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I. TINTRODUCTION

Within the past decade, the view of medical technology has
changed substantially. In the late 1960s, for instance, the Natiomal
Academy of Sciences' Committee on Engineering in Biology and Medicine
complained that few market incentives existed for private firms to
develop new medical devices. '"Industry is ready and willing to sup-
ply the biomedical engineering field when a viable market can be
established. But the economic problems associated with this market
appear to be the major deterrent to its development."l

Sentiments like the above are seldom voiced today. Instead,

medical technology is prominent among the long list of national

*Early versions of this Paper were presented at: the Forty-
Eighth Annual Conference of the Southern Economic Association,
Washington, D.C., November 8-10, 1978; and the Conference on Medical
Technology, sponsored by the National Center for Health Services
Research of the Department of Health, Education, and Welfare, in
West Palm Beach, Florida, December 10-12, 1978 (for which a confer—
ence proceedings is being prepared). The authors wish to acknowledge
the very useful comments and assistance of Rand colleagues A. P.
Williams, T. Glennan, G. Goldberg, R. L. Kane, D. Liebenson, C. Phelps,
and D. Seidman and of the Medical Technology Conference discussant for
this Paper, H. Luft.

Support for the preparation of this Paper was provided by the
National Institutes of Health under a General Research Support Grant;
by the Department of Health, Education, and Welfare as a part of its
Basic Research Support under Rand's Health Insurance Study; and by
The Rand Corporation as part of its program of public service. The
views and conclusions expressed in this Paper should not be inter-
preted as representing those of The Rand Corporation or of any of the
agencies sponsoring its research.



health problems. The "machine" in medicine can be too soon and too
late with us. 1Its presence stretches from electronic fetal monitor-
ing before birth to the respirator, intensive care unit, and artifi-
cial kidney on the threshold of death. And during life's complex
passage we enéounter the computerized tomography (CT) scanner, the
computerized electrocardiogram (EKG), automated clinical laboratory
analyzers, and all the many other manifestations of technology in
medicine.

Technology deserves definition. In this paper, medical tech-—
nology refers to those means of diagnostic, therapeutic, and rehabil-
itative medical intervention that are physically embodied in equip-
ment and related supplies. We exclude from consideration both surgi~
cal procedures and pharmaceutical means of intervention.

Although substantial attention is now being paid to medical
technology, very little has yet been directed to analysis of the
development process leading to new medical technology. The purposes
of this paper, therefore, are threefold. First, we characterize the
supply side of the medical technology market, with attention to the
nature of technical change in medicine, the nature of the innovative
process, and the incentives of service providers that affect the
development of medical technology. Second, we identify three areas
of public policy--research and development, reimbursement, and regu-
lation~--affected by and in turn affecting the development of medical
technology. Finally, we hope that the paper points to some useful

areas of further research.



I1. THE SUPPLY SIDE OF MEDICAL TECHNOLOGY

TECHNICAL CHANGE IN MEDICINE

In research and in policy deliberations, technical chaﬁge is
often dealt with in narrow conceptual or empiriecal terms, partly
because today's problems present themselves narrowly and partly
because the full complexities of technical change can be analyzed
only with great difficulty. This understandable narrowing behavior
is normally essential for analytical purposes, but it can cause
important determinants of technical change to be overlooked.

Rapid technical change is occurring in medicine, witness the
recent concern for medical technology. Less well appreciated are
the diversity, breadth, and depth of sources feeding this rapid
change. Analysts and commentators, especially those within the
health care system, tend to conceive of the sources of new medical
technology as residing primarily within medicine. A corollary view
is that the National Institutes of Health, through which the public
invests over $2 billion annually in medical research, is the driving
force behind new medical technology and thus the immediate objective
of policy attention.3 Such views of medical technology have limited
analytical and policy utility.

