alternative Tools Section  

An additional praxis element that is also integrated into the methodology is the alternative tools 

recommendation section. As the “bucketing” of tools is integrated into the Double Helix Methodology, 

the use of alternative tools is encouraged; thus, an indication of some potential alternatives is also 

required. These alternative tools can be used to replace, or support, each tool used in the process, 

and may be required if the review processes diverts away from the identified problem. These tools 

are presented via an “Alternative Tools” box, as seen in Figure 151, and will consist of the alternative 

tools suggested via the tool lists.  

 

 

Figure 151 Alternative Tool Guidance 

 

Review Gate 

One of the main newly developed aspects of this Double Helix methodology, is the integration of a 

review process into the overall process. The developed review gate, and integration of review points, 

acts as a vital part of the new innovation process; therefore, some uniformity and guidance are 

required to support the user reviewing their progress at each review point.  To support this review 

structure, a praxis tool supporting the review process was developed, based on the W51H question 

structure. The process, which was described as part of the methodology above, encourages users to 

question their progress during each stage, to help ensure that the user is effectively reviewing their 

progress, to both the overall goal and the outputs of each stage of the process, to ensure they do not 

drift too far away from the initial identified problem.  
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Figure 152 Review Gate Guidance 

A separate review gate information tool was developed, provided as an additional informational stage 

of the process, was included early in the methodology, as seen above in Figure 152, to give support 

and guidance in the review process, suggest routes of questioning to undertake and how to compare 

the answers at each stage. This tool works in conjunction with the specific review gate prompts built 

into the process, with additional suggested questions provided at each stage of the process, via a 

specific review tips section at each stage. An example of one of these review tips sections can be seen 

below in Figure 153.  

 

Figure 153 Review Suggestions at Each Stage 

 

 



247 
 

Review Matrix 

To support the review process, a review gate matrix tool was developed. This matrix acts as an external 

prompt and review tool, allowing users to catalogue the answers to the “Who, What, When, Where, 

Why & How” questions in a single location, thus allowing the user to ensure that the solution has not 

drifted away from the identified problem. If user, or a third party, cannot logically track the 

development of the innovation from one stage to the next, this indicates a problem and use of an 

alternative method to clarify the innovation at that stage. These review prompts are, in essence a 

prompt for iteration, while also acting as a check to ensure the innovation is tackling the identified 

problem. A basic prototype of this Review Gate Matrix can be seen below in Figure 154.  

 

Figure 154 Prototype Review Gate Matrix Tool 
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Individual Stage Guides 

The final element of the praxis to accompany the developed methodology is the provision of individual 

stage guides or a combination of each of the developed aspects of the methodology & tools grouped 

with a particular stage of the process. These individual stages present the area-specific tools, 

alternative tool choices, structured review points and additional review guidance for that particular 

stage, giving guidance, flexibility and iterative capacity at each stage. An example of an individual stage 

guide, in this case, the Design stage, can be seen below in Figure 155.  

 

 

Figure 155 Example of a Stage Guide for the Design Stage 

 

 

 

 

 

 

 

 

 



249 
 

5.5 Summary 

 

The output praxis elements were presented under this section, consisting of both internal and external 

support tools, designed to encourage the user to iterate, review and develop new innovative ideas in 

a user focus open source manner. These elements, including the refined tool list, with supporting area-

specific tool recommendations, built-in guidance on tool use and alternative tool options, along with 

the built-in review process (review gates and accompanying review matrix). These elements are 

presented via the developed Double Helix Innovation methodology, with individual stage guides to 

support user application.  The finalised prototype method can be seen in its entirety in the following 

section.  
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Chapter 6: Model Verification & Validation 

This chapter presents the newly developed “Double Helix Innovation Method”, as an output from this 

research, while discussing the process undertaken to verify and validate the model as an innovation 

methodology via testing and comparative feedback processes. 

6.1 Finalised Model 

The Double Helix Innovation Method was developed to be a simple multistage, highly iterative 

innovation process that is usable by a wide range of people in a number of different fields. The process 

integrates a built-in review structure, clear guidance and progression markers, beginning and end 

stages and inbuilt guidance of the stages, tools and current positioning of the user during the process. 

The initial stage gives guidance on entry and exiting the process, the stages of the process, its 

progression, use of the iterative cycling elements, locations and use of the review gates and the use 

of the area-specific tools.  

The second element of this method is specific guidance and support for the integration of the review 

gate process. This element provides users with indications of the basis of the review process, and 

support on the comparison between stages. In addition, guidance on the provision of alternative tools 

is provided to enhance the innovation outcomes or repeat stages if required. Individual stage guides 

were developed, in order to support each stage of the process through Discovery, Definition, Design, 

Demonstration and Dissemination. Individual stage guides include the recommended tools, 

information on the utilisation of the chosen tools, recommendations for alternative tools and review 

tips for the completion of the review gate at each stage.  

To support the use of the developed methodology, a number of supports were included, both 

integrated & external, to support the use of the methodology. The internal review gate process was 

included to improve model iteration and ensure the process stays on track, with support guides and 

review tips included in the methodology. The tool support and alternative tool sections were 

integrated, to support the user’s application of this method, via target guidance on key stages and 

aspects of the process.  

External tools were also developed, including a full categorised innovation tool list (which can be found 

in the Appendices), refined area-specific tool lists recommending the use of particular tools and a 

review gate matrix to support the ongoing assessment of the review criteria between each stage. 

Additional details and images for all of these included elements can be found in Chapters 4 & 5.  

The developed “Double Helix Innovation Method” incorporated the best elements from the collected 

innovation methodologies, with the goal of developing a simple multistage, highly iterative innovation 
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process to be usable by a wide range of people to support innovation processes in a number of 

different fields. The process integrates a built-in review structure, clear guidance and progression, 

beginning & end-stage indications and uses inbuilt guidance during the stage for the use of tools and 

assessment of the current positioning of the user during the process.  

6.2 Model Verification 

In order to verify and validate the proposed new innovation methodology, the influence was taken 

from the field of Design Research, which focuses on the process of product design. According to 

Chakrabarti & Blessing (2015), a design theory should “describe, explain or predict some aspects of 

design phenomena, have generativity, generality and breadth in scope, and should be testable and 

refutable (i.e. falsifiable) for the given scope and purpose.”. 

 In order to assess the newly developed model, it must meet the two following objectives: 

1. Meet the criteria to satisfy consideration as a Theory or Model  

2. Validation of the model via evaluation. 

Criteria to Satisfy to be Considered a Theory or Model 

In order for the model to be considered a theory, it should “refer to actual and existing phenomena” 

(Eder, 2014), it also should be a “real design process at a level that is not trivially true for all processes” 

(Eckert and Stacey, 2014), and also finally “contain a set of propositions to describe or explain some 

characteristics of (one or more facets of) designing (and design success)” (Ranjan et al. 2014). While a 

model is, on a simplistic level, described as “models that are used to describe or prescribe how design 

is or should be (carried out), which we call models of design”. (Chakrabarti & Blessing, 2015). 

Formal definitions of a “model” range from the succinct, such as “simplified, idealised representation” 

from Maier et al. (2014), and “an interpretation of a target system, process or phenomenon” from 

Goel and Helms (2014), right through to more complex definitions such as the definition from 

(Stachowiak, 1973 in Lindemann, 2014), which defines models as having three important 

characteristics:  

● Transformation of the attributes of the original into the attributes of the model 

● Reduction of the number of attributes from original to model 

● The pragmatic characteristics of purpose, users and time frame of usage 

The author, therefore, ascribes a model definition and format to the proposed new innovation 

method, and ascribes to the definition of a model set out by Goel and Helms (2014), which defines a 

model with the goal of: 
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“productively constraining reasoning by simplifying complex problems and thus suggest a course of 

analysis” and thus “serving as tools both for specifying and organising the current understanding of a 

system and for using that understanding for explanation and communication”.   

