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ABSTRACT

Introduction: Innovation has become a buzzword for every organization, large or small, in
developed or emerging markets, owing to the benefits it promises, most notably in terms of
providing organizations with a competitive edge. Innovation can take many forms, including
process and product improvement, new product development, technological advancements, and
sustainability, to name a few.

Purpose of the Study: The purpose of this paper is to discuss the various types of innovation
models proposed by Roy Rothwell, including the first-generation model (technology push), the
second-generation model (market pull), the third-generation model (coupling method), the fourth-
generation model (integrated model), the fifth-generation model (network model), and finally the
sixth-generation model (open innovation model), emphasizing both their advantages and
disadvantages.

Methodology: This study is based on a comprehensive literature review of the innovation models
proposed by Roy Rothwell. The researchers have examined the existing academic literature, case
studies, and industry reports to gain a thorough understanding of these models and their
applications in contemporary organizational settings.

Findings: The study reveals that different organizations may choose innovation models based on
the specific impact they wish to achieve. Some organizations may opt for models that help them
maintain their market position, while others may choose models that enable them to disrupt the
current market or make incremental product improvements.

Conclusion: Understanding the various innovation models proposed by Roy Rothwell is crucial
for organizations to navigate the complex and rapidly evolving landscape of innovation. By
applying these models' assumptions to their specific contexts, organizations can better understand
the innovation process, its constraints, and guide future research in this field.
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INTRODUCTION

The evolution of innovation models can be categorized into three main generations: linear and
closed, interactive and closed and interactive and open (Cohendet & Simon, 2017). These models
have been further developed and refined, with the latest being the self-learning system, which
emphasizes the importance of knowledge acquisition from the environment (Blahun & Kukurudz,
2022). According to Krishnamoorthy and Damle (2017), innovation is any new idea that has an
effective and efficient implementation, to effect a change, of a system's process or device or
product that can be applied for improved results than previously applied. The role of technology
in driving the evolution of business models has also been emphasized, with a focus on the need for

constant reflection and redesign (Vangjel, 2021).

The concept of generational differences in innovation models is anchored in the broader literature
on generational theory, which posits that individuals born within certain time periods share
common experiences, values, and worldviews that influence their behaviors, attitudes, and
approaches to problem-solving (lbarra et al., 2020). According to Smoyer (2020), these
generational cohorts, often classified as Traditionalists, Baby Boomers, Generation X, Millennials,
and Generation Z, have been shaped by distinct historical, social, and technological contexts,
leading to unique innovation mindsets and practices. Research on generational differences in
innovation models has identified six distinct generations, each with its own characteristics
(Ceravolo & Polenakovik, 2016). These models range from simple linear ones to more complex,
integrated models, with the latest generation emphasizing dynamism, integration, and interactivity.
The role of entrepreneurial orientation in influencing innovation generation and adoption has also
been explored (Zaidi & Zaidi, 2021).

The shift towards open innovation networks has led to the development of a fourth-generation
innovation model, which emphasizes the interconnectedness of scientific insights, technological
capabilities, product design, and markets (Meissner & Kotsemir, 2016). The impact of age
pyramids on the propensity to innovate has been studied, with a wide base being more favorable
for technological and organizational changes (Ceipek et al., 2021). The influence of personal traits,
educational background, risk awareness, and social capital on innovation behavior and

performance in new generation entrepreneurs has been highlighted (Guan et al., 2019). The



evolution of family firms' innovativeness from the first to the second generation has been explored,

with different dynamics and approaches towards innovation identified (Cesaroni et al., 2021).