In general, technical change in any area will always be a product
of forces specific to the area, both market and technical, and of the
general set of technical opportunities in society at any given time.
In their discussion of the "natural trajectories'" of technical change,

Nelson and Winter, identify several "that are common to a wide range



of technologies."4 These natural trajectories include two well
treated in the literature—-the progressive exploitation of latent
scale economies, and the increasing mechanization of human labor-—-
and two that are more characteristic of the 20th century--'"the
exploitation of understanding of electricity and the resulting
creation and improvement of electrical and later electronic compo-
nents, and similar developments regarding chemical technologies."
The teétimony of the scientific community suggests the practical
exploitation of recombinant DNA technology may become such a trajec-
tory in the years ahead.5

The applicability of this general point to medicine should be
clear upon a moment's reflection. The development of medical tech-
nology will proceed, in some measure, from sources internal to
medicine-—from the worlds of both clinical research and clinical
practice. But it will also proceed from sources external to medi-
cine, from major streams of technical change in our society that
increasingly penetrate and find application in medicine. Advances
in electronics, materials, optical and imaging capabilities, measure-
ment and instrumentation, and computation are resulting in important
medical applications in diagnosis, therapy, rehabilitation, and
organization of services.6 Medical technology (as embodied in
physical equipment) is frequently the result of the convergence of
modern medicine with modern engineering. Convergence of different
and historically separate streams of technical change complicates
analytical efforts and potentially frustrates the formulation of

public policy.



Expertise, data, and analytical models for understanding the
development of medical technology are all in scarce supply. 1In a
slightly different context, some of us at Rand attempted to charac-
terize the interactions among science, technology, and medical
practice several years ago.7 Fach of the three "streams of activity"
in Fig. 1 has its own internal dynamics as well as its patterns of
interaction with the other two streams. Science feeds critical new
information to technology. In turn, technology supplies science with
new capabilities (e.g., instrumentation) and new problems. Both
science and techmology generate new clinical applications, sometimes
independently and sometimes jointly. Clinical medicine, however, is
often the basic source for the problems that scientific and techno-
logical activity addresses. At the societal level, therefore, we can
use this characterization as a first approximation to the broad pro-

cesses of technical change in medicine.

THE TINNOVATION PROCESS

At the level of specific medical technologies, there is a clear
need for a model of the process by which new products are developed
and introduced into use. The elements of such a model, suggested by
the literature, include the following: Technology usually evolves
over a lengthy development period;8 an unmet clinical need often
provides the demand stimulus to invention; there is a high frequency
of international development activitie39 and often simultaneity of
invention; an innovation is often a complex bundle of component
technologiés;lo complexity may not yield significantly greater

efficacy;ll new applications of medical technology emerge from broader
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technological trends; diffusion of medical technology is sometimes
very rapid;12 both public and private sectors are probably involved;
and there are many institutional pathways from development to use.

An adequate model of the innovation proéess should provide infor-
mation or insight about the activities of the developers of medical
technology—-—-especially those of private~sector firms. To evaluate
poliéy options, it is important to have an understanding of the
behavior of developers, including motivations and incentives as wéll
as performance.l4 Lacking studies of the developers of medical tech-
nologies, we must rely on general findings from non-health areas of
research. We know a fair amount about development patterns and
activities in commercial and military aircraft, for example, because
of sustained policy-oriented research on the subject spanning nearly
three decades.15

The research strategy used in Rand studies of the aircraft
industry deserves brief comment because it is probably applicable to
an understanding of private-sector activities in .medical technology.
For the first five years of research, Rand developed and interpreted
case study material. Only dfter this step was it possible to postu-
late statistical models to conduct more rigorous empirical tests.
From time to time throughout the decades of research, researchers
posed policy issues and tendered answers based on the best available
research at that time. In the area of medical technology, we believe
that the state of factual knowledge about publicly and privately
supported R&D is similar to that at the early period of case studies

in the aircraft industry (with obvious major differences between



industries such as the differences in "markets" for the end
products) .

We have attempted to characterize the "supply" side of medical
technology at the institutional level in a way that focuses on the
private firm engaged in developing new products for the medical care
market (see Fig. 2). This model assumes that private firm decisions
about research and development investments and the introduction of
new products depend on signals from the marketplace and from the
ever—-accumulating body of scientific and technological knowledge
flowing from research and development. Because the social R&D
investment is assumed to consist of both publicly and privately
funded research programs, the relationship between private firm R&D
and publicly supported R&D is one of the key interactions deserving
analytical attention. How, for example, does the private firm draw
upon the scientific and technical body of knowledge that has been
created in large part from publicly financed research?

