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Sammanfattning

Ökad globalisering och en ökad takt av teknologisk utveckling har försatt
högteknologiska företag i en ny position. Ett företags övergripande strategi är ofta
intimt sammankopplat med dess teknologiska strategi och för att överleva på lång sikt
finns inget annat alternativ än ständiga produktutvecklingar och investeringar i ny
teknologi.

Strategisk planering handlar om att matcha företagets mål, kompetens och resurser med
företages omgivning. Företagets omgivning förändras i en allt snabbare takt vilket
producerar en stor mängd information angående händelser och trender inom den
teknologiska, politiska/legala, sociala och ekonomiska omgivningen som kan påverka
företagets framtid.

Ovanstående resonemang visar på vikten av teknologiska prognosmetoder. Med en viss
framförhållning kan man satsa på rätt teknologi, vid rätt tidpunkt och undvika dåliga
investeringar.

Det här examensarbetet tar ansats i teknologiska prognosmetoder i allmänhet och
presenterar, från ett teoretisk perspektiv, ett metodik för utvärdering av teknologiska hot
och möjligheter. Den teoretiska modellen sätts sedan i relation till tidigare
arbetsmodeller som har utvecklats inom Telia på koncernstab/ekonomi och som ligger
till grund för de framtidsstudier som presenterades för Telias ledning i början av 90-talet
i Horisont 2000-X serien.
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Abstract

The current trend of globalization and rapid technological change has thrown high-tech
firms into a new situation. The overall corporate strategy is today often strongly related
to the organizations technological strategy. Hence, for the long-term survival there are
no other options than continuous product development and sound investments in new
technology. Strategic planning is about developing and maintaining a viable fit between
the organizations objectives, skills, recourses and its environmental surroundings. The
ever-changing business environment produces vast amounts of information concerning
trends and events in the technological, political/legal, social and economic environment
that might have a substantial impact on the organization and its strategies. This
highlights a need for technology forecasting methods. With some planning in advance it
is possible to invest in the right technology at the right time and avoiding the bad
investments. This thesis briefly introduces the subject Technology Forecasting with
some commonly used forecasting techniques. It also presents, from a theoretic
perspective, a methodology for assessing technological opportunities and threats using
these methods. The theoretical model is then put in relation to an empirical model
developed by Telia, which formed the basis for their futurological studies presented at
the early nineties.
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1 Introduction

The world economy has undergone a radical transformation in the last two decades.
Geographical and cultural distances have shrunk significantly with the advent of
airplanes, fax machines, global computer, telephone linkups, and the world satellite
broadcasting. These advances have permitted companies to widen substantially both
their markets and their supplier sources. (Kotler, 1997) According to Doyle (1998),
countries have shifted from a supply to a demand environment. For most of history the
world has been characterized by insufficient supply: not enough food and material
goods to meet human requirement. The key priority in the past has been improving
production, purchasing and the finance of trade. Today this has all changed. Now, the
industrialized countries are characterized by excessive supply. Faced with an array of
alternatives, the customer is spoiled for choice. The priority for management is how to
identify and develop goods and services which are more attractive to customers than
those of competitors. (Doyle, 1998)

Economies are undergoing rapid and often wrenching transformations. Two forces
underlie the dramatic changes. One is globalization, the explosive growth of global
trade and international competition. No country today can remain isolated from the
world economy. If it closes its markets to foreign competition, its citizens will pay
much more for lower-quality goods. But if it opens its markets, it will face severe
competition and many of its local business will suffer. The other force is technological
change. This decade has witnessed remarkable advances in the availability of
information and the speed of communication. (Kotler, 1997) Swedish Technology
Foresight (2000), propose that it appears as the world is in the midst of a technological
breakthrough of a kind that will affect our entire society, both in terms of behaviors and
structures. Technology continues to advance at very rapid rate in many industries. It has
been called the most dramatic force in the marketing environment (Haas, 1995). Some
historians even claim that most historical change is technology driven (Kotler, 1997).

1.1 Planning for Opportunities

Market-oriented strategic planning is, as defined by Kotler (1997, p.12), “…the
managerial process of developing and maintaining a viable fit between the
organization’s objectives, skills, and recourses and its changing market opportunities.
The aim of strategic planning is to shape and reshape the company’s business and
products so that they yield target profit and growth”.

The only way to sustain high growth and profitability is perceived to be continuous
innovation. Therefore, new product developments have become the key strategic focus
for today’s most successful firms. Companies know that aggressive, low-cost
competitors make it increasingly difficult to maintain profit margins on current
products. Only by continually updating products, adding new ones and broadening the
range can companies hope to maintain profit performance. (Doyle, 1998) Nowadays
much economic growth is coming from high-tech firms, but they operate under even
more extreme conditions due to higher risks, slower product acceptance, shorter product
life cycles, and faster technological obsolescence (Kotler, 1997).
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Additionally, Twiss (1992) states that today’s business organizations operate in an ever-
changing environment and the pace of change is fast. Furthermore, Porter, Roper,
Manson, Rossini, Banks and Wiederholt (1991) claims that the production of more and
more sophisticated products enjoys shorter and shorter market lives. These conditions
and the forces discussed in the previous section may throw companies into a state of
confusion regarding strategy. To protect their profits, companies have primarily
responded by cutting costs, reengineering their processes, and downsizing their work
forces. Yet even companies that succeed in cutting their costs may fail to increase their
revenue if they lack marketing vision and marketing know-how. (Kotler, 1997) For
some organizations, setting policies regarding the technologies that have an impact on
their operations is the same as developing their strategies (Bahouth, 1994). This make
decisions concerning new technology and technology development a critical marketing
activity.

To summarize, it seems that changes are often fast and dramatic compared with the
business environment in the beginning of this century. New opportunities and threats
arise more frequently that will cause substantial impact on the organization and its
strategies. It is obvious that the ability to foresee technological advance is desirable for
businesses that operate in today’s context.  But how?

1.2 Problem Discussion

Technology is according to Porter et al (1991, p.17) “…the systemized knowledge
applied to alter, control, or order elements of our physical or social environment”. This
definition includes not only the hardware systems usually equated with technology, but
systems of analysis, regulation and management as well.

In the beginning, Technology Forecasting (TF) was mainly concerned with predicting
the future of machines. During the evolution, it started to correlate different variables in
the process, broadening the scope. Nowadays, technological forecasting is related to the
survival of firms, and even of whole industries. It is now being linked more and more
with strategic approaches. (Lemos & Porto, 1998)

Forecasting is anticipating, projecting or estimating some future event, series of events,
or conditions which is outside of the direct control of the organization (Waddell &
Sohal, 1994) and TF is the determination of the possible evolution of the technical
dimensions of a certain material, product, process or service. (Martino, 1993a)

The objective of forecasting is to provide the means for a systematic approach that can
be applied to obtain a better view of the future, one that is sufficiently sound to give an
adequate foundation for decision making. The intent is that data that are collected and
analyzed systematically yield better results than intuition. (Twiss, 1992)

It is critical to keep in mind that technological forecasts are not prepared for their own
sake but to assist in decision making. Therefore, forecasts need to be tailored to provide
answers to the questions a decision maker needs in a particular set of circumstances, and
the value of a forecast depends upon its usefulness for making a decision at the time the
decision must be made. (Martino, 1993b) For instance, there may exist a need to
forecast the growth in functional capability (for example the speed of a computer), the
rate of market penetration or the likelihood and timing of a technology breakthrough
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(for example for an emerging technology).  As forecasting results are typically
influenced by the forecasting method used, it is important to determine the forecasting
method that will be most appropriate for a given situation (Reuven & Han, 1995).
Knowledge of the techniques can be linked to the possession of a toolbox. The choice of
which to use will depend upon the nature of the problem and the information and data
which are available. (Twiss, 1992)

Furthermore, to be able to foresee technological evolution, technologies cannot be
viewed in isolation. Technology and society are interrelated. The technology manager
needs to assess technological change in different contexts. Changes in technology feed
upon themselves, producing a stock of concepts that may be redefined, developed, and
used as a basis for further change – and the development and dissemination of
technology create forces that can cause change in every aspect of society. On the other
hand, changes in society may produce conditions that trigger technological change.
(Porter et al, 1991) Traditional approaches to social change have generally been
developed by thinkers who, operating at high levels of aggregation and abstraction, had
minimal interest in relating their theories to systematic observations or social data.
(ibid) Therefore, we cannot fully understand social and technological interrelations, and
the art of foreseeing is for that reason to some extent a pragmatic “science”.

Moreover, environmental changes produce extensive amounts of information. This has
highlighted a need for a structural approach to identify, analyze and communicate
decision-support information to the people who are responsible for the long-term
survival of the organization.

1.3 Research Problem

♦ How are methods for forecasting technology used by high-tech firms for assessing
the future of tomorrows rapidly changing technology?
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2 Literature Overview

In this chapter a presentation of the theories relevant to this thesis will be given. This
includes a description of the area of Technology Forecasting, its usage and a run
through of the techniques usually employed.

2.1 The Management of Technology

Regardless of what is managed, management implies concern about the future. Even
ignoring the future involves the implicit assumption that tomorrow will not differ in any
important way from today. All managers must take decisions today that will affect the
organization’s future. (Porter et al, 1991)

Figure 2.1 below gives an example of how technology forecasting can position the
manager in the future. It suggest that the business core of the telephone operating
companies, providing exchange services to connect callers and manage the flow of
information between them is likely to be eaten away by alternative information routes in
the future. This implies that the telephone company management must initiate new
business areas today, or watch their companies decline tomorrow. (ibid)

Figure 2.1: Technolgy squeeze (Adapted from Porter et al, 1991, p.13)

We live in a rapidly changing world, which affect both the technologies we use and the
purpose they serve. Thus when we take a technical decision today it is essential to
ensure that it will lead to a result which is appropriate to the circumstances, some time
in the future, when its results reach the light of day. (Twiss, 1992) As the future is not
predestined, it is unknown. The good news is that the future will be shaped by today’s
decisions and the bad news is that those decisions must be based on extensions of
today’s knowledge and thus involves uncertainty (Porter et al, 1991).

Partitioning of the
Telecommunication

Market

Today Future?

Today’s Business core for
TC Exchange Services
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Therefore the firm must develop organizational and planning tools to deal with
uncertainty, tools that convert pure unstructured data into intelligence on which
decisions will be based, to be able to ensure the well-being of the organization in that
future. (ibid)

Forecasting is a tool for anticipating the future. However, it should not be viewed as a
complete solution. There are too many unknowns surrounding the future to ever hope to
forecast it with complete certainty. Forecasting can be seen as the reduction of
uncertainty whilst accepting that it can never be eliminated totally. As a consequence
the business risk, the possibility of financial loss through taking a poor decision, is
correspondingly reduced. (Twiss, 1992)

2.2 The Purpose of Technology Forecasting

Various authors define TF somewhat different but a mutual understanding can be
viewed within the general purpose of TF. They all share the common view that TF is an
activity that generates information as an aid for decision making. Moreover, the intent
with such an activity is that when data are collected, analyzed and combined
systematically, it will yield a better result than only using intuition (c.f. Porter et al,
1991; Martino, 1993a; Twiss, 1992). However, the view of how to get there and what to
accept as a technology forecast differ to some extent.

James Bright (1998), a pioneer in the field, define TF as “…a quantified prediction of
the timing and of the character of the degree of change in a technical parameter”
(Bright, 1998 p.21). This implies that one need accurate numbers to represent a
technological parameter (speed, length, time etc) to be able to call it an anticipation of
the future, a “forecast”.

Other more recent authors like Vanston (1998) share this view while others (c.f. Porter
et al, 1991; Martino, 1993a; Twiss, 1992) define TF in more general terms “…to
provide the means whereby a systematic approach can be applied to obtain a better view
of the future, one that is sufficiently sound to give an adequate foundation for decision
making.” (Twiss, 1992 p.1) This implies that these authors are willing to accept more
qualitative data (i.e. judgement and expert opinions) in the forecasting exercise. The rest
of this thesis will rest upon the latter of these definitions.

Furthermore, the aim of forecasting is according to Twiss (1992) to introduce a more
disciplined attitude. It forces the user to examine explicitly all the changes affecting the
decision methodically. It imposes a discipline. It ensures that data are collected
systematically. The most important reasons why rational methods are preferred are
according to Porter et al (1991):

• They are teachable and learnable; they can be described and explained
• They provide a procedure that can be followed by others
• A forecast developed through the use of explicit models can be checked by others

to see if mistakes have been made
• If conditions have changed enough to invalidate the forecast, the plans that were

based on it can be alerted accordingly
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Figure 2.2: The forecasting
process (Twiss, 1992, p.35)

2.3 The Principles of Technology Forecasting

The discussion so far has evolved around the
need to take a view of the future. However, the
establishment of a need does not imply that it can
be satisfied (Twiss, 1992). This section will
examine the principles which enables a rational
approach to the prediction of the future.

2.3.1 The Forecasting Process

Twiss (1992) suggest that the process of making a
technology forecast contain some general
elements: First the information the decision-
maker would like to obtain from the forecast must
be examined, The information requirement.
Secondly, the Elements of the forecast need to be
defined, i.e. what the output of the forecast must
contain to be useful. Third, having established
what is required from the forecast the resources to
make the forecast are defined, the input. Finally,
the forecasting techniques provide the
mechanism to process the information using the
specified resources to provide the desired
elements of the forecasting output, see figure 2.2. (Twiss, 1992) The first three of the
above will be discussed below while the forecasting techniques is introduced in a later
section.

2.3.2 Selecting Information Requirements

The first step in initiating a TF project is to determine the purpose that the forecast is to
serve, that is, what kind of information that is needed (Vanston, 1998). As forecasts are
seen as an activity that generates information to the decision-maker, Vanston (1998)
suggest that different information requirements can be identified.

PROJECTIONS OF RATES AT WHICH NEW TECHNOLOGIES WILL REPLACE OLDER ONES

The ability to forecast the rate at which a new technology will replace an older one
(substitution) in the marketplace may be of extreme importance to organizations
dependent on old as well as new technology. It is often possible to extend the economic
life by incremental improvements of old technologies, and for these companies
substitution analysis can be useful (Vanston, 1998). Substitution is an established
forecasting tool and there are many examples of its use, like the substitution include
optic fiber for copper wire (Porter et al, 1991)

ASSISTANCE IN THE MANAGING OF RESEARCH AND DEVELOPMENT

This category of tasks normally deals with technologies on which development has
begun, but which are not in full-scale introduction in the commercial marketplace. The
forecast assists in setting practical goals for product or process R&D projects. By
projecting reasonable development possibilities, as well as the need for specific
technical advance, a TF can help to define strategies for various technologies. Such
program assist in the resource allocation, identifying supportive technical development
needs, and in developing detailed R&D program schedules. (Vanston, 1998)
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EVALUATION OF THE PRESENT VALUE OF TECHNOLOGY BEING DEVELOPED

It is common for firms to assign a monetary value to a technology during its
development, this provides a measurement of potential worth (Porter et al, 1991). It has
been remarked that this is merely traditional economic evaluation and that the use TF in
this sense only implies more precision to the analysis. Vanston (1998) poses three
questions that encompass the information need:

• How soon can the technology be commercialized and to what cost?
• How big is the potential market and what rate of takeover can be anticipated?
• How will profitability be affected by competing technologies and non-technical

factors?

IDENTIFICATION AND EVALUATION OF NEW PRODUCTS OR PROCESSES THAT MAY PRESENT
OPPORTUNITIES AND/OR THREATS

Like discussed, for most commercial organizations, continued success, and often
survival, requires keeping abreast of new products and processes that may present the
organization with new business opportunities. The information required to accomplish
this is much the same as discussed in the previous three paragraphs, i.e. that information
is needed in the evaluation of opportunities and threats to the organization. However,
uncertainty is magnified because the most important technological development may
occur in areas remote from existing product lines of the firm and its competitors. Often
the organization is more concerned about possible competitive products or processes
than in opportunities, since the failure to capitalize on new opportunities may appear
less traumatic than the loss of present markets. (Vanston, 1998)

ANALYSIS OF NEW TECHNOLOGIES THAT MAY CHANGE THE STRATEGIES AND/OR OPERATIONS

All of the previously listed tasks have dealt primarily with external operations of the
organization; that is the TF effort involved products or services that the organization
would provide to customers or users (Vanston, 1998). Often, however an organization
whishes to evaluate improvements that a new technology offers to its internal operations
and/or strategies (Porter et al, 1991).

In essence, according to Vanston (1998), the information requirement of the TF effort
must be carefully defined before the TF project is initiated. Many of the tasks may
overlap, of course, and often a TF study may be structured to fulfill a number of
information needs. However, even when multiple information requirements are
specified for the TF, it is essential that each of these objectives is clearly defined. (ibid)

2.3.3 The Elements of a Forecast - The Output

Martino (1993a) and Twiss (1991) suggests that a technological forecast must contain
four elements to provide an adequate basis for decision making; the technology being
forecast; a statement of the characteristics of the technology; the timing of the forecast;
and a statement of the probability associated with the forecast.
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The amount of information contained in a forecast is fixed by the data on which it is
based. However, that information may be distributed among the four elements in
different ways. If the forecast is precise about the timing, it must be less precise about
the characteristics of the technology or probability distribution. The distribution over
the elements depends on what the forecast is to be used for, it should be tailored to fit
the needs of the user, providing greater depth where required, at cost of lesser precision
in other elements of the forecast. (Martino, 1993a)

THE TECHNOLOGY BEING FORECAST (QUALITATIVE ELEMENT)

The forecast must of course define what to forecast. This element is of a qualitative
nature because it is considered with identifying and selecting what phenomenon or
events to be analyzed in greater depth. It is important to be clear about exactly what to
forecast: This might not be the most immediately apparent choice but unless the correct
decision is taken at this initial point any subsequent work will be of no value. (Twiss,
1992)

Considering the forecasting of a technology, what aspects of the technology is to be
forecasted? Martino (1993a) suggest that the forecast must state whether it is for a
single technical approach or for a more general technology.

THE CHARACTERISTICS OF THE TECHNOLOGY (QUANTITATIVE ELEMENT)

Having established what to forecast it is then necessary to consider if the technology
can be represented in quantitative terms. In some cases it might be difficult to define a
precise measure and some form of judgmental quantification must be made. (Twiss,
1992)

Martino (1993a) suggest that it is necessary to distinguish between technical and
functional parameters when trying to quantify a technology. A functional parameter or
market parameter is one that directly measures the extent to which the technology
satisfies the user’s need. For example, a jet engine is intended to provide thrust and do it
so economically. Thus functional parameters might include total thrust, fuel
consumption etc. These parameters are of direct interest to the user. However, the
engine designer works with technical parameters as turbine inlet temperature and
compression ratio. By adjusting the technical parameters the designer achieves a
combination of functional parameters desired by the engine user. A technological
forecast may specify values of either functional or technical parameters. It is important
to distinguish the two, and not mix them. Mixing them can give rise to double counting
of some parameters. (ibid)

TIME

The third element of a forecast, time, is self evident since forecasting is essentially
about relating a future condition to the time it occurs, (Twiss, 1992). Thus for most
practical purposes the objective is to relate progress against time. The decision-maker is
concerned with timing, when will events occur?

PROBABILITY

The last element of the forecast is probability. It is necessary to incorporate some
indication of the uncertainty that is associated with the forecast. The forecast may give
the probability of achieving a given level of functional capacity, it may state the



Chapter 2 – Literature Overview

9

probability of achieving a given level by a certain time or the probability of a
technological breakthrough. (Martino, 1993a)

Porter et al (1991) illustrates the probabilistic element of a forecast as a wedge shaped
terrain. The forecasters job is to describe a traversable path. The more details the
forester provides about the path the less probability that the path will turn out that way.
The aim is to find a balance between the level of detail and the probability of
occurrence.

2.3.4 Forecasting Resources – The Input

Having established what is required from a forecast it is time to examine what resources
are available to satisfy these needs. These are assumptions, insight, data and judgement
(Twiss, 1992).

All forecasts must be based on a set of assumptions. Assumptions are the factors that for
practical reasons are considered as given, for example the next Olympics or US
president election (ibid).

Insight is the most important attribute in establishing a qualitative element of the
forecast. To a large extent forecasting consists of detective work, looking for clues to
the future. The forecaster uses his experience, his knowledge and his ability to form
relationships between a wide range of developments. This demands high caliber minds,
it combines divergent thinking with creativity. (ibid)

The identification of a suitable phenomenon to forecast in itself provides little
information to the decision-maker. There may be a need for quantification and many
forecasting techniques depend upon the extrapolation of the past into the future. In order
to plot it, data is needed, data that represent technological performance at various dates
in the past. Unfortunately for many technologies these data are hard to find. The aim is
however to base a forecast on as much “hard” data as possible. (ibid)

Finally, there may be some factors for which quantitative data cannot be found or which
is not easily expressed in numerical terms. In such case there is no alternative but to rely
on judgement either from the forecaster himself or from experts. (ibid)

2.4 The Rationale Underlying Technology Forecasting Concepts

Why is it possible to make a technological forecast? What rationales underlie TF? At
least three are suggested by different authors (c.f. Bright, 1996; Vanston, 1998; Porter et
al, 1991).

The first rationale is that technologies usually grow in an orderly manner over time or
through practice. There is a consistency or pattern in technological changes, and abrupt
major deviations are not common. Historical consistency thus provides a basis for a
forecast through trend extrapolation. (Bright, 1998)
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The second rationale is that new technology can be forecasted through studying the
process of technological innovation. Coming technology casts its shadows far ahead,
and signals of emerging technologies can be identified and monitored, ultimately
providing the basis of a forecast. (Preez & Pistorius, 1999)

The third rationale is that technological change can be seen as a response to various
forces that drive technological trends or global demands that cause technological
change. It is important to note that these driving forces or global demands may be
political, social, economic, or technological in nature. For example, new anti-pollution
regulations, which are a political response to a global social demand for environmental
sustainability, will have far-reaching effects on technology in the manufacturing
industry. The assessment of these driving forces and global demands may thus enable
technological change to be anticipated. (ibid) This will be further discussed under the
section 2.4.3, Technology Impact Assessment, and will also be introduced implicitly in
some of the forecasting techniques presented later.

2.4.1 Models of Technology Growth

As noted above, it is important that the forecaster understand how a technology
develops and matures. Unfortunately, because of the complexity of technological
growth there exists no single growth pattern. There are however a general concept that
describes how technologies develops, the Technology Life Cycle (Porter et al, 1991).

Every industry undergoes
a lifecycle and it is often
possible associate an
industry with one
dominant technology.
Thus, the evolution of the
industry is closely
associated with the
dominant technology, it is
possible to talk in terms of
industry/technology life
cycle (see figure 2.3). The
life cycle can be analyzed
as consisting of four broad
stages of development:
incubation, rapid growth,
maturity and decay.
(Twiss, 1992)

This must be regarded as a conc
vertical axis precisely. It is poss
but there is no accepted way to m
is based upon the experience of t
its early stage this success is no
which would lead to the evolutio
an industry/technology evolves 
activity, by considering the past 
the current position on the cycle
Figure 2.3: The Technology Life Cycle (Twiss, 1992, p.73)
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likely to be at some time in the future (ibid). Several TF techniques are based on
conceptualization of this life cycle, this will be further discussed in a later section.

2.4.2 Stages of Innovation

No technology springs directly from the mind of an inventor to immediate use. Martino
(1993b) suggest that it passes through a number of stages along the way from scientific
discovery or recognition of opportunity and need, through widespread adoption, and
diffusion to other areas, this is illustrated in figure 2.4.

Stage 1 – Scientific findings; determination of opportunity or need: The innovation only
exists in form of scientific understanding of some phenomenon. This can not be used to
solve practical problems, but it represents knowledge from which solutions to specific
problems can be drawn.

Stage 2 – Demonstration of laboratory feasibility: A specific solution to a problem has
been identified, and a laboratory model has been put together, but the device would not
function well outside the laboratory without the attention of a skilled technician.

Stage 3 – Operating full-scale prototype of field trial: A device has been built that is
intended to function satisfactory in an operational environment. The device is now
expected to be easy enough for a typical user to operate and maintain.

Stage 4 – Commercial introduction or operational use: The device is supposed to have
achieved not only technical design but economic feasibility. The first production model
is often chosen as representing this stage of the innovation process.

Stage 5 – Widespread adoption: The innovation has demonstrated that it is technically
and/or economically superior, at least in one way, to whatever else was used in the past
to perform the same function and replaces those prior devices, techniques, procedures
on a wide scale.

Stage 6 – Diffusion to others: The innovation has not only dominated the application
area in which it was initially adopted, but has also been adopted for other purposes. The
transistor for example, it has not only replaced the vacuum tubes, but it now appears in
automobile ignitions and automatic exposure controls in cameras.

Stage 7 – Social and economic impact: An innovation at this stage has, in some way
changed the behavior of society or has reached the point where a significant portion of
the economy is somewhat involved with it. For instance, televisions have had a major
impact on society.
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Figure 2.4: Stages of innovation (Martino 1993b, p.16)

Some of these stages may overlap while others may be difficult to pinpoint and not
every innovation goes through all the stages. However, the forecaster can use the
concept of stages of an innovation to anticipate what may happen later to a technology
still in an early stage of development. Coming technology casts its shadows far ahead,
and signals of emerging technologies can be identified and monitored, ultimately
providing the basis for a forecast. (Martino, 1993b)

Finally so
innovation
section. T
the techno
explained,
a part of th

F
igure 2.5: Technology- and product life cycle (Lavin & Samuelson, 1995 p.132)
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me interesting observations can be made. First the stages of Technological
 can be connected to the Technology life cycle presented in the previous
he stages of a technological innovation are to some extent overlapping with
logy life cycle (Martino, 1993a). Secondly, although it will not be further
 it is interesting to note that the familiar concept of Product life cycles are also
e technology life cycle. Both observations are illustrated in figure 2.5.
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2.4.3 Technology Impact Assessment

No technology exists in isolation, and none is truly independent of external influences.
Each external influence, a force, can affect a technology in several ways. According to
Twiss (1992) these influences can generally be classified as the PEST forces -
political/legal, economic, social and technological – although several subcategories can
be identified like nationalistic, moral, managerial, demographic, cultural and behavioral
forces, se figure 2.6.

Figure 2.6: The total business environment (Twiss, 1992, p.56)

For example, the social trend of urbanization may have significant impacts on, amongst
others, the transportation industry as the need for efficient public transportation systems
will increase (Preez & Pistorius, 1999). The political/legal adjustment in Californian
law imposed technology development in electrically driven cars. (Twiss, 1992)

Technology may have impact on technology too. For example, the technological
developments in the computer hardware industry enabled new software-technology
developments that, in turn, produced a new “need for speed” that boosted hardware
technology developments again. (ibid)

This exemplifies that forecasting technology and assessing the impact of/on
technologies are closely related. In impact assessment it is important to draw a
distinction between the impact of technology and impacts on technology. However, this
thesis cannot cover the subject in detail. Instead, its purpose is to give the reader an
understanding of the importance of the interrelated issues that Technology forecasting
present. (ibid)
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2.5 Technology Forecasting Methods

For the sake of clarity we will use the notation - method - when we refer to a group of
forecasting techniques with similar characteristics. The terminology - technique - will
hereafter be used for a certain forecasting technique. In some cases, a technique could
be classified in more than one category (Vanston, 1998). However, to avoid repetition,
each technique is described under the category in which it is most often used.