The increasing significance of sustainability and environmental considerations has also shaped
innovation models, with a greater emphasis on developing eco-friendly products, services, and
processes (Bocken et al., 2014). This has led to the adoption of green innovation and circular
economy frameworks, which focus on minimizing waste, maximizing resource efficiency, and
creating closed-loop systems (Geissdoerfer et al., 2017). The role of government policies,
regulations, and incentives in driving sustainable innovation has been widely discussed (Bierwerth
et al., 2015). Another emerging trend in innovation models is the rise of social innovation, which
focuses on addressing social and environmental challenges through innovative solutions (Cajaiba-
Santana, 2014). This approach emphasizes collaboration between diverse stakeholders, including
civil society organizations, social entrepreneurs, and community groups, to develop innovative
solutions that create societal impact. The study of generational differences in social innovation
models has also gained traction, as younger generations are often at the forefront of these initiatives
(Moulaert & MacCallum, 2019).

UNDERSTANDING INNOVATION

The constantly changing global markets and the fierce competition have greatly affected the
growing economies of many countries and the economic survival of many businesses and
organizations. This competitive environment has created enough pressure for organizations which
has precipitated the urgency for organizations to innovate and develop extra edges that will aid
their consumers to choose them over their competitors when all factors are equated. In the current
business environment innovating is critical for any organization to maintain a solid economic
development and to increase their global competition. The last decades have seen considerable
development in the body of knowledge when it comes to the term innovation and the models
attributed to it (Muizniece & Peiseniece, 2012). This work aims to describe the basic models of
innovation attributed to the six generations as proposed by Roy Rothwell. This will be achieved
by beginning with defining the concept, its meaning, and its origin. This will help bring
understanding and awareness of the concept and the impact innovation has on the survival of any

organization, especially in the current pulsating global markets.



As highlighted by different literature the term “Innovation” has many definitions. It can simply
be defined as “Any new idea that has an effective and efficient implementation, to effect a change,
of a system's process or device or product that can be applied for the improved result than
previously applied.” (Rosenberg, 2015). According to Segputa (2015) “Innovation in a broad sense
involves developing new processes, new products, or new organizational improvements for the
industry. It can take many forms, but in every form, it tends to reduce unit costs and/or helps to
expand market demand. Eurostat (2018) similarly defines innovation as "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). Innovation activities include all developmental, financial and commercial
activities undertaken by a firm that is intended to result in innovation for the firm.” Leading world
institutions like Innovation Network, US and U.K. Department of Trade and Industry define
innovation as “The profitable implementation of an idea that creates value” and ‘The development
of new ideas and their economic application for new product and processes” respectively

(Innovation Report, 2014, p.67).

They defined the concept as the processes in which entrepreneurs create new products/processes
in the way they manufacture the products and thus generating a “monopolistic profit” (Keresztes
& Endresz, 2020). This means that competitors in the same markets adopt new market trends and
pursue them until profits from the trends are extinguished then the markets balance themselves out
and the cycle begins again with the adaptation of new trends. As observed from the definitions
provided, innovation has widely been defined and the definitions vary from one author to another
(\Varadarajan, 2024). However, there seem to be key similarities in some of the definitions
provided. For example, almost all authors agree that innovation is crucial to the survival of any
organization and business. They also agree that innovation is about creating something new and
better than what existed before. In addition, innovation goes hand in hand with the concept of
creativity as it involves the implementation of new creative ideas. The definition of the concept
has evolved over the decades but one thing remains constant. Its importance to any organization
and business is to create growth and sustainability (Charles et al., 2017). Prasanna et al. (2019)
indicated innovation helps organizations and businesses build sustainable growth by boosting their

stimulus of maintaining a stable economic growth hence increasing their competitiveness in the



global markets. Insisting on the importance of innovation, Mazzucato and Stuart (2014) asserted

that innovation increases an organization's global competition.

