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The federal government is becoming 
increasingly active in stimulating tech- 
nological change and innovation in the 
civilian economy. Unlike space and de- 
fense technologies, where the federal 
government is the principal purchaser of 
new products and services as well as the 
sponsor of research and development 
(R & D), civilian-oriented technologies 
must be adopted by commercial firms or 
state and local public agencies. Con- 
sequently, federal agencies have sup- 
ported "demonstrations" of such in- 
novations as nuclear power reactors, 
personal rapid transit vehicles, and de- 
salination plants in order to speed their 
introduction into commercial use. Other 
demonstrations have provided informa- 
tion for regulatory decisions, especially 
in the environmental field. A few have 
promoted U.S. foreign policy objectives. 
All are intended to show how a tech- 
nology operates in the "real-world" en- 
vironment. 

A demonstration project generally in- 
volves the final stage of the scaling-up 
process from the laboratory to com- 
mercial use. Often, the technology has 
progressed through R & D and pilot- 
plant operations or field tests. These ac- 
tivities concentrate on proving technical 
feasibility and providing early estimates 
of costs. In contrast, a demonstration fo- 
cuses on market demand, institutional 
impact, and other nontechnological fac- 
tors, the goal being to provide the basis 
for well-informed decisions on whether 
to adopt the technology (1). 

Federally supported demonstrations 
of civilian technologies are by no means 
new. In 1843, Congress appropriated 
$30,000 to demonstrate Samuel Morse's 
American Telegraph System between 
Baltimore and Washington, D.C. The 
telegraph line was completed by June of 
1844, and its success led to the com- 
mercial expansion of telegraph service in 
the United States (2). 
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Only in the last two decades, however, 
has the federal government accumulated 
extensive experience in funding demon- 
strations in many fields, including ener- 
gy, housing, transportation, environ- 
mental protection, and health care. The 
results have been mixed. Some demon- 
strations, such as the Atomic Energy 
Commission (AEC) Power Reactor 
Demonstration Program in the 1950's 
and early 1960's, are generally consid- 
ered to have speeded commercial adop- 
tion of the technology. But others are 
not, such as the Department of the Inte- 
rior's attempt to produce an edible fish 
protein concentrate from whole fish. 
Surprisingly, apart from several studies 
of the role of the U.S. Department of Ag- 
riculture (USDA) in agricultural inno- 
vation (3) and Hilton's discussion of 
mass transit demonstrations (4), there 
has been little systematic analysis of past 
experience that would enable us to un- 
derstand when and why some demon- 
strations have worked well and others 
have not. 

We based our present analysis on de- 
tailed studies of 24 federally funded dem- 
onstrations. We begin by discussing the 
rationale for government involvement, 
the scope of federal demonstration activ- 
ities, and a framework for analyzing out- 
comes in terms of project goals, initial 
uncertainties, and other factors. 

Why Should the Government Sponsor 
Demonstrations? 

The traditional rationale for govern- 
ment involvement in civilian technology 
is that, left to its own devices, the decen- 
tralized private market mechanism will 
not generate the level and kind of tech- 
nological innovation that maximizes the 
welfare of society as a whole. This prob- 
lem of market failure can arise from 
three sources. First, the benefits to so- 

ciety from a firm's R & D activities may 
exceed the benefits that the firm can cap- 
ture as profits. The unpredictable results 
of research are especially hard for the 
originating firm to capture, since the cost 
of producing new knowledge through re- 
search usually is high, but the cost of re- 
producing it is low. Patents and copy- 
rights only partially alleviate the dis- 
parity, which leads firms to invest less in 
R & D activities than would be socially 
optimal. However, this argument is 
stronger for activities near the basic re- 
search end of the spectrum than for dem- 
onstration projects. 

Second, the production of some goods 
and services gives rise to externalities 
that are not reflected in the price of the 
good or the service, or of the inputs into 
its production. Externalities can be ei- 
ther positive or negative. Reduced de- 
pendence on foreign fuel is a positive ex- 
ternality associated with developing new 
domestic energy supplies. Consequent- 
ly, government may want to demonstrate 
a new energy technology to produce in- 
formation about its commercial feasibil- 
ity. If the technology proves economical- 
ly advantageous, the demonstration will 
speed its commercial introduction and 
diffusion; if not, the demonstration can 
determine the level of subsidy needed to 
stimulate adoption. In other cases, a new 
technology may reduce a negative ex- 
ternality, such as jet engine modifica- 
tions to cut aircraft noise around air- 
ports. While the airlines may have no 
profit incentive to introduce the tech- 
nology, a government-sponsored demon- 
stration may pin down the cost of requir- 
ing its use by regulation. 

Finally, private markets may operate 
inefficiently because of excessive con- 
centration, high information or transac- 
tion costs, or distortions caused by gov- 
ernment itself. The rigidities and dis- 
tortions in the residential housing mar- 
ket, introduced by multiple local building 
codes and labor union practices, have 
been the rationale for government-spon- 
sored demonstrations of new building 
technologies. The low rate of innovation 
in the U.S. shipbuilding industry, caused 
largely by government subsidies for ship 
construction and cargo preference laws 
favoring ships built in the United States, 
was the justification for additional gov- 
ernment intervention in the form of re- 
search, development, and demonstration 
(RD & D) support. To be sure, it would 
be a better policy to remove the original 
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distortions, that is, the cargo preference 
laws and subsidies. But this may be po- 
litically infeasible or beyond the au- 
thority of the agency sponsoring the 
RD & D (5). Consequently, demonstra- 
tions can become part of a "patch-up" 
policy to remedy government-induced 
market distortions. 