Some answers to this question are suggested by the literature
and by anecdotal information. The medical technology industry
appears to be less concentrated and to consist of smaller firms than
the pharmaceutical industry.16 In some cases, they are simply small
companies; in others, they are small divisions in large organizations
having other product lines and markets of much greater size. There
is also some evidence that the R&D invéstment (as a percent of sales)
in medical technology by private firms is lower than in pharmaceuti-
cal firms, though it also appears to be growing in certain product

lines and markets.l7 We also believe that the medical technology
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firm differs from the pharmaceutical firm in another way: The latter
is apt to rely primarily upon an internal R&D capability, and the
medical technology firm is likely to have a capability consisting of
internal scientists and engineers plus "external consultants' in
clinical medicine.

Given these characteristics, it is important to understand how
such firms keep abreast of technical opportunities, especially those
requiring some biological or biochemical knowledge about clinical
medicine. One tentative hypothesis we have developed is that the
private firms are working at the frontier of the engineering world--
electronics, materials, etc--and that they secure the necessary
biological and biochemical knowledge from physicians who practice in
major medical centers. Such centers are usually major teaching
hospitals affiliated with a university medical school or the univer-
sity hospital itself. Physicians in such centers have a stream of
patients who present the clinical problems that define the need for
new technical advance, and they are engaged in clinical research, or
closely associated with those who are. Clinical researchers in major
medical centers, moreover, are frequently underwritten by the federal
government through the National Institutes of Health, and probably
aware of important advances occurring in the basic medical sciences.
One of the basic mechanisms by which innovation in medical technology
occurs, we hypothesize, is through the complex interactions between
engineers in small, private firms and physicians in institutional
settings that provide the twin resources of patients and knowledge
about major basic and clinical advances in the biclogical and life

sciences.
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INCENTIVES FROM SERVICE PROVIDERS

Of at least equal importance to scientific and technological
advances that fuel innovation in medical technology is that suppliers
also respond to the requirements and preferences of physicians and
hospitals, the providers of medical services. Incentives operating
on these providers influence the development and marketing of new
medical technologies. We briefly describe some of the important
hypothesized incentives acting on physicians and hospitals that

affect the purchase and use of new medical technologies.

Search for Better Means of Medical Intervention

Many of the conditions and diseases afflicting humanity cur-
rently have no known cures and very imperfect interventions. It is
part of the medical profession's responsibility to try to do better.
In addition, a 1érger potential demand for the services of new medi-
cal technologies results from the increasingly severe case mix in
acute-care hospitals18 for three reasons: (1) There are fewer less
difficult medical problems treated in the hospital setting. For
example, the declining birthrate results in a decreasing proportion
of hospital discharges secondary to normal aelivery, there are fewer
admissions for mental illness (a disease category using little of
hospitals' acute care resources), and utilization review pressures
decrease length of stay and possibly prevent questionable admissions.
(2) Some diseases have recently received more aggressive treatment
(e.g., chemotherapy for cancer, transplants and chronic hemodialysis
programs subsequent to the coverage for chronic renal failure under

the Social Security Amendments of 1972). (3) Recently introduced



medical technology provides more aggressive treatment (e.g., trauma
and burn centers).

If physicians believe that specific medical technology will
significantly improve their patients' care, they have a professional
responsibility to consider adopting it. In pursuit of this respon-

sibility, of course, many other factors also come into play.

Characteristics of the Medical Services Marketplace

Direct Provision of Non-Hospital Medical Services. The issues

here are of "consumer'" ignorance, of provider-controlled demand, of
third-party reimbursement, and--partly as a consequence of these-—of
inability to weigh costs and benefits of new technologies.

Both the consumer and provider of medical services usually view
the consumer as largely uninformed and untrained to raise options and
make choices concerning the provision of medical services. Moreover,
the physician's often specialized training has concentrated on
handling just such decisions. So choice of services is delegated
largely to the physician. As a consequence of the commitment to
better medical intervention as well as of the nature of medical
school training, the physician is inclined to want to use the "latest
advances." This is likely to limit the degree of price competition
and increase the influence of other, possibly perverse, incentives.
Moreover, many physicians' incomes are determined in part by the
number of services performed.19

Because many of the services provided in the medical marketplace
involve third-party reimbursement, even if the person receiving the

service took a primary role in the choice of services, he would pay
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only a small fraction of the price of the service. Thus, there is
little incentive to use ''discretion'" in services requested or to be
"cost conscious" in selection of providers of services. Moreover,
the reimbursement source has had little economic or institutional
incentive to challenge costs; these are usually approved and ulti-
mately passed on to the insurance buyer (or the taxpayer).2