The process of innovation is an intricate one and it begins with an idea and a concept that has to
be implemented at the perfect time for it to be successful (Liu et al., 2022). Frieman (2021) showed
that timing is a key factor in all innovative processes posits that while some inventions are good
and have the prospect of bringing about great change if implemented at the wrong time, they may
get washed out without achieving the impact they were created for hence the process of innovation
has to consider many factors for it to be successful. This means that innovation is more than the
adoption of new ideas and knowledge and it is never a linear process as suggested by some authors
but rather a multifaceted one with many feedback loops. By being innovative organizations show
their adaptability and flexibility to change which is necessary for their survival in the current
markets (Miceli et al., 2021). It is this need for adaptation and flexibility that led to the rise of
innovation models used in organizations today. Change drivers like technological advancement,
fierce competition, and globalization necessitated the need for innovative models in organizations
to challenge organization leaders to develop new concepts and ideas to meet the ever-growing
consumer and market demands in the ever-changing markets (Skare & Soriano, 2021).

INNOVATION MODELS

Innovation models encompass a range of approaches to driving change and creating value. They
can be applied across various sectors, including the digital economy, where they are crucial for
maintaining competitiveness (Guseva & Shvets, 2020). Mathematical modeling is one tool used
to support innovation, particularly in predicting the number of participants needed for innovation
(Solovev et al., 2019). The innovation process itself can be understood through various models,
such as the "technological push” and "market challenge™ models (Oleksenko, 2022). These models
are influenced by the global economy and the need for new knowledge and information (Volkova
& Dyvnych, 2023). In the food industry, innovation models have been a key factor in success, with
a focus on new ideas and products (Bigliardi, 2020). Business model innovation, a specific type
of innovation model, is particularly important for start-ups, as it can provide resilience and long-

term success (Philippi et al., 2022).



Innovation models were developed to explain the innovation processes in organizations in the form
of models as they provide the structures for facilitating and identifying the need for change in
organizations by generating values that help in the sustainability of organizations' growth and
development. The models assert that the innovation process is unique to each organization
depending on the needs of the organizations and innovation models are never unidirectional. By
considering the uniqueness and the different needs of an organization no innovation model fits all
organizations and the choice of model is usually determined by the innovation goals of the
organizations. For example, some organizations may decide that their innovation goals are to
achieve new products and services to increase their product and services pipeline in this case such
organizations will adopt models that facilitate the accomplishment of these innovation goals
(Rogers, 2017).

Innovation models have changed from one generation to another due to the need to incorporate the
needs of different consumers, processes, and stakeholders. They have over time generated from
simple models to complex models that accommodate different needs of the organizations and their
shareholders. The focus of this paper will be the six-generation innovation models as identified by
Dhakal et al. (2019) where he suggested that the integration and the complexity of the innovation
models have grown with each generation. Haas (2018) further argues that the complications and
the complexity of the models have been brought on by the creation of new practices that have
forced organizations to adapt to the various changing contexts while at the same time dealing with
the weaknesses of the previous generations. Balocco et al. (2019) asserted that the evolution of
each model did not suggest a substitution of past models but rather the coexistence of the models
where they borrowed and shared elements of each other to create models that could be adopted by
organizations to fit different contexts. While the models share some similar characteristics, they
are also different in some aspects such as their management focus, functional level integration,

and their attention to internal and external processes that have an impact on the organizations.
Technology Push Model (First Generation)

The Technology Push Model, a first-generation innovation process, is a linear sequence of stages

that emphasizes the role of technological capabilities in driving innovation (Oleksenko, 2022). It

is characterized by a focus on hard technologies and a lack of consideration for market needs

(Sabeti et al., 2020). This model is contrasted with the Market Challenge Model, which prioritizes
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market-driven innovation (Oleksenko, 2022). Despite its limitations, the Technology Push Model
has been found to have a significant impact on the sustainable development of manufacturing
industries (Singla et al., 2019). The first-generation model according to Rothwell was the
technology push model whose assumption was that the emergence of new industries as a result of
advancement in technology forced old industries to develop and adopt new machines to increase
production. This technological push came with numerous benefits as the regeneration brought
increased employment, increased consumption of goods and services, and prosperity in the

industries.

