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Abstract

Over the years the environment of many enterprises has become progressively more unpredictable and complex. In particular, the increasingly rapid development of technology with its dramatic impacts on the market significantly contributes to enhance environmental unpredictability. The enterprise needs therefore some tools which help them to monitor their environment and keep track of the market and technology evolution. Technology roadmaps present suitable characteristics for guiding the environment scanning and intelligence efforts of the enterprise, by simultaneously showing the possible evolution of technology, products and markets and explicitly considering their linkages. However, the standard implementation of technology roadmaps overlooks an essential factor which is often determinant in shaping the environmental conditions and evolution: the actors inside the system can indeed influence their environment, at least to a certain extent, through their action. Consequently, we propose to extend the standard technology roadmaps by include an actors layer which bridges the technology and product perspectives.
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1.
Introduction

Over the years, the business environments of many organizations have generally experienced a gradual intensification of their variability and complexity. This makes the analysis of the environment more difficult and augments the uncertainty that a company faces as the future becomes increasingly unpredictable. 
These factors have particularly risen during the last few decades under the pressure of phenomena such as increased competitive pressure brought by globalization coupled with the positive feedback generated by the accumulation of knowledge and the development of information and communication technologies (Andriani 2001). 

Environmental variability has indeed become more intense under the effects of increased competition and the consequent need to continually innovate and propose new products on the market: "The rapid development of product and process innovations are becoming increasingly important in many global industries to achieve or sustain a competitive advantage [creating a pressure for] the shortening of product life cycles [and] the resultant need to need to compete on the basis of time as a critical resource [...] concluding in a virtuous (vicious) cycle of continuously faster innovation as a basis for competition" (Bettis et al. 1995). Information and communication technologies also had a significant impact in reducing the time needed for product design, development, manufacturing and prototyping. As a result, "markets, technologies and competitors all move more quickly than a decade ago and at light speed relative to a century ago" (Fine 1996). 

Environmental complexity arises from the number of environmental elements, their diversity and the level of interdependence among these elements. The reduction in coordination costs enabled by ICT had a tremendous impact in enabling "the widely acknowledged phenomenon of disintegration of traditionally integrated structure of business into more complex networks of independent parts" (Andriani 2001) as predicted by transaction costs theory (Malone et al. 1987). Moreover current business environments are also characterized by the presence of a rising number of products and technological elements. The effects arising from the different combinations of these elements are increasingly heterogeneous and difficult to identify and understand.

This especially applies to technology environments which are characterized by a great amount of uncertainty, variability and complexity. The reason is that "technological developments are not only the fastest unfolding but also the most far-reaching in extending or contracting opportunities for an established company" (Andrews 1987). In particular, the focus is on environments which are characterized by the presence of disruptive technologies. Their potential dramatic effects have been  illustrated by the Disruptive Technology Framework and the numerous examples of established enterprises which failed to perceive and deal early enough with these technologies that did not initially affect their mainstream market but later disrupted it, leaving them with a marginal role (Christensen et al. 1996).

We previously illustrated that in order to conduct a comprehensive analysis of  these business environment, there are three important elements which must be taken into consideration: the market, with its various customer segments and their different needs, the different actors that are involved in the creation of products aiming at satisfying these needs, as well as technological or other types of issues which represent the major uncertainties for the future (Camponovo et al. 2004).

While there are many techniques and tools that deal with various parts of this problem, finding a satisfactory solution for their integration in a common framework still represents a huge challenge. It therefore appears that there is a need for a conceptual framework that defines the concepts that comprise these domains and illustrates their relationships. This would facilitate the design of information systems which integrate these various techniques and provide a more comprehensive view of the environment.

One of the suitable tools that exist for facilitating this integration are technology roadmaps, which commonly integrate the technological and commercial perspective and consider their interdependency. They are commonly used internally to an organization so as to guide technology management and strategy. Nevertheless, they present suitable characteristics that make them a suitable tool for conducting environmental analysis. When used in this way, however, they overlook an essential aspect of the environment: the actors. It is indeed through the other actors that technologies are embodied into product that are finally sold over the different markets.

The objective of this paper is to show that technology roadmaps can be used for environmental analysis and proposes a valuable extension so as to integrate the actors in the technology roadmapping process.

