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The Care and Feeding
of Econometric Models
IT Is ACCURATE to state that we are witnessing
the emergence of an econometric model build-
ing industry. Models of internal firm activities,
firms, banks, households, markets, regional
economies, national economies, and even the
world economy have been or are being con-
structed.1 In part, the growth in modeling ac-
tivities is due to the fact that mathematical
modeling involves the capability of represent-
ing the interaction of many factors or variables
in an explicit, logically consistent, mathemati-
cal manner.? Such a mathematical representa-
tion often helps in achieving an understanding
of the system being modeled whether it be a
firm, a market, or a national economy. In addi-
tion, models may be useful in forecasting fu-
ture values of variables such as a firm's sales or
GNP for an economy,? and in appraising the
probable effects of alternative policies. That
statistical and computer methods are available
for "checking out" models using empirical data
is also of prime importance since otherwise
models might be mere mathematical flights of
fantasy. By confronting models with actual
data, we are in a position to appraise their
performance.

AS IN OTHER areas, it is important to distinguish
between theoretical and applied work in the
modeling area. For example, in the automo-
bile industry we have engineers who design
and help build automobiles. While they utilize
the principles of physics, they are not primarily
concerned with discovering new physical laws
or theories. Rather they are concerned with
applying and adapting known laws of physics,

Footnotes are presented at the end of the paper.
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etc., to enable them to build good automobiles.
Similarly, in the econometric modeling area
there are theoreticians who are concerned with
producing better economic theories, statistical
methods, and computer techniques. While
this work is of fundamental importance, it
should not be confused with the work of ap-
plied econometric modelers who are in the
main attempting to apply and adapt existing
theory and methods to produce useful models.
Often this applied work is very much an art
and involves approximations and ad hoc pro-
cedures to bridge gaps in our economic knowl-
edge and inadequacies of current statistical
and econometric methods.
Frustrating and irritating as these approxi-

mations and ad hoc procedures may be to theo-
reticians, it is accurate to say that they are
needed in many instances because theorists
have not as yet produced solutions to quite a
few problems faced by applied workers build-
ing econometric models. And in fact, it may be
that approximations and ad hoc procedures
which work in practice will be rationalized in
future theoretical work.
In this paper we shall be in the main con-

cerned with the activities of applied econo-
metric model builders who are striving to pro-
duce good models on the basis of currently
available theoretical results, statistical and
computer methods, and data.
Given that we are concerned with the activi-

ties of applied econometric model builders, it
is pertinent to note that such activities can and
do take place in different institutional settings.
Some model builders operate in consulting
firms, some in governmental agencies, some in
academic institutions, and others in private
firms. While the institutional setting and ar-

rangements can have an important influence
on modeling activities, in this paper we shall
merely mention this fact without going into
these considerations in detail. Rather, we shall
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review aspects of model building activities ab-
stracting from many institutional constraints
which can be important in particular instances.
In order to catalogue the various specific ac-
tivities needed in econometric modeling, it is
important to have a good perspective of the
general characteristics of a modeling opera-
tion, including its initiation and subsequent
development.

Overview ofModeling Activities
Often specific problems arise which poten-

tially can be dealt with by a modeling ap-
proach. For example, a firm may be having
personnel problems, and perhaps a personnel
model incorporating its personnel policies (e.g.,
hiring, firing, retirement, and salary policies)
would be helpful in reducing costs and in find-
ing ways to get better performance in other
respects. Or a government may wish to know
how proposed changes in a transport system
may affect economic growth; perhaps a model-
ing approach would be useful in solving this
problem. In these two examples, and in others,
it is important to develop as clear-cut a state-
ment of the problem as possible. Then the
question to be asked is: what are the relative
costs and advantages of alternative approaches
available for solving the problem? Obviously,
for some problems a modeling approach may
not be feasible, perhaps because it is too ex-
pensive relative to the estimated benefits, or
because the requisite knowledge and/or data
needed for a modeling approach are unavail-
able. If, however, a modeling approach is con-
sidered appropriate, then an issue which must
be faced is: should the modeling work be done
"in-house" or by contract with (say) a consult-
ing firm? In making this decision, it is of
course important to assess relative costs and
probabilities of successful problem solution.
This specific problem deserves serious study.
For present purposes, we shall not consider it
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further but shall turn to a description of mod-
eling activities in general.+

THE SCHEMATIC diagram in Fig. 1 is a useful
representation of some key elements involved
in modeling activities. As shown at the top of
the diagram, in Stage 1 it is important, as men-
tioned above, to set forth the problem and ob-
jectives as clearly, simply and specifically as
possible. Then a feasibility study should be
undertaken to determine whether or not the
project is feasible and to appraise alternative
methodological approaches. If a modeling ap-
proach is decided upon, then in Stage 2 a good

FIGURE 1

SCHEMATIC OF RESEARCH STRATEGY

STAGE 1:

STAGE 2:

STAGE 3:

FIRST ITERATION

SECOND ITERATION

* It is assumed that this study shows the project to be feasible.
+ lt is assumed that a "modeling" approach is selected.
t The iterative procedure may disclose problems in the origi-

to the model itself.

deal of preparatory work must be undertaken.
This will involve a review of the literature
bearing on similar modeling projects, etc., and
preliminary data analysis. This preparatory
work's object is the formulation of an initial
model, denoted Mg. It is understood that the
initial model will be checked for mathematical
consistency and consistency with economic
principles. Then, just as an airplane model is
subjected to wind-tunnel experiments, the ini-
tial model is put on the computer and sub-
jected to simulation testing. In addition,
checks using old and new data are made and
relevant research findings are brought to bear
on the initial model. All of this activity is
aimed at producing an improved version of
the model, say M,. Then the whole process is
repeated to obtain a better version, Mz, and so
on. In this way we attempt to "iterate in" on
a model which is capable of achieving the ob-
jectives of the model building project. If the
objectives involve operation of the model over
long periods of time, then of course the itera-
tive procedure can be pursued as long as the
model is in use. In addition, as the model
evolves it may be found that it is possible to
broaden the objectives of the project, or it may
be necessary to narrow them.
In the approach to modeling set forth above,

it is clearly the case that many specific activi-
ties are involved which require knowledge
from a variety of disciplines, for example, eco-
nomics, econometrics, statistics, mathematics,
computer sciences, and other disciplines relat-
ing to the problem being analyzed. There will
be a definite need for coordinating and admin-
istering a broad range of activities and a staff
of several specialists and technicians. It ap-
pears useful to have a model manager to ad-
minister model building activities. To do this
effectively and to have the whole set of model-
ing activities proceed smoothly and in an or-
derly fashion require most importantly that

Statement of Objectives
Fecsibiltty Study*
Choice of Mathadologyt

'Preparatory Work
Review of Literature
Preliminary Data Analysis

Formelation of
Initial Model, Mo

Computer
Simulation Checks Using New Research

Experiments
Otd and New Data Findings

a
of Model Mo

Computer Checks Using Now Research
Simulation

Old and New Dato Findings
Experiments

of Model M,
Reformulation

nal formulation of goals, feasibility, and methodology so that
tefining and reformulation of the effort may not be confined solely
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the model manager be a good administrator
with respect to planning operations, budget-
ing, and personnel relations. In addition, mod-
eling activities require well-organized systems
of documentation. Some observations on the
specific nature of these latter requirements are
made in the next section.

Documentation and Modeling Activities
Good documentation of modeling activities

is of the utmost importance in providing for
orderly and cumulative progress. In an im-
portant sense, this is similar to the require-
ment that a laboratory scientist record his ex-
periments and work in his lab notebook, or
that a business have an accountant maintain a
good set of books. While it is difficult to gen-
eralize about what records should be kept, it is
thought that a model manager will find it use-
ful to maintain at least the following files:

1, Literature File
Model File
Data File
Statistical Inference File
Forecasting File
Simulation Experiment File
Computer Program File
Budgeting and Planning File

oR
oo

We shall now discuss the nature of these files.
1. Literature File: As its name implies, this

file includes items from the literature which
are particularly relevant for modeling activi-
ties. Generally speaking, it will be necessary
to include works from the areas of economic
theory, empirical economics, statistical meth-
ods, computer methods, mathematics, etc., in
the Literature File. In addition, the specific
nature of a modeling effort will usually imply
the need for coverage of other areas of the lit-
erature. For example, if the modeling project
is a regional one dealing with water problems,
it will be necessary to have the Literature File
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include relevant works from the areas of re-
gional economics, economics of water, hydrol-
ogy, etc.
To be useful to modelers, the Literature File

should be kept in an orderly and careful man-
ner. In some cases, a special library can be
formed; in others, existing library facilities can
be employed. In either case, it will be useful
to develop a good classification scheme for
works in the Literature File and to have in-
formation relating to items in the file key-
punched on computer cards. Given that this
is done in an intelligent manner, it is pos-
sible to develop bibliographies relating to spe-
cific topics merely by sorting cards. Also, with
the Literature File on computer cards, it is pos-
sible to have copies of the file made easily.

2. Model File: This file contains specific in-
formation regarding the model and model
changes. This file is of great importance since
it incorporates information relating to the
iterative steps taken to improve the initial and
subsequent versions of a model. When the ini-
tial model, Mg, has been formulated, its equa-
tions and variables, along with their defini-
tions, should be incorporated in the Model
File, perhaps in the form of a dated computer
listing. As work with the initial model pro-
ceeds, as described above, equations of the ini-
tial model may be changed. Altered versions
should be entered in the Model File, appro-
priately dated and identified with references
to other files wherein explanations and justifi-
cations for changes are provided. For example,
an equation's coefficients' values may be
changed as a result of reestimation based on
new data. Reference would then be made to an
entry in the Statistical Inference File (to be de-
scribed below) which provides the details of
the reestimation.
As changes in the initial model accumulate,

a new version, M,, will emerge. Its equations
and variables, with definitions, should then be



entered in the Model File along with future
changes and modifications. As the model be-
gins to "'stabilize," it will become useful to in-
stitute systematic review procedures. For ex-
ample, an annual review of the model can be
scheduled and changes instituted on an annual
basis. Having a basic model available through-
out the year to which continuing work can be
related is important. Also, since it is often the
case that revised national accounts data be-
come available once each year, reestimation
and further testing can be scheduled so as to
utilize this new information when it appears.
The Model File at any point in time will

contain a complete description of the initial
model, subsequent variants, and a detailed de-
scription of various model changes along with
references to other files describing the ration-
ale and reasons for such changes. Having all
this information available in a computer list-
ing is very useful to workers working with the
current variant of a model.

3. Data File: As the name implies, this file
contains the data employed in a modeling
project. Naturally, it is important that the
Data File be kept carefully. Sources of data,
variables' definitions (including units of mea-
surement), variables' symbols, etc., should all
be incorporated in the Data File. In addition,
since data are often first available in the form
of preliminary estimates and then revised, it is
important that entries in the Data File reflect
revisions of the data. Then too, the Data File
should be broad enough to include the results
of studies bearing on data accuracy, relations
between provisional and revised estimates, etc.

4. Statistical Inference File: This file is
maintained to provide detailed information
regarding statistical operations with variants
of a model, for example descriptions of statisti-
cal tests and estimation of parameters. It is im-
portant that such operations be fully described.
Among other things, it is relevant to indicate
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and explain the objectives and results of a sta-
tistical operation and the methods, data, and
computer programs utilized. In addition, the
variant of a model under study should be spe-
cified (a reference to the Model File may suf-
fice). With such information entered in the
Statistical Inference File for each statistical
operation, it is possible for current workers to
appreciate what work has been done on sta-
tistical problems in the past and to plan future
work more effectively.

5. Forecasting File: If a model is used for
forecasting, it is extremely useful to maintain
a file containing information about past fore-
casts, forecast errors, and analyses of forecast
errors. Naturally in describing forecasts, it is
necessary to indicate the variant of the model
employed, how and with what data it was esti-
mated, any assumptions utilized in obtaining
forecasts, the way in which forecasts were ob-
tained, the forecast period, etc. Also relevant
here are comparisons of the model's forecasts
with those provided by other models or by
other methods if they are available. By having
the information systematically entered in the
Forecast File, a model's forecasting perfor-
mance can be appraised on a continuing basis.

6. Simulation Experiment File: As indicated
in the previous section, simulation experi-
ments are usually performed to provide infor-
mation about the operating characteristics of
a model. They are also performed to appraise
the effects of alternative policies on a model's
outputs. Since simulation experiments consti-
tute such an important role in modeling activi-
ties, it is critical that they be well-described
and documented. It appears useful to write a
"Jab" report for each simulation experiment
and to incorporate such reports in the Simu-
lation Experiment File. These dated reports
should include at least a description of the
simulation experiment's purposes and objec-
tives, the variant of the model employed, the

:



simulation program, the conditions of the ex-
periment, and the results and an interpreta-
tion of them. If a simulation experiment sug-
gests changes in the formulation of a model,
this should of course be noted. The Simulation
Experiment File, properly maintained, can be
of great value to workers attempting to im-
prove a model and using a model for apprais-
ing the possible effects of alternative policies.

7. Computer Program File: Modeling activi-
ties usually involve use of several computer
programs. For example, computer programs
for statistical estimation, for statistical testing,
for accessing data files, for transforming vari-
ables, for performing simulation experiments,
etc., are generally required in modeling work.
It is thus useful to have oea Computer Program
File in which programs being employed are
completely described. Then too, changes in
computer programs and studies to evaluate
the numerical accuracy of computer programs
should be well-documented and included in
the Computer Program File. By following such
procedures, the work of those engaged in mod-
eling activities will be made more effective and
efficient.

8. Budgeting and Planning File: This file is
one that a model manager will want to main-
tain so as to insure that modeling activities
proceed effectively and remain within budget
constraints. At any point in time, there will be
a number of sub-projects which must be com-
pleted. The scheduling of such projects and
the assignment of personnel to complete these
projects is a major responsibility of the model
manager. It may be possible for him to devel-
op a flow diagram of the work in progress with
estimates of completion dates for specific sub-
projects. Regular meetings with the modeling
staff, say at monthly intervals, to review prog-
ress and to assess job priorities and scheduling
will probably be useful. The Budgeting and
Planning File should include reports of these
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meetings as well as proposed work plans with
budget allocations. By monitoring modeling
activities in this way, the probability of realiz-
ing the objectives of a modeling effort within
budgetary constraints should be raised.
With these remarks made about aspects of

documentation, we shall now turn to a discus-
sion of available procedures for appraising
model performance.

Procedures for Appraising Model Performance
The best procedure for appraising a model's

performance, whether it be forecasting perfor-
mance or policy analysis performance, is a seri-
ous study of the results of its actual perfor-
mance in use.* Does the model forecast accu-
rately enough? That is, are its forecast errors
small enough to be tolerable? Does it catch
turning points? As regards policy uses of a
model, has the past use of the model been help-
ful in understanding the effects of policy
changes (for example changes in fiscal and
monetary policies at the national level)?? For
a model of a firm it is relevant to ask: has the
model been of value in forecasting? Has it
been useful in furthering understanding of
firm operations and producing and evaluating
changes in firm policies and practices?
Answers to the above questions are relevant

for assessing the possible benefits derived from
use of a model. To complete the picture the
cost side must be considered. What are the
costs associated with developing and operating
a model? In this connection, the salary compo-
nent of costs will undoubtedly be a major one.
Competent and resourceful individuals are
needed to develop and operate a model effec-
tively. Thus in appraising the record of a par-
ticular model, which has seen actual use, it is
important to assess salary costs realistically, as
well as other items of cost. In an important
sense, a modeling project should be viewed
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and evaluated as an investment. While certain tion, the judgment and knowledge of those
costs and benefits may be difficult to estimate, who are familiar with the entity being mod-
it is still worthwhile to carry through calcula- eled should be utilized to evaluate the basic
tions to arrive at a rough rate of return for a model mechanisms.
modeling project, particularly at the firm level. Third, as mentioned above, simulation ex-

periments can be employed to aid in the un-
IT IS UNFORTUNATE that detailed, long records derstanding and evaluation of a model.' For
of the performance of a number of models are example, changes in exogenous variables such
not available at present. This is due to the fact as federal government spending, tax rates, etc.,
that many models have been developed only can be fed into a model to determine its re-
recently, and also because records of perfor- sponses. Are they of reasonable magnitude? Is
mance are often not made public. More funda- the timing of such responses reasonable? Do
mentally, "laboratory and field" experimenta- any variables assume unusual values? For ex-
tion is usually not possible. While airplane ample, if the functional forms of certain rela-
designers can employ test flights to evaluate tions are in error, it is possible that an interest
design performance under preassigned condi- rate variable may assume a negative value. In
tions, this important procedure is not gener- addition, simulation experiments designed to
ally available in the case of econometric mod- approximate certain historical episodes can be
els. Procedures for checking out the latter performed. Does the model yield outcomes
models are somewhat indirect, and hence there that approximate well the actual outcomes?
is considerable uncertainty about the actual Further, it is important to study a model's per-
performance characteristics of an econometric formance under extreme conditions (large
model which has not as yet been used exten- changes in exogenous variables, for example).
sively in practice. When the conditions of a simulation experi-

Some model checks which are currently in ment are such as to strain a model, some of its
use will now be reviewed. First, and of funda- weaknesses become apparent. Also, it is the
mental importance, an econometric model case that extreme conditions may be encoun-
should be checked for logical consistency. Are tered in using the model in practice. Since
the equations of the model consistent? Does periods of extreme conditions are often vitally
the model have a unique solution? Are the important, establishing a model's operating
units of measurement for variables appropri- characteristics under such conditions is vital.
ate? These are basic mathematical considera- Fourth, some statistical procedures are avail-
tions which may appear obvious; however, they able for checking a model using actual data.®
are of such vital importance that it is deemed Of course, it is often the case that data avail-
worthwhile to mention them explicitly. able for statistical checks are not as extensive
Second, a model should be analyzed care- as desired and do not have the properties that

fully to obtain an understanding of how it they would have if we could actually design
works. Then the workings of the mode1 should and carry through experiments. Be that as it
be compared with what is known in theory may, the actual ''non-experimental" data that
about the entity being modeled. For example, we do have can often be used fruitfully to
a model of a national economy should incorpo- check for possible inadequate or erroneous
rate and not be in conflict with established formulations. For example, it is good practice

to study the properties of residuals from sta-principles of macroeconomic theory. In addi-
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tistically fitted relationships of a model.1 In-
tensive residual analysis can often result in the

discovery that a functional form of a relation-

ship is in error, an important variable may
have been omitted, or a lag structure may have
been misrepresented. When such discoveries
are made, equations of the model will have to

be reformulated and reestimated.
For models that are not too complicated,

formal statistical tests of hypotheses can be car-
ried through. For example, it is often of inter-
est to determine whether or not the coefficients
of a model are constant in value through time.

By splitting the sample in half, with one half
relating to an earlier period and the other to a
more recent period, it becomes possible to test
the hypothesis that corresponding coefficients
have the same value in two periods. Large
sample tests of identifying restrictions are also
available. Unfortunately, the small sample
properties, power, etc., for many test proce-
dures applied to relatively complex time series
models are not known at present. Also, it is the
case that for moderate to large-sized models,
limited data must be used to investigate a
rather broad range of hypotheses, to find good
relations, and to estimate them. When the in-
formation in the data is used for a variety of
tests, etc., results are often not very sharp and
the information in the data will often have to
be supplemented by judgment, theoretical

principles, and other "outside" information.
For example, given the objectives of a model-

ing project, many use a simplicity criterion in
formulating a model-that is, an attempt is

made to formulate the simplest model which
is consistent with accomplishing the objectives
of the project.
Formal statistical methods for comparing

non-nested models are being developed but
have not as yet been perfected!! to the point
where they are operational for models with

(say) 20 or more equations. For such large
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models, the comparison of alternative versions
is still pretty much an art.
Fifth, intensive examination of the fore-

casting experience and policy uses of models
is without doubt the most crucial criterion for
assessing the performance of models. On the
forecasting side, comparisons can be made
with the forecasts yielded by alternative
models and by informal techniques. Where
poor forecasting is encountered, it is impera-
tive that the source or sources of difficulty be
located and the model be improved. On the
policy side, a model should be helpful in
appraising the effects of alternative proposed
policies. A model's performance in this di-
mension can be checked against outcomes
actually observed in particular historical epi-
sodes and in current episodes as they unfold
in time. For example, with a model of a
national economy, it is relevant to set up
conditions resembling those actually encoun-
tered in a major depression-for example,
the 1929 downturn. Given that the outside
factors or exogenous variables behave as they
did in that downturn, does the model yield
paths for endogenous variables, say GNP, the
price level, interest rates, unemployment, etc.,
which resemble those actually encountered
historically? This sort of testing should be
extended to "credit crunch" periods and
other exceptional historical periods. If there
are failures in approximating the behavior
of the economy in such episodes, this is im-
portant information for evaluating a par-
ticular model.

Summary and Conclusions
In the present paper, we have attempted

to provide an overview of modeling activities.
To have these activities proceed as smoothly
and effectively as possible requires not only
a good and well-trained group of modelers
but also managerial talents of a high order.
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The manager of modeling activities is often
a key person in a modeling effort. His ac-

tivities, as well as those of the modeling group,
will be facilitated by maintaining good docu-
mentation. Various documentation files have
been described above which will probably
be of considerable value in modeling projects.
Then too, emphasis has been placed on spell-
ing out as precisely as possible the objectives
of a modeling project, since the objectives
are important in providing orientation and

guidance for the model builders. Further,
considerable planning of sub-tasks in a mod-

eling activity is meeded in order to insure
smooth progress and dovetailing of sub-

projects within inevitable budget, personnel,
and time restrictions.
As regards evaluation of the final product,

the model, various techniques including simu-
lation experiments, statistical methods, and
heuristic and theoretical checks have been
mentioned. However, in the last analysis,
the ultimate check is actual use and per-
formance of a model in performing the tasks,

e.g., forecasting, policy analysis, etc. for
which it has been built. Simply put, the proof
of the pudding is in the eating.

FOOTNOTES
1For a review of a collection of early models of

national economies, see M. Nerlove, "A Tabular
Survey of Macro-Econometric Models," Interna-
tional Economic Review, May 1966, 127-175. Chap-
ter 4 of H. R. Hamilton, S. E. Goldstone, J. W.
Milliman, A. L. Pugh II, E. R. Roberts, and A.
Zellner, Systems Simulation for Regional Analysis,
MIT Press, 1969, provides a review of a number of

regional projection models. The recent economic
literature contains papers dealing with the Brook-

ingsSSRC and Federal Reserve-MIT econometric
models of the U.S. economy.

2 A discussion of mathematical models in the so-
cial sciences, with particular emphasis on economic
models, appears in H. R. Hamilton, et. al., op. cit.,
Chapter 2.

7
8 See, e.g., D. B. Suits, "Forecasting and Analysis

with an Econometric Model," American Economic
Review, March 1962, 104~132, reprinted in A. Zell-
ner (ed.), Readings in Economic Statistics and Eco-
nometrics, Little, Brown and Co., 1968, 583-611,
Suits presents a comparison of actual forecasts of
annual GNP and other items with actual outcomes
for the period, 1953-1960.

4 The description which follows is based on mate-
rial in Ch. 13 of H. R. Hamilton et. al, op. cit.

Hamilton et. al., op. cit, Appendix A, "The Man-
agement of a Multidisciplinary Research Project."

8 See, e.g., J. Mincer (ed.), Economic Forecasts
and Expectations: Analysis of Forecasting Behavior
and Performance, National Bureau of Economic
Research, Columbia University Press, 1969, and the
references therein for analyses bearing on the ap-
praisal of the forecasting performance of models.
7G, Fromm and P. J. Taubman, Policy Simula-

tions with an Econometric Model, The Brookings
Institution, North-Holland Publishing Company,
1968, presents a good discussion of policy simula-
tions with references to the earlier literature.

8 There are many unsolved problems in this area
regarding the design and interpretation of simula-
tion experiments. Thus simulation experimentation
in connection with econometric models is still pretty
much an art. See T. H. Naylor, J. L. Balintfy, D. S.
Burdick, and K. Chu, Computer Simulation Tech-
niques, John Wiley and Sons, Inc., 1968, for a use-
ful discussion and references to the literature.
®The current econometrics texts provide some

results (not as extensive as we would like) on this
point, See, e.g., A. S. Goldberger, Econometric The-
ory, John Wiley and Sons, Inc., 1964; J. Johnston,
Econometric Methods, McGraw-Hill Book Co.,
1963, C. R. Christ, Econometric Models and Meth-
ods, John Wiley and Sons, Inc., 1966; E. Malinvaud,
Statistical Methods of Econometrics, Rand McNally
and Co., 1966 and the references cited in these
works,

10 Residual analysis for regression models has
been studied fairly intensively. See, e.g., J. Putter,
"Orthonormal Bases of Error Spaces and Their Use
for Investigating the Normality and Variances of
Residuals," Journal of the American Statistical Asso-
ciation, Sept. 1967, 1022-1036; J. B. Ramsey, "Tests
for Specification Errors in Classical Linear Least-
Squares Regression Analysis," Journal of the Royal
Statistical Society, B, 31, No. 2, 1969, 350~371, and

5 A discussion of these problems appears in H. R
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The U.S. government's pyramiding investment in re-
search and development in the 1950's invoked the
Jaw of supply and demand,say Dr. Herbert Hollomon
(seated in photograph) and Alan Harger. The loser was
American industry unable or unwilling to compete.
Can we now restore to research its true value and to
Amcrican industry its tradition of technological innova-
tion?

J. Herbert Hollomon
Consultant to the President and
Provost of M.LT.

Alan E. Harger
Administrative Assistant to Dr.
Hollomon

America's Technological Dilemma

During these times of rapid change, of the increasing
*

awareness of social problems, of declining trade bal-
ances, of inflation, and of unemployed scientists and
engincers, thoughtful attention must be directed to the
science and technology policy of the U.S. One impor-
tant aspect of this policy has to do with the way in
which technology is used by society, particularly
how it affects civilian or industrial activity.

Many people have struggled to quantify the influence
that new technology has upon industrial development,
economic growth, and social advance. Qualitatively, the
dependence of a modern economy on the use of new
technology is accepted: technology becomes em-
bodied in more effective production machinery, in
more skilled labor, and in products and serviccs that
better serve social needs. The direct connections be-
twecn research and development, and the resultant par-
ticular practical bencfits, are more difficult to specify.
However, it is these connections which must be under-
stood if science policy (national or corporate ) is to be
effective.

In any attempt to assess the direct consequences of
investment in research and development, it must be
clearly established that the particular investment has
been directed toward the purposes which are being
considered Por example suppose we are looking for
the sources of general economic health in the nation,
we must recognize that the research and development
which have been aimed toward space flight and defense
are unlikely to have had as sigmificant an influence as an

equivalent 1eseaich and development activity directed
toward, Iet's say, improvement in productive efficiency
in the automotive industry.

Clearly, the effects of research and development on
a nation asa whole cannot be understood without
distinguishing among the various economic sectors. In
the United States, for example, where most workers are

engaged in service activities and most research and de-

velopment is devoted to manufacturing, the overall
rate of change in productivity cannot be expected to
correlate with the amount of national civilian-oriented
research and development.