A number of authors note that a theory or model should have broad scope, therefore accounting for 

“both the similarities and the differences between them, across products, companies and industries” 

(Eckert and Stacey 2014), and to also  

“provide a broader set of aspects of designing” thus “explaining communication in design as an activity 

by many individuals covering various possible types of reasoning in design (e.g. plausible reasoning), 

making sense of the never complete particular starting point of design, and providing aesthetical 

considerations in design” (Koskela et al. 2014). 

As the proposed innovation method is a framework to constrain and support innovation and reasoning 

by providing simplified support and guidance, via an intuitive visual structure, while providing 

guidance on the selection and use of key tools and methods in the area of innovation,  it, therefore, 

meets the conditions to be classified as a model. 

Model Validation 

In order for a newly developed methodology to be accepted to be working & feasible, it must be 

scientifically verified and validated. The process of verifying the proposed design methodology 

requires that the internal logic of the methodology is consistent, with the process of validation proving 

that the methodology will provide the desired output effectively and efficiently. 

The proposed innovation model should be as complete and logically consistent as possible (Eder 

2014), empirically accurate (Vermaas 2014), based on testable hypotheses (Goel and Helms 2014) and 

have clarity of explanation (Koskela et al. 2014). While these requirements define the overall structure 

of the model, an innovation model should therefore also meet “the usual criteria of a descriptive 

science (e.g. truth, completeness, level of detail) but also the criteria of usefulness and timeliness” 

(Weber 2014). Usefulness is required in the proposed model, as it must provide benefit to future users, 

in streamlining, enhancing and supporting their innovation activities, but according to Vermaas (2014), 

“Usefulness needs testing” and therefore “should be the focus of the validation of methods, models 

and theories in design [as validation] is a process of building confidence in their usefulness” (Gero and 

Kannengiesser, 2014).  
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Validation Methods 

In Melville et al. (2016), a new model (TiV- Model) was developed as a Complex System Engineering 

(CSE) design methodology for use in complex systems industries with a focus on spacecraft and 

satellite development.  A part of the process, a review of the potential validation methods for these 

sorts of design methodologies was undertaken. It was noted by Melville et al. (2016) that research 

into the validation of models in the area of engineering design methodologies is somewhat rare. 

Therefore, only three potential models were suitable for use in the validation of their proposed TiV 

model. These three validation approaches are also suitable for the validation of the newly developed 

model in this research, and therefore the three suitable models considered for validation of the 

“Applied Innovation Methodology” derived from this research are: 

Technology Acceptance Model (TAM) 

The Technology Acceptance Model was developed as a way of validating tools, models and methods 

from a usability perspective and was specifically designed for the validation of computer systems but 

has the ability to be expanded for general use. The TAM approach focuses on the acceptance of a 

proposed model by the measurement of the user’s intentions; thus, the perception of use, therefore, 

quantifies the validity of the method in question (Davis et al., 1989). As the proposed methodology 

focuses on the innovation process and the generation of new concepts and ideas, it is difficult to 

measure the user's intentions due to the large variability in scope, field and intention in the innovation 

space.  

Method Evaluation Model (MEM) 

The Method Evaluation Model is a method that has its focus rooted in the validation of design models 

and methods for the information systems field (Moody, 2003).  

The validation process is comparable in many ways to the TAM approach, but the focus is not on user 

intention provided validation, but on validation by user perception in order to achieve projected 

performance estimates. However, due difficulties in setting projected performance metrics for 

innovation processes, the limited case study evidence supporting this model’s success, and a need for 

a more solid evaluation structure, this model was deemed unsuitable.  

Validation Square 

The method that was ultimately chosen to validate the TiV-Model and was also chosen by the author 

to validate the methodology developed in this research was the Validation Square (Pederson et al., 
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2000). This validation model is specifically used to demonstrate the validity of design methods by 

scrutinising the method in four key areas, as shown in Figure 156.  

 

Figure 156 The Validation Square (Pederson et al, 2000) 

The Validation Square was chosen to validate the developed methodology due to its suitability for use 

in the closely related field of design. It was developed for the purpose of evaluating design methods; 

therefore, the conditions for validation are much more stringent than the other listed validation 

approaches, with the added benefit that the Validation square has also validated itself (Pederson et 

al., 2000). This validation of the Validation Square itself utilised the theory behind the method and the 

empirical data achieved from experiments to verify the method’s structure and validate its 

performance. 

Validation of a new methodology is achieved by challenging the methodology with six logical 

statements that must be proven true for the proposed model to be considered valid. These six logical 

statements are defined by Pederson et al. (2000) as: 

1. The individual constructs of the method(ology) are valid.  

2. The method(ology) construct is internally consistent.  

3. The example problems are relevant to the method(ology).  

4. The method(ology) is useful to the example problems. 

5. The usefulness is a result of applying the method(ology).  

6. The method(ology) is useful beyond the example problems.  

It is proposed that these six statements have been proven true across two completed experiments, 

and 1 proposed confirmation experiment. Statements 1–3 have been demonstrated true in an 
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uncontrolled natural experiment, which shows that the methodology is designed to be used in the 

area of Innovation, creation of new ideas and development of said ideas. Statements 4 and 5 were 

demonstrated true in a Heuristic Comparative Survey, designed to prove the usefulness of the 

methodology compared to another successful innovation methodology (Design Thinking). 

The final statement is justified in the Validation Square as a “leap of faith”, per Melville et al. (2016). 

As statement six deals with usefulness beyond the example problems, it falls outside the scope of the 

study, and thus will be confirmed via use in other areas, fields and by other users after the completion 

of the thesis. Therefore, the method allows this “Leap of Faith”, and accepts that once the other five 

statements have been proven true; the methodology is as good as valid. It is proposed that this model 

will be applied to other problems, areas and fields after the completion of the thesis as an area for 

future research, thus in the future proving the methodology’s effectiveness. 

Test 1 – Uncontrolled Natural Experiment  

The natural experiment was a means of showing that the developed model is capable of its core 

function of supporting the process of innovation in “Non-Innovation Expert” users, or users that were 

unfamiliar, inexperienced or new to the creation of new innovative ideas. Thus, proving the 1st, 2nd & 

3rd statements of the Validation square. Therefore a single user test is sufficient in proving that the 

proposed method is capable of its core function of supporting innovation activities.  This was the first 

soft implementation of the methodology in a real-life scenario, with the purpose of obtaining initial 

usage data and feedback from the users. A simple experiment, based on the validation experiments 

completed by Melville et al. (2016) and Pederson et al. (2000), was completed during which a 

validation test was undertaken, during which a 3rd party Non-Expert (In innovation practices) used the 

base innovation framework over a number of hours to guide their innovation journey. A post-project 

feedback survey was completed by the users to obtain functional usage, feedback and future 

development insights. This feedback was used to improve model usability. 

Test 1 Results 

A 3rd party non-expert user utilised the Double Helix Innovation method and applied it in practice to 

an old technology idea they worked on previously. The process started by looking at smart pet 

technologies for the home user and begun the Discover stage. During the process, a number of the 

integrated tools were used at each stage, mainly the Ecosystem Map, Brainstorming Process and 

Interview Stage. The user's previous work on the project, namely the functional prototype & 

Promotional materials, were also evaluated with ideas generated for further improvement. Some of 

the generated content can be seen below in Figures 157 - 163. These images show the output notes 
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of the initial ideation exercises arising from the Discovery stage (Figure 157 & 158), the output notes 

from the Define stage of the process (Figure 159), the output generated by the use of the “Business 

Model Canvas” tool as recommended under the Design phase (Figure 160) and resultant generated 

prototype hardware and marketing materials produced from the Disseminate phase (Figure 161, 162 

& 163). These materials were produced by the “Non Expert” users, following the proposed 

methodology. 