In cases of market failure, federally 
supported demonstrations may be useful 
in generating information and stimulating 
diffusion. But the rationale must be 
clearly defined, since market failure is a 
general and often fuzzy concept that can 
easily be misapplied in support of ill-con- 
ceived government projects (6). "Gov- 
ernment failure" occurs as well as pri- 
vate market failure. Attempts by govern- 
ment to compensate for distortions in the 
marketplace can lead to other, more seri- 
ous, distortions. 

Scope of Federal Demonstration Activity 

In addition to operating in a real-world 
environment, the demonstration projects 
included in this study share three charac- 
teristics: 

1) They are supported by federal 
funds, although they may also receive 
funding from nonfederal government 
agencies and from private firms. 

2) They are intended to provide direct 
stimulation of technological change in 
the civilian sector (we exclude space and 
defense activities that may have civilian 
spin-offs as an ancillary objective). 

3) Private sector firms are expected to 
adopt the technologies, or to supply the 
technologies to public sector adopters. 
Health insurance, school voucher, nega- 
tive income tax, and other projects 
aimed at social change (7) are thus ex- 
cluded from our study. 

Using these criteria, we surveyed all 
federal departments and agencies out- 
side space and defense to determine the 
scope of their demonstration activities. 
By reviewing agency budgets, program 
descriptions, and reports, as well as 
through interviewing agency officials, we 
identified 41 programs in 12 federal de- 
partments and independent agencies that 
include demonstrations. We estimate 
that demonstration projects account for 
about 10 percent of the $8.6 billion bud- 
geted for all civilian RD & D activities in 
fiscal year 1977 (8). Demonstration fund- 
ing is expected to increase substantially 
in the future, especially in the energy 
field. The Energy Research and Devel- 
opment Administration (ERDA) has list- 
ed more than 50 demonstration projects 
in its 1976 National Plan (9). Most are 
scheduled to begin within the next 10 
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years, including several fossil energy and 
solar demonstrations, each estimated to 
cost over $200 million. 

From the 41 agency programs, we se- 
lected 24 projects for closer analysis 
(Table 1). They were chosen to span a 
wide range of technologies; federal 
agencies; project sizes; and uncertainties 
in terms of technological development, 
the market for the innovation, and orga- 
nizational and institutional impediments 
to adoption. Half of the projects were 
judged by their sponsors or others to 
have been successful. Additional criteria 
were the adequacy of available data and 
a history sufficient to permit our inde- 
pendent assessment of outcomes. Three 

of the projects were pilot plants or field 
tests, selected to sharpen the distinctions 
between these activities and true demon- 
strations. 

Eleven of the 12 agencies and depart- 
ments conducting substantial demonstra- 
tion activities are represented among the 
24 projects selected for analysis. The ex- 
ception is the USDA, whose projects 
were excluded because the department's 
unique role in agricultural innovation 
over more than a century, through the 
Experimental Stations and Extension 
Service, makes comparisons with other 
economic sectors difficult. 

Table 1 groups the 24 projects in three 
rounds of case studies. Given the lack of 

Table 1. Selected case studies of federally funded demonstration projects. 

Federal agency Project Location 

Firs 
Atomic Energy Commission- 

Maritime Administration 
Environmental Protection 

Agency 
Health, Education, and Wel- 

fare 
Health, Education, and Wel- 

fare 
Maritime Administration 

National Marine Fisheries 
Service 

Office of Saline Water 
Urban Mass Transportation 

Administration 

Atomic Energy Commission 

Atomic Energy Commission 

Environmental Protection 
Agency 

Energy Research and Devel- 
opment Administration 

Housing and Urban Devel- 
opment 

Urban Mass Transportation 
Administration 

Veterans Administration 

Bureau of Mines 

Environmental Protection 
Agency 

Environmental Protection 
Agency 

Federal Highway Admin- 
istration 

Maritime Administration 
National Aeronautics and 

Space Administration- 
Federal Aviation Admini- 
stration 

Office of Saline Water 
Urban Mass Transportation 

Administration 
Urban Mass Transportation 

Administration 

Mechanized refuse collection 
(Godzilla) 

Computer-assisted electro- 
cardiogram analysis 

Teleprocessing of Medicaid 
claims 

Shipbuilding research, devel- 
opment, and demonstra- 
tion program 

Fish protein concentrate plant 

Saline water conversion plant 
Dial-A-Ride transportation 

system 
Second round (develop hypotheses) 

Yankee nuclear power 
reactor 

Connecticut Yankee nuclear 
power reactor 

Refuse Firing Demonstration 
(solid-waste-to-fuel 
conversion) 

Synthetic fuels program* 

Operation Breakthrough (indus- 
trialized housing techniques) 

Personal rapid transit system 

Hydraulic knee prosthetic 
device 

Third round (assess hypotheses) 
REAM (rapid excavation and 

mining) gun* 
Resource recovery from refuse 

Poultry waste processing 

Expressway surveillance and 
metered ramp control 

Maritime satellite program 
Refan jet engine program 

Saline water conversion plant 
Bus-on-metered-freeway sys- 

tem 
Automatic vehicle identification* 

Scottsdale, Ariz. 

Denver, Colo. 

Montgomery, Ala. 

U.S. shipyards 

Aberdeen, Wash. 

Freeport, Tex. 
Haddonfield, N.J. 

Rowe, Mass. 

Haddom Neck, Conn. 