Other factors influence the consequences of research
and development. Most important is the delay, of al-
most indeterminate length, between an investment in

TECHNOLOGY REVIEW, July/August 1971

research and development and the appearance of its
results in the world. Some recent studies have indicated
that this time delay has shortened, but even so, any
major new technological development does not diffuse
throughout the society in less than five to ten years.

In a recent analysis, Harvard's Richard B. Freeman has
found (after taking the time delay into account as best
he could) a good correlation between the growth rates
and profitabilities of different industrial sectors and the
research and development that were performed in those
sectors in prior years (1). Figures 1, 2, and 3 illustrate

:
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Figure 1, The gross association between research and develop-
ment intensity and growth in output in various industries is
shown here and in Figures 2 and 3 (on the following page).
Research and development intensity is indexed by the ratio of
R. and D. expenditures to sales. In Figure 1, increases in value
added--a term denoting the difference between the value of a
manufactured product and that of the starting materials-
indicate output changes unadjusted for price increases.



Figure 2 'The assocrtion between research and development
intensity and growth output me various industrics (cont )
m this plot, output incicases adjusted for price changes are
measined by ASC m the deral Reserve: Board Index
of Production, and R and D intensity 1 indexcd as lagure 1

v 6 oa,
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Figure 3 Changes m labor productivity are measured by the
industries' inchces of production (sec above) dividcd by their
number of employees The rank order rclationship ttl this figure-
and sigmficant correlation between growth m inductual output
and roscarch and devclopment intensity ('The three plots are
after Ficeman, ref 1)

the correlations Professor Wilham N Leonard, of
Hofstra, has shown that research and development
spending by compames (excluding federal rescaich and
development) relates significantly to giowth rate of
sales, asscts, and nct mcome, 16 industnes which,
combined, perform nearly all manufacturing activity
(2).
Since World War II there have been many other
analyses, both for particular mdustries and for the
economy as a whole, that relate the effects of research
and development to therr economic consequences It is
clear that, tor our type of national economy at least,
industry under invests in research and development
relative to the total social return it generates in com-
parison with alternative investments This under-
investment anses because an individual firm cannot
appropniate all of the benefits of any new techni-
cal devclopment, but must bear most of the cost of that
development In other words, many of the results of
a paiticular development are not of direct benefit to a
firm, but indirectly affect other firms that use the results
of the development Furthermore, when a develop
ment 1s highly risky, a firm may forego investment in it
because of the cost of failure, even though the rewards
of the most probable outcome would fully yustify the
investment Or to put the matter another way, In-
dividual firms will underinvest im order to mmimize
their risk, even though the expected rewards from in-
vestment in development, on an average basis for many
firms, could be quite high This situation becomes more
serious the larger the initial development cost and the
more radical the new technology For instance, in the
development of nuclear power the nsk may be such
that no firm exists with the capability of mvesting at the
early stages of the technology Only society as a whole
can afford the 1ishs or the uncertain costs resulting from
technical uncer tautty.
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A summary of these studies of the effects of research
and development, commissioned by the National Se1-
ence Foundation (3) indicates that the contiibutions
of research and development to economic giowth and
productivity, cven with this under-investment, 1s posi-
tive, significant, and high.

: :

:

Industry vs. Space and Defense
During and following World War II, the United States
invested heavily in 1esearch and development, as illus-
trated in Figure 4 The most rapid increase occuried
between 1953 and 1959, and resulted largely fiom 1n-
creases 1n federal funding (Figure 5), since 1964 there
has been a decrease in total effort relative to the G N P.
It 1s clear that, as the fedcial government began to
invest more and moie m research and development,
industry did not follow suit as rapidly, and that, con-
verscly, as the federal government mvestment de-
creased, industual investment in research and develop-
ment tendcd to nse.

s
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ment effort 1s Jess dramatic when measured, not in
dollais, butain the number of the scientists and en-

gincers involved (Figure 6) The costs of techmical
wok have 11sn much more sharply than the gencral

The recent giowth of the U S research and develop

hike the 1



Figure 4. Research and development spending in the U.S,
since World War TH. (Sources: 1915-1953 fi Office of
the Secretary of Defense, in the Census Burean's Statistical
Abstract of the United States-1960, Washinton, 1960, 1953-
1970 figures-National Science Foundation's National Patterns of
Research and Devclopment Resources, NSE 70-16, Washington,
1970)

Figure G6, Post-war growth of research and development in
industry in terms of the number of scientists and engineers
employed, 'Fhe 1953-1961 company-federal estimates are by
the authors, and 1962-1968 company-federal estimates are from
the National Science Foundation, (Sources: 1915-1950 figures-
Department of Defense, The Growth of Scientific Research and
Development, Washington, 1953; 1950-1957 National Science
Foundation (jointly with Bureau of Labor Statistics), Employ-
ment of Scientists and Engincers in the United States, 1950-1965,
NSF 68-30, Washington, 1968; 1958-1968-National Science
Foundation, Research and Development in Industry-1968,NSF 70-29, Washington, 1970. )
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Figure 5. From the same data used in Figure 4, the year-to-
year changes in total federal research and development support
are shown. ("1958 dollais" were arrived at using the inyplicit
G.N.P. deflator, since there is no specific R. and D. deflator avail-
able.

Figure 7. Increases in the cost of research and development
per R. and D. scientist and enginecr in industry coincide with the
increases in federal support traced in Figure 5. (Sources: 1915-
1952. Department of Defense; 1953-1956-National Science
Foundation/Bureau of Labor Statistics; 1957-1968-National
Science Foundation )



Figure 8, Salaries of physicists and engineers as a ratio of themedian inceme of all persons. The rapid rises of the 1950's
were a dominant contribution to the cost increases shown in
Figure 7 (Sources: median income-Census Bunan's yearlyCurrent Population Reports, Series P-GO (Consumer Incame)1951-1968; engincers-Engineering Manpower Commission,Professional Income of Engincers, 1970, New York: iEngincers'Joint Council, 1970; physicists-American Institute of Physics,Physics Manpower-1966 and Physics Manpower-1969,Publications R-196 and R-220, based on data from the NationalScience Foundation's National Register)
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Figure 9, Between 1930 and 1965, nealy 100,000 more engi-
neers were created (on the mploy 1meut record) than became
available as new graduates. This graph traces the cumulative
progiess of the appearance of "engineers" for whom no cngineer-
ing degrees were awarded, (Sources; employment figures-
National Science Foundation/Bureau of Labor Statistics;
degrees-U.S. Office of Education Digest of Educational
Statistics, OE-10024-70, Washington, 1970 edn.)

rates of inflation and of improvement in productivity.Indeed, the rapid growth of federal research and devel-
opment has itself done much to raise the costs. The ma-
jor increases illustrated in Figure 7 correspond to the
increases in federal research and development sup-
was the increase in salaries of scientists and engineersrelative to others (Figure 8).

2

port (Figure donunant source of the rise in costs
Wa Shey ye

During the period 1950 to 1960, the rapid increase in
space'and defense research and development increasedthe demand for new technical people (4). Apparentlythere was, within industry, a transfer of technical
people from industrial to governmental projects. Be-causelof this competition and the great increase in
research and devclopment support, salaries rose, and
the cost of research and development, and probably of
other technological activities, rose significantly.

:

At

Figure 9 illustrates a dramatic effect of this extra-
ordinary demand. Between 1950 and 1965, nearly 100,-
000 more engineers were created than were available
as graduates with engineering degrees. During these
years, the increase in the number of engineers reportedto be employed was substantially greater than the num-
ber of new engineers entering the labor force from
higher education. Thus, it appears that industry must
have been upgrading technicians to take the place of
trained people who were transferred to federal
programs. A related consequence of the rapid growth of
research and development must have been a decrease
in the average level of training, 1f not skill, of the re-
maining industrial engineers.

Since 1950, therc has been an increase in industrial
funding for research and development. However, its
uapact has becn by using costs. Figure 10
illustrates the year-by-year change in the number of
R. & D. scientists and engincers per 1,000 employees
in those companies performing research and develop-
ment. Even these figures are somewhat inflated, for
some of these scientists and engineers were no doubt
engaged in research and development related to prod-
ucts sold for defense and space purposes. The figure
illustrates that research and development for industrial
purposes has remained about constant for nearly ten
years.
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Other factors have probably affected the industrial in-
vestment in technology Interest rates have contmually
risen in the United States during this period, and, ac-
cording to some economists at least, this has retarded
capital investment Not only 1s capital investment re-
quired in order to infuse new technology into the
economy, but also large investment commitments in
general tend to stimulate reseaich and development
In addition, it 1s hkely that the combination of high
government demand and rapid obsolescence of tech-

nology in the space and defense fields attracted a dis-

proportionate fraction of venture capital to these mdus-
tries, and was an important contributing factor to the

rising price of capital

During the last several ycars, the decline of the federal
effort has not been compensated for by the shght in-
crease in industrial activity The result has been

unemployment of scientists and engineers, particularly
those that wc1e connected with space and defense
Crude estimates indicate the total unemployed to be of
the order of 100,000

To reiterate, the rapid and large growth of federally
supported research and development, occurring par-
ticularly betwecn 1953 and 1960, appears to have had
several major effects on the technological activity of the
United States and its industry The most 1mportant
effect of this grow th was the rise in overall cost of re-
search and development This increase occurred not

only im the costs of research and development to the

government, but, very significantly, the cost of this

activity to industry A major factor in this cost mse was
the increased cost of the technical personnel engaged in
it The nse in the rank of starting engineets and scien-
tists in the income distribution, relative to the rest of
the population, dramatically illustrates this increase

(Figure 11).

Starting salanes for enginecrs with bachelor degrees,
for evample, rose during the penod of rapid research
and devclopmcnt «\pansion from the 77th percentile in
the rank of income of all people in the United States,
to about the 86th percentile Durmg this same period, it
is estimated by Freeman that about 20 to 30 per cent of
the increascd activity supported by the federal govern-
ment was made possible by ati ansfer of people from

industually supported projects The remaimmg increase
was accomplished by absorbing the supply of new

Figure 10 For those compames reporting research and develop

and cngincers cmployd per thousand cinployecs (Sources 1958
1961-authors' estimates, 1962-1968-National Science Founda
tion )

D scacntists
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Figure 11 If mcomes of all persons are arranged in a ranking
order, any given income can be assigned 1 percentile position,
indicating the percentage of the populition haying a lower
income Shown here are the percentile positions of mediin sal
anes camed by engineers and physicists (Sources as Figure 8)



Figure 12. Changes in salary within the engineering professionas a whole affect the number of students choosing engineeringmajors, This giaph shows the suecess of a prediction of theroportion of all hrshinen who choose cngineering, made on theof engineering salaries, al to other professionalsalaries, one year earlier. (Hichaid B. Freeman, The Market forCollege-Trained Manpower, Cambiidge: Harvard UniversityPress, 1971)
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Table I. The combined fraction of male college graduates choos-
ing science, mathematies and enginecring has changed Inte
since World War II, although the relative proportions of these
fields have changed somewhat. (Hugh folk, The Shortage ofScientists and Engincers, Lexington, Heath Lexington, 1970)

technical people.

University as SupplierThe inercase in demand generated by federal funds hada significant effect on the choice made among fields
by those attending universitics. The fraction of collegegraduates opting for science, mathematics, and engi-necring has changed very little since World War II(Table I). Hugh Folk has pointed out that the choiceof a broad field by students docs not appcar to be af-fected by demand, which influences only the choice oflucrative activitics within broad fields. Changes insalaries and stipends affect the choices between spe-cialtics, and determine in part whether or not students
opt for graduate education in special fields. However,though those in science and engineering have been
mostly supported by federal funds to universities, theproportion of scientists and engineers among all PhD'shas not increased appreciably. Apparently, the federalfunds merely permitted the universities to redistributetheir resources to a rapidly rising social demand for
graduate education proportionately in all fields of
knowledge. Changes in salarics and stipends affectedchoices toward engineering and toward physics, forexample. Figure 12 illustrates the relationship betweenthe actual number of freshman enrollments in engincer-ing, year-by-ycar, and the changed incentives pre-dicted from salary changes.

4 +
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There has been some shift between engineeringand mathematics, but, in any event, the response of thenew supply of technical people to economic factorsis sluggish and cyclical. The yearly new supply of
graduate scientists, mathematicians, and engincershas varied from 33,000 to a high of 61,000. In recent
years, this new supply has been about equal to the
reported increase in new employment of scientistsand engineers, implying little upgrading of pcoplewho did not have a "certificate" as scientists or en-
gineers.

There has been great growth in the support of researchin universities by the federal government, with byfar the largest share derived from the support of bio-medical rescarch in university medical schools and af-filiated hospitals. However, for the physical sciences,and especially engineering, the largest share has de-
rived from the Defense Department, AEC, and NASA.This support surely biased university activity awayfrom industrially related research, especially that con-nected with the less glamorous industrial problems.
The Practical Loss
While it is probably impossible to assess all the ef-
fects «f federal policy over the past several decades,there are several possibilities that appear reasonable.It seems reasonable to expect that, ten years or so after
a relative decline in technical activity, its consequencesshould begin to be evident. For example, the rate of
increase in productivity might begin to diminish.
Although the dependence of productivity upon a wide
range of other factors (the availability of capital, for
example) is well recognized, eventually a reduction
in investment in technical activity devoted to industrial
purposes should be reflected in a decreased rate of im-



Table IL. Approsimate proportions of national resources, at
market prices, devoted to research and development, For the
US. and european countries selected, the figures are averages
for 1959-1965; for Japan, the figures are for 1963, The data
appear to indicate a significant U.S, advantage in defense and
space research and a rather lesser advantage in civilian-oriented

and D. in O.E.C.D. Member Countries in 1963/64, Vol, 2,
O.E.C.D,, Paris, 1968; other countrie-Boretsky, ref. 6. }

On t Statistical Year for Re-nfc ntwork. (Sources;
search and Deve opment of Resources Devoted to R
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Table UI, The same information as in Table II, for civilian-
oriented work only, translated into cost-equivalent terms and
into full-time-equivalent technical man power. The last column
expresses each national civilian research and development effort
(in cost-equivalent terms) as a proportion of that nation's G.N.P.,
also converted into cost-equivalent terms. A number of nations,
on this basis, have been making more intensive research cflorts

during the early '60's, for civilian purposes, than has the U.S.
(after Boretsky)



provement in productivity. And, indeed, in the last few
years, productivity increases have declined (5).

There is another way in which we can deduce the
effects of the post-war research and development
policies. Boretsky (6) has compared the technical ac-
tivity of Europe and Japan with that of the United
States for the period 1959-65 (just following the rapid
growth of the United States effort). Table I compares
the total research and development efforts for these
years as fractions of national G.N.P.'s at market prices,
for the United States, Japan and the major European
countries. The defense and space portion of the total
effort and the civilian effort are also included for com-
parison. Superficially at least, this table would indicate
a significant advantage of the United States for all
research and development, and a somewhat lesser
advantage in its "civilian-oriented" activity.

However, when research and development efforts are
translated into cost-equivalent terms, and into the
numbcr of scientists, engincers, and technicians em-
ployed (Table II), the results are startling. The last
column in Table II expresses cost-equivalent ex-
penditures for research and development as fractions
of the G.N.P.'s, the latter converted to equal-purchas-
ing-power terms. When the comparison is thus made
on the basis of cost-equivalent expenditures, the
relative advantage of the United States investment in
civilian research and development disappears. Even
more significant, about 30 to 35 per cent more scien-
tists, engineers, and technicians were engaged in
civilian-oriented research and development in the

eight European countries studied than in the United
States. This group of countries has a slightly greater
population than the United States, but a one-third
smaller G.N.P. When compared on this basis, the
relative effort in Europe was substantially greater than
that in the United States-the reason being, basically,
that the relative cost of research and development
personnel is Jess in Europe than in the United States.

Furthermore, there was no substantial investment
in defense and space rescarch and development in any
of the European countries except the United Kingdom,
there was not a disproportionate rise in salaries, and
there was no marked displacement of scientists and en-

gincers from industrial to national projects. Although
data for more recent years are not readily

available, it seems likely that-in view of the slow
growth of research activity in the United States relative
to other O.E.C.D. countries in these years-the dis-
parity is now even greater. As early as 1955, the number
of scientists and engineers engaged in non-spacc, non-
defense activity in Europe must have been higher than
in the United States.

A comparison between Japan and the United States is
even more depressing. During the 1959-65 period, the
Japanese spent a significantly larger portion of their
G.N.P., on an equivalency basis, for civilian research
and development than did the United States, With
one-half the United States population and one-fifth
the United States G.N.P., Japan cmployed 70 per
cent as many professional research and development
personnel in their civilian effort as did the United
States.

Spin-Off?
Many would argue that the analysis thus far has

neglected the indirect effects of the space and defense
research and development efforts of the United States.
It is clear that the research and development that has
been supported by the government must have been
beneficial to at least some industrial activities. Further,
the government provided a market for sophisticated
technical goods, which no doubt stimulated research
and development activities which were transferable
to civilian products. But, granted that this indirect
effect of space and defense oriented work presumably
exists, the question is, how significant is it?

Boretsky analyzes this matter in what scems to be an
effective way. Consider the efforts of ten people en-

gaged in federal research and development; how
much effort aimed at a particular industrial objec-
tive, on the average, are these ten equivalent to?

Boretsky argues that their absolute maximum cquiva-
lent is 3-1/3, and the minimum is perhaps one-half a
civilian researcher, In other words, 5 to 33 per cent of a

given amount of space and defense research and

development might be considered to be the "direct"
effect of that effort on the economy.

Assuming a "spin-off" as high as 20 per cent (for both
Zurope and the United States) a new measure of the
effective number of scientists and engincers can be
derived. It tums out that the United States still lags



behind Europe and Japan on a comparative population
basis. In the specific field of nuclear technology not
related to military applications, Boretsky makes a more
startling comparison. He estimates that 50 per cent
more scientists, engineers, and technicians are involved
in this work in Europe than in the United States.

This disparity in technical effort, existing for more than
ten years, may have begun to be reflected in our trade
with Europe and with Japan. Consider the trade
balance in the technologically intensive products of
chemicals, machinery, electrical equipment, transporta-
tion equipment and instruments. In 1968, the United
States had a favorable balance of trade of these prod-
ucts with Europe of $1.5 billion. From 1962 to 1963,
however, the rate of growth of imports of these
products from Europe averaged 20 per cent, and the
rate of growth in their export from the United States
averaged only 9 per cent. During this same period,
the United State's trade balance with Japan in these
products turned from a $300 million surplus to a $500
million deficit. While United States imports from Japan
were growing at 32 per cent a year, United States
exports to Japan were increasing at only 7 per cent a
year.

If the trend continucs, Boretsky estimates that by 1973,
in technologically intensive products alone, there will
be a trade deficit with Europe of almost $2 billion.
The situation with respect to Japan is even more
disturbing: he estimates that the United States "tech-
nological" trade deficit to Japan will be almost $5
billion by 1973. social P P will if they are too large,

It is clear, of course, that monetary factors and relative
labor cost factors are also important to trade balance
considerations. It is only in high-technology products
with rapid potential for growth (and in agriculture,
where the U.S. has long maintained a technological
lead) that the United States has had much of a poten-
tial advantage and it is here (except in agriculture )
that we find the downturn.

Clearly, analysis of a matter as complicated as the rela-

tionship between technology, the economy, and social
welfare can never be complete, nor can conclusions
drawn from incomplete analysis ever be taken with
assurance. Nevertheless, it appears that in the United
States we have substantially under-invested in the

kinds of technical effort that are necessary for the im-
provement of our industria] output and the quality
of our life. In recent years this under-investment in
technology for civilian pursuits has been made substan-
tially greater as a result of the large commitment of
the United States to activities related to defense and
space. The natural working of the economic system
which would in any case have led the industry to invest
too little in technical activities has been further
distorted because of the higher cost of research and
development resulting from the federal effort. Even in
the government sector of research and development,
all the European countries and Japan spend more than
20 per cent of government research and development
for civilian purposes, whereas the United States spends
less than 6 per cent. Thus our competitors supplement
the industrial investment in research and development
for civilian purposes to a much greater degree than do
we.

The Choice of Strategies
We are now faced with a dilemma. There are 100,000
scientists and engineers out of work; there are large
unsatisfied social needs; we are suffering adverse
effects from our past uses of technology; and our
economic growth is faltering. At the same time, the
costs of education and of research and development
continue to rise, sustained apparently by the social
and political structure that we have set up.

Direct research and development investments by the
federal government-whether for defense, space or

draw off technical activity which could be turned to
industrial improvement, just as Wwe experienced in the
1950's. Substantial increases in the availability of new
scientist and engineer graduates would eventually
lower their relative prices, but there would be a

period of costly and inhumane readjustment. On the
other hand, restrictive policies to discourage young
people cithcr from opting for technical education or
from continuing at university for advanced graduate
education are, of course, in the long term, self-defcat-
ing,

Like any complex public problem, this dilemma will-
not be resolved by any single public policy decision.
Addressing the social tasks directly, perhaps the most

important single action that is required is a substantial

an



increase in support for the improvement, both in qualityand cHicioney, of those public services in which private
industry plays only a small role, such as education and
the delivery of health care. Likewise, those sociallydesirable activities in which private incentives for
technical work are small or non-existent, such as the
improvement of living conditions in the cities and of
the safety of our transport system, require significantlyincreased support.

To simply spend cnough to re-cmiploy uncmploy ed
and a by ammediate federal esearch

the answer, for we do not know cnough about the nom ics, 19597h. 292 308. and David M Blank andtask; nor would such a move (which would in any case Ceorge J. Styl, Demand an u 2qy of Scientific Per.face great social obstacles ) encourage industry to play
Ul eau of Economic Research.1957

its own part. For the present, in these fields we must
not only invest in research and development, but wemust devise ways of changing the structure of the 6.

delivery systems of social services and of the educationof technical people, to facilitate the adoption and diffu-
sion of new techniques. A major effort of direct govern-ment support to meet these social necds is required,
A second major effort would be the encouragement of
university research related to improving industrial
productivity, to reducing the waste and pollution of
industry, and gencrally to problems associated with
the productivity, products, and adverse cfFccts of
industrial production. This federal support to univer-
sities would redress the present academic bias, es-
pecially in enginecring, toward the kinds of work that
tend to improve our defense and space capabilities.
In some way, also, government must underwrite in-
dustrial research and development itself, since the econ-
omy has always tended to under-invest in it, and its
present over-costliness results from past federal policies.This can be done cither directly by subsidy or indi-
rectly through tax rebates. The entire set of corporateand government policies that encourage potentially
high-export industries needs to be reviewcd,

Whether a socicty effectively uses technology for pro-ductive and bencficial purposes depends upon a largenumber of factors. The supply of technically trained
people, the willingness to invest in them, the capitalnecessary to embody the technology in useful machines
and processes, the level of general education, the skill
of the potential labor force, the economic and politicalstructure of the society, all play roles. The effective useof technology requires that a large number of appro-priate conditions be met simultancously; a single
missing ingredient (for example, the absence of

tudes) may compk tly halt athar technological innovation or the spread of technology within the socicty,
If we are to mect the social needs of our time and to
continue to provide the material needs of our popula-tion, new policies and directions of our governmental, 1:industrial and academic institutions are required,
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The U.S, government's pyramiding investment in re-
search and development in the 1950's invoked the
law of supply and demand,say Dr. Herbert Hollomon
(seated in photograph) and Akin Harger. The loser was
American industry-unable or unwilling to compete.
Can we now restore to research its true value and to
Amcrican industry its tradition of technological innova-
tion?

J. Herbert Hollomon
Consultant to the President and
Provost of M.LT.

Alan FE. Harger
Administrative Assistant to Dr.
Iollomon

America's Technological Dilemma

During these times of rapid change, of the increasing
awareness of social problems, of declining trade bal-
ances, of inflation, and of unemployed scientists and
engineers, thoughtful attention must be directed to the
science and technology policy of the U.S. One impor-
tant aspect of this policy has to do with the way in
which technology is used by society, particularly
how it affects civilian or industrial activity.

Many people have struggled to quantify the influence
that new technology has upon industrial development,
economic growth, and social advance. Qualitatively, the
dependence of a modern economy on the use of new
technology is accepted: technology becomes em-
bodied in more effective production machinery, in
more skilled labor, and in products and services that
better serve social needs. The direct connections be-
tween research and development, and the resultant par-
ticular practical benefits, are more difficult to specify.
However, it is these connections which must be under-
stood if science policy (national or corporate) is to be
effective.

In any attempt to assess the direct consequences of
investment in research and development, it must be
clearly established that the particular investment has
been directed toward the purpose which are being
considered For € suppose we are looking for
the sources of gencral economic health in the nation,
we must recognize that the research and development
which have been aimed toward space flight and defense
are unlikely to have had as significant an influence as an

equivalent research and development activity directed
toward, let's say, 1mprovement in productive efficiency
in the automotive industry.

Clearly, the effects of research and development on
a nation as a whole cannot be understood without
distinguishing among the various economic sectors. In
the United States, for example, where most workers are

engaged in service activities and most research and de-

velopment is devoted to manufacturing, the overall
rate of change in productivity cannot be expected to
correlate with the amount of national civilian-oriented
research and development.

Other factors influence the consequences of research
and development. Most important is the delay, of al-
most indeterminate length, between an investment in
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research and development and the appearance of its
results in the world. Some recent studies have indicated
that this time delay has shortened, but even so, any
major new technological development docs not diffuse
throughout the sogiety in less than five to ten years.

In a recent analysis, Harvard's Richard B. Freeman has
found (after taking the time delay into account as best
he could) a good correlation between the growth rates
and profitabilities of different industrial sectors and the
research and development that were performed in those
sectors in prior years (1). Figures 1, 2, and 3 illustrate
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Figure 1, The gross association between research and develop-
ment intensity and growth in output in various industries is
shown here and in Figures 2 and 3 (on the following page).
Research and development intensity is indexed by the ratio of
R. and D. expenditures to sales, In Figure 1, increases in value
added-a tern denoting the difference between the value of a
manufactured product and that of the starting matcrials-
indicate output changes unadjusted for price increases.



Figure 2 The association between research and development
Intensity and growth in output vanous industrics (cont )
in this plot, output incicases adjusted for pnce changes are
measurcd by iercases n the I cde Reserve Board Index
of Production, and R and D intensity as indeacd as in Figure 1
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Figure 3 Changes in Jabor productivity are measured by the
industries' indices of production (see above ) divided by their
number of employees Phe rank order rclationship in this figure-
Ihe the rdatonships m Ligures 1 and 2 indicates a positive
and sigmfcant cerrclation between growth in industi 1 output
and rescarch and development inteusity (The three plots are
after Freeman, 1f 1)

the correlations Professor Wilham N Leonard, of
Hofstra, has shown that research and dc velopment
spending by companies (excluding federal reseaich and
devclopment) relates sigmficantly to growth rate of
sales, assets, and net income, m 16 industnes which,
combined, perform nearly all manufacturing activity
(2)
Since World War II there have been many other
analyses, both for particular industries and for the
economy as a whole, that relate the effects of research
and development to their economic consequences It is
clear that, for our type of national economy at least,
industry under invests in research and development
relative to the total social return 1t generates in com-
parison with alternative investments This under-
mvestment anses because an mdividual firm cannot
appropnate all of the benefits of any new techm-
cal development, but must bear most of the cost of that
development In other words, many of the results of
a particular devclopment are not of direct benefit to a
firm, but indirectly affect other firms that use the results
of the development Furthermore, when a develop-
ment 1s highly msky, a firm may forego investment in it
because of the cost of failure, even though the rewards
of the most probable outcome would fully justify the
investment Or to put the matter another way, in-
dividual firms will underinvest in order to minimize
their risk, even though the expected rewaids from in-
vestment in development, on an average basis for many
firms, could be quite hgh This situation becomes more
serious the larger the iltal development cost and the
more radical the new technology For instance, in the
development of nuclear power the msk may be such
that no firm exists with the capability of investing at the
early stages of the technology Only society as a whole
can afford the nsks or the uncertain costs resulting from
technical uncertainty.
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A summary of these studies of the effects of research
and development, commissioned by the National Sci-
ence Foundation (3) indicates that the contirbutions
of research and development to economic giowth and
productivity, even with this under-investment, 1s posi-
tive, significant, and high.