Largely as a consequence of the above, there is no framework in
the provision of medical services for deciding when the application
of a new medical technology to a particular problem area makes such
a marginal improvement in the outcome that it is not worth the cost,
The dilemma is that choice of medical services is currently delegated
to the physician, who has little incentive to do the cost-benefit
assessment unless there are some professional risks involved. 1In
fact, other pressures operate on the physician to choose any action
that yields an improvement, almost regardless of the size of the
improvement or its cost. The cases of some uses of the CT Scanner
or of Total Parenteral Nutrition are good examples.21 I1f the choice
were put more squarely on the shoulder of the receiver of medical
service, it is still not clear that such a cost-benefit evaluation
would be made; at the time of the decision, either the patient cannot
make a decision (e.g., is in a coma) or may ask for "anything that
will help," especially when the costs are, for the most part, not
internalized.

Defensive Medicine. Physicians have only slight risks when

applying a technology where it is marginal, but where its consequences

are indistinguishable from no treatment at all. Severe risks arise



14

from applying technology where its consequences are pernicious, or
from not applying a technology where it could have made a contribu-
tion. 1Increases in the rates for malpractice insurance provide ample
évidence of the risks but yield little information about how they
affect the market prospects for the suppliers of new medical tech-
nologies.

Non-Price Competition Through Medical Techmologies in the Hos-

pital Sector. New technologies may be introduced by hospitals to
attract physicians or keep them to entice them to hospitalize their
patients in that facility or refer them to it on an outpatient
basis.23 Similarly, the provisioning of a very sophisticated emer-
gency room may be undertaken to increase the prospects of keeping
beds filled, because emergency admis§ions can frequently be the
beginning of longer hospitalizations. Here again, price competition
really does not enter. This characteristic of hospital practice may
lead to very rapid diffusion of technology.

Growing Regulatory Constraints. The signals received by the

suppliers of medical technology are being altered by the development
and growth of federal regulatory efforts. Capital expenditure limi-
tations, state certificate of need laws, health planning regula-
tions, medical device regulations, and a growing concern for the cost
effects of technology are changing the incentives for suppliers of
medical technology. This dynamic, and its relation to public and
private R&D efforts, however, is very recent and as yet poorly under-

stood.
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Criteria for Reimbursement. The criteria by which private or

governmental reimbursement sources have determined that a new proce-
dure should be covered are often determined by medical association
peer review bodies and medical consultants for insurance companies.
The eventual price determined for such newly covered procedures is

"relative values." Pri-

generally associated with establishment of
vate firms may direct considerable attention to the early and
""properly priced" authorization for reimbursement of the services of
their new products. Even if the criteria have remained unchanged in
the past, the increasing extent of federal reimbursement, coupled
with a growing concern for cost containment, may encourage a more
cautious approach to coverage of new technologies. Technical assis-

tance on reimbursement decisions could ultimately require considerable

government ''technical consultant' participation.
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ITI. SOME POLICY ISSUES FOR MEDICAL TECHNOLOGY

Three areas of federal health policy are related to the develop-

ment of medical technology:

0 Research and development
o Reimbursement

o Regulation

The development of medical technology affects and has implications
for each of these areas, and each in turn has reciprocal effects
upon development. The limited understanding of the development
process, however, means that substantial research is needed before
definitive policy guidelines can be devised. Here we attempt to
indicate some of the major policy issues that will be illuminated by

greater understanding of the development of medical technology.

RESEARCH AND DEVELOPMENT

The welfare economics literature has articulated a rationale for
public investment in research and development that is now widely
accepted. The basic argument is that the private sector will syste-
matically underinvest in the production of new knowledge relative to
the socially optimal level of investment because of the externalities,

. e e en 4 . . 25
uncertainties, and indivisibilities associated with such knowledge.
This underinvestment is especilally acute at the basic research end of

the R&D spectrum.26 Consequently, a prima facie case may be made for

public investment in R&D, especially in basic research.
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There is also an implied division of labor between public and
private sectors in the support of R&D.27 The key policy issue is to
determine the practical criteria for assessing the appropriate extent
of public support of R&D.28

Where the productive process is creating private goods for con-
sumption or investment by individuals or firms in the private sector,
the public sector should only invest in basic research. R&D that is
related to product development is considered the province of the
private sector and not an area where public investment is generally
desired or effective. Where the purpose of the activity is the
production of public goods, as in national defense and exploration
of outer space, public R&D investments should encompass the full
range of the spectrum.

