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* Over the last eleven years it has been ny pleasure and privilege 

to maintain close personal and professional relationships with two of 

the world's foremost authorities in the field of Technology Forecasting, 

James K. Bright and Kalph C. Lenz. During this time we have had many 

discussions about the subjects outlined in this paper, and I am heavily 

indebted to them for a great many of the ideas presented. This indebt

edness also extends to two other colleagues with whom I have worked 

closely over the last four years, David 0. Frederick and Donna C.L. Prest 

wood. I believe these are two of the brightest young minds in the Tech

nology Forecasting field today, and both have contributed significantly 

to the development of this monograph.



I. INTRODUCTION

Technology Forecasting (TF) describes a group of techniques that 

predict in quantifiable terms the direction, character, rate, Implications: 

and impacts of technical advance. TF techniques are based on the logical 

treatment of credible data and should produce results that are both infor

mative and independent of the analyst performing the forecast. Although 

TFs can serve as effective devices for communication of ideas or for 

gaining insight on technical progress, they are primarily conducted to 

provide information to assist planners and managers in making better deci

sions. This statement highlights an obvious, but often overlooked, fact.

The value of a TF depends on the extent to which it contributes to better 

decision making. A technology forecast that contributes to better decision 

making is a good TF; regardless of its specific accuracy.

This criterion for judging forecasts points up the importance of the 

words quantitative, credible and logical in the above definition. In most 

cases, reasonably specific numerical projections are essential for effective 

decision making. To illustrate, assume one were the president of AMTRACK 

Corporation. A prediction that sometime in the future trains would pick 

up and unload passengers without stopping at individual stations might 

conjure up amusing visions of people being processed like mailbags. Such 

a prediction, however, would be of little value for planning purposes.

On the other hand, a forecast that by 1990 fifty percent of the trains in 

the United States would be capable of picking up and unloading passengers at 

speeds up to thirty miles per hour, if believed, would provide a basis 

for planning Research and Development (R & D) programs, track upgrading, 

capital budgeting, advertising promotions, etc. In short, the serious

1



technology forecaster is not allowed to deal in Delphic vagueness, but 

must provide specific numbers or concepts. However, in practice, the 

usefulness of the forecast may not depend on the accuracy of these num

bers. For example, in 1978 the Technical Association of the Pulp and 

Paper Industry conducted a survey of paper manufacturers in North America. 

A series of questions asked what quantities of various types of paper 

would be produced in the year 1985. When the estimates for all types 

of paper were summed, the total indicated that to meet this predicted 

production, every tree then growing in the United States and Canada 

would have to be harvested every two years. This obviously impossible 

projection dramatically indicated that the forest resource base of the 

continent would not support the sales estimates of the industry. Such 

a realization was a useful piece of information for industry executives. 

However, even if one supposes a forecast of half, or of twice, the indi

cated usage, the basic insights about the situation are not changed: 

sales estimates must be changed; the forestry program must be vastly 

expanded; altered sources of cellulose must be found; etc.

The importance of the phrase "logical treatment of credible data" 

lies in the fact that forecasters must almost always persuade others of 

the validity of the forecast. If the person making the TF cannot explain 

the rationale supporting it in terms convincing to TF users, 1t is un

likely that the TF will be enthusiastically acted upon. It should be 

emphasized that the terms "credible" and "logical" apply to the persons

who must be convinced and not to the forecaster.

Although technology forecasting is, at best, an uncertain art, it 

has survived, and indeed prospered in recent years because a nunber of 

industrial, commercial, and governmental organizations have found that
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its proper application does assist in making better decisions. The 

remainder of this monograph addresses itself to how organizations can 

effectively use TF to improve planning, operations and marketing.

In the past, many groups initiating TF activities choose one or 

more techniques which they find interesting and then seek to identify 

specific applications for the technique(s). It is a much more rewarding 

approach to examine the activities of the organization and identify those 

areas where the type of information TF can supply is useful. The mix of 

TF methodologies available can then be reviewed, and a coordinated fore

cast planned and executed. This monograph is organized to follow this 

type of TF planning. The following section lists the types of prob

lems that may be addressed by TF methodologies. The next section 

briefly describes major TF techniques being used today, while the 

succeeding one discusses how specific TF methods and groups of methods 

can be used to develop useful input for the decision making process.

The final section presents some general observations on the initiation, 

management, and utilization of organizational TF programs.

In reading this paper one final thought should be kept in mind. 

Although engineers and scientists often think of technology in terms of 

products or production machinery, technology can be more generally defined 

as the application of organized knowledge to practical activities. Thus, 

the techniques and approaches described in the following sections can 

often be applied effectively to a wide spectrum of activities - personnel 

utilization, financial decisions, system planning, market analysis, etc.

II. SELECTING OBJECTIVES FOR TECHNOLOGY FORECASTING ACTIVITES

The first step in initiating a TF project or program is to determine
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the purpose which the forecasts are to serve. To make this determination 

one should analyze the decision-making process of the organization and 

decide what information would be most useful to that process. These uses 

formally fall Into five general categories: (1) projections of the rates

at which new technologies will replace older ones; (2) assistance in the 

management of technical research and development programs; (3) evaluation 

of the present value of a technology under development; (4) identification 

and evaluation of new products or processes that may present the organi

zation with new opportunities and/or threats; and (5) analysis of new 

technical developments that might change organizational strategies and/or 

operations. In the following paragraphs each of these task categories 

will be discussed briefly and a few examples will be given of how various 

organizations have used TF techniques to assist in accomplishing such tasks 

(In some cases proprietary considerations prevent specific identification 

of the organization involved.) It may be noted that these categories 

(except the last) are listed in rough order of decreasing organizational

knowledge of the technology.

A. Projections of the rates at which new technologies will substitute 

for older ones.

The ability to forecast the rate at which a new technology will re

place an older one 1n the commercial or operational marketplace may be of 

extreme Importance to organizations dependent on the old technology, as 

well as the new one. Often a great deal of profit over many years can be 

made from a technology that 1s becoming obsolete, provided the organi

zation understands the process of technical substitution and can reliably 

forecast Its progress. (The proverbial “Cash Cows" often fall In this 

category.) Moreover, It 1s often possible for the economic life of the
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older technology to be extended by incremental improvements. However, 

economic trauma may occur if, as often happens, the significance of 

the new technology is not recognized until its substitution pattern 

is well established.

When an organization is analyzing the substitution of one techno

logy for another, both technologies are normally reasonably well under

stood. Although improvements in both technologies, especially the new 

one, can be expected, even the new technology must be at least moderately 

well developed before substitution begins. Well conceived and exe

cuted TF's during the substitution period can be useful in planning 

introduction and marketing strategies, in defining capital and service 

system requirements, in targeting special improvement goals, and in ame

liorating personnel problems.

A number of major organizations have used or are using substitution 

analysis to assist in product and process planning. The Firestone Company, 

for example, used the Fisher-Pry method to predict the rate of substitution 

of radial tires for biased ply tires; the Pilkington Corporation of England 

used the same method for forecasting the rate of substitution of one thick

ness of glass for another and the substitution of plastic for glass; a 

major electric power equipment manufacturer used Fisher-Pry to analyze 

changes in power switching equipment and United Industries used a variation 

of the technique to plan the introduction of new types of airplane engines. 

The University of Dayton Research Institute used substitution analogies to 

assist the National Aeronautic and Space Administration in planning satellite 

strategies, and American Telephone and Telegraph is using product life cycles 

analysis to examine the functional lives of existing technologies.
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B. Assistance in the management of technical research and development^

programs.

This category of tasks normally deals with technologies on which 

work has already been started (or, at least, specifications defined), 

but which are not .ready for full scale introduction to the commercial or 

operational marketplace. It involves projections of how rapidly and in what 

manner the technology will traverse the innovation process and assists in 

the determination of desirable and practical goals for product or process 

R A D  projects. These goals can be driven by internal capability, competi

tive necessity, or both. By projecting reasonable development possibilities, 

as well as the need for specific technical advance, a TF can help define 

development strategies for various technologies. Such program definitions 

assist in resource allocation, in determining new personnel and equipment 

requirements, in suggesting organizational change, in identifying suppor

tive technical development needs and in developing detailed program schedules.

Examples of the use of TF in K & l) management include: the Kodak

Corp. uses trend extrapolation and alternate scenario planning to identify 

new production facility requirements; FMC uses trend extrapolation to 

specify equipment development goals; Bell Helicopter has used relevance 

trees for R & D resource allocation; Boeing used precursor trend analysis to 

evaluate passenger compartment design; Martin-Marietta is currently using a 

conputerized forecasting model, Partitive Anlytical Forecasting (PAF), to 

assist in planning a space shuttle follow-on program; the Department of Energy 

used PAF to examine the impact of different funding strategies on the development 

of fusion power; Monsanto uses cross impact analysis to clarify technical 

goals and development schedules; the U.S. Air Force uses trend analysis 

and other TF techniques to specify weapon development goals; and Gulf 

Oil has used nominal group conferencing, impact wheels and computer models
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to identify and evaluate socio-political factors which might affect the 

development of oil shale resources.

C. Evaluation of the present value of technology under development.

It is commonplace for organizations to place a monetary value on a 

given technological innovation during the development process. Such know

ledge is useful in determining appropriate support levels, in formulating 

licensing strategies and in identifying special technical opportunities. 

Moreover, by observing changes in value over a period of time and as a 

function of funds expended to develop the technology, the effectiveness of 

R A D  program management can be measured. (One can remark that this is 

merely traditional economic evaluation. The use of TF in this instance 

implies more precision to the analysis and strives for more thorough and 

uniform exploration).

Three basic questions are involved in the suggested audit procedure:

(1) How soon and at what cost can the technology be commercialized or 

made operational? (2) What is the size of the market for the technology 

and what is the schedule of market takeover? and (3) How will the profit

ability of the technology be affected by competing new technologies or 

by non-technical factors? The first question can be addressed by analyzing 

past development of similar technologies. The second question would involve 

an analysis of functions the new technology might serve and a study of the 

historic rate of takeover by new technologies. The third question concerns 

an identification and evaluation of both direct and indirect competing 

technologies and an assessment of non-technical factors (social, political, 

environmental, regulatory, economic) that might reduce or enhance the com

mercial attractiveness of the technology. Although hundreds of organiza

tions conduct individual analyses of this type, corporate-wide surveys
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are scarcer. The American Telephone and Telegraph Company has recently 

initiated a program using development analysis, substitution analysis 

and Delphi studies to evaluate the present economic value of both exis

ting and developing technologies. General Electric recently made a 

corporate-wide technology status study using many TF and other techniques.

D. Identification and evaluation of new products or processes that may 

present the organization with new opportunities and/or threats.

