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Forecasting is hard, particularly of the future.                          [Anonymous]
Forecasting is like trying to drive a car blindfolded and following directions given by a person who is looking out the back window. [Anonymous]
Technology is the application of science or art.  All projects rest on a technological base.  They are concerned with using science and art to accomplish some goals. Indeed, most projects rest on a base formed by many technologies.  When a project is initiated, decisions must be made about which of the relevant and available technologies to employ.  At times, a choice must be made between beginning the project immediately, using currently available technologies, or delaying the project in order to adopt a superior technology that is expected but is not currently available.

In addition to technological choices made for the project itself, it may be necessary to forecast the technologies with which our technological choices and our project results will interact.  Our systems must be reasonably compatible with those in the environment that do or will exist across their expected life.

Both reasons for forecasting technology go beyond the obvious need to plan for the technological future.  Such planning may or may not be the subject of a special project.  For many organizations, technological planning is an ongoing function of management.  But whether planning is done as a routine or on a project basis, technological forecasting is required.

We define technological forecasting as the process of predicting the future characteristics and timing of technology.  When possible, the prediction will be quantified, made through a specific logic, and will estimate the timing and degree of change in technological parameters, attributes, and capabilities.

As with idea generation, few project managers are engaged with projects at the point in the life cycle at which technological forecasting is normally done.  Decisions made at this point, early in the life cycle, influence the subsequent course of the project.  Whether implicit or explicit, the decision not to engage in technological forecasting assumes a static technological future.  This is a false assumption, but in some cases the assumption is not damaging, We urge project managers, senior managers, and policymakers to make conscious decisions about engaging in technological forecasting, and we urge project managers to study and understand the importance of this process on project management.

We begin by discussing the nature of technological forecasting, its history, and how it has been used.  We then survey the major techniques currently in use.  Last, we consider how to choose an appropriate forecasting method, the limits of each method, and the general future of technological forecasting.  Some of these models require an understanding of basic statistics to employ them, but not to comprehend their use and role.

B.4
CHARACTERISTICS, HISTORY, AND IMPORTANCE OF TECHNOLOGICAL FORECASTING
Note that in the definition, technological forecasting is aimed at predicting future technological capabilities, attributes, and parameters.  It is not an attempt to predict how things will be done.  Nor is technological forecasting oriented toward profitability.  That is, a technological capability or attribute can be forecast to be available at some time in the future, although society may not necessarily want or need the capability.

Consider the process of technological innovation.  Many factors influence the progress and direction of technology.  For example, science, organizational policy, organization structure, chance, need, and funding all play major roles in determining what technologies are likely to be available to us in the future.

Governmental decisions to support some technologies and not others have a significant impact on technological innovation.  For instance, the decision to support the space program had major impacts on miniaturization in the electronics industry, on the use of new materials and styles in the garment industry, and even on the look of television commercials.  The federal government's decision not to support the SST affected the technology of air transport in the United States. if technological forecasting predicts that a certain capability is technologically within our reach in the near future, and if the government chooses to support research in this area, it is much more likely that the technology will be developed-for example, new approaches to the generation of electric power. if the government decides to finance implementation of the desired innovation, there will probably be a near-term impact on profits and the speed of diffusion of the new technology.

Another characteristic of technological forecasting is uncertainty about the rate of change of technological capabilities.  Many capabilities tend to grow exponentially until they reach some natural limit: for example, aircraft speed, computer memory size and memory access speed, horsepower per liter of internal combustion engines, among many others.  This is because new technology builds on older technology, and synergism results from the combination.  When one technology impinges on another, the synergy often results in an unexpected and sudden increase in capability.  For instance, the development of microcomputers depended on the combined technologies of electronic computer circuitry, miniaturization of electronic circuits, efficient computer programming, and development of information storage devices, Such synergies are difficult to forecast.  In the early 1950s, noted science fiction author Isaac Asimov wrote a short story set five hundred years in the future.  One artifact featured in this story of the future was a small, hand-held device that could perform complex mathematical calculations when its buttons were properly pushed.