: wt

Industry vs. Space and Defense
Dunng and followmg World War II, the United States
invested heavily in research and development, as illus-
trated m Ficure 4 The most rapid increase occurred
between 1953 and 1959, and resulted largely from 1n-

creases in federal funding (Figure 5), sce 1964 there
has been a decrease 1n total effort relative to the G N P.
It 1s clear that, as the federal government began to
invest more and more in research and development,
industry did not follow suit as rapidly, and that, con-
verscly, as the fedcral government investment de-
creased, mdustual imvestment in research and develop-
ment tended to nse.
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The recent growth of the US research and develop-
ment effort 1s less dramatic when measured, not in
dollars, but in the number of the scientists and en-

gineers involved (Figure 6) The costs of technical
work have risen much more sharply than the general



Figure 4. Research and development spending in the U.S.
since World War TE (Sources: 1915-1955 figures-Oflice of
the Secretary of Defense, m the Census Burean's Statistical
Abstract of the United States-1960, Washington, 1960, 1953-
1970 figures National Science Foundation's National Patterns of
Research and Development Resources, NSF 70-16, Washington,
1970)
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Figure 5. From the same data used Figure 1, the year-to-
year changes in total federal research and development support
are shown ("1958 dollars" were aruved at using the implicit
G NP. deflator, since there is no specific R. and D, deflator avail-
able.

Figure 6. Post-war growth of research and development in
industry terns of the number of scientists and engineers
employed 'The 1953-1961 company-federal estimates are by
the authors, and 1962-1968 company-fedcral estimates are from
the National Science Foundation (Sources: 1915-1950 figures-
Departinent of Defense, The Growth of Scientific Research and
Development, Washington, 1953, 1950-1957 National Science
Foundation (jointly with Bureau of Labor Statistics), Employ-
ment of Scicntists and Engineers in the United States, 1950-1965,
NSF 68-30, 1968, 1958-1968 Nationa] Science
Foundation, and Development in Industry-1968,
NSF 70-29, Washington, 1970.)
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Figure 7. Increases in the cost of research and development
per R. and D. scientist and engineer in industry comeide with the
increases in federal support traced in Figure 5 (Sources 1915-

1952-Department of Defense, 1953-1956-Natonal Science
Foundation/Bureau of Labor Statistics, 1957-1968-National
Science Foundation)



Figure 8. Salaries of physicists and engineers as a ratio of the
median income of all persons, The vapid rises of the 1950s
were a dominant contribution to the cost increases shown in
Figure 7 (Sources: median income-Census Bureau's yearlyCurrent Population Reports, Serics P-GO (Consumer Income )
1951-1968; engincers-Engineering Manpower Commission,Professional Incume of Engineers, 1970, New York: Engincers'
Joint Council, 1970, physicists-American Institute of Physics,SICS Manpower-1966 and Physics Manpotecr-1969,dlications R-196 and R-220, based on data from the National
Science Foundation's National Register)
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Figure 9. Between 1950 and 1965, nearly 100,000 more engi-
neers were created (on the employment record) than became
available as new graduates. This graph traces the cumulatiye
progress of the appearance of "engineers" for wham no engincer-
ing demees were awarded. (Sources: employment figures-
National Science Foundation/Bureau of Labor Statistics;
degrees-U.S. Office of Education Digest of Educational
Statistics, OE-10024-70, Washington, 1970 edn.)

rates of inflation and of improvement in productivity.
Indecd, the rapid growth of federal research and devel-
opment has itself done much to raise the costs. The ma-
jor increases illustrated in Figure 7 correspond to the
increases in federal research and development sup-
port (Figure 5), A dominant source of the rise in costs
was the increase in salaries of scientists and engineersrelative to others (Figure 8).

During the period 1950 to 1960, the rapid increase in
space'and defense research and development increased
the demand for new technical people (4). Apparentlythere was, within industry, a transfer of technical
people from industrial to governmental projects. Be-
cause!of this competition and the great increase in
research and development support, salaries rose, and
the cost of research and development, and probably of
other technological activities, rose significantly.
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Figure 9 illustrates a dramatic effect of this extra-
ordinary demand. Between 1950 and 1965, nearly 100,-
000 more engineers were created than were available
as graduates with engineering degrees. During these
years, the increase in the number of engineers reported
to be employed was substantially greater than the num-
ber of new engineers entering the labor force from
higher education. Thus, it appears that industry must
have been upgrading technicians to take the place of
trained people who were transferred to federal
programs. A related consequence of the rapid growth of
research and development must have been a decrease
in the avcrage level of training, if not skill, of the re-
maining industrial engineers.

Since 1950, there has been an increase in industrial
funding for rescarch and development However, its
umpact has been limited by msing costs. Figure 10
illustrates the year-by-year change in the number of
R. & D. scientists and engincers per 1,000 employees
in those companies performing research and develop-
ment. Even these figures are somewhat inflated, for
some of these scientists and engineers were no doubt
engaged in research and development related to prod-
ucts sold for defense and space purposes. The figure
illustrates that research and development for industrial
purposes has remained about constant for nearly ten
years.



Other factors have probably affected the industrial in-
vestment in technology. Interest rates have continually
risen in the United States during this period, and, ac-
cording to some economists at least, this has retarded

capital investment. Not only is capital investment re-

quired in order to infuse new technology into the

economy, but also large investment commitments in

general tend to stimulate research and development.
In addition, it is likely that the combination of high
government demand and rapid obsolescence of tech-

nology in the space and defense fields attracted a dis-

proportionate fraction of venture capital to these indus-
tries, and was an important contributing factor to the

rising price of capital.

During the last several years, the decline of the federal
effort has not been compensated for by the slight in-
crease in industrial activity. The result has been

unemployment of scientists and engineers, particularly
those that were connected with space and defense.
Crude estimates indicate the total unemployed to be of
the order of 100,000.

To reiterate, the rapid and large growth of federally
supported research and development, occurring par-
ticularly between 1953 and 1960, appears to have had
several major effects on the technological activity of the
United States and its industry. The most important
effect of this growth was the rise in overall cost of re-
search and development. This increase occurred not

only in the costs of research and development to the

government, but, very significantly, in the cost of this

activity to industry. A major factor in this cost rise was
the increased cost of the technical pcrsonnel engaged in
it The 1se m the rank of starting engincers and scien-
tists in the income distribution, relative to the rest of
the population, dramatically illustrates this increase

(Figure 11).

Starting salarics for enginecrs with bachelor degrees,
for example, rose during the period of rapid research
and development expansion from the 77th percentile in
the rank of income of all people in the United States,
to about the &6th percentile. During this same period, it
is estimated by Freeman that about 20 to 30 per cent of
the increased activity supported by the federal govern-
ment was made possible by a transfer of people from

industrially supported projects. The remaining increase
was accomplished by absorbing the supply of new

Figure 10. For those companies reporting research and develap-
ment activity, these curves show the number of R. & 1. scientists
and engincers employed per thousand employees, (Sources: 1938-
1961-authors' estimates; 1962-1968-National Science Founda-
tion
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Figure 11. 1f incomes of all persons are arranged in a ranking
order, any given income can be assigned a percentile position,
indicating the percentage of the population having a lower
income. Shown here are the percentile positions of median sal-
aries carned by engincers and physicists. (Sources: as Figure 8)



a

Figure 12. Changes in swary within the engineering professionas a whole affect the number of students choosing engineeringmajors, This raph shows the success of a prediction of theroportion of all fieshmen who choose engineering, made on theasi!Ss of engineering salaries, relative to other professionalsalaries, one year earlicr. (Richard B. Freeman, The Market forCollege-Trained Manpotcer, Cambridge; Harvard UniversityPress, 1971)
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Table I. The combined fraction of male college graduates choos-
ing science, mathematics and engineering has changed little
since World War H, although the relative proportions of thesefields have changed somewhat. (Hugh Folk, The Shortage ofScientists and Engineers, Lexington, Heath Lexington, 1970)

technical people.

University as SupplierThe increase in demand generated by federal funds hada significant effect on the choice made among fields
by those attending universities. The fraction of collegegraduates opting for science, mathematics, and engi-necring has changed very little since World War II(Table 1). Hugh Folk has pointed out that the choiceof a broad field by students does not appear to be af-tected by demand, which influences only the choice oflucrative activities tthin broad ficlds. Changes insalaries and stipends affect the choices between spe-cialtics, and determine in part whether or not students
opt for graduate education in special fields. However,though those in science and engincering have been
mostly supported by federal funds to universities, the
proportion of scientists and engineers among all PhD'shas not increased appreciably. Apparently, the federalfunds merely permitted the universities to redistributetheir resources to a rapidly rising social demand for
graduate education proportionately in all fields of
knowledge. Changes in salaries and stipends affectedchoices toward enginecring and toward physics, forexample. Figure 12 illustrates the relationship betweenthe actual number of freshman enrollments in engineer-ing, year-by-year, and the changed incentives pre-dicted from salary changes.
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There has been some shift between engineeringand mathematics, but, in any event, the response of thenew supply of technical people to economic factors
is sluggish and cyclical. The yearly new supply of
graduate scientists, mathematicians, and engineershas varied from 33,000 to a high of 61,000. In recent
years, this new supply has been about equal to the
reported increase in new employment of scientistsand engineers, implying little upgrading of peoplewho did not have a "certificate" as scientists or en-
gineers,

There has been great growth in the support of researchin universities by the federal government, with byfar the largest share derived from the support of bio-
medical research in university medical schools and af-
filiated hospitals. However, for the physical sciences,and especially engineering, the largest share has de-
rived from the Defense Department, AEC, and NASA.This support surely biased university activity awayfrom industrially related research, especially that con-
nected with the less glamorous industrial problems.
The Practical Loss
While it is probably impossible to assess all the ef-
fects of federal policy over the past several decades,there are several possibilities that appear reasonable.
It seems reasonable to expect that, ten years or so after
a relative decline in technical activity, its consequencesshould begin to be evident. For example, the rate of
increase in productivity might begin to diminish.
Although the dependence of productivity upon a wide
range of other factors (the availability of capital, for
example) is well recognized, eventually a reduction
in investment in technical activity devoted to industrial
purposes should be reflected in a decreased rate of im-



Table H. Approsimate proportions of national resources, at
market prices, devoted to reseaeh and development. Mor the
US. and Iemopean countries selected, the figures are averages
for 1959-1965, for Japan, the figures are for 1963. Phe data
appear to indicate a significant U.S. advantage iu defense and
space research and a ather desser advantage in civilian-oriented
work, (Sources: pa international Statistical Year for Re-
search and Development A Study of Resources Devoted to BR,

and D, in O.E.C.D, Member Countries in 1963/6 1, Vol. 2,
O.E.C.)., Paris, 1968; other countries Boretsky, ref. 6.)

Table UI. The same information as in Table IU, for civilian-
oriented work only, translated into cost-cquivalent terms and
into full-time-equivalent technical man power. The last column
expresses each national civilian research and development effort
(in cost-equivalent terms) as a proportion of that nation's G.N.P.,
also converted into cost-equivalent terms. A number of nations,
on this basis, have been making more intensive research efforts

during the early '60's, for civilian purposes, than has the U.S.
(after Boretsky )



provement in productivity, And, indeed, in the last few
years, productivity increases have declined (5).

There is another way in which we can deduce the
effects of the post-war research and development
policies. Boretsky (6) has compared the technical ac-
tivity of Europe and Japan with that of the United
States for the period 1959-65 (just following the rapid
growth of the United States effort). Table II compares
the total research and development efforts for these
years as fractions of national G.N.P.'s at markct prices,
for the United States, Japan and the major European
countries. The defense and space portion of the total
effort and the civilian effort are also included for com-
parison. Superficially at least, this table would indicate
a significant advantage of the United States for all
research and development, and a somewhat lesser
advantage in its "civilian-oriented" activity.

However, when research and development efforts are
translated into cost-equivalent terms, and into the
number of scientists, engincers, and technicians em-
ployed (Table HI), the results are startling. The last
column in Table HI expresses cost-equivalent ex-
penditures for research and development as fractions
of the G.N.P.'s, the latter converted to equal-purchas-
ing-power terms. When the comparison is thus made
on the basis of cost-equivalent expenditures, the
relative advantage of the United States investment in
civilian research and development disappears. Even
more significant, about 30 to 35 per cent more scien-
tists, engineers, and technicians were engaged in
civilian-oriented research and development in the

eight European countries studied than in the United
States, This group of countries has a slightly greater
population than the United States, but a one-third
smaller G.N.P. When compared on this basis, the
relative effort in Hurope was substantially greater than
that in the United States-the reason being, basically,
that the relative cost of research and development
personnel is less in Europe than in the United States.

Furthermore, there was no substantial investment
in defense and space research and development in any
of the European countries except the United Kingdom,
there was not a disproportionate rise in salaries, and
there was no marked displacement of scientists and en-

gincers from industrial to national projects. Although
European data for more recent years are not readily

available, it seems likely that-in view of the slow
growth of research activity in the United States relative
to other O.E.C.D. countries in these years-the dis-
parity is now even greater. As carly as 1955, the number
of scientists and engineers engaged in non-space, non-
defense activity in Europe must have been higher than
in the United States.

A comparison between Japan and the United States is
even more depressing. During the 1959-65 period, the
Japanese spent a significantly larger portion of their
G.N.P., on an equivalency basis, for civilian research
and development than did the United States, With
one-half the United States population and one-fifth
the United States G.N.P., Japan employed 70 per
cent as many professional research and development
personnel in their civilian effort as did the United
States.

Spin-Off?
Many would argue that the analysis thus far has
neglected the indirect effects of the space and defense
research and development efforts of the United States.
It is clear that the research and development that has
been supported by the government must have been
bencficial to at least some industrial activities. Further,
the government provided a market for sophisticated
technical goods, which no doubt. stimulated research
and development activities which were transferable
to civilian products. But, granted that this indirect
effect of space and defense oriented work presumably
exists, the question is, how significant is it?

Boretsky analyzes this matter in what seems to be an
effective way. Consider the efforts of ten people en-

gaged in federal research and development; how
much effort aimed at a particular industrial objec-
tive, on the average, are these ten equivalent to?
Borctsky argues that their absolute maximum equiva-
lent is 3-1/3, and the minimum is perhaps one-half a

civilian researcher. In other words, 5 to 33 per cent of a

given amount of space and defense research and

development might be considered to be the "direct"
effect of that effort on the economy.

Assuming a "spin-off" as high as 20 per cent (for both
Europe and the United States ) a new measure of the
effective number of scientists and engincers can he
derived. It turns out that the United States still lags



behind Europe and Japan on a comparative population kinds of technical effort that are necessary for the im-
basis. In the specific field of nuclear techuology not provement of our industrial output and the quality
related to military applications, Boretsky makes a more of our life. In recent years this under-investment in
startling comparison. He estimates that 50 per cent technology for civilian pursuits has been made substan-
more scientists, engincers, and technicians are involved tially greater as a result of the large commitment of
in this work in Europe than in the United States. the United States to activities related to defense and

space. The natural working of the economic system
This disparity in technical effort, existing for more than which would in any case have led the industry to invest

too little in technical activities has been furtherten years, may have begun to be . eflected in our trade
with Europe and with Japan. Consider the trade distorted because of the higher cost of research and
balance in the technologically intensive products of development resulting from the federal effort. Even in
chemicals, machincry, electrical equipment, transporta- the government sector of research and development,

all the European countries and Japan spend more thantion equipment and instruments. In 1968, the United
States had a favorable balance of trade of these Ppod- 20 per cent of government research and development
ucts with Europe of $1.5 billion. From 1962 to 1968, for civilian purposes, whereas the United States spends
however, the rate of growth of imports of these less than 6 per cent. Thus our competitors supplement
products from Europe averaged 20 per cent, and the the industrial investment in research and development
rate of growth in their export from the United States for civilian purposes to a much greater degree than do

averaged only 9 per cent. During this same period, we.
the United State's trade balance with Japan in these
products turned from a $300 million surplus to a $500 The Choice of Strategies
million deficit. While United States imports from Japan We are now faced with a dilemma. There are 100,000
were growing at 32 per cent a year, United States scientists and engineers out of work; there are large
exports to Japan were increasing at only 7 per cent a unsatisfied social needs; we are suffering adverse

year. effects from our past uses of technology; and our
economic growth is faltering. At the same time, the
costs of education and of research and developmentIf the trend continucs, Boretsky estimates that by 1973,

in technologically intensive products alone, there will continue to rise, sustained apparently by the social
and political structure that we have set up.be a trade deficit with Europe of almost $2 billion.

The situation with respect to Japan is even more
disturbing: he estimates that the United States "tech- Direct research and development investments by the

nological" trade deficit to Japan will be almost $5 federal government-whether for defense, space or
billion by 1973, social welfare will if they are too large,

draw off technical activity which could be turned to
It is clear, of course, that monetary factors and relative industrial improvement, just as Wwe experienced in the
labor cost factors are also important to trade balance 1950's. Substantial increases in the availability of new
considerations. It is only in high-technology products scientist and engineer graduates would eventually
with rapid potential for growth (and in agriculture, lower thcir relative prices, but there would be a

where the U.S. has long maintained a technological period of costly and inhumane readjustment. On the

lead) that the United States has had much of a poten- other hand, restrictive policies to discourage young
people cither from opting for technical education ortial advantagc-and it is here (except in agriculture)

that we find the downturn. from continuing at university for advanced graduate
education are, of course, in the long term, self-defeat-

Clearly, analysis of a matter as complicated as the rela- ing.
tionship between technology, the cconomy, and social
welfare can never be complete, nor can conclusions Like any complex public problem, this dilemma will.
drawn from incomplete analysis ever be taken with not be resolved by any single public policy decision.
assurance. Nevertheless, it appears that in the United Addressing the social tasks directly, perhaps the most

States we have substantially under-invested in the important single action that is required is a substantial

purposes

An



increase in support for the improvement, both in qualityand cflicicncy, of those public services in which privateIndustry plays only a small role, such as education and
the delivery of health care. Likewise, those sociallydesirable activities in which private incentives for
technical work are small or non-existent, such as the
improvement of living conditions in the cities and of
the safety of our transport system, require significantlyincreased support.

To simply spend cnough to re-cmploy uncnploy ed
scientists and engineers by immediate federal researchand development funding in these social ficlds, is not
the answer, for we do not know enough about the
task; nor would such a move (which would in any Case
face great social obstacles) encourage industry to playits own part For the picsent, in these fiddds we must
not ouly invest in research and development, but wemust devise ways of changing the structure of the
delivery systems of social services and of the educationof technical people, to facilitate the adoption and diffu-
sion of new techniques. A major effort of direct govern-ment support to mect these social necds is required,
A second major effort would be the encouragement of
university research related to improving industrial
productivity, to reducing the waste and pollution of
industry, and generally to problems associated with
the productivity, products, aud adverse effects of
industrial production. This federal support to univer-
sities would redress the present academic bias, es-
pecially in enginecring, toward the kinds of work that
tend to improve our defense and space capabilitics.
In some way, also, government must underwrite in-
dustrial rescarch and development itself, since the econ-
omy has always tended to under-invest in it, and its
present over-costlincss results from past federal policies,This can be done cither directly by subsidy or indi-
rectly through tax rebates. The entire sct of corporateand government policies that encourage potentiallyhigh-cxport industries necds to be reviewed.

Whether a society effectively uses technology for pro-ductive and beneficial purposes depends upon a largenumber of factors. The supply of technically trained
people, the willingness to invest in them, the capitalnecessary to embody the technology in useful machines
and processes, the level of general education, the skillof the potential labor force, the economie and politicalstructure of the socicty, all play roles. The effective useof technology requires that a Jarge number af appro-priate couditions be mit simullancoushy a single
missing ingredient (for example, the absence of
avaiable capital, or the nece ssary Management ath
tudes) may completely halt cither techuological inno-vation or the spread of technology within the society.

If we are to mect the social needs of our time and to
continne to provide the material needs of our populi-tion, new policies and directions of our governmental,industrial and academic institutions are required.
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The U.S. government's pyramiding investment in re-
search and development in the 1950's invoked the
law of supply and demaud,say Dr. Herbert Hellomon
(seated in photograph) and Alan Harger. The loser was
American industry-aonable or unwilling to compete.
Can we now restore to research its true value and to
American industry its tradition of technological innova-
tion?

J. Herbert Hollomon
Consultant to the President and
Provost of M.LT.

Alan E. Harger
Administrative Assistant to Dr.
Hollomon

America's Technological Dilemma

During these times of rapid change, of the increasing
*

awareness of social problems, of declining trade bal-
ances, of inflation, and of unemployed scientists and
engincers, thoughtful attention must be directed to the
science and technology policy of the U.S. One impor-
tant aspect of this policy has to do with the way in
which technology is used by society, particularly
how it affects civilian or industrial activity.

Many pcople have struggled to quantify the influence
that new technology has upon industrial development,
economic growth, and social advance, Qualitatively, the
dependence of a modern economy on the use of new
technology is accepted: technology becomes em-
bodied in more effective production machinery, in
more skilled labor, and in products and services that
better serve social necds. The direct connections be-
tween research and development, and the resultant par-
ticular practical benefits, are more difficult to specify.
However, it is these connections which must be under-
stood if science policy (national or corporate) is to be
effective.

In any attempt to assess the direct consequences of
investment in research and development, it must be
clearly established that the particular investment has
been directed toward the purposes which are being
considered. For example, suppose we are looking for
the sources of general economic health in the nation;
we must recognize that the research and development
which have bcen auned toward space flight and defense
are unlikely to have had as significant an influence as an

equivalent research and development activity directed
toward, Ict's say, improvement in productive efficiency
in the automotive industry.

Clearly, the effects of research and development on
anation as a whole cannot be understood without
distinguishing among the various cconomic sectors. In
the United States, for example, where most workers are

engaged in service activities and most research and de-

velopment is devoted to manufacturing, the overall
rate of change in productivity cannot be expected to
correlate with the amount of national civilian-oriented
research and development.

Other factors influence the consequences of research
and development. Most important is the delay, of al-
most indeterminate length, between an investment in

TECHNOLOGY REVIEW, July/August 1971

research and development and the appearance of its
results in the world. Some recent studies have indicated
that this time delay has shortened, but even so, any
major new technological development does not diffuse
throughout the sogiety in less than five to ten years.

In a recent analysis, Harvard's Richard B. Freeman has
found (after taking the time delay into account as best
he could) a good correlation between the growth rates
and profitabilities of different industrial sectors and the
research and development that were performed in those
sectors in prior years (1). Figures 1, 2, and 3 illustrate

Figure 1. The gross association between research and develop-
ment intensity and growth in output in various industries is
shown here and in Figures 2 and 3 (on the following page).
Research and development intensity is indexed by the ratio of
R. and D. expenditures to sales, In Figure 1, increases in value
added-a term denoting the difference between the value of a
manufactured product and that of the starting materials-
indicate output changes unadjusted for price increases.
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Tigure 2 The association between research and development
intensity and growth im output im vanous industrics (cont )
in this plot, output mereascs adjusted for pnce changes are
measured by increases in the Federal Reserve Board Index
of Production, and R and D intensity 15 mdexed as in Figure 1

Figure 3 Changes in labor productivity are measured by the
industries' indices of production (sce above) divided by ther
number of employees Phe rank order relationship in this figure-
hike the m Fagues Land 2-indicatcs a positive
and sigmfcant corrclation between growth m industual output
and research and devclopment intensity ('The three plots are
after Freeman, mf 1 )

the correlations Professor Wilham N Leonard, of
Hofstra, has shown that research and developmcnt
spending by compamics (excluding federal research and
development) relates sigmficantly to growth rate of
sales, assets, and net mcome, mn 16 industries which,
combined, perform ncarly all manufacturing activity
(2).
Since World War II there have been many other
analyses, both for particular industries and for the
economy as a whole, that relate the effects of research
and development to their economic consequences. It 1s

clear that, for our type of national economy at least,
industry under-invests in research and development
relative to the total social return it generates in com-
parison with alternative investments. This under-
investment arses because an individual firm cannot
appropriate all of the benefits of any new technt-
cal development, but must bear most of the cost of that
development In other words, many of the results of
a particular development are not of direct benefit to a
firm, but indirectly affect other firms that use the results
of the development Furthermore, when a develop-
ment 1s highly risky, a firm may forego investment in it
because of the cost of failure, even though the rewards
of the most probable outcome would fully justify the
investment Or to put the matter another way, in-
dividual firms will underinvest in order to minimize
their risk, even though the eapected rewards from in-
vestment in development, on an average basis for many
firms, could be quite high This situation becomes more
serious the larger the imttal development cost and the
more radical the new technology For instance, in the
development of nuclear power the nsk may be such
that no firm exsts with the capability of investing at the
early stages of the technology Only society as a whole
can afford the nsks or the uncertam costs resultmg from
technical uncertainty.

ats n
: :

7

:
4

: : "ae
re +

4

:

ie

2

A summary of these studies of the effects of research
and development, commissioned by the National Sci-
ence Foundation (3) indicates that the contributions
of research and development to economic growth and

productivity, even with this under-investment, 1s posi-
tive, significant, and high.
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Industry vs. Space and Defense
During and followmg World War II, the United States
invested heavily in research and development, as illus-
trated m Figure 4 The most rapid increase occurred
between 1953 and 1959, and resulted largely fiom in-
creases in federal funding (Figure 5), since 1964 there
has been a decrease m total effort relative to the G N P.
It 1s clear that, as the federal government began to
invest more and more m research and development,
industry did not follow suit as rapidly, and that, con-

versely, as the fedcral government investment de-
creased, industrial investment in research and develop-
ment tendcd to rise.
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The recent giowth of the US research and develop
ment effort 1s less dramatic when measured, not m
dollars, but nm the number of the scientists and en-

ginccrs involved (Figure 6) The costs of technical
work have sen much more sharply than the gene al



Figure 4 Rescarch and devdopment spending in the US

the Se of Defense am the Census Bureaus Statistical
Abstract of the United States 1960) Washuigton, 1960, 1953
1970 figure ional Soence Poundation s NaGonal Patterns of
Rescarch and Deuclopment Resources, NSE 7016, WW ashington,
1970)
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Figure & rom the same data used wn Ligue 4, the vear to

year changes total { t 1 ul resc uch and dovclopment support
are shown (1955 dolla wore amved at using the imphat
GNP deflator, since there is no specific Ro and deflator av ul
able )

true 6 Post war growth of research and dev opment in
industry n terms of the number of sacntists and cngincers
cmploycd Phe 1953 1961 company estimates are by
the authors and 1962 1968 company federal cstunates are from
the National Saence Foundation (Sources 19145 1950 figures
De partinent of Defense, The Growth of Se fic Rescarch and
Devclopment, Washington, 1953, 1950 1957-N ional Sacnce
Foundation (jointly with Buncan of Labor Statistics), Employ
ment of Saentists and Engineers in the United States, 1950 1965,

Foundaton, Research and Development m Industry-1968,
NSF 70 29, Washington, 1970 )

since World War HW 1995 1993 figure

NSF 68 30. Washington, 1968, 1958 1968 National Scicnce
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Figure 7 Increases in the cost of research and dey lopment
per R and D scicntist and cngincer in industry comcade with the
mercases m federal support traced in 5 (Sources 1945
1952 Department of Defense, 1953 1956-N Science
Foundation/Burcau of Labor Statistics, 1957-1968-National
Science Foundation)
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Figure 8, Salaries of physicists and engineers as a ratio of the
median income of all persons. The rapid rises of the 1950's
were a dominant contribution to the cost increases shown in
Figure 7 (Sources: median income-Census Bureau's yearlyCurrent Population Reports, Scrics P-60 (Consumer Income)
1951-1968; engincers--Engineering Manpower Commission,Professional Income of Engineers, 1970, New York: Engineers'Joint Council, 1970; physicists-American Institute of Physics,Physics Manpower-1966 and Physics Manpower-1969,Publications R-196 and R-220, based on data from the NationalScience Foundation's National Register )
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Figure 9. Between 1950 and 1965, nearly 100,000 more engi-
neers were created (on the employment record) than became
available as new guaduates. This graph traces the cumulative
progress of the appearance of "engineers" for whom no engineer-
ing degrees were awarded, (Sources: employment. figures-
National Science Foundation/Bureau of Labor Statistics;
degrees-U.S. Office of Education Digest of Educational
Statistics, OE-10024-70, Washington, 1970 edn.)

rates of inflation and of improvement in productivity.
Indeed, the rapid growth of federal research and devel-
opment has itself done much to raise the costs, The ma-
jor increases illustrated in Figure 7 correspond to the
increases in federal research and development sup-
port (Figure 5), A dominant source of the rise in costs
was the increase in salaries of scientists and engineersrelative to others (Figure 8).
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During the period 1950 to 1960, the rapid increase in
space'and defense research and development increasedthe demand for new technical people (4). Apparentlythere was, within industry, a transfer of technical
people from industrial to governmental projects. Be-causelof this competition and the great increase in
research and development support, salaries rose, and
the cost of research and development, and probably of
other technological activities, rose significantly.