For most conmercial organizations and many non-commercial ones, 

continued success, and often survival, require keeping abreast of new 

products and processes that may present the organization with new 

business opportunities, new competitive advantages, or threaten present 

markets. The organization normally is searching for technologies in 

which there is little or no present organizational involvement. Forecasts 

in these areas involve greater uncertainty than those previously discussed, 

and the problem of overlooking or failing to appreciate the significance 

of a new technology may be greater than the problem of deciding on a plan 

to exploit, or protect oneself against, the new technology. Often the 

organization is more concerned about possible competitive products or 

processes than in new opportunities, since failure to capitalize on new 

opportunities may appear less traumatic than the loss of present markets. 

However, the two are closely related and a well planned TF program should

address both.

Numerous industrial and government organizations have concentrated 

their TF efforts in new product identification. The Whirlpool Corporation 

has for many years used monitoring procedures to identify new household 

appliance needs; the New York Telephone Company and IBM have used impact
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wheels to Identify new product needs; ALCOA has used trend analysis to 

examine new market areas, as well as to examine threats to present markets; 

a major paint company used morphological matrices to identify possible new 

product lines; the Kraft Company is using surveillance techniques to 

analyze changes in home eating patterns and the effects of those patterns 

on new food products; Owens-Corning Fiberglas has a strong monitoring pro

gram for new products and process identification, while Johnson Controls 

has used similar techniques to predict competitors' entrance into new tech

nical areas.

E. Analysis of new technical developments that might change organizational 

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, or 

with products which a competitive firm or organization could offer to such 

groups. Often, however, an organization is interested in new technologies 

that might change, and hopefully improve, the internal operations of the 

organization itself. In most cases of this type, the organization will find 

that suppliers are more than happy to provide it with a great deal of infor

mation about technical developments which they are marketing. In this 

situation, TFs may be useful not only in evaluating the present and poten

tial capability of the product offered, but also in assessing the probability 

that the product will not be soon superceded by a more advanced product.

A good TF might also be useful in determining the most effective use of 

the new technology, in identifying supporting equipment and personnel 

requirements and in timing technology purchases and licensing.
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In this category of tasks, Texaco has used nominal group conferenc

ing and impact wheels to clarify supporting computer needs; the Lawrence 

Livermore Laboratory has used trend analysis to evaluate future weapons 

simulation capabilities; the Phillips Company has used Delphi surveys to 

assist in planning public relations activities in regard to emerging 

technologies; the U.S. Navy Underwater Science Center has used cross 

impact techniques in analyzing the effectiveness of its R & D organi

zation; the Western Corporation has used substitution analysis to assist 

in work force planning; Union Carbide uses alternate scenarios to improve 

utilization of personnel; and the Weyerhaueser Corporation is using rele

vance trees and trend analysis to assist in determining future technical 

personnel requirements for their information systems.

Comments. From the above remarks, two factors become apparent: (1) pro

perly targeted and executed TFs can provide assistance to receptive organi

zations in a wide range of activities such as R 4 D management, product and 

process assessment, capital expenditure analysis, human resource management, 

etc., and (2) a large number of respected organizations have utilized and 

are utilizing the assistance that TF can furnish.

In going through the list of task categories, it may be noted that 

the information sought from the TF varies with the task. Thus, the 

objectives of the TF must be carefully defined before the TF project 

is initiated. Many of the tasks overlap, of course, and often a TF study 

may be structured to accomplish a number of objectives. When practical, 

this 1s obviously desirable; however, even when multiple objectives are 

specified for the TF, it is still essential that each of these objectives 

be clearly defined.
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III. TECHNOLOGY FORECASTING TECHNIQUES

Although there are a large number of techniques that can be used to 

forecast technical development (Dr. Eric Janzt, an early TF theoretician, 

once listed lbU), between 1U and 20 are in wide use today. These techniques 

can be, categorized generally, into four groups: surveillance, projective,

normative (goal-oriented) and integrative techniques. Each of these groups 

involves a different approach to the forecasting task, and each is based on 

different forecasting principles. In this section each of these groups are 

discussed with a brief description given of some of the specific techniques 

within each group. In some cases, a technique could be classified in more 

than one category. Delphi surveys, for example, can be used to project 

future development, to identify goals, or to integrate the results of other 

forecasts. However, to avoid repetition, each technique is described under 

the category in which it is most often used.

A. Surveillance techniques

Surveillance techniques - scanning, monitoring and tracking - are all 

essentially passive or observational techniques. In many ways they are 

similar, differing primarily in the degree of focus and intensity of the 

information search effort. Although application of the three techniques 

may overlap and the same people may be involved in all three simultaneously, 

it is desirable to keep in mind the different nature of each technique.

The surveillance techniques are all founded on two basic assumptions:

(1) that most successful technical innovations follow similar development 

patterns (i.e., traverse a series of common stages from idea initiation to 

widespread adoption); and (2) that the length of time required to traverse 

the various stages is normally quite long. For example, a study by Battelle 

Memorial Institute of forty major technical innovations introduced in this

11



century found that the average time from first laboratory demonstration 

to commercial introduction was 19.2 years. Since new technical innova

tions cast long shadows, the surveillance techniques presume that an 

understanding of the innovation development process, coupled with close 

observation of precursor trends, events and influences, will allow accurate 

forecasts of technical change.

Integral to any successful surveillance program is a responsive data 

management system. This system must not only provide data storage, but 

must also be organized to permit simple information input and retrieval. 

Although system complexity may vary from card files to computers, experience 

has shown that active data bases tend to expand rapidly, and most continuing 

systems eventually utilize some type of computer support. A number of 

commercial data bases are available. However, these should normally be 

used to supplement rather than supplant an organizational system.

In general, surveillance techniques have the advantage of being easily 

initiated, amenable to tailoring to organizational needs, compatible with 

other organizational activities and easily integrated with other TF metho

dologies. In practice, a strong surveillance effort is essential to a 

successful TF program.

1. Scanning is the term applied to broadly oriented surveillance 

activités which seek to identify, at an early time, developments in 

technical, economic, social, political and ecological environments that 

may materially affect the organization. Since the scanning effort seeks 

to observe as wide a spectrum of the relevant universe as possible, it is, 

of necessity, unfocused and ephemeral. A good scanning program has been 

compared to a radar system which seeks to find small "blips" of information 

on a wide-ranging horizon. It is often highly desirable to involve the
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entire organization, or a major part of 1t, in the scanning effort. However, 

when this is done an effective system of reporting, evaluation, follow up, and 

feed-back is necessary to ensure that input data are efficiently processed, 

that important observations are not lost in a bureaucratic labyrinth and that 

participants remain Interested in the program.

Although the scanning effort is by design an unfocused operation, it 

is sometimes desirable to alert the entire system to particularly important 

search areas. Such an alert will often sensitize participants to weak 

signals that might otherwise be overlooked.

Scanning programs are particularly useful in identifying emerging pro

ducts and processes that provide commercial advantage to the organization 

or its competitors, in pointing out new uses for present or developing tech

nologies, and in suggesting socio-political factors that impede or enhance 

acceptance of new technologies.

Observations that might indicate technical change include: changes 1n 

technical or economic performance; changes in personnel and facilities; 

funding announcements; paper and meeting topics; technical demonstrations; 

program reports; patent awards; and new sales and advertising programs.

2. Monitoring implies a more focused and disciplined type of surveil

lance effort than scanning. Typically, a technical (or non-technical) 

development that has been identified by a scanning program will appear 

of sufficient significance to justify a more careful monitoring effort.

Since no organization has adequate resources to closely follow all develop

ments which might affect 1t, the organization must have a plan for selecting 

those developments of most probable impact and for employing available re

sources efficiently. An effective monitoring plan should Include five basic 

elements: (1) a system for selecting areas to be monitored; (2) a system for
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.assigning specific monitoring responsibilities to individuals or groups;

(3) an assessment of progress levels at which developments will become 

^significant to the organization; (4) a clear definition of the action 

the responsible agent is to take when progress reaches the designated 

flevel of Importance; and (5) a formal procedure for periodically review

ing the monitoring program and related data bases.

By nature, a monitoring program primarily watches developments out

side the organization such as research being done in competitive companies, 

universities and government laboratories; indications of new products 

being prepared for introduction; evolving non-technical issues; etc.

Typical questions that might be addressed include: What is the present

and potential significance of a new technology? What is its present stage 

of development? How rapidly has development progressed in the past?

What organizations are involved in development, how might they use the 

technology, and how much support is being given to its development? And 

what are present constraints to development and how might they be relieved?

Sometimes, the monitoring group will be convinced that one of the 

technologies it is following justifies more detailed analysis and recom

mends a more active TF analysis. This analysis may involve the conduct 

of experiments in the organization to verify reported information. Often 

it is desirable to combine a market study with the TF in order to improve

its utility.

3. Tracking is the most carefully focused and intensive of the 

surveillance techniques. It involves a very concentrated effort to 

follow developments of major significance to the organization —  compe

titive response to a new product or process nearing introduction; pos

sible near-term introduction of new products and processes that will
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threaten present markets; major technical breakthroughs in which the 

organization needs to establish a position. Needless-to-say, informa

tion reporting and review procedures must be streamlined and responsive. 

Because of resource constraints, the scope of tracking programs is 

usually narrow. Often, special £d hoc task groups are organized to 

conduct or supervise specific tracking efforts; however, as interest 

in the area being tracked subsides, surveillance is normally transferred 

back to the monitoring program.

B. Projective techniques

The projective techniques are based on the theory that for some 

period of time the future will be very much like the past. 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 patterns of change will continue in the 

future. Thus, if the forecaster can understand the past, he or she can 

forecast future development patterns. Of course, the driving forces 

themselves change over time and the forecaster must also analyze these. 

Hence, projective TFs are based on past experience, modified by an 

evaluation of how the future may differ from the past.

1. Technical trend extrapolation. A large body of empirical data 

indicates that when the values of key parameters of technical progress 

are plotted against time, a regular development pattern can be discerned. 

Technical trend analysis assumes that if such patterns or trends can be 

established for past development, they can be logically extended for some 

period into the future. In a large number of technical areas it has been 

found that if progress is plotted versus time, the trace is linear on a 

semi log graph for a significant portion of the development period. In
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other words, during this period technical progress is exponential, that 

1s, 1t takes place at a constant per cent rate (e.g., at 10% per year). 

Figures 1 and 2 show examples of such progress.

When technical trend extrapolation 1s used, the forecaster first 

seeks to find those characteristics, or groups of characteristics, of the 

technology that are key to its performance such as speed, weight, speci

fic strength, accuracy, maintainability, wear life, and cost. Once these 

key characteristics are determined, appropriate measurement parameters 

must be identified (i.e., miles per hour, mean usage hours to failure, 

cents per bit of memory). The forecaster then uses curve fitting 

techniques to find a pattern of past developments and extends this pat

tern into the future to make the forecast. As mentioned before, a common 

development pattern is exponential advance over time, and trend extrapo

lation involves extending the straight line of the semi-curve plot for 

some distance into the future. Thus, a forecast can be made of the value 

of the selected technical parameters at various future times. These 

projections can be very useful in setting organizational R and D goals, 

in estimating the progress that may be taking place outside the organi

zation and in identifying the need for new technical approaches. (Some 

TF practitioners believe that technical progress is more a function of 

research effort expended, units produced, or industry profits than of 

the passage of time, and thus more accurate forecasts can be made by 

plotting progress against these parameters. To be useful to decision 

makers, however, such plots normally must be translated into time esti

mates).