In health, as in other areas of public policy, the public and
private sectors have a complex relationship in the joint production
of goods and services. The determination of the appropriate public
R&D investment in medical technology is a matter on which general
normative guidance can be given, but interventions in specific situ-
ations must be guided by empirical knowledge. The case for federal
investment in basic research in the biomedical and life sciences we
regard as compelling, although the optimal level of such investment
is clearly a matter of judgment. As noted above, a continuing strean
of scientific development in the basic and clinical 1ife sciences is
funded primarily by the National Institutes of Health. There is

also a continuing stream of technical advance in such critical

science-based technologies as electronics and materials, funded by
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an array of agencies, including at least the Department of Defense,
the National Aeronautics and Space Administration, the Department of
Fnergy, and the National Science Foundation.

The appropriateness of public R&D investments directed toward
the development of new medical technologies is not clear. Where a
strong private sector is able to exploit new technical knowledge for
application in the health care market, there is little rationale for
public R&D. Public R&D programs concentrated on medical technology
are distributed across several federal agencies, including the NIH,
the Veterans Administration, NASA, and DOE. However, the nature,
scope, and level of public investment in R&D related to medical
technology has yet to be thoroughly analyzed.

Very little is yet known about the structure of the medical
device industry in the private sector, let alone about patterns of
R&D investment and new product development. The Food and Drug
Administration is conducting some work that will seek to improve upon
the existing SIC classification of the industry, as well as work to
estimate the economic effects of the medical device regulations. But
the private sector situation can be described as an information void.
Empirical research (along the lines suggested by our model) revealing
the amounts of public and private R&D in a given area and the inter-
actions between these sectoral investments is necessary to the formu-

lation of normative guidelines.

REIMBURSEMENT

The effect of federal reimbursement for the provision of health

services upon the rate and direction of technical change in medicine
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is largely unexplored territory. Indeed, policy officials have seldom
recognized that such effects are important. In our judgment, they
deserve thorough analytical attention. There are serious analytical
problems in addressing this question because the government is only
one major reimbursing party in the national health care market. The
government's share, however, has increased steadily in the past decade
and is now substantial. Furthermore, several proposals for national
health insurance would place the government in a monopsony position

in the "buying" of health services. Outside the area of medical
technology, recent research indicates that the procurement of elec-
tronics by the Department of Defense has had as much or more to do
with innovation in that industry as did the electronics-related R&D
supported by DOD.29 In one area of reimbursement policy where the
government now has a monopsony position-—-the payment for end-stage
renal disease services--there is reason to believe that a screen (or
cap) on reimbursement to facilities has induced cost-reducing techni-
cal change among suppliers.30 This entire area deserves significant

and sustained research attention.

REGULATION

Public policy toward medical technology has been largely regula-~
toery. Two different regulatory ''gates have to be passed through as
technology leaves the development stage, and the constraints applied
at these gates affect the nature of the development process itself.
The first is the regulation of medical devices by the Food and Drug
Administration under the authority of Medical Device Amendments of

1976. All device manufacturers must register with FDA, all devices
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are classified by the agency, some devices can be introduced to the
market on the basis of general controls, some because they meet per-
formance standards, and others require pre-market approval because
data are not available to establish performance standards or the
devices are used for life-sustaining and life-supporting purposes.
In addition, process controls are applied to production ("good manu-
facturing practice") and to clinical investigation of new devices.

FDA regulation is directed to the safety and efficacy of medi-
cal deviceé, narrowly focused on performance of devices under care-
fully prescribed conditions. The effects of device regulation upon
the -development of medical technology are not yet well understood,
given the newness of the regulatory pattern, the limited knowledge of
the industry, the absence of data, and some difficult conceptual
problems in measuring effects. Research in other technology areas
has revealed that the testing stage of product development is
critical. The wvital role of testing is a well understood feature of
private sector practices and is a continually relearned lesson by
the Defense Department.