The purpose of this section is to briefly discuss and introduce some commonly used
concepts in technology forecasting, the different assumptions, strengths and
weaknesses, and areas of most appropriate usage. A comprehensive and extensive
reasoning to show why different forecasting techniques has been proven to be
successful is to some extent left out of the discussion. In some cases explicit examples
will be provided to enhance comprehension. Furthermore, this theory run-through will
not be enough for the practitioner to be able to utilize the different techniques, further
reading on the area will be needed. The aim is to provide an introduction and a useful
guideline into the different approaches used in technology forecasting - extensive
enough to be able to deal with the research problem and at the same time be kept within
reasonable bounds.

There exist a number of attempts to classify TF techniques, although they all have
limitations. The simplest divide all TF techniques in two classes – extrapolative and
normative (goal-oriented) (Porter et al, 1991). Explorative techniques look at current
data and trends and examine where they may take the firm. Normative techniques go
from an idea or a possible future and examine feasible paths to go there. (Twiss, 1992)
The concepts of normative vs. extrapolative TF techniques are illustrated in figure 2.7.

Today

What is the trend?
Where does it go?

Today

Possible
Future

 Normative

?

The future
- What will it be?

?

Can we find a path
to connect them?

Extrapolative

Figure 2.7: The concept of Extrapolative vs. Normative TF techniques
(Twiss, 1992, p.12)
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Another broad classification is if the techniques have quantitative or qualitative
elements, figure 2.8 below shows how the most common techniques can be categorized
using this notation. Moreover, generic approaches has also been suggested to classify
them in “scientific boxes” – causal, correlatives, analogy, extrapolators, probabilistic
techniques etc. All types of classifications have their strengths but all TF techniques
cannot easily be classified according to one scheme. (Porter et al, 1991)

TECHNOLOGY FORECASTING TECHNIQUES

Growth Curves

Technical Trend
Extrapolation

Learning Curve

Precursor Trend
Analysis

Modeling
Techniques

Relevance Trees

Morphological
Analysis

Scanning

Monitoring

Tracking

Cross-impact
Analysis

Scenarios

Delphi Surveys

Nominal Group
Conferencing

Structured
Interviews

Figure 2.8: Quantitative vs. Qualitative TF techniques (TFI, 1999)

Nevertheless, Porter et al (1991) suggests that the hundreds of forecasting techniques
can fit into five families.

1. Monitoring
2. Expert opinion
3. Trend extrapolation
4. Modeling
5. Scenarios

In this TF review we will use Porter et al (1991) classification scheme and sort the
obvious and expressed TF techniques under the method-class they belong to. However,
all techniques in Porter et al (1991) classifications that are subject to this thesis do not
clearly match. In these cases we will place the technique in one category anyway, and
explain why we placed it there.

“The different techniques can be compared to the possession of a toolbox”
(Porter et al, 1991, p.31)

2.5.1 Monitoring

Monitoring is the process of identifying possible precursors (forerunners), whether in
scientific, economic, managerial, political, or the military sector, that might lead to
possible breakthroughs in technology (Twiss, 1992). Monitoring is not a forecasting
method by itself, but rather a method for systematic accumulation and processing of the
data from which forecasts are made. However, it is the by far most used of the five
general groups of methods and it is fundamental to almost all forecasts. (Porter et al,
1991)

QUALITATIVEQUANTITATIVE
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The monitoring techniques are all very similar, they differ primarily in the degree of
scope and intensity of the information search effort. However, according to Vanston
(1998), they all share the two basic assumptions:

1. Most successful technical innovations follow similar development patterns (i.e they
follow the common stages of the innovation process)

2. The length of time required to traverse the various stages of innovation is normally
relatively long

Hence, technological breakthroughs generally have precursors that announce their
coming - although sometimes very subtly. For example, being able to generate
electricity from atomic energy was a major technological breakthrough, but as Martino
(1993a) points out, there were precursors at each major event that finally led to the
exploiting of atomic energy. The use of atomic energy for electricity was preceded by
the atomic bomb. The atomic bomb was preceded by the demonstration that chain
reactions were possible. Being able to control the chain reactions was preceded by the
achievement of Uranium fission, which in turn was preceded by the development of the
Rutherford atomic model. The model development had the precursor in the discovery of
isotopes, which was followed by Einstein’s establishment of the mass-energy
equivalence. (ibid)

In hindsight, it is of course difficult to understand why the harnessing of atomic energy
could not be predicted? But one of the major difficulties with trying to monitor the
environment (all sectors like economics, politics, management, etc.) is that the
breakthrough might have precursors that have not yet established themselves into a
major trend, and hence, can be easily missed. Further, there is the problem of setting the
scope of what type of information needs to be collected for analysis. Obviously, if the
scope is narrow major trends will be missed, and if it is too wide, there will be a flood
of information within which the precursors might go unnoticed. There is even a problem
of establishing what the precursors are pointing to, if they can be separated from the
flood of information. Nevertheless, monitoring remains an important method of trying
to forecast the progress of technology. (ibid)

Description: Monitoring is the process of scanning the environment for information
about the subject of a forecast. It is not really a forecasting technique, but rather a
method for gathering and organizing information. The sources of information are
identified and then information is gathered, filtered, and structured for use in forecasting.
Assumptions: The environment contains information useful for a forecast, and this
information can somehow be obtained.
Strengths: Monitoring can provide large amounts of information from a wide range of
sources.
Weaknesses: Information overload can result without selectivity, filtering, and structure
Uses: To maintain current awareness of an area and the information with which to
forecast as needed. To provide useful information for structuring a forecast and for the
forecast itself.

Table 2.1: Summary of the Monitoring method (Porter et al, 1991, p.94)
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Although Porter et al (1991) uses the notation monitoring for this collection of
techniques, Vanston (1998) suggest that a more detailed distinction between the
techniques is needed. He describes the main method as Surveillance techniques and
distinguishes between Environmental Scanning, Monitoring and Tracking. Preez and
Pistorius (1999) extends this notation further by adding some explicit purposes and
scope of searching.

ENVIRONMENTAL SCANNING

This is the term applied to broadly oriented surveillance
activities which seek to identify, at an early time,
developments in technical, economic, social, political and
ecological environments that might materially affect the
organization (Vanston, 1998). This can also be described as
contextual monitoring because it derives from the approach
that technological change is foreshadowed by changes in
other technologies and/or in the socioeconomic environment
(Porter et al, 1991). Since the scanning effort seeks to observe
a wide spectrum of information it is often, of necessity,
unfocused. A good scanning program has been compared
with a radar that seeks to find small “blips” of information on
a wide ranging horizon as illustrated in exhibit 2.1. (Vanston,
1998) Porter et al (1991) suggest that scanning programs are
particularly useful in identifying emerging products and
processes that provide commercial advantage, and pointing
out new uses for present or developing technologies.

MONITORING

Monitoring implies a more focused and disciplined type of
surveillance effort than environmental scanning. A specific
technical development that has been identified by a scanning
program will appear significant enough to justify more
careful monitoring. Porter et al (1991) denotes this as Techno
because the attention is now focused towards a specific technolo
present stage of development? How rapidly has the development pro
What is current state of the art today? Etc. (Vanston, 1998; Porter et 

TRACKING

Tracking is the most focused and intensive of the surveillance techn
concentrated effort to follow developments of major significance 
competitive response to a new product nearing introduction, 
introduction of new products that will threaten present markets as i
2.1. (Vanston, 1998)

To summarize, the initial purpose of monitoring will be mostl
personnel having little or no idea of what they are looking for. Ho
progresses and information is gathered and processed, specific issu
and further examined. The purpose may be to learn more about a s
scanner may look after particular features. As the information
becomes more focused, the purpose may be to find detailed inform
and directed probing. Information from lower levels of scope is a
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more exploratory to create an iterative effect. (Preez & Pistorius, 1999) The concept of
environmental scanning, monitoring and tracking is summarized in table 2.2 below.

Surveillance technique Scope Purpose

Environmental scanning Unfocused The purpose of the viewer is
Exploratory

Monitoring Focused

The purpose is still exploratory
but the scanner is
conditioned and on the
lookout for particular
technologies

Tracking Finely Focused
The purpose is to find detailed
Information through active
and directed probing

Table 2.2: Surveillance techniques and their purposes
(Adapted from Preez & Pistorius, 1999)

BIBLIOMETRICS

A technique somewhat standalone from the techniques discussed above called
“Bibliometrics” has emerged to measure and interpret technological advances using the
counts of publications, patents, or citations available. Such analyses assume that counts
provide useful indicators of R&D activity and of innovation, depended on the sources
examined. Another key characteristic is that it is possible to discover important links by
analyzing what topics occur together, which organizations produce what papers and
patents and who cites what. (Watts & Porter, 1997)

Some Bibliometric limitations have also been noted. Counts do not distinguish quality,
and much technological development work is not reflected in publications or patents, at
least not in a timely manner. Publishing and patenting practices vary considerably
across fields and institutions. Nevertheless, there is a wealth of information to be mined
using this approach. Such information should be combined with other measures and
expert opinion to develop a balanced assessment. (ibid)

2.5.2 Expert Opinion

The complexity of many technological product- and process decisions means that it is
essential to draw upon the expertise of people from several disciplines. The traditional
method for solving this is through meetings, conferences and face to face discussions.
There are however a number of reasons why these procedures are likely to fail. The
main reasons arise from practical considerations from the interactive process between
people. (Twiss, 1992)

Expert opinion methods aims at collecting expert information through more formalized
techniques. To gather expert input two tasks must be accomplished: first, the expertise
required and the person possessing it must be identified. Second, a technique to obtain
their input must be chosen. The choice of technique will influence the selection of
experts and vise versa. However, it is important to remember that experts seldom
control the whole range of conditions that the manager must consider and that experts
may be biased or have different interpretations of facts. (Porter et al, 1991)
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Description: The opinion of experts in a particular area are obtained and analyzed.
Assumptions: Some individuals know significantly more about parts of the world than
others, thus their forecasts will be substantially better. If multiple experts are used,
group knowledge will be superior to that of an individual expert.
Strengths: Expert forecasts can tap high-quality models internalized by experts who
cannot and will not make them explicit.
Weaknesses: It is difficult to identify experts. Their forecasts are often wrong.
Questions posed to them are often ambiguous or unclear, and the design of the process
is often weak. If interaction among experts is allowed, the forecast may be effected by
extraneous social and psychological factors.
Uses: To forecast when identifiable experts in an area exist and where data are lacking
and modeling is difficult or impossible.

Table 2.3: Summary of the Expert opinion method (Porter et al, 1991, p.95)

The expert opinion techniques can be divided into two categories, data collection
techniques and structure analyzing techniques (Porter et al, 1991). The traditional
techniques for collecting information from experts discussed here include Delphi
surveys, Nominal group conferencing and Structured interviews. We also present two
powerful methods for analyzing the structure of a technology in the Morphological
analysis and Relevance trees.

DELPHI SURVEYS

In the Delphi technique, structured anonymous interaction between carefully selected
experts, and a controlled feedback, is used to incorporate the knowledge of the experts
(Martino, 1993a).

In any technically oriented company there resides a reservoir of technical talent.
However, personal beliefs and the scope of the individual’s expertise base often bias the
contribution of a single expert. A usual solution is to form a committee, but they have
drawbacks to. Often, people with the right knowledge are either not able to be present at
the meetings or they are not properly considered. The Delphi technique uses a group of
experts to capture the expertise but without these shortcomings. (Vanston, 1998) The
knowledge typically obtained is whether an event will take place, what important forces
will shape the event, and the time horizon of the event. The experts for technology
forecasting can be opinion-makers, decision-makers, or people who will be involved in
the manifestation of the technological advance. The Delphi technique may be useful
because it draws attention to an issue that may not have been very well known within an
organization, and usually this generates excitement and enthusiasm for the forecasting
activity. Therefore, it has been proposed that it is helpful when initiating a company’s
forecasting activity. (Twiss, 1992)

The technique generally involves the careful framing of a questionnaire, and the
selection of experts to whom it is circulated. In the first round the experts make their
forecasts in isolation without consulting each other. The completed questionnaire is then
returned to the moderator who then summarize the opinions by determining the median
values. The results of the first round are then circulated again amongst the respondents,
and they are given an opportunity to revise their views, and are asked to give reasons for
their forecasts. From their consensus a forecast starts emerging. If further rounds are



Chapter 2 – Literature Overview

20

planned, then the results of the previous rounds are again circulated and fresh responses
sought. (Twiss, 1992)

The Delphi techniques is one of the most used for incorporating the knowledge of
experts, because of the relative ease with which it can be conducted (Vanston, 1998).
The strengths of the technique is that it consolidates responses from a wide range of
experts and that communication is through mail, e-mail etc. The drawbacks are the large
amount of work needed and the long time span to conduct a Delphi survey.
Furthermore, in the area of TF, research has shown that the consensus reached tends to
be more pessimistic for rapid advancing technologies, and in contrast, more optimistic
for technologies advancing slower. (Porter et al, 1991)

NOMINAL GROUP CONFERENCING

Nominal Group Conferencing process is a group technique designed to overcome the
unproductive aspects of face-to-face meetings and to stimulate creative thinking. (Porter
et al, 1991) This technique is according to Vanston (1998) most effective in small
groups and it is normally conducted in five phases. First, the moderator explains how to
conduct the conference, details it objectives, and presents the panel with a question or
problem. Next, the individuals in the panel consider the question or problem for
approximately 20 min and list as many feasible solutions as possible. In the third phase
these are posed to the other members in the panel on a large sheet of paper. Then the
discussion phase begins. The proposed solutions are explained, expanded and discussed
openly in the group. During this discussion, posted solutions may be combined,
modified, or subdivided, and new solutions may be added. Last in this process the
scoring phase begins. Each panelist is asked to rate each of the solution on a formal
basis with, for instance, quantitative numbers or raking of the top five solutions. (ibid)

The benefit of this technique is that it provides an effective platform for communicating
among experts from different fields. Comparisons have shown that Nominal group
conferencing meetings generate twice as many ideas as face-to-face meetings and
somewhat more than Delphi. (Porter et al, 1991). The negative sides is that meetings
may be biased by social dynamic problems, like “the band wagon effect” where one or
more dominant persons “run over” the others. Moreover, the problem of gathering
people occurs again. (Vanston, 1998)

STRUCTURED INTERVIEWS

The structured interview technique is conceptually very similar to the Delphi survey. In
this technique, the person conducting the survey personally collects data and acts as an
intermediary of ideas. The interviewer goes from one participant to the next adding each
interview’s result to a knowledge database for the next interview. Although structured
interviews, properly conducted, can provide a great deal of useful insight and
information, they require reasonable knowledgeable interviewers and a great deal of
time and effort. (Vanston, 1998)

OTHER GROUP TECHNIQUES

Although they will not be discussed further here several other techniques for exploiting
the power of groups in forecasting and futures research exist. Brainstorming, gaming,
synectics, focus groups are commonly refereed techniques by authors in TF literature.
(c.f. Vanston, 1998; Martino, 1993a; Porter et al, 1991; Twiss, 1992)
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MORPHOLOGICAL ANALYSIS

The classification of Morphological analysis and Relevance trees, described in the next
section, is not indisputable. The justification in this case is that these techniques often
require input from experts of the investigated field to be conducted in the correct way.

In morphological techniques we know the final state of the technology that we desire,
but are unsure of how to get there. The route to the technology is then broken into many
multiple parallel paths, where each parallel path is one part of the overall problem. The
aim is to find solutions independently for each of the paths and then finally combine
them to reach the overall goal. (Martino, 1993a)

A matrix of all theoretically conceivable combinations of technical approaches is
constructed. Known systems are traced on the matrix, which is then inspected to
identify untried combinations. Hopefully, some of these may be promising and emerge
in the future. To call this “forecasting”, it must argued that morphological analysis
identifies known technology and predicts future technology by displaying possibilities
that are not yet in use or explored. (Bright, 1998)

A simple example of a Morphological matrix was suggested by Twiss (1992), see figure
2.9 below. The key parameters of the system are listed on the vertical scale of the matrix
and alternative methods for satisfying them on the horizontal scale. It can be seen that
each type of clock known at the time could be defined by different combinations.
However, its purpose here is to identify possible new combinations that have not been
considered previously. Used in this way the matrix only determines the beginning since
each alternative must be analyzed to establish its commercial potential.

Figure 2.9: Morphological Matrix for a clock (Twiss, 1992, p.125)
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Experience has shown that this technique is quite useful in spurring imaginative ideas
about new ways of meeting both existing and proposed future needs. It can also be a
valuable device for defensive forecasting (i.e., for providing insight into competing
products or processes that might be under development). The history is full with
examples of different people or organizations simultaneously developing the same
technology or different technologies to accomplish the same functions. Thus, in
evaluating an organization’s own technology, attention should be taken of possible
development. (Vanston, 1998)

However, this technique has drawbacks. The matrix tends to be quite big and complex
to analyze, it takes a lot of time and effort to consider all theoretical permutations
(Bright, 1998).

RELEVANCE TREES

Relevance trees are basically a technique of structuring and organizing a problem and
its solutions. The problem is defined and similar to morphological techniques divided it
into sub-problems. (Martino, 1993a) The Relevance tree is a technique that enables the
totality of the contributing technologies to be explored in a systematic way. It is both a
forecasting and planning tool. (Twiss, 1992)

Relevance trees are often used when normative objectives are applied in the
organization. The objective can be derived from a managerial aspiration or a Delphi
forecast, but it is not of immediate use to decision-makers. They want to know what
program to initiate to exploit the potential that appears to exist because of a technology
capability. The product itself is often complex and possesses a number of functions,
systems and subsystems. An examination of the tree in figure 2.10 reveals what needs to
be accomplished of substantial advances in either new technologies or progress in
existing technology. The hierarchical display of the tree brings these problems into
sharp focus and structures the nature of the problems to be solved. (Twiss, 1992)

Figure 2.10: Partial relevance tree for motor car economy (Twiss, 1992, p.113)
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In making the selections among the alternatives it is possible to add criteria that are
important to the organization into the tree structure. A technique called Relevance
numbers adds weightings to the tree and enables the user to combine and compare
alternatives to come to the solution that is optimal for the organization. Relevance trees
have been widely used. Their main value in TF is to focus attention on the need for
radical new technological solutions and/or to highlight where detailed forecasts for
component technologies are necessary. (Twiss, 1992)

Both the advantages and the disadvantages of the technique lie in the simplicity. A
useful tree can often be developed in two or three hours. However input data are
basically subjective, and, thus, precise numerical results are suspect (Vanston, 1998).
They can also be a valuable means of communication between technologists and other
audiences because of its graphical nature (Twiss, 1992,).

2.5.3 Trend Analysis

Trend analysis, sometimes called projective techniques, is based on the assumption that
the future will be very much like the past for some period of time. It assumes that
events, trends and development patterns in the past were shaped by various fundamental
driving forces and that, as long as these forces do not change significantly, past change
will continue into the future. (Vanston, 1998)

Examination of the growth of a large number of past technologies indicates that it has
not been random and that when a technological parameter is plotted against time, an S-
shaped curve is obtained. The presumption for a forecast from early data using these
curves is that newer technology will exhibit the same behavior. (Twiss, 1992)

Thus, when we have data for a
partly established curve it can be
assumed that it will continue to
grow along an S-curve which can
be fitted to the data from its
emergence to the present day and
extrapolated into the future, see
figure 2.11. (ibid)

To be able to use trend analysis,
reliable time-series of data that
relate to well-defined technological
parameters is needed. When these
do not exists, as often is the case,
trend analysis cannot be used.
(Porter et al, 1991) If there is little
or no data available the forecaster
must rely to a great extent on
judgement. Techniques as Pre-
cursor curves and Delphi can be used but they cannot be expected to provide an
accurate quantitative measure. (Twiss, 1992)

Figure 2.11: Forecast showing trend extrapolated
from historical data (Martino, 1993a, p.340)
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Description: Trend analysis uses mathematical and statistical techniques to extent
time series data into the future. Techniques for trend analysis vary in sophistication
from simple curve fitting to Box-Jenkins techniques.
Assumptions: Past conditions and trends will continue in the future more or less
unchanged.
Strengths: It offers substantial, data-based forecasts of quantifiable parameters and
is especially accurate over short time frames.
Weaknesses: It often requires a significant amount of good data to be effective,
works only for quantifiable parameters, and is vulnerable to discontinuities. Forecast
can be very misleading for long time frames. Trend analysis techniques do not
explicitly address casual mechanisms.
Uses: To project quantifiable parameters and to analyze adoption and substitution of
technologies.

Table 2.4: Summary of the Trend analysis method (Porter et al, 1991, p.95)

GROWTH- AND SUBSTITUTION CURVES

The term “growth curve” represents a loose analogy between the growth in performance
of a technology and the growth of a living organism. Growth curves are used to forecast
the performance of individual technical approaches1 to solving a problem. Any single
technical approach is limited in its ultimate performance by chemical and physical laws
that establish the maximum performance that can be obtained using a given principle of
operation. Adoption of a device using a different principle of operation means a transfer
to a new growth curve. (Martino, 1993a)

Growth curves are therefore
used to forecast how and
when a given technical
approach will reach its upper
limit. History seems to show
that when a technical
approach is new, growth is
slow due to initial
difficulties. Ones these are
overcome, growth in
performance is rapid.
However, as the ultimate
limit is approached,
additional increase in
performance become more
difficult, and growth again
becomes slow. (ibid)
Therefore, growth curves
take the shape of an S-curve
like in figure 2.12.

                                                
1 Different authors use different termino
“Principle of operation” are used, as fa
different technological paradigms. They a
Figure 2.12: S-curve of technological progress
(Twiss, 1992, p.80)
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logy. “Technological approach”, “Technological parameter” and
r as we know, to be able to express the distinction between
re here used as synonymous.
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Using Growth curves involves the selection of a technological parameter and plotting
and fitting historical data using an appropriate analytic method like regression analysis.
(ibid)

Substitution analysis is concerned with forecasting the rate at which a new technology
will replace, or substitute, an older technology in a given application. The substitution
process can be generally described. Initially the older technology has the advantage in
that it is well understood, its reliability is probably high, users have confidence in it, and
both spare parts and technicians are readily available (Martino, 1993a). When a given
technology begins to mature, as improvements become increasingly difficult and
expensive, a new technology will often emerge that can accomplish the required
function in a more effective and economic manner. (Vanston, 1998). However, the
emerged technology is unknown and its reliability is uncertain; spare parts are hard to
obtain and skilled technicians are limited. Hence, the initial rate of substitution of the
new technology is low. As the initial problems are solved, the rate of substitution
increases. As the substitution becomes complete, however, there will remain a few
applications for which the old technology is well suited. The rate of substitution slows
down as the older technology becomes more and more difficult to replace. (Martino,
1993a) The substitution process is shown in figure 2.13 below.

The substitution of
new technology for
an older one, then,
often exhibits a
growth curve.
Growth curves can,
therefore, be used to
forecast substitution
as well as
improvements in
individual technical
parameters. (ibid)
Some frequently
employed techniques
for this purpose is the
Fisher-Fry model,
Gomperez model and
the Pearl curve. Some
more exists, for instance, the Bertalanffy model that is a generalization of the first two.
All models yield S-shaped curves but they differ in complexity and validity. However,
most authors in the field of technology forecasting recommend the use of the simplest
model, Fisher-Pry, for forecasting purposes. (c.f. Vanston,1996; Martino, 1993a; Twiss,
1992; Porter et al, 1991)

TECHNICAL TREND EXTRAPOLATION

The growth of a specific technical parameter and the substitution process can be
explained by the Growth curve. If we are to forecast far into the future, some other
techniques is needed that can project progress beyond the upper limit of the current
technological approach. (Martino, 1993a) A large body of empirical data indicates that

Figure 2.13: Technology substitution (Twiss, 1992, p.91)
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when the values of key parameters of technical progress are plotted against time, a
regular development pattern can be seen. In a large number of technical areas, it has
been found that, if progress is plotted versus time using least squares regression fit, or
similar, the trace is linear on a semilog graph for a significant portion of the
development period (Vanston, 1998).

There are a lot of examples of this somewhat
“strange law”. Aircraft speed was long perceived
to have an upper limit because of the physical limit
for propeller driven aircraft to go beyond the speed
of sound. Many aircraft design innovations were
introduced and sometime later the jet-driven
aircraft substituted the propeller technology.
Nevertheless, the speed trend shown in figure 2.14
appears to show a fairly smooth, steady
progression. Another more recent example is
Moore’s law, who stated as early as 1965 that the
microprocessor speed will double every 18 months
(see exhibit 2.2). It is the existence if these long-
term, smooth trends that makes it possible to
forecast beyond the upper limit of the current
technical approach. Moreover, the trends make it
possible to forecast a successor approach without
knowing what that approach will be. (Porter et al,
1991)

The idea behind exponential
technological growth has a
respectable intellectual
history, as well as
considerable empirical
foundation. Although,
exponential growth has been
accepted, it has not been
explained. (Martino, 1993a)
But the historical evidence is
there and cannot be ignored.
(Twiss, 1992) Technical
trend extrapolation is a tool
used extensively in many TF
programs. However, its value
is limited by the following
factors. (Vanston, 1998)

• It forecasts the
quantitative nature of change, not how change will occur

• Its projections are subject to changes in the driving forces that shape technical
progress. (ibid) As Porter et al (1991) concludes; extrapolation assumes that the
underlying structures and interacting forces remain the same throughout the period
of extrapolation. This assumptions always needs to be carefully considered

Exhibit 2.2: Moore’s Law

The observation made in 1965 by
Gordon Moore, co-founder of Intel, that
the number of transistors per square
inch on integrated circuits had doubled
every year since the integrated circuit
was invented. Moore predicted that this
trend would continue for the
foreseeable future. In subsequent
years, the pace slowed down a bit, but
data density has doubled
approximately every 18 months, and
this is the current definition of Moore's
Law, which Moore himself has blessed.
[1] To be honest, Moores said, I did not
expect this law to still be true some 30
years later, but I am now confident that
it will be true for another 20 years. [2]

[1] Source: Webopedia.
http://www.pcwebopedia.com/Moores_Law.htm
[2] Sourse: http://www.ludd.luth.se/~d89-
ahg/life.html

Figure 2.14: Aircraft speed records (Martino, 1993a, p.81)
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Projections like this can be very useful in setting R&D goals, in estimation the progress
that may take place outside the organization, and in identifying the need for new
technical approaches. (Vanston, 1998)

PRECURSOR TREND ANALYSIS

Precursor Trend
Analysis (Lead-Lag
correlation) takes
advantage of the fact
that, often, the
development of one
technology lags by a
constant period the
development of
another related one,
the lead technology.
For example, the
first application of
technical advances
in passenger cars
typically occurs
approximately four years after their application in racecars. Similarly, applications of
new technologies in commercial products tend to follow laboratory demonstration by a
relatively constant period. (TFI, 2000) The same phenomena can be observed with
commercial use of military technologies that might lag the military use. (Vanston, 1998)
Thus, it is possible to project the status of the lag technology at some future date by
observing the status of the lead technology today, as described in picture 2.15. (TFI,
2000)

Precursor Trend Analysis can be used for many other purposes. It may be possible to
use the number of patents in a technological field as a leading indicator for future
technological progress. (Martino, 1993a) It is also possible by establishing a pre-cursor
relationship of the growth of markets in different countries. This happens frequently.
For example, the diffusion rates for industrial robots in Japan, Europe and USA are
different. Therefore, it is possible to use data from the leading nation, in this case Japan,
to derive forecasts for the market adoption in Europe. (TFI, 2000)

This technique is often employed when a technology is in the early part of the S-curve.
In the absence of data (or small amounts of unreliable data), all the S-curve lies in the
future, and the forecaster needs an aid in assessing the starting date and the rate of
progress for the curve. (Twiss, 1992)

Figure 2.15: Lead-lag correlation (Twiss, 1992, p.99)
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LEARNING CURVE

A related notion is the
learning curve, which
addresses the improvement in
productivity. Analysis of the
learning curve can help
predict declining production
costs. The decline is due to
organizational learning as
personnel gain experience in
refining the production
process. Figure 2.16 shows
the learning curve for
production of advanced
military aircraft built in the
1970s and 1980s. It shows the
reduction in the number of
hours needed to assemble the
aircraft as workers learns the
details of construction, and less lab

2.5.4 Modeling

A basic limitation of many foreca
trends independently, thus they fail
other. One approach of capturing 
Models typically encountered in fo
judgement based. In either case th
are critical to its success. Judgem
build good assumptions and make s
(Porter et al, 1991)

Description: A model is a simpli
some part of the “real” world. Th
behavior of the system being mod
Assumptions: The basic structur
by simplified representations.
Strengths: Models can exhibit fu
important system aspects from u
incorporate human judgement. T
insight into complex system beha
Weaknesses: Sophisticated tech
a spurious credibility for poor fo
quantifiable parameters, thereby 
are not heavily data based may b
Uses: To reduce complex system

Table 2.5: Summary
Figure 2.16: Learning curve – assembly hours per
aircraft and cumulative number produced

(Porter, 1991, p.172)
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or means a lower cost per unit. (Porter et al, 1991)

sting techniques is that they project events and/or
 to account for the impact of events or trends on each
interactions between events is to construct a model.
recasting are either computer based (simulations) or
e quality of the assumptions that underlie the model
ent based models rely on the forecaster’s ability to
ound judgements about how they affect the forecast.

fied representation of the structure and dynamics of
e dynamics of a model can be used to forecast the
eled.
e and processes of part of the world can be captured

ture behavior of complex systems simply by isolating
nessential detail. Some models offer frameworks for
he model building process can provide excellent

vior for the modeler.
niques may obscure faulty assumptions and provide
recasts. Models usually favor quantifiable over non
neglecting potentially important factors. Models that
e misleading.
s to manageable representations.

 of the Modeling (Porter et al, 1991, p.96)
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There are several types that can be employed. A mathematical model uses equations to
represent the system in which events occur. These are typically very complex and time
consuming, and the models coverage is limited (for example mathematical models of
inventory systems, economy etc.) There are however models that cut across disciplines and
account for the effect of one event upon another. In the TF arena such model is called
Cross-impact analysis. Other interesting techniques are System dynamics techniques that
describe a philosophy for analyzing and understanding complex real world systems. (Porter
et al, 1991)

CROSS-IMPACT ANALYSIS

Even if most TF techniques listed incorporate implicit assumptions about the interaction
of future events and/or trends on each other it is sometimes necessary to address these
influences explicitly. Generally the assessment of all impacts on a technology requires
many experts because it is often risky and very difficult (Joeng & Kim, 1997).
However, Cross-impact analysis attempts to do what is implied in all forecasting - to
provide a prediction of future conditions with allowance for all the interacting forces
that will shape the future. (Bright, 1998)

Although as many as 16 distinct types of cross-impact analysis models have been
identified, an idea common to each is that separate and explicit account is taken of the
causal connections among a set of forecasted events and/or trends. Traditional cross-
impact analysis uses a simulation technique to analyze these interrelationships by using
a cross-impact matrix representing the casual (cause – effect) relationships between
events. By iteration and refinement, a clearer picture of likely future interactions
hopefully is obtained (Joeng & Kim, 1997).