St. Louis, Mo. 

Various 

Various 

Morgantown, W.Va. 

Various 

Hope Valley, Calif. 

Franklin, Ohio 

Durham, N.C. 

Chicago, Ill. 

Pt. Loma, Calif. 
Minneapolis, Minn. 

New York, N.Y. 

*Field test stage. 
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t round (develop conceptual framework) 
Nuclear ship Savannah 



prior analysis, the first round provided 
an empirical basis for developing a con- 
ceptual framework for the study. The 
second round generated hypotheses and 
tentative conclusions about demonstra- 
tions that were tested and refined in the 
third round. These 24 projects constitute 
a substantial fraction of all federally 
funded demonstrations meeting the cri- 
teria for the study and for which ade- 
quate case histories could be drawn (10). 

Demonstration Project Goals and 

Outcomes 

Government agencies generally sup- 
port demonstrations with the intent of 
speeding diffusion. The principal "target 
audiences" are the potential adopters of 
the technology, or the government 
agencies that may mandate adoption 
through regulation. The Environmental 
Protection Agency (EPA), for example, 
conducts demonstrations of new pollu- 
tion control technologies to determine 
the advisability of setting new regulatory 
standards. Occasionally, a demonstra- 
tion project also supports a high-level na- 
tional policy goal, as did the construction 
of the nuclear ship Savannah as part of 
President Eisenhower's Atoms for Peace 
program. However, the Savannah dem- 
onstration was also intended as a step to- 
ward commercial adoption of nuclear 
merchant ships by the U.S. shipping in- 
dustry. 

Demonstrations have other specific 
objectives in support of their primary 
goal. First, and usually most important, 
is the production of new information to 
aid decision-making by potential adopt- 
ers and other target audiences. All of the 
demonstrations in our sample sought to 

generate new information. We character- 
ize information production as directed to 
reducing five kinds of uncertainty: 

Technological uncertainty. This is un- 
certainty about the feasibility of a tech- 

nology for a particular use. 
Cost uncertainty. Such uncertainty 

concerns the monetary costs of manufac- 

turing a product or of operating a process 
using the technology. 

Demand uncertainty. There may be 
uncertainty about the benefits (private or 
public) that will accrue from use of the 
technology. 

Institutional uncertainty. This covers 
uncertainty about how adoption will af- 
fect the functioning and structure of the 
adopting organization, and its relation- 
ships with other organizations, such as 
labor unions or competitors. 

Uncertainty about externalities. There 
may be uncertainty about the health, 
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safety, environmental, and other effects 
of the technology that are unaccounted 
for in prices. 

Uncertainties usually materialize as 
concrete problems during project plan- 
ning and implementation. High tech- 
nological uncertainty must be reduced 
before the demonstration can even begin 
operations. Demand uncertainty is im- 

portant in projects demonstrating a new 
product or service, as in the Dial-A-Ride 
demonstration of a public transit service 
falling between a fixed-route bus system 
and taxicabs. Institutional uncertainty 
can become an issue, as it did when 
crewmen went on strike in the Savannah 
demonstration. Uncertainty about ex- 
ternalities can become a problem when, 
for example, the demonstration plant 
starts causing pollution, as in the case of 
the fish protein concentrate plant. Un- 
certainties are reduced largely through 
solving such problems. 

Figure 1 illustrates the information pro- 
duction process. Demonstration plan- 
ning and operations are affected by the 
extent and nature of the uncertainties as- 
sociated with real-world use of the tech- 

nology, by the extent to which target au- 
diences (the intended recipients of the in- 
formation) participate in the demonstra- 
tion, and by the political environment 
surrounding the project. Political sup- 
ports and constraints are obviously im- 

portant to the outcomes of any govern- 
ment-sponsored project. 

The second objective of demonstra- 
tions is to disseminate already-existing 
information about the innovation. Poten- 
tial adopters are more likely to make a 

positive adoption decision after seeing 
an operating system than by reading a 
technical report or hearing about it at a 
conference. The Maritime Administra- 
tion's shipbuilding program, which dem- 
onstrated a number of off-the-shelf tech- 

niques, seems the best example among 
our projects of an exemplary demonstra- 
tion. 

A third objective may be to encourage 
the institutional and organizational 
changes that would facilitate adoption of 
a new technology. This goal is rare 
among the demonstrations we have stud- 
ied. Operation Breakthrough seems the 
best example; it explicitly sought to 

bring about changes in building codes 
and labor union practices that hinder 

adoption of industrialized housing tech- 
nologies. 

Demonstration outcomes, then, reflect 
these objectives, and we can measure 
the outcomes by (i) information success, 
(ii) application success, and (iii) diffusion 
success. To be an information success, 
all uncertainties must be reduced to a 

point where potential adopters can make 
an informed decision on whether or not 
to adopt the technology. We emphasize 
that a demonstration can be an informa- 
tion success if it shows that a technology 
is not currently economic and should not 
be adopted. For regulation-oriented 
demonstrations, information success oc- 
curs when the relevant agencies can 
make informed regulatory decisions. For 
example, the Refan demonstration gen- 
erated information on the technical per- 
formance and cost of noise-reducing jet 
engine modifications, so that the Federal 
Aviation Administration (FAA) could 
decide whether to set new noise stand- 
ards for commercial aircraft. 

A demonstration is an application suc- 
cess to the extent that the technology 
works well in the local setting. Such suc- 
cess is important for all demonstrations, 
but particularly for those with strong ex- 
emplary aspects that are intended to 
broadcast information about a proven 
technology. Information and application 
success are largely independent mea- 
sures, and one can be achieved without 
the other. 