As a technology matures 1t will almost invariably begin to approach 

limits to its development. These limits may be either real or perceived 

(e.g., the speed of sound was a perceived limit to aircraft speed;



although, in actuality, new technology permitted this "limit" to be

traversed quite smoothly. The perception of the limit colored many

industrial decisions). As a limit is neared, exponential improvement is

slowed; thus it is often useful to know how the limit will be approached.

In many cases it has been found that technical progress in this part of

the development period can be approximated by the Pearl formula:

y- L , where y=value of the parameter at time t, L=parameter limit
1+a exp (- bt)

and a and b are constants determined from known data. Figure 3 shows the 

application of this technique to forecast the speed of combat aircraft.

As a technology reaches the limit of its technical development, 

experience has shown that often a new technology will emerge which will 

accomplish the functions of the older one more effectively. The new 

technology may itself develop exponentially over a period of time, 

begin to mature and be replaced by a still newer technology. This 

process gives rise to a trend of trends, or an "envelop curve" (see 

Figure 4). In practice, one of the most common shortcomings of TFs 

based on trend extrapolation is a failure to broadly define functional 

categories to account for new technologies.

Although technical trend extrapolation is used extensively in TF 

programs and can be a very powerful TF tool, its value is limited by the 

following factors: its use requires the availaDility of a reliable, 

pertinent data base; it forecasts the quantitative nature of change, 

not how that change will occur; and its projections are subject to 

changes in the driving forces that shape technical progress* In prac

tice, the primary value of a technical trend analysis is that by re

quiring explicit expression of assumptions, it identifies and frames 

the information "gaps" that are needed to improve decisions.
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2 . Precursor developments. It has been observed over a period of 

years that technical development in one area follows development in other 

areas in a predictable manner. For example, for many years the maximum 

speed of commercial transports trailed the maximum speed of combat air

craft; commercial introduction of new automotive equipment trailed 

introduction in racing cars; commercial use of electronic equipment 

trailed military use. When such lead-lag relations exist it is often 

possible to forecast developments in the lagging technical area by 

observing the state of development in the leading one. Where progress 

in the leading technology can also be forecast, this allows reasonable 

extention of the forecast's time horizon for the lagger. For such fore

casts to be credible, however, a causal relationship must be established 

between the two technical developments.

A different use of lead-lag forecasting is to approach the relation

ship from the opposite direction. Some organizations have built their 

business strategies on staying at the technical forefront of their in

dustries. Thus, as other groups begin to encroach upon such an organi

zation's technical lead, it will be motivated to expedite the introduc

tion of new technical innovations. Although this approach has not been 

completely explored, it would appear to have special value in certain 

situations.

3. Substitution analysis. When a yiven technology begins to mature 

(i.e., as improvements become increasingly difficult and expensive), 

a new technology will often emerye that can accomplish the required 

function in a more effective and economic manner. In its early stages 

the new technology is usually inferior to the old in almost all of the
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standards by which technologies are traditionally compared. For example, 

early jet engines were heavier, more expensive, less powerful and less 

reliable than their piston equivalents. However, the new technology 

will often have certain properties that give it special advantages in 

a small segment of the market. Profits and experience from this market 

segment will lead to progressive development of the new technology and 

allow it to take over progressively larger segments of the market, until, 

typically, it will eventually capture the entire portion of the market 

in which it can provide an overall advantage.

Analysis of this substitution phenomena indicates a general pattern

to this process, and a number of TF practitioners have described it in

mathematical terms. One of the more successful of these attempts

was a substitution formula developed by John Fisher and Robert Prye [1]:

f = a exp (bt), where f= degree of substitution at time t and a and b 
1-f

are empirically derived constants. This formula has been found to roughly 

describe substitution histories in a number of technical developments in 

a wide variety of fields. When used for forecasting purposes one can use 

early substitution data to determine constants and then project the 

fraction of market takeover at any time in the future. If the term

f is plotted versus time on semilog graph paper, the formula 
T T

describes a straight line. Forecasting can be accomplished by extending 

the line defined by early substitution information. Projections based on 

as little as 1 per cent substitution can often provide a reasonable indi

cation of future substitution rates, while at 20 per cent substitution, 

projections are normally quite accurate, if properly analyzed.

Ur more value, and considerably more difficulty, are projections of
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the rates of substitutions that have not yet begun. In these cases, one 

must examine the nature of substitution in a given industry and, based on 

regression analysis of a set of previous, similar substitutions, develop 

an industry-specific substitution formula. This formula can then be 

applied to project rates of substitution of new technologies for old, 

even though no substitution for the old technology has yet occurred.

Unly limited research into "zero" substitution projections has been under

taken to date.

When properly utilized, substitution analysis can be very useful in 

planning how to efficiently and profitably employ new technical advances.

By using substitution analysis one can forecast the market share the new 

technology will capture over time and, by comparing this with the total 

market, forecast the size of the market the new technology will serve.

This can be valuable information for planning production, marketing and 

support activities, both for those engaged in the new technology and those 

engaged in the old. Since the market takeover probably will be tied to 

product improvement, the information can also serve to assist in planning 

R & U scheduling and funding. In fact, awareness of the growth rate of the 

new technology may clarify K & U needs for improving the older one.

It should be noted that in an expanding market it may be difficult 

for managers to appreciate the potential impact of a new technology on an 

older one. It can be shown mathematically that in a market growing at 

15 per cent per year, 60 per cent of the time required for total substi

tution will have passed before sales of the old technology decrease from 

their value at the time substitution began [2]. Use of substitution 

analysis, on the other hand, highlights dramatically the potential signi

ficance of the new technology. It might also be noted that in most cases
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a new technology enters the market place at a severe disadvantage vis- 

a-vis the old one. Invested capital, trained work force, user familiar

ity, sales organization and many other factors —  all favor the old 

technology. Thus, the capture of a significant market share by the 

new technology indicates that the new technology has major competi

tive advantages and, typically, signifies that complete substitution 

will occur, txperience indicates that a substitution of about b per

cent provides a strong indication of forthcoming market dominance.

4. Delphi surveys. In any ongoing, technically oriented company 

there resides an imposing reservoir of technical talent, experience and 

training -- scientists, engineers, salespeople, technicians, etc. A 

well-formulated TF program will take advantage of the knowledge and 

wisdom of this collection of experts. Since the contribution of any 

single expert will be colored by personal biases and limited by the scope 

of the individual's experience base, it is often desirable to gather in

put from a group of experts. This can be accomplished by the formation 

of a committee. Although committees can be very valuable in TF efforts, 

there are social dynamics embedded in even the best organized committees 

which limit their value. Uften, the ideas of people with a yreat deal 

of insight and information either are not presented or else not properly 

considered. To take advantage of the capabilities available in a 

collection of experts, while minimizing the limitations imposed by 

committee dynamics, a number of special expert opinion techniques have 

been developed. One of the most widely known of these techniques is 

the Delphi survey, originated and developed by the Rand Corporation.

Since the original Rand Delphi study, conducted for the Air Force in 

the early 1950's, hundreds of government, industrial and private Delphi
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surveys have been conducted throughout the world. During this time many 

variations of the basic Delphi process have been generated. However, 

any predictive Delphi should have the following characteristics: origi

nal input of opinion by experts; idea feedback procedures; and a stan

dardized display of results. In most Delphi surveys each participant's 

estimates and comments remain anonymous to other participants.

One formulation of the Delphi procedure involves four specific 

rounds. In the first round the experts are asked to estimate when they 

expect each of a number of events to occur (or other similar quanti

tatively oriented question). When answers are received they are tabu

lated, and, in Round 2, sent to respondents who are requested to recon

sider their original projections. Respondents whose Round 2 answers 

fall in the upper or lower Round 1 quartiles are requested to provide 

reasons for their estimates. In the third round respondents are sent 

the retabulated totals, together with the non-attributed comments 

gathered in Round 2. Respondents are requested to once again consider 

their previous projections and are invited to add comments, if desired.

For the final round the person conducting the survey retabulates and 

distributes all projections and comments.

Although the conduct of a Delphi study appears simple, successful 

use of the technique for TF purposes presents a number of serious chal

lenges such as (1) choosing appropriate and useful questions; (2) wording 

questions so they are neither ambiguous nor leading; (3) selecting and 

attracting a panel of diverse and knowledgeable experts; (4) maintaining 

the interest of panelists throughout the survey (which may take several 

months to complete); and (5) utilizing the results of the survey 

effectively.

The results of a Delphi survey may be useful to the decision maker
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in a number of ways. The mean value of estimates gives the decision 

maker a projection of when a given technical development may be expected 

to occur, while the spread of these values can give him or her an indi

cation of the degree of agreement between experts. The survey may also 

be used to compare the estimates of one group of participants with other 

groups. For example, projections of management, the sales force, engi

neers and outside experts could be compared. Where major differences 

exist, further study would be advised to uncover differences in perception, 

information or analysis.

Often the most valuable result of a Delphi survey is the identifi

cation of new views of technical realities. A person knowledgeable in 

a given field who maintains a non-consensus position throughout a Delphi 

survey may have unusual insights, ideas or information. These may be 

expressed in the written comments in the Delphi survey, or they may be 

more effectively elicited by personal interview.

As mentioned earlier a number or variations of the Delphi survey have 

been developed over the past three decades. Many of these may enhance the 

utility of the techniques in certain situations. For example, the Consensor 

[31, a device which displays estimates of a gathered panel immediately on a 

television type screen, has been used successfully to speed arrival at 

a consensus and to encourage focused discussion.

5. 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. As opposed to procedures for free-form interviews, 

subject introduction techniques, sequence and nature of questions, dis

cussion procedures and all administration details are standardized prior

23



to initiation of project. The interviewer yoes from one participant to 

the next adding each interview's results to the data base for the next 

interview. When all interviews have been conducted, feedback is normally 

corrpleted by telephone or written communication with earlier participants. 

Although structured interviews, properly conducted, can provide a great 

deal of useful insight and information, they require reasonably knowledge

able interviewers and a great deal of time and effort.

6. Nominal group (NG) conferencing [A] is another technique designed 

to improve the use of expert opinion. It is most effective when a small 

panel of experts, five to seven, are available for approximately one-half 

day. An NG conference is normally conducted in five phases. First, the 

moderator explains how the conference will be conducted, details its 

objectives and presents the panel with a question or problem. Next, 

the panel silently considers the question or problem for approximately 

twenty minutes and lists as many feasible solutions as possible. In 

the third phase each panelist, in turn, writes one solution on a black

board or large sheet of paper. This is done silently and all panelists 

read each solution as it is posted. After each panel member has written 

one solution, the process is repeated with each person listing a second 

solution. This procedure is continued until all solutions have been 

posted. When this is completed the discussion phase begins. The 

moderator reads each solution and encourages explanations, expansion 

and discussion. During this discussion, posted solutions may be combined, 

modified, subdivided, etc., and new solutions may be added. In this phase 

of the conference active participation by all panel members is encouraged. 