The paper is structured as follows. The next section shows that environmental analysis is an highly valuable organizational task, especially in environments where technology plays an important role. Section 3 illustrates the technology roadmap concepts and explains why it must be extended for environmental analysis. Section 4 proposes to extend the standard technology roadmap for conducting environmental analysis so as to include the impacts of the other actors on the future technological and commercial landscape. Finally, section 5 concludes the paper and proposes interesting future research paths.

2.
environment analysis

The importance to obtain a well structured and thorough perception of the organizations environment has been acknowledged by an impressive number of authors spanning over a variety of disciplines and schools of thought. In particular, disciplines such as systems theory and strategic management recognized that the co-alignment between the organization's strategy and its external environment is an essential component of the organization's survival and success. 

Systems Theory emerged as a reaction against reductionism and the deceiving results from its application to complex problems. It was no longer was satisfactory to "explain observable phenomena by reducing them to an interplay of elementary units investigatable independently of each other" (Von Bertalanffy 1968). 

From this perspective, enterprises are seen as complex open systems which are part of, and interdependent with, a larger system which is globally referred to as its environment (Boulding 1956; Miller 1978). This interdependency is embodied in the exchanges of occurring between the organization and its environment: organizations are seen as "open systems composed of subsystems which process inputs, throughputs, and outputs of various forms of matter, energy, and information" (Miller 1978). In simpler terms, the organization depends on the environment for acquiring the necessary input resources and capabilities required by the organization's processes as well as for placing the resulting products and services, while making a profit from the value added by its transformation activity. 

This interdependence raises the necessity for the organization to adapt to the environmental conditions and follow its evolution if it wants to prosper or even survive. Just like the evolution of species and the principle of the "survival of the fittest", the chances of survival for an organization depend on its fitness to the environment (Terreberry 1968). At the same time, however, the organization inevitably has an effect on its environment through its action and can at least to a certain extent shape its conditions to its advantage (Godet 1977). "Through co-evolution and co-creation change between the systems and its environment is a mutual recursive phenomenon" (Banathy 2000). 

The concern for the co-alignment between the organization's strategy and the environment is similarly raised in strategic management, where environmental analysis is seen as a preliminary activity of the strategy formulation process aiming at providing managers with the relevant information for positioning their enterprise in its environment. Accordingly, the pioneering works of Aguilar defined environmental scanning as the exposure to and acquisition of "information about events and relationships in a company's outside environment, the knowledge of which would assist top-management in its task of charting the company's future course of action" (Aguilar 1967).

From this viewpoint, the concept of strategy "has its main value [...] in determining how an organization defines its relationship to its environment in the pursuit of its objectives" (Bourgeois 1980). Two important strategic management literature streams issued by business policy and organization theory contend this same view from two similar but different standpoints.

On the one hand, "the normative literature in policy has long stressed the need to scan and assess the environment for subsequent matching of opportunities with organizational capabilities and managerial desires" (Bourgeois 1980).  Representative of this literature stream, the so-called Harward Normative Model (Learned et al. 1965; Andrews 1987), which recommends organizations to craft their strategies based on the identification of the present and potential opportunities and threats in the environment and their subsequent matching with the organization's unique strengths and weaknesses stemming from its unique corporate resources and competencies.
 Other renowned writers (e.g. Ansoff 1965; Ackoff 1969) similarly advise to formulate strategy based on the appraisal of the environmental opportunities that could be matched by the firm's capabilities.

On the other hand, authors in organization theory have taken a reactive stance by viewing the environment as a set of forces which "constrain the structure of organizations and the behavior of organizational participants" (Dill 1958) and to which organization must adapt (Terreberry 1968). The focus is on the so-called task environment which basically comprises customers, suppliers, competitors and regulatory groups, thus approximating the notion of industry (Dill 1958). Representative of this stream is Michael Porter's Five Forces Model (Porter 1980) which advocates that "the essence of strategy formulation is relating a company to its environment [and in particular to] structure of the industry in which it competes". This is in turn determined by five fundamental competitive forces: the intensity of rivalry between competitors, the bargaining power of suppliers and buyers, and the threat of substitutes and new entrants. The goal of strategy is then "to find a favourable position in the industry where the company can best defend itself against these competitive forces or can influence them in its favor".