Diffusion success is defined as the ex- 
tent to which the technology passes into 
general use as a result of the demonstra- 
tion project. Diffusion success is not ap- 
plicable to demonstrations aimed solely 
at meeting "high policy" goals, nor to 
regulation-oriented projects in which de- 
cisions about the technology's use are 
made largely by a regulatory agency and 
not by potential adopters. But for all 
market-oriented demonstrations that 
show relative economic advantage, dif- 
fusion can be considered the "payoff" 
measure of success. 

Diffusion is not the same as tech- 
nology transfer. The latter occurs when a 
technology used in one application is 
picked up for a substantially different 
use. For example, many safety and con- 
trol system features of the Savannah's 
nuclear reactor were subsequently trans- 
ferred to civilian land-based power reac- 
tors. Transfer generally involves only 
some features or components of a sys- 
tem. Diffusion occurs when the tech- 
nology is adopted beyond the demon- 
stration project for the same basic use. 
We attribute "significant" diffusion to a 
demonstration when adoption proceeds 
without further government interven- 
tion; that is, when the diffusion process 
is self-sustaining. There is a mid-range of 
"some" diffusion when the technology is 
adopted in a few cases, but diffusion 
does not appear to be self-sustaining 
without additional government support. 
And, of course, some demonstrations 
lead to little or no diffusion (11). 
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Relationships Among Outcomes 

Not surprisingly, the seven of our 24 
demonstrations that showed significant 
diffusion success also were information 
and application successes: the Yankee 
nuclear power reactor in Rowe, Massa- 
chusetts; the Refuse Firing Demonstra- 
tion (solid-waste-to-fuel conversion 
plant) in St. Louis, Missouri; ship- 
building innovations demonstrated in 
several U.S. shipyards; poultry waste 
processing techniques demonstrated in a 
plant near Durham, North Carolina; a 
water desalination demonstration plant 
built at Pt. Loma, California; express- 
way surveillance and metered ramp con- 
trols demonstrated in Chicago, Illinois; 
and hydraulic knee prosthetic devices 
demonstrated in several Veterans Ad- 
ministration clinical facilities. 

In each case, the demonstration 
worked well at the site (application suc- 
cess) and reduced uncertainty to low lev- 
els in the five dimensions of technology, 
cost, demand, institutional impact, and 
externalities (information success). As a 
result, potential adopters and regulatory 
agencies could make well-informed deci- 
sions about adoption, and application 
success added credibility to the informa- 
tion that the demonstration generated. In 
contrast, little or no diffusion took place 
in cases where application success was 
low or where major uncertainties per- 
sisted. 

As one example, the Refuse Firing 
Demonstration-the conversion of trash 
to fuel as a substitute for coal in utility 
boilers-appeared on paper as an attrac- 
tive possibility. But adopters still faced 
uncertainties about the cost of process- 
ing trash, and the potential problems of 
clogged boiler firing mechanisms, exces- 
sive ash, and air pollution. The St. Louis 
demonstration reduced these uncer- 
tainties by showing that the conversion 
process is cost-advantageous and does 
not have prohibitive environmental ef- 
fects. It also worked well in its local set- 
ting. Because of the mounting problem 
of solid-waste disposal, and the strong 
demand for boiler fuel, the St. Louis ex- 
perience has led to adoption by other 
cities. 

Neither information success nor appli- 
cation success guarantees diffusion suc- 
cess, however. Information can lead to a 
decision not to adopt-if, for example, 
the innovation does not appear cost-ad- 
vantageous over alternatives. Or the 
demonstration may show a relative cost 
advantage, but formidable institutional 
barriers to adoption may remain, such as 
labor union resistance. Or the demon- 
stration can be an application success, 
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but at a site so specialized that the re- 
sults are not generalizable. Apparently, 
then, both information success and ap- 
plication success are necessary but not 
sufficient conditions for diffusion suc- 
cess. 

Technological Uncertainty and 

Diffusion Success 

Demonstrated innovations that are 
adopted for commercial use are, of 
course, those that show relative econom- 
ic advantage. Our analysis indicates that 
a demonstration's ability to determine 
whether such economic advantage exists 
depends on having the technology "well 
in hand," that is, developed to a point 
where potential users are confident that 
it will perform reliably. This then enables 
the demonstration to reduce other uncer- 
tainties. 

Figure 2 shows the relationship be- 
tween technological uncertainty before 
the demonstration and diffusion success 
(12). We define technological uncertainty 
as high when the technology has not pre- 
viously been field tested, or basic prob- 
lems with the technology are known to 
exist and techniques for dealing with 
them are not clear at the time the demon- 
stration starts (13). For example, the fish 
protein concentrate project involved 
scaling up from batch processing in the 
laboratory to a continuous process at 

near-commercial scale, without a pilot 
plant. The personal rapid transit system 
demonstrated in Morgantown, West Vir- 
ginia, included a vehicle design not pre- 
viously field tested. 

Uncertainty is defined as medium 
when the technology has been tried at 
lower scale, but it is still uncertain 
whether it will work reliably in a scale-up 
to a commercial or near-commercial lev- 
el. Or, in cases that involve a reconfigu- 
ration of off-the-shelf components, un- 
certainties may arise that cannot be re- 
solved through design studies but require 
a test under day-in, day-out operating 
conditions. In the Refuse Firing Demon- 
stration, for example, the components of 
the system had been used at similar 
scale, but never in the use to which they 
were put in the demonstration. In the 
Yankee reactor demonstration, the pres- 
surized water reactor technology had 
been piloted in the earlier Shippingport 
reactor, but substantial scale-up ques- 
tions remained. 