The natural experiment showed that the developed model is capable of its core function of supporting 

the process of innovation in “Non-Innovation Expert” users, or users that were unfamiliar, 

inexperienced or new to the creation of new innovative ideas, thus proves the 1st, 2nd & 3rd statements 

of the Validation square as per Melville et al. (2016). 

 

Figure 157 User Developed “Discover” Notes 1 
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Figure 158 User Developed “Discover” Notes 2 

 

Figure 159 User Developed “Define” Notes 3 
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Figure 160 User Developed “Design” Notes 4 

 

Figure 161 User Developed Prototype 
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Figure 162 User Developed “Dissemination” Content 1 

 

 

Figure 163 User Developed “Dissemination” Content 2 
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User Feedback 

Basic user feedback was gathered via an online survey tool which assessed the user’s interaction, 

opinions and recommendations for the utilised process. The user feedback survey can be found in the 

Thesis Appendices, with it asking the user their experience in the area of innovation, other 

methodologies they have used previously and their feedback on the Double Helix Innovation method. 

The user had previously used the Design Thinking approach, therefore gaining a basic understanding 

of the process. The user confirmed that they felt more confident in an innovation-related project after 

using the proposed Double Helix method, with the user willing to use the methodology in the future. 

The user-provided feedback on the method, with them liking the inclusion of the stage reviews, the 

5W1H questioning structure and the review gate process. They found the 5W1H support questions 

beneficial and liked the list of tools for the brainstorming process, in particular, the ecosystem map. 

The noted that some of the 5W1H questions were confusing at some stages and that they had to keep 

returning to look at the review gate support page, with the suggestion of more tools at each stage. 

This feedback will be incorporated into future updated versions of this process. 

The user feedback, while indicating some areas of improvement, showed that the user found the 

process easy to use, comparable to Design Thinking and was successful in supporting their innovation 

activities. This success in supporting their innovation process validates that this method does indeed 

support the process of innovation. 

Test 2 – Heuristic Comparative Study 

The second experiment aimed to prove the 4th and 5th statements of the Validation square. The newly 

developed methodology can be proven to be useful to the target problem by comparing its 

“Usefulness” and “Usability” to that of an existing successful model. A number of questions were used 

during this approach, including: 

● What variables constitute usefulness and usability in an innovation context? 

● What successful methodologies are valid for comparison? 

● How can an experiment be designed to gather relevant insights? 

  In order to test the model’s usefulness and usability, the previously completed Heuristic Assessment 

formed the base for this testing, with the Heuristics used seen below in Table 14. These acted as the 

defining characteristics of what usefulness and usability mean in this context. The “Design Thinking” 

methodology was chosen as the reference method, due to its popularity and use in the innovation 

space.  
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The Heuristic review process was repeated by both expert & non-expert users, targeting the 

respondents from the earlier methodology survey using a similar online assessment medium. These 

respondents were asked to compare the newly developed methodology & an already proven 

methodology (Design Thinking), with the nine utilised Heuristics; respondents were asked to compare 

both methods, using the Heuristics as a guide, to ultimately prove its usefulness and usability from a 

beginner’s perspective. As discussed, in Chapter 3, there may be some inherent bias arising from using 

the baseline Heuristics as validation criteria.  Per Nielsen’s approach (Brooks, 2019) these criteria were 

established for this research, thus aligning to the evaluation goals of this work. The author expects 

that the effect of this inherent bias arising from the use of these evaluation criteria which were 

developed in the initial stages of this process, can be minimised by rigid application of the criteria 

(which were develop before the evaluation or methodology development process began) through the 

process. It is expected that any bias given towards the Double Helix methodology will be countered 

by the significant development, review and experience garnered by the Design Thinking process over 

its years of use. In this case, the Validation Square approach requires comparison against a method 

which the field accepts as proven (Design Thinking) and as such the impact of any inherent bias will 

not influence its validity.  

Table 14 Nielsen Related Heuristics 

Heuristic Name Related Nielsen Heuristic 

1 Ideation 3, 5 

2 Research 5,7, 

3 Prototyping 3, 5, 

4 Practical Testing 3, 5, 7 

5 Ease of Use 1,2,3,4, 5, 7, 8, 10 

6 Cyclability 3, 4, 5, 6, 7, 9 

7 Staged Evaluation 1,3, 4, 5, 7, 9, 10 

8 Visual 1,4, 6, 8, 9 

9 Technical Complexity 2, 3, 6, 10 

 

In order to be accepted as been proven “Useful” and “Usable”, the newly proposed innovation 

methodology must be rated similarly to design thinking for the main stages of the innovation process 

(Ideation, Research, Prototyping & Testing), and for the five heuristics (Ease of Use, Cyclability, Staged 

Evaluation, Visuals & Technical Complexity) that deal with usability and utilisation of the innovation 

methods from a beginner’s perspective.  
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In addition, a phenomenological element is included in this survey, aimed at gathering insight on the 

experiences and perceptions of individuals from their own perspectives, and therefore challenging 

structural or normative assumptions of the model. (Lester, 1999).  

As per the previous survey section, Morse (1994) suggests at least 6 participants in studies where one 

is trying to understand the essence of experience, 30-50 participants for ethnographies and grounded 

theory studies, while Creswell (1998) suggests 20-30 participants for grounded theory studies. This 

test is more of a Phenomenology assessment, the study of experience from the perspective of the 

individual, identifying assumptions and usual ways of perceiving the proposed method. Therefore, a 

target sample size of at least six respondents was chosen, with additional respondents only serving to 

improve the qualitative feedback. The same targeted demographics as the previous heuristic survey 

were targeted.  

The Heuristic Comparative Study thus showed that the developed model is proven to be useful to the 

target problem by successful measurement and comparison of its “Usefulness” and “Usability” to that 

of an existing successful model, in this case, Design Thinking. Respondents confirming that the newly 

developed model compares or exceeds Design Thinking in a number of areas, thus prove the 4th and 

5th statements of the Validation square. Therefore, the newly developed methodology, Double Helix 

Innovation Method (or DNA Method) can be proven to be useful under the criteria of the Validation 

Square approach.  

Test 2: Results 

All responses can be found in full in the Appendices. 

In total, 21 responses were recorded, with 71.4% considering themselves experienced in the area of 

innovation, while 28.6% did not consider themselves experiences in the area (Figure 164).  

 

Figure 16364 Experience Levels of Respondents 
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A wide selection of professions was indicated by respondents, with the majority based in the STEM, 

Design or Business fields, including Professors, Designers, Entrepreneurs, Engineers and Tech 

company founders. The only common profession was student (19% of respondents), with these 

respondents making up the majority of the respondents who are inexperienced in the area of 

innovation.  

85.7% of respondents have used an innovation methodology before, with only 14.3% having never 

used an innovation methodology before (Figure 165). 

 

Figure 16465 Respondent Prior Knowledge of Innovation Methodologies 

When asked to name these methodologies, respondents mentioned a number of methods including 

Agile, Design Thinking, Lean, Design Sprints, TRIZ, Adapted models, lifecycle and Six Sigma. These 

methods were previously included in the collected methodology list used to develop the new model, 

thus further validating their inclusion in the research body.  

In order to validate the newly proposed Double Helix model (A working name of “The DNA Method” 

was used), it was compared by respondents to the basic Design Thinking Methodology. The design 

thinking methodology used was the basic Design Thinking methodology, via the “Introduction of 

Design Thinking Process Guide” by the d.school (Hasso Plattner Institute of Design at Stanford). 

