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ABSTRACT

In spite of the increasing importance of innovation and the role played by technological capabilities in a firm’s growth trajectory, little is known how technological innovation in different organizations is driven by their technology strategy, the plan that guides the accumulation and deployment of technological resources and capabilities. This paper through a review of diverse literature on technological innovation and technology strategy not only has proposed a conceptual framework to explore the relationship between technology strategy, technological innovation and organizational factors, followed by the outcomes, but has also discussed the role of technology strategy in technological innovation.
INTRODUCTION

The current dynamic environment demands all organizations to change – both radically and incrementally.  Sustainable development cannot happen without innovation. It is very essential for an organization to change the way it operates and also change the products and services it provides. 

It calls for an organization that encourages experimentation, constantly monitors the environment, evaluates its own performance and is committed to continuously improve performance. Managing innovation is multifaceted and involves various aspects. 
A stream of research linking innovation to the knowledge base of the organization highlights the importance of various critical factors which enable the acquisition and application of knowledge to promote innovation. It mentions that implicit knowledge can be managed indirectly by managing various factors which contribute to an organization’s culture, structure, technology and leadership. According to this stream of research innovation can be promoted by managing the tacit and explicit knowledge embedded in these factors.  

One of these factors, technologies is continuously changing and is a critical contributor to the turbulent markets. Moreover, technology as an intangible knowledge based asset increases the potential of innovation management.  Ettlie & Bridges (1983) suggest that technology policy reflects the innovative attitude of an organization and its commitment to innovation. While technology can play an important role in an organization’s innovation process, too much technology might even stifle innovation by standardizing the existing workflows and processes. The long run competitive position of an organization is therefore dependent on how prudently organizations manage their technological asset bases.

Firms differ because they develop competencies in different technologies. Asymmetries in knowledge endowments may provide a basis for technological heterogeneity. On the other hand firms may also differ in the way they exploit or deploy the available / acquired technology. (Nesta & Dibaggio, 2003). 

Today, the strategic management of technology is considered one of the most important issues in literature (Zahra & Covin 1993). “A company can use technology to create a competitive advantage by creating barriers that deter entry of rivals, introducing novel products or technology processes that attract new customers, or changing the rules of competition in the industry (Golder & Tellis, 1993; Zahra, Nash & Bickford, 1995).” (as quoted in Zahra, 1996). The creation, development and application of technology can form the basis for the success of firms. Whereas the focus of technology in low technology organizations is primarily to utilize and expand technology innovation, technology in high technology industries is one of the critical factors for determining the future success of firms.( Antoniou & Ansoff , 2004). 

 Growth through innovations might not necessarily take place through break-through innovations. Rather it involves innovative ways of integrating existing or developing technologies into high value solutions. These innovative ways span across the entire value chain and require integration across internal and external business boundaries. (Whalen, 2007 ).


The technological choices of a firm are usually clarified in its technology strategy i.e., the plan that guides the accumulation and deployment of technological resources and capabilities (Zahra, 1996). According to Kaplan & Norton, “In our practice, however, we observed that no two organizations thought about strategy in the same way.” ( Talonen & Hakkarainen, 2008). 

In spite of the increasing importance of innovation and the role played by technological capabilities in a firm’s growth trajectory surprisingly, little is known how technological innovation in different organizations is driven by their technology strategy. Thus research is necessary to determine how technology strategy guides the acquisition, deployment and abandonment of technology to promote innovation. 

This paper begins by reviewing some of the key literature in technology strategy and technological innovation. The literature hints at the importance of various organizational factors which promote innovation in the organization. On the basis of the literature review a conceptual framework has been developed to explore the relationship between technology strategy, technological innovation and organizational factors, followed by the outcomes. The government rules and various policies also affect the technology strategy of firms. The paper further discusses the role of technology strategy in technological innovation.
METHODOLOGY

Journals Reviewed

The articles / research papers included in this article were identified through a search made using the search engines of electronic databases such as EBSCO, ABI Inform and Emerald Full Text using search strings like technology strategy and technological innovation. The search was restricted to the last 15 years ranging from 1993 to 2008. This article assessed research in the area of technology strategy as addressed by 70 papers; research in the area of technological innovation as addressed by around 55 papers; the importance of various organizational factors which promote a learning climate for innovation as addressed by around 50 papers and the importance of various dimensions of technology strategy as addressed by around 50 papers, published in various academic journals.
TECHNOLOGICAL INNOVATION

Innovation includes both product / service and process innovations. Product innovations are products that are perceived to be new by either the producer or the customer; the latter includes both end-users and distributors. Process innovation refers to new processes which either reduce the cost of production or enable the production of new products. (Harmsen, Grunert, & Declerck, 2000). Service innovation involves change in the process of delivering existing services or the development of completely new kind of services. ( Leiponen, 2005). It can also include the application of advances in technology to an existing product so as to create a new product.