A cross-impact analysis that includes only the interactions of events is called a “Cross-
impact model”. A model that includes only the interactions of events on forecasted
trends but not the impacts of the events on each other is called a "Trend impact
analysis". In the general case, however, cross-impact analysis is increasingly coming to
refer to models in which event-to-event and event-to-trend impacts are considered
simultaneously. Constructing such a model involves estimating how the occurrence of
each event might affect ("impact") the probability of occurrence of every other event as
well as the forecasts of each of the trends. (Morrison, Renfro & Boucher, 1984)

Traditional Cross-impact analysis focused on the effects that events have on each other.
Thus it deals with discrete events and incorporates no time dimension. The time
dimension can be added with the use of Markov chains (A Markov process is a system
of states governed by a matrix of possibilities). This modification can be employed to
study the reaction of events/trends on other over time. (Porter et al, 1991)

In terms of limitations, the cross-impact model is able to consider only pairs of events, it
does not consider the effects of non-occurrence within the model, lacks specific
definitions of the cross-impact factors, and cannot directly assess the likelihood of
specific events. (Jeong & Kim, 1997)

However, Cross impact analysis can be a very effective technique for examining the
probability that a technical development will be affected by external factors. This type
of analysis have also been found useful for identifying key technologies, a technology
that has strong relationships with other technologies. This information is interesting



Chapter 2 – Literature Overview

30

because it identifies the most valuable technology among attractive technologies (Jeong
& Kim, 1997). Finally, when cross-impact analysis is used in conjunction with another
methodology (such as the Delphi Method), the power of the forecast is considerably
enhanced. (Enzer, 1971)

SYSTEM DYNAMICS

System dynamics models the complex dynamic characteristics of a technology
development process by using feedback control theory (Reuven & Han, 1995).
Feedback models take into account the fact that, in ongoing systems, successor events
often result in changes to precursor events. For example, if the price of a product
increases, there will be a tendency for manufactures to produce more of that product.
This increase will cause greater market competition which in turn causes price to
decrease. This kind of behavior is simulated in a system, and by changing input
parameters different assumptions or strategies can be tested. (Vanston, 1998)
Furthermore, Reuven and Han (1995) states that with the aid of continuous simulation,
the dynamic model can be analyzed to identify the behavior of technology development
process over time. The relationship among all variables affecting the development must
be known before the model can be constructed (ibid).

This technique is useful for handling large amount of data since it is always computer
based. However there are some drawbacks. First the development of this kind of model
is typically extensive and time consuming. Second, the model is a representation of the
system, not the system itself. If the model does not reflect the real system adequately,
inappropriate information may be generated. (Vanston, 1998)

2.5.5 Scenarios

The term Scenario describes a fuzzy concept that is used, misused and even abused,
with various shades of meaning attached to it (Ratcliffe, 2000). But in this field of
future studies, Porter et al (1991) suggest that Scenarios is a history of the future
describing developments across a period ranging from a few years to a century or more
or as a slice of time at some point in the future. Reuven and Han (1995) describes
Scenarios in a narrower sense applying to the area of TF as different conceptions of
future technology, a scenario represents the alternative characteristics of the future
technology. Scenarios are useful as stand-alone forecasts if data for time series are
lacking, if expertise is weak or nonexistent, and if no solid base for model building
exists. (Porter et al, 1991)
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Description: Scenarios are sets of snapshots of some aspect of the future and/or
future histories leading from present to the future. The scenario set encompasses the
plausible range of possibilities for some aspect of the future.
Assumptions: The full richness of future possibilities can be reasonably incorporated
in a set of imaginative descriptions. Usable forecast can be constructed from a very
narrow database.
Strengths: They can present rich, complex portraits of possible futures and
incorporate a wide range of quantitative and qualitative information produced by other
forecast techniques. They are an effective way of communicating forecasts to a wide
variety of users.
Weaknesses: They may be more fantasy than forecast, unless a firm basis in reality
is maintained by the forecaster.
Uses: To integrate quantitative and qualitative information when both are critical, to
integrate forecasts from different sources and techniques into a coherent picture, and
to provide a forecast when data are to weak to use other techniques. They are most
useful in forecasting and communicating complex, highly uncertain situations to non-
technical audiences.

Table 2.6: Summary of the Scenario method (Porter et al, 1991, p.97)

The methodological base of scenario building as with all forecasts is broad, diverse and
comprises a wide range of approaches and techniques (Ratcliffe, 2000). Hence, since
this is a overview, it is no use describing any special scenario techniques here. There are
however some general characteristics concerning Scenario techniques that are worth
mentioning.

Porter et al (1991) suggests the scenario form have two generic uses that can be
exploited within the TF process, integration and communication.

First, the scenario offers the potential to integrate information from diverse sources and
of different character into a single forecast. The results of a trend extrapolation and
expert opinion studies, for instance, can be woven together in a story form. Further,
qualitative- and quantitative data can appear in a scenario side by side with values. Thus
the limitations of structure that trend analysis, expert opinion and models exhibit
individually can be overcome by incorporating their forecasts in a scenario. (ibid)

The second generic use of scenarios is communication. The technical report does not
convey information effectively to non-technical audiences. In format, length, content
and style the technical report is not usually a good vehicle for mass communication. The
Scenario, which expresses a technical analysis in literary form is a far better approach
for such an audience. It can engage their imagination without sacrificing technical
analysis. (ibid)

Scenarios can be divided according to the forecasting approach used, as discussed in the
beginning of this chapter the technological forecasting techniques can be either
normative or extrapolative (Twiss, 1992). In normative or future backward scenarios a
significant future is selected and attempts are made to discover the path that connects
them. But on the other hand in extrapolative or future forward scenarios, the scenarios
are based on analysis of present forces and their likely evolution several a plausible
futures is projected. (Porter et al, 1991)
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Further, scenarios usually can be
divided into two generic forms.
Fist, the single scenario which
employ a series of most likely
single-factor projections to
develop a “most likely”
Scenario. Secondly, several
alternative scenarios can be
written, each based upon a
central theme. Vanston (1998)
Commonly used alternate
scenario themes are “optimistic”,
for example high growth and
“pessimistic”, low growth, like
described in the figure 2.17.
These are however not always
very useful because they do not
require focusing on specific
potential problems. (Vanston,
1998)

2.6 Choosing a Technological F

It has been noted that “If the only too
look like a nail” (Twiss, 1992). This is 
proposed is that several possible techni
of techniques. From this toolkit of m
specific organization, situation and in
such an approach, the methodology can
optimal solution can be obtained for ea

2.6.1 Framework for Choosing a Tech

This section introduce a simple fram
which is useful in determining what tec
suggest that before using it the forecas
disadvantages of each technique as wel

The first thing to do is to identify the
and then determine the degree to w
forecasting technique. This relationsh
forecasting and various forecasting te
forecasting technique for a given situat
Figure 2:17: Example of alternative scenarios
 (Twiss, 1992, p.68)
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orecasting Technique

l one has is a hammer, every problem seems to
certainly a situation to avoid. What has thus been
ques be grouped into specific models or families
ethods, those deemed most appropriate for a

dustry sector can be selected and applied. With
 be customized to every specific situation and an

ch individual problem. (Preez & Pistorius, 1999)

nological Forecasting Technique

ework developed by Reuven and Han (1995),
hniques to use in a certain situation. The authors

ter must become familiar with the advantage and
l as with the conditions for using it.

 main factors affecting technological forecasting
hich the factors are important in a particular
ip between the factors affecting technological
chniques is helpful in selecting the appropriate
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The main factors effecting technological forecasting are:

• Data availability
• Data validity
• Uncertainty surrounding the success of technological development
• Similarity of proposed and existing technologies
• Number of variables affecting the development of technology

The various tables for choosing a forecasting technique as described by Reuven & Han
(1995) is presented in Appendix 1.

2.7 Redefined Research Problem

As discussed in section 2.2.2, Selecting Information Requirement, the different
information requirements of TF pull in different directions depending on what kind of
information the decision-maker requires from the forecast. A “toolbox” of different TF
techniques can then be tailored to fulfill these information requirements.

The Literature overview was designed to present the area of TF on a broad scale. The
intent was to cover the areas important to get a holistic view of TF. However, to be able
to analyze some aspect of TF in detail the scope of the study has to be narrowed down.
A possible way to accomplish this is to examine a specific information requirement of a
technology forecast. One of these, Identification and evaluation of new products or
processes that may present opportunities and/or threats, is especially important and
interesting. Today’s business organizations operate in an ever-changing environment
and the pace of change is fast. This development is even more painful for high-tech
firms due to higher risks, shorter product life cycles and faster technological
obsolescence. The only way to sustain high growth in this business climate is
continuous innovation and fast product development. However, to accomplish this the
organization must keep abreast with the changes in the business environment and
especially the technological changes. The extensive amounts of information produced
by environmental changes has highlighted a need for a structural approach to identify
possible impacts on the firm in an early stage, evaluate them and communicate decision-
support to the people who are responsible for the long-term survival of the organization.

The Literature overview only addresses some general considerations and implications,
not enough to base a study on. Therefore a new framework is needed, a detailed
description on how organizations assess opportunities and/or threats with regard to
technology. This redefines the research problem of the study to:

♦ How can the process of assessing technological opportunities and/or threats using
Technology forecasting techniques be described?
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3 Extended Literature Overview

In this chapter, two methodologies for adapting to changing conditions in the
environment, with an emphasis on technology, is introduced. First, a framework
developed by the Institute of Technological Innovation (ITI) at the University of
Pretoria is presented (Preez & Pistorius, 1999). Then various aspects of strategic
forecasting as described by Twiss (1992) are discussed.

3.1 Introduction

This kind of process has some similarities with what is often referred to as Business
Intelligence (BI). However, the scope of BI is broader and has no technological focus.
When assessing environmental changes in terms of organizational impacts they have to
be cast into a strategic framework to make sense. The opportunities and threats are part
of the familiar SWOT-analysis that deals with factors external to the organization.

Technology forecasting, when serving the specific information requirement stated in the
redefined problem for this study, is neither a pure BI activity nor a pure SWOT-
analysis. The subjects both coincide and differ. When the problem for this study was
revised, we left the pure TF-field, as defined by some authors (c.f. Bright, 1996;
Vanston, 1998). But the TF-techniques, presented in section 2.6, Technology
Forecasting Methods, is not excluded, they are used within the frameworks as will be
discussed later in this chapter. To be able to assess opportunities and threats with a
special emphasis on technology (but not excluding the other environments) we need to
cast the TF-activity into a broader framework. The TF literature provides a limited
number of frameworks for this purpose. Many authors have drawn attention to
important elements and pointed out different components that need to be taken into
account but not reached the level of “framework”. However, Preez and Pistorius (1999)
and Twiss (1992) have developed frameworks for this purpose and the authors agree to
the more broad definition of TF. These two frameworks will now be introduced and
further details on sub-functions explained by other authors will be provided when
needed.

3.2 A Framework for Assessing Technological Threats and Opportunities

Preez and Pistorius (1999) introduce a schematic approach that presents the basic
components that the Framework for Assessing Technological Threats and Opportunities
is founded on (Figure 3.1). This framework is introduced in the next paragraph. These
sections is based on the article “Technological Threat and Opportunity Assessment” by
Preez and Pistorius if nothing else is mentioned.

It is evident from figure 3.1 (next page) that it is necessary to keep track of global
developments to be able to assess technological threats and opportunities. It should also
be kept in mind that the concern is with innovation, which has a technical success
component (invention component) as well as a market success component (commercial
exploitation component). For this reason, it is important not to limit the monitoring and
scanning effort to technology, but also to include technology-market interactions.
Technology and market trends should hence be tied together in a two-dimensional
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domain. This also necessitates monitoring and scanning the political, economic and
social landscapes.

The second element of
the approach comprises
an analysis of the core
technologies on which
the organization
depends, as indicated in
figure 3.1. From the
viewpoint of a
technology-based
organization, it is
necessary to identify
those technologies that
may possibly affect an
organization’s bottom
line. Appropriate
technology audit
mechanisms need to be
developed for this
purpose. If a company has a 
will in the future be replace
probably affect the company
hence it is also important
organization in question, be
example. It is thus necessa
competitive intelligence (CI
technological threat and oppo

Once the situation has bee
opportunities, the challenge 
opportunities that have been 
differ from organization to o
may, for example, be part o
weaknesses are assessed as w
and opportunities may serve
which technological issues ar
problems. In a generic way i
responses need to be develop
and implemented.
Figure 3.1: Basic components of the Framework for
Assessing Technological Threats and Opportunities

(Preez & Pistorius, 1999, p.219)
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certain strength in steel technology, for example, and steel
d by composite materials for some applications, it will

’s bottom line. No organization operates in a vacuum, and
 to identify other role players that interact with the
 they allies or competitors, substitutes or suppliers, for
ry to gain knowledge about other role players. Some
) practices may therefore be highly applicable in the
rtunity assessment effort.

n cast into a framework of technological threats and
lies in developing a strategy to deal with the threats and
identified. The specific manner in which this is done will
rganization. The identification of threats and opportunities
f a larger process in which organizational strengths and
ell (SWOT analysis). Alternatively, the identified threats

 as inputs to a greater scenario building process during
e considered concurrently with other business decisions or
t can thus be said that possible offensive and/or defensive
ed whereupon the most optimal strategy should be selected
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3.2.1 The Methodology

The methodology proposed
is illustrated schematically
in figure 3.2. Although they
are not shown graphically, a
multitude of feedback loops
exists among the activities
indicated. As an example,
the objective of the effort
will, at first, be largely
exploratory with personnel
having little or no idea of
what they are looking for.
However, as the process
progresses (e.g. during the
analysis activity) several
factors that could provide
warning that a specific
development or trend is
evolving in a certain
direction might be
encountered. Each step will
now be discussed in more
detail.

3.2.2 The Preparation of a Monitoring and Scanning Plan

A variety of aspects are of significance and should be considered during this activity.
Three issues were chosen by the authors to serve as examples of these aspects, namely
the sources of information, the organization of monitoring and scanning staff and the
storage of gathered information.

These aspects are extended by Costa (1995), he presents a more detailed framework of
practical considerations to consider when establishing an environmental monitoring and
scanning program (Table 3.1). Some aspects are also detailed further by other authors.

The first step is to determine the Information needs
(1), which are often to identify emerging or existing
threats and opportunities. This includes according to
Preez & Pistorius (1999) to specify aims and
objectives for the TF-effort. Porter et al (1991)
further details this.

According to Porter et al (1991) the first thing to
consider when a monitoring effort is initiated is its
specific purpose. This is vital for avoiding ill-focused
information with no importance to the organization. The p
scanning effort is of course connected to the general inform
effort as discussed in a pervious chapter but possible g
identified by Coates (cited by Porter et al, 1991).

)

Table 3.1: The preparation of
a scanning process

1. Specify information needs
2. Specify information sources
3. Identify participants
4. Assign scanning tasks
5. Storage and processing of

information
6. Dissemination of information

(Costa, 1995
Figure 3.2: Framework for Assessing Technological
Threats and Opportunities

(Preez & Pistorius, 1999, p.221)
urpose of the monitoring and
ation requirement of the TF-
eneric objectives have been
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• Detecting scientific/technical or socioeconomic events important to an company
• Defining potential threats for the organization implied by these events
• Seeking opportunities for the organization implied by changes in the environment
• Alerting management to trends that are converging, diverging, speeding up, slowing

down, or interacting.

Porter et al (1991) further suggests a series of general
choices to limit the monitoring effort, see table 3.2. The
first choice is the time frame. It is possible to monitor with
a long time frame using exploratory or pre-implementation
mode, for instance, to decide if a company wants to
incorporate a technology in existing products. In contrast,
imminent-decision monitoring has a short time frame and
directly address product or processes currently in the
company’s portfolio. The post-decision time frame implies
evaluative monitoring, determining the consequences of a
decision that has already been taken.

The second choice is between undertaking a one-time study
or to set up an ongoing program.

The third choice determines the level of focus, a
monitoring effort can be technological or contextual.
Technological monitoring focuses on a specific
technology’s development while contextual monitoring
also considers the context in which technology develops.
Technological monitoring approaches will differ depending 
Macro technology monitoring could encompass a whole spectru
technologies. Alternately, micro-monitoring might focus on
personal computer or microprocessors for instance. Like discuss
Elements of a Forecast, it is important to be clear about what a
that is of interest.

Forth, the purpose of the monitoring can be either to forecast tec
a strategic tool for choosing a future course.

Fifth, the different stages of development have to be considere
scanning effort can be either invention- or innovation oriented. In
sense means focusing on technical “milestones” that is, predic
technical capabilities. On the other hand Innovation oriented has
a market success component. Furthermore, a choice whether to 
established technologies is needed. The monitoring of establis
draw upon historical parameters while monitoring of emerging 
on diffuse information.
Table 3.2: Choices of
monitoring

• Time frame
- pre-implementation
- imminent
- post-decision

• Process
- one-time study
- ongoing monitoring

• Focus
- technological
- contextual

• Breadth
- macro
- micro

• Purpose
- choosing
- forecasting

• Developmental stage
- invention
- innovation
- established
- emerging
             (Porter et al, 1991)
on the level of focus.
m, such as information
 one technology, the
ed in section 2.3.3, The
spect of the technology

hnologies or be used as

d. The monitoring and
vention oriented in this
ting the emergence of

 a market focus. Hence,
consider if emerging or
hed technologies could
technologies must rely
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Next Costa (1995) argues that Information
sources (2) are of concern, the objective is to
develop a list that constitutes the core input to
the information system. The list contains the
information sources, see table 3.3 for details.

Identify participants (3), the participants are
those staff that are directly involved in the
forecasting process or members of the
organization that have access to useful
information sources that also need to be
included.

The Assignment of scanning tasks (4) is a core
concept of the preparation of a scanning
process. This “partitioning” makes it
manageable to those involved in the process. It
consists of assigning individuals to scan
different information sources. The partitioning
is preferably made by dividing the sources into
different areas. Preez & Pistorius (1999)
extends this discussion by providing some
aspects to consider in this context, a first issue
that springs to mind is their backgrounds. On
the one hand, personnel with expertise in a
specific area could be advantageous, as they
might be able to provide the most
comprehensive picture of developments or
trends in a specific field. However, it has been
mentioned that the innovations that have the
greatest impact, causes a paradigm shift or restructures an industry very often originate
from an entirely different industry than the one that they eventually have an impact on.
In this regard, generalists as opposed to specialists might have more insight as to the
“big picture.” Another issue is related to their location. Ashton and Stacey (1995)
suggest five possible organizational forms for technology monitoring staff.

• Central unit: a core monitoring unit with dedicated and specific assignment to
technological monitoring

• Existing group: monitoring responsibility within an existing group, such as
cooperate planning, R&D or marketing

• Decentralized: distributed monitoring responsibility to the operating units.
• Diffused: no established formal structure for monitoring, but the job is done by staff

throughout the company as a part of their responsibilities

Finally, Costa (1995) argues that the Storage and dissemination of information (5,6) is
crucial to the success of the process. The storage system can be a simple set of files or a
sophisticated computer-based information retrieval. Preez and Pistorius (1999) also
discuss the storage of information, which in turn encompasses such issues as the mode
and the period of storage.

Table 3.3: Major Information sources

Field observations
• first hand technology system examination
• onsite installations
• visits or tours
Individual experts
• Professional relationships with individuals

- interviews
- collaborations

• informal meetings with technical associate
• use of consultants
• hiring key staff
Literature
• Publications

- technical journals
- conference or symposium proceedings
- industry or trade publications
- newspapers
- patents or patent applications
- in-house or company publications
- government reports or newspapers

• Unpublished documents
- trip reports to technical sites or meetings
- correspondence
- meeting notes

• Computerized databases
- commercial
- government
- proprietary

Organizational contacts
• professional technical conferences,

meetings
• trade shows
• international organizations or industry

associations
• general professional contacts through joint

ventures, licensing agreements, branch
offices, sales representatives etc.

(Ashton & Stacey 1995)
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In terms of the physical mode of storage, a strong case is to be made for an electronic
database. While a manual mode of storage, i.e., files and cabinets, may seem adequate at
first, the volume of information generated by the monitoring and scanning process is
likely to be such that this will soon prove to be inadequate. Advantages of the electronic
database includes intelligent search facilities and the more efficient determination of
links between items and cross-impacts between developments. For example, specific
fields in the database files might be “warning signals” or “possible impacts” and any
new information gathered and scanned into the database could then automatically be
checked against this data. The period of storage need to be reflected on. The amount of
information can usually be quite extensive and the length of time that items should be
stored should be considered. A database could assist greatly in the management of
information by automatically deleting items after a specific period of time.
Alternatively, the number or date of links and cross-references could be checked and
used as a criterion for the deletion of items. (Preez & Pistorius, 1999)

3.2.3 Information Gathering and Classification

As previously mentioned, the initial objective of the monitoring and scanning effort will
be mostly exploratory with personnel having little or no idea of what they are looking
for. However, as the effort progresses and information is gathered and analyzed,
specific issues will be identified and further examined. The purpose may be to learn
more about a specific area and the scanner may look after particular features. As the
information gathering process becomes more focused, the purpose may be to find
detailed information through active and directed probing.

An important step in a comprehensive monitoring and scanning effort is to construct a
suitable framework for the classification of technologies. It is important to classify
technologies or other entities to be able to provide a means of differentiating between
groups of entities. Classification also assists in the studying patterns of interaction
between various technologies and that is important due to the fact that technological
evolution very often is technological fusion, where various technologies come together
to produce a new technological system. Standard classifications have not emerged yet,
although attempts have been made.

3.2.4 Analysis

The objective in the analysis stage is to process the information that has been gathered
and classified. Possible trends and future events that may be of significance need to be
identified. The analyst will thus form certain hypotheses of what the various signals
may mean and what impacts they may have. In this regard, it is of paramount
importance to identify factors that may serve as either confirming or denying evidence
for a particular signal or trend. These factors should be specifically watched for and are
fed back to the earlier stages of the process, and the mode of scanning will thus be more
focused.

According to Preez and Pistorius (1999), there are no generic analytic approach that can
be applied to all industries and companies to assess threats and opportunities. What has
been proposed is that several possible techniques be grouped into specific models or
families of techniques. From this toolkit of methods, those deemed most appropriate for
a specific organization, situation and industry sector can be selected and applied. With
such an approach, the methodology can be customized to every specific situation and an
optimal solution can be obtained for each individual problem.
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3.2.5 Assessment in Terms of Threats and Opportunities

The output of the previous stage, analysis, is intelligence on a range of signals that may
be indicators of potential technological change. The purpose of this stage is to further
process those signals and to cast them in a framework of technological threats and
opportunities.

The first step in this stage is to consider the effects or impacts of developments in one
area on those in another and to examine which developments or trends may be related in
some way or another. The analysts should then attempt to map out what different sets of
interrelated signals may mean. Thus, hypotheses about possible implications are
formed. This is significant for the reason that future events or enabling factors required
to make a hypothesized innovation a reality could be determined as well. These events
or enabling factors can then be fed back to earlier information gathering stages where
personnel will specifically look out for confirming or denying evidence.

After this when one have analyzed the effects of developments in different areas on
another, an attempt is made to determine which of the interrelated signals or issues that
may have an impact on a particular organization. The list is then reduced to a list of
most critical developments or issues that are considered most important or that have the
greatest impact on the organization.

In order to determine which developments or trends may have impacts on a specific
organization, corporate capabilities need to be investigated and formulated. Since the
idea is to select those related signals or developments that can affect an organization’s
bottom line, core competencies and complimentary capabilities should be investigated.
The goal is hence to establish which sets of related developments or signals are
important for the organization, both at the present time and in the future.

In the third step, a range of scenarios is developed. The objective now is to combine
these sets of interrelated events and developments in different ways in order to
determine how they represent threats or opportunities to the organization.

Having developed a number of alternative scenario worlds that collectively represent
the range of technological threats and opportunities the organization is compelled to
face, one of the most important areas to investigate is the future markets and hence
future customer requirements implied by each of the scenario worlds. Future market
conditions are firstly examined and from these market conditions a segmentation
analysis could be performed. For every scenario world and every target segment, it is
then attempted to formulate what the requirements of customers in that segment may be
and thus what their potential purchasing behavior may be.