Uncertainty is low when the technolo- 
gy involves essentially off-the-shelf hard- 
ware, but perhaps in a configuration dif- 
ferent from that used previously. Design 
studies can resolve uncertainties in such 
cases. An example is the mechanized 
refuse collection demonstration in 
Scottsdale, Arizona (affectionately 
dubbed "Godzilla" by the participants 
because of the size and shape of the 
modified vehicle). All the hardware com- 

Fig. 1. A model of new information flows in demonstration projects. 
953 



ponents had been used before and there 
was little doubt that the new configura- 
tion would operate well. 

The association between diffusion suc- 
cess and low or medium technological 
uncertainty is not surprising. The value 
of a demonstration project in generating 
information useful to potential adopters 
depends on its operating reliably in a 
real-world environment. If the tech- 
nology is not well in hand, there will be 
frequent breakdowns, delays, and frus- 
trations. The four projects in the upper 
left cell of Fig. 2 [Dial-A-Ride (computer 
dispatched), personal rapid transit, fish 
protein concentrate, and Savannah] en- 
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countered such difficulties. They were so 
engrossed with technical problems that 
they could not successfully address oth- 
er dimensions of uncertainty. 

Figure 2 also illustrates that low or me- 
dium technological uncertainty by no 
means guarantees diffusion success. 
Other factors may deter adoption. The 
houses constructed in Operation Break- 
through, for example, showed little cost 
advantage over conventionally built 
houses, partly because the housing mar- 
ket is characterized by unstable, frag- 
mented demand that generally makes 
such large-scale construction efforts 
uneconomic. Breakthrough could not ad- 

Desalination (Freeport) Dial-A-Ride (manual) Yankee nuclear reactor 

Electrocardiogram Refuse Firing Demonstration 
Maritime satellite Desalination (Pt. Loma) 
Resource recovery 

from refuse 

Medicaid claims Connecticut Yankee Poultry waste processing 

Breakthrough Godzilla Shipbuilding RD & D 

Bus-on-metered-freeway Chicago expressway 
Hydraulic knee 

Little or none Some Significant 

Diffusion success 
Fig. 2. Technological uncertainty and diffusion success. 

Breakthrough Connecticut Yankee Yankee nuclear reactor 

Electrocardiogram 

Bus-on-metered -freeway Resource recovery Refuse Firing Demonstration 
Desalination (Freeport) from refuse Poultry waste processing 

Godzilla Shipbuilding RD & D 

Chicago expressway 
Desalination (Pt. Loma) 

Fish protein concentrate* Maritime satellite Hydraulic knee 
Savannah* Dial-A-Ride (manual) 
Personal rapid transit 
Medicaid claims* 
Dial-A-Ride (computer) 

Little or none Some Significant 

Diffusion success 

Fig. 3. Nonfederal cost-sharing and diffusion success. The projects marked with an asterisk 
received 100 percent federal funding. 
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dress the demand-related policies neces- 
sary to change these market conditions 
and thereby insulate the residential con- 
struction industry from changes in credit 
conditions elsewhere in the economy. 
Also, barriers remain as a consequence 
of continued unacceptability of perform- 
ance standards to some mortgage lend- 
ers, and the persistence of restrictive 
building codes and labor union rules. 
Without showing large cost advantages, 
it is doubtful that any demonstration 
could overcome these institutional bar- 
riers. 

The teleprocessing of Medicaid claims 
demonstration failed to diffuse largely 
because the Medicaid insurance carrier 
(the primary potential user) concluded 
that the technology showed no cost ad- 
vantage over another system the carrier 
was already planning to use. The desali- 
nation demonstration in Freeport, Tex- 
as, resulted in little diffusion primarily 
because potential adopters wrongly per- 
ceived the technology as unreliable. Dur- 
ing the demonstration, experiments 
aimed at process improvements were 
conducted. The experiments required 
equipment modification and frequent 
shutdowns. This conveyed incorrect sig- 
nals to the plant's users and it contrib- 
uted to both application and diffusion 
failure. 

Cost- and Risk-Sharing with Nonfederal 

Participants 

Figure 3 shows the relation between 
diffusion success and the percentage of 
federal funding in the total cost of the 
demonstration. All seven projects show- 
ing significant diffusion success involved 
nonfederal cost-sharing; the three fund- 
ed entirely by the federal government, 
denoted by asterisks, resulted in little or 
no diffusion. Moreover, only one of the 
eight projects showing little or no dif- 
fusion success included substantial cost- 
sharing with private sector firms that had 
profit incentives to promote use of the 
technology. That case-Operation Break- 
through-enjoyed little diffusion success 
for reasons discussed above. 

The reasons for the link between cost- 
sharing and diffusion are readily appar- 
ent. The willingness of nonfederal partic- 
ipants to share costs and risks suggests 
that they judge the prospects for success 
as good. Their interest helps answer 
such questions as how one is to ascertain 
whether the technology is "in hand"; 
whether the project promises useful in- 
formation about costs, demand, and ex- 
ternalities; and whether organizational 
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and institutional factors are likely to be 
important. 