3

: : a

Figure 9 illustrates a dramatic effect of this extra-
ordinary demand. Between 1950 and 1965, nearly 100,-
000 more enginecrs were created than were available
as graduates with engineering degrees. During these
years, the increase in the number of engineers reported
to be employed was substantially greater than the num-
ber of new engineers entering the labor force from
higher education. Thus, it appears that industry must
have been upgrading technicians to take the place of
trained people who were transferred to federal
programs. A related consequence of the rapid growth of
research and development must have becn a decrease
in the average level of training, if not skill, of the re-
maining industrial engincers.

Since 1950, there has been an increase in industrial
funding for research and development However, its
mnpact has been 1 by rising costs 1 LO
illustrates the year-by-year change in the number of
R. & D. scientists and enginecrs per 1,000 employees
in those companies performing rescarch and develop-
ment. Even these figures are somewhat inflated, for
some of these scientists and engineers were no doubt
engaged in research and development related to prod-
ucts sold for defense and space purposes. The figure
illustrates that research and development for industrial
purposes has remained about constant for nearly ten
years.

7



Other factors have probably affected the industrial in-
vestment in technology. Interest rates have continually
risen in the United States during this period, and, ac-
cording to some economists at least, this has retarded
capital investment. Not only is capital investment re-
quired in order to infuse new technology into the
economy, but also large investment commitments in
general tend to stimulate research and development.
In addition, it is likely that the combination of high
government demand and rapid obsolescence of tech-
nology in the space and defense fields attracted a dis-
proportionate fraction of venture capital to these indus-
tries, and was an important contributing factor to the

rising price of capital.

During the last several years, the decline of the federal
effort has not been compensated for by the slight in-
crease in industrial activity. The result has been
unemployment of scientists and engineers, particularly
those that were connected with space and defense.
Crude estimates indicate the total unemployed to be of
the order of 100,000.

To reiterate, the rapid and large growth of federally
supported research and development, occurring par-
ticularly between 1953 and 1960, appears to have had
several major effects on the technological activity of the
United States and its industry. The most important
effect of this growth was the rise in overall cost of re-
search and development. This increase occurred not

only in the costs of research and development to the

government, but, very significantly, in the cost of this

activity to industry. A major factor in this cost rise was
the incrcased cost of the technical personnel engaged in
it, The mse in the rank of starting engimeers and scien-
tists in the income distribution, relative to the rest of
the population, dramatically illustrates this increase

(Figure 11).

Starting salaries for engineers with bachelor degrees,
for example, rose during the period of rapid research
and development expansion from the 77th percentile in
the rank of income of all people in the United States,
to about the 86th percentile. During this same period, it
is estimated by Freeman that about 20 to 30 per cent of
the increased activity supported by the federal govern-
ment was made possible by a transfer of people from

industrially supported projects. The remaining increase
was accomplished by absorbing the supply of new

Figure 10. For those companics reporting research and develop-
ment activity, these curves show the number of R. & J). scientists
and engineers employed per thousand employees. (Sources: 1958-
1961-aners estimates; 1962-1968-National Science Founda-
tion
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Figure 11. f incomes of all persons are arranged in a ranking
order, any given income can he assigned a percentile position,
indicating the percentage of the population having a lower
income, Shown here are the percentile positions of median sal-
aries carned by engineers and physicists, (Sources: as Figure 8)



Figure 12 Changes in salary within the engineering professionaya whole allect the mumber of students choosing rngmayors "Ehis graph shows the success of a prediction of theof all freshmen who choose cnginccrmg mide on theof enginccnng silanes to other professionsalaries, onc year earher (Richad Pho Market forCollege Tramed Manpower, Cambridge Harvard UniversityPress, 1971)
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I The combined fraction of male college graduates choos
ing science, mathemities and engimecung has changed httlesce World Wor dD although the elite proportions of thesehive chinged somewhat (Hugh Lolk dhe Shortage ofscrentists and Lexington, Heath Leungton, 1970)

technical people

University as SupplierThe incre sen demand generated by federal funds hadCflect on the choice made among fieldsby those attending universitics The fraction of collegegraduates opting for science, mathematics, and engi-necung has changed very little since World War II(Table I) Hugh Folk has pointed out that the choiceof a bioad field by students docs not appcar to be af-fected by demand, which mfluences only the choice oflucrative activities within broad fields Changes insalaries and stipends affcct the choices between spe-cialties, and determme in part whether or not students
opt for graduate education in special fields However,though those in science and enginecring have beenmostly supported by federal funds to universities, theproportion of scientists and enginecis among all PhD'shas not incicased appreciably Apparently, the federalfunds merely permitted the unwersities to redistributetheir resources to a rapidly rising social demand for
graduate education proportionately all fields of
knowledge Changes in salaries and stipends affectedchoices toward engmcermg and toward physics, forcammple Figure 12 the lationslup betweenthe actual number of ficshman cnrollaicnts in engineer-ing, year-by-year, and the changed incentives pre-dicted from salary changes

There has been some shift between engineeringand mathematics, but, in any event, the response of thenew suppl of techmical people to economic factorsis Slugyish: and cyclical The yearly new supply of
graduate scientists, mathematicians, and engmeershas veried from 33.090 to a Inch of 61 090 In recent
years thisnes supph has been about to the
reported new of scientists
and cuginecis umphing of peoplewho did not have a "certilicate dy scieutisis or en-
gineers

There has been great growth in the support of researchuniversities by the federal government, with byfar the largest share derived fiom the suppoit of biomedical reseaich in university medical schools and af-
filtate for the phy al serences,and especially engincering, the largest shaie has de-nved from the Defense Depaitment, AEC, and NASAThis support surely biased uni crsity activity awayfrom mdustnally related research, especially that con-nected with the less glamoious mdustial problems
The Practical Loss
While itts prob thh impossible to assess all the ef-
fects of cderal policy ovei the past several decades,there aie several possibilities that appear reasonable
It seems 1casonable to expect that, ton years or so after
a relative decline m technical activity, its consequencesshould begin to be evident For example, the rate of
Incicase productisity might begm to diminish
Although the dependence of productivity upon a wide
range of otha factors (the availabilty of capital, for

moimvestment m technical activity devoted to mndustnial
purposes should be reflected ina decicased rate of im-

exaniple ) 1s



Table 1, Approximate proportions of nafional resources, at
market prices, devoted to research and development. For the
US. and Iurepean conntrics selected, the fizmes are averages
for 1959-1965; for Japan, the figures are for 1963. The data
appear to indicate a significant U.S. advantage in defense and
space research and a nither lesser advantage in civilian-oriented
work. (Sourecs: International Statistical Year for Re-
search and A Study of Resources Devoted to R.
end D. in O.E.C.D, Member Countries in 1963/64, Vol. 2,
O.E.C.D., Paris, 1968; other countrics-Boretsky, ref. 6.)
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Table UI. The same information as in Table II, for civilian-
oriented work only, translated into cost-equivalent terins and
into full-time-equivalent technical man power. The last column

expresses each national civilian research and development effort
(in cost-equivalent terms) as a proportion of that nation's G.N.P.,
also converted into cost-equivalent terms. A number of nations,
on this basis, have been making more intensive research efforts

during the early '60's, for civilian purposes, than has the U.S.
(after Boretsky )



provement in productivity, And, indeed, in the last few

to other O.E.C.D. countries in these years-the dis-

States for the period 1959-65 (just following the rapid

years, productivity increases have declined (5). growth of research activity in the United States relative

There is another way in which we can deduce the

policies. Boretsky (6) has compared the technical ac-

years as fractions of national G.N.P.'s at market prices,

the United States G.N.P., apan emploved 70 per

States.

Spin-Off?

personnel is less in Europe than in the United States.

Furthermore, there was no substantial investment

of the European countries except the United Kingdom;
there was not a disproportionate rise in salaries, and
there was no marked displacement of scientists and en-

ginecrs from industrial to national projects. Although
Kuropean data for more recent years are not readily

Assuming a "spin-off" as high as 20 per cent (tor both
Europe and the United States) a new measure of the
effective munber of scientists and engincers can be
derived. It tums out that the United States still lags



behind Europe and Japan on a comparative population
basis. In the specific field of nuclear technology not
related to military applications, Boretsky makes a more
startling comparison. He estimates that 50 per cent
more scientists, engineers, and technicians are involved
in this work in Europe than in the United States.

This disparity in technical effort, existing for more than
ten years, may have begun to be reflected in our trade
with Europe and with Japan. Consider the trade
balance in the technologically intensive products of
chemicals, machinery, electrical equipment, transporta-
tion equipment and instruments. In 1968, the United
States had a favorable balance of trade of these prod-
ucts with Europe of $1.5 billion. From 1962 to 1968,
however, the rate of growth of imports of these
products from Europe averaged 20 per cent, and the
rate of growth in their export from the United States
averaged only 9 per cent. During this same period,
the United State's trade balance with Japan in these
products turned from a $300 million surplus to a $500
million deficit. While United States imports from Japan
were growing at 32 per cent a year, United States
exports to Japan were increasing at only 7 per cent a
year.

If the trend continues, Borctsky estimates that by 1973,
in technologically intensive products alone, there will
be a trade deficit with Europe of almost $2 billion.
The situation with respect to Japan is even more

disturbing: he estimates that the United States "tech-
nological" trade deficit to Japan will be almost $5
billion by 1973.

It is clear, of course, that monctary factors and relative
labor cost factors are also important to trade balance
considerations. It is only in high-technology products
with rapid potential for growth (and in agriculture,
where the U.S. has long maintained a technological
lead) that the United States has had much of a poten-

that we find the downturn.

Clearly, analysis of a matter as complicated as the rela-

tionship between technology, the economy, and social
welfare can never be complcte, nor can conclusions
drawn from incomplete analysis ever be taken with
assurance. Nevertheless, it appears that in the United
States we have substantially under-invested in the

kinds of technical effort that are necessary for the im-
provement of our industrial output and the quality
of our life. In recent years this under-investment in
technology for civilian pursuits has been made substan-
tially greater as a result of the large commitment of
the United States to activities related to defense and
space. The natural working of the economic system
which would in any case have led the industry to invest
too little in technical activities has been further
distorted because of the higher cost of research and
development resulting from the federal effort. Even in
the government sector of research and development,
all the European countries and Japan spend more than
20 per cent of government research and development
for civilian purposes, whereas the United States spends
less than 6 per cent. Thus our competitors supplement
the industrial investment in research and development
for civilian purposes to a much greater degree than do
we.

The Choice of Strategies
We are now faced with a dilemma. There are 100,000
scientists and engineers out of work; there are large
unsatisfied social needs; we are suffering adverse
effects from our past uses of technology; and our
economic growth is faltering. At the same time, the
costs of education and of research and development
continue to risc, sustained apparently by the social
and political structure that we have set up.

Direct research and development investments by the

draw off technicaa activity which could be turned to
industrial improvement, just as we experienced in the
1950's. Substantial increases in the availability of new
scicntist and engineer graduates would eventually
lower their relative prices, but there would be a

period of costly and inhumane readjustment. On the
other hand, restrictive policies to discourage young
people cither from opting for technical education or
from continuing at university for advanced graduate
education are, of course, in the long term, self-defeat-
ing.

federal government whether for defense, space or
social welfare purposes will, if they are too large,

tial advantage and it is here (except in agriculture

Like any complex public problem, this dilemma will.
not be resolved by any single public policy decision.

Addressing the social tasks directly, perhaps the most

important single action that is required is a substantial

an



increase in support for Ue improvement, both in qualityand cflicioney, of those public services in which privateindustry plays only a small role, such as education and
the delivery of health care, Likewise, those socially
technical work are small or non-existent, such as the
improvement of living conditions in the cities and of
the safely of our transport system, require significantlyincreased support.

To simply spend cnouch to re-employ unemployedscientists and cugincers by iminediate federal research
and development funding in these social fields, is not
the auswer, for we do not know cnough about the
task; nor would such a move (which would iu any case
face great social obstacles) cucourage industry ta playits own part. For the present, in these fields we must
not only invest in research and development, but wemust devise ways of changing the structure of the
delivery systems of social services and of the education
of technical people, to facilitate the adoption and diffu-
sion of new techniques. A major effort of direct govern-ment support to mect these social needs is required.
A second major effort would be the encouragement of
university research related to improving industrial
productivity, to reducing the waste and pollution of
industry, and gencrally to problems associated with
the productivity, products, and adverse effects of
industria1 production. This federal support to univer-
sities would redress the present academic bias, es-
pecially in enginecring, toward the kinds of work that
tend to improve our defense and space capabilities.
In some way, also, government must underwrite in-
dustrial research and development itself, since the ccon-
omy has always tended to under-invest in it, and its
present over-costliness results from past federal policies.This can be done cither directly by subsidy or indi-
rectly through tax rebates. The entire sct of corporateand government policies that encourage potentially
high-export industries needs to be reviewed.

Whether a society cffectively uses technology for pro-ductive and bencficial purposes depends upon a largenumber of factors. The supply of technically trained
people, the willingness to invest in them, the capital
necessary to embody the technology in useful machines
and processes, the level of general cducation, the skill
of the potential labor force, the economic and politicalstructure of the society, all play roles. The effective use
of technology requires that a large number of appro-
priate conditions be met simultancously; a single
missing ingredient (for example, the absence of
available capital, or the necessary management atli-
tudes) may completely halt either technological inno-vation or the spread of technology within the socicty,
Hf we are to meet the social needs of our time and to
continue to provide the material necds of our popula-tion, new policies and directions of our governmental,industrial and academic institutions are required,
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The U.S. government's pyramiding investment in re-
search and development in the 1950's invoked the
law of supply and demand,say Dr. Herbert Hollomon
(seated in photograph) and Alan Harger. The loser was
American industry-unable or unwilling to compete.
Can we now restore to research its true value and to
American industry its tradition of technological innova-
tion?

J. Herbert Hollomon
Consultant to the President and
Provost of M.LT.

Alan FE. Harger
Administrative Assistant to Dr.
HWollomon

America's Technological Dilemma

During these times of rapid change, of the increasing
awareness of social problems, of declining trade bal-
ances, of inflation, and of unemployed scientists and
engincers, thoughtful attention must be directed to the
science and technology policy of the U.S. One impor-
tant aspect of this policy has to do with the way in
which technology is used by society, particularly
how it affects civilian or industrial activity.

Many people have struggled to quantify the influence
that new technology has upon industrial development,
economic growth, and social advance. Qualitatively, the
dependence of a modern economy on the use of new
technology is accepted: technology becomes em-
bodied in more effective production machinery, in
more skilled Jabor, and in products and services that
better scrve social nccds. The ducct connections be
tween research and development, and the resultant par-
ticular practical benefits, are more difficult to specify.
However, it is these connections which must be under-
stood if science policy (national or corporate) is to be
effective.

In any attempt to assess the direct consequences of
investment in research and development, it must be
clearly established that the particular investment has
been directed toward the purposes which are being
considered. For example, suppose we are looking for
the sources of general economic health in the nation;
we must recognize that the research and development
which have been aimed toward space flight and defense
are unlikely to have had as significant an influence as an

equivalent research and development activity directed
toward, let's say, improvement m productive efficiency
in the automotive industry.

Clearly, the effects of research and development on
a nation as a whole cannot be understood without
distinguishing among the various economic sectors, In
the United States, for example, where most workers are

engaged in service activities and most research and de-

velopment is devoted to manufacturing, the overall
rate of change in productivity cannot be expected to
correlate with the amount of national civilian-oriented
research and development.

Other factors influence the consequences of rescarch
and development. Most important is the delay, of al-
most indeterminate length, between an investment in
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research and development and the appearance of its
results in the world. Some recent studies have indicated
that this time delay has shortened, but even so, any
major new technological development docs not diffuse
throughout the sogiety in less than five to ten years.

In a recent analysis, Harvard's Richard B. Freeman has
found (after taking the time delay into account as best
he could) a good correlation between the growth rates
and profitabilities of different industrial sectors and the
research and development that were performed in those
sectors in prior years (1). Figures 1, 2, and 3 illustrate

Figure 1. The gross association between research and develop-
ment intensity and growth in output in various industries is
shown here and in Figures 2 and 3 (on the following page).
Research and development intensity is indeaed by the ratio of
R. and D. expenditures to sales. In Figure 1, increases in value

manufactured product and that of the starting materials-
indicate output changes unadjusted for price increases.

added a term denoting the difference between the value of a



Figure 2 The association between research and development
intensity and growth n ontput n vinous industrics (cont )
in this plot, output increases adjusted: for price changes are
measurcd by mecreases the Reserve Bord Index
of Production, and R and D intensity as indexed as } wine 1

Figure 3 Changes in labor productivity are measured by the
industries' mdices of production (see above) divided by ther
number of cmployecs 'the rank order rCationship n this figure-
hke the rdationships in ] Figures 1 Land 2 indicates a poutive
and sigmficant conclation between growth m industrial output
and TOSE UTC h and development intensity (The thice plots are
after Freeman, icf 1)

the correlations Professor Wilham N Leonard, of
Hofstra, has shown that research and development
spending by companics (excluding federal research and
developincnt) iclatcs significantly to growth rate of
sales, assets, and nct income, in 16 industries which,
combined, perform nearly all manufacturing activity
(2).
Since World War II there have been many other
analyses, both for particular industries and for the
economy as a whole, that relate the effects of research
and dcvclopment to their economic consequences It 1s
clear that, for our type of national economy at least,
industry under-invests in research and development
relative to the total social return it geneiates in com-
parison with alternative investments This under-
investment anses because an individual firm cannot
appropriate all of the benefits of any new techni-
cal development, but must bear most of the cost of that
development In other words, many of the results of
a particular devclopment are not of direct benefit to a
firm, but indirectly affect other firms that use the results
of the development Furthermore, when a develop-
ment is highly risky, a firm may forego investment in it
because of the cost of failure, even though the rewards
of the most probable outcome would fully justify the
investment Or to put the matter another way, m-
dividual firms will underinvest in order to minimize
thar risk, coven though the «spected rewards from in-
vestment in development, on an average basis for many
firms, could be quite high This situation becomes more
serious the larger the initial development cost and the
more radical the new technology For instance, in the
development of nuclear power the msk may be such
that no firm casts with the capability of investing at the
early stages of the technology Only society as a whole
can afford the nsks or the uncertain costs resulting from
technical uncertainty

:
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A summary of these studies of the effects of research
and development, commissioned by the National Sci-
ence Foundation (3) indicates that the contirbutions
of research and development to economic giowth and
productivity, even with this under-investment, 1s posi-
tive, significant, and high.
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Industry vs. Space and Defense
Duming and following World War II, the United States
invested heavily in research and development, as allus-
trated in Figuie 4 The most 1apid increase occurred
between 1953 and 1959, and resulted largely fom in-
creases in federal funding (Figure 5), smce 1964 there

It 1s clear that, as the federal government began to
mvest more and more in research and development,
industry did not follow suit as rapidly, and that, con-
verscly, as the federal government investment de-
creased, industrial investment in research and develop-
ment tended to rise

et

8

has been a deciease in total eflort relative to the GNP
SE Y

ment efort Jess dramatic when measured, not in
dollars, but in the number of the scientists and en-

gineers involved ( Isguie 6) The costs of technic al
work have risen much more sharply than the gencial

The recent growth of the U S research and develop-



Figure 4. Research and development: spending in the U.S.
since World War TE, (Somees: 1915-1953 figmes--Ollice of
the Secretary of Defense, in the Consus Burcans Statistical
Abstract of the United States-1960, Washington, 1960, 1953-
1970 figures National Science Foundation's National Patterns of
Rescarch and Devclopment Resources, NSE 70-16, Washington,
1970)

Figure 5. From the same data used in Figure 4, the year-to-
year changes in total federal research and development support
are shown, (1938 dollars" were arrived at using the implicit
G.N.P, deflator, since there is no specific R. and D, detlater avail-
able.)

Figure 6, Post-war growth of research and development in
industry in terms of the miuber of scientists and engineers
employed, The 1953-1961 company-federal estimates are by
the authors, and 1962-1968 company-federal estimates are from
the National Science Foundation, (Sources: 19-45-1950 figures-
Department of Defense, The Growth of Scientific Research and
Development, Washington, 1953; 1950-1957 National Science
Foundation (jointly with Bureau of Labor Statistics), Employ-
ment of Scientists and Engineers in the United States, 1950-1965,
NSF 68-30, Washington, 1968; 1958-1968 National Science
Foundation, Research and Development in Industry--1968,
NSF 70-29, Washington, 1970.)
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Figure 7. Increases in the cost of research and development
per R. and D. scientist and engineer in industry coincide with the
increases in federal support traced in Figure 5. (Sources: 19-45-
1952 Department of Defense; 1953-1956 National Science
Foundation/Bureau of Labor Statistics; 1957-1968-National
Science Foundation )
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Figure 8. Salaries of physicists and engineers as a ratio of the
median income of all persons. The rapid rises of the 1950's
were a doininant contribution to the cost incicases shown in

Current Population Reports, Scrics P-GO (Consumer Income),
1951-1968; engineers-Engineering Manpower Commission,
Professional Income of Engineers, 1970, New York: Engineers'
Joint Council, 1970; physicists-American Institute of Physics,
Physics Manpower-1966 and Physics Manpotecr-1969,
Publications R-196 and R-220, based on data from the National
Science Foundation's National Register)

Figure 7 (Sources; median income Ccnsus Bureau's carly
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Figure 9. Betwecn 1950 and 1965, nearly 100,000 more engi-
neers were created (on the employment record) than became
available as new graduates. This graph traces the cumulative
progress of the appearance of "engineers" for whom no engineer-
ing degrees were awarded, (Sources: employment figures-
National Science Foundation/Bureau of Labor Statistics;
degrees--U.S, Office of Education Digest of Educational
Statistics, OK-10024-70, Washington, 1970 edn.)

rates of inflation and of improvement in productivity.
Indeed, the rapid growth of federal research and devel-
opment has itself done much to raise the costs. The ma-
jor increases illustrated in Figure 7 correspond to the
increases in federal research and development sup-
port (Figure 5), A dominant source of the rise in costs
was the increase in salaries of scientists and engineersrelative to others (Figure 8).

:
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During the period 1950 to 1960, the rapid increase in
spaceand defense reseaich and development increased
the demand for new technical people 04). Apparentlythere was, within industry, a transfer of technical
people from industrial to governmental projects. Be-
causelof this competition and the great increase in
research and development support, salaries rose, and
the cost of research and development, and probably of
other technological activities, rose significantly.

:
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Figure 9 illustrates a dramatic effect of this extra-
ordinary demand. Between 1950 and 1965, nearly 100,-
000 more engineers were created than were available
as graduates with engineering degrees. During these
years, the increase in the number of engineers reported
to be employed was substantially greater than the num-
ber of new engineers entering the labor force from
higher education. Thus, it appears that industry must
have been upgrading technicians to take the place of
trained people who were transferred to federal
programs. A related consequence of the rapid growth of
research and development must have been a decrease
in the average level of training, if not skill, of the re-
maining industrial engineers.
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Since 1950, there has been an increase in industrial
funding for 1esearch and development. However, its
impact has been limited by rising costs. Figure 10
illustrates the year-by-year change in the number of
R. & D. scieutists aud cugmecrs per 1,000 employees
in those companies performing research and develop-
ment. Even these figures are somewhat inflated, for
some of these scientists and engineers were no doubt
engaged in research and development related to prod-
ucts sold for defense and space purposes. The figure
illustrates that research and development for industrial
purposes has remained about constant for nearly ten
years.

: : :
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Figure 10. For those companies reporting research and develop-
ment activity, these curves show the number of R. & D, scientists
and engincers employed per thousand employees. (Sources: 1958-

authors estimates; 1962-1968-National Science Founda-
tion

vestment in technology. Interest rates have continually

In addition, it is likely that the combination of high

proportionate fraction of venture capital to these indus-

rising price of capita .