The fact that a new capability is developed does not automatically mean that it will be put to use.  The files of the Patent Bureau are jammed with useless inventions.  The lack of application potential does not, of course, mean that the capability or scientific finding is worthless.  There are many examples of important technological advances that rest on seemingly nonapplicable earlier discoveries.  A case in point is Albert Einstein's work on special and general relativity. it depended on earlier work of the mathematician Hendrik Lorentz, work that had no apparent application to physics when it was originally published.

Although varying greatly from industry to industry, the embodiment of a scientific discovery, an innovation, has traditionally lagged the discovery itself, the invention, by five to seven years [30, 39].  More recently, competitive pressures in worldwide markets have tended to shorten these lags, but they are still significant.  Once the innovation is developed, its adoption is also not instantaneous, often taking between 10 and 20 years to reach the point of market saturation.  The lag between invention and innovation, and the time required for adoption to be completed are useful for the technological forecaster and the project manager.  The fact that invention is a precursor to innovation allows the forecaster to consider the possible nature of innovations before they occur.  The time consuming process of adoption gives the project manager some ability to assess the innovation before actually adopting it. (For a detailed discussion and examples of the adoption process, see [30].)

Historically, technological forecasting was based on the guesses of the most recognized and prestigious expert in the area.  This is no longer appropriate because technological progress has become dependent on the interaction of several, often diverse, technologies.  A single individual rarely has the requisite level of expertise in all relevant areas.  Also, the management and funding of the several technologies have a significant impact on the degree and speed of technological change.

The government has played an increasingly important role in technological forecasting.  One of the earliest attempts at technological forecasting was the 1937 report Technological Trends and National Policy, Including the Social IMplications Of New Inventions [44], which predicted that plastics, television, synthetic rubber, and a mechanical cotton picker were likely to become widely used and have significant social impacts.

Following World War II, the government established the Scientific Advisory Board to provide guidance for technological development over a 20-year period, This was done, in part, because of the resource bottlenecks and technological barriers encountered during industrial mobilization for the war.  Many forecasts were prompted by the development of nuclear power and automation.  Then, in the 1960s, a boom occurred in technological forecasting.  The number of articles on the subject increased rapidly, as did the membership of societies devoted to forecasting the future.  This interest was spurred by several factors:

•
The development of space technology.

•
Public concern for the environment.

•
Public awareness of potential resource limitations.

•
Technology as a major factor of international competition.

•
Increased availability of computer power.

•
Widespread publication of the methods and results of technological forecasting.

In 1972, the government formed a permanent office of Technology Assessment under the authority of the Technology Assessment Act.  The purpose of this office was to equip Congress with the information needed for the support, management, and regulation of applied technologies.  All of this governmental attention to technological forecasting resulted in improved forecasting methods, as well as considerable concurrent publicity and general interest in the subject. Business firms saw the obvious value of generating forecasts that helped them identify the probable capabilities of future products.  Firms in the so-called high-technology areas led the way in forming in-house capabilities for technological forecasting.  Others followed, sometimes setting up their own forecasting groups and sometimes using consultants for ad hoc forecasting sessions.

As noted at the beginning of the chapter, the techniques were also used to aid decision making on the choice of production processes as well as products.  Forecasting sessions became input for R&D, for marketing life-cycle planning, and for the facility and support functions.  High-technology firms saw technological forecasting as a mandatory input to basic corporate planning.

B.2
TECHNOLOGICAL FORECASTING METHODS
The major techniques for technological forecasting may be categorized under two general headings: methods based on numeric data and judgmental methods.  In the main, numeric data-based forecasting extrapolates history by generating statistical fits to historical data.  A few numeric methods deal with complex interdependencies. Judgmental forecasting may also be based on projections of the past, but information sources in such models rely on the subjective judgments of experts.  Again, we emphasize that technological forecasting is most appropriately applied to capabilities, not to the specific characteristics of specific devices.

