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TECHNOLOGICAL DIFFUSION IN INDUSTRY:
RESEARCH NEEDS AND SHORTCOMINGS*

Bera Gorp

Apvances in technology are widely regarded as major sources of improve-
ments in the competitive positions of firms and industries as well as of
increases in national economic growth rates and standards of living. Because
the henefits of such advances obviously depend on the extent to which
they are utilized, considerable research has been focused on the diffusion
of technological innovations. Most of these studies have sought to measure
the dimensions of technological diffusion and to explain differences in
diffusion patterns among innovations, industries and nations as well as
changes in such patterns over time. As is to be expected during the explora-
tory prohing of major new problems, however, the most valuable contribu-
tions made so far have been to reveal the need for more penetrating concepts,
betier measures, more comprehensive analytical frameworks and wider
samplings of the variegated phenomena to be encompassed. Shortcomings
in the theoretical work have seldom been directly harmful to industrial
managements because they rely on their own more detailed knowledge
of the relevant facts and problems. But such research reports have tended
to mislead government officials and scholars concerning the depth and
accuracy of our understanding of the causes and effects of differences
among, and changes in, observed diffusion patterns. The following paper
surveys the literature of the past 20-25 years in this area, and provides a
critique of some of its shortcomings.!

I. SOME SHORTCOMINGS IN ANALYZING DIFFUSION PATTERNS

Analyses of technological diffusion rates in industry rest on three basic
concepts. These concern the innovation being studied, the aspects of diffusion
reflected by the measures used, and the extent of prospective applications
which underlie evaluations of observed diffusion rates. Inadequacies in

* Based on a paper prepared for the Workshop on an Assessment of Current Developments
in Research an the Diffusion of Innovations, Northwestern University, Chicago, 1L, Navem-
ber 15th—16th, 1997,

L References are intended merely ta illustrate the issues raised by citing some reasonahly
well-kknown studies rather than ta attempt complete coverage of the quite voluminous
array of publications cited in my previous work, especially Gold (1971, 1975, 1977¢) as
well as those included in the comprehensive bibliographies of Rogers (1062), Kennedy an
Thirlwall (1972}, Freeman (1974), Nabseth and Ray {1974} and Kelly, Kranzberg ot /.,
Vols. IIT and IV (1975). Journal articles later included in collections of such papers are
i:itegl by date of the original publication followed by the date and pages in the later cal-

ection.
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these conceptual foundations constitute one of the major sources of [imitations
on the usefulness of reported findings.

A. Defining the Innovation

Most important innovations emerge in a variety of forms during their early
development.? And even after one or a few forms become dominant, each
continues to undergo numerous kinds of changes. The objectives of such
progressive modifications are to increase the net attractiveness of the innova-
tion to an expanding array of prospective adopters. Resulting improvements
may involve increases in realiability, in operating quality and efficiency,
in other service capabilities and in the range of available sizes and special
purpose madels along with reductions in investment requirements, operating
costs, hazards in use and other detrimental characteristics. From the stand-
point of enhancing the effectiveness of diffusion studies, it should be em-
phasized that the significance of the innovational modifications to he
recognized depends not on whether they derive from ‘major’ or ‘minor’
technological advances, but on the extent to which they increase the net
advantages of applications and thus expand the population of prospective
adopters.

Recognition of the need to replace the essentially static concept of a
given innovation, implicit in most studies of diffusion, by a more realistic
recognition of the likelihood of significant improvements over time has
several important implications. First, changes in diffusion rates over time,
and differences in diffusion rates among innovations, may be due in large
measure to the extent of technological changes in the innovations being
studied rather than to changes in the receptiveness of prospective adapters
to the unaltered innovations. Second, rapid technological changes may
actually inhibit diffusion rates as prospective adopters seek to avoid forms
of innovation which may be superseded before long. Third, different types
of technological improvements may affect quite different sectors of operations
and costs—the significance of which will be discussed later. Moreover,
there is a need for considerable knowledge of the technology of the innova-
tions being studied, if modifications significant enough to affect adoption
rates are to be identified instead of being overlooked, thereby preventing
misinterpretation of the causes of accompanying changes in diffusion
rates.

2 This fact is widely recognized amang those who have studied actual technological
innovations in industry instead of ‘technical change’ in general. For example, sce Gold ef
al. {1970, 1975b, p. 146), Freeman (1973, p. 243, and 1974, p. 47 and repeated instances
through p. 157) and Nabseth and Ray (1974, pp. 4, 295). An especially penetrating analysis
supported by a wide range of historical illustratians is provided by Rosenberg (1972, 1976,
pp. 1g1—202). But seldom have datz been disaggregated so as to differentizte between
the diffusion rates of successive embadied stages in ‘the’ innovation’s development. Indeed,
Schenk {1974, pp. 292 et seq.) fails even ta distinguish consiscently between continuous
billet and slab casting despite major differences in their technical development, capabilities,
costs and other characteristics (ef. Rosegger, 1979).
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B. Measuring and Evaluating Diffusion Rates

Another sector of conceptual inadequacy is reflected by the measures of
diffusion which are most commonly used. Counting the number of plants
or firms using the innovation obviously fails to indicate whether these
represent only limited developmental applications or pervasive commit-
ments.3 Measuring the output associated with the innovation provides
a more effective reflection of the extent of its utilization, but provides no
basis for determining whether any given output represents high or low
levels of diffusion of the particular innovation being studied%—yet this is
a prime focus of evaluative efforis. Basing such evaluations on the pro-
portion of the total output of the seemingly relevant industrial groups
attributable to the innovation, however, involves the vulnerable assumption
that it is advantageously applicable to all production in such groups.3

The resulting conceptual problem ta be dealt with has three roots. Field
research demonstrates that, in most industries, plants differ from one
another in numerous important respects affecting their relative competitive
positions. Such differences may relate to product designs, product-mix,
the pattern of buy-or-make arrangements, equipment characteristics and
modernity, quality standards, scale of production, various locational ad-
vantages and disadvantages involving access to needed inputs and markets,
and capacity utilization variations as well as to managerial ohjectives
and financial resources. In addition, most technological innovations—
whether focused on the process or the product—exert their primary impacts
on particular segments rather than the entire array of production aperations.
Consequently, the net economic advantage of any such innovation is likely
to differ significantly among all plants making the general category of
products and using the general type of technology affected by the innova-
tion.8 The population of prospective adopters of the innovation should,