With the replacement of old technology with a new one, there was the adoption of electronics and
automobiles as industries tried to meet the demands of their consumers. Among the assumptions
of the model is that many challenges that are faced by our society can be solved through scientific
advancement a key indicator for growth in any business lies in its ability to innovate to meet the
demands of its consumers (Rajapathirana & Hui, 2018). The focus of the first-generation
innovation model was arguing that by organizations investing in extensive research and
development they increased their chances of innovating successfully to new products that meet the
demands of their current markets. Despite its many contributions to the innovation process, the
model falls short on some aspects. It argues that innovation occurs in a linear progression, and this
is usually not the reality of innovation because in some instance’s innovation is non-linear with
feedback loops. Another limitation lies in its argument that with extensive research organizations
can innovate successfully. While this is true in some instances, data collected from research might
be outdated and not meet the demands of the ever-changing markets leading to unsuccessful
innovation (Tidd et al., 2015).

Market Pull Model (Second Generation)

The Market Pull Model (Second Generation) is a flexible product development process that
emphasizes the systematic search for customer needs through market study (Acciarini et al., 2023).
It is often used in e-commerce strategies to stabilize the bullwhip effect and is particularly relevant
in the high-tech industry, where it is used to manage market volatility (George et al., 2022). The
model is also associated with a pull marketing approach, which is increasingly popular in the
digital age (Shadow, 2019). In the context of market-driven management, the model is linked to
pull policy, which focuses on processes that start from the market and go towards the company
7



(Dehghani et al., 2022). The model is also used in the context of technology innovation, where it

Is associated with a strategy of searching for market needs and opportunities (Lin et al., 2020).

The Market Pull model is also known as the second-generation innovation model innovation is
driven by consumer demands and should be guided by the demands of the current markets.
Companies can use data collected from R&D to establish consumer needs and drive their
innovation goals towards the same. Simply put, the launching of a new product and services should
be dependent on the needs of the consumers regarding the said products and services. A perfect
example of a company that failed to innovate with the needs of the market was Kodak. Once a tech
giant in the production of analog cameras, Kodak refused to innovate to the digital cameras that
the consumers needed, and it collapsed due to this lack of innovation. Today, Cameras evolve to
meet the needs of the consumers as compared to the cameras that were produced in the 1980s.
Today tech companies ate developing portable cameras with bigger storage to cater to the needs

of the market to meet consumer demands (Trott, 2017).

The Market Pull innovation model shares some similarities with the Technological Push model.
Both models believe that innovation occurs in a linear progression. The difference between the
two is that the technology push model assumes that advancement in technology is what causes
innovation while the market pull model argues that consumer needs and market demands are what
drive innovation. The limitation of the market pull model is that with this model organizations risk
prioritizing technological advancement at the expense of real technological and market change.
This can lead to the negative reception of an otherwise good technology hence affecting their

overall organizational growth (Zien & Buckler, 2016).
Coupling or Chain Linking Model (Third Generation)

The third-generation model, often referred to as the coupling, connecting, or interactive model,
emphasizes the need of identifying the intricacies of innovation. The coupling model builds upon
the assumptions of the preceding first and second-generation models, asserting that both
technology and market needs are essential variables that organizations must address in order to
successfully innovate. The model also addressed the linear approach of the preceding models by
emphasizing the nuanced approach to innovation. One further distinction between the coupling

model and the prior model lies in the fact that the earlier models recognized just one component



as a catalyst for creativity. The coupling model recognizes both components of innovation as

essential, and it improves upon the constraints and simplicity of prior models (Rothwell, 1994).
System Models (The fourth generation)

The system model assumes that successful innovation within an organization is a byproduct of
different systems working as one unit (Hutahayan, 2020). It further argues that organizations that
cannot afford to innovate in-house, can benefit from partnerships with other organizations.
Advantages of the system model include collective learning of all participants, a combination of
skills to overcome innovation challenges, reduced innovation costs, and time and networking
advantages for smaller firms. Unlike the previous models that focused on in-house innovation, the
system model posits that successful innovation is driven by interactions between systems. While
the linear model focused on internal factors for innovation, the system model looks at the internal
and external factors that drive innovation. The key difference between the system model and the
older models is the importance it plays on third-party integration like the external environment,
strategic network influences, cross-functional integration, and government policies and how they
influence the innovative processes. Older models ignored the impact of these external factors in
the innovation process while the system model highlights its importance (Su, Zhang & Ma, 2020).