Numeric Data-Based Technological Forecasting Techniques
Trend Extrapolation To extrapolate is to infer the future from the past. if there has been a steady stream of technological change and improvement, it is reasonable to assume that the stream will continue to now.  We can distinguish four approaches to the use of trend extrapolation.

1.
Statistical Curve Fitting This method is applicable to forecasting functional capabilities.  Statistical procedures fit the past data to one or more mathematical functions such as linear, logarithmic, Fourier, or exponential.  The best ht is selected by statistical test and then a forecast is extrapolated from this mathematical relationship.

For example, we can forecast the fastest qualification (pole position) speeds at the Indianapolis 500 Mile Race by plotting pole position speeds against time measured in years (see Figure 1).  Beginning with the post-World War I races, the pole position speeds of Indy race cars have exponentially increased, Two technological innovations are quite easily seen in the data.  One is the rear-engine car.  The first such car appeared in 1961.  Qualifying speeds were about 150 mph.  In 1964 a rear-engine car won the pole position at slightly less than 159 mph.  The growth rate of qualifying speed is significantly higher with the rear-engine technology, so different exponential functions were fitted to front- and rear-engined cars.

The second easily discernible technological innovation occurred in the early 1970s.  It was the use of sophisticated aerodynamic devices (wings at the rear of the car) to create downforce on the cars, allowing them much higher cornering speeds-from 170 mph in 1970, to 179 mph in 1971, to 196 mph in 1973 (with the addition of wings at the front of the car).
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2.
Limit Analysis Ultimately, all growth is limited, and there is an absolute limit to progress, either recognized or unrecognized.  Sooner or later, projections must reflect the fact that improvements may get close to this limit but cannot exceed it.  For instance, a trend of increasing energy conversion efficiency cannot eventually exceed 100 percent.  As another example, the lowest temperature achieved in the laboratory is presented in Figure 2. The trend of lower and lower temperatures is limited, of course, by absolute zero. (It is interesting to note the rapid improvement in the ability to produce low temperatures that occurred around 1900.)
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If the present level of technology being forecast is far from its theoretical extreme, extrapolation may not be unreasonable. If, however, a current technology is approaching its limit, and if this is not recognized, projections of past improvements may seriously overestimate future accomplishments.

3.
Trend Correlation At times, one technology is a precursor to another.  This is frequently the case when advances made in the precursor technology can be adopted by the follower technology.  When such relationships exist, knowledge of changes in the precursor technology can be used to predict the course of the follower technology, as far in the future as the lag time between the two.  Further, extrapolation of the precursor allows a forecast of the follower to be extended beyond the lag time.  Figure 3 shows an example of a trend correlation, which compares the trends of combat and transport aircraft speeds.  Another example of a trend correlation forecast is predicting the size and power of future computers, based on advances in microelectronic technology.
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4.
Multivariate Trend Correlation Occasionally, a follower technology is dependent on several precursor technologies rather than on a single precursor.  In such cases, the follower is usually a composite or aggregate of several precursors.  Fixed combinations of the precursors may act to produce change in the follower, but more often the combinations are not fixed and the precursor inputs vary in both combination and strength.  For example, improvements in aircraft speed may come from improvements in engines, materials, controls, fuels, aerodynamics, and from various combinations of such factors.  An example of a multiple trend correlation forecast using total passenger miles, total plane miles, and average seating capacity is shown in Figure 4.
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Extrapolation of statistically determined trends permits an objective approach to forecasting.  It also permits analysis and critique by people other than the forecaster.  This approach, however, still has serious limitations and pitfalls.  Any errors or incorrect choices made in selecting the proper historical data will be reflected in the forecast.  Such errors lower the utility of the forecast, and may completely negate its value.  The forecasts given by this methodology are not sensitive to changes in the conditions that have produced the historical data, changes that may significantly alter the trend.  Even when it is known that one or more possibly important conditions are going to change, technological advances cannot be predicted from the extrapolation.  Statistical trend extrapolation yields a "good" forecast with high frequency, but when the environment changes, it can be quite wrong.

