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ABSTRACT

Measuring innovation outputs has been accomplished mainly through the relationship between innovation management and
product design and development, especially for patenting. Today, companies are facing increased turbulence and complexity in
the business environment, such as globalization, digitalization and mobilization. To meet these challenges, both the popular
and the academic press are advising companies to focus their attention toward innovation in order to create and sustain
competitive advantage. A firm’s performance depends on how much its managers can mobilize the knowledge resources of
individuals and teams in its value chain and how well they can turn these resources into activities that lead to value creation in
hyper-competitive markets.

Knowledge management literature reveals the increasing importance of innovation in those high-tech manufacturing
firms, in which knowledge turns into the main source of competitive advantage. Innovation in high-tech firms is progressively
turning into a systematic process, especially for determined high-tech industries such as electronic products.

The study aims to develop an integrated model of innovation value chain (IVC), the model integrates knowledge
management and innovation management in high-tech Industries from a knowledge-based theory perspective and integrates
IVC to reach value creation and then to achieve sustainable competitive advantage. 1\VVC is a thinking tool which can be used to
define those enterprises involved in innovation activities such as product development. Each link in the chain needs to add
value to innovation. IVC helps think through the often-complex relationships in product development and look for
improvements in relationships (with suppliers, customers, partners and competitors) and partnerships.

The integrated model inputs from knowledge-based competition (Globalization, digitalization and mobilization) to
integrate IVC to reach value creation (employees’, suppliers’, partners’ customers’ and competitors’ value) and then to achieve
the outcome: sustainable competitive advantage. The importance of the proposed model was theoretically discussed for
practitioners and future researchers. The integrated 1VC model can act as a list of items for high-tech Industries to address
when adopting innovation value chain. This helps to ensure that the essential issues and approaches are covered during
implementation. For academics, it provides a common language for them to discuss and study the approaches crucial for the
success of innovation value chain in high-tech Industries.

Keywords: knowledge management, knowledge-based innovation, high-tech industries, Innovation value chain

INTRODUCTION
Measuring innovation outputs has been accomplished mainly through the relationship between innovation management and
product design and development, especially for patenting (Pavitt, 1984). Today, companies are facing increased turbulence and
complexity in the business environment, such as globalization, digitalization and mobilization. D’ Aveni (1994) categorises the
situation in its extreme form as hyper-competition. To meet these challenges, both the popular and the academic press are
advising companies to focus their attention toward innovation in order to create and sustain competitive advantage.

From value chain to value grid

Porter's basic model describes an industrial organization buying raw materials and transforming these into physical products. In
1985, when Porter introduced the Value Chain, around 60% of most western economies' workforces were active in service
industries. In 2006, most service industries in western countries employ over 80% of the workforce.

Critique on the Value Chain model and its applicability to services organizations has since been voiced by both academics and
practitioners. See for example (Peppard and Rylander, 2007) and (Van Middendorp, 2005). Porter's focus on ‘either or'
strategies and competition as the main driving force in any industry, are not that well suited to the complexity of most
industries today. Collaboration in addition to competition and differentiation in addition to low cost are common drivers.
Furthermore, Porter is focused on the tangible outcomes of cost, revenue, margin and basic configuration of business activities.
The Value Network may be the mental model that embraces the linear Value Chain Model and that adds an extra dimension for
those seeking to make sense of complexity as we see it in organizations and their environment today.

More recently, the term “value grid” has been developed to highlight the fact that competition in the value chain has been
shifting away from the strict linear view defined by the traditional 'value chain’ model (Pil and Holweg, 2006).

The value chain in its original sense was defined as a sequence of value-enhancing activities. In its simplest form, raw
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materials are formed into components, which are assembled into final products, distributed, sold, and serviced. Frequently, the
activities span multiple organizations. This orderly progression of activities allows managers to formulate profitable strategies
and coordinate operations.