3 Nevertheless, this measure has been used with considerable frequency—sometimes
further restricted to major firms alone—hecause of the difficulties encountered in obtaining
the data needed for more penetrating measures of the role of an innovation in the relevant
sector of industrial aperations, For example, see Mansfield (1961, 1968, pp. 133 & seq.,
and 1963a, 1968, p. 158), Adams and Dirlam ({1966, pp. 175 et seq.), Nabseth (1973, p. 257),
Hikanson {1974, pp. 6o, 66—7), Laccl ¢t al. (1974, pp. 108-g) and Smith (1974, p. 255)-

4 The use of aggregate output measures may be illustrated by Lynn (1966, p. 1I-41}

and Ray (1974, p. 207). A related alternative relies instead on the total number of machines
emboadying the innovatien, e.g. Gebhardt and Hatzold (1574, pp. 31-6) and Smith (1974,
p- 258).

5 Illustrative use of such measures include Gold ¢t af. {1970, 1975h, pp. 130-2), Meyer
and Herregat (1974, p. 153), Ray {1974, p. 220) and Shenk (1974, p. 241}, Other measures
of relative penetration include the propartion of all machines which embody the innovation—
Gebhardt and Hatzold (1974, p. 33} and Hakanson 51974, pp. 78—g}—and the latter also
l[;mvides data on the proportion 0? all plants and of all companies utilizing the innavation,

inally, it may he of interest to note that Lynn (1¢66, p. II-41) used their percentage con-
tribution to the gross national product to measure the impact of new industries, a concept
representing still another aspect of technological diffusion.

8 There has heen increasing recognition of the significance of such differences in recent
years as purely statistical studies have increasingly given way to field research. General
citations include Gold ¢ al. (1970, 1975h, pp. 142—4) and Ray (1994, p. 13}, while specific
citations in Nabseth and Ray {1974} are found in the papers by Gebhardt and Hatzold
{pp- 159-61), by Schenk (p. 241} and by Smith (pp. 253-4].
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therefore, he conceived of as a distribution of plants whose prospective
benefits from adopting the innovation often cover a wide range between
the very attractive and the marginal.

Such a replacement of the concept of an essentially fixed array of pro-
spective adopters, as determined by basically superficial criteria, offers a
second set of contributions to the development of a dynamic framework
for analyzing changes in diffusion patterns. For example, it supplements
the earlier recognition of the dynamics of innovational developments by
showing how even seemingly modest technological improvements can
have significant effects on adoption decisions, for these may require only
small increases in past evaluations of the innovation’s net economic ad-
vantage to any given firm instead of the major revaluations that would
seem necessary to reverse ostensibly outright rejections in the past. This
concept also suggests that adoption decisions may be revised not only
because of modifications in the innovation, but also because of changes
in such factors as product-mix, capacity utilization and the other potentially
distinctive characteristics mentioned above.? In addition, this view points
to the desirability of digging beneath the prevailing emphasis on aggregate
adoption data to uncover the changing pattern of adoptions as between
large and small plants, those differing significantly in product-mix, plants
located in different regions, etc.—and thereby eliciting further bases for
estimating the particular form of additional benefits offered by successive
technological improvements.

Taken together, recognition of the dynamics of technological improve-
ments in an innovation and of changes in a firm’s evaluation of the available
forms of any innovation, reveal a fundamental weakness in ‘saturation
madels’ of technological diffusion in industry. Such models rest on the
implicit static assumption that the diffusion levels reached in later years
also represented active adoption praspects during earlier years. But this
may be quite untrue, as has already been noted, because the realistic
number of prospective adopters may have grown substantially as a result
of impravements which increased hoth the range and the benefits of applica-
tions of earlier forms of the innovation and also as a result of changes in
the non-technological pressures faced by firms which were initially un-
interested in the innovation. It is entirely conceivable, therefore, that the
increasing diffusion of a technalogical innovation represents less an increased
saturation of initally active prospects than an increase in the array of
realistic prospects for the reasons just cited. Conversely, it might even be
argued that the diffusion level in any period tends to approach reasonably
close to the realistic adoption potentials {or saturation) under then prevailing

? For an illustration of the problems of estimating the population of potential adopters
of an innovation, see the chart depicting the overlapping diffusion of competing innovations
in Enos {1962, p. 261).
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conditions—thereby altering the usual graphical presentation somewhat as
in Figure 1.

Realistic
Potential —————

Applications

Actual
Applications

Cutput

Time
Froure 1. Dynamic Moadel of Diffusion Rates

Such a revision of the conceptual bases for measuring diffusion rates
also suggests a need to re-examine: the validity of sigmoid curves in generaliz-
ing diffusion patterns; their interpretation; and some of the further uses
to which they have been put. With respect to the first of these, Ray reported
in 1969 that in an international study of the diffusion of various technological
innovations in industry, ‘Neither the curves for individual processes nor
their aggregation provided any strong contradiction of this assumption’
(i.e. ‘that the diffusion curves are linear’). Nor was any support for the
general applicability of sigmoid diffusion curves provided by a 1970 publica-
tion covering the first 15 years after commercialization of the diffusion
of 14 major innovations in steel, coal and iron mining in the United States [25].
And in a later summary of the product discussed by Ray, Nabseth commented
that the wide use of sigmoid diffusion curves raises two questions: ‘whether
such curves give a good statistical fit to the observed data’ and ‘how should
this particular shape be interpreted’ when ‘the measure of diffusion is a
ratio for which the appropriate denominator (i.e. realistic population of
prospective adopters) is difficult to find’.8

But this is precisely the problem which is the focus of the revised concep-
tion. The eventual population of prospective adopters of some vaguely
conceived cluster of innovational developments is replaced in the de-
nominator of the diffusion measure by successively adjusted estimates
of prospective adopters corresponding ta changes over time in the capabilities
of ‘the’ innovation and in the needs and resources of potential users. The
resulting subdivision of the nationally ‘over-all’ diffusion pattern into
components representing shorter periods tends ta undermine the usefulness
of the sigmoid curves both as representations of diffusion patterns within

8 See Ray (1969, 1974, p. 16), and Nabseth and Ray (1g74, p. 2g%).
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sharter periods {as compared with linear models) and as providing analytic-
ally persuasive hases for forecasting diffusion rates for future periods likely
to be characterized by still unpredictable technological and market changes.