When discussions have run their course, the final, scoring phase is begun. 

Each panelist is asked to rate each of the solutions on a formal basis.
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Possible rating schemes include rank ordering, numerical ordering by 

importance, or selection of five most important solutions. The exact 

ratiny system utilized will depend on how the results will be used.

Experience has shown that NG conferencing can be a very useful tool 

for eliciting potential and imaginative ideas from a group of experts.

The method almost assures that all members actively participate in the 

conference and minimizes many of the social dynamic problems associated 

with committee meetings. Often, it is useful to conduct a series of NG 

sessions on the same subject matter and analyze differences and similari

ties in results. Sometimes, certain panel members are uncomfortable with 

the silent phase of NG conferencing, but this discomfort can be alleviated 

by careful prior explanation and by personal experience in NG sessions.

C. Normative (goal-oriented) forecasting

While projective forecasting focuses on understanding the past, 

normative (or goal-oriented) TF is based on the assumption that future 

technology development will be driven by future needs. It assumes that 

as future needs are perceived, society will make available sufficient 

funds, facilities and people to develop means of satisfying those needs. 

Thus, if one can identify the perceived needs of society, or a significant 

portion of that society, in three, five or ten years in the future, one 

will be able to reasonably forecast the technologies that will be developed 

to satisfy those needs. Difficulties exist, however, with this approach. 

The perceived needs of a society in the future will depend on the value 

systems existant at that future time, which will probably be different 

from present value systems; there may be many different means, both tech

nical and non-technical, for satisfying the identified needs; the number 

of significant needs that can be identified will normally for outmatch
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the number of technical development programs that any organization can 

undertake. Thus, the practical use of normative forecasting in TF in

volves three tasks: (1) identifying societal needs; (2) identifying 

technologies that satisfy those needs; and (3) selecting those new 

technologies that best coincide with the organization's goals, capabi

lities and coiryetitive status. Many techniques are available for 

accomplishing each of these tasks. For example, societal needs could 

be identified by polling, by market surveys, by study of changing demo

graphic and economic patterns. In this section four techniques will be 

discussed, each of which has been used extensively in practical TF pro

jects. Two of these techniques relate primarily to the first task 

listed and one each to the other two. However, each of those methods 

is quite versatile and can be applied in several other contexts.

1 . An impact wheel [5] is a technique for using a panel of experts 

to identify higher order, often non-obvious, impacts and implications of 

selected decisions or developments. Use of the technique starts with the 

specification of an event, trend, technical advance, or societal 

development which one wishes to analyze. This item is placed in a circle 

at the center of a large piece of paper. The panel is then asked to 

identify the direct consequences of the occurence of this central item. 

These consequences are recorded in a series of circles surrounding the 

base circle. Each of these circles are joined to the base circle by a 

single line. Once five to seven direct consequences are identified, the 

panel is asked to suggest possible implications that might arise from 

each of these first order consequences. These suggestions are also 

recorded in circles which are, in turn, joined to appropriate first order
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consequence circles by a double line to indicate that they are second 

order consequences. This process is continued for third and higher order 

consequences to the extent that it is useful. The procedure can probably 

be best described by illustration. Figure 5 represents an impact wheel 

similar to one developed by a telephone company to suggest means for 

dealing with increased vandalism of public pay telephones. This problem 

was placed in the center circle. Panel members were first asked to suggest, 

general solutions to the problem; then, specific solutions; and finally, 

associated implications. For example, one general approach was to use 

better materials. Specific categories of materials suggested included 

those that were stronger, those that were cheaper and those that were 

more elastic. Use of stronger materials implied increased R & D 

requirements and increased cost of phones, which, in turn, might result 

in a higher cost of phone service.

The use of this technique will not give a complete set of impacts. 

However, experience has shewn that it can be a very potent means of 

identifying unexpected or easily overlooked opportunities, problems and 

interrelationships. It is often useful to have more than one group 

examine the same propositions and compare results. A higher order 

implication that appears repetitively may hold particular signifi

cance for the organization.

Normally four to six people, plus a moderator, make a proper size 

group for conducting an impact wneel analysis. Analyses usually require 

twenty to thirty minutes, and a given group can complete about three or 

four analyses before fatigue decreases the value of the technique. When 

properly conducted they can be used to identify both potential future 

needs and means for meeting those needs.
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2. tlorphological analysi s As indicated earlier, most new technlogies 

grow out of a desire to perform some technical function more efficiently 

or economically. However, in most modern equipment and systems, many 

subordinate functions are involved in the accomplishment of the overall 

function. Automobiles, telephones, manufacturing facilities, office 

copiers, and computers represent assemblies of subordinate technologies, 

each of which performs its own unique role. In morphological analysis 

the forecaster determines what the major subordinate functions are; 

identifies the methods that are being used in present systems to accom

plish those functions; identifies alternate means of accomplishing 

each function; and examines different ways of combining the subordinate 

technologies to suggest innovative approaches to accomplishing the basic 

functions of the overall system.

Morphological analyses are normally conducted using a structured 

format. Figure 6 shows an example of how this technique could be used to 

assist in the design of the housing system for a new appliance. In the 

left column are listed the basic elements of the system, and opposite each 

are listed a number of alternate materials or processes which could be used 

to provide that element. (Note that there is no commonality among items 

in a given column, i.e., this is not a true matrix array). An individual 

using the morphological analysis to suggest possible new products or pro

cesses would select one element from each row to identify both present and 

feasible alternative combinations.

Experience has shown that this technique is quite useful in spurring 

imaginative ideas about new ways of meeting both existing and postulated 

future needs. It can also be a valuable device for defensive forecasting 

(i.e., for providing insights into competing products or processes that 

might be under development). The history of technology is replete with
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examples of different people or organizations simultaneously developing 

either the same technology or different technologies to accomplish the same 

functions. Thus, in evaluating an organization's own technology, cognizance 

should be taken of possible parallel development. This is a task for which 

morphological analysis can be quite useful.

It might be noted that most technical advance takes place in incre

mental steps. Hence, one would surmise that successful new technologies 

represent changes in one or, at most, two subordinate elements. When all 

or many of the elements are changed simultaneously, a dramatically differ

ent technology is indicated. This provides a major opportunity for profit 

or operational advantage. It may also offer a large possibility for failure, 

delay and unexpected costs.

3. Kelevance trees For the results of a normative TF to be applied, 

the organization must select those technologies which coincide with its 

objectives and capabilities. One device for assistance in this selection 

process is the relevance tree technique. The basic principle of this metho

dology is the division of the relevant elements of a decision into increasingly 

smaller conponents; to establish formal criteria for specifying the relative 

importance of each component; to assign numerical values for each component 

and criteria; to quantitatively rate alternate technical solutions against 

each criteria and component; and, to combine individual rating to give new 

insights on the overall decision.

Figure 7 illustrates how the methodology can be applied. In this 

case (a modified version of an application by a large manufacturing corp

oration), the company wished to develop a means for intelligently applying 

K & U resources. To begin with, they assiyned a value of l.U to the over

all K & u program. They next divided this value among its six major
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divisions. The K & ü program of one the these divisions, the Transpor

tation Control (TC) Division, was assigned a value of 0.17. (The total for 

all divisions was, of course, I.Ü.) Within this division, there were two 

departments, a Railroad (RR) Department and an Urban Mass Transit (UMT) 

Departmént. The management assigned relative values of 0.4 and 0.6 to these 

departments. Thus, the relative value of RR signal R & D to the company 

was 0.4 x 0.17 or 0.068 and the value of UMT signal R & D was 0.6 x 0.17 or

0.102. Within each of the three departments were a series of R & D projects. 

Ry chance, each department was involved in research on remote control (RC) 

devices. The RR department assigned RC device R & D a weight of 0.10 of its 

total program, while the UMT department assigned a weight of 0.20. Thus, the 

value of the individual projects were 0.0068 and 0.0204 respectively. Note 

that this procedure accomplished two tasks: it evaluated in quantified 

terms the relative importance of each individual research activity to 

the company as a whole; and it identified similar activities in different 

parts of the company, indicating a higher R & D importance than any 

individual department might realize. Once an analysis of this type is 

completed the organization might be well advised to compare its assess

ment of the R & D program with actual R & D program allocations to de

termine if the existing program reflects the management evaluation of 

relative program importance.

In reviewing this simplified example, one may be struck by the 

arbitrariness of value assignments. In actual usage, criteria are 

normally established for each weighting step. For example, in deter

mining the weightings for divisional R & D departments, criteria might 

include such items as potential future sales, size of organization, 

maturity of product lines, new competitive threats. After evaluation 

criteria have been identified, they are given relative weightings and
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each activity is rated against each criteria. The sum of the ratings 

of each department against each criteria provides the basis for the 

assignment of a total value for the division's R & 0 effort.

Although many-leveled relevance trees have been developed and 

used by some organizations, most groups have found that breakdowns 

beyond three or four levels are not normally very useful. Both the 

advantages and disadvantages of the method lie in its simplicity.

A useful tree can often be developed in two or three hours. However, 

input data is basically subjective, and, thus, precise numerical 

results are suspect. Often, the most important outcome of relevance 

tree application is the clarification of relationships between fac

tors and identification of areas requiring more careful study. Where 

a number of possible projects are being considered, the relevance tree 

approach may permit early elimination of the least promising projects.

This may allow more time and effort to be applied to formal cost/benefit 

analyses of the other projects.

U. integrative techniques

Most of the techniques presented earlier in this paper involve pro

jections of developments in a single technology or a small group of tech

nologies. However, it is obvious that technical advance does not take 

place in a vacuum. New technologies are often triggered or accelerated by 

advances in an entirely different technology —  a new steel production 

method (the Basic Oxygen Furnace) was made practical by the development 

of a low-cost method for producing oxygen; jet engines were made practical 

by advances in metallurgy; computer development has gone arm-in-arm with 

the development first of transistors and, later, integrated circuits. 

Technical advance is also often enhanced or deterred by non-technical
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factors —  development of wireless telegraphy was speeded by the sinking 

of the Titanic; nuclear power employment has been delayed by adverse public 

opinion; reduction in automobile size paralled increased oil prices.

Thus, forecasts about future development of a technology must not only 

take other technical and non-technical developments into account, but 

must also specify and evaluate these relationships. A number of TF 

technologies have been devised for analyzing the impacts of various 

development factors on one another and for presenting decision makers 

with an integrated picture of how technical progress may take place.

Three of these techniques are described in the following paragraphs.