2 bad

p oyment of scientists and engineers, particularly

the order of 100,000.

several major effects on the techno ogical activity of the

effect of this growth was the rise in overall cost of re-

it. The rise in the rank of starting engincers and scien-

Starting salarics for engineers with bachelor degrees,
for example, rose during the period of rapid research
and development expansion from the 77th percentile in
the rank of income of all people in the United States,
to about the 86th percentile. During this same period, it
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Figure 12. Changes in salary within the engincering professionas a whole allect the number of students choosing engineeringmajors. This graph shows the success of a prediction of theroportion of all freshen who choose engineering, made on theOf enginecring salaries, relative to other professionalsalaries, one year eartien. (Richard 3. Freeman, The Market forCollege-Trained Manpower, Cambridge: Harvard UniversityPress, 1971)
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Table 1. The combined fraction of male college graduates choos-
ing science, mathematics and engineering has changed little
since World War IL, although the relative proportions of these
fields have changed somewhat. (Hugh Folk, The Shortage ofScientists and Engincers, Leaington, Heath Lexington, 1970)

technical people.

University as SupplierThe inerease in demand generated by federal funds hada significant effect on the choice made among fields
by those attending universities. The fraction of collegegraduates opting for science, mathematics, and engi-necring has changed very litle since World War II(Table I). Hugh Folk has pointed out that the choiceof a broad field by students docs not appear to be af-fected by demand, which influences only the choice oflucrative activitics within broad fields. Changes insalaries and stipends affect the choices between spe-cialtics, and determine in part whether or not students
opt for graduate education in special fields. However,though those in science and engineering have been
mostly supported by federal funds to universitics, the
proportion of scientists and engineers among all PhD'shas not increased appreciably. Apparently, the federalfunds merely permitted the universities to redistributetheir resources to a rapidly rising social demand for
graduate education proportionately in all fields of
knowledge. Changes in salaries and stipends affectedchoices toward engincering and toward physics, forcxample. Figure 12 illustrates the relationship betweenthe actual number of freshman enrollments in enginecr-ing, year-by-year, and the changed incentives pre-dicted from salary changes.
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There has been some shift between engineeringand mathematics, but, in any event, the response of thenew supply of technical people to economic factorsis sluggish and cyclical. The yearly new supply of

years, this new supply has been about equal to the
reported increase in new employment of scientistsand engineers, implying little upgrading of peoplewho did not have a "certificate" as scientists or en-
gineers.

7

graduate scientists, mathematicians, and engineershas varied from 33,000 to a high of 61,000. In recent

There has been great growth in the support of researchin universities by the federal government, with byfar the largest share derived from the support of bio-medical research in university medical schools and af-
filiated hospitals. However, for the physical sciences,and especially engincering, the largest share has de-
rived from the Defense Department, AEC, and NASA.This support surely biased university activity awayfrom industrially related research, especially that con-
nected with the less glamorous industrial problems.
The Practical Loss
While it is probably impossible to assess all the ef-
fects of federal policy over the past several decades,there are several possibilitics that appear reasonable.
It seems reasonable to expect that, ten years or so after
a relative decline in technical activity, its consequencesshould begin to be evident. For example, the rate of
increase in productivity might begin to diminish.
Although the dependence of productivity upon a wide
range of other factors (the availability of capital, for
example) is well recognized, eventually a reduction
in investment in technical activity devoted to industrial
purposes should be reflected in a decreased rate of im-



Table 1, Approximate proportions ef nafional resources, at
market prices, devoted to research and development. For the
US, and European countries selected, the figures are averages
for 1959-1965; for Japan, the fiymres are for 1963. The data

appear to indicate a significant U.S. advantage in defense and

space research and a rather lesser advantage in civilian-oriented
work. (Sources: apan-ZIntrnational Statistical Year for Re-
search and Deve QO }MIENt A Study of Resources Devated to R,
and D, in O.EC.D, Member Countries in 1963/64, Vol. 2,
O.E.C.D., Paris, 1968; other countries-Boretsky, ref. 6.)
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Table II. The same information as in Table HW, for civilian-
oriented work only, translated into cost-equivalent terms and
into full-time-equivalent technical man power. The last column
expresses each national civilian research and development effort
(in cost-equivalent terms) as a proportion of that nation's G.N.P.,
also converted into cost-equivalent terms. A number of nations,
on this basis, have been making more intensive research efforts

during the carly '60's, for civilian purposes, than has the U.S.
(after Borctsky )
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provement in productivity. And, indeed, in the last few
years, productivity increases have declined (5).
There is another way in which we can deduce the
effects of the post-war research and development
policies. Boretsky (6) has compared the technical ac-
tivity of Europe and Japan with that of the United
States for the period 1959-65 (just following the rapid
growth of the United States effort). Table II compares
the total research and development efforts for these
years as fractions of national G.N.P.'s at markct prices,
for the United States, Japan and the major European
countries. The defense and space portion of the total
effort and the civilian effort are also included for com-
parison. Superficially at least, this table woul. indicate
a significant advantage of the United States for all
research and development, and a somewhat lesser
advantage in its "civilian-oriented" activity.

However, when research and development efforts are
translated into cost-cquivalent terms, and into the
number of scientists, engineers, and technicians em-
ployed (Table 11), the results are startling. The last
column in Table III expresses cost-equivalent ex-
penditures for research and development as fractions
of the G.N.P.'s, the latter converted to equal-purchas-
ing-power terms. When the comparison is thus made
on the basis of cost-equivalent expenditures, the
relative advantage of the United States investment in
civilian research and development disappears. Even
more significant, about 30 to 35 per cent more scien-
tists, engincers, and technicians were engaged in
civilian-oriented research and development in the
cight European countries studied than in the United
States. This group of countries has a slightly greater
population than the United States, but a one-third
smaller G.N.P. When compared on this basis, the
relative effort in Europe was substantially greater than
that in the United States-the reason being, basically,
that the relative cost of research and development
personnel is less in Europe than in the United States.

Furthermore, there was no substantial investment
in defense and space research and development in any
of the European countries except the United Kingdom;
there was not a disproportionate rise in salaries, and
there was no marked displacement of scientists and en-

gincers from industrial to national projects. Although
European data for more recent years are not readily

available, it seems likely that-in view of the slow
growth of research activity in the United States relative
to other O.E.C.D, countries in these years-the dis-
parity is now even greater. As early as 1955, the number
of scientists and engineers engaged in non-space, non-
defense activity in Europe must have been higher than
in the United States.

A comparison between Japan and the United States is
even more depressing. During the 1959-65 period, the
Japanese spent a significantly larger portion of their
G.N.P., on an equivalency basis, for civilian research
and development than did the United States. With
one-half the United States population and one-fifth
the United States G.N.P., Japan employed 70 per
cent as many professional research and development
personnel in their civilian effort as did the United
States.

Spin-Off?
Many would argue that the analysis thus far has
neglected the indircct effects of the space and defense
research and development efforts of the United States.
It is clear that the research and development that has
been supported by the government must have been
beneficial to at least some industrial activities. Further,
the government provided a market for sophisticated
technical goods, which no doubt stimulated research
and development activitics which were transferable
to civilian products. But, granted that this indirect
effect of space and defense oricnted work presumably
exists, the question is, how significant is it?

Boretsky analyzes this matter in what setms to be an
effective way. Consider the efforts of ten people en-

gaged in federal research and development; how
much effort aimed at a particular industrial objec-
tive, on the average, are these ten equivalent to?
Boretsky argues that their absolute maximum equiva-
lent is 3-1/3, and the minimum is perhaps one-half a

civilian researcher. In other words, 5 to 33 per cent of a

given amount of space and defense research and

development might be considered to be the "direct"
effect of that effort on the economy.

Assuming a "spin-off" as high as 20 per cent (for both
Europe and the United States) a new measure of the
effective number of scientists and engineers can be
derived. It turns out that the United States still lags



behind Europe and Japan on a comparative population
basis. In the specific field of nuclear technology not
related to military applications, Boretsky makes a more
startling comparison. He estimates that 50 per cent
more scientists, engineers, and technicians are involved
in this work in Europe than in the United States.

This disparity in technical effort, existing for more than
ten years, may have begun to be reflected in our trade
with Europe and with Japan. Consider the trade
balance in the technologically intensive products of
chemicals, machinery, electrical equipment, transporta-
tion equipment and instruments. In 1968, the United
States had a favorable balance of trade of these prod-
ucts with Europe of $1.5 billion. From 1962 to 1968,
however, the rate of growth of imports of these
products from Europe averaged 20 per cent, and the
rate of growth in their export from the United States
averaged only 9 per cent. During this same period,
the United State's trade balance with Japan in these
products turned from a §300 million surplus to a $500
million deficit. While United States imports from Japan
were growing at 32 per cent a year, United States
exports to Japan were increasing at only 7 per cent a

year.

If the trend continucs, Borctsky estimates that by 1973,
in technologically intensive products alone, there will
be a trade deficit with Europe of almost $2 billion.
The situation with respect to Japan is even more
disturbing: he estimates that the United States "tech-
nological" trade deficit to Japan will be almost $5
billion by 1973.

It is clear, of course, that monetary factors and relative
labor cost factors are also important to trade balance
considerations. It is only in high-technology products
with rapid potential for growth (and in agriculture,
where the U.S. has long maintained a technological
lead) that the United States has had much of a poten-
tial advantage and it is here (except in agriculture )
that we find the downturn.

Clearly, analysis of a matter as complicated as the rela-

tionship between technology, the economy, and social
welfare can never be complete, nor can conclusions
drawn from incomplete analysis ever be taken with
assurance. Nevertheless, it appears that in the United
States we have substantially under-invested in the

kinds of technical effort that are necessary for the im-
provement of our industrial output and the quality
of our life. In recent years this under-investment in
technology for civilian pursuits has been made substan-
tially greater as a result of the large commitment of
the United States to activities related to defense and
space. The natural working of the economic system
which would in any case have led the industry to invest
too little in technical activities has been further
distorted because of the higher cost of research and
development resulting from the federal effort. Even in
the government sector of research and development,
all the European countries and Japan spend more than
20 per cent of government research and development
for civilian purposes, whereas the United States spends
less than 6 per cent. Thus our compctitors supplement
the industrial investment in research and devclopment
for civilian purposes to a much greater degree than do
we.

The Choice of Strategies
We are now faced with a dilemma. There are 100,000
scientists and engineers out of work; there are large
unsatisfied social needs; we are suffering adverse
effects from our past uses of technology; and our
economic growth is faltering. At the same time, the
costs of education and of research and development
continue to rise, sustained apparently by the social
and political structure that we have set up.

Direct research and development investments by the
federal government-whether for defense, space or
social welfare purposes will, if they are too large,
draw off technical activity which could be turned to
industrial improvement, just as Wwe experienced in the
1950's. Substantial increases in the availability of new
scientist and engineer graduates would eventually
lower their relative prices, but there would be a

period of costly and inhumanc readjustment. On the
other hand, restrictive policies to discourage young
people cither from opting for technical education or
from continuing at university for advanced graduate
education are, of course, in the long term, self-defeat-
ing.

Like any complex public problem, this dilemma will.
not be resolved by any single public policy decision.
Addressing the social tasks directly, perhaps the most

important single action that is required is a substantial



increase in support for the improvement, both in qualityand efficiency, of those public services in which private
industry plavs only astmall role, such as education and
the delivery of health care. Likewise, those sociallydesirable activities in which private incentives for
technical work are sniall or non-existent, such as the
improvement of living conditious in the cities and of
the safcly of our transport system, require significantlyincreased support.

To simply spend cnough to re-cmploy unemploy ed
scientists and engineers by immediate federal research
and developineut funding in these social fields, is not
the answer, for we do not hnow enough about the
task; nor would such a move (which would in any caseface great social obstacles) encourage industry to playits own part. For the present, in these fields we must
not only invest jn rescarch and development, but wemust devise ways of changing the structure of the
deliyciy systems of social scaviccs and of the educ..tionof technical people, to facilitate the adoption and diffu-
sion of new techniques, A major cffort of direct govern-ment support to mect these social needs is required.
A second major effort would be the encouragement of
university research related to bnproving industrial
productivity, to reducing the waste and pollution of
industry, and generally to problems associated with
the productivity, products, and adverse effects of
industrial production. This federal support to univer-
sities would redress the present academic bias, es-
pecially in engineering, toward the kinds of work that
tend to improve our dcfense and space capabilities.
In some way, also, government must underwrite in-
dustrial rescarch and development itself, since the ccon-
omy has always tended to undcr-invest in it, and its
present over-costliness results from past federal policies.This can be done cither directly by subsidy or indi-
rectly through tax rebates. The entire set of corporateand government policics that encourage potentially
high-export industries necds to be reviewed.

Whether a socicty effectively uses technology for pro-ductive and benclicial purposes depends upon a largenumber of factors. The supply of technically trained
people, the willingness to invest in them, the capital
necessary to caibody the technology in useful machines
and processes, the level of gencral education, the skill
of the potential labor force, the economic and politicalstructure of the society, all play roles. The effective useof technology requires that a large number of appro-priate conditions be met simultancoushy; a single
missing ingredient (for cxample, the absence of
available capital, or the necessary management atti-tudes) may completely halt athe tcchnological mno
vation or the spread of technology with the society

If we are to mect the social needs of our time and to
continue to provide the material needs of our popula-tion, new policies and directions of our governmental,industrial and academic institutions are required.
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The U.S. government's pyramiding investment in re-
search and deve 9 nthe 1950's invoked the
law of supply and demand,say Dr. Herbert Hollomon
(seated in photograph) and Alan Harger. The loser was
American industry-unable or unwilling to compete,
Can we now restore to research its true value and to
American industry its tradition of technological innova-
tion?

J. Nerbert Hollomon
Consultant to the President and
Provost of M.LT.
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Alan E. Harger
Administrative Assistant to Dr.
Hollomon

America's Technological Dilemma

During these times of rapid change, of the increasing
awareness of social problems, of declining trade bal-
ances, of inflation, and of unemployed scientists and
engincers, thoughtful attention must be directed to the
science and technology policy of the U.S. One impor-
tant aspect of this policy has to do with the way in
which technology is used by socicty, particularly
how it affects civilian or industrial activity.

Many people have struggled to quantify the influence
that new technology has upon industrial development,
economic growth, and social advance. Qualitatively, the
dependence of a modern economy on the use of new
technology is accepted: technology becomes em-
bodied in more effective production machinery, in
more skilled labor, and in products and services that
better serve social needs. The direct connections be-
tween research and development, and the resultant par-
ticular practical benefits, are more difficult to specify.
However, it is these connections which must be under-
stood if science policy (national or corporate) is to be
effective.

In any attempt to assess the direct consequences of
investment in research and development, it must be

clearly established that the particular investment has
been directed toward the purposes which are being
considered. For example, suppose we are looking for
the sources of general economic health in the nation,
we must recognize that the research and development
which have been aimed toward space flight and defense
are unlikely to have had as significant an influence as an

equivalent research and development activity directed
toward, Ict's say, improvement in productive efficiency
in the automotive industry.

Clearly, the effects of rescarch and development on
a nation as a whole cannot be understood without
distinguishing among the various economic sectors. In
the United States, for example, where most workers are

engaged in service activities and most research and de-

velopment is devoted to manufacturing, the overall
rate of change in productivity cannot be expected to

correlate with the amount of national civilian-oriented
research and development.

Other factors influence the consequences of research
and development. Most important is the delay, of al-
most indeterminate length, between an investment in
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research and development and the appearance of its
results in the world. Some recent studies have indicated
that this time delay has shortened, but even so, any
major new technological development does not diffuse
throughout the society in less than five to ten years.

In a recent analysis, Harvard's Richard B. Freeman has
found (after taking the time delay into account as best
he could) a good correlation between the growth rates
and profitabilities of different industrial sectors and the
research and development that were performed in those
sectors in prior years (1). Figures 1, 2, and 3 illustrate

Figure 1. The gross association between research and develop-
ment intensity and growth in output in various industries is
shown here and in Figures 2 and 3 (on the following page).
Research and development intensity is indexed by the ratio of
R. and D. expenditures to sales. In Figure 1, increases in value

manufactured product and that of the starting materials-
indicate output changes unadjusted for price increases.

added a term the difference between the alue of a



Figure 2 The association between research and development
intensity and growth in output n various industrics (cont )
in this plot, output increases adjusted for price changes are
measured by increases in the Federal Reserve Board Index
of Production, and R and D intensity 1s indexed as in Figure 1

fails

Figure 3 Changes in labor productivity are measured by the
industnes' indices of production (see above ) divided by their
number of employees The rank order rdationship in this
hhe the re lationships m Figures J and 2 indicates a postive
and sigmificant corrclation hetwocn growth 1 industual output
and rescarch and devGopment intensity (The three plots are
after Freeman, ref 1 )

the correlations Professor William N Leonard, of
Hofstra, has shown that research and development
spending by companies (cacluding federal research and
developmcnt) relatcs significantly to growth rate of
sales, assets, and net income, in 16 industries which,
combined, perform nearly all manufacturmg activity
(2),
Since World War II there have been many other
analyses, both for particular industries and for the
economy as a whole, that relate the effects of research
and development to their economic consequences It is
clear that, for our type of national economy at least,
industry under imvests m research and development
relative to the total social return 1t generates in com-
parison with alternative mvestments This under-
investment arises because an individual firm cannot
appropriate all of the benefits of any new techni-
cal development, but must bear most of the cost of that
development In other words, many of the results of
a particular development are not of direct benefit to a
firm, but indirectly affect other firms that use the results
of the development Fuithermore, when a develop-
ment is nghly nsky, a firm may forego investment 1n it
because of the cost of failure, even though the rewards
of the most probable outcome would fully justify the
investment Or to put the matter another way, in-
dividual firms will underinvest in order to minimize
their risk, even though the expected rewards from in-
vestment in development, on an average basis for many
firms, could be quite high This situation becomes more
serious the larger the imtial development cost and the
more radical the new technology For instance, mn the
development of nuclear powcr the nsk may be such
that no firm exists with the capability of vesting at the
early stages of the technology Only society as a whole
can afford the nsks or the uncertain costs resulting from
technical uncertainty.
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A summary of these studies of the effects of research
and development, commussioned by the National Sci-
ence Foundation (3) indicates that the conti:butions
of research and development to economic giowth and

productivity, even with this under-investment, 1s post-
tive, significant, and high.
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:
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Industry vs. Space and Defense
Dunng and followmg World War IL, the United States
invested heavily in rescarch and development, as ilus-
trated in Figure 4 The most 1apid inciease occurred
between 1953 and 1959 and resulted larzely fiom 1n-

creases {cdcral funding (Ligure 5), since 1964 there
has been a decrease in total effort relative to the G N P.
It 1s clear that, as the federal government began to
invest more and more m research and development,
industry did not follow suit as rapidly, and that, con-
versely, as the federal government mnvestment de-
creased, mdustial mvestment in research and develop-
ment tendcd to nse,
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The recent growth of the US research and develop-
ment effort 1s less dramatic when measured, not m
dollars, but in the number of the scientists and en-

gincers mvolvcd (Figure 6) The costs of technical
work have risen much more sharply than the general
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Figure 7 Increases m the cost of research and devclopment



Figure 8. Salaries of physicists and engineers as a ratio of the
median income of all persons. The rapid rises of the 1950's
were a dominant contribution to the cost increases shown in
Figure 7 (Sources: median income-Census Bureau's yearlyCurrent Population Reports, Series P-60 (Consumer Income)
1951-1968; engineers Engineering Manpower Commission,
Professional Income af Engineers, 1970, New York: Engineers'
Joint Council, 1970; physic ists-American Institute of Physics,Physics Manpower-1966 and Physics Manpower 1969,
Publications R-196 and R-220, based on data trom the National
Science Foundation's National Reyister)

Figure 9. Between 1950 and 1965, nearly 100,000 more engi-
neers were created (on the employment record) than became
available as new graduates. This graph traces the cumulative
progiess of the appearance of "engineers" for whom no cngineer-
ing degrees were awarded, (Sources: employment. figures-
National Science Foundation/Bureau of Labor Stalisties;
degrees-U.S. Office of Education Digest of Educational
Statistics, OE-10024-70, Washington, 1970 edn.)

rates of inflation and of improvement in productivity.
Indeed, the rapid growth of federal research and devel-
opment has itself done much to raise the costs. The ma-
jor increases illustrated in Figure 7 correspond to the
increases in federal research and development sup-
port (Figure 5). A dominant source of the rise in costs
was the increase in salaries of scientists and engineersrelative to others (Figure 8).:

During the period 1950 to 1960, the rapid increase in
space'and defense research and development increased
the demand for new technical people (4). Apparentlythere was, within industry, a transfer of technical
people from industrial to governmental projects. Be-
causelof this competition and the great increase in
research and development support, salaries rose, and
the cost of research and development, and probably of
other technological activities, rose significantly.

:

t

:

Figure 9 illustrates a dramatic effect of this extra-
ordinary demand. Between 1950 and 1965, nearly 100,-
000 more engineers were created than were available
as graduates with engineering degrees. During these
years, the increase in the number of engineers reported
to be employed was substantially greater than the num-
ber of new engineers entering the labor force from
higher education. Thus, it appears that industry must
have been upgrading technicians to take the place of
trained people who were transferred to federal
programs. A related consequence of the rapid growth of
research and development must have been a decrease
in the average level of training, if not skill, of the re-
maining industrial engineers.
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Since 1950, there has been an increase in industrial
funding for research and development. However, its
impact has been limited by rising costs. Figure 10
illustrates the year-by-year change in the number of
R & D scientists and engincers per 1,000 employees
m those companies performing research and develop-
ment. Even these figures are somewhat inflated, for
some of these scientists and engineers were no doubt
engaged in research and development related to prod-
ucts sold for defense and space purposes. The figure
illustrates that research and development for industrial
purposes has remained about constant for nearly ten
years.

1



Other factors have probably affected the industrial in-
vestment in technology. Interest rates have continually
risen in the United States during this period, and, ac-
cording to some economists at least, this has retarded
capital investment. Not only is capital investment re-
quired in order to infuse new technology into the

economy, but also large investment commitments in

general tend to stimulate research and development.
In addition, it is likely that the combination of high
government demand and rapid obsolescence of tech-

nology in the space and defense fields attracted a dis-

proportionate fraction of venture capital to these indus-
tries, and was an important contributing factor to the

rising price of capital.

During the last several years, the decline of the federal
effort has not been compensated for by the slight in-
crease in industrial activity. The result has been

unemployment of scientists and engineers, particularly
those that were connected with space and defense.
Crude estimates indicate the total unemployed to be of
the order of 100,000.

To reiterate, the rapid and large growth of federally
supported research and development, occurring par-
ticularly between 1953 and 1960, appears to have had
several major effects on the technological activity of the
United States and its industry. The most important
effect of this growth was the rise in overall cost of re-
search and development. This increase occurred not

only in the costs of research and development to the

government, but, very significantly, in the cost of this

activity to industry. A major factor in this cost rise was
the increased cost of the technical personnel engaged in
it. The rise in the rank of starting engineers and scien-
tists in the income distribution, relative to the rest of
the population, dramatically illustrates this increase

(Figure 11).

Starting salarics for engineers with bachelor degrees,
for example, rose during the period of rapid research
and development expansion from the 77th percentile in
the rank of income of all people in the United States,
to about the 86th percentile. During this same period, it
is estimated by Freeman that about 20 to 30 per cent of
the increased activity supported by the federal govern-
ment was made possible by a transfer of people from

industrially supported projects. The remaining increase
was accomplished by absorbing the supply of new

Figure 10. For those companies reporting research and develop-
ment activity, these curves show the number of R. & 1D. scientists
and engineers employed per thousand employees, (Sources: 1958-
19Gl~aners estimates; 1962-1968-National Science Founda-
tion
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Figure 11, If incomes of all persons are arranged in a ranking
order, any given income can be assigned a percentile position,
indicating the percentage of the population having a lower
income. Shown here are the percentile positions of median sal-
aries carned by engincers and physicists. (Sources: as Figure 8)



Figure 12. Changes in salary within the engineering, professionas a whole affect the number of students choosing enginceringmajors. This graph shows the success of a prediction of theof all freshmen who choose engineering, made on theasis of engineering salaries, relative to other professionalsalaries, one year earlier, (Richard B. Freeman, The Market forCollege-Traincd Manpower, Cambridge: Harvard UniversityPress, 1971)

Table 1. The combined fraction of male college graduates choos-
ing science, mathematics and engineering has changed little
since World War H, although the relative proportions of thesefields have changed somewhat. (Hugh Folk, The Shortage ofScientists and Engincers, Lesington, Heath Leaington, 1970)

technical people.

University as SupplierThe increase in demand generated by federal funds hada significant effect on the choice made among fields
by those attending universitics. The fraction of collegegraduates opting for science, mathematics, and engi-neering has changed very little since World War II(Table I). Hugh Polk has pointed out that the choiceof a broad field by students does not appear to be af-fected by demand, which influences only the choice oflucrative activitics within broad fields. Changes insalaries and stipends affect the choices between spe-cialties, and determine in part whether or not students
opt for graduate education in special fields. However,though those in science and engineering have been
mostly supported by federal {unds to universities, theproportion of scientists and engincers among all PhD'shas not increased appreciably. Apparently, the federalfunds merely permitted the universities to redistributetheir resources to a rapidly rising social demand for
graduate education proportionately in all fields of
knowledge. Changes in salarics and stipends affectedchoices toward enginecring and toward physics, for
example, Figure 12 illustrates the relationship betweenthe actual number of freshman enrollments in engincer-ing, year-by-year, and the changed incentives pre-dicted from salary changes.
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There has been some shift between engineeringand mathematics, but, in any event, the response of thenew supply of technical people to economic factorsis sluggish and cyclical. The yearly new supply of
graduate scientists, mathematicians, and enginccrshas varied from 33,000 to a high of 61,000. In recent
years, this new supply has been about equal to the
reported increase in new employment of scientistsand engineers, implying little upgrading of peoplewho did not have a "certificate" as scientists or en-
gineers,

There has been great growth in the support of researchin universities by the federal government, with byfar the largest share derived from the support of bio-medical research in university medical schools and af-filiated hospitals. However, for the physical sciences,and especially engincering, the largest share has de-
rived from the Defense Department, AEC, and NASA.This support surely biased university activity awayfrom industrially related research, especially that con-
nected with the less glamorous industrial problems.
The Practical Loss
While it is probably impossible to assess all the ef-
fects of federal policy over the past several decades,there are several possibilitics that appear reasonable.
It seems reasonable to expect that, ten years or so after
a relative decline in technical activity, its consequencesshould begin to be evident. For example, the rate of
increase in productivity might begin to diminish.
Although the dependence of productivity upon a wide
range of other factors (the availability of capital, for
example) is well recognized, eventually a reduction
in investment in techuical activity devoted to industrial
purposes should be reflected in a decreased rate of im-



Table H. Approximate proportions of national resources, at
market prices, devoted to research aud development, For the
US, and european countrics selected, the figures are averages
for 1959-1965; for Japan, the figures are for 1963, The data
appear to indicate a significant U.S. advantage in defense and
space research and a rather lesser advantape in civilian-oriented

and D, in OECD. Member Countries in 1963/64, Vol. 2,
O.E.C.D., Paris, 1968; other countries-Boretsky, ref. 6.)

wot k (Sources: apan-tIntrnational Statistical Year for
search and Deve 0}NIC?uf, A Study Resources Devoted to R.

:

Table III, The same information as in Table I, for civilian-
oriented work only, translated into cost-equivalent terms and
into full-time-equivalent technical man power. The Jast column
expresses each national civilian research and development effort
(in cost-equivalent terms) as a proportion of that nation's G.N.P.,
also converted into cost-equivalent terms. A number of nations,
on this basis, have been making more intensive research efforts

during the early '60's, for civilian purposes, than has the US.
(after Boretsky )



provement in productivity. And, indeed, in the last few
years, productivity increases have declined (5).