However, it can also put a stranglehold on innovation at a time when the greatest opportunities for value creation (and the most
significant threats to long-term survival) often originate outside the traditional, linear view. Traditional value chains may have
worked well in landline telecommunications and automobile production during the last century, but today innovation comes in
many shapes and sizes—and often unexpectedly.

Pil and Holweg hence argue for seeing value creation as multidirectional rather than linear. Given the constant tension between
opportunity and threat, firms need to explore opportunities for managing risks, gaining additional influence over customer
demand, and generating new ways to create customer value. Nokia, for example, is legendary for having the foresight to lock
in critical components that were in short supply, allowing it to achieve significant market share growth. However, a few years
ago it suffered a setback when competitors used the same strategy to take advantage of shifts in the demand for LCD displays.

Protection against such fickle reversals calls for a more complex view of value—one that is based on a grid as opposed to the
traditional chain. The grid approach allows firms to move beyond immediately recognizable opportunities and across industry
lines. This permits managers to identify where other companies—perhaps even those engaged in entirely different value
chains—obtain value, line up critical resources, or influence customer demand. The new paths can be vertical; horizontal; and
even diagonal. Successful managers need to learn how to assemble multi-faceted value grids that leverage new opportunities
and respond to new threats.

Innovation value chain in high-tech industries

Innovation - the introduction of new products or processes - involves sourcing, transforming and exploiting knowledge to
improve the performance of the innovating business. The study calls this process the innovation value chain. Modelling the
innovation value chain for a large group of manufacturing firms in Taiwan highlights the drivers of innovation, productivity
and firm growth. The study finds strong positive links between different forms of knowledge sourcing (R&D, supply chain
links, links with universities etc). Each of these forms of knowledge sourcing also makes a positive contribution to innovation
in both products and processes although public knowledge sources have only an indirect effect on innovation. In the
exploitation phase, innovation in both products and processes contribute positively to company growth, with product
innovation having a short-term ‘disruption’ effect on labour productivity. Modelling the complete innovation value chain
highlights the structure and complexity of the process of translating knowledge into business value.

In high-tech manufacturing firms, there is an increasing importance of innovation, in which knowledge turns into the main
source of competitive advantage (Miles, 1993). The importance of knowledge as a source of competitive advantage is still
higher for those sectors on which innovations are being continually developed (Decarolis and Deeds, 1999; Pisano, 1994). Also,
knowledge management is crucial for the successful launching of new products (Li and Calantone, 1998) and for the
innovation process (Powell et al., 1996). Therefore, organisations base competition on efficiency when acquiring (Nonaka and
Takeuchi, 1995), transmitting and integrating (Grant, 1996a; Zander and Kogut, 1995) and applying (Spender, 1996)
knowledge.

Today, economic competition has become increasingly important in international commerce. High-tech dominates economic
competition. Governments around the world realise that only by strengthening technological innovation, possessing their own
intellectual properties and grasping high-tech resources can they take the initiative in economic competition. Therefore,
technologically advanced countries adopt various policies to protect their intellectual property rights. They try to achieve a
market monopoly through a technology monopoly. This is spurring the public to place greater value on knowledge-
technological resources. They realise that in the future world, knowledge is the most important basis for economic growth. A
country’s “capability of creation, distribution and use of knowledge” (Hongjin, 1997) will become the core of its competitive
power.

Innovation in high-tech firms is progressively turning into a systematic process, especially for determined high-tech industries
such as electronic products. Specific departments for management of R&D activities are created (Gadrey et al., 1994). Also, a
greater contact with customers increases the role that customers play in the innovation process (Czepiel et al., 1985). Therefore,
both R&D departments and customers become the main source of inputs for innovation.

However, innovation patterns in high-tech manufacturing are for organisational and process innovations, The impossibility of
patenting this kind of innovation and, therefore, protecting the returns generated out of these innovations shortens the life cycle
of innovations dramatically (Barras, 1990). Hence, the innovation process must be intensive because innovations are
implemented and copied at such a speed that continuous innovation efforts are required to keep up with a determined degree of
differentiation in order to support the firm’s strategy (Voss, 1992).