At this point, a reduced set of future technological entities, envisioned to satisfy
customer requirements across a range of alternative future environments will have been
determined. What remains to be done is to investigate which technologies should be
invested in, in order to realize those entities. A classic technology forecasting method,
namely the relevance tree approach is suggested to assist this process.

To recall, the purpose of the relevance tree technique is to determine and evaluate the
alternative paths by which an objective or mission could be achieved. Hence, the
objective is broken down into alternative solution concepts, which are further broken
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down into systems necessary for each of the solution concepts. In this way, the aim is to
arrive at specific technologies that will be required to realize future technological
entities in order to satisfy customers’ demands in future market segments.

3.2.6 The Development of Possible Responses

Having identified possible threats and opportunities, the organization need to design
possible responses. These are highly specific and related to the particular decision-
making and strategy-forming processes that will differ from organization to
organization. Generally speaking, possible organizational responses will firstly depend
on the strength of the signal that has been detected. Something that also will influence
the way to respond is the timeframe to from responses after detecting a signal.

The output of this activity is a set of contingency plans or certain offensive or defensive
actions.

3.2.7 Strategy Selection and Implementation

This step is also situation- and organization specific. When selecting among alternative
organizational responses, the whole spectrum of consequences that a particular response
may have for the organization should be kept in mind.

According to Preez and Pistorius (1999), some quantitative decision analysis techniques
may be more useful than relying on subjective judgment or “gut feel” alone. A most
basic but effective approach would be to list the criteria on which a decision is to be
based, assign weights to the criteria and then quantify the advantages and disadvantages
of each alternative response in terms of these weighted criteria.

3.2.8 Technology-Market Interaction

As mentioned before, the emphasis during the technological threat and opportunity
assessment effort is on innovation and not merely invention. The process of innovation
is typically envisioned to consist of both invention (the creation of new entities) and
commercial exploitation (the acceptance and adoption of new entities in the
marketplace). For this reason, it is thus of primary importance that market factors and
the technology-market interaction should be considered during the process of
technological threat and opportunity assessment.

One important factor includes the examination of market opportunities in terms of
technology push compared to market pull. Technology push is, according to Porter et al
(1991), propelled by technology-driven firms that emphasize on new product
development. Hence the product was developed first and then demand among the
customers needs to be created for it. Market pull or market-driven firms on the other
hand let the marketing function dictate what the firm will develop and produce based on
the actual need of the customers. Today most of the high-tech firms tend to be
technology driven, but this does not necessarily mean that customer needs are neglected.
(Hunter, 1994)

Further, Preez and Pistorius (1999), suggest other important factors as the estimation of
potential market size, an evaluation of the entity life cycle, and market segmentation in
geographic and demographic terms. Differences in the psychographic and behavioral
characteristics of buyers in these segments are of significance as well.
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3.3 Strategic Forecasting

Strategic forecasting, as presented by Twiss (1992), in contrast to more operational
aspects of forecasting, is concerned with long-term profitability that depends on how
well an organization accomplishes its objectives. Effectiveness is a measure of how well
an organization deploys its recourses, in contrast to efficiency that measures how well
they use them. It is evident, though, that the fundamentals of the strategic forecasting
process is to take account of a multiple of trends and events within the total business
environment to be able to anticipate what recourses that are important in the future.
These must be identified, analyzed and combined to give a forecast. Twiss (1992)
methodology is presented in figure 3.32.
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2 The figure originally contained the boxes and arrows between them. Additional text has been added for
clarification.

Figure 3.3: The procedure for Business Strategy Formulation. (Twiss, 1992, p.69)
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3.3.1 Knowledge Identification

The first steps in the forecasting exercise are:

1. To identify (1) trends and (2) possible futures events – in political, economic, social
and technological (PEST) environments.

2. Evaluate the importance of these trends and events in relation to their possible
impact on the organization.

3. Select those which are to be included in the subsequent analysis.

Twiss (1992) propose a similar way of Knowledge Identification (the first 2 boxes in
figure 3.3) as Preez and Pistorius (1999) framework discussed in the previous section.

The environmental scanning exercise will reveal a multitude of trends and possible
future events in the outside world that might have an impact some time in the future. It
is necessary to bring them into a shaper focus and eliminate those that are of no
importance to the organization. This is what Twiss (1992) calls evaluate.

In order to do this, signals must be
evaluated in relation to two criteria– the
strength of the signal and the possible
significance for the organization. The
signals may vary from weak to strong. A
strong signal is when a trend or event
has a high certainty of occurrence. Weak
signals should be proposed to trends or
events that have some uncertainty of
occurrence. Applying this preliminary
filter results in different classes of issues
described in the figure 3.4.

It should be noted that at this stage each
signal has been examined in isolation
without regard to its inter-action with
other trends or events. It is possible to apply one or more of the forecasting techniques
described in Literature Overview in order to gain better understanding of these isolated
signals.

At the end of the preliminary evaluation there are likely a number of issues that are
considered to be worthy of further analysis. Twiss (1992) mention that a typical number
is about 200. Thus we are ones again faced by the need to reduce the area of concern to
a size that can be handled conveniently.

The next two steps in figure 3.3 are therefore concerned with selecting the most
significant trends and events. These issues may be selected subjectively or be based
upon earlier “in-house” forecasts on isolated signals or “out-house” forecasts on the
signals under investigation.

Examine
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Review
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Note, Assess
potential

significance
and Monitor.

Ignore

Figure 3.4: Analysis of environmental signals
(Twiss, 1992, p.59)
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Twiss (1992) suggest one way of selecting signals that has been found useful and
practical. “Ask those responsible for evaluating the political, economic, social and
technological environments to each select about six of the most significant signals in
their field.” This reduces the number of issues to be handled in later steps. It will
simplify the forecasting task without seriously affecting the outcome quality. Any
simplification must involve a rejection of some information, theoretically this is
undesirable but in practice it is unavoidable. Although any sacrifice of information can
be regarded as a weakness, judgement must be exercised to ensure that no important
information is ignored or eliminated.

Furthermore, after selecting, the individual items need to be discussed. It may be
possible to discard some of them before moving to the cross-impact analysis. Moreover,
there is a need to provide a clarification of the definition of the specific trends and
events to avoid different interpretations in later stages of the process (box Detailed
Definition of Issues, in figure 3.3). It is essential that a concise agreed definition for
each issue is noted before proceeding to the next stage of the analysis.

3.3.2 Analysis

The term cross-impact analysis is applied to those techniques which aid the
understanding of how developments in one area is affect those in another. According to
Twiss (1992), they can be used in two ways:

1. To identify the influence of one factor on another, the strength of that influence and
its direction, i.e. whether it makes the outcome more or less likely

2. As the basis for a quantitative analysis which enables the probability of an
occurrence taken in isolation to be modified in the light of the impacting influences

Twiss (1992) suggest a procedure that use
the first approach, which is practical and
simple to use, that do not attempt to apply
numerical values to the strengths of the
impacts. The output from earlier stages in
this process is the redefined list of specific
issues (trends and possible future events).
The same group of people assigned to that
task should be used to conduct the cross
impact analysis. A somewhat large number
of cross-impacts need to be evaluated and
Twiss (1992) propose a method which
enables a quick assessment (exhibit 3.1)
Exhibit 3.1

The procedure benefits from its simplicity. Each
member assign each impact a H (for high), M
(for medium) and L(for low)-impacts and a
direction (+ for a positive impact and - for a
negative). These are put together in an overall
magnitude (H,M,L) and a direction (+,-) and
placed in the matrix.

If the group uses 5 cards (H,M,L,+,-) and are
asked to show two for each question the “band
wagon effect” can be avoided.

(Twiss, 1992)
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In the cross-impact matrix, each issue is listed on both the vertical and longitudinal axes
as illustrated in the simplified matrix below (figure 3.5)

In this example the cross-impacts between four factors (signals) are examined:
decreasing size of the national workforce, cost of labor, capital investment, and the
development of robotic technology. The procedure is to work horizontally across the
matrix by asking a series of questions such as: “if the size of the workforce decreases,
what will be the effect on the cost of labor?”, and so on. The H+  indicates a high
positive impact in this case.

However, the matrix is not a forecast itself; it has two main roles.

1. To identify the most important inter-relationships
2. To provide a structure for a more detailed forecasting exercise; this is, it identifies

those issues and inter-relationships which should be examined in detail

In this somewhat simplified example, the interpretation may be that a decreasing
national workforce combined with its influences on labor costs and capital investment
would provide a strong stimulus to the development of robotic technology (the reader
should verify). The cross impact matrix is looking for direct causality and the method
help the group to uncover higher order impacts and (unknown) relationships.

For most purposes, Twiss (1992) found that the low impacts could be ignored. This also
applies to the most of the medium impacts although it may be desirable to review these
later.

Figure 3.5: Procedure for using a Cross-impact matrix
(Twiss, 1992, p.62)



Chapter 3 – Extended Literature Overview

46

Normally the matrix will be larger that the simlple example discussed above. Figure 3.6
illustrate the likely scale of such a real life situation where additional columns have
been added for the impacts on the organizational objectives.

After this stage, the
group will have found
important cross-
impacts and
interpretations from
the matrix. These can
now, if necessary, be
analyzed in more
detail. The nature of
performing that
forecast will depend
on situation-specific
variables (like data
availability, if other
out-house forecasts
exists, if trends can or
cannot be verified by
others in published
sources etc). All
methods described in
previous sections can
be applied. The rule of thumb is that one should look for forecasts that already have
been made on trends, events and developments that are subject to the study. This is
illustrated in the boxes need for further investigation, and Detailed Forecast in figure
3.3.

The matrix can be seen as an agenda for future work. Much of this consists of making
“in-house” forecasts for identified issues and use “out-house” forecasts when
appropriate. These must then be brought together to create the overall forecast. This is
done under the activity Preparation of Overall Forecasts in figure 3.3. It is not possible
to provide a general guideline for this activity, or as Twiss (1992 p.65) puts it:

“…the most difficult part of the process is aggregating the individual forecasts and their
mutual impacts into a coherent picture of their organizational implications. This is a
demanding process which requires the exercise of a great deal of judgement”.

3.3.3 Presentation

It is possible to construct a deterministic forecast, or provide different scenarios to
communicate the results.

The deterministic forecast is constructed on the basis that all high probability events
will occur. It yields a unique view of the future that leads to clear decisions. It is
apparent that such a forecast is vulnerable to the uncertainties which have been ignored
or to the impacts of weak signals which have become significant.

To overcome these difficulties it is good to supplement the forecast with a sensitivity
analysis. This will point out the significance of any change from assumed conditions.

Figure 3.6: Cross-impact matrix (Twiss, 1992, p.64)
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Scenarios, on the other hand, accept that the future is not deterministic and that
alternative views are feasible. The cross-impact analysis forms the basis for selecting
the scenarios. Variables (trend, events) are picked (one or more) to represent the
different scenarios. These might be variables that were hard, or impossible, to do
individual detailed forecasts on. To form the overall scenarios the detailed forecasts on
variables that were possible to forecast or do feasible judgement on and the different
assumptions on the “scenario variable” are then brought together.

3.3.4 Response

The last two boxes in figure 3.3 are concerned with designing the organizational
response. The forecasting results are presented to the decision-makers that formulate
alternative strategies and finally choose one of them and formulate the overall strategy.
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4 Frame of Reference

The Frame of Reference intends to explain, either graphically or in narrative form, the
main things to be studied (Miles & Huberman, 1994). First, we present our redefined
research problem that leads to our case study because “…it is often easier to generate a
conceptual framework after the research problem has been stated” (Yin, 1994)

♦ How can the process of assessing technological opportunities and/or threats using
Technology Forecasting techniques be described?

Preez and Pistorius (1999) introduced a framework for assessing technological threats
and opportunities. This is, according to the authors, the current state of the art. The
framework represents “…the first of an interative and ongoing research process and
should by no means be regarded as fully comprehensive or conclusive” (Preez &
Pistorios, p 220). Furthermore, “…it is to serve as one possible conceptualization of
how to assess technological threats and opportunities.” (ibid)

Twiss (1992) provided practical experience in his “Strategic Forecasting”, as described
in section 3.2, Strategic Forecasting. The two frameworks both attempt to provide a
structure for adapting to changing conditions in the environment. Preez and Pistorius
(1999) framework is more generally constructed, not detailed enough to deal with our
research problem, while Twiss (1992) provide a more detailed mechanism to identify,
filter and assess environmental signals. The frameworks both complement and overlap,
and for the purpose of this study we are then able to construct one emerged framework
from the two.

Generic activities were identified by us on an aggregated level in the two frameworks.
They both attempt to identify information using a formalized method. The information
is processed and analyzed in some way or another. Results are presented and different
organizational responses to the forecast/scenarios are designed, see figure 4.1.

Figure 4.1: Generic components

Each of these generic components will be conceptualized and operationalized one at the
time in the following sections. However, the defined scope for this thesis is provided in
the following definition; “TF is an activity that generates information as an aid for
decision-making.” Therefore, the TF-effort will be concerned with providing
intelligence for someone to base a decision on. Different organizational responses,
based on evidence presented by the forecast, and the selection of an organizational
strategy is therefore excluded from the pure TF exercise (see box a8-9, b15-16 in figure
4.2). These will not be measured or considered in this theses, due to the defined scope,
and are therefore excluded in our emerged frame of reference.
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The classification in generic components was introduced for clarification when
presenting Twiss (1992) framework. It is now migrated to represent the main
components in both frameworks. Figure 4.2 present the two frameworks and the main
components that can be grouped together that perform similar, or approximately similar,
functions. These are noted with a dashed line in Figure 4.2.

Figure 4.2: On the left Preez and Pistorius (1999) framework for assessing technological threats and
opportunities. On the right, Twiss (1992) framework for strategic forecasting.

We will now go through the different steps and display the similarities and differences
and construct one overall (emerged) framework. This will, as the reader can verify later,
be mainly based on Preez and Pistorius (1999) framework and complemented by Twiss
(1992) framework in such cases it is explaining the function in greater depth or more
detailed. The different components/stages will be discussed and different unit of
measurement will be proposed. To be able to answer the redefined research problem, we
intend to examine if the company (i.e. case) has any of the activities of the resulting
emerged framework, or alternative formal/informal structures, to assess the
technological future.
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4.1 Knowledge Identification Conceptualized

Knowledge Identification is the first generic component that deals with the preparation
and carrying out of an effort to collect information using a formalized method.

Preez and Pistorius (1999) provides in box a1-a2 the Preparation of a Monitoring and
Scanning Plan and Information Gathering and Classification. Twiss (1992) provide, in
box b1-b2, a less detailed but similar procedure and have nothing to add or subtract
regarding these steps. Therefore, we use box a1-a2 in the emerged frame of reference.
Preez and Pistorius (1999) is however not specific enough concerning these steps.
Therefore we extend Preez and Pistorius (1999) considerations with appropriate theory
from other authors. Costa (1995) provides a useful list of practical considerations for the
Preparation of a Monitoring and Scanning Plan.

The first thing to consider in the Preparation of a Monitoring and Scanning Plan is,
according to Preez and Pistorius (1999), to determine the specific aim and objective for
this special subgroup of TF-efforts. This is also the first step in Costa’s (1995) list,
Specify Information Needs. This step is considered as an important part of the
preparation and is therefore included as a separate sub activity within the Preparation of
a Monitoring and Scanning Plan.

Costa (1995) and Preez and Pistorius (1999) do not further explain how to specify
information needs while Porter et al (1991) provides some generic objectives for that.
Porter et al (1991) also states the need to define the scope in detail and presents some
criteria for accomplishing this, i.e. specify what exactly we are looking for. These
generic objectives and criteria are provided as State Objectives in the emerged frame of
reference. The rest of Costa’s (1995) list, extended by appropriate theory by other
authors, results in an eclectic list for the Preparation of Monitoring and Scanning plan
which is included in our emerged frame of reference.

Concerning the Information Gathering and Classification we will use the terminology
presented by Twiss (1992) in box b2 because Twiss (1992) makes a useful distinction
between different issues. There is a mix of terminology between authors. Preez and
Pistorius (1999) uses the notation signals for the identified entities while Twiss (1992)
simply refer to them as issues. We will use Preez and Pistorius (1999) notation, signals
and Twiss (1992) distinction in our emerged frame of reference. A signal is an
identified trend or possible future event in the political/legal, economic, social or
technological environment (PEST). Twiss (1992) is unclear concerning what events to
include. Therefore, we will extend the notation possible future event, to include past-,
present-, and/or more certain events. This is obvious, but not explicitly stressed by the
author. We will from hereafter refer to them as just events. When a distinction is
necessary we will use the following definitions; a trend as defined by Kotler (1997,
p.148) “ …is a direction or sequence of events within the PEST environment that have
some momentum and durability”. An event is, as defined by Twiss (1992, p.122),
“…discontinuities within the PEST environment which have a temporary or permanent
effect on the firm or the market”.
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It is in this context also important to define what can be considered as a technology in
the technological part of PEST. Lets recall the concept of technological innovation and
technology lifecycles from the Literature overview. Technologies can be found in
different stages depending on how long the “evolution” of it has progressed. Hence, we
must decide were in this process technologies are to be identified. Thus, concerning the
technological element of a signal it can be noted that Preez and Pistorius (1999) states
that only emerging technologies are of interest while Porter et al (1991) suggests that
both emerging and established can be considered. Furthermore, technologies can exist
on both a macro and micro level. We will use Porter et al (1991) approach as a choice to
make in the State Objectives.

When the monitoring and scanning plan is carried out we move into the actual
information gathering process (sometimes referred to as monitoring and scanning
effort). The Information Gathering includes the collection of signals while the broader
defined Knowledge Identification also includes the collection of market data to be used
in the later construction of the scenarios. Moreover Preez et al does not explain how this
Information gathering should be realized, therefore we also include Vanston’s (1998)
perspectives on this in the emerged frame of reference.

Finally, as Preez and Pistorius (1999) states, a classification scheme for technologies is
needed. No special scheme is proposed by theory, as it must be situation specific, the
important thing is that one exists.

Figure 4.3: Knowledge Identification conceptualized

4.1.1 Knowledge Identification Operationalized

The operationalization aims at developing the concepts and variables that have been
selected for the frame of reference of this study to provide basis and means for
measurement. The operationalization of Knowledge Identification is based on the
following activities:

STATE OBJECTIVES

This activity aims at specifying objectives within Vanston’s (1998) general TF information requirement Identification
and evaluation of new products or processes that may present opportunities and/or threats.

• Generic objectives for a monitoring and scanning effort by Porter et al, (1991)
− Detecting scientific/technical or socioeconomic events important to a company
− Defining potential threats for the organization implied by these events
− Seeking opportunities for the organization implied by changes in the environment
− Alerting management to trends that are converging, diverging, speeding up, slowing down, or

interacting
• Criteria for limiting monitoring and scanning effort by Porter et al, (1991)

− Time frame: pre-implementation, imminent or post-decision
− Process: one-time study or ongoing monitoring
− Focus: technological or contextual
− Breadth: macro vs. micro
− Purpose: choosing or forecasting
− Developmental stage: invention vs. innovation or established vs. emerging

Preparation of a Monitoring
and Scanning Plan
� State objective

Information
Gathering and
Classification
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PREPARATION OF MONITORING AND SCANNING PLAN

This results in an eclectic list from Costa (1995), Preez and Pistorius (1999), Ashton & Stacey (1995).

• Specify information needs (this is now included in the “state objectives” above and therefore excluded here)
• Specify information sources

− Ashton & Stacey (1995) checklist is used (Table 3.3)
• Identify participants

• Background (Preez & Pistorius, 1999)
− Generalists
− Specialists

• Location (Preez & Pistorius, 1999, Ashton & Stacey, 1995)
− Central unit
− Existing group
− Decentralized
− Diffused

• Assign scanning tasks
− Partitioning of sources based on backgrounds and/or interests

• Storage and processing of information (Preez & Pistorius, 1999)
− Electronic vs. Manual mode
− The period of storage

• Dissemination of information (Costa, 1995)
− Routine for distributing collected information

INFORMATION GATHERING AND CLASSIFICATION

• Categorization of signals (Twiss, 1992)
− Trends
− Events

…in political/legal, economic, social and technological environment
• Monitoring and scanning of information; Environmental scanning, Monitoring or Tracking (Vanston, 1998)

− Scope
− Purpose
− Iterative loops

• Framework for classifying technologies (Preez & Pistorius, 1999)

4.2 Analysis Conceptualized

Analysis is the second generic component that deals with the processing and
interpretation of gathered information. Preez and Pistorius (1999) provide some general
guidelines of how this can be done, while Twiss (1992) presents a practical and specific
model that stress how this can be conducted in practice. As the following reasoning will
outline, the general analytic guidelines provided Preez and Pistorius (1999) are fulfilled
to some extent by Twiss (1992) framework.

But first, it is important to note that the boxes a5-7; Corporate Capabilities, Corporate
Mission and Technology-Market Interaction is not necessarily activities that are
performed isolated from the activities in boxes a3-4, Analysis and Assessment in Terms
of Opportunities and Threats. They are to some extent performed with regard to the
statements in the boxes. For instance, Organizational Audit in box a5 will end with a list
of corporate capabilities that the subsequent analysis is outlined with regard to. The
organizational audit can be viewed as a separate activity while the analysis with regard
to the output of the audit is one activity. Furthermore, the generic component, Analysis,
is more broadly defined then the activity, analysis (box a3), and includes the whole
spectrum of “processing and interpretation” of gathered information.
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Launching the discussion, we initially note that the only guideline Preez and Pistorius
(1999) provides regarding the analysis (box a3) is that the objective is to form certain
hypothesis of what the various signals may mean and what impacts they may have.

Furthermore, in box a4, Preez and Pistorius (1999) will want to assess them in terms of
opportunities and/or threats. This is done through (1) considering the effects or impacts
of signals in one area on those in another and to examine how they are related. Then, try
to map what different sets of interrelated signals may mean by forming hypothesis3 of
possible implications. And (2) determine which of the interrelated signals that may have
an impact on the organization.  Nothing is mentioned how this can be done.

For the first part of (1) there exist a number of variations of cross-impact analysis, but
all of them (as the name implies) manage impacts. The cross-impact matrix provided by
Twiss (1992) (box b6) has the various signals and the organizational objectives on both
axes in the matrix. This ensures that signals are evaluated against each other and on the
organizational objectives, that is, the impact on the organization itself. Alternatively, it
is possible to evaluate the organizational impacts in a later step, as a part of Preez and
Pistorius (1999) activity Assessment in terms of opportunities and/or threats, as (2)
above indicates. The justification here is that it is hard to reflect the whole organization
in statements of objectives incorporated in the matrix. Thus, the organizational impacts
are better evaluated as a separate activity within Assessment in terms of opportunities
and/or threats. Twiss (1992) matrix without the entry “organizational objective” can
therefore be used for the analytic purpose stated by Preez and Pistorius (1999) and are
therefore provided in our emerged frame of reference4. This is an own activity denoted
as Cross-Impact analysis in the emerged frame of reference.

The forecasting exercise so far has dealt with identifying signals and evaluating them on
each other. For the second part of (1) above, we first need some guidance of how to
identify important interrelationships and interpret the findings from the matrix. Twiss
(1992) provided this idea in box b7 Identification of Significant Cross-impacts (box b7).
Furthermore, Detailed forecasts (box b8) can be used to improve the understanding of
interrelated signals if there is a Need for Further Investigation (box b9). These activities
are included after the cross-impact matrix (Detailed forecasts are hereafter called post-
forecasts because they are used after the cross-impact exercise) in our emerged frame of
reference. These are own activities, performed on the cross-impact matrix, and are
denoted Identification of Important Cross-impacts; Interpretation of matrix and Post-
forecast in the emerged frame of reference.

The interpretations of the cross-impact matrix will yield intelligence on a range of
signals that may be indicators of potential technological change. Twiss (1992) makes
this note but calls it "findings". It is to situations-specific to further specifically explain
what "intelligence" may be. However, the forecaster will now be able to map out what
different sets of interrelated signals may mean (i.e intelligence) by forming hypothesis
of possible implications. Furthermore, Preez and Pistorius (1999) suggests that

                                                
3 Example: If we are an airline company and have detected a development in technology that will enhance
the use of videoconferencing-technology we might form the hypothesis “increased use of
videoconferencing will reduce business-traveling”.
4 It should be noted that Preez et al (1999) did not explicitly stress that the use of cross-impact analysis
was the only feasible way to evaluate the impacts. Different techniques may be useful, but the authors
have no suggestion of how this is carried out in practice.
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hypothesis could/should be fed back to the Knowledge identification-step, narrow down
the level of focus, and look after confirming or denying evidence to the hypothesis. The
hypothesis formulation and the identifying of potential impacts on the organization are
provided as sub-activities under the Assessment in terms of opportunities and threats in
the emerged frame of reference. Feedback loops are not shown graphically.

The next question that needs to be addressed is; what might be an opportunity and what
might be a threat to the organization? According to Kotler (1997, p.81) “... a market
opportunity is an area of buyers need in which a company can perform profitably”, and
“…an environmental threat is a challenge posed by an unfavorable trend of
development that could lead, in the absence of defensive marketing action, to
deterioration in sales or profits”.

The findings from the Cross-impact analysis (intelligence and possible hypothesis) must
therefore be cast in a strategic framework to make any sense. Preez and Pistorius (1999)
proposes, although somewhat vaguely, how opportunities and/or threats are discovered.
In Assessment in Terms of Threats and/or Opportunities (box a4) they suggest that (3)
scenarios are developed from the findings, (4) purchase behavior is mapped and target
segment is assigned to each scenario, and (5) relevance trees are used to investigate
which investment that are required in order to realize required technological entities.

We first do a comparison between Preez and Pistorius (1999) and Twiss (1992)
scenario-methodologies. They are using scenarios somewhat different. Preez and
Pistorius (1999) constructs scenarios from the analytic findings after processing
gathered signals. Target segments are assigned to each scenario, and perceived
opportunities and/or threats arise from this activity. A specific forecasting technique,
namely relevance trees, are then used to map which technological developments that are
needed to meet the opportunity (or overcome threats). Twiss (1992), on the other hand,
uses scenarios to illustrate possible future (technological) paths, without casting it into a
strategic framework. Moreover, Preez and Pistorius (1999) take market considerations
into account explicitly, while Twiss (1992) framework seem to use the scenarios with
no regard to the market needs.

We want to assess opportunities and threats (O&T) with regard to market needs -
spurred by environmental changes. Therefore, we need to take market considerations,
and furthermore use the scenario-methodology as proposed by Preez and Pistorius
(1999). Consequently, Corporate Capabilities (box a5) and the Corporate Mission (in
box a6) need to be investigated and formulated in order to determine which signals that
may face the organization with O&T’s. The same reasoning is applicable for the
Technology-market Interaction (box a7). To be able to evaluate what is an opportunity
or a threat to an organization, market factors must be considered during the process as
stressed above. These are therefore included in the emerged frame of reference.
However, these are not activities isolated from Assessment in Terms of Opportunities
and/or Threats (box a4), so they are included as sub-activities in the box in the emerged
frame of reference, see figure 4.4.

However, there is a small dilemma when we want to illustrate this in the emerged frame
of reference. Generic components were identified in the beginning of this chapter; we
saw the process of assessing technological O&T’s as a sequence from knowledge
identification, via analysis, via presentation to the design of a response.  However, the
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box Assessment in Terms of Opportunities and/or Threats is part of the analytic activity
and the design of scenarios is part of the generic component presentation. As we now
use scenarios while mapping O&T’s, these activities overlap because they are
performed simultaneous. Despite this, we will separate them in our emerged frame of
reference.