The process of developing new medical technology involves several
types of testing--animal studies, clinical trials, and experimental
clinical use (usually in tertiary medical centers). But the issue
here is the thorough and timely testing of new equipment to confirm
its efficacy and establish its safety. Some have argued that the
diffusion and use of the CT scanner was sooner and at a faster pace
than valid evidence of its efficacy would justify.32 But some tech-

nologists and other innovators have expressed concern that if the
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FDA imposes too severe restraints on experimental use by human sub-
jects, for example, progress in medical technology may be stifled.33
FDA testing requirements will undoubtedly alter test activities and
documentation, with possible implications for the substantive infor-
mation revealed by testing and the timely use of test results.

it is probable that innovation will be slowed, as intended, to
the extent that regulation functions to keep unsafe or inefficacious
devices from the market. Device regulation should not inhibit
competition among firms nor the development of competing technical
approaches to particular medical problems. The effects of device
regulation on the development of medical technology is an area of
policy concern that will require clarification by further research.

The second regulatory "gate" through which medical technology
must pass is the Certificate of Need (CON) requirement applied by the
area-wide Health Service Agencies (HSAs). Here, as with device
regulation, the regulatory pattern is too recent for us to know how
it is functioning, let alone what its effects are upon the develop-
ment of medical technology. One of the policy issues of importance
is whether the development of criteria for judging cost-effectiveness
of medical technologies should be decentralized to the two hundred
HSAs or developed centrally through the concentration of the relevant
expertise.

We strongly favor central development of criteria for HSA use,
with full critique of such criteria by all affected parties. In the
process of establishing these criteria, it is important to avoid

premature choice of technical solutions to a medical problem through
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limitations in the selection of equipment. Technical competition can
be fostered in medical technology in several‘ways. In decisions to
develop medical equipment supported with public funds, developers
exploring different technical solutions to the same problem can be
financed. 1In the selection of equipment to be procured by the
government (e.g., VA hospitals), standardization can be avoided until
clear test or clinical information establishes a preferred option.
And more generally, analysis of medical technology can concentrate

on "medical conditions/disease states'' for which there are competing
technical solutions. For example, for patients with a neurologic
symptom (e.g., severe headache) and whose major concern is brain
tumor, comparison can be made by controlled clinical trials. Fvidence
of use of diagnostic procedures can also provide insights; in this
example, pneumoencephalograms are reported to have dropped by 20 to
80 percent and cerebral angiograms by 15 to 65 percent after the
introduction of CT scanning.

Another issue has to do with HSA responses to technologies that
go from a cost above the review threshold of $150,000 to a cost below
it in successive generations. Where suppliers are "unpackaging"
complex technologies into component technologies and thus avoiding
the review threshold, such behavior should be scrutinized to deter—
mine if the components can operate independently or with other
manufacturers' equipment, so that.service costs could be reduced or
competition increased, or if the "unpackaging" is merely intended to
circumvent the regulatory threshold. Where suppliers reduce capital

costs of technologies by shifting the ratio of capital to operating
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costs, this also should be scrutinized. But planners should regard
positively a decline in costs of technology as a result of technical
learning and declining unit prices of production.35 Innovation in
medical technology that is genuinely cost-reducing should not be
penalized. This area also requires analysis before sound policy

formulation is possible.

FUTURE POLICY RESEARCH

From what we have already discussed about the process that leads
to new medical technologies, some elements of the research agenda
should be clear.

0 Descriptive "micro" studies of on-going R&D in the public and
private sectors.

o Investigation of the influences of service providers on the

- product development decisions of firms

~ incentives (or lack thereof) for developing and
introducing cost-reducing technology

o Development of methodologies for validation of medical
technologies with respect to efficacy and safety,

0 Analysis of governmental effects, especially

- policies specific to medical technology (e.g., FDA
device regulation, CON requirements, reimbursement)

- policies that operate differentially on firms by size
and degree of involvement in medical technology
(e.g., device regulation possibly causing small or
marginal firms to exit the industry)

- more general policies that encourage technological
innovation across several sectors of: industry
(e.g., favorable tax treatment of R&D)

- policies that may have inadvertent pernicious influences
(e.g., device regulation inhibiting nonmedically oriented
electronics firms from entering the industry, or causing
an increase in the cost of successful innovation).
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The policy questions for medical technology have to do with
public policies to establish incentives that affect development,
introduction, and use of medical technology in ways that balance the
need for innovation, concerns of safety and efficacy, and cost of
control. These questions can be approached intelligently, however,
only after substantially more research has been done to illuminate
the nature of the underlying processes of technical change in medi-

cine.
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