Trend Extrapolation, Qualitative Approaches At times, standard statistical procedures do not result in neatly fitting trends that the forecaster can extrapolate with comfort.  In such cases, the forecaster may "adjust" the statistical results by applying judgment, or he or she may ignore the statistics entirely and extrapolate a trend wholly on the basis of judgment.  Forecasts generated in this way are less precise than statistically based forecasts, but not necessarily less accurate.

One example of this kind of qualitative trend extrapolation is the prediction of aircraft complexity.  The attempts to quantify this trend have not been successful.  But the percent of movable or adjustable parts in an aircraft has been extrapolated from the frequency that such elements were introduced in the past, and these forecasts have been reasonably accurate.  Specific technical change cannot be predicted this way, but the degree of change can be.  This provides useful inputs to planning by indicating the probable trend of past behaviors.

Growth Curves The growth pattern of a technological capability is similar to the growth of biological life.  Technologies go through an invention phase, an introduction and innovation phase, a diffusion and growth phase, and a maturity phase, In doing so, their growth is similar to the S-shaped growth of biological life.  Technological forecasting helps to estimate the timing of these phases.  This growth curve forecasting method is particularly useful in determining the upper limit of performance for a specific technology.  An example of growth curve analysis is shown in Figure 5, which depicts the number of telephones per 1000 population as a function of time.  The year in which the upper limit of diffusion (one phone per person over 15-years old, or about 700 phones per 1000 population) is reached can be extrapolated from the S-curve, and it occurs between 1990 and 2000.
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Several mathematical models can be used to generate growth curves.  The choice of model is subjective, depending largely on the analyst's judgment about which of the functional forms most closely approximates the underlying reality of the technical growth under consideration.  When using growth curves, the forecaster must be sure that the data are self-consistent-that is, that all data come from the same data set or population.

The forecaster must also remember not to confuse accuracy with precision.  It is possible to develop precise capability/time estimates, but their accuracy is illusory.  We might read Figure 5 as "697 phones per 1000 population as of 1997," but "about 700 between 1990 and 2000" is a better reflection of the scatter in the data underlying the curve.  Finally, the forecaster must remember that growth curves reflect a single technological approach, a given way of achieving a capability.  Extrapolation cannot go beyond the saturation level of that specific technological approach.  It cannot predict a decline or future rebirth of the growth pattern.

Envelope Curves A serious constraint on growth curves is overcome by appropriate specification of the capability to be forecast.  For example, Figure 6 shows a growth curve for the speed of propeller-driven aircraft.  As noted earlier, possible input for Figure 6 must be carefully screened to make sure it includes all available data for propeller-driven aircraft, and only data for propeller-driven aircraft.
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If we remove the modifier propeller-driven from the capability to be forecast, we can add data on jet, ram jet, and rocket planes, as in Figure 7. (We could also have included data on balloons and gliders if we wished.) if we generalize the capability even more to "speed of travel," we get Figure 8, a series of specific growth curves superimposed on one chart and enveloped by a single curve, termed an envelope curve.  Fundamentally, envelope curves are a combination of growth curve and trend analysis.
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Substitution Model   The substitution model is based on three assumptions:

1.
Many technological advances can be considered as competitive substitutions of one method of satisfying a need for another.

2.
Once a substitution progresses, it will proceed to completion.

3.
The rate of substitution of new for old is proportional to the remaining amount of the old left to be substituted.

Experience shows that substitutions tend to proceed exponentially in the early years, and to follow an S-shaped trend curve.  When a substitution begins, the new process, products, or service begins to demonstrate its advantages over the past process, products, or service.  As the new technology is able to take over some of the market, the pace of substitution increases markedly, and then tapers off as it approaches saturation.