According to Chesbrough ( 2003) , “ The innovation process has changed from a somewhat closed, singular innovation project to a continuous active and ‘open’ innovation system.” (Duin, Ortt & Kok, 2007).  Researchers have brought out the importance of collaborations and networks for technological innovation. (Pisano & Teece, 1989; Casumano, 1986; Roy & Banerjee, 2007; Kale & Little, 2007; Okada, 2007; Gertler  & Levitte, 2005; Viljamma, 2007). Collaborations across functions, products and divisions and trust in these networks (Rycroft, 2006) enable firms to thrive by combining capabilities across businesses. 
Innovation occurs only when an organization couples organizational know-how with needs of the users. The cyclical innovation model views innovation process as continuous interaction between developments and changes in markets, product and services, technology, and science. (Duin, Ortt & Kok, 2007). 
According to Van de Van (1986), innovation, or the newness of an idea can include both technological innovation (new technologies, products, and services) and administrative innovations (new procedures, policies and organizational forms). ( Hung, 2004).  “Technological innovation pertains to products, services and production process technology; it is related to basic activities and can concern either product or process.”  (as quoted in Lin, 2008, p.21  ). We can, therefore, assume that technological innovations (outcomes) are the result of product / process development activities and market development / service improvement activities.
 
“Service and process technological innovations comprise technologically new or significantly improved products and services. An innovation has been implemented if it has been introduced on the market (service innovation) or has been used within a production or delivery process innovation. Usually, the introduction of service and process technological innovations involves a series of scientific, technological, organizational, financial and commercial activities.” (Sirilli & Evangelista ,1998, p.897). 

For a service to be considered as technologically innovative its characteristics and mode of using should either be completely new or should have been significantly improved qualitatively or in terms of their performance and technologies used. A technologically innovative service may involve the use of radically new technologies, a combination of pre-existing technologies or new knowledge. Process innovation, consists of the adoption of a production or a delivery method which is new from a technological point of view. Such adoption may involve changes in equipment, organization of production or a combination of both. The intention of process innovation may be either to produce or deliver innovated services or to improve the production or delivery of existing services which would not have been possible by using the pre-existing production methods. (Sirilli & Evangelista ,1998 )

While some innovations are technology based (personal computers, auto fuel injections etc.), other innovations like new products and services in financial services are facilitated by technology. As adoption activity is a form of innovation, high adoption rates reflect high levels of innovativeness. (Manley & Mcfallan, 2006). Technological innovations can seldom be developed by a single firm in a vacuum of an industrial environment. Many complementary innovations are usually required before a particular technology is suitable for commercial application. (Van de Ven & Garud, 1989). Many innovation based strategies are based on the unique market application of an existing integrated set of technologies rather than requiring technological break-through. ( Berman & Hagan, 2006).
The technological innovation process consists of four broad stages of Problem Recognition / Idea Generation, Technology Selection, Solution Development and Implementation. (Narayanan, 2007). There has been a worldwide change in the technological innovation process – both in the way the research is organized and the way the new technology is commercialized. The traditional linear approach – R&D, prototyping, manufacturing startup, marketing and distribution all in-house has given way to less vertically integrated structures, which involve collaboration with other industry participants. ( Pisano & Teece, 1989 ).
Patents are an important instrument for the protection of innovations. Industry surveys have revealed that firms use patents as an appropriability mechanism to meet their ‘strategic motives’ of use of patents as negotiating levers, as tools for prevention of infringement suits or to block innovations from competitors and also to capture the extra value of innovative efforts. Firms also use the extra market power accumulated through patents to control the diffusion of innovation and results of research. ( Sampath, 2007). However, patents come with their own drawback. They provide innovators with longer monopoly periods and tend to increase monopolistic sectors within the economy. This deters both the improvement of existing products and the invention of higher quality goods by outside firms. (Horii & Iwaisako, 2007).

An innovator can reap the benefits from his innovation either by licensing his patent protected knowledge or by deploying the innovation in products or processes. While in the former case the firm extracts a fee from whom he licenses, in the latter case he surpasses his competitors by increasing the innovation-related sales and / or profits of his own firm. ( Hippel, 1983).  


The successful commercialization of technological innovation to a large extent is determined by the utilization of complementary assets and knowledge which might be embodied in the firms marketing, manufacturing and after-sales support activities. To the extent the complementary assets are critical or are favorably positioned with the competitors; decide the firm’s strategy with respect to the sourcing of complementary assets. ( Basant, 1997; Basant & Chandra, 2000). 