The “strategic prospective approach” of Michel Godet (Godet 2001), takes a more active stance and recognizes not only the importance of adapting to the environmental forces, but also stresses that enterprises can adopt a proactive stance and influence the environmental conditions through their action. This approach combines an internal diagnostic of the organization’s resources and competencies with an external diagnostic of the organization’s environment. The latter relies on the identification of the key structural variables (i.e. issues) that will shape the future evolution of the environment as well as the potential impact of the other actors on these variables. This forms a basis for devising some possible evolution scenarios against which strategic options can be evaluated. 

Lesca similarly stresses the importance of conducting an intelligence effort in order to anticipate the potential developments in the environment and support more proactive strategies (Lesca et al. 2002). They reiterate the idea of exploiting early weak signals about relevant issues so as to build suitable responses to potential strategic surprises proposed by Ansoff (Ansoff 1980) and propose a framework for structuring a collective intelligence process composed by the collection, selection, distribution, analysis and enacting of environmental intelligence.

In addition to the mentioned theoretical contributions, a few empirical studies seem to confirm that environment scanning is a beneficial activity for enterprises (Choo 2001). In particular, it has been found that higher-performing firms are characterized by more frequent scanning and by more careful tailoring of scanning to perceived strategic uncertainty (Daft et al. 1988) and that firms with advanced environment monitoring systems exhibit higher growth and profitability than others (Subramanian et al. 1993). This suggests, but does not necessarily implies, that higher amounts of scanning lead to higher profitability. The causal relationship might well be the opposite in that enterprises with higher profitability have more resources to dedicate to environmental scanning. Still, the fact that successful companies are actively involved in environment scanning suggests it is considered a valuable activity. 

3.
technology roadmapping

Empirical research about environment scanning also suggests that its importance and value increases with the uncertainty, variability and complexity of the environment. Managers have indeed been found to scan the more intensively the higher their perceived uncertainty in strategically important environmental sectors and that this was in turn influenced by the complexity and variability of the environment (Daft et al. 1988; Boyd et al. 1996). 

Over the years, the business environment of many organizations has generally experienced a gradual intensification of its variability, complexity and uncertainty. These have particularly risen during the last few decades under the pressure of phenomena such as increased competition brought by globalization, the positive feedback generated by knowledge accumulation and the development of information and communication technologies (Bettis et al. 1995; Fine 1996; Andriani 2001). 

This is especially true in the case of environments which are based on technology, as "technological developments are not only the fastest unfolding but also the most far-reaching in extending or contracting opportunity for an established company" (Andrews 1987). The dramatic effects of technological change have been  brilliantly illustrated by the Disruptive Technology Framework which reminds that the impact of changes in technology and markets need to be constantly assessed unless enterprises want to take the risk not perceiving changes which may not initially affect their mainstream market but have the potential to later disrupt it (Christensen et al. 1996). 

Enterprises need therefore some tools for assisting them with the difficult task of monitoring their environment and keep track of the market and technology evolution. One of the existing tools that present suitable characteristics are technology roadmaps. These are a a powerful technique for supporting technology management and planning, especially for exploring and communicating the dynamic linkages between technological resources, organizational objectives and the changing environment" (Phaal et al. 2004).

Altough roadmaps can take various forms (cf. Phaal et al. 2004), the most common approach is a time-based chart comprising a number of layers that typically include the technology and market perspective, which are linked by a product perspective (see figure 1). The layers illustrate the evolution of technologies, products and markets over time and show the linkages between them.
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Figure 1: generic technology roadmap

The main benefit of this technique is that it allows to simultaneously exploring the evolution of these different dimensions of the environment while taking into account the linkages between them. Indeed, "the roadmap enables the evolution of markets, products and technologies to be explored, together with the linkages and discontinuities between the various perspectives". 

Technology roadmaps are commonly used at internally to the organization to plan and manage its technology and product inventory and drive its future evolution. It can show for instance how the various generations of a technology follow one another and illustrate the potential emergence of alternative and disruptive technologies. It further illustrates how these technologies may be translated into products and how these can be targeted to existing markets or even create new ones.