Examples abound. in the area of industrial processes in the steel industry, the replacement of "hot dip" tin-plating by the electrolytic process, the replacement of open hearth furnaces by basic oxygen furnaces, and the replacement of the reversible, single-stand hot rolling mill by the multistand mill are among the many technological substitutions that conform to the S-shaped pattern.
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The substitution model can prove useful for several types of investigation-for example, early recognition of technical obsolescence.  The major advantage of this model is that it is simple to construct.  Like all numeric data-based models, it is fatalistic in that it projects a specific and undeviating future based on past events; it implies that a particular progression of events is inevitable.

Judgment-Based Technological Forecasting Techniques
Monitoring Many forecasting techniques presuppose that the planner knows what to seek.  Although the planner may have considerable expertise, occasionally technological surprises occur.  Monitoring, or innovation tracking, allows the forecaster to stay abreast of technologies as they develop.

This approach assumes that a new discovery goes through several stages before emerging into public view as an innovation, and that some future technologies are currently in the process of development, The stages to investigate are:

1. 
Initial idea or suggestion-the concept,

2.
Postulation of theory-the research proposal.

3.
Verification of theory-the scientific finding.

4.
Laboratory demonstration.

5.
Field trial.

6.
Commercial introduction.

7.
Widespread adoption.

If the research is being conducted by a nondefense governmental agency or by a university, the process, with the exception of stage I above, is open to view by those who know where to look-learned journals, magazines, trade association letters, and similar sources.  Once a sufficient amount of information has been accumulated, the data must be cross-referenced with other information to determine if a new technology or product can be generated by incorporating one or more of these events in order to develop an innovation.  In the case of private industry, every attempt is made to keep the process secret as long as possible, and thus emerging technologies are rarely visible before state 5, when the innovation is apparent.  Fortunately, a large percentage (49 percent in 1986; see [43]) of basic research is done by universities, so surprises are not common for those who keep up with scientific discovery.  Figure 9 shows how innovation can result from a combination of events over time.
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Many companies employ internal systems for reviewing the scientific and technical literature, including patents, and have organized means of abstracting and disseminating new items.  Government agencies, especially the Department of Defense, use this method to stay aware of changing technologies.

Monitoring techniques may seem unsophisticated, but their potential value is immense.  Provided the forecaster collects and screens information properly, this method can provide excellent data to forecast trends.  Recently, microcomputer programs have been developed that find and link the related items contained in a large data set-the "hypertext" programs.  Such programs are invaluable aids for the process of monitoring innovations.

Network Analysis Network analysis is a formalization and extension of monitoring.  This technique can be used in two distinct ways: (1) as a method of exploring the possible capabilities and systems that might result from extensions of current scientific research and, (2) given a desired capability or end system, as a method for determining what research results are required to achieve the desired capability.  The first use is exploratory forecasting, and the second is prescriptive forecasting.  In the former, possible future technologies are explored; in the latter, desired future capabilities are defined.

The term network model results from the fact that networks are commonly used to organize the data.  Real examples of the method are quite complex, so consider a hypothetical example.

Assume we have been monitoring the appropriate sources, and we have knowledge of recent research results, rl, r2, . . . rk. We predict that these might be combined as shown in Figure 10, to yield s1, s2, . . . sj scientific capabilities.  These capabilities, in turn, could be combined to result in t1, t2, . . . tm technical components.  Finally, the technical components can be joined to produce end systems, V1, V2, , . . .Vn (Figure 11).

[image: image10.png]Figure 10: Example of network analysis: nterconnection of
research results and scientific capabilites.




Going from research results to end systems is exploratory, but the direction may be reversed. instead of seeking the system implications of research results, we could begin with one or more related desirable end systems.  Going backward through the same chain of logic, we seek the components, and the research results necessary to yield the capabilities.  This uses the network to prescribe research.

If the various end systems are given weights that reflect their relative importance, it becomes possible to set priorities on the various research results based on the importance of the end system(s) to which the research contributes.  One method of finding these priorities is described by Dean (Chapter 11 in [6]) and discussed in detail in Chapter 2 of this book.  Dean developed the technique to evaluate research labs after the fact, but if the "evaluation" is a priori, it becomes a statement of priorities.
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It follows that if we know the cost of the research projects, can estimate the relationship between research results and research expenditures, and have a budget constraint, mathematical programming (see Chapter 9) can be used to determine the best order and extent to fund the various research projects.