1. Cross impact analysis Although each of the TF methods listed 

in previous subsections takes implicit cognizance of exogenous influences, 

it is necessary, on occasion, to address these influences explicitly. It 

is also apparent that these influences often work in both directions. If 

the occurence of Event A affected the occurence of Event B, then the 

reverse might also be true. One method for taking formal account of such 

interactive effects is the cross impact (Cl) analysis technique.

Typically, Cl analyses begin with an identification of those factors 

which will most significantly affect the technical development being con

sidered or which will be most affected by the development. These effects 

might include a change in the probability of the event occuriny, of the 

time of its occurence, or of the significance of the development. Once 

the factors to be considered are determined, they are arranged in a matrix 

format with the basic technical development and the other factors arranged 

in the left hand column of the matrix and the same arrangement used to 

form an equal number of columns at the top. (See Figure 8. This matrix 

is a simulation of an analysis conducted by a major chemical company.)
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The people conducting the analysis complete the matrix by placing in each 

box a notation of the effect of the occurence of each element in the left 

hand column on each of the other elements of the matrix. Thus, the effect 

listed in the fourth column of row three would be the impact of event 3's 

occurring on event 4. When the matrix is completed, all interactions (i.e., 

all cross impacts) will have been recorded.

The notation used to describe the nature and extent of cross impacts 

differs according to purpose, practitioner and preference. In some cases, 

a simple indication of increase, decrease or no effect will suffice. In 

other cases, detailed numerical estimates may be desired. On occasion, 

users may design separate matrices to estimate effects on probability, timing 

and impact. Opinions of the most appropriate notational scheme vary among 

practitioners. Some feel that the primary value of a Cl analysis is the 

general insight that arises from articulating the cross impacts and con

sidering the nature of such interactions. Analyses for these purposes 

involve relatively few factors (four to eight). Other practioners place 

more importance on the numerical relationships between elements, and hence 

take more care in assigning specific numbers to each interaction.

In order to simultaneously consider a large number of interactions, 

mathematical formulae relating events are often developed. With appro

priate input data, these formulae result in projections which take into 

account all included factors. Since solution of the relevant equations 

may be difficult, computers are often used. A number of programs have 

been developed for use in Cl analysis and many of these perform special 

functions. For example, one allows analysts to introduce personal decisions 

into the model as it progresses through time [6]. Another analyzes in 

detail the impacts of specific events on various trends, giving considera-
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tion to such factors as delays in the start of impact, transitional 

nature of impacts, times for trend to smooth after event occurrence, etc.

[7]. With proper computer support the number of elements that can be 

included is essentially unlimited. However, practical considerations 

relating to the generation and maintenance of reliable input data usually

restrict the number of elements to about 20.

Cross impact analysis can be a very effective method for examining 

the probability that a technical development will be affected by exogenous 

factors. Thus, it can provide a basis for a targeted surveillance program. 

When probabilistic considerations are integrated into the analyses, Cl results 

can be used for the generation of scenarios. Often, it is found that in 

making implicit assumptions explicit, material errors in logic are uncovered. 

Moreover, experience has shown that the development of the matrix may in 

itself serve as a valuable communication tool.

2. Scenarios One method of examining and presenting the interactions 

between projections of a number of technical and non-technical factors is 

to combine them into an integrated description of the future. Such descrip

tions are often referred to as "scenarios" and are quite useful in technology 

planning. Since a scenario presents a multifaceted portrait of the future, 

it allows more realistic consideration of “real world" situations and adds 

both breadth and depth to decisions about future operations. Moreover, 

because of its "story" orientation, it often allows the organization to 

consider alternative futures in a serious, but non-threatening manner. In 

fact, many organizations in recent years have found it useful to employ a 

series of alternate futures (usually 2 to 4) to encourage the development 

of more flexible plans.

One of the most important steps in the development of scenarios is
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the selection of one or more themes to be considered. Normally, when a 

sinyle scenario is used, the people preparing the scenario will employ 

a series of most likely single factor projections to develop a "most 

likely scenario." If alternate scenarios are developed, themes can be 

chosen that will cause organizational planners to consider various 

exogenous developments which might materially affect the organization.

(In practice, the most commonly used alternate scenario themes are 

"optimistic" and "pessimistic" ones. These are often not very use

ful because they do not require focusing on specific potential problems.)

A number of methods are available for preparing scenarios. Regard

less of the method of generation employed, however, scenarios should be 

plausible, self-consistent, relevant, thought-provoking and appropriately 

comprehensive. When alternate scenarios are used, the scenarios should be 

similar in format and scope, and sufficiently different to evoke alterna

tive planning considerations.

Although computer programs and specialists in scenarios preparation 

can be useful in prepariny scenarios, usually organizational personnel 

can develop scenarios that assist in the planning process [8]. The first 

step is to select factors to be considered in the scenario, to determine 

the present status of each factor and project how this factor is most 

likely to change in the future. Experience has shown that the selection 

of factors can often be best accomplished in a series of steps. First, 

broad "areas of interest" that need to be considered in the planning pro

cess are determined. The nature of these areas of interest depend on the 

particular organization involved. Next, those factors within each area 

of interest which might be significant to the organization are listed.

This list of factors will typically be too large for detailed consider-
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ation, and therefore the factors list must be reduced to a manageable size. 

(The number of factors to be included is dependent on the circumstances in

volved; however, 40-80 has proven to be a reasonable range for both manage

ability and comprehensiveness.)

The next step in scenario development is to assemble the factors into 

related groups. This grouping not only simplifies the examination of factor 

interrelations, but also makes it easier for scenario readers to absorb the 

large volume of information contained in most scenarios. Once factors are 

grouped, the present status of each factor is defined, and projections are 

made of how each factor is most likely to change in the future. When these 

projections have been completed, the individual projections are compared; 

inconsistencies, contradictions and unreasonable developments are identified 

and resolved. The sum of the individual “most likely" factor projections 

form the basis for the most likely scenario. Normally, projections are 

expressed in quantitative terms, and it is often desirable to translate 

them into a narrative format to make the scenarios more interesting and 

understandable to the people who will use them.

If alternate scenarios are to be developed, a theme must be chosen for 

each. Once themes have been determined, the people preparing the scenarios 

re-examine the original factor projections to see how each might be changed 

if the future suggested by each alternate theme were to occur. Each set of 

new factor projections, once examined for internal consistency, serves as 

a guide for preparing an alternate scenario based on the chosen theme.

When all scenarios are completed, they must be checked for consistency, 

clarity and completeness and organized into a format for practical use.

It will be noted that the type of scenarios described above involve 

exogenous events and circumstances over which the organization has little 

or no control. Organizational decisions are not described in these sce
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narios. These scenarios present the organization with a set of constraints 

within which planning must be accomplished. (Other types of scenarios can 

be developed for other purposes.) Thus, development of the scenario(s) 

is the first step in the planning process. Where alternate scenarios are 

used, a separate plan should be developed for each scenario; all plans 

compared for major differences; and an overall plan developed which will 

best accommodate the overall set of scenarios, giving due weight to the 

relative probability of occurrence of each scenario.

The use of alternate scenarios in planning can involve considerable 

expenditure of time and effort. However, experience has shown that the 

technique illustrates for planners the importance of flexibile planning; 

serves as an excellent inter-organizational communication tool; provides 

a vehicle for integrating relevant technical and non-technical factors in 

the planning process; provides a basis for an effective monitoring plan; 

and identifies important decisions that will have to be made in the future.

Mathematical Models

Application of most of the TF methods described above can be abetted 

by the use of simple mathematical models. It is also beneficial to utilize 

the power of modern computers to integrate a number of technical and non

technical projections and to take into account the interactions between 

them. Use of appropriate mathematical models and computer simulation may 

allow the consideration of many more factors than might otherwise be pos

sible and may also permit the planner to test the implications of different 

organizational programs and strategies.

Major mathematical models being used today fall in two general 

categories —  feedback models and progression models. Feedback models 

take into account that, in ongoing systems, successor events often result
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in changes 1n precursor events. For example, if the price of a product 

increases, there will be a tendency for manufacturers to produce more of 

that product. This increase will cause greater marketplace competition 

which,, in turn, may cause price decreases.

In using this type of model one first constructs a network of events 

which indicates significant interrelationships. Next, values are determined 

to quantitatively describe these interrelationships. These values might 

include degree of impact, time until impact, and duration of impact. When 

the model is completed, starting values are assigned to important parameters. 

The system is then simulated as the model progresses through time to deter

mine how these parameters change. Different assumptions or strategies 

can be tested by changing input values. Probably the best known of the feed

back models are the System Dynamics models developed by Dr. Jay Forrester and 

his associates [9].

In progression models, feed-back causalities are not normally specified; 

occurrence of an event in the model affects only subsequent events. Develop

ment of this model is similar to development of feed-back models. The prac- 

tioner determines tasks that must be accomplished, various means of accom

plishing these tasks, and the relationships between tasks and means of 

accomplishment. These interrelationships are defined in a system network, 

and appropriate values are assigned to indicate the time required to accomplish 

each task and the probability of accomplishment. (Progression models are 

normally probabilistic.) Once the model has been completed, the system is 

simulated a specified number of times, and the probability of accomplishing 

the overall goal and the best means for accomplishment are determined. The 

GERTS computer program series, developed by Dr. Alan Pritsher, 1s a well-known 

example of progression models [10}. These models serve as a foundation for
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the Partitive Analytical Forecasting (PAF) technique for analyzing the impact 

of various administrative and funding strategies on technology development [1 1 ].

As indicated above, the use of mathematical models can greatly expand 

the amount of data analyzed in making a TF. However, there are a number of 

factors that should also be considered in using the modeling technique.

First, the development and use of the model are typically expensive and 

time consuming. The final product of model use is information which may 

assist in decision making. One should carefully consider the potential 

value of the information in relation to its cost. Second, the model is 

a representation of the system; not the system itself. If the model does 

not reflect the real system, inappropriate information may be generated.

Third, with complex systems, updating of data can be a serious and expen

sive problem. This often causes the use of out-of-date data with unfor

tunate results. Finally, there is sometimes a tendency to associate better 

models with improved precision. This is a false association since precision 

and the future are incompatible terms. It is far better to be approximately 

right than precisely wrong.

IV. APPLICATION OF TF TECHNOLOGIES

In this section the use of various TF techniques to address specific 

organizational problems is discussed. For the most part, the applications 

suggested reflect practical situations intended to illustrate how TF efforts 

can be tailored to meet specific needs and requirements. There are many 

other ways in which TF efforts can contribute to effective technology 

management, and in practice the TF techniques described in Section III 

can be tailored to contribute to a wide range of technology management 

activities.
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The TF effort should be structured to meet the specific organizational 

needs. However, there are three general rules that should influence the 

choice of TF approaches: (1) the primary purpose of a TF project is to

provide information to assist in the decision-making process, therefore 

the project should be designed to provide the information needed;

(2) to be useful, the results of the TF must be accepted by key decision 

makers. Each decision maker will be more comfortable with certain TF 

methods; therefore, the view points of those who will act on the TF 

results should be considered in choosing the techniques; (3) it is 

almost always desirable to combine TF techniques in making a forecast; 

an eclectic TF approach not only adds breadth and depth to the forecast, 

but also increases its credibility and the probability of acceptance.