Cost-sharing therefore can be a useful 
filter for demonstration planners and re- 
duce the number of expected failures. 
One could contend that the govern- 
ment's role should be to undertake po- 
tentially high payoff but risky projects 
that the private sector is unwilling to 
fund, so that cost-sharing is an in- 
appropriate criterion for project selec- 
tion. This argument seems more per- 
suasive for research than for demonstra- 
tion projects, however. As a technology 
moves from research through the devel- 
opment and demonstration stages, a firm 
can expect to capture more benefits from 
its investment and consequently should 
be more willing to share costs with the 
government sponsor. The more appro- 
priate government role is to reduce but 
not eliminate risks to private firms where 
significant public benefits are expected 
from the introduction of the new tech- 
nology. A demonstration thus represents 
a bridging activity between the public 
and private sectors. 

Cost-sharing, however, is not an infal- 
lible predictor of successful diffusion. In 
particular, it must be distinguished from 
risk-sharing. Cost-sharing may involve 
little risk if the nonfederal costs are fixed 
and the federal government absorbs any 
overruns, or if local contributions are 
contingent on project success. In the 
Morgantown personal rapid transit case, 
for example, West Virginia University, 
the county, and the city of Morgan- 
town donated land for rights-of-way 
as their cost contribution. But the 
contract between the federal Urban 
Mass Transportation Administration 
and West Virginia University stipulated 
that if the system did not operate 
satisfactorily, the federal government 
would dismantle it and restore the land 
to its original condition. 

This discussion of cost- and risk-shar- 
ing appears relevant to current policy 
questions concerning demonstration and 
commercialization of breeder reactor 
technology (14). Like the earlier com- 
mercialization of nuclear light water re- 
actors (LWR's), the government has ex- 
pected the electric utility industry to pur- 
chase breeder reactors after a govern- 
ment-sponsored demonstration program. 
In the 1950's and 1960's, the AEC made 
fixed contributions to LWR demonstra- 
tions such as Yankee and Connecticut 
Yankee. Electric utilities-public and 
private-assumed principal financial re- 
sponsibility for each project, including 
responsibility for cost overruns. This 
relationship was reversed in the breeder 
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reactor program. In the early 1970's, the 
utilities restricted their commitment to 
the Clinch River breeder reactor demon- 
stration plant to a fixed sum and were not 
willing to share the risks of cost over- 
runs. Since the utilities made their deci- 
sion, the estimated cost of the Clinch 
River plant rose from about $700 million 
to more than $2 billion. 

The utilities' reluctance to share risks 
reflected their uncertainties about the vi- 
ability of the breeder fuel cycle, the eco- 
nomics of commercial breeders, and the 
resolution of nuclear proliferation, safe- 
ty, and environmental issues. These un- 
certainties, particularly those surround- 
ing proliferation and the breeder fuel 
cycle, would not be resolved by the 
Clinch River demonstration. Conse- 
quently, the utilities' reluctance to as- 
sume a greater share of risk for the 
Clinch River plant and for the Prototype 
Large Breeder Reactor (PLBR) demon- 
stration proposed by ERDA is a warning 
signal that the breeder reactor program is 
not yet ready for commercialization. 
Specifically, ERDA's 1976 projection 
that utilities would purchase and have in 
operation 30,000 to 60,000 megawatts of 
breeder reactor generating capacity be- 
fore the year 2000 was unrealistic even if 
the Clinch River and PLBR plants had 
proceeded as planned. Based on the past 
experience with federally supported 
demonstrations, we suggest that basic 
uncertainties such as the acceptability 
and cost of the breeder fuel cycle must 
be resolved before any realistic schedule 
for commercialization can be set. By 
themselves, demonstrations such as the 
Clinch River plant or the PLBR are not 
likely to lead directly to private sector 
adoption of breeder technology. Reflect- 
ing these concerns, especially those re- 
lating to proliferation and the breeder 
fuel cycle, the Carter Administration has 
stopped work on the Clinch River dem- 
onstration, leaving the future of the 
breeder program in doubt. 

Other Project Attributes Associated 

with Diffusion Success 

Besides having a technology well in 
hand and cost-sharing with nonfederal 
participants, projects successful in dif- 
fusion tend to have the following attri- 
butes: 

Project initiative from nonfederal 
sources. Demonstration projects origi- 
nating with private firms or local public 
agencies enjoyed greater diffusion suc- 
cess than did those directly promoted by 
the federal government. Of course, fed- 

eral officials often "seed" an idea for a 
demonstration locally after the federal 
agency has developed it. But unsolicited 
proposals, or local projects suggested in 
response to a broadly stated request for 
proposals, appear to have better dif- 
fusion prospects than do demonstrations 
whose approach and technology are 
specified at the federal level. Although 
this finding may seem obvious or tauto- 
logical, because a local initiative presum- 
ably reflects a perceived need, two- 
thirds of the demonstrations we exam- 
ined were initiated by federal agencies. 

The existence of a strong industrial 
system for commercialization. Diffusion 
proceeded more rapidly when there were 
obvious manufacturers and purchasers 
of the new technology, and when mar- 
kets for similar products existed. In the 
successful demonstration of metered 
ramps for expressways, for example, the 
new system could readily be manufac- 
tured and sold by existing suppliers to 
their current customers. In contrast, a 
wholly new market for fish protein con- 
centrate had to be created if the demon- 
stration was to lead to commercializa- 
tion. No diffusion has resulted from that 
demonstration. 