Technological innovation not only serves as an important competitive tool ( Chataway, Tait & Wield, Porter, 1983; Flaherty, 1983) but also plays an important role in improving the firm’s performance. (Hipp, Tether & Miles, 2000; Tidd, 2001). Although the relationship between innovation and financial business performance is not simple and well understood, prior research indicates a strong interaction between growth in sales and different innovations; between expenditure on R&D (R&D as a proportion of sales) and new product announcements and with performance measures such as value added and market to book value. (Hipp, Tether & Miles, 2000; Tidd, 2001). A few of the effects which can be associated with service process innovations are: improvement to the service provider’s productivity and flexibility; more rapid production and / or delivery of services; improvement in quality of services provided; increased market presence through a wider range or a more “user-friendly” set of services. ( Hipp, Tether & Miles, 2000). Product-process innovation has been found to have a positive impact on financial results (as compared to goals), market position and bargaining power. (Jenssen & Randoy, 2006).

TECHNOLOGY STRATEGY

Although, the concept of technology strategy has been a part of management of technology literature since the late 1970s there is still a lot of debate regarding how to define technology strategy. It can be briefly and broadly defined as a portfolio of choices and plans that a firm uses to address the technological threats and opportunities in its external environment. According to (Meyer, 2008), “The operational expression of a technology strategy is the set of projects that an organization wants to implement. Determining a strategy is selecting the projects and the portfolio of projects.” The broad objective of technology strategy is to guide a firm in acquiring, developing and applying technology for competitive advantage. 

 
According to Ford & Thomas (1997), “The firm is characterized not only by the configuration of its own technology, but in addition, by its relationships with and linkages to the systems – or discrete technologies – of others’ such that a ‘meaningful technology strategy is inevitably a network strategy.” ( Davenport et.al., 2003 ). According to Ford and Thomas , ‘the key factor in technology strategy is for the firm to understand the relative importance and location of the range of technologies both internal and external that it must employ.’ (as cited in Harris, Colis & Dickson, 2000, p.230). However, for a dynamic technology strategy which is receptive to changes in the environment, it is imperative that the development of technology is embedded with other strategic choices with which a firm co-evolves. 

Another important aspect of technology strategy is its implementation. Technologies are not characterized by pre-determined level of efficiency. The level of operational efficiency attained through a technology depends on the efforts made by a firm to assimilate and modify it to suit specific requirements. (Deraniyagala, 2001). One of the key aspects of innovation management is the capacity to develop and implement a sound technology strategy. (Meyer, 2008).

Technology strategies, however, are not confined to high-technology industries. Capacity-driven or a customer-driven industry too requires a technology strategy. Such strategies determine the choice of technical capabilities and available product and process platforms of the firms. In fact, companies which do not see the need to manage technology as a formal process are dis-advantaged. (Bon & Saxon, 2000).

Technology strategy of an organization has to be constantly reviewed and monitored so as to cope with the dynamic environment. Feedback loops built into the technology strategy are an important way to adjust and reconfigure the technological capabilities. (Davenport, Hunt & Solomon, 2003). 


According to (Burgelmann & Rosenbloom, 1989) the various dimensions of technology strategy of a firm can be understood through the substance and enactment of technology strategy. 

Substance of Technology Strategy

Competitive Strategy Stance

Technology strategy as an instrument of more comprehensive corporate and business strategies defines the role which technology can play as a source of competition to sustain advantage in product differentiation or cost or to develop new products and lines of business. Researchers ( Bond & Houston, 2003; Basant & Chandra, 2002; Dowling & Gee, 1994; Christenson, 2002 ) have brought out the importance of  fit between technology strategy and other strategies ( business, manufacturing etc.) of a firm in order to gain competitive advantage. A fit between strategies enables an organization to improve its business performance. ( Dowling & Gee, 1994; Nambisan, 2002; Chamanski & Waago, 2006; Zahra & Covin, 1994)

Technology leadership can be discussed in terms of timing relative to rivals or the commercial use of new technology. Firms wishing to take on the technology leadership position must make a choice with respect to lead time by which they wish to lead their competitors. ( Reick & Dickson, 1993).  According to Lieberman & Montgomery (1988), firms undertaking a pioneering or a technology leadership posture focus their research and development initiatives on creating innovations based on state-of-the art technologies combined with possible first-mover advantages. Companies often use pioneering to capture premium segments, achieve economies of scale, set industry standards or control distribution channels. (Golder & Tellis, 1993). Leadership strategies are however, dependent on the efforts of highly-skilled employees who are associated with external networks of specialized workers and expert legal advice. (Galbraith, Rodriguez, & DeNoble, 2008). Technology-follower firms, on the other hand put emphasis on strategies that involve low-cost manufacturing of proven products and technologies. ( Galbraith, Rodriguez, & DeNoble, 2008 ). A company can outperform rivals only if it can preserve the difference which it has established. The growing popularity of outsourcing reflects the growing recognition that it is difficult to perform all activities as productively as specialists. (Porter, 1996).