A. Projection of the rate at which new technologies will substitute for 

older ones. Two of the most potent techniques for projecting the rate 

of substitution of one technology for another are precursor trend corre

lation and substitution analysis. Precursor trend correlation focuses on 

critical characteristics of both the new technology and the market by 

which it will presumably be adopted. Once these characteristics are defined, 

a search is made for analogous technology/market combinations where adoption 

of the analogous technology has been completed or is well underway. If the 

analogy is sound, the rate of adoption of the new technology can be predicted 

quite accurately by correlation to the adoption trend of the precursor analo

gous technology.

As indicated in Section II, substitution analysis techniques are based 

on the observation that substitution rates often follow rather simple mathe

matic equations (most notably the Fisher-Pry formula). Thus, once substi

tution has begun, one can use the data describing substitution-to-date to
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determine formula parameters and forecast future substitution by calculation 

or, more often, by graphic extrapolation. If substitution has not begun, 

one can examine the nature of substitution in the relevant industry and, 

based on regression analysis of a set of previous substitutions, develop an 

industry-specific substitution formula. This formula can then be applied to 

project rates of substitution of a new technology for an older one.

A special problem is presented when replacement of the new technology 

by a still newer one begins before substitution for the older one is 

complete. Several approaches for solving this problem have been presented 

by TF practitioners. However, the author has found the most useful tech

nique is to forecast the rate of substitution of both new technologies for 

the old, and the rate of substitution of the newest for the older two. One 

can then subtract the second from the first to determine the market share 

of the intermediate technology at any point in time.

In analyzing substitution dynamics, other TF techniques can be used 

to support projections developed by the two methods listed above. Delphi 

surveys and other expert opinion methods can be used to indicate how indi

viduals involved in marketing, production, finance, service support and 

engineering foresee future substitution, while cross impact and scenario 

techniques can be used to identify and evaluate factors which might influ

ence technological substitution rates, because of the importance of sub

stitution rates to the organization, managers and planners may wish to 

establish tracking projects to follow how well actual substitution 

rates correspond to projected rates.

41



Vfc

B. Assistance in the management of technical research and development 

programs. Although there are many contributions that a TF program can 

make to successful R & D program management, two of the most important 

are assistance in setting appropriate R & D goals and effective alloca

tion of R & D funds, facilities, and personnel. The projective 

techniques, especially trend extrapolation, can be particularly useful 

in setting goals and in managing programs to meet these goals. Trend 

analysis can be used to examine how technical parameters have changed in 

the past and to project the rate at which they will change in the future.

One of the most important steps in successful trend analysis involves the 

selection of the parameters to be analyzed. Often, it is desirable to 

combine parameters for extrapolation. For example, passenger miles per 

dollar per hour might be a better measure of progress in transport aircraft 

than any of the parameters taken separately. It is also useful to examine 

a number of trends simultaneously to identify correlations or discrepancies. 

The projection of each trend will often highlight significant R & D ques

tions: What factors have driven changes in the past and will such 

factors continue to be significant? What commitments will be necessary to 

reach the progress projected? And, will new technologies be required to 

continue past progress? If historical data on industry or competitor R & D 

progress are available, these may be used to define a trend which, when 

extrapolated, will give the R & D manager a baseline against which to 

compare in-house progress.

Delphi surveys can be easily structured to determine how knowledgeable 

people foresee future developments. Such surveys can be used to examine 

how advances projected by trend extrapolation can be accomplished. Delphi 

surveys can also be used to identify different perceptions of technical 

advance by different groups within or outside the organization. The
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two techniques, trend extropolation and Delphi, can often be used in concert 

to provide a great deal of useful information and insight.

In most organizations, the number of attractive R & D projects far ex

ceeds the number that can be supported. Decisions involving resource allo

cation are normally quite difficult because of the number of projects and 

relevant decision parameters involved. In making such decisions the use of 

the relevance tree technique has often proved valuable. This technique 

allows complex decisions to be disaggregated into a series of more simple 

ones. It also calls for specific identification and evaluation of the cri

teria on which decisions should be based. The value of the relevance tree 

technique may lie both in the numerical ratings assigned each project and 

in the insights gained in the development of the trees.

When the R & D programs are relatively complex, mathematical models 

can assist in the analysis of R & D programs, since they allow the 

simultaneous consideration of a great deal of data and perception. Such 

techniques as Partitive Analytical Forecasting (PAF) allow the decision 

maker to analyze the effects of different assumptions and decisions on the 

overall program and identify areas where additional resources can sig

nificantly expedite the program or where resources can be decreased with 

little adverse impact.

Other TF methods can, of course, assist in technical R & D management. 

Continuing monitoring activities help alert the manager to pertinent 

developments by other organizations. Precursor trends, such as historic 

times from laboratory demonstrations to market introduction, can be used to 

corroborate trend forecasts. Structured interviews and nominal group confer

encing can serve as additional means of eliciting and testing expert opinion, 

and cross impact and scenario techniques can be utilized to examine how R & D 

programs may be impacted by exogenous events.
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C. Evaluation of the present value of technology under development.

The basic questions involved 1n this task are: (1) How soon and at

what cost can the technology be commercialized or made operational?

(2) What is the size of the market and schedule for market takeover? and

(3) How will the profitability of the technology be affected by competing 

new technologies or nontechnical factors? The first of these questions 

is essentially a restatement of the task discussed in subsection IV B. 

Hence, the techniques listed therein may be effectively applied. Deter

mination of the market size involves a study of the functions the new 

technology might serve, and thus the market segment it might take over.

The rate of substitution can be projected as described in Subsection IV A. 

Standard market analysis techniques can be used to determine potential 

market size; however, other techniques may be needed to define the mar

kets for truly innovative technologies.

The identification and evaluation of competing technologies is a 

subset of the tasks described in Subsection IV D and are described 

therein. Analysis of the impact of non-technical factors can best be 

undertaken by use of the three integrative techniques: cross impact 

analysis, scenarios, and mathematical models.

In appraising the value of a new technology, stress will normally be 

placed on quantifying in monetary terms a number of concepts not normally 

viewed in this manner. For example, the present value of the technology 

must obviously take into account its future profitability. However, that 

profitability must be discounted not only by-future development and market 

ing cost, but also by the interest and opportunity costs foregone during 

the development period. Thus, two bodies of knowledge not normally 

associated with technology forecasting might be utilized: auditing techno
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logies and licensing technologies. In assessing the true present value of 

a technology, one approach would be to determine how much, at the present 

time, the technology could be sold for and how much the organization itself 

would pay to acquire the technology, if it did not have it. The combina

tion of licensing, auditing, and technology forecasting techniques can 

provide a powerful means for determining the true present value of a deve

loping technology.

D. Identification and evaluation of new products or processes that may 

present the organization with new opportunities and/or threats.

Normally, tasks of this type are the most difficult for the forecaster 

to accomplish because they involve technologies about which the organiza

tion has the least information and over which it has the least control.

Well designed and conducted scanning and monitoring programs are essential 

to a successful new technology identification program. Trend extrapolation 

may also be a useful device; when a trend analysis projects advances which 

present technologies cannot reasonably be expected to meet, one is incited 

to search for new technologies which could maintain the historic rate of 

progress. Delphi surveys can be structured to provide corraboration of 

ideas suggested by other techniques.

As would be expected, normative forecasting methods are very 

productive in problems of this type. The author has found a combination 

of three techniques to be especially effective in this regard - nominal 

group conferencing, morphological analysis and impact wheels. First, 

nominal group conference is used to suggest future societal and industrial 

needs, as well as new technologies for meeting these needs. Because of 

the nature of the technique, the ideas elicited are normally more-or-less 

random and non-associated. Therefore, at the end of the conference, the
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moderator and conference group seek to classify the ideas presented 

into general categories. A morphological matrix is then formulated to 

expand each category. When the category is completed the matrix is 

examined to identify both new individual technologies of interest and 

new combinations of technologies. Finally, selected technologies or 

combinations are examined using impact wheels to reveal unexpected impli

cations or to suggest additional new technology candidates.

A related approach to the identification of possible new products and 

processes is to examine present technologies to pin-point the components 

or characteristics that are presently constraining performance. The tech

nique discussed before can then be used to recommend specific technical areas

for more intensive study.

A company with multiple product lines, or one which relies on multiple 

productive processes, may benefit handsomely from the use of cross-impact 

analyses. Of course, the opportunities and threats to which an organi

zation is exposed often orginate in technical or social trends outside 

the organization’s immediate operating environment. Cross impact analysis 

is a proven method for organizing and considering the interrelationships 

among seemingly disparate events; as mentioned, this technique requires a 

larger manpower commitment than many TF techniques, and therefore may 

not be justified except when the information developed bears on multiple 

products or processes.

E. Analysis of new technical developments that might change organizational 

strategies or operations.

The nature of this task is almost the opposite of that discussed in 

the previous subsection. In this case the forecaster will normally know 

a great deal about the technologies involved and will often have access to
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additional information if needed. The task here is more to assess new 
technologies rather than to discover them, and almost any of the tech

niques listed in Section III can be well utilized. Surveillance and 

projective technqiues can be used to analyze future advances in the 

areas of technology being investigated and the integrative techniques 

can be used to evaluate the advantages and disadvantages of each tech

nology in meeting the organization's need.

The author has found the nominal group - morphological matrix - 

impact wheel combination described in Subsection IV D to also be useful in 

the analysis of internal use of new technologies. A nominal group confer

ence is used to clarify the functions the new technology is expected to 

perform and the manner in which these functions will be accomplished. A 

morphological matrix is then used to identify other means of accomplishing 

these functions, and impact wheels are used to identify changes in operating 

procedures, support requirements, and performance parameters that can be 

expected if the new technology is adapted.

V. INITIATING, CONDUCTING, AND UTILIZING A TECHNOLOGY FORECASTING PROGRAM.

In this section some thoughts will be offered on how the ideas 

discussed in the previous sections can be translated into effective instru

ments to assist in the organization's management of its technology assets. 

These thoughts are divided into four parts: (1) suggestions on how a TF pro

gram can be initiated; (2) a discussion of different approaches to the con

duct of a TF project; (3) a listing of items to be considered in TF project 

planning; and (4) general comments about how the effectiveness of TF efforts 

can be improved. (In the context of this section the term "program" is used 

to indicate a continuing TF effort while the term "project" is used to des

cribe a single, time-limited TF study.)
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A. . Initiating a TF program.

The first step in initiating a TF program is for the people who will 

conduct, manage and use the results of the program to convince themselves 

of the validity of TF in their particular organization and industry. The 

author suggests that, those contemplating use of TF first conduct a series of 

simple tasks to determine potential applicability of TF to their situation.