Respondents were supplied with the Heuristic evaluation criteria, (Figure 166), along with copies of 

the “Introduction of Design Thinking Process Guide” (Figure 167) and the Double Helix Innovation 

Methodology discussed in previous sections.  
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Figure 16566 Heuristic Evaluation Checklist 

 

Figure 16667 An Introduction to Design Thinking Process Guide (Hasso Plattner, 2019) 



265 
 

Respondents compared the Double Helix method with the Design Thinking method, comparing them 

on the same heuristic metrics used in this research. Users ranked the methods on a scale of 1 (Very 

Poor) to 5 (Very Good), with the complied results for both methods shown below.  

Figure 168, shows that the Double Helix Method (DNA Method), was rated comparable to that of the 

much more developed & widely known Design Thinking method (Figure 168). The Double Helix 

method matched or exceed Design Thinking in all measure, bar one (Ideation). This may be due to the 

fact Design Thinking has a named “Ideate” stage, with many people aware of the ideation steps 

involved in Design Thinking. The Double Helix method was compared similarly to Design Thinking in 

the areas of Prototyping and Ease of Use and rated higher (in some cases significantly) in the areas of 

research, Practical Testing, Repeatability, Staged Evaluation, Visual and Technical Complexity.  

 

Figure 16768 User Comparison Results 

Further analysis on the results showed that when compared on the stage based elements of each 

process, the Double Helix method closely matched Design Thinking (Figure 169), with both methods 

marginally exceeding the other in 2 areas each. Design thinking exceeded the Double Helix method in 

the areas of Ideation & Prototyping, which may in part be due to the fact that the Design Thinking 

process includes specific sections named “ Ideate” and “Prototype”, resulting respondents rating it 

higher in these areas. While variation occurred, the similarity in the ratings between both methods 

strongly suggests that the Double Helix method is at least as functional as the Design Thinking method.  
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Figure 16869 User Stage Results 

On the usability measurements, respondents rated the Double Helix method similar or higher in all 

areas. It was rated equal to Design Thinking in the “Ease of Use” criteria, then exceeding Design 

Thinking in all other measures including Repeatability, Staged Evaluation, Visuals and Technical 

Complexity.  These ratings again show that users rated the Double Helix method closely against Design 

Thinking. The similarity in the ratings can be seen in Figure 170.  
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Figure 1690 User Usability Results 

While the methodology was designed for us by non-expert users, expert user feedback was also highly 

valued due to their familiarity with both other innovation methods but also their operational 

innovation experience. On analysis of the results of the comparative survey, separation of feedback 

from both user groups was required. While the ranking of each method between both user groups 

was broadly similar, as seen below in Table 15, a number of differences occurred.  

For expert users, Design Thinking ranked notably higher in Prototyping, while the DNA method ranked 

notably higher in Repeatability, Staged Evaluation and Technical Complexity. The higher prototyping 

score for Design Thinking may arise for the presence of a clearly named “Prototyping” stage in the 

process, while the higher scores for the DNA may arise from the structural layouts built into the 

system.  

As the proposed method was developed for non-expert users, their feedback proves greater insight 

into the assessment of both methods. The non-expert feedback ranked Design Thinking notable higher 

in the Ideation stage, possibly due again to the presence of a clearly named “Ideation” stage. Design 

Thinking ranked higher on the “Ease of Use” metric, indicating a need to improve the visual and 

supplementary supports provided by the DNA method. Similar high ratings for Repeatability and 

Staged Evaluation were also achieved for the DNA method.  
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An interesting insight arising was the higher ranking from experts in Technical Complexity for the 

Design Thinking approach when compared to the non-experts. This could be due in part to higher 

levels of training from expert users and indicates strong support for the use of the DNA method in 

new non expert users. These results are good early indicators for the DNA method, showing a 

preference from non-expert users but also indicate areas for improvement when compared to the 

much older more developed Design Thinking process.  

Table 15 Comparative Expert vs Non Expert Feedback 

 Expert Users Non Expert Users 

 Design Thinking DNA Method Design Thinking DNA Method 

Ideation 4.00 4.00 4.17 3.50 

Research 3.80 3.87 3.50 3.83 

Prototyping 3.73 3.53 3.83 4.17 

Practical Testing 3.60 3.87 3.67 3.83 

Ease of Use 3.60 3.73 4.17 3.83 

Repeatability 3.40 4.13 3.50 4.33 

Staged Evaluation 2.87 4.40 3.17 4.00 

Visuals 3.53 3.60 3.50 3.83 

Technical Complexity 3.00 3.53 3.00 2.83 

 

In addition to the rating and comparison of the methods above, the respondents offered a number of 

comments and suggestions to further enhance both methodologies.   

Design Thinking Feedback 

Feedback on the Design Thinking process indicated a number of positives and negatives, which are 

discussed. The visual nature, usability, popularity and clear process outline was highlighted, but the 

lack of tools, difficulty in repeating stages, too much text and the fact beginners may struggle without 

a facilitator. These points arose through the following comments: “Is necessary to get to know this 

method is used in almost all the innovation hubs”,  “The iterative nature of user testing always works 

well, putting the user at the heart of the solution”, “Clear Process but hard to repeat stages”, “Limited 

tools provided”, “A bit too much text”, “Great concept for user experienced with innovation and 

design”, “Beginners may struggle without a facilitator”, “No visual guidance on how or when to repeat 

stages of the process.” 
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The foundation nature of design thinking was highlighted, but the lack of practical aspect raises 

questions to its real-world application along with the targeting of the “middle” user was raised , along 

with no “checks and balances” integrated into the process to capture ideas. These points arose 

through the following comments: ”Design thinking provides a good foundation for starting but misses 

a huge amount of practical aspects and actions to make it valuable in a real-world setting.”, “Like most 

methods in practice today, these processes are designed to satisfy the middle rather than the fringe. 

Many are left out of the experience and the opportunity to reveal insights from those individuals is lost. 

There are no checks and balances built into the method to ensure the capture of ideas across a wide 

range of users with a wide range of abilities.” 

Questions arose regarding the priority of stages, and what stages users focus on during the process. 

This is highlighted via the time consuming “Empathize” stage, which is often neglected as users rush 

to the creation stages while not ensuring they are asking the correct questions to garner the 

appropriate insights. While repeatability is important, questions were raised over if people use it 

effectively in the process. These points arose through the following comment: “D. School's design 

thinking process is really useful to create new ideas and receive different perspectives for a specific 

topic, However, "empathise" process requires time consumption, but people want to complete the 

process, and they do not spend enough time to understand the customers. Because of their "time 

limitation," they do not create the right questions. Even it is a circular process; they need to spend time 

on research for the topic, if the people who are applying the process are not experts on the topic, user 

research will not be beneficial for the idea or product, service development. Repeatability is important, 

but sometimes people do not use the method efficiently.” 

 

Double Helix Method Feedback 

Feedback on the proposed Double Helix Method indicated a number of positives and negatives, which 

are discussed.  

The ease of use, visual design, support in moving forward and back through the process and 

integration of review stages were highlighted, while more tools were requested, along with less 

complex wording. These points arose through the following comments: “Very easy to use”, “Colour 

and review gates really caught my attention”, “Visuals supported moving back and forth between 

stages”, “Clear to understand the process”, “Review stages were great”, “Add more tools and guidance 

on their use” and “Fewer words would be better.” 
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The initial focus on the Discovery stage was noted as helping to understand the targeted area, with 

support for the use of the 5W1H method of questioning, but additional training was raised to help 

understand the visual aspect of the method. These points arose through the following comments: “I 

think discovery process is important with the 5W1H method, in comparison with other methods, the 

good part is trying to start with the problem definition and then brainstorming. Usually, people try to 

apply these methods on a specific idea, but in that scenario, it is beneficial to start with the discovery 

process, so people could concentrate on the ideas after having an insight on the specific topic”, and 

“Providing actions and alternatives is a useful addition. I would advise training prior to the use of this 

model to understand the visual aspect”. 