Up to now, the analytic part of Preez and Pistorius (1999) framework has been
investigated. However, Preez and Pistorius (1999) does not limit the number of
identified signals before moving to that step. Twiss (1992) provide useful experience
concerning these steps. Prior to the cross-impact analysis, the TF-exercise can suffer
from information overload, and the matrix becomes a big and very time consuming
activity. Twiss (1992) provided a filtering-mechanism to limit the signals being taken
into consideration in the subsequent analysis (the arrow “evaluation“ in figure 4.2). This
is included in the emerged frame of reference.

Twiss (1992) also provided the idea of doing forecasts (or judgement5) on isolated
signals (we call them pre-forecasts from now on because they are used before the cross-
impact exercise) to improve the understanding (i.e. reduce uncertainty) of isolated
signals before moving into the cross-impact matrix (box b4). The Detailed Definition of
Issues (box b5) is used to reach consensus about the definitions of detected signals.

Not included in either Preez and Pistorius (1999) or Twiss (1992) frameworks is an
activity for choosing between forecasting techniques in various situations. As discussed
in section 2.7, Choosing a Technological Forecasting Technique, different variables
underlying the specific forecasting situation can be investigated and form some
guidance in choosing a forecasting technique. These are therefore included in the
emerged frame of reference.

                                                
5 Judgement is an opinion of a forecaster based on his experience. Expert opinion, as discussed in the
forecasting methods section, is opinions gathered from experts via a formalized technique. The difference
is that judgements are taken subjectively and are not subject to a formal methodology. Collecting and
analyzing expert opinions is forecasting, while judgement is not.
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Figure 4.4: Analysis conceptualized

It may be appropriate to provide a simplified example of the analytic step before
moving to the operationalization.

The input to the analysis is a list of trends/events from the political/legal, economic,
social and technological environment. In the previous generic step, Knowledge
Identification, objectives and scope etc. for the TF-effort was stated. Lets say that we
are in the public transportation business. Our organizational mission is to “provide
transportation crafts to companies that transport urban citizens with gasoline powered
engines (that is, we produce buses!).” Lets say that the output of the knowledge
identification was 90 trends/events from PEST.

If 40 pass through the preliminary filter (evaluation) we can feed back the information
to the monitoring and scanning activity, narrow down the level of focus, and try to track
confirming or denying evidence for the various signals (feedback loops are not shown in
figure 4.4). We can also conduct pre-forecasts on the trends/events if we want to reduce
uncertainty (i.e. improve validity) to assure that they are “true”. For example, one of the
identified signals was a trend of urbanization. It can be verified using a “in-house”
forecast with, for instance, a pre-cursor relationship (analogies) with other cites. The
trend may also be verified with forecasts made by others, or on a judgmental base
(formal with Delphi survey, informal with subjectively used opinions from the
forecasting staff etc).
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All 40 trends/events are now put on both axes in the matrix. The forecasting group
works along all possible combinations to assign a magnitude and a direction of the
relations. When this is done, we move to the box Identification of Important Cross-
impacts; Interpretation of matrix in figure 4.4 above. Lets say that we find high positive
impacts between four of these 40 signals. (1) urbanization (trend in social environment),
(2) higher oil-prices (trend in economic environment), (3) increased taxation on fossil
fuels (trend in political environment) and (4) emerging technologies of alcohol powered
engines (event in the technical environment). The interpretation may be that these
trends/events will enhance the developments in alcohol powered engines. It is possible,
but not considered here, to conduct post-forecasts on such findings.

In Assessment in terms of opportunities and/or threats, it is possible to form hypothesis
of possible implications and determine the organizational impacts. We may form the
hypothesis: “If people move to the city we can expect them to use more public
transportation, and companies buy more of the company’s products.”

Furthermore, the trend of higher oil-prices and the trend of increased taxation on fossil
fuels along with improvements in alcohol driven engines may face the organization with
a treat (the company may be forced to invest in new technology to survive in the future).
Why? The interrelated signals have an impact on the organization because our mission
is to “provide transportation crafts to companies that transport urban citizens with
gasoline powered engines”. The new technology may be more cost-efficient then the
old one and it may form a competitive advantage because environmental-oriented
customer prefers that form of energy.

This highlights that Corporate capabilities (technological base etc), Corporate mission
and Technology-Market interaction needs to be identified and formulated to be able to
judge what signals that might affect the organization.

The “need for further investigation” and post-forecasts are carried out on stated
hypothesis, or other interpretations from the matrix. Using a forecasting technique to
improve the understanding may result in that some if the assumptions were wrong. For
example, a forecast here may present evidence that a trend of urbanization will not
improve the use of public transportation for some reason. The example continues with
Presentation in the next section.

4.2.1 Analysis Operationalized

The operationalization of Analysis is based on the following activities:

EVALUATION

• Twiss (1992) two-dimensional matrix
- Signal strength
- Cooperate significance

SELECTION OF MAJOR SIGNALS

• Twiss (1992) list 4 ways to select signals for further processing
− In-house forecasts  (Are pre-forecasts made?)
− Out-house forecasts (Are they using other evidence?)
− Subjectively (i.e. judgement)
− “The practical procedure”

• Is there an activity to reach consensus on the definition on various signals?
− Detailed definition of signals
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CROSS-IMPACT ANALYSIS

• How is CI used (Twiss, 1992)
− To identify the influence of one factor on another, the strength of that influence and its direction, i.e.

whether it makes the outcome more or less likely
− As the basis for a quantitative analysis which enables the probability of an occurrence taken in isolation to

be modified in the light of the impacting influences
• Roles of CI for this purpose (ibid)

− To identify the most important inter-relationships
− To provide a structure for a more detailed forecasting exercise; this is, it identifies those signals and inter-

relationships which should be examined in detail
• Inherent methodology (ibid)

− Variables (magnitude, direction)
− Axes
− Time-dimension
− The inputs

IDENTIFICATION OF SIGNIFICANT CROSS IMPACTS; INTERPRETATION OF MATRIX

• Identification of  significant impacts (Twiss, 1992)
− Interpretation of the matrix
− Other (i.e. judgement)

POST-FORECAST

• Verification of findings (i.e. improve validity) (Twiss, 1992)
− Need for further investigation
− Post-forecasts

CHOOSING A TF TECHNIQUE

Different TF techniques are appropriated in different situations. Is the company using TF techniques? How do they
choose among them in situation-specific contexts?

• The various tables of Reuven and Han, 1995
− Extent of data availability
− Degree of data validity
− Number of variables affecting technology development
− Degree of similarity between proposed technology and existing technologies
− Stage in Technology Life Cycle
− Uncertainty of technological development

ASSESSMENT IN TERMS OF OPPORTUNITIES AND TREATS

Is findings cast into a strategic framework for assessing them in terms of opportunities and/or threats? (Preez &
Pistorius 1999)

− Hypothesis formulation
− Identification of organizational impacts

• Corporate capabilities
− Organizational audit mechanism?
− Corporate capabilities incorporated and taken into consideration?

• Corporate mission
− Corporate mission taken into consideration?

• Technology-market interaction (Preez & Pistorius, 1999; Hunter, 1994; Porter et al, 1991)
− Does the organization take market considerations into account in the TF-effort?

• Market considerations
− Buying behavior

− behavioral/ phsycografic /demographic/life cycle etc
− Potential market size
− Segmenting
− Targeting
− Positioning

• Push-pull analysis
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4.3 Presentation Conceptualized

The scenario development is better explained by Twiss (1992) as an option between
doing a single deterministic forecast or to develop different scenarios (box b10-14). A
single scenario is basically one forecast, so we can incorporate this distinction in our
emerged frame of reference, without violating the statement we did in Assessment in
Terms of Opportunities and Threats to use Preez and Pistorius (1999) scenario
methodology. We also add some further characteristics as described by some Porter et al
(1991).

Figure 4.5: Presentation conceptualized

Continuing the example brought up in the analysis section we now want to present the
forecasting evidence to the decision-maker. The creating of an overall forecast may
result in that the trend of urbanization, the scientific findings and their impacts on the
organizational objective is considered as “true”.  But we are not confident with the
signal that pointed out a trend of higher-oil prices in the future. In this example, the
presentation may benefit from constructing two scenarios – one for low oil price, and
one for high oil price – all other equal.

4.3.1 Presentation Operationalized

How are organizations presenting a forecast? How are organizations choosing among
following the two alternatives?

• Deterministic forecast, single scenario approach (Twiss, 1992)
− Sensitivity analysis

• Scenarios, alternative scenario approach (Twiss, 1992)
− Scenario variable
− Forecasting variable

• Usage of scenarios (Porter et al, 1991)
− Integration
− Communication

4.4 The Forecasting Process Conceptualized

The emerged process discussed above can be put into a broader framework. To be able
to analyze the required output from the forecast and the different inputs available that
influence the process in various stages, it will be cast into the box in figure 4.5. The
whole process is therefore part of what Twiss (1992) denote as “forecasting
techniques”. This concept is used, as Twiss (1992) proposes, as a quality measure.
However, it was originally developed to be used when applying certain TF techniques.
We will expand this concept to be used to evaluate the entire process of conducting a
future study.

PRESENTATION
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4.4.1 The Forecasting Process Operationalized

The operationalization of the forecasting process is
based on the following:

• Is the elements of the Output from the forecast stated in terms of (Twiss,
1992)
− Qualitative
− Quantitative
− Time
− Probability

• What are the resources to make the forecast, the Input (Twiss, 1992)
− Assumptions
− Data
− Insight
− Judgement
Figure 4.5: The forecasting
process conceptualized

(Twiss, 1992, p.35)
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4.5 The Emerged Frame of Reference

The emerged frame of reference are put together from the conceptualized generic
components discussed in the previous section. It is illustrated within the broader
framework containing an input and an output.
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5 Methodology

This chapter presents the methodology for this study. The topics discussed in this
chapter are penetrated to illustarte the link between theory with the research problem in
focus, and the collected empirical data. The selected research methodology is based on
the purpose of the investigation and the research problem.

5.1 Purpose of the Research

Research may be differentiated in terms of its purpose as exploratory, descriptive, or
explanatory. According to Tull and Hawkins (1994), this categorization of research
depends essentially on the type of information required to deal with the research
problem.

Exploratory research is concerned with the general nature of the problem under
investigation and the identification of the variables that relate to it. Exploratory
investigations are appropriate when it is difficult to isolate the problem and when the
researcher has indistinct perception of what model is appropriate, what characteristics
and relations that are important. (Eriksson & Wiedersheim-Paul, 1997)

Descriptive research focuses on the accurate description of the variables in the problem
model. This type of research is appropriate when problem is fairly well defined but the
purpose is not to investigate relations. (ibid)

Explanatory research attempts to specify the functional relationships among the
variables in the problem model. The problem needs a well-defined problem structure
and hypothesis, assumptions that a specific factor causes another. (ibid)

This study aimed at describing how large companies assess technological opportunities
and/or threats using Technology forecasting techniques. Our redefined research problem
led to a fairly well defined model containing a number of variables. We were not
interested in the identification of new variables that could be related to the problem
model, hence, we primarily used a descriptive approach.

5.2 Research Approach

The next step is to decide what research method to use. This step directs which
method/methods the research will be based upon, how material is handled, and what the
final result might be. (Yin, 1994)

5.2.1 Deductive vs. Inductive Approach

The first thing to consider is how conclusions for the research shall be drawn, using an
inductive or deductive approach. The inductive approach draw conclusions that is only
founded on empirical data, the researcher establishes theories and models that are based
upon a phenomena in reality. If the research has a deductive approach the researcher
uses existing theories and investigates them empirically. (Eriksson & Wiedersheim-
Paul, 1997)
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This thesis did not aim at formulating any new theories, instead we used existing
theories that were later compared with the empirical results. Hence a deductive
approach was chosen.

5.2.2 Qualitative vs. Quantitative Approach

Secondly the researcher has to consider how to choose and analyze data, two choices
are available: quantitative and qualitative research. Although there are no definite
distinction between them (Yin, 1994) somewhat simplified they can be characterized
by:

Quantitative research is commonly associated with a natural science mode of research,
where data is obtained from samples and observation looking for relationships and
patterns that can be expressed in numbers rather than words. Statistical drawn
conclusions govern an objective analysis and the researcher is clearly distanced from the
object of research. (Baptista & Forsberg, 1997)

Qualitative research is based on data in the form of words rather than numbers. Both
narrow and holistic studies may be addressed. The analytic process is interpretative and
emphasis is given to description and discovery. The researcher is allowed to “float”
more freely. (ibid)

This study aimed at describing and enhancing understanding of a process composed of
several components and activities. Therefore it involved interpretations and description
of data in words, rather than numerical representations. Hence, a qualitative approach
offers the best course of action since it is found superior in handling perception and
interpretation of phenomena.

5.3 Research Strategy

The research strategy is selected with respect to the formulated research problem, the
descriptive purpose of the study and the qualitative method. Different strategies can be
mixed. However, due to the limited time period for this study, only one of the strategies
was principally applied. According to Yin (1994), depending on the character of the
research question, to which extent the researcher has control over behavioral events and
to what degree the focus is on contemporary events, the researcher can choose between
five principal research strategies in social science: archival analysis, surveys,
experiments and case studies. They are summarized in table 5.1 below.

Strategy Form of research
question

Requires control over
behavioral events

Focuses on
contemporary events

Experiment How, why Yes Yes

Survey Who, what, where, how
many, how much No Yes

Archival analysis Who, what, where, how
many, how much No Yes/No

History How, why No No

Case study How, why No Yes

Table 5:1 Relevant situations for different research strategies (Yin, 1994, p.6)
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We spare the reader of a lecture in research strategies. Therefore instead of presenting
each strategy and then ending with a discussion we will dismiss the most obvious
strategies one by one based on a brief discussion while more uncertain choices are
explained and motivated in more detail.

Experiments require control over behavioral events, hence it can directly be eliminated
from the strategies above.

A survey is not appropriate either for several reasons, first a survey requires a
quantitative approach which we do not use. Secondly we do not attempt to answer
questions like: who, where, how many or how much as suggested by Yin (1994).

Archival analysis relies on secondary data, meaning data were developed for some
purpose other than helping to solve the problem in hand (Baptista & Forsberg, 1997).
Archival analysis usually does not correspond to the qualitative way of research as it
gives answers to how many and how much. Since this is a qualitative study this strategy
was cast out too.

Histories are preferred strategy when there is virtually no access or control over
behavioral events. Thus, the distinctive contribution of the historical method is in
dealing with the “dead” past, the researcher must primarily rely on documents,
secondary documents and cultural and physical artifacts as main source of information.
However, histories can also be done about contemporary events, but in this case the
strategy begins to overlap with that of a case study. (Yin, 1994) Even thought histories
handles how and why questions and can also to some extent be contemporary it is not
preferable mainly because it focuses on “dead past” and we do not consider the data to
be that old.

Case studies imply that a few objects are investigated more thoroughly and the research
approach, therefore, most often is qualitative. The case study is generally superior when
answering how and why questions about a specific topic (Yin, 1994). The detailed
observations entailed in the case study method enable the researcher to study many
different aspects, examine them in relation to each other, view the process within its
total environment and also utilize the researcher’s capacity for understanding.
Consequently case study research provides a greater opportunity than other available
methods to obtain a holistic view of specific research project. (Baptista & Forsberg,
1997)

A case study strategy appears as the most obvious choice, since the case study is
generally superior in answering how-questions and further enables the researcher to
study problems in detail as our research problem lead to.  Further, the relatively short
time frame and an extensive and detailed study prohibited us from conducting a
multiple case study. It can also be noted that our study is based on both present and
historic occurrences, therefore, as stated in a previous paragraph, the case study
overlaps to some extent with the history approach.
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5.4 Sample Collection

The sample collection describes what company or companies to use as samples for the
study and why they were chosen.

Telia is an appropriate company to use as sample for several reasons. Telia is operating
on the high-tech arena utilizing several technologies and services that is undergoing
rapid change. They are also a big organization that is affected by a multitude of
political, economic, social and technical forces. It is of absolute importance for them to
be abreast of their environmental surroundings, especially the technological. Further,
Telia has earlier conducted several futurological studies that aimed at identifying new
technologies using formalized methods.

The methodology described in the futurological studies presented in our empirical
results was developed by a Telia Research AB (TRAB) which is a research company
within the Telia group. However, the scope of TRAB’s futurological studies included
entities interesting to the entire Telia group.

5.5 Data Collection Method

When collecting data for a study there exists two main sources of information,
secondary- and primary data. Secondary data can be defined as previously collected and
processed information that the researcher uses for his or her particular purpose. Primary
data on the other hand is data collected directly from persons possessing the information
needed for the research. (Lekwall & Wahlin, 1993)

Secondary data is previously collected information and it is important to bare in mind
that it is collected for other purposes and it can be hard to estimate its relevance. Yin
(1994) suggests that secondary data is collected from archives or documents. Secondary
data is an important source of information and a study that is solely based on primary
data practically does not exist, at least some part of the research requires secondary data.
The collecting of secondary data is often refereed to as a “desk investigation”.
Secondary data has been found useful mainly because it saves time, helps the researcher
to become familiar with the subject and is usually inexpensive. (ibid) Primary data is
information collected for the research in question. Lekwall & Wahlin (1993) suggest
that two methods for collecting primary data is available, observation- and query
techniques.

Observation means that the researcher is observing a phenomenon like a meeting or
factory work with his or her on eyes. In query techniques the researcher collects
information by asking a respondent questions. (Yin, 1994) Within the query techniques
three different approaches are found: surveys, personal interviews and telephone
interviews. (ibid)

Surveys are primarily used in quantitative approaches where the population is large. The
major advantage of surveys is their relative cheapness. However, it is time consuming
and the drop out rate can be large. Another drawback is the loss of control over the
respondent. (ibid)
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Personal interviews has the great advantage of giving control of respondents;
reformulating questions, probing interesting issues and stimulation of speaking freely
for example. The drawbacks are the high cost compared to surveys. The researcher
usually has to conduct the interview at the respondent’s office or similar which can be
an expensive trip. There can also be problems to bring about a meeting. (ibid)

Finally, the telephone interview is found somewhere in-between the two previous
methods, which is its biggest advantage. Without giving up to much of the advantages
with a personal interview it is far less expensive. (ibid)

In this study we use both secondary and primary data sources. Our study is to a large
extent based on a desk investigation, collecting secondary data from documents mainly
because the studied process was well documented. Secondary information was extracted
from internal reports.

The primary data collection method was personal interviews at several occasions with
the executive responsible for the studied process. Hence, there is no need for a survey or
telephone interviews to get in contact with that respondent.

The overall data collection strategy was designed to primarily extract information from
secondary sources and then complement the “gaps” and get deeper understanding of
issues using primary data from personal interviews.

5.6 Concretization of Study

The deductive approach is based on a theoretical frame of reference, therefore the
search for relevant literature and articles was the major activity in the early stages of
this thesis. Since this was an entirely new theoretical area for us we first tried to figure
what “reference” books that existed in TF. This was done by first searching in library
databases Bibdia and Libris for books and publications. We also searched for articles
including the key word “Technology Forecasting” in the electronic databases. Then by
checking the articles references and crosscheck with the results from the library
database we found that three authors (Porter, Twiss and Martino) was most often
referred to, hopefully the gurus in the area of TF. These books were read to try to get a
general picture of TF. It later turned out that these three books really is the best and
therefore they constitute the foundation for this thesis. We also got a tip of a consulting
firm in the US that worked a lot with TF. We consulted their homepage and ordered
some of the material they had published on the subject. Then we visited the libraries at
KTH, Stockholm University and the Stockholm school of economics
(Handelshögskolan) to find books, articles and publications on the subject. It was quite
hard to find books since the area of TF is not practiced much in Sweden.

Simultaneously, we also conducted a vast search effort to collect bit and pieces in
related articles. We employed a number of electronic databases like ABI/inform Global,
EBSCO and Emerald. We used key words like: technology forecasting, technological
forecasting, forecasting and management of technology. We also used the search
engines Evreka and Alta-vista on Internet.

At first we had problems to find relevant articles but when we returned to our initial
strategy to use references in the books and articles we got luckier. As the picture
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become clearer concerning what exactly the thesis should include we probed the
databases further to get more detailed articles. Some articles were not published
electronically but we got a lot of help from Telia’s internal library that ordered them for
us. These efforts were quite successful and we found a number of interesting articles
that gave a major contribution mainly to the extended literature overview this thesis.

After we had absorbed and processed all of the theoretical aspects we wrote the
literature overview. When this was done we started to glaze at the empirical data. It
turned out that it would be difficult to do an actual empirical based study on the
material. Therefore we refined the research problem and some new theory was
introduced in the Extended literature overview. That is why the report has two parts,
one more general run-through of TF and one that focuses the assessment of
technological opportunities and threats.

Then the collection of empirical data started. The first thing we did was to read through
all internal material available that described the studied process very carefully. These
documents were basically three reports, Scenario 2000, Horisont 2000–X and Horisont
2000–X second edition, describing the organizations methodology. They documented
the same study but the content and results were updated and refined between the
editions, they all contain both a methodology description and the outcome of the study.
The main authors of these reports was Owe Lavin, the manager of the organizations
commercial analysis unit and moreover project manager of this future study, and Kjell
Samuelsson, Professor of Informatics and Sytematics and the University of Stockholm.
The choice of respondents for personal interviews were based on the simple fact that we
study only one company and the person we need to interview is available in person. The
material was carefully examined and all useful information was written down. We tried
to describe the methodology in their “words” while at the same time mapping the
content of these reports to cover all components described in the frame of reference
without violating the overall picture. When information was missing or further
explanation by the authors was needed, we wrote down questions in the document to
use later in the interviews.

The next step consisted of interviewing Owe Lavin to complement the information
extracted from the reports. The interviews was conducted very freely, we did not have
traditional interview guide but rather discussed the content. We tried to explain how we
had understood things, even the things we had found in the reports and also ask for the
missing information. It was somewhat of a balance act to have a discussion without
leading the respondent too much towards our opinion of things. We both took notes
during the interviews and double-checked things when there was some uncertainty. We
also tried to contact other people involved to get a second opinion but they were hard to
find or they were not able to participate (like Professor Kjell Samuelsson).

The information gained from the interviews was incorporated in the empirics along with
the data from the internal reports. A copy was given to the respondent to enable him to
read and comment the content. The report was updated and changed according to the
respondents’ remarks.
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After the empirical data was collected we started to analyze the empirical data
compared to the frame of reference. The analysis consisted not entirely of analyzing
empirical data but also of interpretations and explanations of how we interpreted the
theory. This was necessary to make the analysis comprehensible. Finally we draw
conclusions concerning the impact of the empirical findings on the theory and made
some recommendations to the firm.

5.7 Data Analysis

According to Yin (1994) data analysis involves examining, categorizing, tabulating or
otherwise combining data. Every investigation should have a general analytical strategy,
two general strategies are suggested. The researcher can either follow the theoretical
proposition that lead to the case study or develop a descriptive framework to organize
the case study. Within these strategies four dominant analytic techniques can be used:
Pattern matching explanation, time-series analysis and program logic. The first, pattern
matching compares an empirical based pattern with a predicted one (theory based).
Explanation building refers to a kind of pattern matching where the goal is to establish
casual links about the phenomenon within the case. In time series analysis changes are
identified by repeated measures of dependent variables over time. Finally, program
logic models are a combination of pattern matching and time series analysis where the
analysis stipulates a complex chain of patterns. (ibid)

In this thesis we followed the theoretical propositions that led to the study, i.e. how can
the process of assessing technological opportunities and/or threats using Technology
forecasting techniques be described? Within this strategy use used pattern matching
because it aims at comparing empirical based patterns with a theoretical pattern
described in the emerged frame of reference.

5.8 Quality Standards

Eriksson and Wiedersheim-Paul (1997) states that two concepts are especially important
when evaluating the quality of the study, namely validity and reliability. If the quality of
the study using these concepts are not secured the results can not be entirely credible
and in worst case incorrect. (ibid)

Validity is defined as the “instruments” ability to measure exactly what is intended to
measure, it is the instrument’s most important ability. If the instrument does not
measure what it is intended to measure the results are useless. (ibid)

Reliability is defined as the instruments ability to produce reliable and stable results. If
the reliability is high, other researchers should be able to conduct the same study and
get the same results. (ibid)
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The concepts of validity and reliability are illustrated conceptually in figure 5.1.

To ensure high validity different sources of information were used, secondary data was
complemented and verified with primary data from interviews. Further, the findings was
checked and verified at several stages to ensure that we interpreted the information
correctly.

We could however identify some potential problems concerning the thesis validity. The
frame of reference incorporated some interpretations since the theories used were a bit
cloudy. This originate in the fact that the area of TF is not so well developed at present
time. Further, in the frame of reference we also combined two existing models, this also
is involves some interpretations. These two aspects could cause some bias and reduce
validity. We also have to cover our backs and express that there also is a risk that not all
the relevant theories are considered in this thesis. According to the authors their models
are the best for this situation, but the possibility exists that some important models or
aspects are not included in this thesis.

To increase reliability it is important to use the “right” persons at the firm, the
employees that have the most knowledge in the studied area. The interviewed
respondent was the manger that was responsible for the studied futurological study
within the organization, this should ensure high reliability. We also tried to ensure high
reliability in our personal interviews in several ways. Like discussed in a previous
section the interviews were conducted freely and informal at several times, which
enabled probing and exhaustive discussions. We also tied to not ask leading questions
but rather let the respondent express his opinion. Moreover, the respondents possibility
for consideration before answering, as well as the commitment contributes to a higher
reliability. Something that also can increase the reliability is that we also tried to make a
fair copy directly after interviewing the respondent.

However, like with the validity some clouds on the sky exist here too. The fact that we
were not able to interview the other main author and no one else for that matter reduces
reliability since only one opinion is expressed. Moreover, a thing that also could reduce
the reliability is that we did not use a traditional interview guide, mainly because it was
practically impossible. Since we mainly relied on secondary data and only used

Neither reliable nor valid Highly reliable but not valid Highly reliable and valid

Situation 2 Situation 3Situation 1

Figure 5.1: Illustrations of Possible Reliability and Validity Situations in Measurement
(McDaniels & Gates, 1998, p. 313)
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interviews as a complement the questions presented in such an interview guide would
not make any sense to the reader.

For the purpose of this case study, we wanted to provide a pure method for assessing
technological opportunities and treats that was used at the studied company. However,
the method used to conduct their study was, to some extent, incorporated in the
presentation of the results of their forecast. Therefore, the empirical presentation
contained information that the method needed to be extracted from. This element of
interpretation could cause bias that might influence the reliability in a negative
direction. Even though actions were taken to minimize this by letting the respondent
verify our findings it needs to be noted that this problem existed.
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6 Results

This chapter contains the empirical results from the case study. But before we start, a
notice of the outline of this chapter is made. First a short presentation of the studied
company Telia Research AB, then, a brief introduction to the studied methodology is
made so that the reader can get a holistic picture of studied process. After that we will
brake up the studied methodology in greater detail and describe it within the identified
generic components introduced in chapter 4, Frame of Reference.