* Plot on semi log paper the development of a few technical parameters 
of interest to you to see if exponential development has actually 
occurred as described in this chapter.

* Choose a technical product or process which has essentially 
replaced an older one in your industry and plot the rate of 
market penetration using substitution theory techniques. See 
if the actual substitution rate followed the rate that would 
have been projected early in the substitution process.

* Pick a technical area which is important to you and about which 
you have a fair knowledge. Ask a number of people with whom 
you work to send you a copy of any relevant information they 
run across. Also collect any information you see. At the end 
of two weeks, review the collection and determine if you have 
received new information, insights or perceptions which you 
might not have received otherwise.

* Choose one or more developments which have not taken place, but 
which may occur in the next five years. Prepare a five question- 
two round Delphi survey to determine when others believe the 
development will come about. Examine the answers to see if you 
have gained any useful insights about the development.

Following this somewhat casual test of TF validity, a slightly more 

formal test is in order. For this test the following actions are suggested.

* Choose an area in which you will be required to make a 
decision in the near future and about which you would 
like more information.

* Choose at least two TF techniques which you feel might 
provide information that will be useful to you in making 
this decision.

* Apply these methods to the problem and examine results.

* Analyze whether the TF input assisted in your decision 
making process and, if so, did the assistance justify 
the effort.
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If the results of these tests indicate that a TF program would 

provide information and useful insights to the organization, the people 

to be involved in the program should seek to expand their knowledge of 

TF concepts, techniques and application opportunities. A number of books 

and periodicals are available which cover these subjects [12] and atten

dance at formal training courses [13] might be considered. However, the 

most effective training will be the conduct and analysis of "real world" 

TFs.

A major aid in beginning a TF program is the establishment of a 

TF information network. This network should involve people both inside 

and outside the organization who have knowledge and interest in TF, as 

well as people who have information and experience in specific technolo

gies of interest to the practitioner. Personal vists, phone calls, and 

periodic short memoranda can foster the development of a responsive, 

informative, and reliable TF network.

When there is sufficient interest and capability in the organization 

to undertake a formal TF activity, a simple TF program should be started. 

The following guidelines may be useful in the conduct of such a program:

* Based on previous experience, choose specific objectives which 
you believe a simple TF program might accomplish.

* Develop a fairly short-term program schedule. Specific, appli
cable results should be available in not more than a year.
Three to six months is preferable.

* Prior to starting up the program, establish the criteria for 
judging success.

* Organize a small, informal TF program action group. Two or 
three people working part-time under your supervision is 
probably ideal. Be careful not to let the program become 
overly ambitious too soon.

* Keep careful watch over program efforts and be prepared to 
expand the program if results indicate that this is desirable.
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B# Different approaches to the conduct of a Technology Forecast^

Before one begins the planning of a TF project, considerations should 

be given to the general approach or approaches to be used. Five approaches 

are possible, each based on a primary focus of effort: a single technology, 

needs, areas of technology, technology areas overlap, or technology-need

overlap.

1 , single technology focused approach. This approach is normally 

straight-forward, well-defined and easily organized and managed. It is 

particularly appropriate for small organizations or for TF programs in 

early development stages. In this approach a single technology is chosen 

for analysis. The characteristics which determine how well the technology 

performs its particular functions are identified and patterns of progress 

over time examined (by use of trend extrapolation, for example). Next, 

the forecaster ascertains what factors have either motivated progress or 

have hindered it. These factors are in turn examined to determine the 

extent to which they will continue, or will be modified, or reversed. The 

effect of changes in driving or impeding factors on future technical pro

gress are then analyzed to arrive at a projection of further advance in the 

technology. An example of how this approach might be applied is furnished 

by developments in combat aircraft speed. From World War I until the recent 

past, the speed of such aircraft increased in a regular, exponential manner. 

The primary driving force for this increase was the recognition that greater 

speed afforded a plane an important advantage in air-to-air combat. However, 

in recent years the speeds reached such levels that sustained aircraft combat 

was impractical because of such factors as very large turning radii. Hence, 

increased speed no longer provided a major combat advantage, and the rate of

speed enhancement dropped precipitously.
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2. Needs focused approaches. In using this approach one begins by 

examining changes that are taking place in society or in large sectors of 

society. These changes may be driven by modification in value systems, by 

political or economic developments, by shifts in demographic patterns, or 

by a myriad of similar factors. Since changes in driving issues are typi

cally multifaceted, pervasive and interactive, they must be combined into

an integrated picture of the future. From this picture the forecaster seeks 

to discern the technical capabilities that will be required to meet the 

needs of this future society. The forecaster then investigates means of 

achieving the capabilities required and speculates on specific technolo

gical developments. Finally, the forecaster relates this new technology 

demand to his or her own organization. As an example of this approach, a 

forecaster might note the decreasing size of the entry level work force.

This will undoubtedly cause higher wage levels for such people and increase 

the economic attractiveness of labor saving devices (e.g., robots) in 

monotonous, dangerous, or remote location work situations.

The need focused approach is obviously most suited to longer range 

forecasting and to very large organizations.

3. Area of technology focused approach. In this approach the fore

caster concentrates on a general area of technology rather than a single 

technology. Normally, the area chosen will be one in which major advances 

have taken place in recent times or one in which such advance is expected 

in the future. The breadth of the area chosen will depend on the objec

tive of the TF study. For example, in a typical study one might consider 

the area of new types of materials; a more narrowly scoped study might 

focus on new composite materials, while an even more specialized project 

might concentrate on fiber reinforced plastics. Once the area of focus
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the forecaster will gather all information possible about the chosen area 

of interest and determine: What is the present status of technical

advance? What basic technical principles are involved? How has pro

gress taken place in the past? Who is presently working in the field?

What new technical developments might be reasonably expected in the 

future? Once the forecaster has gained perspectives of future develop

ment in the area, he or she will examine possible impacts on the 

organization's products and the means by which they are produced.

These impacts might include additions to the present product lines, new 

products which might compete with the present product lines, or new pro

duction methods which might give the organization or its competitors a 

market advantage.

4. Technology area overlap focus approach. Examples abound in 

which developments in one technical area stimulated or permitted advances 

in other, only peripherally related areas. The technology area focused 

approach seeks to detect potential surges of technical progress by iden

tifying such symbiotic possibilities. In this approach the forecaster 

chooses a group of technologies or technology areas in which significant 

advances are either taking place or are expected. Then, he or she inves

tigates ways in which development in each area might relieve existing con

straints on each of the other technologies. For example, better under

standing of recombinant UNA processes might make biological memories 

available to the computer industry; less expensive space stations might 

make practical the production of highly pure, regularly structured metals; 

higher temperature superconducting materials might enhance the capabilities 

of realtime robotic systems.

5. Technology-need overlap focused approach. Technical progress can
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be motivated by a desire to develop new technologies to meet identified 

needs or by a conscious effort to find practical uses for technologies 

that have been or are being developed. The technology-need focused 

approach seeks to find technologies in which these motivations coincide.

The forecaster initially examines both evolving needs and emerging tech

nologies or technology areas. He or she then seeks to find special sit

uations where new technologies promise effective solutions for projected 

new needs. The role of the organization in bringing the new technology 

into existence is then analyzed. An example of this approach might be the 

correlation of an increasing population of senior citizens with advances 

in medical treatment for the elderly.

C. Planning a TF project.

Listed below are the major elements that should be included in a 

TF project plan. Although these elements are arranged in roughly sequen

tial order, it is obvious that several of the elements would be considered 

simultaneously or iteratively.

1. Ohjective. The objective of the TF project should be defined in 

clear, concise terms. The new information and insight that the TF is ex

pected to provide should be specifically identified.

2. Schedule. Since the TF is being conducted to assist in decision 

making, final and interim results must be available in time to be useful. 

When TF studies are planned in phases, which is often the case, individual 

phases should be indicated in the schedule.

3. Scope. The TF plan must consider both the breadth of subject areas 

to be considered in the TF study and the resources that will be made availa 

ble to the project.
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4. Approach. Early in the planning process, the approach or approaches

to be used in the project must be determined.

5. project resources. Once the scope and approach of the project have 

been determined, specific assignment of resources should be effected. This 

assignment should include the people to conduct the project, support alloca

tions and, if appropriate, funding parameters. On occasion, the use of 

consulting support, both in the technology area to be studied and in the

conduct of the TF, is desirable [14].

6. Project organization. For the project to be conducted efficiently, 

organizational details must be specified. Details might include respon

sibilities of project personnel, reporting procedures, and administrative

details.

7. Techniques. At this point, the particular techniques to be utilized 

in the study should be chosen. It is important to specify the contribution 

that each technique is expected to make to the overall forecast. One should 

also consider how the results from the different techniques will be cor

related and/or combined. As the project continues, of course, the mix of 

techniques can be modified as appropriate.

8. Evaluation criteria. At the end of the project its effectiveness 

and cost/benefit ratio should be evaluated. It is normally desirable to 

establish evaluation criteria prior to the project to minimize prejudice.

It should be remembered that the primary value of the technology fore

cast normally lies in its contribution to the making of better decisions 

and not necessarily in its accuracy.

D. Improving the effectiveness of TF projects and programs.

In the material presented above, comments have been presented about 

how TF programs can be effectively planned and executed. In this final
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subsection some suggestions are offered on practical ways for improving 

the credibility and utility of such projects and programs. Although 

these suggestions essentially represent personal opinions of the author, 

it is believed that they may be useful to people with limited experience 

in the initiation and conduct of TF programs.

1. Keep a low profile. In many cases where TF programs have not been 

proven successful, a major factor in the failure has been that the initial 

programs were overly ambitious. Where significant resources are committed 

to a program, significant results are expected, and the program becomes 

quite visible in the organization. In such cases, unrealistic results are 

often expected and unreasonable schedules prescribed. It is normally better 

to start off a TF program small and enlarge it as experience is gained and 

credibility established.

2. Involve management at all steps of the planning and execution of 

the TF effort. There is often a tendency for the person in charge of a 

TF project or program to develop a complete and detailed plan for the 

effort and to present it, without prior consultation, to the organization 

management. It is usually far better to involve the management closely 

throughout the planning and execution phases. This not only enhances 

management understanding and support of the project, but also makes it 

more probable that the final results are actually used. It should be 

pointed out that, in the context of this paragraph, the term management 

is meant to include not only superior management, but parallel and sub

ordinate management as well. The broader-based the TF is, the more useful 

it will be.

3. Analyze and stress the value of the TF effort to the organization. 

Although examples of how other organizations have used TF effectively may

encourage interest in a TF effort, the real question is how such an effort
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Will benefit one's own organization. Objectives should be carefully 

targeted to the needs of the organization, and the project or program 

should be planned and executed accordingly. One should also be very careful

not to promise unreasonable results.