This revised conception also suggests that a slower diffusion rate, or
the slowing down of a past diffusion rate, cannot be judged as desirable
or undesirable until its causes are determined—whether due to an inability
to effect further applications, or to new factors reducing or diverting the
interests of prospective adopters, or to restrictions on the availability of
the knowledge or hardware required for additional applications. Such
consideration of changes in realistic potentials hased on the loci of attractive
net benefits also offers more persuasive explanations of why many innova-
tions never achieve high levels of saturation within the seemingly relevant

industry sector.

C. Determining the Applicability Potentials of a Technological Innovation in Industry

One of the fundamental objectives of studies of technological diffusion in
industry is to determine the rate and the extent of adoptions of any given
innovations by those to whom it offers significant net benefits. Hence,
continued widespread reliance on superficial assumptions concerning the
scope of an innovation’s realistic applicability have represented a critical
weakness of such studies, have been a source of ill-founded but harmful
criticism of seemingly inadequate diffusion rates, and have also diverted
attention from research obiectives which may prove more productive of
palicy guides than those which have dominated past studies.

Ta correct such shortcomings would require a comprehensive program
{centering around the following undertakings for any given technological

innovation :

1. determine the specific advantages, disadvantages and limitations of a
given form of the innovation as compared with the equipment and
practices which it would be expected to replace;

2. identify the sectors of industry currently relying on such threatened
arrangements;

3. estimate the prospective net economic advantage of the innovation
relative to existing practices for various subgroups of plants taking
account of their competitive position, product-mix, scale of operations,
capacity utilization, input availabilities, ete.;

4. indicate which subgroups are likely to gain large enough economic
advantages from adopting the given form of the innovation to more
than offset the accompanying delays, costs and possible internal turmoil
invalved in introducing the innovation, to achieve effective functioning
and reach profitable levels of utilization; and

5. explore the possibility that this innovation may also attract new entrants

into the industry.
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Such analyses would also provide the basis for estimating probable adjust-
ments in the array of prospective adopters resulting from future changes
in the characteristics of firms, such as those illustrated in g abave. Finally,
estimates of changes in the advantages, disadvantages and limitations of
the innovation resulting from future improvements would then be utilized
to revise the result of each of the steps in the above analytical sequence and
thus to revise diffusion prospects.

It is recognized that the foregoing research tasks may well he regarded
as worrisome in their scale and in the needed depth of penetration. But
presenting them should help to clarify the actual requirements for replacing
the essentially descriptive findings combined with highly vulnerable inter-
pretations which have dominated most of the literature on the diffusion
of technological innovations in industry. Even identifying the realistic
industrial locus of active decisions about adopting a given innovation,
however, is not enough. In order to provide more useful guidance for policy
making by government agencies and by industrial managements, research
must provide fuller understanding about the bases on which those facing
such decisions choase to adapt or to reject or to defer action, about why
firms within the category of active prospects arrive at different decisions,
and about the probable effect on such decistans of alternative future de-
velopments.

There are two additional aspects of technological diffusion in industry
which might yield valuable perspectives for policy making if more effective
research efforts were directed to their exploration. One of these invalves
determination of the effects of increasing diffusion of an innovation not
only on its adopters, but also on non-adopters, on the suppliers to and the
customers of adopters, and on the relevant factor and product markets
as well as on the communities in which adopters are located. Such wider
repercussions may have important implications for firms and gavernment
agencies concerned with raw materials and energy demand, capital require-
ments, employment opportunities, price competition and concentration
as well as with employee health, product safety and environmental pollution.
The other involves analyses of the estimated benefits and burdens associated
with faster or slower rates of diffusion—not only on the basis of hindsight
evaluations of more successful and less successful innovations, but also on
the basis of judgements made at successive stages of diffusion including
relatively early periods. Neither has been explored systematically with
much frequency. Both represent further illustrations of the need to shift
from a static to a dynamic framework.

Instead of secking to determine ‘the’ effects of diffusion, the objective
should be to determine the ‘changing pattern of effects’ resulting from
increasing interactions between the innovation, associated sectors of pro-
duction operations, and preduct and factor markets. This means that the
comparison of results with expectations would be likely to yield different
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evaluations at successive stages of diffusion.? And such changing results
might be expected to alter the evaluations of firms still considering whether
to adopt the innovation.

Exploration of the benefits and burdens of slower versus faster diffusion
might also help ta throw much needed light on the hazards both of accepting
hindsight judgements about past results and of generalizing about optimal
diffusion rates from one innovation to another.10

II. SOME SHORTCOMINGS IN EXPLAINING DIFFUSION PATTERNS

Technological diffusion rates in industry are determined in the United
States and in other essentially private economies by managerial decisions
at the level of individual firms. And the guiding basis for such decisions
is a comparison of the estimated effects on the performance of the firm over
an extended period of adopting any particular innovation as against allocat-
ing available resources to other means of dealing with its problems and
opportunities. Understanding such decisions accordingly requires some
grasp of the larger decision-making framework of firms within which decisions
about innovations represent only an occasional intermediate stage rather
than a continuous independent process. In addition to clarifying such
intrafirm evaluation procedures, however, an explanation of diffusion
rates also requires efforts to account for interfirm differences in the decisions
arrived at—thereby allowing consideration of the ‘firm-specific' factors,
including its distinctive pressures and managerial ohjectives, which may
avershadow the firm’s general economic characteristics in influencing the
direction and timing of adoption decisions.