While there was early support for the use of this method, respondents also discussed areas for 

improvement, including the concept of a digital application as a means to utilise the Double Helix 

method was highlighted, guiding users through the process and formatting the project outcomes, as 

was further development into the visual design of the methodology. These points arose through the 

follow-up comments: “Haven't seen this before but I prefer it already to design thinking, offering clear 

sub-steps and showing the need for restarting steps is important” and “it would be amazing having a 

design methodology app that guides you and provide the necessary formats in the process”.  

Comparison Feedback Summary 

The goal of the heuristic comparative study was to validate the developed Double Helix methodology 

against Design Thinking through fulfilling the requirements for validation via the Validation Square 

approach. The qualitative user feedback received will form a core part of the further development of 

the methodology, through integrating this feedback and updating the method iteratively. The 

feedback from survey respondents was varied, sometimes conflicting and therefore difficult to 

integrate without further investigation which was beyond the scope of this research. An additional 

round of comparative feedback is planned for future work, during which more detailed operational 

user feedback will be sought to further enhance the Double Helix methodology.  
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Validation Process Summary  

Validation of a new methodology was achieved by challenging the methodology with the six logical 

statements that make up the Validation Square approach (Pederson et al., 2000). This approach 

validated the model via Uncontrolled Natural Experiment (proving the 1st & 2nd statements), and the 

Heuristic Comparative Study (proving the 3rd, 4th & 5th statements). The final statement, as per Melville 

et al. (2016), is taken as a “leap of faith”, as it deals with applications beyond the example problems. 

This is in effect application by others, for use in their own innovation activities, fully removed from 

this research, and as such it falls outside the scope of the study and thus will be confirmed via use in 

other areas, fields and by other users after the completion of the thesis. Therefore, the validation 

method allows this “Leap of Faith” and accepts that once the other five statements have been proven 

true; the methodology is as good as valid. Therefore, this methodology is considered to be verified 

and validated under these conditions. 
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Chapter 7: Conclusions and Recommendations 

7.1 Introduction 

Having explored the field of innovation methodologies through the exploration, analysis and 

improvement of the currently utilised and promoted methodologies for innovation in the fields of 

STEM, Business and Social impact, this final chapter contextualises the work, examines the proposed 

research questions, outlines the contributions to knowledge, discusses possible future work in the 

domain of innovation methods and finally draws the main conclusions together. 

7.2 Contextualising the project output 

The end goal of this research was to develop improved innovation methodologies for applied use by 

more sectors of society, under the research question “How can currently utilised innovation 

methodologies be improved to increase the access, outcomes and potential of a greater number of 

sectors in society?”.  

Therefore, the proposed “Double Helix” innovation method was developed for use with the “non-

expert” user in mind, or user who despite having their own inherent skills, expertise and knowledge, 

are not familiar with the processes involved in innovation projects. While the focus was on the non-

expert users, the proposed method was designed to be flexible, inclusive of a range of tools and 

processes, be modifiable for field, stage and skill level, allowing its use by all level of user, from pure 

beginners to seasoned innovation professionals. 

This research sits in the field of innovation methodologies, with input from the fields of STEM, Business 

and Social Impact, connected via disruptive technology and the Open Source concept. Arising from 

the authors grounding in engineering, the proposed  “Double Helix” innovation method should be 

viewed with a “Beginners Mindset”, or through the eyes of a person new to the area of innovation, 

who seeks guidance and support on the exploration, processes and tools needed to bring new 

innovations into existence.  

The proposed method has its roots in Design Thinking, with inclusion and modification of the process 

staging as influenced by the numerous 5D based innovation methods. The staging and terminology 

used during these stages was adapted to increase the accessibility of the model. Additional supports 

and design elements were added to enhance the model capacity to support iteration, progress 

reviewing, and flexible tool selection, along with both user and field adaptability.  

Like all innovation methods, the proposed “Double Helix” methodology, and accompanying praxis, is 

evolutionary, and will grow, adapt and evolve with increased utilisation; thus it was designed to 

change, both with the user and as a methodology, allowing the method itself to also “innovate”.  
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The methodology acts as the first stage of an innovation journey, supporting the user in what can be 

a complex process. The accumulated research, proposed methodology and praxis are presented as an 

answer to the proposed research question.  

7.3 Research Questions 

In addressing the improvements possible in the field of innovation methodologies, one main and three 

sub research questions were asked. The main research question was: 

● “How can currently utilised innovation methodologies be improved to increase the access, 

outcomes and potential of a greater number of sectors in society?”.  

While the three sub-questions arising from this main question were: 

● What are the key strengths & weaknesses of currently proposed innovation methodologies? 

● What are the factors that influence successful innovation actions? 

● How can these improved methodologies be applied to more people via the use of disruptive 

technologies?  

Starting with the main research question of “How can currently utilised innovation methodologies be 

improved to increase the access, outcomes and potential of a greater number of sectors in society?”, 

the findings from the research indicate that currently utilised innovation methodologies can be 

improved in a number of areas. The first main area of improvement is in the flexibility of the 

methodologies to adapt to an ever-changing number of variables.  

Methodologies must have the inbuilt ability to adapt to the changing world around them, to adapt to 

the skills and experience of the user,  to a rapidly evolving problem in an ever-changing field, or even 

to a multifaceted field of application which continuously evolves through the rapid growth of 

interdisciplinary and multidisciplinary collaborations. They also must have the ability to adapt to the 

needs of a large user base, with varying levels of education, experience or skills, the users must have 

the ability to apply the method in practice. This results in the need to minimise complex language, 

prioritise the use of visual supports internally in the method and recognise the need for an increase in 

the diversity of who we considered “innovators”.  

The methods must prioritise simplicity, without compromising utility, with an emphasis on non-

complex evolving methods that can be tailored to the user. The process of innovation is complex, 

characterised by continuous failure, which in itself can be a huge discouragement to “non-expert” 

users.  
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The methodologies themselves, therefore, must be inviting, non-complex and open to new users from 

the outset. In addition, the transition between stages of innovation methodologies must be smooth, 

with processes for the capture of information between stages, both forwards and backwards. 

Directionality is important, as the stages of innovation may need to be repeated; thus, both forward 

and backwards transitions are required. This multi-directional capture of information ensures that no 

idea is lost between stages of an innovation process.  

This multi-directionality of an effective innovation process is, in essence, the process of iteration. 

Effective innovation methods must be highly iterative. The process of iteration, the development, 

prototyping, testing and evaluation of ideas on a cyclical basis forms the core of any developmental 

process. The process of iterating ideas, along with strong tools to support the process, to capture and 

review ideas, is a very important aspect of an optimised innovation methodology. Guidance on not 

just the iteration process, but also the start & end points of the process, how to integrate external 

influences, stage transitions and the effective use of innovation tools is also required. Guidance is 

required by all users of an innovation process, but particularly by “non-expert” users or users new to 

the process of innovation. This guidance should be clear, simple and supportive, allowing the users to 

effectively utilise all stages, tools and elements of an innovation methodology.  

Iteration is core to all innovation processes, as is a focus on user involvement. The most effective 

processes, and their resulting innovations, arise from iterative processes that involve the imagined 

user of the innovation. In order to effectively utilise user input, they must be involved at all stages of 

the process, from discovery and ideation to testing and dissemination. The best methods place a 

significant focus on the regular and timely use of prototypes for testing. These prototypes, regardless 

of how they are produced, have a large impact on the testing of new innovations. This strong use of 

prototypes leads to much higher levels of potential user feedback, this resulting in a greater quantity 

and quality of innovative ideas and solutions.  