Evolutionary Models (The fifth generation)

The evolution model posits that innovation is contingent upon the presence of technical defects
that need change. In addition, it acknowledges that innovation is influenced by several variables
outside the costs associated with it. The model illuminates the decision-making process inherent
in the innovation process. In order for innovation to take place, there are crucial factors that impact
the decision-making process. These factors include the external and internal environment, as well
as government rules and standards. The model's distinctiveness stems from its recognition of the
emergence of novel ideas that foster enhanced productivity and more diversity inside
organizations. Further, it asserts that companies must undergo transformation in order to ensure
their continued existence and adjust in order to preserve their competitive advantage. It also
motivates organizations to investigate the flaws in the external environment and generate new
solutions to address these issues as a crucial element of their effective inventive processes
(Massaro et al., 2015).



The Innovative Milieu (The sixth generation)

The sixth generation, or Innovative Milieu, is a concept that includes a variety of elements that
support the development of an environment that is both dynamic and sustainable for innovation.
These variables include the way that institutional, knowledge, socioeconomic, and geographic
limits interact (Mikhaylov et al., 2018); how innovation districts promote innovation (Aranda-
Mena, 2019); and how cultural values affect technical innovation (Klein, 2019). According to
Vecchio et al. (2020) and Nie (2021) the idea also encompasses the adoption of sustainable
technologies in urban and periurban environments as well as the development of Chinese "Sixth
Generation™ cinema. But there are drawbacks to the idea as well, such as the possibility of market
exploitation and the need for a critical analysis of its impact (Rispoli, 2019).
This paradigm, which is regarded as the sixth generation, is predicated on the ideas that innovation
doesn't happen in a vacuum and instead requires resources that are specifically designed to fulfil
local requirements. Understanding certain places and the demands of their customers helps to
generate creative ideas that are customised to fit those areas' requirements. Trott (2017)
emphasised that the interchange and mobility of commodities, services, and information, among

other concepts, influence the inventive milieu rather than market demand.

The ability of creative organisations has been affected by elements such as productive work
conditions. Businesses today understand the importance of a location in spurring innovation. The
creative process is directly impacted by a location's natural features, temperature, air quality, and
overall quality of life. As per the concept, an individual's innovativeness is influenced by their
physical surroundings. Innovative enterprises are born in distinct places because of their unique
patterns, knowledge pathways, and technological growth. As a result, by networking and
information exchange inside a particular location, organisations have a larger possibility of
innovation. The concept doesn't explain how innovation and ecology are related, even if it implies
a clear link between the two. The sixth-generation model, which says that innovation is the result
of a particular place and networking to get the know-how of the area, has succeeded in
demonstrating the significance of geographical location to innovation whereas other models have

taken a simpler approach.
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CONCLUSION

The study of innovation models highlights the fact that innovation is a complex phenomenon that
IS in continuous evolution hence cannot be mastered at the individual or corporate level. The
complexity of innovation models is elaborated in the way the models change towards different
elements that help organizations to innovate successfully to maintain their competitive edge in the
global and local markets. As pointed out in the work, each innovation model is unique just as
organizations are unique. Therefore, the choice of model to be used by an organization should
entirely depend on its market needs as well as its innovation goals. By studying the model’s
organization leaders and managers can take advantage of the changing consumer demands and
shift their businesses to meet the expectations and demands of their consumers. The fact that
organizations operate in an ever-changing business environment means that through innovation
models’ companies should strive to create products and ideas that aim to make the lives of their

consumers better.
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