6.1 The Company

Telia AB, former government owned Televerket, was founded as The Royal Electrical
Telegraph Administration - a national authority established 1853 to deal with the then
promising telegraph business. Telia AB is today a leading full service operator that
offers services ranging from fixed telephony to mobile communications and Internet
broadband services. Telia’s business is divided into five business areas: Mobile, Private,
Businesses, Carrier & Networks and Enterprises, which together employ about 30,000
people. Telia is operating in more than thirty countries in the world, including the U.S.,
U.K. and Russia. The main focus is however in the Swedish and Baltic markets, with
Telia as the leading cellular operator with 52 % of the market as well as the leading
Internet provider with a customer stock of over 650.000 clients. During 1999, the net
sales outside the Telia Group amounted to 52 billion SEK. (TRAB Intranet, 2000)

To meet the increasing competition and to handle the fast changes in the business
environment, Telia Research AB (TRAB) was founded in 1991. TRAB is one of the
research companies within the Telia group, and employs about 300 people in Farsta,
Nynäshamn and Luleå. Telia’s total R&D budget was 2.2 billion SEK for 1999 where
400 MSEK went to TRAB. The department that we conducted this study at is named the
Business Analysis group. They are an internal consulting group providing information
like commercial and environmental analysis. (ibid)

6.2 Introduction

The empiric results are based on TRAB’s documentation of their methodology and
interviews are used to complement the picture to “fill in the gaps”. We had access to
three reports that document TRAB’s methodology. These are “futurological studies”
conducted in different time periods, and they contain both a methodology description
and the outcome (results) of their study. All reports are based on the same methodology
but it was further developed between the studies, and the outcome was updated and
improved. In this process some information was excluded in more recent editions.
Therefore, we had to use all three to get out as much information as possible. We see no
conflict in using all three since the subject of investigation, the scope, the investigated
industry and the technological entities under study are to a large extent the same. Most
of the data in this case study is based on these three reports.



Chapter 6 – Results

72

For the purpose of this case study, we want to provide a pure methodology description
in this chapter. However, as briefly discussed in the previous chapter the methodology
used to conduct their study is, to some extent, incorporated the presentation of their
results. Therefore, our empirical presentation will contain information that the
methodology needs to be extracted from. The subsequent description of the empiric
results will have a focus on the specific methodology (when it is described as sequences
or steps in a process). However, it is sometimes difficult to separate the used
methodology from the actual results, that is, the entities in the conducted study.
Therefore, the empiric results will sometimes contain “pure” methodology; sometimes
situation-specific-information that the methodology needs to be extracted from; and
sometimes extracted methodology, where situation-specific-information is left out.

Moreover, the entire empirics of the studied methodology are too big to include in this
chapter. As discussed, components and sub-systems that are part of TRAB’s
methodology will therefore be extracted from the total empiric mass to be able to give a
picture of “the reality”. As a consequence, it can be argued that the empiric presentation
incorporates an interpretative element and hence is a form of analysis. This is necessary,
however, to be able to keep this study within reasonable bounds. Finally, when no
reference is given the information is “extracted methodology” approved by the author.

6.3 Background to TRAB’s Methodology

An analysis regarding alternative investments conducted at the end of the eighties
actualized a need for a more holistic description of a possible future within the
Telecommunications/Information technology (TC/IT) industry. Therefore a study
concerning a possible development of the TC/IT industry ten years ahead was initiated.
(Lavin & Samuelson, 1995)

The methodology was based on mapping and examination of different technologies and
innovations using several techniques and concepts and as the authors state: “…this
methodology is a handcraft tailored to fit specific needs” (Lavin & Samuelson, 1995
p.10), an overview of the methodology is presented in figure 6.1 below. The future
study was initiated as a one time study but stretching over a ten-year period. (ibid)
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STAGE 5: COMMERCIAL POTENTIAL

The commercial potential of elements is evaluated with regard to:

• Consumer markets – volume and growth potential
• Geographical markets
• Business to business markets – volume and growth potential

STAGE 6: INNOVATION POTENTIAL

In this stage a compile of the combination of elements in the matrix that can be used for
innovative purposes by actors in the TC/IT business is done.

STAGE 7: STRATEGIC PLANNING

The preceding analysis above lead to the development of scenarios for the strategic
planning.

6.4 Knowledge Identification

Knowledge Identification is the first of the identified generic components. It deals with
the preparation of, and actual carrying out of the information gathering effort, this
corresponds to stage 1 of TRAB’s methodology described in figure 6.1 above.

The purpose with TRAB’s futurological studies was “…to describe a probable future
path for the TC/IT industry for the OECD countries, ten years ahead and to propose
alternative objectives and the means to reach them within the Telia-group at the end of
the time period” (Lavin & Samuelson 1995, p.10).

The scope of their study was then stated to include objects on the current market,
ongoing R&D activities, standardization work, and official investment plans within the
global TC/IT industry and its users. Lavin and Samuelson (1995) defined the TC/IT
industry to include:

• The manufacturing radio/television industry
• Mass media: movie/TV/radio, newspapers and publishers
• The service sector: Government telecom administrations, mobile telecom operators,

datacom service providers, software developers
• The manufacturing TC industry
• The computer industry
• The military industry was identified as interesting but excluded

The first actual stage of their process, refereed to as Explorative view includes a group
of experts that decides what element/objects to be included in subsequent analysis. The
group was organized consisting of internal- and external personnel. The experts were
selected based on their knowledge and expertise, which included expertise in fields like:
internal personnel from different departments, infromatics and system science,
economical statistics and modeling, market- and alliances analysts, strategic pricing,
consumer behavior, media consumption etc. Sometimes these experts, in turn, used
other institutions and/or consultants to mine information in their specific field.
Furthermore, it should also be noted that the information gathering effort had different
purposes. First, information was gathered on objects as defined above.
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Second, information was gathered to be included in the subsequent commercial analysis
and other analyses.

Each expert was responsible for the collection of information within his or her specific
field.  A project manager coordinated the information gathering effort and interesting
findings was presented at regular meetings twice a month. The project manager was also
responsible for the storage of the discussed findings. Each finding was discussed within
the group and everyone was given an opportunity to express their opinion. The group
tried to reach a consensus concerning them, but if that was impossible the most
“convincing” person’s opinion was used. The actual information collection was done at
their permanent office. This was the only applicable solution since the group of experts
originated from varying organizations and institutions. (Lavin, 2000)

The authors claim to have taken a comprehensive approach since the intention was to
cover all objects and phenomena’s that are influential in the TC/IT industry under the
timeframe the study was conducted. A large number of objects was collected in various
technical fields and that is why the findings was divided by Lavin and Samuelson
(1995) into the following functional groups:

• Information carriers
• Services
• Nodes
• Transmission- and cable networks
• Presentation and registering equipment
• Technologies

The actual information gathering concerning possible new techniques was characterized
by the question, “what elements/objects will have an impact on the TC/IT industry’s
development for at least ten years in terms of:” (Lavin & Samuelson, 1995 p.10).

• Technologies
• Components
• Subsystems and systems
• Products and services

6.5 Analysis

Analysis is the second identified generic component that deals with the processing and
interpretation of gathered information. We will now describe the methodology used by
TRAB, explained in the stage 2-6 in figure 6.1; Cross-impact matrix, Birth- & Death
year, Matrix Reduction, Commercial Potential and Innovation Potential

CROSS-IMPACT MATRIX

The output from previous steps was a list of 110 objects. These are now placed in a
Cross-impact matrix6, stage 2 figure 6.1, an example from the matrix is illustrated in
figure 6.2 below. The objects are now placed in the matrix in their corresponding
functional group, on both the vertical and longitudinal axes. These objects can be
combined in 11 900 ways when the entries in the main diagonal are subtracted.

                                                
6 Sv. “Sambandsmatris”
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In this stage, the group searches for technical and/or commercial dependencies between
the listed 110 objects. It is expected that the effort will benefit from a systematic work
through all possible combinations in the matrix, so the group works along the columns
in the matrix, step by step, and examines the relation to the object in the corresponding
row.

Relations can be classified as fully dependent (A), partly dependent (B) or substitutable
(S). Objects that are fully dependent are defined as objects that cannot exist, or be
“born”, if the other object does not exist. The object is defined as substitutable if there
exists a strong “competition” between the column and the row, hence the row is a
substitute to the column. (Lavin & Samuelson, 1995)

The output of this activity is a matrix that serves as a logical frame of reference that
objectively put together information. It can be considered as a “… logical structure for
the TC/IT industry, that remain fairly unchanged under long time periods if it is updated
when necessarily.” (Lavin & Samuelson 1991, p.9).

BIRTH- & DEATH YEAR7

To be able to judge the objects vitality, the life cycle concept is introduced in this step.
The reason for this is that the group noticed shorter and shorter product lives and that
“product junkyards” within the TC/IT industry had become a problem.

Therefore, to improve the validity and increase the analytic base, each object is assigned
a Birth- & Death year, see the first two columns in figure 6.2. The birth- and death
years are derived from the life cycle concept. The birth year is defined as “…when the
object is commercially introduced” (Lavin & Samuelson, 1991 p.9) and the death year
is “…when the object is considered obsolete and no new products of this kind is sold.”
(Lavin & Samuelson, 1991 p.9) Each object in the matrix is now discussed within the
group and an agreement concerning the definition of the object and a year of birth &

                                                
7 Sometimes called Sv. “Sambandsanalys”

Figure 6.2: Example from TRAB’s Cross-impact matrix
(Adapted from Lavin & Samuelson, 1995, Appendix 1)
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death as assigned to them. The only guidance the group has to assign the birth and death
years is their knowledge, experience and insight. For instance, the example-object in
figure 6.2, optic fiber, was defined as “optic fiber in telecommunication networks, used
as access- or transport medium. Birth: 1985, Death: 2020” (Lavin & Samuelson, 1995
p.17).

With the Birth & Death years included, the matrix in figure 6.2 now gives, according to
Lavin and Samuelson (1992), a comprehensive and more complete picture of the TC/IT
area and its sub-systems some time in the future (30 years).

MATRIX REDUCTION

In the beginning of this step, we have a matrix that shows all identified dependencies,
substitutes and birth&death years. The matrix can now be reduced, patronized and
analyzed in several ways. The analysis can be conducted within the matrix and it is also
possible to test its significance with regard to external characteristics and conditions.

It will now be possible, when adding a dose of creativity, to identify chains of
dependencies from the matrix because many objects are interrelated and form a network
of nodes and connections.

But first the individual importance of an object is
tested. If no, or just a few, relations are identified
for an object it is considered not interesting and
therefore excluded from the matrix.

One initial analysis, that forms a basis for further
analysis, is the summarizing of all relations row-
wise and column-wise. This will draw attention to
objects that have many relations with other objects
in the matrix. For instance, when a column is
depending on many row-objects for its existence it
can be considered vulnerable. On the other hand, if
a row have many dependencies with a column it
can be described as a “key object”, since many
other objects are depending on it for its existence.
(Lavin, 2000)

After this is done, the creative work starts. The
group analyzes the parts of the matrix and it’s
relations based on a number of external
characteristics and/or conditions (environmental
events, market and business developments). It is
possible to create models with the use of graphical
representations to understand the object’s relations
and importance to each other. With the use of the
experience in the group, the knowledge and insight
in their fields and external conditions, possible
chain of dependencies that may be important to the
company can be identified. This can be done by
examining an existing object in the matrix, or by introducing a new object and map it

Figure 6.3: Schematic
illustration of a full Cross-impact

matrix (Lavin, 2000)

A     B                         S           A

A A A                         B

A A                         BS

AA                       A      B              A

1.

2.

Figure 6.4: Example of chain
of dependencies (Lavin, 2000)
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with the use of the matrix, this is illustrated by the feedback loop in figure 6.1. (new
objects are introduced when the group notices that “something is missing”, or, later, as a
Innovative element discussed later in this chapter). (Lavin, 2000)

Literary speaking, the network of nodes and connections can be observed from different
angles. It is possible to choose one object and observe it with regard to the rest of the
objects. This will form a unique chain of dependencies. Dependent upon the chosen
perspective, the uniform network represented by the matrix, will be illustrated in
different ways. This is demonstrated in figure 6.3 and 6.4.

When observing an object
from a column with regard to
the rest, number 1 in figure
6.3, it can form a chain of
dependencies as illustrated in
the left part of figure 6.5.
When observing an object
from a row with regard to the
rest, number 2 in figure 6.3,
it will form a chain of
impacts as illustrated in the
right side of figure 6.5.

Now, when a number of chains of dependencies are identified, they need to be assessed
in terms of attractiveness for the company. There might be chains of dependencies that
are interesting from the company’s perspective but cannot be realized. Therefore, before
moving to the next step we need to evaluate them on some criteria. Chain of
dependencies are according to Lavin and Samuelson (1995) excluded if one or more of
the following criteria are fulfilled:

• Do not fit the company’s ability to build up the needed competence under the
defined time period

• Cannot be realized with current machinery of production under the defined
time period

• Does not correspond to the stockholders interests
• Cannot overcome the first two by using partners or alliances under the

defined timeframe (Lavin, 2000)

The chains of dependencies that pass this filter is found attractive to the firm, they form
clusters or groups which can be visualized using a number of graphs (Lavin &
Samuelson, 1992):

1. Directed graph, arranged in a timely order
2. Directed graph, with time-dependent migration
3. Flow diagram with or without timeframe
4. Flow diagram with or without feedback/feed-forward
5. Directed graph that specifies communication from source to destination (destination

point)

Example object

Chain of
impacts

Chain of
dependencies

Figure 6.5: One possible chain of dependencies (Lavin, 2000)
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Figure 6.6: A chain of dependencies visualized using a system dynamics graph
(Lavin & Samuelson 1995, p.48)

6. Graph that specifies dependencies between parts of certain systems, objects and
occurrences that has a functional, physical or logical dependency without potential
flows being specified. Hence, the graph describes relations but not directions.

In this stage the birth- and death years are applied to objects within the graphical
representation. This reveals if a certain object can be realized or if some needed support
objects does not yet exist. To enhance the understanding of this kind of Sytematics
analysis (sv. Informatik och systemvetenskap) the dependencies can be graphically
represented, see Appendix 2 for details.

In the latest study, four attractive chains of dependencies were identified and illustrated
using the methodology described above. These were (Lavin & Samuelson, 1992):

1. Video on demand
2. Multimedia Post
3. Multi-way video
4. Synergies between broadband-technologies

As we are interested in the methodology TRAB is using in their “futurological studies”
we will now provide one example from the listed four above, namely Video on demand.
Figure 6.6 below illustrates different alternatives for creating the service Video on
demand (VOD). VOD is a service that delivers programs or movies from a video library
to a “terminal” in the household or to a company. Three different substitutes are
according to the study available as carriers for this service. Conventional analog or
digital cable networks, satellite broadcasting or broadband networks. Payment is in the
two first cases done by telephone using a credit card. For broadband the payment is
handled online using the broadband network. To be able to order this kind of service
some kind of catalogue is needed. (Lavin & Samuelson, 1995)
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COMMERCIAL POTENTIAL

In this stage, no strict formalized procedure is used to estimate the commercial
potential. The main purpose with this activity is to evaluate the commercial potential of
the found chains of dependencies (for instance, Video on Demand). It is also possible
(but as a secondary purpose) to map the market as a separate activity to be able to
identify unsatisfied needs to spur the innovative mind. In any case, it is to some extent a
free-standing and tailored activity designed to fit the specific situation. However, it is
possible to identify components/sub-activities that come back in different contexts.
(Lavin, 2000)

Segmenting: Overall functional market-segments are identified and are to serve as main
domains where further divining can take place. These were Work, Education
(&Training) and Entertainment & Leisure (Lavin & Samuelson, 1992). These were also
divided into business to consumer-, business to business and business to government
markets. Each market segment is then carefully defined.

Push-Pull framework: The identified segments are put into a conceptual Push-Pull
framework. Each segment serves as a unique Puller (“demand-pull”). Pushers
(“product-push”) are identified within the possible distributors that, for their survival,
push out their offerings to a more or less willing market. Pushers can be distributors
outside the company’s own interest. Between the Pushers and Pullers a flow of products
and services are mapped. The flow is visualized between the actors with a line. The
thickness of that line is proportional to the net turnover between the actors, see figure
6.7.

Figure 6.7: Example of a Push-Pull Framework (Lavin & Samuelson, 1995, p.59)
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The graph is a visualization of the overall market. It summarizes cash flow and may
serve as an idea-generator. Important questions may arise; gaps may be identified, as the
dashed line indicates, that may act as a strategic window etc.

Description of market
size: Various statistics
are used to estimate the
size of different
markets. One analysis
was market
characteristics with
regard to occupation
and industry. The
Swedish market was
chosen as a sample
market for customer
segmentation for
different TC/IT
applications.  First a
classification in
communication
intensive occupations
(professionals that
requires information
frequently) and
information intensive
occupations (professionals that need large amounts of information). Table 6.1 gives an
example of occupations that has different needs of information and communication.
This classification can be used to identify interesting target groups.

There also exist professions that
have low but not negligible TC/IT
intensity. These groups can also be
exploited because they are in
control over quite large amounts of
economical means that can be used
to for new TC/IT applications, se
table 6.2.

Consumer behavior: Important
consumer behavior is mapped as
part of this step, either as “in
house” studies or “out-house”
reports from similar or
approximately similar areas that
are customized to fit the purpose of
their own futurological study.
Description of consumer behavior,
categorization in groups of behaviors and the distribution of age/income/social status
within this groups are used that are relevant to TC/IT in general or to the identified

Communication
intensive professions
(information is needed

frequently)

Not Communication
intensive

Information
intensive

professions
(large quantities

needed
frequently)

Air traffic controller
Traveling salesman
TV/Data/Tele repairman
Construction manager
CAD designer
Ambulance driver
Advertising agency
Travel agency
Journalist
x-ray doctors
Fire engineer
Store mangers

Librarian
Pharmacist
Architect
Land surveyor
Industrial designers
Cartographer
Prosecutor
Chief accountant
Art director
TV/Video artists

Not Information
intensive

(small quantities
needed

infrequently)

Dentist
Professional drivers
Receptionists
Switchboard operator
Emergency service
centers
Librarian assistants
Fireman
Security officer
Programmer
Doctor & veterinary

Shoe maker
Artist
Brick layer
Farm worker
Road-worker
Glass-blower
Wood-work teachers
Cleaner
Car-park attendant

Table 6.1: Market characterization with regard to profession
(Lavin & Samuelson, 1995, p.62)

Specific Applications Target Group and Professions

Filed service / on
location

Car tower
TV/Data/Electronic repairman
Water and sanitation service
Ambulance personnel
Fire departments
Law enforcement

Interviews and
Inspection

The above groups and:
Journalists
Tourists
Travel agencies

Inspections and
Measurement

Claims adjuster
Medial service
Tele medicine

Education and
Teaching

“Crash” courses
Further education

Communication,
Control

Military command
Civil rescue operations
Air traffic control
Satellite launching/maintenance

Table 6.2: Other interesting professions
(Lavin & Samuelson, 1995, p.66)
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chains of dependencies.  For instance, an example of identified general consumer
groups from the latest study were the TV looker, the radio listener, the news -reader -
listener, the cinema freak, the book enthusiast, the VCR-watcher and the music lover
(freely translated).

Marketing Research efforts on specific areas, for
instance on consumer electronics, are sometimes
conducted to map buying behavior, user behavior
or to estimate adoption rate.

List of Events and Means: Established as a
proposal of what might be important recourses to
be able to reach goals and satisfy needs. These can
act separately, in synergy or overlap. One example
from the first “futurological study” is provided for
an illustrative purpose in Table 6.3 (most
subcategories excluded here)

Other techniques: Sometimes ad-hoc techniques
are used in situation-specific contexts to further
deepen the understanding in different areas under
investigation.

Alliance analysis was a separate investigation. It
aimed at showing mergers (i.e. fusions, authors
note) taking place in the late eighties and early
nineties that were and still are important to the
TC/IT industry in relation to other pushers. The matrix i
arrow indicates that the industry in the column is formin
industry in the row, see figure 6.8. The information 
mainly used to identify possible partners if competence
object was missing.
Table 6.3: List of Events and Means

• Media
• User areas (general activities)
• User areas (special activities)
• Technique

- Laser
- LCD
- Optic fiber etc

• Switch technique
- Tele-services
- K56
- NMT
- GSM
- Mobitex etc

• Activities for extension of monopoly
position

• Investments
• Investments in R&D

- Prototypes
- Experiments activities etc

• Investments in Stocks
- Complimentary industries
- Core industry etc

• Investments in Partners
- Risk sharing
- Alliances etc

(Lavin & Samuelson, 1991 pp.43)
s to be read from left to right, an
g an alliance or merger with the
gained from this analysis was
 or resources for an interesting
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Figure 6.8: Alliances between Pushers in TC/IT industry (Lavin & Samuelson, 1995, p.74)

Some more not considered here is:

• Analysis of substituting technology, complements or synergies between
communication systems

• Sales Potentials with regard to industry/geography/big customers etc

To summarize, no formalized step-by-step method is used by TRAB to evaluate the
commercial potential. Listed above is some components that are used, some are too “ad-
hoc” to be included in this review because they cannot be considered as part of a
methodology used every time in every situation. The commercial potential is evaluated
with the use individual experience of people within the assigned group conducting the
specific study (Lavin, 2000).

INNOVATION POTENTIAL

As described, the Cross-impact matrix can be used to identify chains of dependencies.
However, it is also possible to use the Cross-impact matrix as a basis for investigating
the gaps, that is, holes in the matrix structure that creative innovation could “fill”. These
“discoveries” can further be introduced as new rows and columns in the Cross-impact
matrix to be able to generate new possibilities and variations of techniques and
functions. The new identified gaps are evaluated using the same approach described so
far but it constitutes a sidetrack since it involves new “innovative” combinations instead
of existing combinations.

Passive

Active
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One example from Lavin and Samuelson (1991) was the identification of a “Image-
compression technique” that would be important and commercially valuable in the
future

6.6 Presentation

The generic components Presentation deals with how results from a study are presented
to the decision-maker. This corresponds to the last step in TRAB’s methodology,
scenarios in figure 6.1.  Step 7, Strategic Planing, is not considered in this thesis
because it belongs to what we refer to as the generic component response that was
excluded in chapter 4, Frame of Reference.

SCENARIOS

TRAB’s view of scenarios as a phenomenon is best explained by this introduction that
they give to the methodology.

The Cross-impact matrix
serves as a logical frame of
reference that objectively put
together information. It is a
“…logical structure for the
TC/IT industry, that remain
fairly unchanged under long
time periods if it is updated
when necessarily” (Lavin &
Samuelson 1991, p.9).
Furthermore, on the one hand,
TRAB defines scenarios as
“...a subjective hypothesis of
possible future courses that
incorporate and reflect values,
different considerations and
limits”. (Lavin & Samuelson 1991, p.58)  Scenarios may with no objection be
speculatively constructed as proposals. These proposals are however tested with regard
to probability and tenability against the chains of dependencies found in the cross-
impact matrix. On the other hand, they also suggest that scenarios can be constructed
with the staring point in the chain of dependencies found in Cross-impact matrix.

The second approach is illustrated in figure 6.9, Strategic usage of Cross-impact matrix
results8.

In Present situation and starting point in figure 6.9, TRAB lists important issues and
assumptions that are relevant for the scenario building. One example from Lavin and
Samuelson (1995) study was the assumption that no conversion into independent
subsidiary companies are formed, and no change in owner-structure beyond the ones
already planned are taking place under the defined timeframe.

                                                
8 This is the original picture translated from a document. We believe that the relation between Strategic
usage of Cross-impact matrix results and Scenarios and possible investment alternatives are inter-related
and should be illustrated with a double-ended to include the illustration of the first approach (scenarios
developed with regard to the other elements in the picture that are tested against the matrix).

Figure 6.9: Strategic use of Scenarios
(Lavin & Samuelson, 1995, p.85)

Present
situation and
starting point

Competence,
knowledge and

political influence

Trends
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matrix results

Scenarios and
possible

investment
alternatives



Chapter 6 – Results

85

External forces influence the TC/IT market and these are considered within the box
Competence, knowledge and politics. The political impact on the TC/IT-market, from
ICC, EU etc, is influencing the scenario building as the figure indicates. For instance,
international polices for Internet etc.

The third thing to consider, before the scenarios are constructed, is something that
TRAB refer to as Trends in figure 6.9. Some of the identified objects in the Cross-
impact matrix; the outputs from the analysis within the Cross-impact matrix that direct
attention to new phenomena; and other external and not yet considered trends are listed
and defined.

These issues are divided in 3 years periods and listed where they are considered to have
to greatest importance.  Trends are then taken into consideration, or may act as a basis,
when building up the scenarios. For illustration some short version examples from the
documents, that are freely put together from different areas is:

• A trend of faster and cheaper Personnel Computers (PC)  (Lavin & Samuelson,
1991)

• The identification of smart TV-receivers that can handle a window-interface. (ibid)
• Digital-radio will be available 1996 (Lavin & Samuelson, 1992)
• A trend of a more diffused owner-structure of the broadband networks. (ibid)
• Liberalization on the market - communication via satellite - within EU  (ibid)
• A trend of placing the working-offices in a suburbia (Lavin & Samuelson, 1995)

Finally, three alternative scenarios were developed based on the information as
discussed above. They were properly described, motivated and the consequences for the
organization were presented. The scenarios were also divided into time periods of three
years. The three scenarios were based upon which markets to serve, both consumer and
business/government markets or only one of the two.

6.7 The Forecasting Process

The forecasting process was not identified as a generic component but rather a more
holistic perspective of the entire process of conducting a future study. We increase the
level of abstraction one level and consider the inputs, outputs and tools for analyzing
data. We incorporated the forecasting process concept mainly to be used within the
analysis chapter as a quality criterion. Furthermore, the relevant empirical data
belonging to this section is found in generic components above, therefore no results is
found in this section.
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7 Analysis

The analysis in this chapter intends to use the data analysis strategy, pattern matching,
to process the empiric results. The structure embedded in the Frame of Reference and
apposite theory from the literature overview will serve as the main pattern that the
empiric results is compared against. Patterns are compared with the intent to find
matches and mismatches between the two domains - theory and empiric results. At first
sight, the patterns are to some extent not perfectly comparable, due to the use of
somewhat different approaches and terminology. In the situations where it does not
exist a well-defined unit of measurement that bridge between the different approaches,
interpretations will be provided by us. Furthermore, the analysis will sometimes go
beyond the pure matching of patterns and involve some discussions.

7.1 Knowledge Identification

Knowledge identification was the first of the
identified generic components. It includes the
activities, State Objectives, Preparation of a
Monitoring and Scanning Plan and Information
Gathering and Classification.

Before we start analyzing this generic component
some things needs to be clarified. As discussed in the
Frame of reference, there is difference between the
concept of monitoring and scanning in relation to the
generic component Knowledge Identification when
considering the scope of the information acquired.
Knowledge Identification has a wider scope including
not only signals, but also market data to be used later
in the scenarios. However, the gathering of market
data is not included in the monitoring and scanning effort and will therefore be left out
from the analysis. It is however of significant importance to keep this distinction in
mind when reading the analysis. This difference is illustrated by us in figure 7.1.

STATE OBJECTIVES

To analyze this activity we first examine how the general information requirement
stated by Vanston (1998) in the redefined research purpose corresponds to TRAB’s
general purpose with their study. Secondly, the generic objective described by Porter et
al (1991) is examined in relation to TRAB’s methodology. Finally, the different criteria
for limiting the TF-effort by Porter et al  (1991) are examined.