There is another way in which we can deduce the
effects of the post-war research and development
policies. Boretsky (6) has compared the technical ac-
tivity of Europe and Japan with that of the United
States for the period 1959-65 (just following the rapid
growth of the United States effort). Table 11 compares
the total research and development efforts for these
years as fractions of national G.N.P.'s at markct prices,
for the United States, Japan and the major European
countries. The defense and space portion of the total
effort and the civilian effort are also included for com-
parison. Superficially at least, this table would indicate
a significant advantage of the United States for all
research and development, and a somewhat lesser
advantage in its "civilian-oriented" activity.

However, when research and development efforts are
translated into cost-cquivalent terms, and into the
number of scientists, engineers, and technicians em-
ployed (Table III), the results are startling. The last
column in Table III expresses cost-equivalent ex-
penditures for research and development as fractions
of the G.N.P.'s, the latter converted to equal-purchas-
ing-power terms. When the comparison is thus made
on the basis of cost-equivalent expenditures, the
relative advantage of the United States investment in
civilian research and development disappears. Even
more significant, about 30 to 35 per cent more scien-
tists, engineers, and technicians were engaged in
civilian-oriented research and development in the

eight European countries studied than in the United
States. This group of countrics has a slightly greater
population than the United States, but a one-third
sinaller G.N.P. When compared on this basis, the
relative effort in Europe was substantially greater than
that in the United States-the reason being, basically,
that the relative cost of research and development
personnel is less in Europe than in the United States.

Furthermore, there was no substantial investment
in defense and space research and development in any
of the European countries except the United Kingdom;
there was not a disproportionate rise in salaries, and
there was no marked displacement of scientists and en-

gincers from industrial to national projects. Although
European data for more recent years are not readily

available, it secms likely that-in view of the slow
growth of rescarch activity in the United States relative
to other O.E.C.D. countries in these years-the dis-
parity is now even greater. As early as 1955, the number
of scientists and enginecrs engaged in non-space, non-
defense activity in Europe must have been higher than
in the United States.

A comparison between Japan and the United States is
even inore depressing. During the 1959-65 period, the
Japanese spent a significantly larger portion of their
G.N.P., on an equivalency basis, for civilian research
and development than did the United States. With
one-half the United States population and one-fifth
the United States G.N.P., Japan employed 70 per
cent as many professional research and development
personnel in their civilian effort as did the United
States.

Spin-Off?
Many would argue that the analysis thus far has
neglected the indirect effects of the space and defense
research and development efforts of the United States.
It is clear that the rescarch and development that has
been supported by the government must have been
beneficial to at least some industrial activities. Further,
the government provided a market for sophisticated
technical goods, which no doubt stimulated research
and development activities which were transferable
to civilian products. But, granted that this indirect
effect of space and defense oriented work presumably
exists, the question is, how significant is it?

Boretsky analyzes this matter in what seems to be an
effective way. Consider the efforts of ten people en-

gaged in federal research and development; how
much effort aimed at a particular industrial objec-
tive, on the average, are these ten equivalent to?
Boretsky argues that their absolute maxinnum equiva-
lent is 3-1/3, and the minimum is perhaps one-half a

civilian researcher. In other words, 5 to 33 per cent of a

given amount of space and defense research and

development might be considered to be the "direct"
effect of that effort on the economy.

Assuming a "spin-off" as high as 20 per cent (tor both
Europe and the United States) a new measure of the
effective number of scientists and engineers can be
derived. It tums out that the United States still lags



behind Europe and Japan on a comparative population
basis. In the specific field of nuclear technology not
related to military applications, Boretsky makes a more
startling comparison. He estimates that 50 per cent
more scientists, engineers, and technicians are involved
in this work in Europe than in the United States.

This disparity in technical effort, existing for more than
ten years, may have begun to be reflected in our trade
with Europe and with Japan. Consider the trade
balance in the technologically intensive products of
chemicals, machinery, elcctrical equipment, transporta-
tion equipment and instruments. In 1968, the United
States had a favorable balance of trade of these prod-
ucts with Europe of $1.5 billion. From 1962 to 1968,
however, the rate of growth of imports of these
products from Europe averaged 20 per cent, and the
rate of growth in their export from the United States
averaged only 9 per cent. During this same period,
the United State's trade balance with Japan in these
products turned from a $300 million surplus to a $500
million deficit. While United States imports from Japan
were growing at 32 per cent a year, United States
exports to Japan were increasing at only 7 per cent a

year.

If the trend continues, Boretsky estimates that by 1973,
in technologically intensive products alone, there will
be a trade deficit with Europe of almost $2 billion.
The situation with respect to Japan is even more
disturbing: he estimates that the United States "tech-
nological" trade deficit to Japan will be almost $5
billion by 1973.

It is clear, of course, that monetary factors and relative
labor cost factors are also important to trade balance
considerations. It is only in high-technology products
with rapid potential for growth (and in agriculture,
where the U.S. has long maintained a technological
lead) that the United States has had much of a poten-
tial advantage and it is here (except in agriculture )
that we find the downturn.

Clearly, analysis of a matter as complicated as the rela-

tionship between technology, the economy, and social
welfare can never be complete, nor can conclusions
drawn from incomplete analysis ever be taken with
assurance. Nevertheless, it appears that in the United
States we have substantially under-invested in the

kinds of technical effort that are necessary for the im-
provement of our industrial output and the quality
of our life. In recent years this under-investment in
technology for civilian pursuits has been made substan-
tially greater as a result of the large commitment of
the United States to activities related to defense and
space. The natural working of the economic system
which would in any case have led the industry to invest
too little in technical activities has been further
distorted because of the higher cost of research and
development resulting from the federal effort. Even in
the government scctor of research and development,
all the European countries and Japan spend more than
20 per cent of government research and development
for civilian purposes, whcreas the United States spends
less than 6 per cent. Thus our competitors supplement
the industrial investment in research and development
for civilian purposes to a much greater degree than do
we.

The Choice of Strategies
We are now faced with a dilemma. There are 100,000
scientists and engineers out of work; there are large
unsatisfied social needs; we are suffering adverse
effects from our past uses of technology; and our
economic growth is faltering. At the same time, the
costs of education and of research and development
continue to rise, sustained apparently by the social
and political structure that we have set up.

Direct research and development investments by the
federal government-whether for defense, space or
social welfare purposes-will, if they are too large,
draw off technical activity which could be turned to
industrial improvement, just as Wwe experienced in the
1950's, Substantial increases in the availability of new
scientist and engincer graduates would eventually
lower their relative prices, but there would be a

period of costly and inhumane readjustment. On the
other hand, restrictive policies to discourage young
people either from opting for technical education or
from continuing at university for advanced graduate
education are, of course, in the long term, self-defeat-
ing.

Like any complex public problem, this dilemma will
not be resolved by any single public policy decision.
Addressing the social tasks directly, perhaps the most

important single action that is required is a substantial
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increase in support far the improvement, both in qualityand cliciency, of those public services in which private
industry plays only a small role, such as education and
the delivery of health care. Likewise, those sociallydesirable activities in which private incentives for
technical work are smi! or non-existent, such as the
improvement of living conditions in the cities and of
the safety of our transport system, require significantlyincreased support.

To siinply spend chough to re-cmploy uncmplos edscicntists and engineers by immediate federal research
and development funding in these social fields, is not
the answer, for we do not know enough about the
task; nor would such a move (which would in any case
face great social obstacles ) encourage industry to playits own part. For the present, in these fields we must
not only invest in research and development, but wemust devise ways of changing the structure of the
delivery systems of social services and of the educationof technical people, to facilitate the adoption and diffu-
sion of new techniques. A major cffort of direct govem-ment support to meet these social needs is required.
A second major effort would be the cncouragement of
university research related to Improving industrial
productivity, to reducing the waste and pollution of
industry, and gencrally to problems associated with
the productivity, products, and adverse effects of
industrial production. This federal support to univer-
sitics would redress the present academic bias, es-
pecially in enginecring. toward the kinds of work that
tend to improve our defense and space capabilities.
In some way, also, government must underwrite in-
dustrial research and developinent itself, since the econ-
omy has always tended to under-invest in it, and its
present over-costliness results from past federal policies.This can be done cither directly by subsidy or indi-
rectly through tax rebates. The entire set of corporateand government policies that encourage potentially
high-export industries needs to be reviewed,

Whether a society effectively uses technology for pro-ductive and beneficial purposes depends upon a largenumber of factors. The supply of technically trained
people, the willingness to invest in them, the capital
necessary to embody the technology in uscful machines
and processes, the level of general education, the skillof the potential labor force, the economie and politicalstructure of the socicty, all play roles. The effective useof technology requires that a Jarge number of appro-priate conditions be met simultancously; asingle
Missing ingredient (for exainple, the absence of
available capital, or the necessary Management atti-
tudes) may completely halt cither technological inno-vation or the spread of technology within the socicty.
If we are to meet the social needs of our time and to
continue to provide the material needs of our popula-tion, new policics and directions of our governmental,industrial and academic institutions are required,
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The U.S. government's pyramiding investment in re-
search and development in the 1950's invoked the
law of supply and demand say Dr. Herbert Hollomon
(seated in photograph) and Alan Harger. The loser was
American industry-unable or unwilling to compete.
Can we now restore to research its true value and to
Aincrican industry its tradition of teclmological innova-
tionP

J. Herbert Hollomon
Consultant to the President and
Provost of M.LT,

Alan E. Harger
Administrative Assistant to Dr,
Hollomon

America's Technological Dilemma

During these times of rapid change, of the increasing
awarcness of social problems, of declining trade bal-
ances, of inflation, and of unemployed scientists and
engineers, thoughtful attention must be directed to the
science and technology policy of the U.S. One impor-
tant aspect of this policy has to do with the way in
which technology is used by society, particularly
how it affects civilian or industrial activity.

Many people have struggled to quantify the influence
that new technology has upon industrial development,
economic growth, and social advance. Qualitatively, the
dependence of a modern economy on the use of new
technology is accepted: technology becomes em-
bodied in more effective production machinery, in
more skilled labor, and in products and services that
better serve social needs. The direct connections be-
tween research and development, and the resultant par-
ticular practic iJ benefits are more difficult to specify
However, it 15 these connections which must be under
stood 2f scicnce policy (national or corporate ) is to be
effective.

In any attempt to assess the direct consequences of
investment in research and devclopment, it must be
clearly established that the particular investment has
been directed toward the purposes which are being
considered Vor example suppose we are looking fer
the sources of general cconomic health in the nation;
we must recognize that the research and development
which have been aimed toward space flight and defense
are unlikely to have had as significant an influence as an

equivalent research and development activity directed
toward, let's say, improvement in productive efficiency
in the automotive industry.

Clearly, the effects of research and development on
a nation as a whole cannot be understood without
distinguishing among the various economic sectors. In
the United States, for example, where most workers are

engaged in service activities and most research and de-

velopment is devoted to manufacturing, the overall
rate of change in productivity cannot be expected to
correlate with the amount of national civilian-oricnted
research and development.

Other factors influence the consequences of research
and development. Most important is the delay, of al-
most indeterminate length, between an investment in

TECHNOLOGY REVIEW, July/August 1971

research and development and the appearance of its
results in the world. Some recent studies have indicated
that this time delay has shortened, but even so, any
major new technological development docs not diffuse
throughout the sogiety in less than five to ten years.

In a recent analysis, Harvard's Richard B. Freeman has
found (after taking the time delay into account as best
he could) a good correlation between the growth rates
and profitabilities of different industrial sectors and the
research and development that were performed in those
sectors in prior years (1). Figures 1, 2, and 3 illustrate

Figure 1. The gross association between research and develop-
ment intensity and growth in output in various industries is
shown here and in Figures 2 and 3 (on the following page).
Research and development intensity is indexed by the ratio of
R. and D. expenditures to sales. In Figure 1, increases in value
added a term denoting the difference between the value of a
manufactured product and that of the starting materials-
indicate output changes unadjusted for price increases.



intensity and growth am ontput in vanous mdustics (cont )
in this plot, ontput mncicases adjusted for pice changes are
measurcd by mere ases in the Federal Reserve Board Index
of Production, and R and D intensity 1s indeacd as in Figure 1

Figure 3 Changes in labor productivity are measured by the
industnes' indices of production (sce above) divided by their
number of employces Phe rank orda rdationship in this figure --

Ike the rdatonships it Figures 1 and 2~-indicates 1 positive
and significant comrcation between growth m industrial output
and rescarch and devdopment intensity ('Ihe three plots are
after Ficeman, icf 1)

the correlations Professor William N Leonard, of
Hofstia, has shown that research and development
spending by companies (excluding federal research and
devdlopment) relates significantly to growth rate of
sales, assets, and net income, in 16 industries which,
combined, perform nearly all manufacturmg activity

Figure 9 The wsociation between research development

(2)
Since World War II there have been many other
analyses, both for particular industries and for the
economy as a whole, that relate the effects of research
and development to their economic consequences It is
clear that, for our type of national economy at least,
industry wnder-invests in research and development
relative to the total social return it generates in com-
parison with alternative investments This under-
investment arises because an individual firm cannot
appropriate all of the benefits of any new techni-
cal devclopment, but must bear most of the cost of that
development In other words, many of the results of
a particular development are not of direct benefit to a
firm, but indirectly affect other firms that use the results
of the development Furthermore, when a develop-
ment 1s highly risky, a firm may forego investment in it
because of the cost of failure, even though the rewards
of the most probable outcome would fully justify the
mvestment Or to put the matter another way, m-
dividual firms will underinvest in order to mmimize
their msk cvcn though the expected rewards from m-
vestment in development, on an average basis for many
firms, could be quite high This situation becomes more
serious the larger the mitial development cost and the
more radical the new technology For instance, in the
development of nuclear power the nsk may be such
that no firm exists with the capability of investing at the
early stages of the technology Only society as a whole
can afford the risks or the uncertain costs resulting from
technical uncertainty.

7

+ :
7

:
w

A

4a :
2

: :

:
a

G

by

A summary of these studies of the effects of research
and development, commissioned by the National Sci-
ence Foundation (3) indicates that the contiibutions
of research and development to economic giowth and

productivity, even with this under-investment, 1s posi-
tive, significant, and high

7

2

Industry vs. Space and Defense
During and followmg World War II, the United States
invested heavily in research and development, as ilus-
trated m Figure 4 The most rapid increase occurred
between 1953 and 1959, and resulted largely from in-
ercases 1n federal funding (Figure 5), since 1964 there

It 1s clear that, as the fedcral government began to
mvest more and more in research and development,
industry did not follow suit as rapidly, and that, con-
versely, as the {edcial government mvestment de-
ercased, mndustnal mvestment im iesearch and develop-
ment tendcd to rise.

S

GN P.been a decicase total effort relative to the

The recent growth of the US research and develop-
ment effort 15 less dramatic when measured, not m
dollars, but in the number of the scientists and en-

gincers involved (Figure 6) The costs of technical
work have nsen much more shuply than the general



Figure 4 Rescarch and deydopment: spending: ins the US
since World War E (Sources 1915 1953 -Ofhce of
the Secretary of ] de fe INE an the Census Bureaus Statistical
Abstract of the United States 1900, Washington 1960) 1933
1970 figures--N bona Sacnce Lounditon's National Pattorns of
Rescarch and Devclopment Resources, NSE 70 46, W ishington
1970)
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Figure § From the same data uscd Tague 4 the year to-

are shown (1955 dollus wore araved at using the

GNP deflator, ance there 15 no specific R and D dcffttar avail
able )

Tyne 6 Post war growth of research and devclopment an

industry terms of the numba of scientists and engineers
employed The 1953 1961 company federal estimates are by
the anthors amd 1962 1965 company federal estimates are from
the National Scrcnce Foundation (Sources 1915 1950 hyuies-
Department of Defense, The Grou th of Screntifie Research and
Decclopment, Washington, 1953, 1950 1957-National Sacnce
Foundation (jointly with Burcau of Labor Statstics), Employ-
ment of Scientists and Lnguiccrs in the United States, 1950 1965,
NSF 68 30, Washineton, 1968, 1958 1968-Natonal Science
Foundation, Research and Development in Industry-1968,
NSF 70 29, Washington, 1970 )
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Figure 7 Increases m the cost of research and development
per R and D scientist and enyineer in industry comcde with the
increases in federal support traced in Figure 5 (Sources 1945-
1952 Department of Defense, 1953 1956 National Science
Foundation/Burcau of Labor Statistics, 1957-1965-National
Science Foundation )
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Figure & Salanics of physicists and cngincers as a ratio of the
median income of all persons Lhe rapid nses of the 1930's
were a dommant contubution to the cost mcrcases shown
Figure 7 (Sources median income -Consus Bureau's yearlyCurrent Population Re ports, Series (Constaner Income)1951 1968, cngincais-Loginecuing M inpowcr Commusston,
Profcsstonal Income of Lugincers, 1970, Now York Engineers'
Joint Counal, 1970, physicsts-Amencan Institute of Physics,

Manpotecr-1966 and Phystes Manpoucr-1969,
R 196 and R 220, based on data from the National

Science Foundation s National Register)
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Tigure 9 Between 1950 and 1965, nearly 100000 more cng
necrs were cicated (on the cmplovment rccord) than became
avalible isa ow Qradtoites This graph traces the

progress of the appe uance of cugincers' for whom no enyinecr-
ing degrees ware awarded (Somces cmployincnt figiies-
Natonal Saence ou of Labor Statistics,
degrees-U S Office of Lducation Digest of Lducational
Statistics, OE-10024-70, Washington, 1970 edn )

rates of inflation and of improvement in productivity
Indeed, the 1apid growth of federal research and devel-
opment has itself done much to raise the costs The ma-
jor increases illustrated in Figure 7 correspond to the
increases in federal research and development sup-
port (Figure 5) A dominant source of the nse in costs
was the increase salanes of scientists and engineersrelative to others (Figure 8).
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During the period 1950 to 1960, the rapid increase in
space'and defense research and development increasedthe demand for new technical people (4) Apparentlythere was, within industry, a transfer of technical
people from industrial to governmental projects Be-
causelof this competition and the great increase in
research and development support, salaries rose, and
the cost of research and development, and piobably of
other technological activities, rose significantly
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Figure 9 illustrates a dramatic effect of this extra
ordinary demand Between 1950 and 1965, nearly 100,-
000 more engineers were creatcd than were available
as graduates with engineering degrees During these
years, the increase in the number of engineers reported
to be employed was substantially greater than the num-
ber of new engineers entering the labor force from
higher education Thus, it appeais that mdustry must
have been upgrading technicians to take the place of
trained people who were transferied to federal
programs A related consequence of the rapid growth of
research and development must have been a decrease
in the aveiage level of traiming, if not skull, of the re-
maining industrial engineers

Since 1950, theie has been an inciease in industrial
funding for research and development However, 1ts

unpict has becn limited by rising costs. Tigure 10
illustrates the ycar-by year change in the number of
R &D scacutists and engineers per 1,000 employees
in those companies pciforming research and develop-
ment Even these figuies are somewhat inflated, for
some of these scientists and cngineers weie no doubt
engaged im research and devclopment related to prod-
ucts sold for defense and space purposes The figure
Hlustiates Chat aescarch and dey for
pw poses has remained about constant for nearly ten
years

4 t a



Other factors have probably affected the industrial in-
vestment in technology. Interest rates have continually
risen in the United States during this period, and, ac-

cording to some economists at least, this has retarded

capital investment. Not only is capital investment re-

quired in order to infuse new technology into the

economy, but also large investment commitments in

gencral tend to stimulate research and development.
In addition, it is likely that the combination of high
government demand and rapid obsolescence of tech-

nology in the space and defense ficlds attracted a dis-

proportionate fraction of venture capital to these indus-
tries, and was an important contributing factor to the

rising price of capital.

During the last several] years, the decline of the federal
effort has not been compensated for by the slight in-
crease in industrial activity. The result has been

unemployment of scientists and engineers, particularly
those that were connected with space and defense.
Crude estimates indicate the total unemployed to be of
the order of 100,000.

To reiterate, the rapid and large growth of federally
supported research and development, occurring par-
ticularly between 1953 and 1960, appears to have had
several major effects on the technological activity of the
United States and its industry. The most important
effect of this growth was the rise in overall cost of re-
search and development. This increase occurred not

only in the costs of research and development to the

government, but, very significantly, in the cost of this

activity to industry. A major factor in this cost rise was
the increased cost of the technical personnel engaged in
it. The rise in the rank of starting engineers and scien-
tists in the income distribution, relative to the rest of
the population, dramatically illustrates this increase

(Figure 11).

Starting salaries for engincers with bachelor degrees,
for cxample, rose during the period of rapid research
and development expansion from the 77th percentile in
the rank of income of all people in the United States,
to about the 86th percentile. During this same period, it
is estimated by Freeman that about 20 to 30 per cent of
the increased activity supported by the federal govern-
ment was made possible by a transfer of people from

industrially supported projects. The remaining increase
was accomplished by absorbing the supply of new

Figure 10, For those companies reporting research and develop-
ment activity, these curves show the number of R. & D. scientists
and engineers employed per thousand employees. (Sources: 1958-

ners estimates; 1962-1968-National Science Founda-
tion
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Figure 11, If incomes of all persons are arranged in a ranking
order, any given income can be assigned a percentile position,
indicating the percentage of the population having a lower
income. Shown here are the percentile positions of median sal-
arics carned by engineers and physicists. (Sources: as Figure 8)



Figure 12 Chinges m salary within the ngincering professionas a whole the number of students « hooung engincenngmajors This graph shows the success of a prediction of the

Coll ge Framed Manpower, Cambudge Harvard Unie reityPress, 1971)

Table The combined fraction of male college graduates choos
Ing saence, mathemities and engmecung his changed httle
since World War dthough the proportions of thes

have changed somewhat (ugh Polk dhe Shortage ofScuntob and Pngmeers, Lavington He ath Levington, 1970)

technical people

ersity as Supplier

asigmficant on the choice made among fields
by those atte nding umversitics The fraction of collegegraduates opting for science, mathematics, and cngy-neenng has changed very little World War II(Table J) Hugh Folk has pointed out that the choiceof a broad field by students docs not appear to be af-fected by demand, which influences only the choice oflucrative activitics within broad ficlds Changes insalanes and stipcnds affect the choices between specialties. and determine m put whether o1 not students
opt for graduate education special fields However,
though thosc in smence and engineering have been
mostly supported by federal funds to umversitics, the
proportion of scientists and engineeis among all PhD'shas not increased appreciably Apparently, the federalfunds mcrely permitted the umversities to redistributetheir 1esomces to a rapidly rising social demand for
graduate education pi oportionately im all fields ofknowledze Changes m salaries and stipends affectedchoirs cugimecring and towaid physics, forexample Figure 12 illustrates the relationship betweenthe actual number of freshman enrollments enginecr-ing, year-by-year, and the changed incentives pre-dicted from salary changes

The increase
She Market for

There has been some shift between engmeenngand mathematics, but, m any event, the 1esponse of thenew supply of technical people to economic factors
is sluggish and cyclical The yearly new supply of
graduate scientists, mathematicians, and engineershas varied from 33,000 to a high of 61,000 In recent
years, this new supply has been about equal to the
reported inciease in new employment of scientistsand engineers, imply ing httle upgrading of peoplewho did not have a "certificate" as scientists or en
gineers

There has been gieat growth in the support of researchm universities by the federal government, with byfar the largest share denived from the support of bio-medical research in university medical schools and af-
fihated hospitals Howeven, for the physical sciences,and especially engincering, the largest share has de-
rived from the Defense Department, AEC, and NASAThis support surcly biased unn ersity activity awayfionandustudly related research, especially that con-
necicd with the less glainoious problems
The Practical Loss
While it 1s probably impossible to assess all the ef-
fects of federal policy over the past several decades,there are several possibilities that appear reasonable
It sccms reasonable to expect that, ten years o1 so after
a relative decline m technical activity, its consequencesshould begin to be evident For example, the rate of
incicase products ity might beg to diminish
Although the dependence of productivity upon a wide
range of other factors (the av ulabihty of capital, for

momvestment m tcchmeal activity devoted to
pwiposes should be reflected a decreased rate of 1m-

example) WS



Table H. Approximate proportions of national resources, at
market prices, devoted to research and development, For the
US, and european countries selected, the figures are averages
for 1959-1965; for Japan, the figures are for 1963, The data
appear to indicate a significant U.S. advantage in detense and

space research and a rather lesser advantage in civilian-oriented

and D. in O.E.C.D, Member Countrics in 1963/6 f, Vol. 2,
O.E.C.D., Paris, 1968; other countries-Buretsky, ref. 6.)

work, (Sources: apan-- International Statistical Year for Re-
ancsearch Deve pment A

:

Table Ul. The same information as in Table IT, for civilian-
oriented work only, translated into cost-equivalent terms and
into full-time-equivalent technical man power. The last column

expresses each national civilian research and development effort
(in cost-equivalent terms) as a proportion of that nation's G.N.P.,
also converted into cost-equivalent terms. A number of nations,
on this basis, have been making more intensive research efforts

during the early '60's, for civilian purposes, than has the U.S.
(after Boretsky )



provement in productivity. And, indeed, in the last few
years, productivity increases have declined (5).

There is another way in which we can deduce the
effects of the post-war research and development
policies. Boretsky (6) has compared the techmical ac-
tivity of Europe and Japan with that of the United
States for the period 1959-65 (just following the rapid
growth of the United States effort). Table LI compares
the total research and development efforts for these
years as fractions of national G.N.P.'s at markct prices,
for the United States, Japan and the major European
countrics. The defense and space portion of the total
effort and the civilian effort are also included for com-
parison. Superficially at least, this table would indicate
a significant advantage of the United States for all
research and development, and a somewhat lesser
advantage in its "civilian-oriented" activity.

However, when research and development efforts are
translated into cost-cquivalent terms, and into the
number of scientists, engineers, and technicians em-

ployed (Table III), the results are startling. The last
column in Table II expresses cost-equivalent ex-
penditures for research and development as fractions
of the G.N.P's, the latter converted to equal-purchas-
ing-power terms. When the comparison is thus made
on the basis of cost-equivalent expenditures, the
relative advantage of the United States investment in
civilian research and development disappears. Even
more significant, about 30 to 35 per cent more scien-
tists, engincers, and technicians were engaged in
civilian-oriented research and development in the

eight European countries studied than in the United
States. This group of countries has a slightly greater
population than the United States, but a one-third
smaller G.N.P. When compared on this basis, the
relative cffort in Europe was substantially greater than
that in the United States-the reason being, basically,
that the relative cost of research and development
personnel is less in Europe than in the United States.