Inclusion of all elements needed for 
commercialization. Demonstrations 
showing significant diffusion success in- 
cluded potential manufacturers, poten- 
tial purchasers, regulators, and other tar- 
get audiences in project planning and op- 
erations. Demonstrations that did not 
were less successful. Godzilla, for ex- 
ample, was shown to be cost-advanta- 
geous, and the demonstration was a 
striking application success. However, 
the city of Scottsdale, Arizona, assem- 
bled the system without including a ve- 
hicle manufacturer or supplier of trash 
collection equipment. Such suppliers 
have been slow to pick up the in- 
novation, and Scottsdale has no in- 
centive to market it elsewhere. As a re- 
sult, diffusion seems to be proceeding 
more slowly than it might have if a com- 
mercial supplier had participated in the 
demonstration. 

Absence of tight time constraints. 
Demonstrations facing externally im- 
posed time constraints fared less well 
than others. Political pressure from Con- 
gress or the White House imposed se- 
vere constraints in several of our cases, 
including the nuclear ship Savannah, the 
fish protein concentrate plant, the Mor- 
gantown personal rapid transit system, 
and Operation Breakthrough. Time con- 
straints generally reduced the informa- 
tion produced by the demonstrations and 
hampered their diffusion success. 
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Some General Observations About 

Demonstrations 

Although we cannot establish causal 
relationships from our analysis, each of 
the above attributes was associated with 
demonstration success in the projects we 
examined. Together, they reinforce the 
greater importance of the market's 
"pull" over the technology's "push" as 
the principal factor determining diffusion 
(15). Like prior studies (6, 16), this anal- 
ysis confirms the danger of promoting a 
technology without sufficient attention 
being paid to the markets for its use. A 
number of past federal demonstration 
projects have advanced a new product or 
service in the face of scant evidence of 
demand. As a result, even when techni- 
cal feasibility was shown, the demon- 
stration attracted little commercial inter- 
est. 

To be sure, government may find a 
technology so socially attractive that it is 
worth generating a wholly new market 
for it. Personal rapid transit systems and 
synthetic fuels may be two current ex- 
amples. But creating new markets and 
the supplier industries to serve them will 
almost certainly require subsidies, new 
regulations, and other government inter- 
ventions beyond demonstrations. In the 
absence of a well-articulated market de- 
mand, demonstrations are especially 
risky; whatever successes are achieved 
will be accompanied by many failures. 

Demonstrations also appear to be inef- 
fective in tackling institutional and orga- 
nizational barriers to diffusion. Jurisdic- 
tional disputes among government 
agencies, labor union practices, exces- 
sive industry concentration or fragmen- 
tation, government subsidies, and regu- 
lations can block or discourage in- 
novation. Although only three projects 
in this study-Operation Breakthrough, 
Savannah, and shipbuilding-faced sig- 
nificant institutional and organizational 
problems, their experience suggests that 
demonstration projects by themselves 
rarely break down those barriers. This is 
well illustrated by the recent abandon- 
ment of plans to expand the Refuse Fir- 
ing Demonstration system in St. Louis 
because the local governments could not 
agree on suitable sites. In situations 
where institutional problems arise, other 
interventions such as changes in regula- 
tions or subsidies seem more effective 
stimulants to diffusion than demonstra- 
tions. 

The Maritime Administration's ship- 
building RD & D program is a positive il- 
lustration of how to deal with institution- 
al problems. Facing an industry with low 
incentives to innovate, the shipbuilding 
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program has sought to restructure indus- 
try RD & D by forming a consortium of 
shipbuilding firms to propose and help 
manage innovative projects. Demonstra- 
tions figure to an important extent, but 
are only a means to the program's princi- 
pal end of promoting change in the indus- 
try's RD & D patterns. 

Our results suggest that large demon- 
stration projects with heavy federal 
funding tend to do poorly in terms of in- 
formation, application, and diffusion 
success. The federal investment in Oper- 
ation Breakthrough (over $70 million), 
personal rapid transit (over $60 million), 
and Savannah (over $100 million) made 
these projects highly visible and vulner- 
able to political pressures. The pressures 
tended to impose unrealistic goals in 
view of what could be expected with the 
time, money, and technology at hand; 
and to subject the project to the vagaries 
of changes in administration, federal 
agency staff, and budget priorities. In 
general, the most damaging result of po- 
litical pressure is the push to demon- 
strate before the technology is well 
enough developed. 

Dissemination of information from 
demonstration projects has generally not 
been a serious problem. Information 
channels from the project to potential 
adopters operate well. One might con- 
jecture that some projects contain good 
ideas that somehow do not get into the 
hands of potential adopters because of 
inadequate information dissemination 
links. In our sample, however, this 
seems not to be true. The projects that 
failed to achieve diffusion success did so 
not because of weaknesses in the infor- 
mation network but for the other reasons 
discussed above. Of course, dissemina- 
tion of information is important, but past 
experience suggests that if the results are 
good, diffusion is likely to take place. If 
the results are poor, diffusion will not 
take place-and for good reason. 

Conclusions 

Our analysis of federally funded dem- 
onstration projects suggests several 
characteristics that are associated with 
success in speeding commercialization 
of a new technology. They include a 
technology well in hand, cost- and risk- 
sharing with nonfederal participants, 
project initiative at the local level, a 
strong industrial system for com- 
mercialization, participation in the dem- 
onstration by those who will take re- 
sponsibility for further diffusion, and the 
absence of tight time constraints. That 
demonstrations with these attributes 

achieve greater diffusion success than 
others is hardly surprising; what is sur- 
prising is that so many past demonstra- 
tions have not incorporated them in their 
planning and operation. These associa- 
tions from previous experience should 
provide useful guidance in the design and 
conduct of future demonstration proj- 
ects. 