However, we feel that technology roadmaps are an extremely appealing tool for analyzing the environment of an organization. The use of a roadmap forces the organization to think about the possible evolution of its environment and may facilitate the identification of potential opportunities and threats at the various levels of the market, products and technology. Actually, roadmaps "can act as a radar for the organization to identify potentially disruptive technologies and markets" (Phaal et al. 2004). 

We feel, however, that this last application of the generic technology roadmap overlooks one essential element which must be taken into consideration when analyzing the organization’s environment: the other actors in the same environment. We agree with Godet that the various actors inevitably have an effect on the environment as they can, at least to a certain extent, shape its evolution through their strategic action (Godet 1977). It is therefore essential to take into account the potential effects of the actors’ strategies on the key structural variable that determine the evolution of the environment.

We similarly previously illustrated that in order to conduct a comprehensive analysis of a business environment, three essential elements must be taken into consideration: the market, with its various customer segments and their different needs, the different actors that are involved in the creation of products aiming at satisfying these needs, as well as technological or other types of issues which represent the major uncertainties for the future (Camponovo et al. 2004).

4.
Environmental technology roadmapping 

Based on these considerations, we propose to extend the traditional technology roadmapping based on the technology, product and market layers in order to include an assessment of the other actors inside the system. 

We therefore propose to include a supplementary actor’s layer between the technology and product layers in order to make the link between the two (see figure 2). This layer takes into account the various actors that are present in the organization’s environment, especially the competitors, new entrants and substitute producers as suggested by Porter. The actors provide the link between the technologies and the products and services proposed to the markets. It is indeed through the various actors that technologies are embodied into products and finally sold into markets.
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Figure 2: extended technology roadmap

Several remarkable benefits can be obtained by explicitly integrating the different actors on the roadmap. The major benefit of this extension is that the assessment of a potential disruptive technology can be complemented by the assessment of the actors that can potentially take advantage of it to propose innovative products. Actually, if a potential disruptive technology is not likely to gain the support of sufficiently powerful actors, maybe because of very particular competencies required to take advantage of it, it is unlikely to represent a major threat. Conversely, if a seemingly unimportant actor is found to likely be able to leverage a disruptive technology, it would be considered as a much more important threat than it would have otherwise been.

Furthermore, the identification of disruptive technologies can lead to discover latent competitors and new entrants and would thus direct competitive intelligence efforts towards potentially worthwhile new directions. Conversely, the identification of new actors may lead to the discovery of new disruptive technologies and the devising of appropriate response strategies.

5.
conclusions

In this paper, we illustrated that technology roadmapping can be an interesting tool to conduct environmental analysis, especially for environments where technology plays an important role. The reason is that it allows to simultaneously consider technologies and markets as well as the relationships between them.

We however criticized that for an environmental scanning purpose, the traditional technology roadmap based on three layers (technology, products and markets) misses an essential factor which can highly influence the future environmental conditions: the other actors. It is indeed through the various actors inside the same environmental system (e.g. the enterprise, its competitors, new entrants, substitute producers, etc.) that technologies are embodied into the various products and services which are ultimately offered to the different markets. 

By considering these actors together with the other mentioned components, one can obtain a better view of the future technological and competitive opportunities and threats. For instance this can lead to a better assessment of technologies (by considering the actors that can support them) and actors (by considering their potential access to disruptive technologies), as well as identifying potential disruptive technologies and new competitors.

At the time of writing this reflection remains at the level of a rather vague idea. The potentialities of exploiting this idea for constructing environmental information systems is however clearly apparent. We will investigate further this direction in future work with the aim to propose an ontology defining the different concepts as well as their relationships in a formal way which can then form a basis upon which building a set of software-based tools which integrate features of both competitive and technology intelligence.
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�The normative works of several writers [Ackof 1970, Andrews 1971, Ansoff 1965, Cannon 1968, Katz 1970, Steiner 1969, Uyterhoeven 1973] have typically instructed managers on how to formulate strategy by scannin ghte firm's environment to seek opportunities that could me matched with the firm's capabilities. The descriptieve literature [allison 1971, bower 1970, chandler 1962, cyert & march 1963] has tended to rely on case analyses to explain how strategy is really formulated. 