Furthermore, there was no substantial investment
in defense and space research and development in any
of the European countries except the United Kingdom;
there was not a disproportionate rise in salaries, and
there was no marked dispkicement of scientists and en-

gincers from industrial to national projects Although
European data for more recent ycars are not readily

available, it scems likely that-in view of the slow
growth of research activity in the United States relative

parity is now even greater. As early as 1955, the number
of scientists and engineers engaged in non-space, non-
defense activity in Europe must have been higher than
in the United States.

to other O.E.C.D. countries in these years the dis

A comparison between Japan and the United States is
even more depressing. During the 1959-65 period, the
Japanese spent a.7 significantly larger portion of their
G.N.P., on an equivalency basis, for civilian research
and development than did the United States. With
one-half the United States population and one-fifth
the United States G.N.P., Japan employed 70 per
cent as many professional research and development
personnel in their civilian effort as did the United
States,

Spin-Off?
Many would argue that the analysis thus far has

neglected the indirect effects of the space and defense
research and devclopment efforts of the United States.
It is clear that the research and development that has
been supported by the government must have been
bencficial to at least some industrial activities. Further,
the government provided a market for sophisticated
technical goods, which no doubt stimulated research
and development activities which were transferable
to civilian products. But, granted that this indirect
effect of space and defense oriented work presumably
exists, the question is, how significant is it?

Boretsky analyzes this matter in what seems to be an
effective way. Consider the efforts of ten people en-

gaged in federal research and development; how
much effort aimed at a particular industrial objec-
tive, on the average, are these ten equivalent to?
Boretsky argues that their absolute maximum equiva-
lent is 3-1/3, and the minimum is perhaps one-half a

civilian researcher. In other words, 5 to 33 per cent of a

given amount of space and defense research and

development might be considered to be the "direct"
effect of that effort on the economy.

Assuming a "spin-off" as high as 20 per cent (for both
Europe and the United States) a new measure of the
effective number of scientists and engincers can he
derived. It turns out that the United States still lags



behind Europe and Japan on a comparative population
basis. In the specific field of nuclear technology not
related to military applications, Boretsky makes a more
startling comparison. He estirnates that 50 per cent
more scientists, engincers, and technicians are involved
in this work in Europe than in the United States.

This disparity in technical effort, existing for more than
ten years, may have begun to be reflected in our trade
with Europe and with Japan. Consider the trade
balance in the technologically intensive products of
chemicals, machinery, electrical equipment, transporta-
tion equipment and instruments. In 1968, the United
States had a favorable balance of trade of these prod-
ucts with Europe of $1.5 billion. From 1962 to 1968,
however, the rate of growth of imports of these
products from Europe averaged 20 per cent, and the
rate of growth in their export from the United States

averaged only 9 per cent. During this same period,
the United State's trade balance with Japan in these

products turned from a $300 million surplus to a §500
million deficit. While United States imports from Japan
were growing at 32 per cent a year, United States
exports to Japan were increasing at only 7 per cent a

year.

If the trend continucs, Boretsky estimates that by 1973,
in technologically intensive products alone, there will
be a trade deficit with Europe of almost $2 billion.
The situation with respect to Japan is even more

disturbing: he estimates that the United States "tech-

nological" trade deficit to Japan will be almost $5
billion by 1973.

It is clear, of course, that monetary factors and relative
labor cost factors are also important to trade balance
considerations. It is only in high-technology products
with rapid potential for growth (and in agriculture,
where the U.S. has long maintained a technological
lead) that the United States has had much of a poten-
tial advantage-and it is here (except in agriculture )
that we find the downturn.

Clearly, analysis of a matter as complicated as the rela-

tionship between technology, the economy, and social
welfare can never be complete, nor can conclusions
drawn from incomplete analysis ever be taken with
assurance. Nevertheless, it appears that in the United
States we have substantially under-invested in the

kinds of technical effort that are necessary for the im-
provement of our industrial output and the quality
of our life. In recent years this under-investment in
technology for civilian pursuits has been made substan-
tially greater as a result of the large commitment of
the United States to activities related to defense and
space. The natural working of the economic system
which would in any case have led the industry to invest
too little in technical activities has been further
distorted because of the higher cost of research and
development resulting from the federal effort. Even in
the government sector of research and development,
all the European countries and Japan spend more than
20 per cent of government research and development
for civilian purposes, whereas the United States spends
less than 6 per cent. Thus our competitors supplement
the industrial investment in research and development
for civilian purposes to a much greater degree than do
we.

The Choice of Strategies

scientists and engineers out of work; there are large
unsatisfied social needs; we are suffering adverse
effects from our past uses of teclmology; and our
economic growth is faltering. At the same time, the
costs of education and of research and development
continue to rise, sustained apparently by the social
and political structure that we have set up.

We are now faced with a dilemma There are 100,000

Direct research and development investments by the
fedcral government whether for defense, space or
social welfare purposes-will, if they are too large,
draw off technical activity which could be turned to
industrial improvement, just as We experienced in the
1950's. Substantial increases in the availability of new
scientist and engineer graduates would eventually
lower their relative prices, but there would be a

period of costly and inhumane readjustment. On the
other hand, restrictive policies to discourage young
people cither from opting for technical education or
from continuing at university for advanced graduate
education are, of course, in the long term, self-defeat-

ing,

Like any complex public problem, this dilemma will.
not be resolved by any single public policy decision.

Addressing the social tasks directly, perhaps the most

important single action that is required is a substantial



increase in support for the improvement, both in qualityand efficiency, of those public services in which privateindustry plays only a small role, such as education and
the delivery of health care, Likewise, those socially
desirable activities in which private incentives for
technical work are smal} or non-existent, such as the
improvement of tiving conditions in the citics and of
the safety of our transport system, require significantlyincreased support.

To simply spend cnough to re-employ uncmplovedscientists and cngincers by immediate federal research
and development funding in these social fields, is not
the answer, for we do not Know enough about the
task; nor would such a move (which would in any case
face great social obstacles) encourage industry to playits own part, For the present, in these fields we must
not only invest in rescarch and development, but wemust devise ways of changing the structure of the
delivery systems of social services and of the educationof technical people, to facilitate the adoption and diffu-
sion of new techniques. A major cffort of direct govern-ment support to mect these social needs is required.
A second major effort would be the encouragement of
university research related to improving industrial
productivity, to reducing the waste and pollution of
industry, and gencrally to problems associated with
the productivity, products, and adverse effects of
industrial production. This federal support to univer-
sities would redress the present academic bias, es-
pecially in enginecring, toward the kinds of work that
tend to improve our defense and space capabilities.
In some way, also, government must underwrite in-
dustrial research and development itself, since the econ-
omy has always tended to under-invest in it, and its
present over-costliness results from past federal policies.This can be done cither directly by subsidy or indi-
rectly through tax rebates. The entire set of corporateand government policies that encourage potentially
high-export industrics needs to be reviewed.

Whether a socicty effectively uses technology for pro-ductive and beneficial purposes depends upon a largenumber of factors. The supply of technically trained.
people, the willingness to invest in them, the capitalnecessary to embody the technology in useful machines
and processes, the level of general education, the skill
of the potential Jabor force, the economic and politicalstructure of the socicty, all play roles. The effective useof technology requires that a large number of appro-
priate conditions be met simult:mcously;;asingle
missing ingredient (for example, the absence "of
available capit: , or the necessary management atti-tudes) may completc halt either technologieal inno-
vation or the spread of te chnology within the socicty.
If we are to meet the social needs of our time and to
continue to provide the material needs of our population, new policies and directions of our governmental,industrial and acadcinic institutions are required,

_
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The U.S. government's pyramiding investment in re-
search and development in the 1950's invoked the
Jaw of supply and demand,say Dr. Herbert Hollomon
(seated in photograph) and Alan Harger. The loser was
American industry-unable or unwilling to compete.
Can we now restore to research its true value and to
American industry its tradition of technological innova-
tion?

J. Werbert Hollomon
Consultant to the President and
Provost of M.LT.

Alan E. Harger
Administrative Assistant to Dr.
Hollomon

America's Technological Dilemma

During these times of rapid change, of the increasing
awarcness of social problems, of declining trade bal-
ances, of inflation, and of unemployed scientists and
engincers, thoughtful attention must be directed to the
science and technology policy of the U.S. One impor-
tant aspect of this policy has to do with the way in
which technology is used by society, particularly
how it affects civilian or industrial activity.

Many pcople have struggled to quantify the influence
that new technology has upon industrial development,
economic growth, and social advance. Qualitatively, the
dependence of a modern economy on the use of new
technology is accepted: technology becomes em-
bodied in more effective production machinery, in
more skilled labor, and in products and services that
better serve social needs. The direct connections be-
tween rescarch and development, and the resultant par-
ticular practical benefits, are more difficult to specify.
However, it is these connections which must be under-
stood if science policy (national or corporate) is to be
effective.

In any attempt to asscss the direct consequences of
investment in research and development, it must be
clearly established that the particular investment has :

been directed toward the purposes which are being
considered. For example, suppose we are looking for
the sources of general economic health in the nation;
we must recognize that the research and development
which have been aimed toward space flight and defense
are unlikely to have had as significant an influence as an 7
equivalent research and development activity directed
toward, let's say, improvement in productive efficiency
in the automotive industry.

Clearly, the effects of research and development on
a nation as a whole cannot be understood without
distinguishing among the various economic sectors. In
the United States, for example, where most workers are

engaged in service activities and most research and de-

velopment is devoted to manufacturing, the overall
rate of change in productivity cannot be expected to
correlate with the amount of national civilian-oriented
research and development.

Other factors influence the consequences of rescarch
and development. Most important is the delay, of al-
most indeterminate length, between an investment in
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research and development and the appearance of its
results in the world. Some recent studies have indicated
that this time delay has shortened, but even so, any
major new technological development docs not diffuse
throughout the sogiety in less than five to ten years.

In a recent analysis, Harvard's Richard B. Freeman has
found (after taking the time delay into account as best
he could) a good correlation between the growth rates
and profitabilitics of different industrial sectors and the
research and development that were performed in those
sectors in prior years (1). Figures 1, 2, and 3 illustrate
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Figure 1. The gross association between research and develop-
ment intensity and growth in output in various industries is
shown here and in Figures 2 and 3 (on the following page).
Research and development intensity is indexed by the ratio of
R. and D. expenditures to sales, In Figure 1, increases in value
added a term denoting the difference between the value of a
manufactured product and that of the starting materials-
indicate output changes unadjusted for price increases.



Figure 2. The association between research and development
intensity and growth in output in various industries (cont.):
in this plot, output increases adjusted for price changes: are
measured by increases in the Federal Reserve Board Index
of Production, and R, and D. intensity is indexed as in Figure 1.
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Figure 3. Changes in labor productivity are measured by the
industries' indices of production (sce above) divided by their
number of employees. The rank-order relationship in this figure-
like the relationships in Figures 1 and 2 indicates a positive
and significant corrclation between growth in industiial output
and research and development intensity, (The three plots are
after Freeman, ref. 1.)

the correlations. Professor William N. Leonard, of
Hofstra, has shown that research and development
spending by companies (excluding federal research and
development) relates significantly to growth rate of
sales, assets, and net income, in 16 industries which,
combined, perform nearly all manufacturing activity
(2).

Since World War II there have been many other
analyses, both for particular industries and for the
economy as a whole, that relate the effects of research
and development to their economic consequences. It is
clear that, for our type of national economy at least,
industry under-invests in rescarch and development
relative to the total social return it gencrates in com-
parison with alternative investments. This under-
investment arises because an individual firm cannot
appropriate all of the bencfits of any new techni-
cal development, but must bear most of the cost of that
development. In other words, many of the results of
a particular devclopment are not of direct benefit to a
firm, but indirectly affect other firms that use the results
of the development. Furthermore, when a develop-
ment is highly risky, a firm may forego investment in it
because of the cost of failure, even though the rewards
of the most probable outcome would fully justify the
investment. Or to put the matter another way, in-
dividual firms will underinvest in order to minimize
their risk, even though the expected rewaids from in-
vestment in development, on an average basis for many
firms, could be quite high. This situation becomes more
serious the larger the initial development cost and the
more radical the new technology. For instance, in the
development of nuclear power the risk may be such
that no firm exists with the capability of investing at the
early stages of the technology. Only society as a whole
can afford the risks or the uncertain costs resulting from
technical uncertainty.
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A summary of these studies of the effects of research
and development, commissioned by the National Sci-
ence Foundation (3) indicates that the contributions
of research and development to economic growth and
productivity, even with this under-investment, is posi-
tive, significant, and high.
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Industry vs. Space and Defense
During and following World War II, the United States
invested heavily in research and development, as illus-
trated in Figure 4. The most rapid increase occurred
between 1953 and 1959, and resulted largely from in-
creases in federal funding (Figure 5); since 1964 there
has been a decrease in total effort relative to the G.N.P.
It is clear that, as the fedcral government began to
invest more and more in research and development,
industry did not follow suit as rapidly; and that, con-
verscly, as the federal government investment de-
creased, industrial investment in research and develop-
ment tended to rise.
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The recent growth of the U.S. research and develop-
ment effort is less dramatic when measured, not in
dollars, but in the number of the scientists and en-

gincers involved (Figure 6). The costs of technical
work have risen much more sharply than the gencral



Figure 4. Research and development spending: in the U.S,
since World War LE. (Sources: P45. 1953 figeures-~
the Secretary of Defense, in the Census Bureaus Statistical
Abstract of the United States--1960, Washington, 1960; 1953-
1970 figures National Science Foundations National Patterns of
Research and Devclopment Resources, NSF 70-16, Washington,
1970)
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Figure 6, Post-war growth of research aud development in
industry in terms of the namber of scientists and cugincers
employed, 'The 1953-1961 company-federal estimates are Ly
the authors, and 1962-1968 company-federal estimates are from
the National Science Foundation, (Sourees: 1915-1950 fiers ires

Departnent of Defense, The Crowth ef Scientific Research and
Development, Washington, 1953; 1950-1957 National Science
Foundation (jointly with Bureau of Labor Statistics), Employ-

NSF 68-30, Washington, 1968; 1958-1968--National Science
Foundation, Research and Development in Industry-1968,
NSF 70-29, Washington, 1970.)

ment of Scientists and Eneineers im the United States. 1450-1965.
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Figure 5, From the same data used in Figure 4, the year-to-

year changes in total federal research and development support
are shown, ("1958 dollais" were arrived at using the implicit
G.N.Y. deflator, since there is no specific R. and D. deflator avail-
able.)

Figure 7. Increases in the cost of research and development
per R. and PD, scientist and engincer in industry coincide with1 the

increases in federa} support traced in Figure 5, (Sources: 3915-

1952-Departinent of Defense; 1953-1956 National Science
Foundation/Bureau of Labor Statistics; 1957-1968-National
Science Foundation )
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Figure & Salaries of physicists and cnginecrs as a ratio of themcdian income of all persons Lhe rapid rises of the 1950's
were a dominant contubution to the cost ncicases shown In
Figure 7 (Sources median mcome-Census Bureaus ycarlyCurrent Population Re ports, Sars P-60 (Consumer Income)1951 1968, cngmecis-Lngincaing 01 Commission,Professwnal Income of Engineers, 1970, Now York Engincers'Joint Council, 1970, phy Sic mn Institute of Physics,Physics Manpowor-1966 and Physics Manpower--1969,Pubhcations R 196 and R 220, based an data from the NationalScience Foundation's National Registcr)
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Figure 9 Between 1950 and 1965, ne uw ly 100 000 more engi-
neers were created (on the Gnplovment record) than became
available as new graduates This graph traces the cumulative
progicss of the appearance f cnginccis" for whom no cnginccr
ing degrees were awuded (Sources Emplovment figuics-
National Sc bonet Poundation/Bureau of Labor Statistics,
degrees-U S Office of Fducahion Digest of Lducational
Statistics, OE-1002 1-70, Washington, 1970 edn )

rates of inflation and of improvement in productivityIndeed, the 1apid growth of federal research and devel-
opment has itself done much to raise the costs The ma-
Jor increases illustrated in Figure 7 correspond to the
increases in federal research and development sup-
port (Figure 5) A dominant source of the rise in costs
was the increase in salanes of scientists and engineersrelative to others (Figure 8),

F
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During the period 1950 to 1960, the rapid increase in
space and defense research and development increasedthe demand for new technical people (4) Apparentlythere was, within industry, a transfer of technical
people from industrial to governmental projects Be-
causelof this competition and the great increase in
research and development support, salaries rose, and
the cost of research and development, and probably of
other technological activities, rose sigmificantly

::
:

Figure 9 illustrates a dramatic effect of this extra-
ordinary demand Between 1950 and 1965, nearly 100,-
000 more engineers were created than were available
as graduates with enginee1ing degrees During these
years, the increase in the number of engineers 1eported
to be employed was substantially greater than the num-
ber of new engineers entering the labor force from
higher education Thus, 1t appears that industry must
have been upgrading technicians to take the place of
trained people who were transferred to federal

research and development must have been a decrease
in the average level of training, 1f not shill, of the re
maining mndustnal enginceis

A related consequence of the rapid growth ofprograms

Since 1950, there has been an increase in industrial
funding for research and development However, its
impact has been hmited by nsmg costs Figure 10
illustrates the year by ycar change in the number of
R &D scientists and enginccrs per 1,000 cmployces
in those companics performing research and develop-
ment Even these figures are somew hat inflated, for
some of these scientists and cngineeis weic no doubt
engaged in research and development related to prod-
ucts sold for defense and space purposes The figure
illustrates that research and devclopment for mdustrial
purposes has 1emamed about constant for nearly ten
years



Other factors have probably affected the industrial in-
vestment in technology. Interest rates have continually
risen in the United States during this period, and, ac-
cording to some economists at least, this has retarded
capital investment. Not only is capital investment re-
quired in order to infuse new technology into the

economy, but also large investment commitments in

general tend to stimulate research and development.
In addition, it is likcly that the combination of high
government demand and rapid obsolescence of tech-

nology in the space and dcfense fields attracted a dis-

proportionate fraction of venture capital to these indus-
tries, and was an important contributing factor to the

rising price of capital.

During the last several years, the decline of the federal
effort has not been compensated for by the slight in-
crease in industrial activity. The result has been

unemployment of scientists and engineers, particularly
those that were connected with space and defense.
Crude estimates indicate the total unemployed to be of
the order of 100,000.

To reiterate, the rapid and large growth of federally
supported research and development, occurring par-
ticularly between 1953 and 1960, appears to have had
several major effects on the technological activity of the
United States and its industry. The most important
effect of this growth was the rise in overall cost of re-
search and development. This increase occurred not

only in the costs of research and development to the

government, but, very significantly, in the cost of this

activity to industry. A major factor in this cost rise was
the increased cost of the technical personnel engaged in
it. The rise in the rank of starting engincers and scien-
tists in the income distribution, relative to the rest of
the population, dramatically illustrates this increase

(Figure 11).

Starting salaries for engineers with bachelor degrees,
for example, rose during the period of rapid research
and development expansion from the 77th percentile in
the rank of income of all people in the United States,
to about the 86th percentile. During this same period, it
is estimated by Freeman that about 20 to 30 per cent of
the increased activity supported by the federal govern-
ment was made possible by a transfer of people from

industrially supported projects. The remaining increase
was accomplished by absorbing the supply of new

Figure 10, For those companies reporting research and develop-
ment activity, these curves show the number of R. & D. scientists
and engineers employ ed per thousand employers. (Sources: 1958-
1961-authors' estimates; 1962-]1968-National Science Founda-
tion)
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Figure 11. Hf incomes of all persons are ananged in a ranking
order, any given income can be assigned a percentile position,
indicating the percentage of the population having a Jower
income, Shown here are the percentile positions of median sal-
aries earned by engineers and physicists, (Sources: as Figure §)



Figure 12 Changes salary with the engincering profession

of all who choose cogmcaing, made on theOf engincenny salaries, to othe professionalsalanics, one year carher (Richard B Preem in, The Market forColl ge Tramed Manpower, Cambudge Harvard UnivcisityPress, 1971)

Pad

Table The combined faction of male colk ge graduates choos
ing scence, mathem itis and has hinged htt
since World War although the rclitive proportions of these

have changed somewhat (Hugh Folk Lhe Shortage of
and ngincers, Lexmyton, Heath Levington, 1970)

technical peopleping

University as Supplier

asignificant fect on the choice made among fieldsby those attending The fraction of collegegraduates opting for sacuce, mathematics, and cngi-necring has changed very little since World War II(Table 1) Hugh Folk has pomtcd out that the choiceof a broad field by students docs not appear to be af-fected by demand, which mflucnces only the choice ofluciative activities broad ficlds Changes insalanies and stipends affect the choices between spechitics, and de termme mm part whether o1 not students
opt for graduate cducation m spccial ficlds However,though those in science and engincermg have been
mostly supported by federal funds to unwversitics, the
proportion of scientists and engincers among all PhD'shas not appicaiably Apparcutl, the federalfunds merely permittcd the universities to redistributethen resources to a rapidly using social demand for
graduate education proportionately all ficlds of
knowledge Changes salanies and stipends affectedchoxcs toward and toward phy sics, for
example Figure 12 illustiates the relationslup betweenthe actual number of freshman enrollmeuts in engineering, year by-year, and the changed incenti es pre-dicted from salary changes.

Phe increase

There has been some shnft betw cen engineeringand mathematics, but, in any event, the rcsponse of thenew supply of technical people to economic factors
is sluggish and cychcal The ) early new supply of
raduate scientists, mathematicians, and engincersvaried from 33,000 to a high of 61,000 In reccnt

years, this new supply has been about equal to the
reported increase in new employment of scientists
and engineers, implying httle upgrading of peoplewho did not have a "certificate" as scicntists or en-
gineers

2 4 4

There has been great growth in the support of research
by the federal government, with byfar the largest share derived fiom the suppoit of bio-medical research in university medical schools and af

filated hospitals However, for the phy sical sciences,and cspecially engincering, the laigest shaie has de
rived from the Defense Depaitment, AEC, and NASATus support surely biased umversity activity awayfrom industrially related research, especially that con
nected with the less glamorous mdustrial problems

ky,
«s ap

The Practical Loss
While it 1s probably unpossible to assess all the ef-
fects of federal policy over the past several decades,
there are sevcral possibilities that appear reasonable
It seems icasonable to cvpect that, ten ycars o1 so after
a relative dechne techmcal activity, rts consequencesshould begin to be evident: For cvample, the rate of
inerease producti ity nught begm to dimmush
Although the dcpondence of productivity upon a wide

of otha: factors (the availability of capital, for
example) 1s accognized, eventually a reductioninvestment m techmical activity devoted to mdustuial
purposes should be reflected a decreased rate of



Table HW. Approximate proportions of national resources, at
market prices, devoted to research and development. For the
U.S, and Eanopean countries selected, the fists ey are averages
for 1959-1965, for Japan, the figures are for 1963, The data
appear to indicate a significant U.S, advantage in defense and
space rescarch and a rather lesser advantage in civilian-oriented
work. (Sources: I International Statistical Year for Ke-
search and Der pment A Study of Resources Devoted to R.
and D, in O.E.C.1, Member Countries in 1963/64, Vol. 2,
O.E.C.D,, Paris, 1968, other countries-Roretsky, ref. 6.)

Table If. The same information as in Table I, for
oriented work only, translated into cost-equivalent terms and
into full-time-equivalent technical man power. The last column

expresses cach national civilian research and development effort
(in cost-equivalent terms) as a proportion of that nation's G.N.P.,
also converted into cost-equivalent terms, A number of nations,
on this basis, have been making more intensive research efforts

during the early '60's, for civilian purposes, than has the U.S.
(after Boretsky )



provement in productivity. And, indeed, in the Jast few
years, productivity increases have declined (5).

There is another way in which we can deduce the
effects of the post-war research and development
policies. Borctsky (6) has compared the technical ac-
tivity of Europe and Japan with that of the United
States for the period 1959-65 (just following the rapid
growth of the United States effort). Table IL compares
the total research and development efforts for these
years as fractions of national G.N.P.'s at market prices,
for the United States, Japan and the major European
countries. The defense and space portion of the total
effort and the civilian effort are also included for com-
parison. Superficially at least, this table would indicate
a significant advantage of the United States for all
research and development, and a somewhat lesser
advantage in its "civilian-oriented" activity.

However, when research and development efforts are
translated into cost-cquivalent terms, and into the
number of scientists, engineers, and technicians em-

ployed (Table HI), the results are startling. The last
column in Table III expresses cost-equivalent ex-
penditures for research and development as fractions
of the G.N.P.'s, the latter converted to equal-purchas-
ing-power terms. When the comparison is thus made
on the basis of cost-equivalent expenditures, the
relative advantage of the United States investment in
civilian research and development disappears. Even
more significant, about 30 to 35 per cent more scien-
tists, engineers, and technicians were engaged in
civilian-oriented research and development in the

eight European countries studied than in the United
States. This group of countrics has a slightly greater
population than the United States, but a one-third
smaller G.N.P. When compared on this basis, the
relative effort in Europe was substantially greater than
that in the United States-the reason being, basically,
that the relative cost of research and development
personnel is less in Europe than in the United States.

Furthermore, there was no substantial investment
in defense and space research and development in any
of the European countries except the United Kingdom;
there was not a disproportionate rise in salaries, and
there was no marked displacement of scientists and en-

gineers from industrial to national projects. Although
European data for more recent years are not readily

available, it seems likely that-in view of the slow
growth of research activity in the United States relative
to other O.E.C.D, countries in these years-the dis-
parity is now even greater. As early as 1955, the number
of scientists and engineers engaged in non-space, non-
defense activity in Europe must have been higher than
in the United States.

A comparison between Japan and the United States is
even more depressing. During the 1959-65 period, the
Japanese spent a significantly larger portion of their
G.N.P., on an equivalency basis, for civilian research
and development than did the United States. With
one-half the United States population and one-fifth
the United States G.N.P., Japan employed 70 per
cent as many professional research and development
personnel in their civilian effort as did the United
States.

Spin-Off?
Many would argue that the analysis thus far has

neglected the indirect effects of the space and defense
research and development cfforts of the United States.
It is clear that the research and development that has
been supported by the government must have been
beneficial to at least some industrial activities. Further,
the government provided a market for sophisticated
technical goods, which no doubt stimulated research
and development activities which were transferable
to civilian products, But, granted that this indirect
effect of space and defense oriented work presumably
exists, the question is, how significant is it?

Boretsky analyzes this matter in what scems to be an
effective way. Consider the efforts of ten people en-

gaged in federal research and development; how
much effort aimed at a particular industrial objec-
tive, on the average, are these ten equivalent to?
Boretsky argues that their absolute maxiinum equiva-
lent is 3-1/3, and the minimum is perhaps one-half a

civilian researcher. In other words, 5 to 33 per cent of a

given amount of space and defense research and

development might be considered to be the "direct"
effect of that effort on the economy.

Assuming a "spin-off as high as 20 per cent (for both
Europe and the United States) a new measure of the
effective munber of scientists and engineers can he
derived. It tums out that the United States still lags



behind Europe and Japan on a comparative population
basis. In the specific field of nuclear technology not
related to military applications, Boretsky makes a more
startling comparison. He estimates that 50 per cent
more scientists, engincers, and technicians are involved
in this work in Europe than in the United States.