The objective is described within TRAB’s purpose for their futurological study: “…to
describe a probable future path for the TC/IT industry for the OECD countries, ten years
ahead and to propose alternative objectives and the means to reach them within the
Telia-group at the end of the time period” (Lavin & Samuelson 1995, p.10). This can be
considered as a rather extensive objective and it does not clearly match with Vanston’s
(1998) general information requirement to Identify and evaluate new products and
processes that might present a threat or an opportunity for the firm. However if we
consider the entire empiric material, it can be observed that this information

Figure 7.1: Information
flow model

Monitoring &
scanning effort

Scenarios

Knowledge Identification

Market
data

Signals
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requirement is found implicitly although they do not use Vanston’s (1998) terminology.
This will be further discussed in assessment in terms of opportunities and threats.

Porter et al  (1991) suggested a number of possible generic objectives for a monitoring
and scanning effort that intends to identify information for the subsequent analysis.
These were:

• Detecting scientific/technical or socioeconomic events important to a company
• Defining potential threats for the organization implied by these events
• Seeking opportunities for the organization implied by changes in the environment
• Alerting management to trends that are converging, diverging, speeding up, slowing

down, or interacting

TRAB did not express any of these explicitly before they gathered the information.
However, it can be found implicitly that TRAB’s objective was to gather information on
technological objects and different trends and events from the business environment.
These were selected with an implicit purpose to find new business opportunities for
Telia group AB.

As a result, TRAB did not state any explicit objects before the information gathering
effort. If these were stated, it can be assumed that the staff had more precision of what
they looked for, and hence, were more efficient. However, the information gathering
effort had implicit aims and all of Porter et al (1991) generic objectives were fulfilled
with the exception for the defining of organizational threats.

Regarding the different criteria for limiting the TF-effort, Porter et al (1991) presents a
number of options. This is needed to avoid information overload and enhance the
precision of the forecast. The first thing to consider is the time frame.  TRAB stated a
ten year timeframe in their purpose. It can be considered as pre-implementation since
the study used a long time frame and aimed at evaluating the potential of future
opportunities rather than handling imminent product and process decisions.

Further, the study can be a one time- or an ongoing study. Since a finishing date was set
by TRAB it is clear that they intended to do a one-time study.

A focus can be stated to limit the study, a contextual or technological focus can be used.
TRAB clearly used a technological focus because the gathered information was limited
to the TC/IT industry. These criteria clearly limited the study, although they did not use
the terminology explicitly.

Further, the theoretical proposal also suggests that technological focus can be further
divided according to its breadth. Macro focus is focusing on both systems of
technologies and certain technologies while micro focus means that only specific
technologies are of interest. TRAB further divided the TC/IT industry to include
technologies, components, systems/subsystems and products/services. As a result,
TRAB’s breadth is macro since not only specific technologies but also systems are
identified.
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Next, theory proposes that the next confinement is the choice between to forecast a
technology or to choose a strategic path. TRAB clearly stated within their purpose that
the study was conducted to choose a strategic path. This was stated before the study and
is to consider as one limiting criteria, as Porter et al (1991) suggests.

Finally, Porter et al (1991) suggests that the forecaster needs to determine what
development stage of technologies to include in the study. First, the forecaster can also
choose between established or emerging technologies, that is, what stage in the
technology life cycle that are to be included in the study. Like discussed above TRAB
limited their scope to entire technologies, components, systems/subsystems or
products/services and include objects on the current market, ongoing R&D activities,
standardization work, and official investment plans. Hence, they searched for both
emerging and established technologies. Further, Porter et al (1991) suggest that the
focus can be on purely technological aspects or on whenever a technology also will be
successful in the marketplace. Although it is not stated explicitly by TRAB before the
study was outlined, they were like most other commercial organizations, mainly
interested in things that could be successful on the market. Hence they are innovation
oriented.

To summarize this heading, most of the objectives and limiting criteria in TRAB’s
study were not explicitly stressed, but the “route of action” tells us that they had some
form of plan for collecting the information.

PREPARATION OF MONITORING AND SCANNING PLAN

After the purpose and objectives is stated several other preparations needs to be
considered as described by Costa (1995) in table 3.1. The first of these is to specify
what sources of information to use. Ashton & Stacey (1995) present a list of possible
sources. No specification of sources to use was prepared at TRAB. However, we could
identify what sources that were used when the study had started. It is not possible to go
through all used sources but we found that individual experts mainly were used. They in
turn used other sources, which we were unable to identify since the empirical source
was not accessible to us. A lot of literature in form of consultant reports and technical
journals were also used.

The next step in the theoretical proposal is the identification of participants, which is
represented in terms of their background and location. It is suggested that a mix
between generalists and specialists is important to make use of experts in specific
fields, while at the same time not loosing the overall picture. Individuals from several
fields were used. TRAB’s use of internal personnel from different departments can be
considered as specialists, while some external consultants can be considered as
generalists. Also the location of the monitoring and scanning staff should be prepared.
Ashton & Stacey (1995) suggest four organizational configurations, central unit,
existing group, decentralized and diffused. TRAB had a quite diffused group since the
participants originated from a number of different organizations and institutions, it was
considered the only practical solution.

Further, the assigning of scanning tasks should be based on the partitioning of sources.
This in turn should be based on the participants’ backgrounds and interests. At TRAB
sources were partitioned according to the individual experts’ areas of expertise and each
expert was responsible for the collection of information within his or her specific field.
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According to the theoretical proposal, the preparation of the storage and processing of
information is important. This is accomplished by a formalized electronic or manual
mode of storage. A strong case is made for the electronic mode because this enables
other people to make use of information and it can be exploited for other purposes.
Further, electronic databases enables intelligent search facilities and more efficient
determination of links between items and cross-impacts. The project manager at TRAB
was responsible for storing the data but their method can not be considered as
formalized since no manual file cabinets or databases were used. The period of storage
is also something to consider in this context. Since this was a ten-year study some
information could be outdated or not accurate. We see no attempt verify the stored
information’s validity over time besides for the classification of trends in three-year
periods and the Birth & Death years that were introduced in the cross-impact matrix.

The final consideration is the dissemination of information (i.e. distribution of
information). Since the project manager at TRAB was responsible for the storage and
processing of collected information and no “audience” within the firm were to take part
of the material no information was distributed.

To summarize this heading it can be deduced that TRAB’s study no involved a “true”
monitoring and scanning effort since the preparation was not extensive enough as
theory proposes. However, it can sometimes be difficult to distinguish between what
was actually prepared and what was decided “along the way”. Furthermore, it contained
some of the components while other important elements were missing.

INFORMATION GATHERING AND CLASSIFICATION

When gathering signals it is important to be clear about what exactly we are looking for
and how those signals can be categorized. In this section we only analyze the actual
categorization of signals and not the consequences it may lead to, which will be
discussed in a later section.

In the theoretical proposal, signals can be events and/or trends from the entire PEST.
Moreover, a trend is defined as a direction or sequence of events within the PEST
environment that has some momentum and durability.

Signals correspond to some parts with what TRAB denotes as objects, although they do
not have the exact same meaning. TRAB’s intention was to identify interesting objects
within the TC/IT industry. However, they only aim at finding objects within the
technology part of the PEST. They further categorized objects into systems/subsystems,
products/services, technologies and components.

It can be seen that TRAB’s categorization is narrower than the theoretical proposition in
a fundamental sense, it is not including information from the total business environment
(PEST). This is a major difference between the theoretical- and empirical suggestions
that yields consequences for the overall forecasting result. Further, the categorization of
signals is based on a time dimension, a series of events in one direction becomes a trend.
In the empirical suggestion the categorization is based on the level of detail, hence a
completely different foundation. However, they can be considered as complementary;
the use of one does not exclude the other.
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It is also of importance to analyze how the actual monitoring and scanning effort was
conducted, as described by Vanston (1998) it can be done by Environmental scanning,
monitoring or tracking. Vanston (1998) suggest that data can be collected on different
“levels”. The scope is more bounded in tracking mode than in the more comprehensive
scanning mode. Information is fed back from the lower levels to the higher to create an
iterative effect.

If one observes the graphical representation of TRAB’s methodology (figure 6.1, page
73) it can be seen that a number of feedback loops exist, this is also confirmed in other
parts of the empirical data. This shows that information found important in later steps of
the methodology is fed back to the first step to refine or extend the information
gathering effort. These feedback loops should according to theory also be found within
the first step of their methodology, Explorative view. We found no explicit proof of this
but it is also our general opinion that TRAB searched information with various scopes,
from specific technologies to social and political trends.

The last part of the generic component Knowledge Identification is the use of a
framework for classifying identified technologies. Preez and Pistorius (1999) stresses
that this is a very important activity for a number of reasons, but mainly because it helps
to differentiate between technologies and groups of technologies.

TRAB clearly use a classification scheme for the identified technologies, they divided
the found objects into a number of functional groups, information carriers, services,
nodes, transmission- and cable networks, presentation and registering equipment and
technologies. Technologies are one of these groups but it can be described as a
classification scheme although not entirely for technologies, the main point is that a
scheme exists.

7.2 Analysis

This step includes the analysis of the steps Evaluation, Selection of Major signals,
Cross-impact analysis, Identification of Significant Cross-impacts and Interpretation of
the Matrix, Post-forecasts, Choosing a TF technique and Assessment it Terms of
Opportunities and/or Threats, obtained from Frame of Reference. These are compared
to the Cross-impact matrix, Birth & Death Year, Matrix Reduction, Commercial
Potential and Innovation Potential, in TRAB’s methodology.

EVALUATION

In the beginning of a monitor and scanning effort, the output is usually a large amount
of unstructured information due to its exploratory nature. Evaluation is an attempt to
classify detected signals and point out possible ways to handle them in the subsequent
analysis. Twiss (1992) suggest that signal strength and corporate significance (assumed
impact on the organization) should be evaluated, to be able to decide if signals should
be ignored, reviewed, noted, or be examined in more detail.

No such activity exists in TRAB’s methodology, which explain the large-scaled Cross-
impact matrix in their futurological studies (11990 possible combinations). All objects
are included in the matrix and all relations are examined. However, later in the Matrix
reduction the individual importance of each object is tested and excluded if no or just a
few negligible relations to other objects are detected.
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TRAB’s model is more rigid. If objects are excluded before the relations are examined,
there is little risk to exclude something that may be of importance. However, it is a very
time consuming and demanding process to examine over ten thousand combinations. It
can be assumed that such a large-scaled matrix leads to the possibility that the
forecasting staff misses important relations, or that the large quantity fogs the overall
picture. Furthermore, TRAB’s excluded elements may be of importance some time in
the future. If they are not passing a formalized classification scheme before they are
excluded, they may be forgotten (ignored) instead of reviewed and considered again
when it has reached a higher level of signal strength and corporate significance.

SELECTION OF MAJOR SIGNALS

Selection of major signals is another “filter” that signals are proposed to pass through to
reduce the number to be handled in the subsequent analysis. To strengthen the detected
signal’s creditability, in- or outhouse forecasts can be made, using some of the
forecasting techniques presented in section 2.6, Forecasting Method. When there is no
hard data available (or if other criterion are not fulfilled to call it a forecast), subjective
judgement or the “practical procedure” suggested by Twiss (1992) can be employed.

TRAB used experts to collect information regarding technological objects and other
information used later in the analysis. Findings were presented at group meetings and
everyone was given an opportunity to ventilate their opinion regarding the findings.
When there was different opinions regarding a signal, the most “convincing” opinion
was used.

TRAB’s group meetings cannot be considered to be the formalized TF-method Expert
opinion. It requires a more structured approach and an arrangement for avoiding social-
dynamic problems. Our interviews indicate that the most dominant persons also
provided the most “convincing” opinions in those situations where the group did not
agree. In other vocabulary, the band-wagon effect. However, on the other side of the
continuum we have the pure subjective judgement where individual beliefs and values
belong. TRAB’s group meetings cannot easily be considered to be a pure forecast or a
pure subjective judgement. Attempts were made to enhance the creditability on the
technological objects and the other information used, but they did not fulfill the criteria
for an expert opinion forecast. So, the truth lies somewhere in between.

In any case, there was no selection of major signals as this activity suggests. No
technological objects or other information was excluded with the purpose to narrow
down the amount of information to be included in the subsequent analysis.

According to the theoretical proposal, it is also important to reach a mutual
understanding regarding the definition of the technological objects and other
information that are part of the study, to avoid different interpretations in later stages in
the process. This is done in TRAB’s methodology under the stage Birth & Death years,
and they provide the same motivation as above. This is a clear match between theory
and empiric results.
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P E S T

Figure 7.2: Theory

CROSS-IMPACT ANALYSIS

The input to this stage is a redefined list of signals. The first note we make is that TRAB
is using a Cross-impact matrix to further process the gathered signals, as theory
suggests. This makes the methodology proposed by theory and the empiric results
comparable in the most fundamental sense. However, as will be seen, the theoretical
proposition and the empiric usage also differ to some degree. To fully understand the
similarities and differences between the theoretical and empiric Cross-impact
methodologies, and further to be able to assess the consequences that different
approaches yield, the following three topics are investigated:9

1. Analysis on a component level that briefly compare the fundamental features.
2. Analysis of the different inputs to try to reveal if different inputs will lead to different

overall results.
3. Analysis of the different inherent Cross-impact methodologies to try to reveal if they

lead to different overall results.

For the first topic, we observe that all identified signals/objects are placed on both the
vertical and longitudinal axes. This spans a two-dimensional domain that is balanced
and quadratic for both the theoretical and empiric matrix. TRAB also include a time-
dimension when adding a column of Birth & Death years. This is considered in the
theoretical model, but it is stated and works implicitly in the Preparation of a Monitor
and Scanning Plan where the information storage is suggested to have a period of
storage.

Signals/objects are placed on both axes to be able to evaluate them on each other and a
time-dimension is used with the same purpose. As a result, there are no fundamental
differences between the theoretical and empiric methodologies on the component level.

For the second topic, we need to recall the discussion concerning
the inputs to the Cross-impact matrix earlier analyzed in section
7.1 Information gathering and Classification. Inputs to the
matrix are those signals identified within the Knowledge
Identification. These inputs can be signals (as proposed by
theory) and objects (as used by TRAB).

Signals (including technologies) that are considered important to
the organization is identified within the total business
environment – political/legal, economic, social and
technological (PEST). These are further categorized as trends or
events. These signals have a broad scope. Consequently they
lead to a comprehensive Cross-impact approach, as shown by us
in figure 7.210.

                                                
9 This is a clarification of the operationalized unit of measurements stated in the Frame of Reference. The
topics  was introduced so that the analysis could be outlined within more manageable blocks. Noting is
added, just clarified.
10 A considered environment is indicated by an underscore.
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Objects, on the other hand, that serves as inputs in TRAB’s matrix, is per definition
technologies, components, systems and sub-systems, products and/or services. These are
further classified within a technological domain that is loosely connected to the different
strategic units at Telia group. These objects have a finer scope then signals.
Consequently they lead to a more narrow Cross-impact approach, this is illustrated by
us in figure 7.3 where only the objects passes though the cross-impact matrix while the
rest of the information is passing outside the cross-impact matrix.

We can see that the inputs differ in scope. The theoretical
signals are gathered from the entire PEST, while the
empiric objects are gathered from the technology part of
PEST. The strength with the Cross-impact analysis is that
it may uncover unknown relationships (first- and higher
order relationships). As a result, TRAB’s methodology is
neither able to detect relationships between signals found
in the political/legal, economic or social environment nor
between technological entities and the rest of its
environment in the Cross-impact matrix. This will affect
the overall result. As stated in section 2.5 Technology
Impact Assessment, no technology exists in isolation, and
non is independent of external influence. It is important
to see a technological development in its environmental context. The justification is that
the earlier first- and/or higher order impacts can be incorporated in the analysis, the
better forecasting-results will be given by the used methodology.

However, an all-pervading theme in this thesis is that no rule exists without exception.
As discussed, the Knowledge Identification at TRAB does not end with the
identification of objects in the technological environment. TRAB collect information
from the rest of the business environment too, that are included in the subsequent
analysis, but these data are not considered in the Cross-impact analysis. So, the above
statements still hold but should be viewed in the light of later statements done in this
chapter. This will be further analyzed under the scenario paragraph below.

For the third topic, concerning the working procedure inherent the Cross-impact
methodology, we first note that TRAB works along the columns in the matrix, step by
step, and examines the relation to the object in the corresponding row. Furthermore,
after the relations are detected, the matrix is considered as a “… logical structure for the
TC/IT industry, that remain fairly unchanged under long time periods if it is updated
when necessarily” (Lavin & Samuelson 1991, p.9).

Theory suggest, as presented in Frame of Reference, that the Cross-impact analysis can
serve two main roles: (1) To identify the most important inter-relationships, and (2) To
provide a structure for a more detailed forecasting exercise; this is, it identifies those
signals and inter-relationships which should be examined in detail. As a result, both of
these roles can be considered to be fulfilled by TRAB, with the exception that no more
detailed forecasting exercise is done on the findings. This is part of the Post-forecast
and will be analyzed under that section. No bias can be derived, concerning the overall
result, from different role-usage of the Cross-impact analyses.

P E S T

P E S T

Figure 7.3: Empiric
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Concerning the usage of the Cross-impact analysis, theory suggest that there are at least
two usage’s: (1) To identify the influence of one factor on another, the strength of that
influence and its direction, i.e. whether it makes the outcome more or less likely, and (2)
As the basis for a quantitative analysis which enables the probability of an occurrence
taken in isolation to be modified in the light of the impacting influences.

TRAB classify their relations as fully dependent (A), partly dependent (B) or
substitutable (S). As they works along the columns in the matrix and these relations are
classified, we can conclude that the influence, its strength and direction is mapped and
that the first usage is fulfilled. The second usage includes a quantitative analysis that is
not conducted in TRAB’s methodology.

As a result, we can see that TRAB is using the Cross-impact matrix as indicated by the
first usage. There is no obligation to fulfill both areas of usage, so the second non-fit
should not be considered as a miss-match in a scientific meaning. No bias can be
derived, concerning the overall result, from different usage of the Cross-impact
analyses.

Now when the theoretical proposition and the empirical suggestion of the roles and
usages for the Cross-impact matrix is compared, the last important issue concerning the
inherent Cross-impact methodologies is launched. In the theoretical Cross-impact
matrix, provided by Twiss (1992), the procedure is to work horizontally across the
matrix by asking a series of questions such as:

− If the row element is true, how much effect (or impact) will it have on the column
element?11

Answers to that question are classified as High (H), Medium (M) or Low (L) and
Positive Impact (+) or Negative impact (-). Positive impacts are assigned to relations
where the row element affects the column element. Negative impacts are assigned to
relations where the row is affected by the column element.

In the empirical Cross-impact matrix, provided by TRAB, the group works along the
columns in the matrix, step by step, and examines the relation to the object in the
corresponding row by asking a series of questions such as:

− How is the column element dependent on the corresponding row element?

Relations are classified as fully dependent (A), partly dependent (B) or substitutable (S).
“Objects that are fully dependent are defined as objects that cannot exist, or be “born”,
if the other object does not exist. The object is defined as substitutable if there exists a
strong “competition” between the column and the row, hence the row is a substitute to
the column.”

We now want to analyze these two inherent Cross-impact methodologies, and try to
answer the question if the different approaches lead to different overall results.

                                                
11 The question is generalized by us
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The first observation we make is that Twiss (1992) works row-wise and ask for impacts,
while TRAB works column-wise and ask for dependencies. Consider the following
statements:

1. How much impact does A have on B?
2. How much is B dependent on A?

The first question states if A will have an impact on B. If yes, B’s existents will be
affected in some way by the “force” A. B’s direction can be altered and/or strengthened
or weakened. The second question states how B is dependent on A, or how B’s
existence is influenced by A. As a result, this leads to that the two statements are
equivalent as far as we can see (i.e. the two Cross-impact methodologies are leading to
the same overall result so far).

Now we deepen the analysis and introduce the different allowed answers to these
question. The first question will be answered with a magnitude (H, M, L) and a
direction (+, -) The second question will be answered with a magnitude (A, B) or a
substitutable entry (S).

If we compare the allowed answers we can see, if the equivalent assumption is true, that
the (H, M, L) is just a more precise measure of magnitude then (A, B), but opposite
directed because theory suggest to work row-wise and TRAB suggest to work column-
wise. Furthermore, the first question allow answers that introduce a direction (+, -),
while the second question is not.

Concerning the substitutable (S) variable used by TRAB, we can see that this is some
form of ad-hoc analysis outside the pure analysis of dependencies. (S) is assigned to
objects that are “competitive”. This terminology does not perfectly fit with the other
analytic variables (A, B), and hence will not be of any use when constructing the chain
of dependencies. The (S) variable is therefore part of a separate substitution analysis,
and that is not considered in this thesis.

It is easy to understand the different Cross-impact methodologies in isolation but more
demanding to investigate the consequences for the overall results with the use of
different inherent approaches. For our purpose, however, we can conclude that the
different approaches suggested by the theoretical and empirical Cross-impact
methodologies, are to a large extent the same. The theoretical model uses impacts, and
the empirical uses dependencies but these are just opposite approaches. The use of
different variables to measure the magnification and direction will yield different
“analytic wisdom”. TRAB’s Cross-impact methodology does not have the same
“vocabulary” that, in turn, will yield a somewhat different overall result. However, the
similarities between the methodologies are bigger than the differences. The overall
result will be slightly biased by the use of the more narrow inherent Cross-impact
methodology, but it is a matter of a nuance- rather then significant difference.

IDENTIFICATION OF SIGNIFICANT CROSS-IMPACTS: INTERPRETATION OF THE MATRIX

In this stage, the embedded structure represented by the relations in the matrix hopefully
gives a complete picture of all phenomena that are relevant under the defined scope of
the study. The forecasting group works with the identification of significant Cross-
impacts and connections among first- and higher order impacts. Because all signals are
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placed on both the vertical- and longitudinal axes in the matrix, each par of relations
will return twice and impacts are therefore evaluated in both directions. With a creative
mind, the group will be able to find new feasible paths or other relevant findings
dependent on the group internal objectives with the forecasting effort.

Theorists leave a poor contribution concerning this step. No generalized interpretative
methodologies related to the Cross-impact analysis are available (or at least not found
by us). They identify the need and possibility to interpret but leave us with ineffectual
tools (experience, industry knowledge, insight etc).

In TRAB’s Matrix reduction, more or less concrete attempts are made to develop
helpful tools for this. The matrix significance is tested with regard to external
characteristics and conditions. They introduce the conception of chains of dependencies,
and visualize how the connections among the identified relations can be apprehended
and sometimes re-introduced as a new object in the matrix. If attractive chains of
dependencies are found, these are further visualized with the use of graphs originated
from the system sciences.

We cannot evaluate these approaches with reference to current theory. Although a
thrilled logical mind could, it is outside the scope of this thesis.

POST FORECAST

Twiss (1992) proposes that after the previous stage, important cross-impacts and
interpretations from the matrix should have been made. He further suggests that these
now can be analyzed in more detail and that the nature of performing that forecast will
depend on situation-specific variables. The rule of thumb is that one should look for
forecasts that already have been made on trends and events that are subject to the study.

In TRAB’s case it is a bit special since the outcome of the cross-impact matrix is only
technologies and not trends or events as Twiss (1992) proposes it can also be, as
discussed in the cross-impact section above. However, it could be expected that the
identified chain of dependencies or just certain dependencies were verified to give the
forecast more credibility. The post forecast can be a useful tool to verify the findings by
out- or in-house forecasts. We could not observe that any post forecasts of that kind
were made by TRAB, the findings were implicitly verified by the participant’s
judgement.

CHOOSING A FORECASTING TECHNIQUE

It has been noted by Reuven and Han (1995) that forecasting results are typically
influenced by the forecasting technique and that a toolkit of methods needs to be
constructed. The techniques deemed most appropriate for a specific organization,
situation and industry sector can be selected and applied. They also provided a simple
framework which is useful in determining what techniques to use in a certain situation.

When the empirical results was analyzed it was to our disappointment found that almost
none of the techniques presented in the literature overview had been applied at TRAB.
The only two identified TF techniques found was cross-impact analysis and scenarios
but they were however predetermined since they were a part of the formalized
methodology. Therefore it is impossible to analyze on which basis TF techniques were
chosen since none were used.
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ASSESSMENT IN TERMS OF OPPORTUNITIES AND THREATS

The construction of scenarios (or
alternatively a deterministic forecast) is
integrated within this step, but the specific
characteristics are analyzed under a
separate heading. To fully understand this
heading the theoretical model and its usage
is summarized by us in figure 7.4. It further
divides this activity in more detail
compared to the emerged conceptual model
in Frame of Reference. Nothing is added or
subtracted, just described in greater detail
for analytic reasons.

The output of the matrix is intelligence on
a range of signals that may be indicators of
potential technological change (i.e.
interrelated signals). In other word, the
interpretations of the Cross-impact matrix
have led to a set of findings. These findings
can be used to map out what different sets
of interrelated signals may mean by
forming hypotheses of possible
implications. The hypotheses are further
processed with the aim of identifying
potential impacts on the specific
organization. To be able to do this
corporate capability and corporate mission
needs to be investigated and formulated
within an organizational audit mechanism.
The assessment of organizational impacts
work as a filer. Intelligence (findings) /
hypotheses that pass this filter may require
special attention.

These can now be combined in different
ways in order to determine how they
represent threats or opportunities to the organization. Th
scenarios. Buying behavior, potential market size or othe
used to segment the market. Target segments are assigne
in the interface between the scenarios and the market, th
analysis can be done.

At this point, a reduced set of technologies has been ide
not necessarily due to our scope of this thesis) to use 
which investment that are required in order to realize requ
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In the empirical suggestion, provided by TRAB, the interpretation of the matrix lead to
the identification of a number of chains of dependencies. These are further evaluated
against some criteria. If the organization cannot build up needed competence, if it
cannot be realized within the production facilities, if the stockholders lack interest, or if
the organization cannot overcome the first two by cooperation with other actors on the
market, chains of dependencies are excluded.

TRAB do not use any strict formalized method to estimate the commercial potential of
chains of dependencies that are found attractive. However, the commercial potential-
step in their methodology is considered as another filter that chains of dependencies are
proposed to go through. If a chain of dependency is not commercially attractive, it is
excluded. Components that are used to evaluate the commercial potential is segmenting,
push-pull framework, list of events and means, estimation of market size, consumer
behavior, alliances analysis and some more.

To summarize TRAB’s methodology (see
figure 7.5), chains of dependencies are
identified through interpretation of the
matrix. These are then tested from an
organizational perspective (corporate
capabilities and possible alliances) and a
market perspective. Chains of
dependencies that pass these evaluations
are further considered in the strategic
planning.

A comprehension between the theoretical
proposal and empirical suggestion
regarding this step yields the following
results:

The first observation is that TRAB does
not use the terminology “opportunities
and/or threats”. Implicitly, chains of
dependencies that pass the evaluations
can be considered as market
opportunities, but they are not formulated
like one. Threats, on the other hand, are
not considered within TRAB’s
methodology.

Chains of dependencies can be considered
as a form a “intelligence” that are tested
against organizational capability and
market needs. However, there is an
important difference that is connected to
the earlier discussion about the inputs to the Cross-impact matrix. As we have seen in
the theoretical proposition, the input is collected from the entire business environment,
while TRAB just include the technological environment in the matrix. Chain of
dependencies are therefore entirely made of technological artifacts, while the broader
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“intelligence” can be synergies and/or finding expressed as interrelated signals from the
non-technological environment. These can be incorporated in different ways with the
technological entities to create different scenarios.  The term chain of dependencies
should therefore be considered as a subset of intelligence.