A, On the Decision-making Context of Individual Innovation Evaluations

Even the relatively few diffusion studies which seek to determine why
particular firms adopted or rejected an innovation tend to foreshorten
needed analytical perspectives by focusing immediately on attendant
evaluations of the particular innovation. But this averlooks the frequently
dominant, and always important, role of what I have called ‘the pre-decision
environment', 11

Major elements of this environment would include: the specific nature
and the relative urgency of the major needs to be dealt with aver the

8 See Gold (1955, pp. 202—34, 248-50, 19642, 197t, pp. 180-207 and 1976b, pp. 1-3,
to-a7). This view is plainly in contrast to the single-valued evaluations provided by
Mansfield {1¢61, 19642, 1968, pp. 143, 15660, 182) and by most of the studies included
in Nahseth and Ray {1974).

1 Gf, Williams (1g73, p. xvii} and Gold {rg77¢, pp. 185-6). Also note the contrasting
evaluations of the rate of diffusion of the hasic oxygen process in the U.S. steel industry
by Adams and Dirlam (1966), Maddala and Knight {1967}, Dilley and McBride (1g67)
and Meyer and Herregat (1974) regarding their too simple evaluations of the rate of diffusion
of the basic oxygen process in the US steel industry.

11 See Gold (1967, 1971, pp. 218-28) and Geld # al. (1g70, 1975b, pp. 142-3).
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period covered by the firm's capital planning horizon; the availahility
and relative advantages of non-technological as well as technalogical means
of meeting such needs; and the extent of technical, managerial and financial
resources available for allocation to such efforts. In view of such a broad
range of potential differences in managerial concerns, there is obviously
little basis for assuming that all firms in the seemingly relevant industrial
grouping are even giving serious consideration to the same innovation
within any given year. Nevertheless, few executives are likely to profess
indifference if asked directly about a particular innovation, lest it be inter-
preted as evidence of stodginess or ignorance.

Even when managerial attention is directed to a given innovation,
however, common evaluation processes include several types of considerations
which may result in different outcomes for reasons other than disagreements
about the technological capabilities of the innovation. One of these involves
analyzing its prospective operational as well as economic benefits and
burdens over the period of its expected utilization. This would require
taking account of those specific needs of the firm which the particular
innovation would be expected to help fulfil, including such possibilities
as improving product capabilities and quality, offsetting stringencies in
the supply or changes in the quality of purchased materials and supplies,
redressing imbalances in production flows, reducing input requirements
per unit of output and altering product-mix potentials. Another set of
considerations concerns the firm’s market prospects, its effective capacity
and the modernity of its facilities, which would jointly determine whether
the adoption decision involved expanding capacity, or replacing already
depreciated equipment, or displacing more recent and only partly depre-
ciated capital goods. 8till other influential considerations include possible
difficulties or delays in effecting the changes that would be required by
the innovation in respect to prevailing sources of material supplies, skill
compasition and employment levels of the labor force, and marketing and
distribution activities. In addition to exploring the probable nature and
extent of such benefits and burdens, it would obviously be necessary to
estimate their respective effects on operating costs over time as well as
other aspects of the firm’s competitive position.12

A second ‘firm-specific’ consideration concerns the availability of the
financial and technical resources required to adopt and to achieve effective
functioning of the innovation, along with management’s evaluation of the
effect of such commitments on restricting its ability to respond effectively
to future pressures and opportunities. And a third potentially distinctive
element of such evaluation relates to the firm’s assessment of the potential
advantages and disadvantages of adoption at this time as over against
delaying such action—considering the possibilities of further improvements

12 See Gold (1955, pp. 178-292) and Gold et al. (1970, 1975b, pp. 136~9, 142-4}.
7
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in the innovation and the costs of lagging hehind pioneering competitors,
as well as expected changes in the availability ta the firm of needed resaurces.

B. On the Relaiive Roles of ‘ Innovation—Push® versus ‘Needs—Pull’

Considerable research has been devoted recently to determining to what
extent the speed and level of diffusion of a technological innovation are
affected by whether it was develaped as a result of the initiatives of a firm’s
research and development staff or of customer expressions of need.3
However, most resulting reports on the proportion of ‘successful’ innovations
attributable to one or the other seem to be vulnerable on several grounds.

First, commercially important imnovations are usually the outcome of
a process involving: initial research budget allocations among alternative
project possibilities; nourishing promising early developments with additional
resources; transforming resulting laboratory processes or products into
commercially available output through the design of various sizes and
models of products and the construction or adaptation of suitable production
facilities; and allocating additional resources to developing or adjusting
marketing and distribution programs. Accordingly, identifying the original
source of “the idea’, even if it could be done authoritatively, is likely to be
of far less significance in accounting for eventual success than the effectiveness
with which both technological feasibility and prospective market potentials
are evaluated at successive stages of this innovational process. Thus, in-
creasing recognition and clarification of technological passibilities and
assesstoents of relevant market needs tend to interact rather than consti-
tuting alternative sources of stimulus to innovation development efforts.
This raises the important question of how their relative influence should
change in successive stages—lest a prematurely heavy weighting of market
uncertainties inhibit technological developments whose fruition might
expand market potentials; and lest an over-weighting of attractive market
potentials minimize adequate consideration of persistent technological
shortcomings.

Studies of the relative influence of research initiatives as against expressed
customer needs in determining the speed and level of a technological innova-
tion’s diffusion in industry have also been weakened either by lumping
together a wide variety of innovations and application sectors or by offering
excessively broad generalizations on the basis of obviously restricted samples.
Common experience would seem to suggest, for example, that the relative
influence of these two factors is unlikely to be the same as among techno-
logical innovations seeking:

1. to reduce the cost of existing products and processes:
2. to improve existing products so as to better fulfil the needs of existing
customers;

12 For example, see Mansfield (1973, p. 206), Freeman (rg74, pp. 165-70, 193-5), Teubal
(1979}, Holt (1976), von Hippel (1976, 1977), and Ruhinstein and Etdie (1977).
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1. to develop new processes or products for completely new and hitherto
nan-existent markets; and
4. to develop new processes so as to utilize new developments by suppliers.

Finally, the above listing of innovational cbjectives also suggests that
careful analysis of the sources of innovational pressure, and of their potential
effects on diffusion, requires reaching beyond the two emphasized abave.
Other internal sources might include contributions by production engineering
and product design staffs, which are separate from research and development.
One of the important external sources, other than customers, consists
of improvements by suppliers of materials or capital goods which require
internal developments ta harness resulting new potendals effectively.
Other important external sources include competitors as well as independent
developers.