It is also possible to treat both the prescriptive and exploratory models stochastically--that is, to estimate the probability that the research/capability, capability/component, and component/system connections can be achieved.  For the reasons explained in Chapter 2, we do not see this practice as significantly helpful.  In any event, no matter how many numbers are applied to the network, the base information is strictly judgmental.

Scenarios The scenario approach to technological forecasting has gained wide popularity in the past few years.  It attempts to describe a future technology or technological event together with its environment.  The scenario is a hypothetical view of the future based on past experience and conjecture, usually containing little rigorous analysis.  Scenarios may cover any period, but generally extend ten, twenty, or more years into the future. They start with a set of givens.  These are then "massaged" and extrapolated to give a picture of future technologies.

Three scenarios are often developed.  The first describes the future if current trends continue, and this defines a base for the other two scenarios.  The second and third scenarios describe optimistic and pessimistic futures based on assumptions about the environment that differ from the first scenario, giving a best/worst outlook.  A diagrammatic model of scenario generation is shown in Figure 12.
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Although the best-known scenarios deal with world events such as famine, war, or environmental destruction (books such as Rachel Carson's Silent Spring and George Orwell's 1984 are both elaborate scenarios of the future), scenarios are also useful for forecasting the results of adopting a technological change.  When a corporation develops a scenario, it must determine the organizational, economic, social, technological, political, and other variables that may affect their operations.  By determining which variables have the greatest impact on the organization and which variables, if any, can be controlled, the organization can get a clearer insight into its potential future and thereby into possible ways of obtaining some control over it.

Morphological Analysis In the previous appendix we examined the morphological matrix as a technique for fostering creativity.  It is also a prescriptive technological forecasting technique because it makes assumptions about what people will want in the future and then investigates the possible ways those wants could be satisfied.  Of all the techniques available for forecasting new products or processes, morphology is one of the most systematic.  The technique relies on a matrix, usually called a morphological box.  Figure 13 is an example that uses a morphological box to examine the possible development of clocks.  The vertical axis, lettered A, B. C. etc., defines the stages of parameters or the technology under consideration.  The horizontal axis, numbered 1, 2, 3, etc., defines alternate methods to achieve the stages or parameters.
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The analysis is usually initiated by starting with a well-known or existing solution (Al-B1-Cl-D1-El-FI), and changing one element at a time.  Alternate methods (e.g., A2-B2-Cl-D1-El-F1) are analyzed to find potential improvements in current technology.  The solutions can be examined for efficiency, and estimates then made of the time when the alternative technologies might be available.

Note that morphological analysis can be used as a creativity technique and a technological forecasting device at the same time.  Potential methods to accomplish certain capabilities can be sought and then the times when the required technologies might be available can be estimated.  The automobile industry has used morphological studies to meet air pollution and gasoline mileage regulations, deriving possible short-, intermediate-, and long-run solutions to these problems.

Relevance Trees Most major technological development projects are complex.  Their fulfillment is likely to depend on the accomplishment of substantial improvements on existing technologies.  These advances are not usually coordinated.  Many products result from technological changes that were not originally intended to provide them assistance.  The planner must be able to distinguish a large number of potentially supporting technologies and to forecast their futures.  Relevance trees, a slight variant of the network analysis discussed earlier, are of great aid in such work.

Relevance trees can be used to study a goal or objective, as in morphological analysis, or to select a specific research project from a more general set of goals, as in network analysis.  The methodology of relevance trees requires that the planner determine the most appropriate path of the tree by arranging, in a hierarchical order, the objectives, subobjectives, and tasks in order to ensure that all possible ways of achieving the objectives have been found.  The relevance of individual tasks and subobjectives to the overall objective is then evaluated.