The first sub-question of  “What are the key strengths & weaknesses of currently proposed 

innovation methodologies?”, led to the generation of a number of strengths and weaknesses for the 

currently proposed innovation methodologies. These aspects were discussed above, but in summary, 

strengths include flexibility to adapt, simple multistage process structures, high levels of iteration and 

clear guidance during all stages of the process. Weakness in the collected methodologies included 

overly complex visual representations, lack of clear guidance during and between stages, structures 

that discourage iteration, a lack of situational assessment and creativity limiting restraints built into 

the process. These assessed strengths and weaknesses supported the creation of the proposed 

“Double Helix” innovation methodology.  
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The second sub-question of  “What are the factors that influence successful innovation actions?”, 

was more nuanced with a number of associated factors influencing successful innovation practices. 

The influencing factors covered a range of topics, but a standout factor was the interaction of the 

planned end-user of the product. The concept of Human-Centred Design, and the ability to integrate 

user feedback early in the innovation process, aided by crowdsourcing methods, social media 

feedback and accessible rapid prototyping, were a core factor that influence the success of innovation 

actions. Another core aspect was a tendency towards “openness”, supported by the impact of the 

open-source concept, in successful innovation actions. Openness to external influences, research, 

technologies and collaborations, across fields, sectors and boarders, has allowed the most efficient 

creation of a huge number of innovations in recent times. This openness to external input was a key 

influencing factor in successful innovations. The final major influencing factor was the priority placed 

on iteration during innovation activities. As discussed previously, iteration is a vital element to all of 

the most effective innovation processes; therefore, the successful development of innovative ideas is 

greatly supported via increased levels of iteration at every stage of any chosen innovation process. 

These three major influencing factors all lead to improved innovation actions.  

The final sub-question of  “How can these improved methodologies be applied to more people via 

the use of disruptive technologies?” resulted in a indicated move towards simplicity in operation of 

these new methods, distribution via open-source principles and integration with the digital 

technologies that dominate all the industries assessed. All of the assessment methodologies were 

developed for delivery via guide, workshop or image, with little in the way of integration of digital 

systems as a core part of the process. The proliferation of digital systems into people lives, in 

particular, connected smartphones, offer huge potential for the development of a technology 

integrated innovation methodology. It is envisioned that distribution of the developed methodology 

will be undertaken in an open-source manner, making it available to all users, thus facilitating its use, 

feedback on operations and therefore continued iteration of the method itself. Adaptation of the 

methodology for distribution and interaction via digital systems will be investigated in future research.  
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7.4 Contributions to knowledge 

An emergent design mixed methods approach was utilised, allowing the research to form organically 

as the work progressed, highlighting new areas of inclusion and research, via convergent research 

principles. An initial literature review set the basis of the research, with a topology of current 

innovation methodologies produced, mapping, and classifying the fields development over time into 

various sectors, subsets and categories. This topology forming the basis of a three-step review and 

assessment process to highlight the key methodologies in the field. This assessment, consisting of a 

bibliometric keyword analysis, heuristic assessment of the methodologies and an expert user feedback 

survey, was completed thus combining insight from both the literature, the researcher and experts in 

the practical use of innovation methodologies.  

These review stages produced a refined list of highly rated, impactful innovation methodologies in the 

field, thus allowing the use, assessment and evaluation of the methods, their use and their core 

features by the researcher.  This work identified a number of key aspects to successful innovation 

methodologies, thus setting out the groundwork for the development of a new form of innovation 

methodology. This allowed the development of both a methodology and praxis for innovation, 

developed for the “non-expert” user, prioritising these key areas.   

The contribution that I offer to the field of innovation methodologies is a review and assessment of 

current innovation methodologies, the areas required for improvement influenced by application, 

review and expert user feedback. Moreover, this thesis offers a new applied innovation methodology, 

the “Double Helix Innovation” method, influenced by the best aspects of current methods, to act as 

an easier to use, flexible methodology to allow more people to innovate and create solutions to 

today’s interdisciplinary problems.  

Thus, this thesis offers considered theoretical insights into the practice and process of innovation, 

what supports are necessary in the modern world and experienced insight into the practical 

application of these methodologies in the areas of Science, Technology, Engineering & Maths (STEM), 

Business and Social Impact. By combining quantitative and qualitative elements, research and expert 

users insights, I proposed a new methodology, and accompanying praxis toolkit to support the next 

wave of innovation practice.  

In summary, this PhD puts forward a new improved innovation methodology and praxis toolkit, to 

allow users to create, innovate and develop solutions to problems in different fields, with different 

tools and at different levels of experience.  

 



277 
 

Therefore, the original contributions to knowledge stemming from this research are as follows: 

● A topography of impactful innovation methodologies in the fields of STEM, Business and Social 

Impact. 

● An evaluation of the advantages and disadvantages of the most popular innovation 

methodologies 

● A newly developed impactful applied innovation methodology, the “ Double Helix Innovation” 

Method 

● An accompanying set of internal and external tools in the form of a praxis & toolkit to support 

the use of this new methodology. 

● Validation and Verification of the newly proposed methodology as a method to support the 

process of innovation.  

7.5 Limitations & Future Work 

While the research achieved the stated goals, a number of limitations of the proposed “Double Helix 

Innovation” methodology were highlighted during testing and feedback of the methodology. As the 

innovation process itself is highly iterative, these limitations indicate areas in which to focus to 

improve further improve and enhance the methodology. This section outlines recommendations to 

overcome these limitations, thus further improve the proposed methodology.  

User Experience Design 

While the initial feedback and testing of the model verified and validated the methodology, by way of 

the Validation Square method, user feedback indicated a number of areas of improvement in the area 

of user experience design. Usability of the colour ways used in the model were questioned, indicated 

a difficulty for those suffering from variations of colour-blindness to distinguish the directions and 

flow of movement in the methodology. Reduced sensitivities to red light (protanomaly), green light 

(deuteranomaly) and blue light (tritanomaly) can result in issues differentiating between the colours; 

thus, an assessment of the colourways used is required. Interactions with a number of graphic design 

professionals is underway, to refine the visual aesthetics of the proposed methodology. A number of 

initial design proposals are in development with external designers, with examples seen below in 

Figures 171 & 172.  



278 
 

 

Figure 170 Proposed Design Concept 1 (Tara O’Neil) 

 

Figure 171 Proposed Design Concept 2 (Lisa Montanari) 
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Similarly, an overall assessment of the User Experience (UX) design of the methodology is required to 

ensure its optimised for use and functionality form all users. The User Experience Honeycomb 

(Morville, 2004), was developed to help designers understand the need to move beyond usability and 

develop high-quality user experiences. This Honeycomb, as seen below in Figure 173, sets out the key 

requirements for true user-friendly experiences, increase usability and impact but outlining the key 

elements of good user experience that is Useful, Usable Desirable, Findable, Accessible, Credible and 

Valuable.  

 

Figure 17273 User Experience Honeyomb (Morville, 2004) 

Additional Classification of Tools 

Additional access, recommendations and support regarding innovation tools were requested, thus 

leading to the requirement for further classification, streaming and grouping of the most impactful 

tools for each field, innovation goal and even group structure. An example would be the further 

refinement of tools sets to cover the type of innovation sought, either a Product, Service or Process, 

in each of the three core areas of STEM, Business and Social Impact, as in Figure 174.  

 Investigation and testing into additional methods of classifying these innovation tools, with a view to 

provide more targeted tool lists to users, and development of methods to recommend tools sets, and 

even automatically adapt the methodology itself to the targeted area is recommended.  

 

Figure 17374 Additional Classification of Tool Sets 
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Additional testing  

As the innovation process, and the method itself are iterative in nature, additional testing in a wide 

variety of fields, by a broad selection of users to tackle a large selection of diverse problems would 

enhance the overall process. This iterative process itself will encourage development through the 

open-source distribution of the “Double Helix Innovation” method and integration of the 

methodology into the core work of both the author and their collaborators.  

The external promotion, discussion and publication of this method will be undertaken to further 

circulate its use with the goal of soliciting user feedback. Direct application in developing regions, by 

“non-expert” users will be prioritised to further increase the accessibility, usability and distribution of 

the method.  