C. On the Supetficiality of Common Explanatory Variables

It is understandable, of course, that initial efforts to explain diffusion
patterns would rely on the generalized insights offered by statistical analyses
at the necessarily aggregative levels at which such data are published.
But even the preceding brief summary of the variety of firm-specific con-
siderations likely to have an influential bearing on the outcome of adoption
decisions emphasizes the importance of closer analysis of the determinants
of such actions.14

Because of the difficulties of gaining mare penetrating insights into the
motivations and evaluative efforts of the managerial personnel making
adoption decisions, there has been widespread reliance on logically relevant
but averly generalized explanatory criteria. To say that major innovational
decisions are based on profitability expectations adjusted for the estimated
probahilities of adverse outcomes may be unobjectionable, and may even
be correct in some sense; but it is certainly unenlightening.15 As an ‘ex-
planation’ of past decisions, it offers nothing more than a tautology: i.e.
if an innovation was adopted by a profit-seeking enterprise, its management
must have expected its probable profitability to be attractive; and if nat,
not. And as an empirical ‘test’ of such expectations, it is hardly more helpful
to demonstrate that the innovations which survive and achieve reasonably
wide diffusion are those whose utilization has been associated with profitahi-

14 For an unusually comprehensive effort to test the usefulness of sophisticated statistical
analyses of innovational processes, see L. Uhlmann {1979). His study covered 218 cases
of innovation in 126 firms and concluded that the characteristics of the ‘average innovation
process’ emerging fram such statistical evaluations did not in fact describe any of the acrual
cases . . . and that ‘Any theory derived from such a medley of types {of innavations) would
refer to an imaginary process of innovation’.

15 The almost universal acceptance of profitability as a primary determinant of diffusion
rates is apparent in any sampling of the literature. For example, see Griliches {1957),
Mansfield {1961, 1968, pp. 137 2 seq.), Rosenberg (1972, 1976, p. 191}, Nabseth and Ray
{1974, pp. 301-6), Kelly et al. (1975, Ch. 4), Boylan {1977, p. 158) and Gald (1977¢, p-
8o},
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lity. Serious analysis of diffusion surely requires digging deeper than to
proclaim that purposive organizations are most likely to adopt those innova-
tions which most effectively promote their primary purposes—or that
decisions to make substantial commitments are seldom likely to choose
recognizedly disadvantageous alternatives.

Rather, the critical question confronting diffusion research derives
from the fact that at any given time many (and perhaps most) of those
considering a particular innovation decide against adopting it—although
all are presumably seeking to improve profitability relative to accompanying
risk. Hence, analytical concern needs to be refocused to concentrate instead
on probing how such evaluations are arrived at. Even more seriously, it is
important to explore the extent to which results represent the rationalization
of decisions actually based on less obvious grounds.

The simple fact is that efforts to estimate the profitability of adopting
an innovation, especially a major one, usually involve serious difficulties,
because of the unavailability of most of the information which would be
required, and hence vield results subject to wide margins of error.1® Such
estimates have to encompass the time pattern of changes over the expected
life of the innovation in investment requirements, output levels, product
prices, input factor quantities and prices, marketing and distribution
costs, and taxes. Past experience with economic and market forecasting
emphasizes the poor results which have commonly been achieved even in
forecasting output and prices at broad aggregative levels, to say nothing
of the far greater difficulties involved in making such forecasts for indivi-
dual plants or even individual projects.!? And all such uncertainties are
in addition to those reviewed earlier as elements of the ‘pre-decision

enviranment’,

14 Such difficulties have commonly been brushed over rather than discussed with care.
Exceptions include: Gold (1gfiga, 1971, pp. 1802, tofiy, 1971, p. 216), Freeman (1973,
PP. 231, 252, 1974, pp. 227-3d), Mansheld (1973, pp. 218-1g, 224-5), Williams (1973,
pp. 281-5), Ray (1974, p. 13), Nahseth {1974, pp. 3016} and Goald et «f, (1970, 1975h,
pp. 142-5). But the seriousness of these difficulties may readily be deduced fram the invalved
and aften less than persuasive reasoning offered to justify resort to the particular surrogates
employed in place of the prafitability specified in the hypotheses ostensibly being tested.
Examples include: Mansfield (1961, 1968, p. 143, 1964, 1068, p. 182, 1064, 1968, p. 150}
and Nahseth (1973, p. 265). It is also interesting ta ohserve that in Nabseth and Ray’s
collection of eight industrial diffusion studies (1974) not one provided any direct profitability
evaluations by the responding firms. Instead, one provided estimates of pay-back periods
{Hikanson, p. 77); another provided estimates of savings in unit praduction costs for illustra-
tive operations assuming certain batch sizes (Gebhardt and Hatzeld, pp. 48-9}; and a
third provided data en differences in output per employee and in cost proporticns between
samples of adopters and non-adopters (Lacci e al., pp. 11o—12). 5till another offered only
the authot’'s own ‘original ranking of profitability expectations to typical plant structures’
{emphasis supplied) (Schenk, p. 244). And the only remaining study which offered any
quantitative estimate of economic advantage relied on its own estimate of a ‘single relative
east coefficient for each production schedule—f{i.e. product-mix)—as a measure of the
suitahility of the shuttleless loom to the individual firm's preduction’. But, the author notes,
‘no cost comparisons between shuttleless and conventional looms in actual operations
were provided hy any of the respondent firms, nor were they asked for in the questionnaires’
{Smith, p. a72}.