An example of a relevance tree is shown in Figure 14.  The objective is to develop a means of air pollution control.  The subobjectives "Develop Petroleum . . ." and "Develop Alternatives . . ." further define the main objective.  Tasks and subtasks are then defined. once all the "good" alternative ways of achieving the subobjectives have been found, the relevance of individual solutions to the main objective can be evaluated.
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Delphi Method Perhaps the best known of the various judgmental approaches to technological forecasting, the Delphi method uses a panel of individuals who make anonymous, subjective judgments about the probable time when a specific technological capability will be available.  The results of these estimates are aggregated by a process administrator and fed back to the group, which then uses the feedback to generate another round of judgments.  After several iterations, the process is stopped and areas of agreement or disagreement are noted and documented.  Let us now look more closely at some characteristics of this process.

1 .
Opinion Gathering and Distribution The key features of the Delphi process are quite simple.  Panelists may submit their judgments by mail or may be gathered together in a single room.  In either case, the opinions are written and anonymous. if the panelists are in a face-to-face meeting, no discussion of the subjects to be covered is allowed.  In this way, loud or aggressive panelists cannot sway the votes of others.  The written ballots are collected by the process administrator, who aggregates the responses in a statistical format (i.e., prepares a distribution of the responses).  This information is given to all panel members, who can then see how their individual judgments compare with the anonymous views of others on the panel.

2.
Iterative Balloting The process is iterative.  Additional ballots are passed out to the panel members and they vote again, altering or not altering their previous judgments as they wish.  Panelists who found their original vote in the outer reaches of the distribution may, if they feel uncertain about the matter, move their vote toward the majority.  There is no pressure on them to do so, however, and those who feel sure about their original vote may choose not to move it at all.

3.
Reasons and Consensus This iterative process is sometimes accompanied by anonymous written arguments concerning why some specific judgment is correct or incorrect.  The process continues until a consensus is reached (for example, some proportion of respondents-say, 75 percent-cast votes within a predetermined range, such as a 20-year period) or until a predetermined number of iterations has been accomplished, usually four or live.  If consensus is reached, a statistical measure of the result, usually the median or mode, is used to represent the actual forecast. if consensus is not reached, the distribution of the final iteration is often displayed with a note that it does not represent a consensus.

4.
Group Composition The composition of the group depends on the nature of the capabilities to be forecast, If they are general and abstract, a heterogeneous group is desirable. if highly technical or specific, then specialists in that area and generalists in outside but relevant areas should comprise the group.  Attempts should be made to reach a balance between specialists and generalists, and between theoreticians and pragmatists.  With a homogeneous group, 10 to 15 persons will probably be adequate.  For a heterogeneous group, more may be necessary for representation, but numbers are not the critical factor.

The Delphi method has application beyond its use in technological forecasting. It has been widely used as an aid in policy decision making (e.g., [31]). Its three main characteristics-anonymity, statistical formatting of results, and controlled feedback-make it an acceptable and reliable process for extracting numeric data from subjective opinion.  Also, no limits are placed on the factors a Delphi panelist may consider in deciding how to vote.  As a result, the process is particularly effective when opinions and judgments must be based on a broad and complex set of underlying factors.

It is most relevant, at this point, to note that the judgmental forecasting methods, like managerial methods in general, are not all equally compatible with different cultures.  In nations with a strong tradition of discipline rather than a problem orientation, the Delphi technique is not apt to be workable.  Experts in a field are not likely to admit that non-experts have a right to an opinion, let alone the right to have their opinions considered in a forecast.

Cross-Impact Analysis This procedure is an extension of the Delphi method.  Cross-impact analysis extends the confidence that can be placed on the forecasts of related events.  It allows inclusion of an additional set of factors even beyond those usually considered by the respondents in a normal Delphi process.

The purpose of cross-impact analysis is to study the mutual influence of events explicitly and systematically, and to include those influences when forecasting technical capabilities.  The set of events being studied for cross-impact potential is subjected to a Delphi analysis where a probability and a date of occurrence is assigned to each event.  The events are then entered in a cross-impact matrix, as in Figure 15, where each event's impact is measured against each related event.  A revised forecast can be prepared manually or by computer programs that have been developed explicitly for this purpose.
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Figure 15: An example of a form for cross-impact analysis.