The study aims to develop an integrated model of innovation value chain, the model integrates knowledge management and
innovation management in high-technology industry from a knowledge-based theory perspective and integrates 1\VC to reach
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value creation and then to achieve sustainable competitive advantage. The details are as follows.

LITERATURE REVIEW
The definition of high-tech Industries
The definition of high-tech is based on the percentage of high “human-capital” jobs in an industry. High human-capital jobs
include engineers, technicians, scientists, mathematicians or some combination thereof (Markusen et al., 1986). By this
definition, there are 100% high-tech industries. One of the most important advantages of this definition over others is that
human skills correlate highly with other indicators of “technological” performance, such as R&D (Berman et al., 1994), stock
of capital, information intensity and, more importantly for the study, innovations.

There is no widely accepted standard definition of high-tech industries. The criteria used to define high technology ranges
from judgment to technology-oriented employment and research and development spending. The choice of a definition for
technology should be dependent on how the research will be used, as well as data availability. The definition applied in this
study updates Hecker’s (1999) definition, which includes employment in technology-oriented occupations and more narrowly,
employment directly involved in R&D. According to the updated Hecker definition, industries qualify as high-tech if they
possess at least double the percentage of employment in technology-oriented occupations as that of the average for all R&D
companies, and if their percentage of employment in R&D is at least 80% of the average of all R&D performing companies.
The firms defined as high-tech can be updated over time to incorporate newly emerging research, development and technology
sectors.

In summary, the study adopted above definitions of high-tech industries as “industries qualify as high-tech industries if they
possess at least double the percentage of employment in technology-oriented occupations as that of the average for all R&D
companies, and if their percentage of employment in R&D is at least 80% of the average of all R&D performing companies.

The genesis of knowledge-based competition
Lang (2001) assumed that two intertwined strategic forces are compelling companies to reconsider fundamental business
assumptions.

1.  Globalisation
2. Digitisation with connectivity brought about by revolutions in information processing, telecommunication (or
infocom) and Internet technologies.

These two forces — more aggressive global competition and accelerating technological change — translate into competition that
is increasingly knowledge-based. This increasingly knowledge-based nature of competition is driving change in how value
chains are being managed within and across firms. Managers will certainly have to augment their ability to manage diversity,
complexity and ambiguity in employee, supplier and customer relationships in the New Economy (Lang, 2001). Driven by
these two forces, we are in the midst of an economic transition from an era of competitive advantage based on information to
one based on knowledge creation.

Furthermore, Lang (2001) assumed some perspectives for the knowledge-based nature of competition:

1. In most businesses today, most value added is in the form of knowledge, not material. But in most firms, the bulk
of management time and attention is still spent on tangibles. Today, intangibles such as customer service,
innovation, speed, agility, etc. are more important than tangibles such as equipment, materials and hardware.

2. But, too often, too little time and attention are focused on managing the soft elements of knowledge like creativity,
customer love, foresight, fun, cultivation of talent, etc. There is huge hidden value in such companies that is not
visible in traditional accounting.

3. Increasingly, larger investments are being made in these hidden assets. Such investments concern customer
relations, information technology, networks and competence, for example; or, in a word, knowledge.

4.  Tosurvive in the knowledge economy, new business models must be created, because many business axioms of the
old economy are no longer applicable. Scarcity is a non-issue for digital assets. As such, the competitive dynamics
of digital products differ greatly from that of physical products. In cyberspace, new economies of scales and
economies of scope prevail (Rayport and Sviokla, 1995).