17 These are reviewed in Gald {1977h, pp. 51-q].
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Reliance on expected increases in profitability as an explanation of
adoption decisions and of differences in diffusion rates of technolngical
innovations also involves a conceptual error. In the common circumstances
of shifts in technalogical leadership among competitors, numerous innova-
tions are likely to be developed or adapted not in order to provide additional
increments in profitability, but in order to minimize the reductions in
profitability and market share caused by the successful pioneering of com-
petitors. And some other innovational adoptions may result from efforts
to minimize the effects of develapments especially disadvantaging some
competitors in respect to the supply and price of inputs or in respect to
access to newly developing markets, 18

Efforts to estimate the prospective risks and other consequences of adopting
technological innovations in indusery also confront major difficulties. The
technological risks of a particular innovation tend to decline, of course,
in the later stages of diffusion, as the experiences of an increasing array
of prior adopters become available. But this is less true if the rate of improve-
ments continues to be substantial and, in any case, still leaves the risk of
superseding innovations becoming available. Much more important,
however, are the economic risks to be confronted. These include the possi-
bility of shifts in product-mix that curtail utilization of the innovation as
well as the duration of its effective warking life. Even more troublesame,
however, is the increasing risk faced by later adopters of progressively
decreasing benefits as the competitive efforts of earlier adopters tend to
pass any cost savings on to purchasers through lower prices and also as
any associated wage rate gains come ta be enforced on an industry-wide basis.
Under the latter conditions, it may become necessary to adopt the innovation
anyway, thus hearing its burdens while obtaining little of its benefits.

How then are such decisions arrived at? Because decisions involving
commitments for future activities must almost always be made on the basis
of serious informational inadequacies and consequent uncertainties, they
tend to be based in large measure, as has been discussed at length elsewhere,
on the value orientations of influential management personnel, which
are rooted in turn on their past training and experience.l® Indeed, our
detailed intraplant studies suggest that a surprisingly high frequency of
technological adoption decisions seem to be based essentially on engineering
evaluations of expected physical input—output improvements with parallel
economic benefits simply being assumed.20 As might be expected, techno-
logically oriented executives tend to be mare responsive ta such approaches

18 Far example, see Freeman (1974, pp. 266-7), Geld {xg975a, pp. 24-5, 1977¢, p. 185).

18 For an extended discussion, see Gold (1969, 1971, pp. 218-25). Also see Mansfield
{1973, pp. 213, 217, 219) and Nabseth and Ray {1974, pp. 12-13, a1, gog-11) and in almost
all other chapters, with an especially detailed statistical exploration of such attitudes by
Meyer and Herregat {pp. 16676 et seq.).

20 Sfe Gold (1955, pp. 278-88, 19644, 1971, pp. 18—01) and Gold et 2{, {1970, 1975b, pp.
[44-5}-
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than those with backgrounds and perspectives oriented primarily to market-
ing and finance. Hence, managerial attitudes are not merely one of the
factors to be included casually along with ostensibly more important
quantitative determinants. On the contrary, such subjective judgements
probably overshadow the latter in shaping most major capital decisions,
although the growing obeisance to seemingly ohjective decision-making
often entails repeated revisions of formal capital budgeting estimates by
staff specialists until they accord with the judgement-influenced conclusions
of senior management.?1

Widespread efforts have been made to substitute ex post findings and
evaluations in place of the basic need for understanding the actual processes
of decision-making leading to the adoption or rejection of particular innova-
tions. But the results are unsatisfactory, and may well he misleading, in
many (and probably) most cases—especially as the period between the
original decision and the time of the research is lengthened. One reason
is that hindsight judgements based on actual results necessarily represent
different perspectives from the ex ante expectations which determined deci-
sions in the face of recognized but unavoidable uncertainties. Favorable
results tend to elicit rationalizations stressing the correctness of the earlier
analyses underlying the adoption decision, while unfavorable results tend
to be explained by emphasizing the effects of uncontrollable external
developments. In either case, such ex post evaluations are likely to concentrate
on the few criteria which seem important at the time of the interview
rather than recapturing the multiple pressures and the insecurities at the
time of the decision, often because many of the latter have been forgotten.

Another reason for the inadequacy of gx post evaluations relates to the
factual data often adduced, e.g. ostensible measures of the effects of a
given innovation on the costs or profits of the firm. But these obviously
need not have any consistent relationship to the ex ani¢ expectations under-
lying the adoption decision for two reasons. First, contrary to common
simplistic assumptions, major decisions seldom take the form of climactic
once-for-all commitments. Instead, they usually involve successive reviews
af past estimates on the basis of developing information and experience
and these lead to modifications of expectations and readjustments in still
unimplemented commitments. Moreover, major innovations frequently
require progressively widening sectors of readjustments in antecedent and
later operations in order to regain effective integration of the entire network
of processes. Hence, final results are seldom directly comparable with,
much less attributable solely to, the initial decision.

Even more important, actual results necessarily reflect the camplex,
and often inextricable, interactions of the particular innovational effects
with numerous other intrafirm policies and activities as well as with a

21 See Gald (1977b, pp. 57-9).
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multiplicity of extrafirm developments.?2 In view of the endless disagree-
ments among R & D, Engineering, Production, Marketing and other
groups in taking credit for favorahle firm performance and disavowing
blame for any unfavarable results, one cannot but be astonished at the
naiveté of claims to measuring the specific proportion of profits attributable
to innavations which usually affect only narrow segments of total firm
operatians within a setting involving many other concurrent changes.??

In short, in order to develop sounder guides for governmental or ather
efforts to influence innovational decisions, it seems necessary that research
focus more directly on the processes of relevant decision-making as it is
taking place, or immediately after its conclusion—i.e. in ‘real time’—and
that such explorations also seek to analyze the actual quantitative estimates
presented for managerial consideration along with the other bases for
arriving at such estimates. And additional valuable insights are likely to
be achieved by tracing the content of, and the bases for, the succession
of later decisions before an innovation achieves effective functioning, and
even beyond that as its role comes to be madified by later innovations
as well as by changing pressures in factor and product markets.?4

III. SOME SHORTCOMINGS IN ANALYZING THE EFFECTS OF TECHNOLOGICAL
DIFFUSION RELATIVE TO POLICY NEELS

Interest in rescarch on techmnological diffusion in industry seems to be
dominated by concern with improving private and public policymaking
efforts to maximize the net economic and (or) social henefits of diffusion
processes. Response to such needs necessitates greater concentration than
in the past on determining the effects of technological diffusion. By focusing
on rates of diffusion, on differences among such rates and on factors asso-
ciated with faster and slower rates, much of the published literature has
rested on the implicit assumptions that the innovations studied offered
significant net economic benefits and, hence, that increasing diffusion
rates would be economically (and perhaps socially) desirable.