B.3
TECHNOLOGICAL FORECASTING IN USE
In spite of the wealth of models and approaches that are available for technological forecasting, the main elements involved in the determination of future technology are economics, sociopolitics, and existing technology.  The forecaster must not ignore any one of these three areas when attempting to forecast technology because they interact in a complex fashion to influence and determine the future.  The key to valid technological forecasting is the careful inclusion of realistic and informed judgment into the forecasting methodology.

In terms of choosing a forecasting strategy, one of the crucial factors is the potential economic value of the forecast compared with the cost of making the forecast.  Some methods are much more expensive than others, and some tend to give better results for certain situations.  The ease of entering, storing, fitting curves, and manipulating large amounts of data in microcomputers makes it tempting to "try everything," a strategy that tends to create more confusion than understanding.  Technological forecasting can even become a way of procrastinating-the timid manager avoiding the need to act by insisting on more and more forecasts.

The "best" technique depends in part on the environment in which the firm is operating.  Many forecasting methods assume a relatively stable environment with constant trends. if such is actually the case, then statistical projection methods may be most appropriate, especially for the short range.  Yet a major aspect of technological forecasting rests on the presumption that invention and change will produce technologies that are not simple extensions of the past.  If this were not true, much technological forecasting would be unnecessary.

In general, available data should be plotted as a time series to determine underlying patterns that may aid in choosing between alternative forecasting methods.  A search for causal relationships is also helpful.  Data are generally available for short-range forecasting situations only, which is why extrapolation techniques work best for short-run problems.  For long-range forecasts, the judgmental methods are more suitable because, as time periods are extended, the dangers of unjustifiable extrapolation grow rapidly.  Among judgmental methods, Delphi is probably the best known and most often used.

Judgmental techniques are also more appropriate when hard data are lacking or when there is insufficient time or funds to collect and analyze hard data. Judgmental techniques are also appropriate when the number of significant problem variables is large and their relationships are complex or not well understood.  The various judgmental approaches each have their particular strengths and weaknesses.  See Table 1 for a summary of these strengths and weaknesses.
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Group approaches have special advantages and disadvantages.  For one thing, the sharing of information and insights significantly improves the validity of the forecast.  Improvement is obtained through combining abilities, illuminating inconsistencies and contradictions, checking errors, and working through fuzzy and indistinct thinking.  While it has already been mentioned that groups provide a synergism that builds on the ideas and thoughts of each person, groups also provide synthesis where pieces of previous thoughts and ideas are combined to form a new thought or idea.

Some disadvantages of open discussion (confrontation) groups are:

1 .
The Halo (or Horns) Effect A person's reputation (or lack of reputation), or the respect (disrespect) in which a person is held can influence the group's thinking.

2.
Bandwagon Effect Pressure to agree with the majority.

3.
Personality Tyranny A dominant personality forces the group to agree with his or her thinking.

4.
Time Pressure Some people may rush their thinking and offer a forecast without sufficient reflection in order not to delay the group.

5.
Limited Communication in large groups, not everyone may have an opportunity to provide input.  The more aggressive group members or those with the loudest voices may have an exaggerated effect on the group's opinion.

As with methods for fostering creativity, the methods for technological forecasting have an imperfect past and a highly conditional future.  But questions about the value of individual methods do not extend to the general subject.  Technological forecasting is not a luxury to be enjoyed if it can be afforded, it is a necessity that is recognized and done explicitly or unrecognized and conducted implicitly.  Not to forecast is inherently a forecast that the future will be precisely like the past-a forecast certain to be false.

Technological forecasting is a steadily developing art.  Several of the methods covered above, both statistical and judgmental, have been computerized, either to make numeric data collection and manipulation more convenient or, through interactive programs, to ease the problems of collecting judgmental data.  Current research seems to be focused mainly on developing more sophisticated judgmental methods, and on combining judgmental and statistical methods.
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