The analysis also leads us to conclude 
that demonstrations have a narrow scope 
for effective use. They are most success- 
ful when diffusion would otherwise be 
hampered by potential adopters' lack of 
knowledge about the use of the tech- 
nology under commercial operating con- 
ditions. Demonstrations are not cost-ef- 
fective substitutes for laboratory experi- 
ments, field tests, or pilot projects when 
technological uncertainty is high. They 
are unlikely to speed commercialization 
when demand is weak. Nor are they ef- 
fective in directly tackling institutional 
barriers to diffusion. 

Government support of demonstra- 
tions is best justified when identifiable 
market failures cause the private sector 
to under-invest in commercializing 
R & D results that are likely to be so- 
cially beneficial. Demonstrating the com- 
mercial feasibility of a pollution-reducing 
technology is a prime example. Other 
cases occur when a technology appears 
ultimately profitable, but firms are un- 
willing to incur the first-of-a-kind costs 
associated with reducing uncertainties 
and moving from R & D to the market- 
place (16). 

If uncertainty is high in most or all of 
the five dimensions discussed above, the 
prospects for demonstration success are 
dim. Yet if uncertainty is low, the ques- 
tion is why a federally supported demon- 
stration project is warranted-that is, 
why the private sector cannot undertake 
any further development needed. It is for 
the middle ranges of uncertainty, com- 
bined with a strong rationale for govern- 
ment involvement, that federally funded 
demonstration projects are most appro- 
priate and effective. 
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11. Measurement of diffusion success involves two 
major difficulties. Ideally, diffusion success 
would measure the difference between the ac- 
tual rate of diffusion and that which would have 
occurred without the demonstration. However, 
existing data on industry adoption rates are too 
fragmentary to make baseline comparisons. A 
second problem arises because the projects 
studied vary greatly in their observable his- 
tories. Many demonstration projects were begun 
in the past 10 years-a time that may be too 
short to expect significant diffusion results. Con- 
sequently, a project we judge today to have re- 
sulted in "little or no" diffusion may in tomor- 
row's hindsight be viewed as a significant mile- 
stone. Operation Breakthrough is a possible ex- 
ample of this sort. Our definitions of the levels of 
diffusion success partly cope with this problem 
by focusing on the diffusion process rather than 
simply counting the number of adoptions that 
have taken place. Consequently, even if the ab- 
solute number of adoptions is low, we can still 
characterize diffusion as "significant" if the 
process is self-sustaining. In such cases we have 
made our best judgments about prospects for 
diffusion, based upon our interviews with poten- 
tial adopters and others familiar with the demon- 
stration. 

12. Figures 2 and 3 include 21 observations from the 
24 projects because (i) the Dial-A-Ride demon- 
stration is split into two modes of vehicle dis- 
patching-manual and computer-for purposes 
of analysis because outcomes differed for the 
two modes; and (ii) four cases are excluded: the 
synthetic fuels program, the automatic vehicle 
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Charged Debate Erupts over 
Russian Beam Weapon 

Charged Debate Erupts over 
Russian Beam Weapon 

The affair of the charged particle 
beam, the death-ray weapon with which 
the Soviets will allegedly soon be able to 
neutralize an American strategic missile 
attack, has been the sensation of the 
week in Washington. Congressmen have 
received secret briefings, the CIA has 
been moved to issue one of its infrequent 
statements, and there has even been a 
presidential assurance that the nation is 
not in jeopardy. 

The immediate cause of the stir is a 
7000-word article in the 2 May issue of 
Aviation Week detailing the case for be- 
lieving that the Soviet Union has made a 
breakthrough in the field. An ac- 
companying editorial by editor Robert 
Holtz states that the United States is in 
danger of "a crippling technological sur- 
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companying editorial by editor Robert 
Holtz states that the United States is in 
danger of "a crippling technological sur- 
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prise that could render its entire strategic 
missile force ineffective." 

The weaponeers' hope is to generate a 
beam of charged particles, similar to 
those used in accelerators but much 
more powerful, and to use it to inactivate 
incoming missiles. According to Avia- 
tion Week, Soviet scientists have learned 
how to harness nuclear explosions to 
drive such a beam. Unnamed officials 
quoted in the article suggest that the 
weapon "could be in operational form by 
1980" and that the Russians are "years 
ahead in most areas" of particle beam 
technology. 

Aviation Week is a copious source of 
military and intelligence information, so 
much so that it has earned the sobriquet 
of Aviation Leak. Its statements on the 
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charged particle beam could not be ig- 
nored, and the Administration was soon 
set abuzz with denials that the Soviets 
had achieved any breakthrough in devel- 
oping the weapon. Briefed by his science 
adviser and others, President Carter said 
that "We do not see any likelihood at all, 
based on our constant monitoring of the 
Soviet Union as best we can, that they 
have any prospective breakthrough in 
the new weapons systems that would en- 
danger the security of our country." 

The CIA announced it did "not be- 
lieve the Soviet Union has achieved a 
breakthrough which could lead to a 
charged particle beam weapon capable 
of neutralizing ballistic missiles." The 
agency also denied the assertion in Avia- 
tion Week that CIA analysts had failed to 
pass on information about the beam 
weapon to higher government officials. 

Far from being chastened by these 
high-level denials, Aviation Week re- 
sponded that the President was being 
"screened from vital technical devel- 
opments" by the bureaucracy of the CIA 
and the Defense Intelligence Agency. 
Carter had been incompletely briefed, 
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