Characteristics of an “Innovator” 

Through the research, a number of interesting characteristics of an “innovator” emerged. These 

characteristics influenced many of the world’s most impactful innovations and the processes 

associated with delivering them. The area of intellectual curiosity appeared as a driver for innovation 

activities, with some methods actively encouraging curiosity towards external solutions, alternative 

fields and non-related applications. On the other hand, some methods restricted users to specific 

fields, niche areas, or to highly linear processes, thus limiting intellectual curiosity and potentially 

innovative outcomes. Further research into built-in elements aimed at supporting and enhancing the 

actions and process of human creativity would be beneficial to enhance these innovation methods.  

Digital Interaction 

The final area of future research is in the area of digital interaction with these innovation 

methodologies. As mentioned previously, user feedback indicated a desire to see more digitally 

enhance innovation methods. Therefore, further research and development into the integration of 

these digital systems, as core elements of the process itself is required. Potential integration of these 

methodologies into websites and applications, acting as an ongoing support system during the 

innovation process, therefore, offer significant potential.  

Similarly, the growth in Artificial Intelligence and Machine Learning will have significant impacts on all 

areas of human life. As such the inclusion of these technologies into the area of Innovation 

Methodologies will be required. While AI and Machine Learning can be used to rapidly process large 

volumes of information, it is assumed that the process of Innovation itself will still be a human 

endeavour.  
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These technologies can positively enhance the proposed Double Helix model including adding addition 

support for users in each stage of the journey via AI guidance during or between stages, helping to 

process significant volumes of initial research to present potential areas for exploration or automated 

recommendations of processes, steps or elements to be included into such innovations to enhance 

their functional, timelines or conceptual basis.  

This digital integration presents a number of potential challenges, namely arising for the pace at which 

the technologies are developing. While integration of these elements beyond utilisation of websites 

or applications to support the user during the process were outside the scope of this research, follow 

on work is planned in this area. This future work includes research into machine learning processes 

for mapping the historical development of technologies in a particular field, AI systems to act as a form 

of “Digital Mentor” during the process to provide support and recommendations on the appropriate 

use of tools and processes at each stage, and research into how these technologies have supported 

other creative endeavours. These aspects will allow the proposed methodology to further adapt to 

these new digital technologies.  

Future Publications & Dissemination 

In other to build upon and disseminate the findings of this work, a number of future publications are 

planned. A publication resulting from Chapter 2 (The Literature Review) is proposed covering the 

development of the concept of an “Innovation Methodology” from inception to present day under the 

working title of “Historical Development of the Innovation Methodology” with the goal of publishing 

it in “She Ji: The Journal of Design, Economics, and Innovation” by Elsevier.  

Chapter 3 (Innovation Methodology Assessment) will form the basis of another publication aimed at 

cataloguing, evaluating and linking the collected innovation methodologies, providing a significant 

corpus of past and present innovation methods. This publication, under the working title of “An 

Overview and Assessment of Current Innovation Methodologies”, is aimed at “Technovation: The 

International Journal of Technological Innovation, Entrepreneurship and Technology Management” 

by Elsevier.  

The final planned publication is of a combination of Chapters 4 and 5 (Methodology & Praxis 

Development), which will outline the process of developing the newly proposed “Double Helix 

Innovation Method” for publication at the International Conference on Innovation, Knowledge, and 

Management. 
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7.6 Conclusion 

This thesis is offered as an original and substantial contribution to the field of innovation 

methodologies. It has explored the growing field of innovation methodologies, in the areas of STEM 

(Science, Technology, Engineering & Maths), Business and Social Impact, using an emergent and 

concurrent triangulation approach. This approach consisting of a concurrent survey, user assessment 

and bibliometric keyword assessment techniques, leading to the creation of a topography of the 

innovation methods field.  

This topography supported the heuristic assessment of the methodology corpus, leading to the 

identification, analysis and refinement of the core aspects of a high impact innovation methodology. 

These aspects form the basis for the creation of the newly proposed “Double Helix Innovation” 

method and accompanying praxis which was verified and validated via the “Validation Square” 

Method.  

Therefore, this thesis presents the background, influences and development of the “Double Helix 

Innovation” method, for open application by all users to tackle innovation problems in any field.  

This thesis is offered to the academic community for future scholarship, and also to innovation 

practitioners in all fields, in the hope that they can pick up where this study leaves off and make new 

impacts on this rapidly-changing world. 
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Please leave any other comments, suggestions or input here.12 responses 

Survey was a bit long, but I got through it :)) 

fair play Colin. good survey 

Execution is more important than ideas (a half arsed idea executed well is innovation), and the 

iceberg under any innovation is execution.  

Not sure all (repetitive) questions were relevant to each innovation process step (not applicable 

option was not available), analysis may give results that are hard to interpret/that are skewed. 

Great question, only few typos. 

Best of luck with the research! 

Research that is partially funded by the state and partially by industry, should generate IP that 

belongs exclusively to the industry partner. It is not for the co-funding industry partner, to finance 

IP that will be made available to the competitors. 

I would be delighted to be updated! I have just completed my master thesis is innovation 

management (long-life learning). I am currently the head of a technological incubator. 

https://www.linkedin.com/in/fredericsauzet/ 

Consider challenges innovators face in the developing world to access funding and support. 

Innovation labs are needed to a great extent. Keen to collaborate in South Africa. We do similar 

research. Kchetty@hsrc.ac.za 

Great Survey, very thorough, well done and good luck with the rest of your work! 

Please Make Some Questions a Matrix for Simpler Nav 

Your survey seems to be rooted in a linear and somewhat outmoded framework. Contemporary 

innovation frameworks de-emphasise the discovery and definition phases and rely more on 

iterative, cyclical, and user focused approaches. 
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If Yes, Please name the methodologies used:18 responses 

Agile 

Design Thinking 

Lean 

Design Thinking 

Agile, Design Thinking, Design Sprints, TRIZ, Adapted models 

Agile, lifecycle, 

Six Sigma, Agile 

Syntegrity, Doblins 10 types of Innovation, Scenario Planning 

Agile, Design Thinking 

TRIZ 

Design thinking, six sigma 

Six Sigma 

By chronological order of utilisation: Waterfall, Agile, Design Thinking, Feature-Driven 

Development (FDD), Lean 

Design Thinking, Design Sprint, Lean Canvas, Business Model Canvas 



378 
 

Agile; Lean; Design Thinking; Empathy Mapping 

Design Thinking, Lean Iterative Methodology 

 

 

Method 1: Design Thinking 
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Any comments about this method?8 responses 

Clear Process but hard to repeat stages. Limited tools provided.  

A bit too much text 

Design thinking provides a good foundation for starting but misses a huge amount of practical 

aspects and actions to make it valuable in a real-world setting. 

Great concept for user experienced with innovation and design. Beginners may struggle without 

a facilitator. No visual guidance on how or when to repeat stages or the process.  

Like most methods in practice today, these processes are designed to satisfy the middle rather 

than the fringe. Many are left out of the experience and the opportunity to reveal insights from 

those individuals is lost. There are no checks and balances built into the method to ensure 

capture of ideas across a wide range of users with a wide range of abilities 

The iterative nature of user testing always works well, putting the user at the heart of the solution 

Is necessary to get to know this method is used in almost all the innovation hubs 

DSchool's design thinking process is really useful to create new ideas and receive different 

perspectives for a specific topic, However, "emphasize" process requires time consumption but 

people want to complete the process and they do not spend enough time to understand the 

customers. Because of their "time limitation" they do not create the right questions. Even it is a 

circular process, they need to spend time on research for the topic, if the people who is applying 

the process is not experts on the topic, user research will not be beneficial for the idea or 

product, service development. Repeatability is important but sometimes people do not use the 

method efficiently. 
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Any comments about this method?9 responses 

Very easy to use. Add more tools and guidance on their use.  