Value Chain Stance (Scope)

The scope of technology strategy, with reference to the value chain, determines the set of technological capabilities that the firm decides to develop internally. This set of technologies is called the core technologies and with respect to these the firm needs to decide whether to be a leader or a follower when bringing these technologies to market. The other technologies used by the firm are the peripheral technologies. The scope, in other words, guides a firm to identify the mix of product and process technologies which will comprise the firm’s portfolio. Through the value chain stance a firm can decide whether to deploy its resources for a few technological capabilities over which it has competitive advantage or to diversify itself into developing number of technological capabilities. The scale and business focus of a firm decides the scope of its technology strategy. 

The Value Chain analysis by Porter examines the operations of the firm in terms of the technologies which are used in each segment and how the different technologies interact with each other. The increased complexity of products and production processes over time has led to diversity in the technology portfolio of many organizations. According to Granstrand (1998), firms with technologically diversified portfolio have larger integration, coordination and communication costs which can be controlled to the extent the technologies are coherent. (Leten, Belderbos. & Looy, 2007). 

Resource Commitment Stance (Depth)

The depth of a technology strategy can be expressed in terms of the technological options available with the firm. The intensity of resource commitment to technology determines the depth of a firm’s technology strategy. Greater technological depth enables an organization to be flexible and respond to new demands of the customers.
 In general, broader the scope of a firm’s technology strategy and greater the firm’s commitment to leadership position, greater the resources it will have to commit. 
 Greater the resources committed by an organization to R&D and technology development, greater the organizational slack which an organization can use to meet the changing demands in the marketplace.

The technology choice of a firm can also be explained as a trade-off between fixed and variable costs; with higher the investment in fixed costs (advanced technologies) less a firm needs to spend on variable costs. (Yin, 1998).

Management Stance (Organizational Fit)

This refers to the extent an organization can structure itself so as to meet the organizational requirements flowing from competitive, value chain and resource commitment stances. According to Steele (1975), decentralized laboratories are more suited for application of technologies and not for generation of new technologies. However, decentralized laboratories due to close coupling with markets and other corporate functions are better suited for products related research. ( Malecki, 1980). Divisional R&D or the M-form organization structure where technological innovation is decentralized in the various divisions is primarily concerned with applied R&D to address the specific requirements of on-going product development and less concerned with developing fundamental R&D required for building distinctive technological capabilities. ( Christenson, 2002).

Enactment of Technology Strategy

According to Christenson and Burgelman, how an organization enacts it technology strategy reflects the substance of technology strategy. Technology strategy is enacted through the appropriation and deployment of technology.
Sourcing

The field of technology sourcing is important for innovation in firms as it determines where and how technological knowledge is to be used to develop new products or processes is acquired.  (Hemmert, 2008). 

Internal sourcing of technology depends on the firm’s R&D capability. One of the major purposes of the R & D spending is to influence the future investment favorably, either by lowering costs or by increasing returns. In organizations, R&D is supported as an overhead expense and is a critical requirement for exploratory research efforts and for developing or maintaining technical expertise in areas which are judged to be essential for future competitive advantage. R & D is usually measured in terms of input (R&D to sales ratio) or seen as a company resource (does the company in question have R&D facilities or not). ( Harmsen, Grunert, & Declerck, 2000 ). A firm’s R&D efforts not only contribute to generation of new knowledge but also to building its absorptive capacity. ( Cohen & Levinthal, 1990). Although a risky option, because the success of the technology is not guaranteed in the market, internal development of technology results in proprietary technology which a firm can use to create an advantage.


A global R&D strategy however requires the development of in-house technical and organizational learning competencies in complex alliances with other firms and international centers of research excellence. Subsequent commercialization depends on a string of global inter-firm alliances in complementary technologies and the pooling of financial, production, and commercialization costs and risks. ( Kaounides, 1999). 

External sourcing of technology can take place through licensing, strategic technology agreements, mergers and acquisitions or through recruitment of staff with appropriate knowledge. A very relevant point with reference to external sourcing of technology is that, since the technologies available in the market are also available to the competing firms, they cannot offer a sustainable competitive advantage. ( Montoya, Zarate & Martin, 2007).