A firm’s performance depends on how much its managers can mobilise the knowledge resources of individuals and teams in its
value chain and how well they can turn these resources into activities that lead to value creation in hyper-competitive markets.
Challenges presented by the knowledge economy make it necessary for organisations to harness the competencies of its
knowledge workers, customers and suppliers, if sustainable competitive advantage is to be achieved, as illustrated in Figure 2-
1. (Lang, 2001)
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Figure 2-1: New management imperatives
Source: Lang (2001)

Lang (2001) argues that there are linkages between aspects of the New Economy, including globalisation and digitisation,
knowledge generation and competencies. Harnessing worker, customer and supplier competencies within the context of
knowledge-based competition is the response that is called for.

The coming of globalised knowledge-based competition demands that management must attend to its knowledge workers,
suppliers and customers in a new way. The real value of information systems lies in connecting people to people to
enable them to share what expertise and knowledge they have at the moment, given that cutting-edge knowledge is
always changing. The solution is not to try to warehouse everything your workers ever knew but to connect questions to
answers or to people who can help you find answers (Stewart, 1997).

Innovation value chain (1VC)

Rather than reflexively importing innovation best practices, managers should adopt a tailored, end-to-end approach to
generating, converting, and diffusing ideas. Eexecutives in large companies often ask themselves, “Why aren’t we better
at innovation?”” Morten and Julian ( 2007) assumed some advices to answer this question. After all, there is no shortage
of sound advice on how to improve:

Come up with better ideas.

Look outside the company for concepts and partners.

Establish different funding mechanisms.

Protect the new and radically different businesses from the old.
Sharpen the execution. (Morten and Julian, 2007)

AN o

Such strategic counsel, however, is based on the assumption that all organizations face the same obstacles to developing
new products, services, or lines of business. In reality, innovation challenges differ from firm to firm, and otherwise
commonly followed advice can be wasteful, even harmful, if applied to the wrong situations. (Morten and Julian, 2007)

Likewise, companies can’t just import the latest fads in innovation to cure what’s ailing them. Instead, they need to
consider their existing processes for creating innovations, pinpoint their unique challenges, and develop ways to address
them. The study offers a comprehensive framework—"the innovation value chain”—for doing just that.

In practice, the innovation value chain is derived from the findings of five large research projects on innovation that
Morten and Julian ( 2007) undertook over the past decade. They interviewed more than 130 executives from over 30
multinationals in North America and Europe. They also surveyed 4,000 nonexecutive employees in 15 multinationals,
and they analyzed innovation effectiveness in 120 new-product-development projects and 100 corporate venturing units.

IVC is a thinking tool which can be used to define those enterprises involved in innovation activities such as product
development. Each link in the chain needs to add value to innovation. IVC helps think through the often-complex
relationships in product development and look for improvements in relationships (with suppliers, customers, partners and
competitors) and partnerships. (See Figure 2-2.)

494



Chen

Exhibit 3: The Innovation Value Chain

Ideation Project Selection Development Commercialization

+ New product and » Strategy and new product + Disciplined and effective + Marketing and investment
technology ideas linkages stagefgate process planning

+ New business concepts » Governance of new » Time-to-market « Consumer profiling and
and opportunities initiatives - Botfleneck elimination segmentation

+ Consumer insights » Tracking and definition and identification of » Competitive response

» Trend analysis and » Project approval decision- project "congestion” and timing
anticipation making processes » Parallel planning of + Advertising and promotion

+ New-to-the-world and » Use of advanced valuation work steps decision making
extensions of existing ideas methodologies + Resource allocation « Product tracking

Source: Booz Allen Hamiltan

Figure 2-2: The innovation value chain
Source: Booz Allen Hamilton (2004)

Booz Allen Hamilton (2004) indicated that raising the inherent innovation effectiveness curve requires senior management to
understand that innovation is not a discrete activity, but a multifunctional capability that requires several types of competencies.
In fact, executives ought to look at successful innovation as the expression of a well-organized value chain or value web. An
innovation capability requires owning or sourcing four critical sets of capabilities: ideation, project selection, development, and
commercialization. Since a chain is only as strong as its weakest link, the innovation effectiveness curve cannot be raised
unless all four elements are mastered.