The vulnerability of such assumptions has been camouflaged to a con-
siderable extent by the unrepresentativeness of most of the innovations
studied, usually reflecting hindsight selections of innovations which have
already been widely diffused and, hence, presumably found rewarding by
many. But such heroic assumptions are clearly open to serious challenge
in purportedly general approaches to analyzing diffusion prospects and
results. Inasmuch as all innovations obviously involve burdens as well

22 See Gold (1971, pp. 16-17, 1g76h, pp. 2-3, 1977¢, pp. 223-5)-

23 This is especially unpersuasive in view of the difficulties admitted by specialists in
making effective estimates of the cost savings attributable to individual units of equipment
even ¢x post, to say nathing of ex anfe. See Terborgh (1958, pp. 52, 95-7).

% For a remarkable example of such a detailed tracing of major capital decisions involving

technological innovations along with the effects of their progressive implementation over
an extended period of years, see Skeddle (1977).
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as benefits, an understanding of their over-all impacts surely requires
identification and assessment of each effect under various conditions before
reasonable judgements can be made ahout the desirability from various
points of view of faster or greater diffusion of any given innovation.23

A. On the Structure of Innovational Effects and Therr Diffusion

Studies of the effects of technological innovations are commonly regarded
as involving analytical foci quite separate from those around which diffusion
studies are centered. It seems clear, however, that appraising the effects
of increasing diffusion first requires determination of the effects of adoptions
by various types of plants before proceeding to estimate the results of
alternative patterns of increasing diffusion, involving the multiplication as
well as the interaction of such individual plant effects.

Intraplant and intrafirm effects, which have attracted meost attention,
should cover much more than the hitherto virtually sole concern with
profitability, total unit production costs andjor labor productivity, Other
significant considerations include the possible need for changes: in the
nature, quality and prices of material, energy, labor and capital inputs;
in the scale and flexibility of production; in the quality, mix and prices
of preducts; in labor tasks and associated morale problems; in employee
health protection as well as poliution controls. But the beneficial and
burdensome effects of changes in these various areas may well differ as
among plants with different characteristics, thus tending to yield different
resufts with increasing diffusion depending on which groups of plants
predominate.26

Increasing diffusion also tends to engender certain effects at the more
aggregative level of the relevant industry sector. These might include
the intensification of competitive pressures tending, for example, to increase
related R & D efforts and to pass along some savings through reduced
product prices. On the other hand, they could also encourage joint efforts
among competitors to negotiate needed adjustments with trade unions,
to overcome pollution and product safety prablems and to deal with any
governmental restrictions affecting utilization of the innovation. And
still another set of effects at the industry level might involve changes in
concentration, in entry barriers, in international competitiveness and
in competitiveness with other industrial sectors producing substitute
products.

Still wider ramifications of the increasing diffusion of technological
innovations in industry would certainly include backward pressures from

25 Gf. Gold (1977¢, pp. 185-6) and Williars {1973, p. xvii]. For interesting surveys
of the perceptions of actual and prospective adopters, see Lacci ot a2l (1974, pp. 134-5)
and Smith (1974, pp. 268-71).

26 An analytical framework for exploring such dimensions of technological effects was
presented in Gald (1955, pp. 169—232) and has been mare fully developed in Gald (1977¢,

pp. 197~228).
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adopters on the providers of needed inputs, including suppliers of raw
materials, energy and fabricated components as well as capital facilities
and funds.2? Associated pressures on trade unions might include changes
in employment levels, skill requirements, flexibility in work assignments
and bases for payment differentials. And another stream of pressures tends
to be generated in the direction of customers, who now face the apportunity,
or need, to adjust to changes in product capabilities and perhaps prices by
altering their own production processes and even products.

Finally, effective analysis of the still further impacts of increasing diffusion
might include effects on the communities {(and regions) in which adopting
and non-adopting plauts are located, i.e. on employment, income and
investment as well as on pollution and safety hazards. Such broader effects
would also encompass resulting impacts on natural resources and energy
requirements, on imports and even on defense in some cases.

B. On the Measurement of Innovational Effects
Determination of the prospective effects of availahle innovations is obviously
important both in deciding whether firms adopt or reject them and also
in broader evaluations of the desirability of faster ar greater diffusion.
Aside from occasional strained efforts to assess their potential effects on
profitability, mest attermpts to measure innovational effects have focused
on changes in physical input and physical output quantities, in related
input-autput relationships, and in total unit costs {or particular campanents
of them). Most such measures are clearly erroneous, however, and may
be grossly misleading because they tend to ignore, or give only peripheral
attention to, accompanying innovation-induced changes in the qualitative
characteristics of the inputs and outputs affected.28

Specifically, evaluative efforts in this area commonly involve deflating
changes in the value of praducts by changes in the average price of products
to measure changes in physical output; and similarly deflating changes in
the cost of materials, labor and capital goods by changes in the average
price of each of these input categories to determine changes in their re-
spective physical input levels. Such expedients obviously tmply that only
the quantities of products and inputs have changed, leaving their qualitative
characteristics essentially unchanged. But virtually all major technological
innovations violate such assumptions. Most require changes in the kinds
and specific physical or chemical characteristics of at least some purchased
materials and in the functional capabilities of capital goods, and sometimes

27 Successively broader models encompassing such further effects of technological innova-
tions were presented in Gold (1g64a, 1971, pp. 1989, 1977¢, pp. 220-7, 1978). The latter
also includes preliminary explorations of the broader ramifications of two sets of majar
technological innovations.

28 Such problems are discussed in some detail with specific reference to their implications
for measuring the effects of technological innovations in Gald {1973, 1975b, pp. 25~39,

1978).
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in the composition of required lahor skills. And most also lead to, or neces-
sitate, changes in the service attributes of at least same products as well
as in the product-mix. Clearly, the mare numerous and significant such
alterations in the qualitative characteristics of inputs and outputs, the
wider are likely to he the margins of error of the traditional measures of
the productivity and cost effects of technological innovations.