A mixed internal / external approach may involve funding of joint ventures, collaborative research or strategic alliances. It stresses on the complementarity between in-house R&D and external know-how. According to ( Mowery & Rosenbloom, 1989), “ cooperative research programs alone are insufficient …more is needed, specifically the development of sufficient expertise within these firms to utilize the results of externally performed research.” (as cited in Veugelers, 1997,p.304).

However, decision to buy technology requires a much wider knowledge base than being simply aware from where a technology can be bought cheaply. Competitive advantage is gained only from cluster of technologies which are highly synergistic. According to Teece (1977), it not only involves identifying the right technology for a particular purpose but also an understanding of the means by which it will be integrated with the firm’s traditional technology. (Nesta & Dibiaggio, 2003).

The decision to source technology internally or externally is however dependent on two critical factors- the ease of appropriability (extent to which benefit from research activity can be captured) and the transaction costs (the ease with which contracts for the purchase or sale of technology can be written, executed and enforced without leading to unexpected outcomes that impose large costs on one or both parties. The extent to which a particular technology is protected by intellectual property rights also effects the decision of a firm to source internally or externally. (Pisano & Teece, 1989; Davis, 2008.). 

Although endogenous technology strategy which lays emphasis on internal R&D efforts of an organization enables an organization to develop a strong technological base which is inimitable (Howellis, 1997; Yin, 1998) the importance of complementing internal technology with external technology cannot be denied. (Witzeman, Slowinski, Dirkx, Gollob, Tao, Ward, & Miragalia, 2006; Kaounides, 1999). The opportunities for appropriating the benefits of internal R&D also influence a firm’s commitment of resources to the process. ((Zhang & Liu, 2007)

Product and Process Development

According to ( Krishnan & Ulrich, 2001), “Product development can be described as the process that identifies a market opportunity and transforms it into a product available for sales.” ( as cited in Chroneer & Stenlund, 2006, p.238). Technology strategy is also enacted by deploying technology to develop products. 

While taking a decision to develop products firms need to take a decision whether technology would drive the development of the product ( technology push) or product development and / or market development would drive the development of technology (market pull) . Every product is composed of a number of technologies. Firms infuse technology into new products either by bundling or by disruptive technologies. Through bundling, firms combine the different elements of their product lines into bundles. Radical innovations, and sometimes modular or architectural innovations, deploy disruptive technologies. 

The benefits of information technologies like desktop software and web-based tools for different stages of the New Product Development (NPD) process are being widely recognized. However, it is essential for technology to be embedded into the people’s work and processes in order that it is fully exploited and the benefits reaped. ( Barczak, Sultan & Hultink, 2007). Digital Enterprise Technology, a theoretical framework for collaborative design and production development in the context of a product’s lifecycle, represents an emerging synthesis of new technologies. The framework can be used to configure digital product and process development technologies which assimilate design data, at various levels of completeness, with a high degree of real-time measurement feedback from the production environment in order to validate the product’s tolerance specification and the selected production and assembly processes. It helps to reduce the implementation risk and streamline the assembly and integration processes. ( Maropoulos, , Zhang, Chapman,  Bramall & Rogers, 2007).

Every activity / process in the value chain uses some technology to combine raw materials or components and human resources to produce some output. Deployment of technology in the value chain would enable an organization to exploit the technological capabilities in operations. For example the adoption of enterprise resource planning (ERP) systems across the value chain ( inbound logistics, operations and marketing and sales and distribution ) can be used by a firm to not only improve its inventory and fixed assets turnover but also lead to efficiencies in marketing, sales and distribution. ( Matolcsy, Booth & Weider, 2005).  The customer relationship management (CRM) value chain helps to improve the efficiency of firms by organizing, aligning and integrating the organization processes along the value chain between the customer, the firm and its extended enterprise. (Chan, 2005). This is supplemented by customer intelligence wherein the firms use various technologies to collect data about customers from various sources spanning across all areas of an enterprise through many different business processes and involving many business units. ( Chan, 2005 ). 

Information Technology used in the various processes of the value chain affects positively the performance of the processes when it is not only strategically aligned to the business strategy of the firm but also that its primary locus (the point in the value chain where the impact of IT impacts are highest) is in processes that are considered essential for the execution of each business strategy. For example, for superior performance the locus of strategic alignment with information technology is in sales and marketing and customer relationships for customer intimate firms. (Tallon, 2007). 

Therefore, selection of technology in this domain focuses not merely on the choice of specific technologies but also on the potential for technology integration. The extent to which the technology is adapted or altered so as to suit the needs of the organization also determines the level of operating efficiency attained by the organization. In fact, firms using very similar technologies might differ in the level of efficiency depending on the technology strategy followed after the initial adoption of technology.( Deraniyagala, 2001, Zhang & Liu, 2007.). 