This value chain is relevant for any development process, whether for consumer products, industrial equipment, or services.
The best practices adopted by superior innovators along each link of the chain also, in the experience of Booz Allen Hamilton
(2004), transcend industry boundaries.

THE DEVELOPMENT OF AN INTEGRATED IVC MODEL FOR SUSTAINABLE COMPETITIVE ADVANTAGE
IN HIGH-TECH INDUSTRIES
Based on above literature review and discussions, and combined the theoretical models from Stewart (1997), Lang (2001),
Booz Allen Hamilton (2004) and Morten and Julian (2007), the study developed an integrated model of I\VC for sustainable
competitive advantage in high-tech Industries as figure 3-4. The integrated model inputs from knowledge-based competition
(Globalization, digitalization and mobilization) to integrate IVC to reach value creation (employees’, suppliers’, partners’
customers’ and competitors’ value) and then to achieve the outcome: sustainable competitive advantage.

Morten and Julian (2007) proposed the innovation value chain view presents innovation as a sequential, three-phase process
that involves idea generation, idea development, and the diffusion of developed concepts. Across all the phases, managers must
perform six critical tasks—internal sourcing, cross-unit sourcing, external sourcing, selection, development, and companywide
spread of the idea. The study increases “commercialization” into the I\VC. Each is a link in the chain. Along the innovation
value chain, there may be one or more activities that a company excels in—the firm’s strongest links. Conversely, there may be
one or more activities that a company struggles with—the firm’s weakest links. (See the Figure 3-1)
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3. Development
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Innovation value chain

Figure 3-1: An integrated model of KBI and IVC for sustainable competitive advantage in high-tech Industries

CONCLUSIONS AND RECOMMENDATIONS
Throughout this paper a broad managerial perspective is taken to innovation, as distinct from solely that of technical
innovation and R&D (Research and Development). Thus, the dimensions of innovation value chain (IVC) include internal and
external sourcing and cross-unit sourcing into ideation and then to project selection to development, finally to
commercialization. Only through the processes of 1VVC, high-tech industries can create value then to achieve SCA.

In summary, the study developed an integrated model of innovation value chain to explore how high-tech industries apply KM
to implement the innovation process and integrate 1VVC as an integrated flow of knowledge and innovation to reach value
creation and then to achieve sustainable competitive advantage. The integrated model can be an easy-to-follow innovation
model for high-tech Industries to address when adopting innovation value chain. This helps to ensure that the essential
determinants and approaches for innovation process are covered during knowledge-based competition, I\VC and value creation
to achieve SCA. For industries, it provides a practical and complete business model for them to be reference and study the
innovation approaches, which are crucial for the success of innovation value chain in high-tech Industries.

The study provides valuable insights and recommendations for the owners/ managers in Industries, academics and practitioners
for future research. The integrated innovation model is to assist high-tech Industries to leverage knowledge assets for
innovation, internal and external supporting structure for supporting and accumulating innovation capacity to reach value
creation through 1'VC and then to achieve sustainable competitive advantage.

The study suggests high-tech Industries to utilize the innovation value chain then the company has about itself and its
customers, partners and suppliers, and applying it to the marketplace. Then, these companies, even if very small, have the
opportunity to outmaneuver all bigger players and come in ahead of last year's champions. For the limited resources, personnel
and monetary, high-tech Industries especially need to construct their innovation model step by step and to integrate KM,
innovation to accumulate innovation capacity and therefore to form corporate core competence (Prahalad and Hamel, 1990) to
maintain sustainable competitive advantage. Furthermore, due to the integrated IVC model, the study suggests the future
researchers are able to do the empirical study for more high-tech industries to obtain a generalization results in specific
industries. Also, the integrated I'VC model can be used to do case study or empirical study for the other industries.
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