4. Be flexible. Often people not familiar with TF will have reser

vations about its credibility or utility. Such misgivings can sometimes 

be alleviated by modification or by restructuring of the plan. The TF prac

titioner must be willing to modify the project or program to eliminate par

ticular objections, to accommodate changing situations, or to increase 

probability of favorable reception of project or program results. However, 

in order to appreciate where modification can be made without seriously 

compromising the TF effort, the forecaster must clearly realize the 

essential elements of the project program and must be adamant that these 

are not significantly changed.

5. Plan for a small, early success. Most organizations with 

successful TF programs agree that the major rewards from the program do not 

become manifest until the program has been in operation for three or four 

years. By this time the TF team will have gained important insights in 

the nature of technology change in the industry, will be sensitized to 

important emerging technologies and will have sufficient reputation to 

assure acceptance of their work. In reality, however, it is unlikely 

that the TF program will survive for three or four years unless useful 

results are produced in the interim. Therefore, when initiating a TF 

program, it is highly desirable to achieve an identifiable, clear-cut 

success as soon as possible. For its first TF project, TF practitioners 

are advised to identify a reasonably important, well recognized problem 

which a good TF study might help to solve. The results of the TF should
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be available within a reasonably short time, preferably three months 

and certainly a year. Prior to beginning work on the TF project, of 

course, the person planning its conduct should verify that the person 

with primary responsibility for the problem, is in favor of the TF 

project and is likely to use its results.

6. Plan for an ongoiny program. Although the person heading the TF 

program should restrict the scope of early projects, he or she should

also have a vision of how and in what direction the program should develop. 

As convleted projects prove valuable to the organization, the scope and 

significance of individual projects can be increased and a continuing 

and appropriately supported program developed.

7. Keep things simple. Normally, the TF practitioner will be faced 

with two distinct "selling" tasks —  convincing people that a particular 

TF project should be undertaken and convincing the same or other people 

that the results of the project can and should be utilized. This problem 

of communication can be minimized if the project and its results are 

presented in terms and format that are simple and easily understood. 

Regardless of how complicated or involved the forecasting process itself 

may be, the forecaster must translate the proposal and results into a 

form comprehensible to others. For example, one might wish to describe

a "Uelphi survey" as a "specially structured expert opinion" survey. 

Likewise, if one is dealing with a non-technical audience it might be 

advisable to translate trend extrapolation data from a semi log format 

to a simple numerical one. The forecaster must remember that the fore

cast is only beneficial to the organization if it is used.

Final Comments. As has been stated several times in this chapter, 

Technology Forecasts are conducted primarily to assist in the decision
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making process. A good forecast should improve the chances that a sound 

decision will be made; however, the decision Itself will normally depend 

on many other factors, and obviously a good forecast does not guarantee

a sound decision.

The role of technology forecasting 1n technology management has been 

compared to the role of fog lights. The fog lights do not cause fog to 

disappear; they do not allow the driver to see as well as 1 f there were no 

fog; nor do they diminish the need for the driver to proceed with caution. 

They do, however, make the roadway a little clearer than it would be other

wise; they allow the driver to see a little sooner when the road will bend; 

they make it easier to recognize warning signs; and, they give a little 

additional time to react to unexpected situations. Likewise, a technology 

forecast will not allow an exact definition of the future; 1t will not 

unfailingly Identify correct technology policies and programs; and it 

will not by Itself Indicate optima! technological decisions. However, 

when properly conducted, the TF will provide a slightly better picture of 

the technical environment 1n which the organization will operate; It will 

Indicate technologies that Its customers may demand, technical developments 

that the competition may offer, and technical support that can reasonably 

be expected from suppliers in the future. This Information and Insight 

will not be a panacea for all technology management problems; however, in 

the hands of a perceptive executive, they can provide significant assistance 

1n the Intelligent management of an organization's technology operations.
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4. Group Techniques for Program Planning, A.L. Delberg, A.H. Van de 
Venn and D.H. Gustafson (Glenview, Illinois: Scott-Foreman) 1975.

5. For additional information on Impact Wheels, contact Mr. Joel 
Barker, Infinity Limited, Inc., 1301 Cherokee Ave., W. St. Paul,
MN 55118.

b. "INTERAX - An Interactive Model for Studying Future Business 
Environments: Parts I and II", S. Enzer, Technology Forecasting 
and Social Change, Vol. 17 (1980) pp. 141-159 and pp. 211-242.

7. For additional information on this technique, Trend Impact Analysis, 
contact Mr. Theodore Gordon, The Futures Group, 124 Hebron Ave., 
Glastonburg, CT 06032.

8. "Alternate Scenario Planning", John H. Vanston et al., Technology 
Forecasting and Social Change, Vol. 10 (1977) pp. 159-180.

9. Principles of Systems, J.W. Forrester (Cambridge: Wright-Allen) 1968.

10. The GERT III Z User's Manual, A.A.B. Pritsker and C.E. Sigal (West 
Lafayette, Ind: Pritsker and Associates, Inc.) 1974.

11. "PAF - A New Probabilistic, Computer Based Technique for Technology 
Forecasting", J.H. Vanston et al., Technology Forecasting and Social 
Change, Vol. 10 (1977) pp. 239-258.

12. Examples of useful books include: Technology Forecasting and Long 
Range Planning by R.V. Ayers (New York: McGraw-Hill) 1969; Practical 
Technology Forecasting, Concepts and Exercises by J.R. BrigTvü (Austin: 
Industrial Management Center, Inc.) 1978; Guide to Practical Technology 
Forecasting by J.R. Bright and M.E. Schoeman (Englewood Cl iffs, N.J.: 
Prentice-Hall) 1973; Technology Forecasting for Decision by J.P. Martino 
(New York: American Elsevier) 1972. A very important periodical in
the field is Technology Forecasting and Future Change published by 
the Future Research Institute, Portland State University, P.U. Box 751, 
Portland, UR 972U7.

59



13. Technology Futures, Inc., 411 W. 13th St., Suite 8U1, Austin, TX 
7b7Ul conducts a one week course in technology forecasting three 
times each year. Public courses in related topics are conducted 
periodically by the Center for Futures Research, Graduate School 
of Business, University of Southern California, Los Angeles CA 
9UUU7. Short courses in technology forecasting and related topics 
are also conducted periodically by a number of professional asso
ciations including the World Future Society, 4916 St. Elmo Ave., 
Washington, D.C. 20014.

14. There are a number of private organizations which provide consulting 
services in the technology forecasting field. These include, but 
are not limited to the following list: Forecasting International,
1001 N. Highland St., Arlington, VA 22201 (contact: Marvin Cetron);
The Futures Group, 124 Hebron Ave., Glastonburg, CT 06032 (contact. 
Theodore Gordon);’Institute for the Future 2740 Sand Hill Rd..Menlo 
Park CA 94025; Technology Futures, Inc., 411 W. 13th St., Austin, i* 
78701 (contact: John Vanston); University of Dayton Research Institute, 
Dayton OH 45469 (contact Ralph Lenz or Joseph Martino).



Figure 1. Num ber of E lectronic Com ponents per Chip vs. Tim e

(Figure provided by Dr. Gordon Hoore. Intel Corp.)
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Figure 2 . C om  Y ie ld  per A cre vs. Time

(Figure provided by Mr. Ralph Lenz, University of Dayton Research Institute)



Figure 3. S peed of U. S. Com bat A ircraft vs. Time

Year

(Figure provided by Mr. Ralph Lenz, University of Dayton Research Institute)



Figure 4 . E lectric Lamp Perform ance Trends Vs. Time

(Figure provided by Mr. Ralph Lenz, University of Dayton Research Institute)
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Figure 6. Morphological Matrix for Appliance Housing (Refrigerator, TV Cabinet, Car Panels, Etc.)

ALTERNATES 1 2 3 4 S 6 7 8
A Basic

housing
material

Steel Aluminum Plastic/resin Coil-coated Wood Paper/plastic Wood/plastic

B Assembly
technique

Rivet Weld Glue Bolt Screw Interlocking
notches

Friction-fit Pressure
crimping

c Coating
material

Metallic Plastic Paint Film Enamel Paper/plastic Wood/plastic

D State of 
coating

Powder Vapor Solution Film Dispersion Sheet

E Application
mode

Brush Dip Pour Glue Spray Electrostatics

F Finishing
mode

Polish Oven-dry Air-dry None



Figure 7. Simplified Relevance Tree



Figure 8. Cross Im pact M atrix

EVENTS 1 2 3 4 5 6 7 8 9 10

1 S A L E S  O F  Q EP +  5 0 M  LB A T  6 0  * /L B X 7 4 3 4 -3 -2 2 2 -4

2 P L A N T  S T A R T -U P  QEP M A R K  II -2 X -2 8 8 2 - 2 4 4 -5

3 N IA T  O N  Q EP -  10% 5 5 X 4 4 -2 0 3 2 4

4 N IA T  O N  Q EP II  -  15% -4 8 0 X 7 -3 0 4 4 0

5 O V E R A L L  ROI -  15%  (Q EP &  QEP I I ) 0 8 4 8 X -2 0 4 4 -6

6 SO-SO C H E M IC A L  D E S IG N E D  A N D  

P R O D U C E D  C O N T A IN E R  B A SED  O N  QEP 5 5 0 0 0 X 4 4 4 -4

7 C O M P A N Y  A  C A P T U R E S  10% O F C O N 

T A IN E R  M A R K E T  W IT H  B IO D E G R A D A B L E  

P O L Y M E R -4 -4 -4 -3 -4 3 X -3 -3 -6

8 C O M P A N Y  B D E V E L O P S  P O L Y M E R  

T H A T  O U T P E R F O R M S  QEP -5 -6 —6 -6 -4 4 0 X 4 -6

9 G LA S S  F O R M A T IO N  D E V E L O P E D  T H A T  

O U T P E R F O R M S  Q EP -5 -4 -5 -5 -5 4 0 5 X -5

10 B R E W E R  A  A C Q U IR E S  C O M P A N Y  C A S  A  

C A P T IV E  C O N T A IN E R  S O U R C E -4 2 2 0 0 0 2 4 2 X

(Figure provided by Mr. J. Kenneth Craver, Monsanto Company)



Technology Futures, Inc. 1s a consulting, research, and education firm 

that has spent the last decade educating, assisting, and working with execu

tives, senior managers, and technical professionals in the effective manage

ment of technology.

The company is qualified by the length and breadth of its experience 

to offer public programs specially designed to develop management skills.

In addition to public courses in Technology Forecasting and Technology Inno

vation Management, Technology Futures provides in-house workshops and 

seminars in the above subjects, as well as courses in entrepreneurship and 

strategic planning. These in-house programs are tailored to meet the 

specific needs of the client organization.

To obtain additional information on Technology Futures' services or 

to be placed on the mailing list for course announcements and newsletters, 

contact Debra Robison, Administrative Director, Technolog7y Futures, Inc.,

411 West 13th Street, Suite 801, Austin, Texas 78701. Tel: (512) 478-1793.