Technical Support


Information technology used as a means of technical support can serve as an important means of cooperation between the different players across the value chain and the “end-users”. One of such examples, the World Wide Web has emerged as an important tool to not only provide information to potential customers but also enable easy processing of electronic transactions. The use of the World Wide Web reduces search costs and the time required to search for potential suppliers. “Transactional websites” include electronic catalogues, shopping carts, payment systems and order tracking systems that offer buyers a convenient and cost-effective way to support the procurement process by allowing for the identification and selection of suppliers and the execution of business transactions. ( Benslimane, Plaisant & Bernard, 2005). Dramatic advances of information and communication technology as a means of technical support also has influenced the way organizations analyze customer information. Organizations are also utilizing IT interfaces to access histories of interactions with particular customers. This aggregate information has helped organizations to improve the quality of customer interactions. ( Desouza, K.C, Awazu, Y. et.al., 2008 ) 

Extensive knowledge (new as well as prior) is required at various stages of the production cycle. New software tools act as a means of capturing, representing and applying all types of knowledge for effective design and technical support required for production. According to Tatum (2005), timing of technical information is extremely critical for effective operations. Timely technical response to changed conditions and other field problems is an essential element for support.
 

INTERFACE BETWEEN INNOVATION AND TECHNOLOGY STRATEGY

The firm’s innovative activities reflect the firm’s technology strategy and the enactment of technology strategy serves to further develop its innovative capabilities. (Burgelman, Christensen & Wheelwright, 2004).

The technological innovation process can be broadly identified through four stages of problem recognition, technology selection, solution development and implementation while technology strategy can be understood through its substance and enactment. Successful technological innovation begins when a firm recognizes the potential of using technology to solve a particular problem or fulfill market needs. This recognition has to a certain extent; roots in the business strategy of the firm which determines the extent to which technology can be used as a source of competitive advantage. During the technology selection stage the company evaluates different technologies which shall help the firm to come out with potential designs. The choice of a particular technology apart from being dependent on the extent the firm wants to use technology as a tool to compete also depends on the cost of technology, the resources the firm wants to invest in the technology and the diversity of technology portfolio which the firm feels competent to handle.  The solution development stage can be identified as the operationalization of the potential designs. This may proceed either by formulating a new solution from within the firm by investing in internal R&D activities or by adopting a ready-made solution from outside. This decision whether to develop solution internally or to source it from external sources, to a large extent is dependent on whether the firm wants to have a proprietary right on the solution developed which would give it a competitive edge as compared to other players in the market and also on how the firm evaluates the “make or buy” decision.  The full benefits of technological innovation are never fully realized until and unless the solution is implemented either in the form of new products in the market or in the form of cost reduction from improved processes. The strategy of an organization with respect to the deployment of technology drives the implementation of solution for technological innovation. 
Taking this perspective, we can propose that technological innovation in an organization not only reflects the technology strategy of the organization but looking at technological innovation through the lens of substance and enactment of technology strategy we can propose the following. Apart from business strategy, the substance of technology strategy drives the technology selection stages of technological innovation, that is, in essence, the substance of technology strategy helps to identify what of technological innovation. The enactment of technology strategy by way of appropriation and deployment of technology reflects the solution development and implementation stages of technological innovation, wherein it helps to identify the how of technological innovation. The substance of technology strategy again drives the firm’s decision with respect to development of a solution and implementation of the same. The implementation of technological innovation should serve as a source of feedback to the firm to refine and modify its technology strategy.

Organizations do not lay down their technology strategies in isolation. The government and various policies and regulations are amongst the various environmental factors which affect the organizations’ choice of technologies.
EFFECT OF GOVERNMENT, POLICIES AND REGULATIONS ON TECHNOLOGY STRATEGY

Government policy and various rules and regulations have an impact on the firm’s technology strategy and its efforts towards innovation both in terms of funding and provision of guidelines for development. On a macro level, some of the critical factors are policies undertaken to promote macroeconomic stability; policies ensuring resource allocation in accordance with comparative advantage; rapid accumulation of physical and human capital; development of agricultural sector and promoting competent bureaucracies. ( Westphal, 2002). In India there is a need to balance innovation policies that support traditional industry and technology with policies that better respond to issues of competition and enterprise development. ( Chaturvedi, 2007). While the liberalization measures undertaken by the Government of India hit hard the Small and Medium Enterprises (SMEs)  who found it hard to survive the competitive pressure, the 2006 budget of the Government introduced a special provision for improving credit flows to the SMEs.( Venkataramanaiah & Parashar, 2007).  For example in China, the Government is committed to drive a number of regulatory reforms and institutional changes which are required to enhance Chinese knowledge creation and innovative capabilities. This gets manifested in the increase in R&D spending. Above all, the ‘open policy’ practiced by the Government remains the real key to the change in growth dynamics and innovation. (Simon, 2007).