Colour and review gates really caught my attention 

Providing actions and alternatives is a useful addition. I would advise training prior to use of this 

model to understand the visual aspect. 

Visuals supported moving back and forth between stages. Clear to understand the process. 

Review stages were great. Less word would be better. 

The ideation and research elements never go beneath the surface - Brianstorming has been 

proven to be a less productive method for formulating ideas (blocking, group think, fear of failure) 

Similarly interviews for research are good for capturing explicit knowledge but alone are not 

enough to get a complete picture. The other significant issue is the complexity of tools - basically 

most mainstream tools used today are cited - there is nothing advancing thinking or nothing 

improving an existing tool. This possibly makes the method difficult to replicate as there is no 

clear path down the chain - if something needed repeating one might choose a different tool - no 

one asks why didn't the first time work? It feels like it would get messy quickly. The process itself 

as a whole is very similar to IDEO's - why is this better? Why would someone choose to go here 

instead? I think the stages are valuable to any innovation process and the ability to prototype and 

always beneficial but as noted earlier, this is not an original idea. 

it would be amaxing having a design methodology app that guide you and provide the necessarry 

formats in the process. 

I think discovery process is important with the 5W1H method, in the comparison with other 

methods, the good part is trying to start with the problem definition and then brainstorming. 

Usually people try to apply these methods on a specific idea, but in that scenerio it is beneficial to 

start with the discovery process, so people could concentrate on the ideas after having an insight 

on the specific topic. 

It's not as defined throughout each stage like the Design Thinking Process. Therefore, I feel that 

more time would be wasted trying to decide how you should move through each step and there 

are so many decisions to be made and reviews of the processes. It's definitely not my favourite 

process for the above reasons. 

Haven't seen this before but I prefer it already to design thinking, offering clear sub-steps and 

showing the need for restarting steps is important 

How would you make either method better?16 responses 
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na 

Perhaps an end to end example of an idea being turned into a solution 

Better design and simpler language for the 5D method. 

Design Thinking method is generally well organized, but it would be better to add the part of 

Disseminate from DNA method. Because the early type of design should be verified by real 

target users and public as well. 

The design thinking method is a starting point for understanding how to create and develop ideas 

based on an observed need, however it is limited in terms of its practicality. There is a need for 

more support for the facilitator and therefore the outcomes of sessions are very much dependent 

on the level of the facilitator's competency. The second method supports the facilitator with 

evidence-based action points and in doing so it can be assumed that this would reduce any 

negative influence on the process they might have as it provides the user with a clear process 

that is human-centric and has constant validation at the core. Reconsidering the visualisation of 

the model should be considered as it is not as intuitive as it could be. 

Less words and clearly instruction on using the DNA method structure to iterate. 

The Stanford Design Thinking processes could be improved by the addition of increased 

emphasis on stage reviews and repeatability. 

D.school design thinking process needs better visual guides and review methods 

1. I would ensure participants have been selected from across a wide swath - this needs to be 

built into the process - include those on the fringe 2. In terms of innovation if one is looking for 

radical change then there needs to be a place for stretch thinking. Both of these processes deal 

with what information is here and happening now. If you consider ideas as core, adjacent and 

transformational these processes both lead to core ideas. There is no push element to get 

people to move out of their comfort zone to another space. In this day of exponential change 

incremental or core ideas might not be enough to succeed. One thing I should have mentioned in 

what I liked about the DNA IM is the use of 3D printing for rapid prototyping. This allows for much 

more realistic and possibly more imaginative solutions. 

I feel there is some repetition in the design thinking process, sometimes clients focus too soon on 

negatives and don't focus at a high enough level, which effects the end result or causes valid 

ideas to be tossed aside. It always takes effort to get the client to stop thinking of negatives 

an app 

Design Thinking methodology is a very vague one to be used in an area that requires a certain 

amount of structure such as software development. In my opinion, it lacks in the development 

and iteration side of post-prototype phases. It essentially uses functionality after the testing 

phase of the very first iteration of the project. I haven't seen the Helix method before but seems 

very structured and defined. It might appear a bit too complicated for smaller projects with one or 

two people working on it but seems very on point for the rest. I don't understand why rapid 

prototype comes after prototype though. I think it would be best if there was an extended version 

of questions, tips, diagrams, charts and maps that can and should be drawn during each phase 

to improve the model’s clarity. 

Knowledge and the data is the key point, in design thinking process when we are trying to 

empathize it requires personalized user tests, without having the products, it does not make 

sense to ask people if they would like to buy it, at the end of course we need to sell the product, 

but user test and prototyping processes needs to be more connected, and requires a specific 

time period for data analysis. And relation to the business model creation methods like lean 

canvas of Business Model Canvas, it is important to apply these user research results to the 

value proposition of the business. Mostly, organisations promote these methods to be able 

understand the customers but during the processes, I believe creation processes needs to be 

based on the data or result of user research with asking right questions to right people. 

Both are very similar in their structure and only obvious to those working in innovation (terms like 

"ideate" are new to many of the student/individuals we are working with). I would like there to be 

more emphasis on 1) the needs assessment or research needed to come up/validate the idea 

and 2) would like to indicate to participants where they may feel lag time. In many cases in using 
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these tools, individuals feel doubts creeping in about their concepts and may like to quit, start 

again or may lose interest. Having a mechanism to acknowledge or even leverage these 

moments could be very useful. 

A learning from Malcolm Gladwell's book 'Blink' is that to ensure you are going to get the right 

results from testing your prototype you must first ensure you are using the right test. Therefore, I 

propose that with each test, you hold a separate test that is identical expect for one variable. 

Whether that be time, user group demographics. Coca Cola lost out millions when they did a test 

against Pepsi and found users preferred Pepsi. So, they changed the whole product to be 

sweeter like Pepsi. Wrong move, why? The test they gave users was to sip each drink and 

decide over a short time period which they preferred. The sweet taste is a natural preference for 

users over a short time. Coca Cola users were outraged that they made the product sweeter and 

demanded the return of the original recipe, where Coca Cola branded it 'Original'. They’re did the 

test this time giving everyone a month’s supply to drink a can a day, the outcome, Coca Cola 

won as they preferred a less sweet tasting drink over a longer period of time. For this reason, I 

think tests should have comparison test to look at which variables effect the results and if they 

are using the correct test. 

Design thinking always comes across quite linear 

 

 

Please leave any other comments, suggestions or input here.6 responses 

nA 

Make it a little clearer what we are evaluating each question. It took me a moment, but I got there 

after rereading the introductions. 

na 

One of the biggest issues I find with innovation process is that as they flood the market, and 

everyone has their own version of a process that they trademark and use forever two things 

happen 1. there is no proof that they work - who really tests these processes. I have seen 

dozens of stats from my own work that suggest a "33% lift in sales sustained over a 12 month 

period" or something like that. But you have no way of knowing what other factors made that 

happen - did they change pricing strategy, distribution channels, leadership etc. In the business 

world who tests these processes without bias - ...nobody. 2. When people decide that this 

process or that process is the one, they trademark or jump on the IDEO bandwagon - ask why? 

innovation demands change that includes the process - we use outdated processes to try to 

deliver forward thinking solutions. Where is the innovation in the method itself - how is innovation 

and change backed into the method and how and how often does that get reviewed? 

Technology, societal forces, demographics and a wide range of other change makers would 

demand that we need to keep evolving to keep up. 

I need to evaluate it a bit further, but Helix model seems to be a good fit for what we do in my 

company and will most likely be our next model to try. 

These methods need to include more information about how to do the user research and user 

test, it could help people to make pivots or make revisions on the products. Other way it will be 

like an art of business, not realistic. Maybe there are some examples that succeed in a short 

time, but it requires a huge amount of expertise in the area. Because having the vision and 

insight on the topic is essential. 

 