Although no formal organizational audit mechanism can be identified at TRAB,
corporate capabilities and corporate mission needs to be investigated to be able to judge
what chains of dependencies that pass though the evaluation on stated criteria.
Corporate capabilities are to a large extent expressed in what TRAB denotes as
production facilities and competence. The stakeholders’ opinion can be regarded as an
expression of the corporate mission. The ability to solve problems with the use of
alliances is, in our opinion, above the organizational audit, and therefore is a new way
not proposed by theory. In any case, the theoretical proposition was not, as far as we
dug, clear about the exact content of corporate capabilities and corporate mission, so, it
is difficult to reveal the details in this analysis. From the above arguments, however, we
consider that the organizational audit mechanism is fulfilled by TRAB.

TRAB’s further develops the concept Technology-market interaction in their
methodology in the push-pull analysis. It is to serve as a visualization and idea
generator of the overall market actors and its cash flows. The identified pushers are,
however, loosely connected to the study’s findings and works as a separate ad-hoc
analytic tool. The theory proposes that the push-pull analysis should be outlined in the
scenario-market interface, which is not the case at TRAB.

7.3 Presentation

Presentation is the last identified generic component. It deals with how the findings
from the TF-effort are presented to the decision maker. First, we make an important
note about this step that uncovers a fundamental difference between the theoretical and
empirical approaches. This yields assistance of what aspects of the different scenario
methodologies that are comparable and not.

In chapter 4 Frame of Reference, a methodology for assessing the technological future
was presented as a sequence with certain aggregated components included. These
components were identified from several frameworks of present theory. The
components was considered as “generic” because the sequence of steps in all
frameworks first included a knowledge identification element, then an analysis-,
presentation- and response element. Our working definition of Technology Forecasting
is  “…to provide the means whereby a systematic approach can be applied to obtain a
better view of the future, one that is sufficiently sound to give an adequate foundation
for decision making.” (Twiss, 1992 p.1) In other words, the TF-effort in this thesis is
seen as a generator of decision support, and consequently it is seen to end where the
decision making begin. The last identified generic component, response, is about
decision-making that incorporates strategic issues and “plans of action”.  Despite its
eligibility, it was excluded from this thesis.

However, as can be seen in TRAB’s methodology in figure 6.1, the design of the
response – stage 7 Strategic planning - is outlined before the scenarios are constructed
in contrary to Preez and Pistorius (1999) theoretic proposal. This leads to a somewhat
different approach to the scenario-methodology. In TRAB’s methodology, scenarios are



Chapter 7 – Analysis

100

designed as different corporate-ways-of-actions, not solely as an instrument for
describing possible future technological courses, or as a means for describing
technological opportunities and/or threats. The fundamental preconditions underlying
the methodologies are to some extent not the same and therefore not comparable in that
regard. This is best illustrated when looking at TRAB’s scenario definition in light of
Preez and Pistorius (1999)) theoretical proposal. TRAB defines scenarios as “...a
subjective hypothesis of possible future courses that incorporate and reflect values,
different considerations and limits” (Lavin & Samuelson 1991, p.58). The theoretical
proposal, on the other hand, uses the cross-impact findings, and just the findings, to
construct scenarios (or alternatively a deterministic forecast).

As a result, the two boxes in figure 6.9, present situation and starting point and
competence, knowledge and political influence are outside the scope of this thesis and
yet not considered here. However, some aspects of the scenario-uses can be analyzed.

The empirical suggestion has a dual scenario approach. It is possible to construct
scenarios from the cross-impact results, but also to oppose speculatively constructed
scenarios through a test with regard to the cross-impact matrix. The theoretical proposal
does not mention this opportunity. In our opinion however, it should be considered as a
secondary purpose.

Like Twiss (1992) states, the first thing to consider concerning scenarios is to use a
deterministic forecast or an alternative scenario approach. Three alternative scenarios
were developed by TRAB. They were properly described, motivated and the
consequences for the organization were presented.

In the box Trends in figure 6.9 p. 84, TRAB lists a number of issues that are taken into
consideration when building up the scenarios. The Cross-impact findings may revel a
new technological direction (i.e trend), the matrix objects themselves can be trends,
and/or external and not yet considered issues are here listed and defied.

Examples of these issues from TRAB’s studies were:

• A trend of faster and cheaper Personnel Computers (PC) [Technological trend]
• The identification of smart TV-receivers 

that can handle a window-interface [Technological event]
• Digital-radio will be available 1996 [Technological event]
• A trend of a more diffused owner-structure

of the broadband networks [Economic trend]
• Liberalization on the market - communication

via satellite within EU [Political trend]
• A trend of placing the working-offices in a suburban [Social trend]

If considering these “trends” within the theoretical and earlier introduced terminology
we can see that TRAB take both trends and events from the total business environment
(PEST) into consideration in this step (see the brackets in the list above). These could,
in the theoretical proposal, be introduced in the cross-impact matrix instead. In TRAB’s
methodology however, these are selected when they are regarded as important, either as
a basis for the scenario building or as a complement to the Cross-impact findings. The
analysis of this procedure is discussed under the Cross-impact analysis heading.
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Furthermore, Porter et al (1991) suggests the scenario form have two uses that can be
exploited within the TF process, integration and communication. First, the scenario
offers the potential to integrate information from diverse sources and of different
character into a single forecast. Second, the Scenario can expresses a technical analysis
in literary form, which is a far better approach to communicate the content of a forecast
to an audience.

We could find both at TRAB. The integrative purpose can be observed in for example
figure 6.9 p.84, where information from diverse sources were incorporated in the
scenarios. The scenarios were also used as a communicative tool. The communicative
purpose is according to us built into the scenario methodology itself and is therefore
hard to point out any explicit evidence.

Twiss (1992) describes the use of forecasting vs. scenario variables. Forecasting
variables are based on “facts”, while scenario variables are difficult to forecast properly.
Hence, it is possible to use both the true/false, high/low level of the variable, and/or
combine forecast- and scenario variables in different ways in order to create the overall
scenarios. According to the theoretical proposal, both can be used simultaneous and the
demanding part is to form a “coherent” picture.   

If we put TRAB’s methodology in relation to this we can see that some of their inputs
are pure forecasting variables gained from the technological Cross-impact matrix, while
others are based on assumptions or judgement. The different approaches are not
perfectly comparable but both are using variables with different certainty of occurrence
(or validity). It is possible to deduce that it is important to make clear distinction
between them to know what are to consider as facts and what are to consider as
assumptions or judgements. This since one of the main benefits with a forecast lies in
the explicitly and the ability for others to check if mistakes have been made. If no
distinction is made between facts and assumptions, it is difficult for the decision-maker
(who is the customer in this case) to assess a probability of occurrence, or business risk
in other words. TRAB did not express these differences.

7.4 The Forecasting Process

As Martino and Twiss (1992) states the forecasting process is described in terms of
output, input and analyzing tools. This concept is mainly introduced to be able to
analyze the entire forecasting exercise at TRAB, what elements are needed to achieve
high probability and credibility. Since the output of the forecast is to serve as decision
support it is of crucial importance that the decision-maker can feel confident that the
forecast is conducted in the best possible way. As described in chapter 4, Frame of
reference, the concept of the forecasting process can be used to analyze this, is the
forecast methodology of high “quality”. This information is more or less extracted from
the results, which then of course reflects the quality of the result of forecast rather than
the methodology. But the quality of a methodology, if one can talk about quality in this
matter, is reflected upon the results when using it. Therefore it will give a hint of the
quality of the used methodology.

First the output of a forecast must contain four elements to provide an adequate base for
decision making; what are we forecasting (the qualitative element); what aspect of it are
we forecasting, can it be represented in quantitative terms (the quantitative element); the
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timing of the forecast and a statement of its probability. As Martino (1993a) proposes
the distribution of information over the elements depends on what the forecast is to be
used for, it should be tailored to fit the needs of the user, providing greater depth where
required, at cost of lesser precision in other elements of the forecast.

For analytic reasons we only consider the identified technology Video on demand
(VOD), presented in the empirics. The qualitative element is clearly stated by TRAB, a
definition of VOD and its components. Considering the quantitative element, it can be
observed to contain some quantitative parts like the birth and death years of VOD and
its components. The timing of the forecast was stated in the scenarios, three year
periods, when the products should be launched and on what markets. A probability
discussion concerning the identified object is missing, what are the chances that this
technology will develop in the predicted way? As Martino (1993a) and Twiss (1992)
states, it is important to incorporate some indication of the uncertainty that is associated
with the forecast. If no probability for the forecast is expressed it is considered as
deterministic, it will happen. This reveals a lack of self-criticism. This was also
observed in other parts, like the lack of verification using post forecasts as discussed
above. Is TRAB’s methodology “water-proof”, no verification of results are needed, no
probability statement is needed? Like Martino (1993a) states, all elements are needed to
create a credible and reliable forecast, TRAB fails on this matter.

According to Twiss (1992) it is also necessary to examine the resources that are
available to satisfy these needs. These are assumptions, insight, data and judgement.
There is no need to have all in a forecast as proposed concerning the output as discussed
in the previous paragraph. However the aim is, as Twiss (1992) states, to base the
forecast on as much “hard” data as possible.

First of all we can observe that the forecast is based on a set of assumptions like what is
the TC/IT industry, etc. Next, insight can according to us be seen as a key resource for
TRAB’s methodology, it requires high caliber minds to apply their methodology. It can
in this context also be said that a lot of the information provided as facts are based on
the conductors personal judgement. This is something that is all-pervading throughout
the report, TRAB’s methodology relies to a large extent on just insight and judgement.
Furthermore, if we also recall the discussion in section 2.1, The purpose of TF, it can be
seen that the authors state that formalized methods are preferred. Porter et al (1991)
further states that a formalized method must be learnable and teachable so that it can be
verified and followed by others. We think that this is a major weakness in their
methodology, the process is not formalized enough to be conducted by less experienced
personnel and some of the inherent methods are quite difficult to understand. But as
they state “…this methodology is a handcraft tailored to fit specific needs” (Lavin &
Samuelson, 1995 p.10) and perhaps it was not meant to be repeated by others. We think
it is somewhat a waste of resources to spend so much time and effort to develop a
methodology and not document it enough so that others can use and develop it.

Nevertheless, far from all information is derived from these resources, there are also
large amounts of data presented in TRAB’s methodology. However, the same
shortcoming is found here, it is sometimes difficult to understand where the data is used
and the relevance and importance to the overall forecast is not always clear.
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8 Conclusions

This chapter contains the conclusions of this study and they are further drawn on two
perspectives. First, the conclusions are from a theoretical point of view and they will be
drawn on a generic component level. Second, applicable findings that are considered
important for the company are provided, unstructured, under the heading –
Recommendations for Telia Research AB. These findings will mainly have an empirical
foundation, but other observations outside the pure study will also be provided.

8.1 Knowledge Identification

The Generic objectives for a monitoring and scanning effort were identified implicitly
in the empirical suggestion. The same can be concluded for Porter et al (1991) criteria
for limiting the monitoring and scanning effort, they were not stated but found within
the empiric results. If objectives are stated explicitly it will enhance the precision and
improve efficiency of the monitoring and scanning effort. Hence, we agree with the
theoretical proposition on this matter.

The analysis of the eclectic list for the Preparation of monitoring scanning plan
revealed some differences. First the specification of sources to use was missing in the
empirical suggestion. We found that it can be hard to specify all sources before starting,
since we do not always know were information is to be found. A list of possible sources
can however be useful in the beginning of the search effort. Hence, a list of possible
sources to use can be helpful but is not a necessity as theory proposes.

Other differences was the lack of a structured and formalized method for storage of data
including the period of storage were findings are given timestamps and is validated over
time. The project manager at TRAB was responsible for storing the data but no formal
manual file cabinets or databases were used. We did not find any evidence that the
empirical suggestion is better than the theoretical proposal. On the contrary our
impression of the empirical suggestion is that the entire study suffer from the
disorganized and unstructured approach concerning the storage of data. As a result we
agree with Preez that states the importance of handling data in a formalized way.

There was also a difference in the categorization of identified signals. Theory suggest
that found information (signals) from PEST are to be categorized as events or trends.
The empirical suggestion did not include a broad categorization scheme of this kind but
only categorized identified technologies. It is important for the integrity of the
theoretical methodology that information from the entire PEST environment is
categorized. Hence, we agree with theory on this matter. Furthermore the empirical
suggestion included a categorization scheme based on the level of detail for
technologies. The categorization schemes can be considered as complementary and
hence the empirical suggestion extends present theory in this sense.

The final part of the first generic component is the carrying through of the monitoring
and scanning effort, Information Gathering and Classification. Theory proposed that
the search effort is done on different levels of focus using iterative loops. In the
empirical suggestion these loops were found, mainly in figure 6.1 p.73 were they are
shown explicitly. However we did not find any evidence that the search effort,
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Explorative view included the proposed feedback approach as stated by theory. We
agree with the theoretical proposition, a formalized and iterative search effort further
increases the efficiency and precession of the gathering of information.

Finally, it can be concluded that the first generic component of the theoretical
proposition match to a large extent with the empirical based one. The generic
component Knowledge identification is for most parts corresponding to what TRAB
describes as Explorative view.

Preez stated that the classification of technologies is an activity within the Information
gathering and classification. However, this is a preparation activity and therefore we
suggest that it should be added as a new issue to Costa’s list, Preparation of a scanning
process. The same can be concluded for the categorization of identified signals.

8.2 Analysis

Both the Evaluation and Selection of major signals is a kind of filtering mechanism that
classifies; improves the understanding; and occasionally excludes unimportant signals
before moving into the Cross-impact analysis. In the empirical suggestion, no such
formal mechanism was found. The large-scaled empirical matrix where the participants
evaluated 11990 different impacts is a piece of evidence that makes a strong case for the
theoretical proposition, that is, to reduce the number of signals to be taken into
consideration.

We agree with Twiss opinion, that the reduction of the number of objects is important to
simplify the forecasting task. A rejection of information is undesirable, but unavoidable.
The Evaluation and Selection of major signals steps should therefore be regarded as
important components. If careful judgement is exercised in this step it will simplify the
subsequent analysis, without seriously affecting the outcome quality.

Concerning the Cross-impact matrix, the empirical model showed that it is possible to
evaluate dependencies instead of impacts. These are just opposite approaches that leads
to the same overall results, and no evidence were found that either approach was better
then the other. However, the analysis revealed that it is important to be able to assign
both a magnitude and a direction to the relations in the matrix for the best possible
“analytic wisdom”.

The inputs to the Cross-impact matrix, gained from the Knowledge Identification,
showed a difference in scope. The theoretical proposition included signals from the total
business environment, while the empirical suggestion just included the technological
environment. It is well known from various sources that technological evolution cannot
be viewed in isolation from the rest of its environment. Our analysis confirmed the
theoretical proposal and it is therefore preferred to incorporate signals from all PEST in
the Cross-impact matrix.

Theorists leave a poor contribution concerning the Identification of significant cross-
impacts and interpretation of the matrix. In the empirical suggestion, attempts were
made to standardize and develop tools for this purpose. The conception chain of
dependencies, the possibility to re-introduce objects in the matrix and the visualization-
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techniques are, in fact, a new theoretical toolkit. No complete methodology arises from
this contribution, but it may be considered as possible components in one.

Concerning the Pre- and Post forecasts, attempts were made in the empirical suggestion
to enhance the creditability on isolated signals and the findings from the cross-impact
analysis, but they did not reach the level of formalization to be called a forecast. Much
of the work was subjectively put together, and the individual forecasters option formed
basis for what can be labeled “semi-judgement” because the line between a pure
forecast and pure judgement is not always razor-sharp. It is obvious that the theoretical
proposal in this matter leads to better overall results but it is a demanding process to
verify all information in reality.

Concerning the Assessment in terms of opportunities and threats, somewhat different
approaches was used in the theoretical and empirical suggestions. This originated from
different use of the scenarios, that in turn originated from different views in where to
incorporate the corporate strategy formulation (i.e the generic component response). It
is of no use to discuss this further due to the differences, but only to refer to the analysis
for details. However, the empirical suggestion was not formalized and included ad-hoc
and tailored techniques. No evidence was found that this is a preferred procedure.

8.3 Presentation

This generic component showed fundamental differences between the theoretical and
empirical suggestions. These were derived from the fact that TRAB incorporated
decision-making (i.e the generic component response) before the presentation. It is
tempting to draw the conclusion that the identified generic components were not
"generic" at all in terms of the sequence between them. However, we did not find any
evidence that the empirical approach was better then the other, but TRAB's approach
clearly conflict with our TF-definition in this regard. Consequently will the theoretical
proposal still be preferred.

Concerning the comparable units of this component, the theoretical proposal gives the
opportunity to present the forecast as either a deterministic forecast or as different
scenarios. The empirical suggestion used different scenarios to represent the forecast
(and the "corporate ways of action"), but we were not able to dive under the surface to
reveal further comparable details then the observation that no sensitivity analysis was
conducted. In this regard, we make a strong case for the theoretical proposal.

Again, trend and events from the total business environment was incorporated in this
step as a base for the scenario building or as a complement to the Cross-impact findings
in the empirical suggestion. The theoretical proposal incorporated these trends and
events in the Cross-impact matrix, and as earlier deduced it is preferable.

8.4 The Forecasting Process

This component was mainly introduces as a quality measure. The theoretical
proposition stated that four output elements were needed and that the input could spring
from four possible sources.
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An important finding was that one of the output elements was missing in the empirics, a
probability statement. We can only conclude that the theory was right on this matter, all
four elements are needed to make the forecast as trustworthy as possible.

Concerning the input, all sources were found. However theory stated that “hard” data
was preferable and should be used to as large extent as possible. In the empirical
proposition, insight and judgement was the major input. The reason that hard data is
preferred is according to the theoretical proposition that it reduces the uncertainty. A
formalized method for analyzing hard data excludes personal beliefs and feelings to
some extent from a forecast which makes it more subjective and therefore more
credible. We think that the theoretical proposition was correct here too.

8.5 General Conclusions

This thesis aimed at answering the redefined research problem:

♦ How can the process of assessing technological opportunities and/or threats using
Technology Forecasting techniques be described?

First we can conclude that the area of Technology Forecasting is not yet fully formed to
a mature scientific discipline, compared to other theories in the Strategic Marketing
area. As a consequence, there exist many competitive theories with slightly different
content, meanings and definitions that exist side by side in the TF-literature. Is has not
yet emerged a well defined practical methodology for assessing technological
opportunities and/or threats. Our Frame of Reference can serve as one example of the
possibility to combine different sources to be able to describe the process.

Our case study does not add much to the theoretical proposal. It was possible to identify
the different components and confirm the main steps that formed sequences in the
methodology. Many issues were however taken implicitly in “real life”. An all
pervading theme, throughout the empirical suggestion is the lack of structure and
formalization.

8.6 Suggestions for Further Research

It has not yet arisen an all accepted classification-scheme for the different technology
forecasting techniques. This leads to a confusing terminological structure where the
same forecasting approach is given several names in different sources. Research that
results in a once and for all accepted classification-scheme will probably widen the
usage of the TF-discipline and enhance the interest in both the scientific and industrial
sphere.

The globalization and the rapid technological change have increased the awareness of
the importance of keeping track of the business environment for the long-term survival.
We are in a position where we must ask how the business environment is affecting us as
a firm (i.e. what impact it does have). Current theory is quite positive about the efficacy
of the Cross-impact analysis. The causal approach has been proven to be an appropriate
tool for this purpose. It gives the opportunity to keep many issues under control. It
visualizes and systemizes changes in the business environment and provides an analytic
instrument. Current theory is fairly clear about how to set up the problem and provide
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different options to use the Cross-impact matrix and evaluate the individual impacts.
However, when we search for aids in crystallizing a coherent impact-picture, and
furthermore assess them in an organizational context, we need more guidance and
interpretative tools.

8.7 Recommendations for Telia Research AB

It must be kept in mind here that we have worked with a theoretical framework as a
foundation. The recommendations we give are based upon the comparison between a
generalized theoretical best practice and the methodology found at TRAB. Therefore
these recommendations must be set in relation to the situation at the firm and seen as a
possible list of things to consider to make the methodology better.

Concerning the Knowledge Identification it was difficult to know what was planned in
advance or not. Our opinion is that the preparation of the Explorative view (theory:
Preparation of the monitoring and scanning plan) was not expressed careful enough by
TRAB. It is important that the effort is planned in detail before it is launched. Our
recommendation is that the objectives and scope of the futurological study must be
stated in more detail, followed by a detailed preparation of the practical issues, to
enhance precision and improve efficiency.

As discussed in the Extended Literature Overview there are several reasons why a
formalized method for handling data is superior. For the Explorative view (theory:
Information gathering and classification) to be useful and efficient, all steps in the
process must be formalized from the actual information gathering to the storage of the
found data.

A categorization scheme that extends the present one to include information (signals)
concerning the total business environment, political/legal, social and technological like
trends and events as suggested by the theoretical proposal.

One of the key elements in handling large amounts of information is to utilize an
electronic database. To be able to use a database first a categorization scheme as
discussed above is needed but also a classification scheme for identified technological
entities. The present classification scheme at TRAB for technologies is adequate and it
can be used in an electronic database.

The Cross-impact matrix (sv. sambandsmatris) used in TRAB’s futurological studies
had 11 990 different combinations to examine, and the evaluation of all combinations
was a time consuming and demanding activity. The company should consider if it is
possible to reduce the number of objects (signals) to be handled in the Cross-impact
matrix without seriously affecting the outcome quality. This thesis contains some
instruments for that purpose.

TRAB did not use any formal Technology forecasting techniques to improve the
understanding of isolated objects, or as a means for confirming the findings from the
Cross-impact analysis. A useful instrument to enhance the creditability of a forecast is
to use appropriate forecasts made by others and/or make own sub-forecasts. Good
attempts were made on different levels in TRAB’s study that are somewhat similar to
some of the formal TF-techniques to enhance the creditability, but they cannot be
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considered as forecasts since they lacked formalization and important components were
missing. This thesis contain a section that briefly introduce different technology
forecasting techniques and we can recommend that the company takes a look at them to
see if there is techniques that can be used to improve the creditability of the
futurological studies in the future.

Considering the Cross-impact matrix, we recommend that the company review the
analytic variables that are assigned to the different combinations in the matrix. It was
founded that the theoretical proposal had a more comprehensive “vocabulary” that led
to better “analytic wisdom”.

It is well known form various sources that technological developments cannot be
separated from other influences like political/legal, economic and social issues. The
theoretical proposal incorporates trends and events from the entire business
environment, not just technologies as in TRAB’s suggestion, in the Cross-impact
matrix. Our thesis made a strong case for the theoretical proposal and we recommend
that TRAB take a close look at this approach.

Although TRAB does not talk about technological opportunities, it can be found that the
company is searching for them. When seeking opportunities, one has to expand the
scope of view and look at all kind of market factors. TRAB did this in the step
Commercial potential, but our general opinion is that it lacks structure and
formalization. Unfortunately, current theory is not much better today so we are not in a
position to be able to give any concrete recommendations.

It is preferable to separate the forecast from corporate strategic issues triggered by the
evidence presented by the forecast (the corporate response). In TRAB’s case, these
issues were not separated and the scenarios were constructed to include both the
forecasting results and different responses in terms of “corporate ways of action”. Our
study has on different levels tried to find the preferable choice between them, but failed.
On the other hand, we could not find any evidence that TRAB’s approach was better
either and it conflict with the general TF-definition that separates the forecast from the
subsequent decision-making. Our recommendation is that TRAB takes a look at the
theoretical approach, with personnel able to dive under the surface of the futurological
studies, to make out what is best. We make a small case for the theoretical approach.
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APPENDIX 1

Reuven & Han (1995) suggest that the extent of data availability and the degree of data
validity is connected to the uncertainty surrounding the uncertainty of the development
of technology. For this reason, the steps of technology development can be considered
as a separate factor for choosing a forecasting technique, see table A.1.1 below.

Stage in
Technology
Life Cycle

Extent of data
availability

Degree of data
validity

Uncertainty  of
technological
development

Forecasting
technique Comments

Early stage small Low high NGC12

NGC is preferred because
little data is available. The
group of experts can
discuss possible future
trends

Early stage small Low or medium medium Delphi or
Scenario

Delphi method are
generally more focused
and less biased than NGC

Middle stage moderate Low medium TTE13
TTE is appropriate
because it provides rough
estimates of future trends

Middle stage moderate medium medium Growth curve

One of the objectives with
TF in the middle stage is
to predict an upper limit
and timing for tech growth,
therefore growth curves
does this

Middle stage Moderate or
large high Medium or high Systems

dynamics

Knowledge of the
structure of the technology
and high validity data is
neded.

Late Stage large medium low ARIMA14
ARIMA provides more
accurate forecasts than
exponential smoothing

Late Stage large high low Regression
analysis15

The combined effect of
several variables on
technology development
can be determined

Table A.1.1: Choosing TF technique considering technology development
(Adapted from Reuven & Han, 1995)

                                                
12 Nominal group conferencing
13 Technical trend extrapolation
14 ARIMA/Box-jenkins is a more advanced technique of Technical trend extrapolation that requires more
accurate data
15 Regression analysis is an mathematical approach for curve fitting as described in the TF methods
section



2

A similar attempt to choose a technique is done based on the degree of similarity
between proposed and existing technologies, see table A.1.2 below.

Degree of similarity between
proposed technology and existing

technologies
Forecasting technique Comments

low Delphi, NGC, scenario, Relevance
Trees

Since it is impossible to rely
on information obtained from
other technologies, it is
necessary to rely on expert
opinion techniques

medium Cross impact analysis, system
dynamics or Regression analysis

Pertinent information
regarding the development of
similar technologies can be
used in these techniques

high Precursor trend analysis  or Cross
impact analysis

Table A.1.2: Choosing TF technique considering similarity with existing technologies

The number of variables affecting the technology development can also be used to find
an appropriate technique, see Table A.1.2 below.

Number of variables affecting
technology development Forecasting technique Comments

one ARIMA or TTE

medium Regression analysis

RA can effectively handle
several variables. When the
number of variables becomes
large, some correlation can exist
which reduces the effectiveness
of RA

Many System dynamics, Relevance trees These methods can handle a
fairly large number of variables

Table A.1.3: Choosing TF technique considering The number of variables affecting the technology
development



3

Finally, as the previous situations demonstrated, the degree or extent to which each
factor affecting TF occurs is important to the choice of a technique. Although all these
are useful Table A.1.4 below summarizes the combinations most likely to occur in real
life and suggest the technique appropriate for each combination.

Extent of data
availability

Degree of data
validity

Number of variables
affecting technology

development

Degree of similarity
between proposed

technology and existing
technologies

Forecasting
technique

small Low or medium medium low Delphi, NGC
or scenario

small Low small medium Case study16

Moderate or large Medium or high Small or medium high Precursor
trend analysis

Moderate or large Medium or high Small or medium Low or medium Regression
analysis

moderate Medium or high small Low or medium Growth curve

moderate High Medium or large low Relevance
trees

Moderate or large Medium or high Medium or large Medium or high Systems
dynamics

large Medium or high one low ARIMA
moderate Medium one low TTE

Moderate or large Medium or high Small or medium Medium or high Cross impact
analysis

Table A.1.4: Choosing a forecasting method (Reuven & Han, 1995)

                                                
16 The case study method is using forecasting by analogies as described in the TF methods chapter
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APPENDIX 2

• Example of Time flow graph

• Example of flow graph for material and information

• Example of Flow graph or desktop publishing

• Causal dependencies (cause and effect)

• Precedence relations
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• Activities and occurrences

• Trigger impulses

• Growth-core and diffusion

• Goal/means hierarchies

• Innovation and their diffusion
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• Pairs of dependencies

• Investments and effects

• Occurrences and side-effects

Source: Lavin & Samuelson (1995, p.44)
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