The regulatory barriers to entry also play an important role in determining the dominance of firms in certain sectors. ( Chataway, Tait & Wield, 2007). Strengthening of patent laws also plays an important role in transforming organizations from imitators to innovators. (Kale. & Little, 2007).  The increasing importance of environmental issues leads to technological change and organizational change to enact it. (Boden, 1994).

IMPACT OF ORGANIZATIONAL FACTORS ON INNOVATION AND TECHNOLOGY STRATEGY 

A review of literature on innovation has brought out the importance of various organizational factors which create a learning environment which promotes innovation.
Transition to a new technology within the organization faces not only financial barriers but a lot of cultural and political barriers too. Process technologies are intimately linked not only to the product technologies but also to organizational factors. ( Rycraft, 2006). An organizational environment and culture which promotes learning and development of employees; open communication channels and learning from customers, suppliers and even competitors is in a better position to innovate. It is through learning that an organization is able to increase the depth and diversity of knowledge. In fact, higher the learning ability of a firm, higher is the level of company’s competitiveness, innovativeness and product introduction success. (Yeung, 1999; Morales, Moreno.& Montes, 2007.). 

Wilson (2007) introduced a new perspective of learning: learning from and learning with each other. In the former the stakeholders learn things that are already known to others from whom they are learning. In other words this involves a recycling of existing knowledge. Learning with is a collaborative and active process which involves creation of new knowledge. Such collaborations and networks not only promote continuous flow of information but also promote trust and reciprocal relationships which are valuable for rapidly innovating knowledge intensive technologies. (Rycroft, 2006).

Training and development programmes though not considered as innovative inputs, could be explicitly regarded as one of the main channels to upgrade the technological capabilities of firms. (Sirilli & Evangelista, 1998). The problem solving capabilities of knowledge workers lie in their education background, professional training, creativity and motivation. Approved and focused training programs help in production of new knowledge which thereby leads to innovative solutions and management of change. (Egbu, 2006). Moreover, due to change of technology from manual work to a high grade of automation due to advanced technology there has been an increase in demand for highly skilled work force. ( Chroneer & Stenlund, 2006; Sohail. 1997). Training of employees and development of champions also enables advanced tools to become embedded in the products and processes of the organization. (Barczak, Sultan & Hultink, 2007)  Irrespective of organization’s strategy to develop technology inside or to source from outside, it should provide users with sufficient and appropriate education and training on the new technology so as to make the adoption sustainable. Change in the mind-set of employees from “Not Invented Here Syndrome” to “Invented Anywhere Syndrome” also promotes harnessing of external technology for innovation. (Witzeman, Slowinsky, Dirkx, Gollob, Tao, Ward & Miraglia, 2006). 
Technology deployed in the value chain requires inter-functional integration. Therefore organizational characteristics which encourage job rotation and inter-divisional teams will ensure that all the employees are seamlessly integrated in a supply chain and are constantly learning with an aim to promote innovation. These teams develop a tacit knowledge of how to handle critical situations. Shared between its members, this tacit knowledge may also determine the efficiency of the company.  (Chroneer & Stenlund, 2006). 


Execution of technology strategy so as to lead to innovation requires change in the set procedures in the organization. This upsets the status quo and often invites resistance from the employees. Cross functional communication and cooperation enables a change in the mindset of employees and makes them more flexible to changes. (Calabrese, 1999). It also promotes cross-disciplinary learning both within and across boundaries of the firm. Heterogeneity of knowledge, know-how and expertise available can increase the creativity level of employees. ( Rodan & Galunic, 2004). Communication with stakeholders outside the organization also helps an organization to develop its dynamic capabilities which reflect an organization’s capacity to develop new and innovative forms of competitive advantage and synergistic innovative capability. (Ayuso, Rodriguez & Ricart 2006; Persaud 2005).   Organizational learning takes place only when knowledge is transferred throughout the organization, integrated with other knowledge areas and applied to a new product or process. (Kessler, Bierly & Gopalakrishnan, 2000). Organizational knowledge which is embedded in the interactions between employees of the firm and also between employees and external stakeholders are an important source for project ideas that provide input for technology strategy. (Meyer, 2008).

Additionally incentive schemes and rewards for sharing knowledge are important mechanisms to encourage employees to share information and experiences with each other. It not only enhances the organizations knowledge base but also enhances the spirit of teamwork. It also helps employees to understand where they fit into the collective dimension of the workplace. (Hsu 2006; Rezgui 2007). Incentive and performance measurement systems that reward cooperation and collective achievements instead of individual performance, only will lead to continuous enrichment and application of individual know-how. ( Harryson,1997).