Resulting changes in the qualitative attributes of products, however,
often pravide apportunities for purchasers engaged in further processing
and fabrication operations to achieve new competitive advantages. Such
effects would tend to encourage diffusion of the original innovation through
additional pressures for adoption from customers of the plants considering
such decisions. Similarly, innovation-induced changes in the needed qualita-
tive characteristics of materials and capital inputs might trigger adaptive
adjustments and developments by suppliers resulting in improvements
available not only to the firms which have already adapted the original
innovation but to laggards as well. As a result, the latter’s evaluation of the
net advantages of adopting the original innovation would he raised, thereby
tending to increase the number of adoptions.

In short, perceptive analysis of the economic effects of technological
innovations requires abandoning continued reliance on the crude measures
developed during the many decades when the theoretical framework of
econamic analysis explicitly excluded such phenomena. More effective
measurements require confronting the problems of adjusting quantity
and price changes for concomitant changes in the qualitative characteristics
of inputs and outputs which are a major reflection of technological effects.
It should be recognized, however, that such efforts reinforce the earlier-
mentioned need for acquiring sufficiently detailed knowledge of the tech-
nologies involved to be able to identify the kinds of qualitative changes
which have an important bearing on economic effects and to try to assess
the nature and magnitude of such effects.

IV. CONCLUDING OBSERVATIONS

The preceding broad analytical framework has been presented in order
to emphasize the wide range of passible effects to be considered and the
variety of viewpoints from which evaluations may be made of the desirability
of braoader or faster diffusion of any technological innovatien in industry.
It seems reasonable to argue that industrial managements, government
agencies and academic scholars would all benefit from the development
of progressively more effective hases for systematic examination and appraisal
of the effects of technological innovations as well as of different patterns,
rates and levels of diffusion. Results to date have not been of much practical
value to industrial managements, partly because decision-making responsi-
bilities tend to limit their interest to findings more directly relevant to
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their own immediate needs, but in even greater measure hecause industrial
specialists are usually far better informed than transient researchers from
outside the industry about the diffusion patterns of relevant technological
innovations and the factors influencing them. Nor have the results of research
in this area offered much useful guidance to government policy making
hecause of the recognized vulnerability of attempts to generalize from
findings commonly based on patently inadequate samples and obviously
inadequate penetration of the complex considerations underlying the
actual decisions reflected by diffusion rates.

Perhaps more disturbing from the standpoint of responsible scholarship
has been the readiness of some researchers to criticize industrial manage-
ments for delays in adopting seemingly relevant technological innovatians,
Most such attacks have been based on arguahle inferences from data pro-
viding hindsight perspectives or comparisons with experience in other
countries. But such judgements reflect ignorance of, or disinterest in, the
specialized limitations of the given state of the innovation relative to the
dominant needs of prospective adopters in earlier periods. Surely, serious
analysts cannot assume away the difficulties of scaling up innovations or
adapting them to wider areas of application;2® nar should they deny the
possibility that shifts in factor prices can appropriately alter prior evaluations
of innavational effects, or that earlier commitments of available resources
to needs deemed more urgent represent rational reasons for deferring
adoption of an innovation.

Indeed, it is of fundamental importance to recognize that virtually all
innovations invalve technological and economic risks at all stages of diffusion
and that decisions to reject may accordingly be entirely justifiable at any
stage by some prospective adopters. The fact that most innovations fail
to achieve widespread diffusion testifies to the pervasiveness of such risks
and the need for evaluating them carefully. It is surely irrespansible in
considerable measure, therefore, to launch such criticisms frem the safety
of hindsight prospectives. Oddly enough, even such ex post attacks are seldom
buttressed with serious evidence of the economic superiority of the innova-
tions at earlier periods, reliance being placed rather on estimates based

28 For example, see Adams and Dirlam (1966, pp. 167-8g) and Ault {1974, pp. 89-97).
The findings in the former may be campared with the contrasting results in the other studies
cited in footnote 11 above and the findings by Ault may be compared with those of Rosegger
{1979). Incidentally, it is curious that Adams and Dirlam as economists urging more rational
decision-making by industrial managers fail to discuss the less favorable profit performance
aof the steel companies which they praise as technological pioneers as compared with thase
critivized 2s laggards. This is not at all intended to suggest that the profitability of large
firms is an effective measure of the distinetive effects of technological innovations affecting
rertain component aperations, But it does suggest bearing in mind that the managements
of such firms are compelled to use an evaluarive framework covering a far larger array
of alternatives than are likely to be of concern to scholars analyzing any given narrow sector of
decisions, such as the timing of adeptions of particular innovations. Indeed, such actual
profit results may even suggest that the delayed adoption of certain technological innovations
did not have a deleterious effect on the performance of the larger companies criticized for
such delay.
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on highly over-simplified assumptions which clearly disagree with the
contemporary evaluations of industry specialists. Accordingly, it would
be more in accord with scholarly objectives ta try to understand why
decisions were made which do not conform to the analyst’s expectations
than te imply that such decisions were attributable to the sloth, stupidity
or ignorance of substantial sectors of industrial management.

In order to further such needed understanding of the factors affecting
technological diffusion processes in industry, it would seem desirable that
future diffusion research concentrate more sharply on:

1. identifying the effects of successive improvements on the technological
capabilities and limitations of particular innovations;

2. estimating resulting changes in the number and characteristics of active
adaption prospects;

3. exploring the evaluation processes of individual firms which underlie
adoption decisions, including the pre-decision determinants of the
relevance of any given innovation as well as the hases for estimating
its prospective technological and economic contributions to the future
performance of the firm;

4. analyzing the economic and social effecis of increasing diffusion of the
innovation on the growth and competitive strength of the industry, on
its internal competitiveness, on the industries supplying its inputs and
those purchasing its products, on the communities and regions in which
the industry is located, and on other performance criteria of concern to
government agencies, trade unions and consumers; and

5. evaluating the resulting advantages and disadvantages, from the stand-
point of various interests, of increasing or decreasing the rate of diffusion
of the innovation at various stages of its development.

CASE WESTERN RESERVE UNIVERSITY ACCEPTED MAY 1980
GLEVELAND, OHIO
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