Another important organizational factor which has a profound impact on the innovative activity is the overall organization structure. In addition to the traditional hierarchical structures and the flat team based structures which promote formal relationships, there is an increasing trend towards informal relationships which span beyond organizational boundaries. (Wang & Ahmad, 2003). 

Organizations, should no longer guard their knowledge in pyramidal structures, but should form learning networks which span geographical locations and organizational boundaries. This would enable them to be more agile and responsive to innovations.  “What organizations need is a willingness to experiment with alternative schemes instead of the rigid hierarchical structure of most organizations.” (Goldman, 1985, p.8). According to ( Fiol & Lyles, 1985) a centralized organization structure inhibits the internal learning process and makes diffusion of knowledge difficult across the organization. ( as cited in Kessler, Bierly & Gopalakrishnan, 2000).

Formalization refers to the extent to which jobs within the organization are standardized. If a job is highly formalized the incumbent does not have much discretion regarding what job is to be done, how it is to be done or when it is to be done. Prior research Grover (1993) indicates that the degree of centralization is negatively related to innovation. High centralization of decision making leaves little autonomy in the hands of the team-members who thus resist any attempts of innovation by the organization. Autonomy on the other hand, motivates the employees to try out new tools and techniques for the success of any product or process development. (as cited in Barczak, Sultan & Hultink, 2007). A consensus driven structure where horizontal and vertical communication is required deters implementation of risk-taking strategies whereas a hierarchical structure where decision-making and strategy formulation power is concentrated in a few hands promotes a risk-taking culture. It also promotes the adoption of radical process innovations. (Hemmert, 2008; Ettlie, Bridges & O'Keefe, 1984). 

The decisions relating to technology strategy are usually the domain of the top management. (Sohail, 1997). It is the top management which plays a very important role in building a culture of learning and innovation. The attitudes, backgrounds and personalities of the Chief Executive and the group of senior executives who surround him determine the culture, traditions and personality of the corporation. “When the top management is rigid, conservative, driven by the numbers and the ROIs, one is not likely to see the element of risk taking that an innovative company demands.“ ( Goldman, 2005, p.9). Innovation leadership requires a lot of communication and convincing until the vision has been absorbed throughout the organization. The presence of champions of particular technologies also determines the significant adoption of radical innovation processes. ( Ettlie, Bridges & O'Keefe, 1984) . Effective leaders also play an important role in encouraging the organization to incorporate external sourcing of technology for innovation into the very fabric of the firm. They articulate visionary goals of complementing internal sources with external sources to achieve innovation and growth. These leaders reward employees for effective use of external sources. (Witzeman, Slowinsky, Dirkx, Gollob, Tao, Ward & Miraglia, 2006). 
This implies “culture”, a soft side needs to be developed along with formal strategies and structures within firms. Burgelman & Rosenblooms (1989), evolutionary process framework for technology strategy represents strategy making as a social learning process wherein technology strategy is inherently a function of the quantity and quality of organizational capabilities. ( Hampsum & Tatum, 1997 ).
A CONCEPTUAL FRAMEWORK
Based on the above discussions, a model is being proposed. This model explains the relationship between technology strategy, technological innovation and organizational factors. Technological innovation in an organization is driven by its technology strategy which has its roots in the business strategy of the firm. Feedback obtained from implementation of technological innovation and the evolution of technology should form the basis for the organization to revise its technology strategy. The role of the Government as well as the various directives has an impact on the firm’s technology strategy. 
Organizational factors play a critical role in creating a learning environment to promote innovation. A bi-directional arrow between technology strategy and organizational factors, anticipate that it is not only the firm’s technology strategy which has an effect on the various organizational factors but various factors like the expertise level and accumulated experience of employees play an important role with respect to the firm’s choice of technology for implementation. 

The outcome effects of technological innovation can be measured as organizational performance with respect to its operations and business impact with respect to profit.

The model (Figure 1 ) has to be empirically tested out for its feasibility.

CONCLUSION


This paper has proposed a model for exploring the relationship between technology strategy and technological innovation. Technology strategy cannot work in isolation to lead to innovation. It should be complemented by various organizational factors for competitive advantage. 

Technology strategy of an organization can be understood by analyzing the technological innovation process. The paper highlights the importance of combining strategic and operational levels of analysis. 
This model would help managers to manage their innovations better by pursuing appropriate technology strategy for innovation. HR and training & development policies can be modulated so as to support the technology strategy for innovations. A synergy between management of technology and management of softer aspects would benefit the organization. 
However, since the model has been proposed on the basis of literature review it needs to be elaborated and refined through systematic research.

FIGURE 1
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