This disparity in technical effort, existing for more than
ten years, may have begun to be reflected in our trade
with Europe and with Japan. Consider the trade
balance in the technologically intensive products of
chemicals, machinery, electrical equipment, transporta-
tion equipment and instruments. In 1968, the United
States had a favorable balance of trade of these prod-
ucts with Europe of $1.5 billion. From 1962 to 1968,
however, the rate of growth of imports of these
products from Europe averaged 20 per cent, and the
rate of growth in their export from the United States
averaged only 9 per cent. During this same period,
the United State's trade balance with Japan in these

products turned from a $300 million surplus to a $500
million deficit. While United States imports from Japan
were growing at 32 per cent a year, United States
exports to Japan were increasing at only 7 per cent a

year.

If the trend continues, Boretsky estimates that by 1973,
in technologically intensive products alone, there will
be a trade deficit with Europe of almost $2 billion.
The situation with respect to Japan is even more
disturbing: he estimates that the United States "tech-
nological" trade deficit to Japan will be almost $5
billion by 1973.

It is clear, of course, that monctary factors and relative
labor cost factors are also important to trade balance
considerations. It is only in high-technology products
with rapid potential for growth (and in agriculture,
where the U.S. has long maintained a technological
lead) that the United States has had much of a poten-
tial advantage-and it is here (except in agriculture )
that we find the downturn.

Clearly, analysis of a matter as complicated as the rela-

tionship between technology, the economy, and social
welfare can never be complete, nor can conclusions
drawn from incomplete analysis ever be taken with
assurance. Nevertheless, it appears that in the United
States we have substantially undcr-invested in the

kinds of technical effort that are necessary for the im-
provement of our industria] output and the quality
of our life. In recent years this under-investment in
technology for civilian pursuits has been made substan-
tially greater as a result of the large commitment of
the United States to activitics related to defense and
space. The natural working of the economic system
which would in any case have led the industry to invest
too little in technical activities has been further
distorted because of the higher cost of research and
development resulting from the federal effort. Even in
the government scctor of research and development,
all the European countries and Japan spend more than
20 per cent of government research and development
for civilian purposes, whereas the United States spends
less than 6 per cent. Thus our competitors supplement
the industrial investment in research and developinent
for civilian purposes to a much greater degree than do
we.

The Choice of Strategies
We are now faced with a dilemma. There are 100,000
scientists and engineers out of work; there are large
unsatisfied social necds; we are suffering adverse
effects from our past uses of technology; and our
economic growth is faltering. At the same time, the
costs of education and of research and development
continue to rise, sustained apparently by the social
and political structure that we have set up.

Direct research and development investments by the
federal government whether for defense, space or
social welfare purposes will, if they are too large,
draw off technical activity which could be turned to
industrial improvement, just as Wwe experienced in the
1950's. Substantial increases in the availability of new
scientist and engineer graduates would eventually
lower their relative prices, but there would be a

period of costly and inhumane readjustment. On the
other hand, restrictive policies to discourage young
people cither from opting for technical education or
from continuing at university for advanced graduate
education are, of course, in the long term, self-defeat-
ing.

Like any complex public problem, this dilemma will.
not be resolved by any single public policy decision.

Addressing the social tasks directly, perhaps the most

important single action that is required isa substantial



increase in support for the improvement, both in qualityand efficiency, of those public services in which privateindustry plays only a small role. such as education and
the delivery of health care. Likewise, those sociallydesirable activities in which private incentives for
technical work are small or non-existent, such as the
fuprovement of living conditions in the cities and of
the safely of our transport system, require significantlyMereased support.

To simply spend cnough to re-employ unemployedscientists and cugincers by immediate federal researchand developinent funding in these social fields, is not
the answer, for we do not know enough about the

face great social obstacles ) encourage industry to playits own part. For the present, in these fields we mist
not only invest in research and development, but we
must devise ways of changing the structure of the
delivery systems of social services and of the educationof technical people, to facilitate the adoption and diffu-
sion of new techniques, A major effort of direct govern-ment support to meet these social needs is required.
A second inajor cflort would be the encouragement of
university rescarch related to improving industrial
productivity, to reducing the waste and pollution of
industry, and generally to problems associated with
the productivity, products, aud adverse effects of
industrial1 production. This federal support to univer-
sities would redrcss the present academic bias, es-
pecially in enginecriug, toward the kinds of work that
tend to improve our defense and space capabilitics.
In some way, also, government must underwrite in-
dustrial research and development itself, since the econ-
omy has always tended to under-invest in it, and its
present over-costliness results from past fedcral policies.This can be done cither directly by subsidy or indi-
rectly through tax rebates, The entire set of corporateand goverment policics that encourage potentially
high-export industries needs to be reviewed,

Whether a socicly effectively uses technology for pro-ductive and beneficial purposes depends upon a largenumber of factors. The supply of technically trained
people, the willingness to invest in them, the capitalnecessary to embody the technology in useful machinesand processes, the level of general education, the skillof the potential labor force, the economic and politicalstructure of the socicty, all play roles. The effective useof technology requires that a Jarge number of appro-priate conditions be met simultancously; a single
missing ingredient (for example, the absence of
available capital, or the necessary Management atti-
tudes) may completely halt cither technological inno-vation or the spread of technology within the society,
If we are to mect the social needs of our time and to
continue to provide the material needs of our popula-
industual and acadamic are sc qaaed.
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EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF SCIENCE AND TECHNOLOGY

WASHINGTON, D.C. 20506

August 20, 1971

Dear Mr. Olsen:

For your information, enclosed is a six volume report plus a Summary
on Technology Assessment Methodologies,

OST contracted for this effort with the Mitre Corporation last year, with
the objective to uncover the generic nature of the technology assessment
process, by using carefully selected complex problems to serve as case
studies, and by attempting to carry out an assessment in each area.

The case studies (pilot assessments) were the following: (1) Automotive
Emissions; (2) Industrial Enzymes; (3) Mariculture (sea farming), and
(4) Water-Domestic Wastes. The Mitre Corporation supplemented this
effort with a fifth study at their expense, covering the area of (5) Computers.

The solution or resolution of the obvious practical problems that these
pilot studies themselves posed was not the objective of the contract.

It is our hope that you will find the enclosed material useful.

Sincerely,

Gabor Strasser
Technical Assistant to the Director
Project Officer, Technology Assessment

Contract

Enclosures

Mr. Kenneth H. Olsen, President
Digital Equipment Corporation
Maynard, Massachusetts 01754
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EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF SCIENCE AND TECHNOLOGY

WASHINGTON, D.C. 20506

PRILEGED 18 September 1971

MEMORANDUM FOR DR. EDWARD E. DAVID, Jr.

From: Dr. Lawrence A, Goldmuntz

Subject: Domestic Council Study on New Technology

The Domestic Council study on new technology is defining opportunities

in eight broad areas. These are listed briefly below with a description

of the most important technological thrusts in each area to the extent

they have been identified as of this date.

). Transportation

Chairman: Dr. Robert Cannon

Deputy: Mr. Alfonso Linhares

The transportation study has identified three transportation goats and

the long- and short-term development programs that can achieve these

objectives.

(aj A short-term {achievable in five years) reduction in urban

congestion accomplished by demand -actuated traffic control in addition to

bus preference systems and coupled with a longer term program whose

feasibility should be apparent by 1976, to provide low cost widely distribu-

ted automatic personal transportation for urban densitics beyond the reach

of conventional mass transit.

(b) A concerted approach to provide a cleaner, quicter, safer

transportation, An expansion of the quict engine and airport noise

reduction programs; some development, training and implementation. of

technology that will reduce truck noise levels by 10 db; an expansion in

the high specific energy and specific power battery development program,

a technology devclopment program to reduce the cost of tunnel construction;

an improvement in emergency health services and highway safety programs

to further reduce deaths, injurics and economic losses from auto traffic

accidents; a program to reduce rail grade crossings; and finally, harbor

traffic control systems to reduce maritime accidents.

bayWinall Uae uly
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(c) An effort to increase the efficiency and productivity of.

the movement of people and goods. A major development and implem-
entation program to improve passenger and rail transportation on the
Eastern Scaboard in time for the 1976 bicentennial celebration and the
planning for extending these capabilities to a national rail system;
relief of impending congestion in the Northeast Corridor intercity high-

connectivity of the system; an expansion of the advanced aircraft
transport and engine technology program in the subsonic, supersonic
and hypersonic regimes; the expansion of VSTOL development to higher
capability, quieter vehicles to test the market potential by 1976; an
expansion of the development of tracked levitated vehicle systems to
establish their potential for high speed intercity travel by 1976; and

finally, the development of a nationwide cargo security system to reduce
pilferage losses.

way system by real time information systems and by improving the

The aircraft portions of this program, while imbedded in the three
objectives described above, will also be separately presented as a

program package which is primarily Cca NASA responsibility.

2. Communications for Social Needs

Two approaches toward developing the social experimenre ann naraware
technologies to demonstrate the application of improved communication
capabilities to the needs described below are being developed by the
Office of Telecommunications Policy and NASA under the chairmanship
of Walter Hinchman and Leonard Jaffe, respectively.

An alternative wired community and an interactive satellite system
capable of operation wilh augmented ground reccivers will provide the

basis for demonstrating the effectiveness of electronic mail service,
the delivery of health care to city centers and rural communities, the

delivery of social, educational and cultural services to rural and city
center communitics, and finally, the rapid dissemination of fingerprints
and other services to enhance the administration of justice.

3, Natural Resources

Chairman: Dr. Frank Clarke, Dept. of the Interior
Deputics: Dr. Lindsay D. Norman, Interior

Dr. William S. Butcher, OST
Mr. Donald F. Moore, NOAA
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The goals of this group are to provide technology opportunities to enhance
the economic development of the natural resources of the United States in
a manner that minimizes injury to the environment. Four major resources
areas are discussed: water, mineral, continental shelf, and forest
resources.

(a) In the water resources area an expansion of the desaliniza-
tion technology development and demonstration program seems indicated
if we are to meet the 1980 requirements in many portions of the country;
a new program to improve the consumptive cfficiency with which we use
irrigation water from 50% to 70% seems promising; (If successful, we will
have the remarkable result of providing for all municipal water require-
ments in the Southwest by the projected saving due to irrigation efficiency
in that region.) a program to integrate the management of a typical river
basin, the Susquehanna, taking into account all the separate activities of
the Department of the Interior, Department of Agriculture, Corps of
Engineers, Department of Transportation, and Environmental Protection
Agency, and State and local authorities; and the development of technolo-
gies applicable to the more complete recycling of waste water.

(b) The mincral resources program has several objectives:
io improve our aviliiy iv discuve mineral resources; the

extraction of resources from reserves that were previously economically
unattainable; technologies useful to develop mining procedures that would
be compatible with the environment; a program to improve the efficiency
of underground mining; and finally, various mineral processing technolo-
gies relating to the extraction of alumina from clays, the use of non-
magnetic taconite ores, and a way to produce synthetic rutile.

By

development of technologies that will permit wider, more economic and

environmentally sound exploitation of resources of the continental shelf.
The living resources on the continental shelf can be more efficiently
developed by mariculture experiments, more rapid surveying and

monitoring methods to permit the timely prediction of the distribution and

abundance of fish; and the development of an open sea stable platform to

test systems to culture fin fish and shellfish in the open sea. The non-

living resources of the continental shelf can be made more readily avail-
able by more extensive geophysical mapping of the resources area, by
developing the technology to exploit sand and gravel deposits in an

and by utilizing cool ocean water for power-

(c) The third element of the natural resource program is the

environmentally sound way;
plant cooling, and in some locations air conditioning and mariculture,
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(a) The ability of our national forests to provide an additional
two billion board feet may be developed if acrial logging techniques can
be developed to be economic for sparse lumbering of steeper slopes under
environmentally sound conditions.

4, Urban/Suburban Development

Chairman: Mr. Harold Finger, HUD

The economic preservation and development of the urban environment
requires the accomplishment of certain social experiments and the develop-
ment of some technologies. In the new technologics initiative program two
social experiments are being proposed: (1) an experiment to determine the
effectiveness of housing allowances as compared to housing subsidies;
(2) experimental techniques to preserve neighborhoods that might otherwise
be abandoned. A much enhanced program to understand urban development
as driven by basic demographic changes and as satisfied by a variety of
alternatives such as new cities, new cities within cities, or trend develop-
ment, will be undertaken to determine the social capabilities of these
various alternatives as well as their economic impacts; various policy
options to achieve desirable alternatives will also be explored. A hard

will have minimum environmental impact and improve natural resources
utilization. Initial cost studies have indicated that such an approach is
more economic than current techniques. The purpose of this program
will be to demonstrate that conjecture. This waste management system
is applicable to dwelling unit aggregates of 3,000 to 6, 000 units.

thattechnology effort is propuscu op an integrated utliity 2

5. Productivity

Chairman: Dr. Robert W. Cairns, Commerce

Major inputs are being prepared by the following working groups. How-

ever, it is too early at this time in the development of their work to

indicate which programs will survive. .

(a) Working group on the international competitive stature and

productivity of key industrics.

Chairman: Dr. Harold C. Passer, Commerce

: :



(b) Working group on technologies that are broadly supportive
of productivity improvement or that can establish international commer-
cial advantages,

Chairman: Dr. Lewis M. Branscomb, NBS

(c) Working group on the utility of State commerce extension
services to enhance the efficiency of industry.

Chairman: Mr. William T. Knox, Commerce

(a) Working group on deep ocean platforms, ship automation
and nuclear propulsion.

Chairman: Mr. Marvin Pitkin, MARAD

6. Health Care

Chairman: Dr. Merlin DuVal, HEW

This initiative consists of two major clements: one dealing with a program
ta enhance the nutritional quality of the supply through technoloyzy,
another dealing with technologies that can improve the efficiency with which

care, The nutrition program first attempts to define dietary adequacy and

them to assure adequate diets by devising standards for

nutrient fortification; the development of methods of processing, storing
and preparing foods to minimize nutritative losses; the devclopment of

staple and processed foods w'th higher nutricont levels.

we deliver health care and with expansion of the clientele that receives this

The health care delivery program is in an early stage of devclopment.

7. Technologyr for Mecting the Air Quality Standards Economically

Chairman; Dr. Stanley Greenfield, EPA

This program addresses a varicty of technological opportunities to attempt

to meet the air quality standards with greater efficiency and economy than

currently available. It consists of a proposed waste management pilot

plant to be located at one of the four Chicago incinerators that will demon-

strate the cconomy of existing technologies for the reclamation and

recycling of the metal, mincral, fiber and encrgy valucs of urban refuse,

:: :
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One of the purposes of a plant of this size would be to provide sufficient
output of the reclaimed metals, glass and fiber products to establish
their market value which in turn determines the economy of the overall
process. Another program will propose to exploit, with industry parti-
cipation, an advanced power cycle which will be a combined gas turbine/
steam turbine plant. Low cost high sulfur fucl is gasified. Hydrogen
sulphide is recovered and the ''clean" gas is then burned driving a gas
turbine whose exhaust gases provide the energy for a steam turbine. If
inlet blades of silicone nitride (or other matcrials) can tolerate a gas
temperature of 2500° Fahrenheit, a thermodynamic efficiency of 45% to

50% is predicted, Another clement of this program measures the

regional production and ventilation of pollutants to confirm certain analy-
tical models that have been developed. When confirmed, these models
could be used to locate large emission sources at such points in a region
to minimize their impact on the air quality. The last element in this

program relates to a series of efforts to improve our understanding of the

health disbenefits for various pollutant levels and the consideration of the

strategies which in some sense best counter these effects.

R. Protection from Natural Disasters

Chairman: Dr. John W. Townsend, NOAA

There are several major technology efforts in this program. (1) relating
to weather warning and modification; (2) relating to earthquake warning
and modification, and volcano, flood and landslide damage prediction;
(3) the application of technology to the carly detection and suppression of

forest fires; and (4) the development of technology and standards applicable
to community actions for disaster protection.

: : : : : :



Review of Technological Opportunities

PSAC or Consultant OST Staff

1. Transportation

(a) Reduction in urban traffic congestion Simon and Truxal Luenberger
(b) Cleaner, quieter, safer transportation u

Unconventional power supplies for
autos R. Gouse (with Simon) Moe (with Balzhiser)

(c) Increased transportation productivity
Northeast corridor improve-

ments Fitch Martin
Aircraft developments R. Miller Drew

2. Communications for social needs
-- Electronic mail service
-- Health care

Drew and Noll
Laster

3. Natural resources

(a) Water resources

River basin management L. Dworsky Butcher
(b) Mineral resources e &. Gillilend Balzhiser
(c) Continental shelf W. Nierer.berg Blake

Olsen
Smith

Educational and cultural service MaysTruxal

Water resources in agriculture CaldwellN. Brady

(d) Forest productivity N. Brady Caldwell



Urban/Suburban development
~- Housing and urban development

Integrated utility system
5. Productivity

(a) International competitiveness
(b) Technologies for productivity

improvement
(c) State commerce extension
(d) Ocean platforms, ship automation

Health care

-- Health care delivery
-- Nutrition

Air quality

Waste management pilot plant
-- Advanced power cycle
-- Regional modelling of pollutants
-- Health effects

Protection from natural disasters
-- Weather warning and modification,

including forest fire supervision
-- Earthquake warning
-- Standards for community action

PSAC or Consultant

Haggerty

Haggerty
tt

Buchsbaura

Smith
Bennett

Cairns
Tape
Friedman

W. KellogzF. Press
Simon

OST Staff
4,

LuenbergerMoynihan 'and

Gage

Coleman

L. Roddis

Neureiter.

Noll (with Beckler)
Beckler (with Luenberger)
McRae

6.

Laster
Caldwell

7.

Balzhiser
Weinhold
Blake
BurgerN. Nelson

8.

Blake

Blake (with Lannan)



October 12, 1971

NOTES ON ELECTRONIC MAIL *

| was very pleased with the enthusiasm and competitive spirit of the Postal Service.
Their proposal however sounds like they are committed to electronic mail and they
really should be committed to the best possible mail service. This means programs
and experiments to solve all of their problems.

Some version of electronic mail | would assume is inevitable, but it will take careful
'planning and careful experiments to demonstrate what form it will take. It will take
a great deal of discipline on the part of the users, and careful selling and introduction
to make sure that the results are acceptable.

When the problems of equipment to handle, read and produce on each end are solved,
they may, without electronic transmission, solve much of the Post Office's problem.

If electronic mail is readily accepted by the public, it might be that if the bulk of its
application is in the production of bills which would be largely local, there might be
no need for large transmission facilities.

The system might become easily saturated and therefore very unpopular because it
would be so easy to generate personalized junk mail,

If the costs of communications gets very low it would encoyrage competition, particularly
if the Post Office lost its monopoly position. With low line costs, a network system
like TELEX that presented facsimile or fast printing might take care of much of the
business mail.

The proposal seemed to ask for much technology development to avoid the need for
rational rate fixing. If each piece of mail was made to pay its fair share, it would
help solve many of the problems of the Post Office.

Kenneth H. Olsen

DIGITAL EQUIPMENT CORPORATION



October 12, 1971

NOTES ON ELECTRONIC MAIL

1 was very pleased with the enthusiasm and competitive spirit of the Postal Service.
Their proposal however sounds like they are committed to electronic mail and they
really should be committed to the best possible mail service. This means programs
and experiments to solve all of their problems.

Some version of electronic mail would assume is inevitable, but it will take careful
'planning and careful experiments to demonstrate what form it will take. It will take
a great deal of discipline on the part of the users, and careful selling and introduction
to make sure that the results are acceptable.

When the problems of equipment to handle, read and produce on each end are solved,
they may, without electronic transmission, solve much of the Post Office's problem.

If electronic mail is readily accepted by the public, it might be that if the bulk of its
application is in the production of bills which would be largely local, there might be
no need for large transmission facilities.

The system might become easily saturated and therefore very unpopular because it
would be so easy to generate personalized junk mail.

If the costs of communications gets very low it would encourage competition, particularly
if the Post Office lost its monopoly position, With low line costs, a network system
like TELEX that presented facsimile or fast printing might take care of much of the
business mail.

The proposal seemed to ask for much technology development to avoid the need for
rational rate fixing. If each piece of mail was made to pay its fair share, it would

help solve many of the problems of the Post Office.

Kenneth H. Olsen

DIGITAL EQUIPMENT CORPORATION



October 12, 1971

NOTES ON ELECTRONIC MAIL

| was very pleased with the enthusiasm and competitive spirit of the Postal Service.
Their proposal however sounds like they are committed to electronic mail and they
really should be committed to the best possible mail service. This means programs
and experiments to solve all of their problems,

Some version of electronic mail | would assume is inevitable, but it will take careful
'planning and careful experiments to demonstrate what form it will take. It will take
a great deal of discipline on the part of the users, and careful selling and introduction
to make sure that the results are acceptable.

When the problems of equipment to handle, read and produce on each end are solved,
they may, without electronic transmission, solve much of the Post Office's problem.

If electronic mail is readily accepted by the public, it might be that if the bulk of its
application is in the production of bills which would be largely local, there might be
no need for large transmission facilities.

The system might become easily saturated and therefore very unpopular because it
would be so easy to generate personalized junk mail,

If the costs of communications gets very low it would encourage competition, particularly
if the Post Office lost its monopoly position. With low line costs, a network system
like TELEX that presented facsimile or fast printing might take care of much of the
business mail,

The proposal seemed to ask for much technology development to avoid the need for

help solve many of the problems of the Post Office.
rational rate fixing. If each piece of mail was made to pay its fair share, It.would

Kenneth H. Olsen

DIGITAL EQUIPMENT CORPORATION



October 12, 1971

NOTES ON ELECTRONIC MAIL

| was very pleased with the enthusiasm and competitive spirit of the Postal Service.
Their proposal however sounds like they are committed to electronic mail and they
really should be committed to the best possible mail service. This means programs
and experiments to solve all of their problems.

Some version of electronic mail | would assume is inevitable, but it will take careful
'planning and careful experiments to demonstrate what form it will take. It will take
a great deal of discipline on the part of the users, and careful selling and introduction
to make sure that the results are acceptable.

When the problems of equipment to handle, read and produce on each end are solved,
they may, without electronic transmission, solve much of the Post Office's problem.

If electronic mail is readily accepted by the public, it might be that if the bulk of its
application is in the production of bills which woyld be largely local, there might be
no need for large transmission facilities.

The system might become easily saturated and therefore very unpopular because it
would be so easy to generate personalized junk mail,

If the costs of communications gets very low if would encourage competition, particularly
if the Post Office lost its monopoly position. With low line costs, a network system
like TELEX that presented facsimile or fast printing might take care of much of the
business mall.

The proposal seemed to ask for much technology development to avoid the need for
rational rate fixing. If each piece of mail was made to pay its fair share, it would
help solve many of the problems of the Post Office.

Kenneth H. Olsen

DIGITAL EQUIPMENT CORPORATION



October 12, 1971

NOTES ON ELECTRONIC MAIL

| was very pleased with the enthusiasm and competitive spirit of the Postal Service.
Their proposal however sounds like they are committed to electronic mail and they
really should be committed to the best possible mail service. This means programs
and experiments to solve all of their problems.

Some version of electronic mail | would assume is inevitable, but it will take careful
'planning and careful experiments to demonstrate what form it will take. It will take
a great deal of discipline on the part of the users, and careful selling and introduction
to make sure that the results are acceptable.

When the problems of equipment to handle, read and produce on each end are solved,
they may, without electronic transmission, solve much of the Post Office's problem.

If electronic mail is readily accepted by the public, it might be that if the bulk of its
application is in the production of bills which would be largely local, there might be
no need for large transmission facilities.

The system might become easily saturated and therefore very unpopular because it
would be so easy to generate personalized junk mail.

If the costs of communications gets very low it would encourage competition, particularly
if the Post Office lost its monopoly position. With low line costs, a network system
like TELEX that presented facsimile or fast printing might take care of much of the
business mail.

The proposal seemed to ask for much technelogy development to avoid the need for
rational rate fixing. If each piece of mail was made to pay its fair share, it would
help solve many of the problems of the Post Office.

Kenneth H. Olsen

DIGITAL EQUIPMENT CORPORATION



ADMINISTRATIVELY CONFIDENTIAL.
Basic Criteria for New Technology Initiatives Study

The study should apply these basic criteria to each technology project or
program before any increased funding is recommended to the President.

1, Importance: Project or program must relate (a) to a significant and
urgent national problem which is broadly recognized by the public, or (b)
to a significant opportunity for economic growth, increased exports, or
technological leadership.

2. Pay Off: The cost/benefit ratio must be favorable. What are the social
and economic benefits - including impact on balance of trade, productivity
and employment? What will be the distribution of benefits among different
industries and areas of the country?

3. Public Impact: Can visible progress be shown within a reasonable
period - including significant progress in planning and design by next summer?
A timetable must be provided by fiscal year for each phase of development:
planning, design, pilot, demonstration, etc.

4. Budget Impact: What are estimated long-term costs over next six years
or full systems cost?

5. Non-Federal Support: What is the feasibility and likely maximum extent
of cost sharing by industry? Can the project be achieved through steps short
of direct Federal funding: regulation or de-regulation, standard setting?

.6. Potential Problems: Are there potential institutional or economic
barriers to acceptance and implementation of the technology and how are
they to be overcome? Are there any undesirable side effects from the
technology and how are they to be dealt with?

7. Organization and Management: Assuming several programs or projects
meet the above criteria, what kind of organization (existing agencies, new

agency, or quasi-public corporation) should be created (if any) or redir ected
to carry out these programs?

September 1, and (2) a final report due the President November 15.
The study should have two phases: (1) an interim report cue the President

Dr. Edward David, the Director of the Office of Science and Technology and

the President's Science Adviser, will chair the sub-committee and John
Whitaker will have Domestic Council staff responsibility.

ADMINISTRATIVELY CONFIDENTIAL

RAN
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EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY
WASHINGTON, D.C. 20506

18 September 1971

MEMORANDUM FOR DR. EDWARD E, DAVID, Jr.

From: Dr. Lawrence A. Goldmuntz

Subject: Domestic Council Study on New Technology

The Domestic Council study on new technology is defining opportunities
in eight broad areas. These are listed briefly bclow with a description
of the most important technological thrusts in each area to the extent

they have been identified as of this date.

1. Transportation

Chairman: Dr. Robert Cannon
Deputy: Mr. Alfonso

The transportation study has identitied three transportation goals and

the long- and short-term development programs that can achieve these

objectives.

{a) A short-term (achievable in five years) reduction in urban

congestion accomplished by demand-actuated traffic control in addition to

bus preference systems and coupled with a longer term program whose

feasibility should be apparent by 1976, to provide low cost widely distribu-

ted automatic personal transportation for urban densities beyond the reach

of conventional mass transit.

transportation. An expansion of the quiet engine and airport noise

reduction programs; some development, training and implementation of

technology that will reduce truck noise levels by 10 db; an expansion in

the high specific energy and specific power battery development program,

a technology development program to reduce the cost of tunnel construchion;

an improvement in emergency health services and highway safety proprems

to further reduce deaths, injuries and economic losses from aulo traffic

accidents; a program to reduce rail grade crossings; and finally, harbor

traffic contro] systems to reduce maritime accidents,

(b) A concerted approach to }- ovide: a leaner4

n Ad
:
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(c) An effort to increase the efficiency and productivity of
the movement of people and goods. A major development and implem-
entation program to improve passenger and rail transportation on the
Eastern Scaboard n time for the 1976 bicentennial celebration and the
planning for extending these capabilitics to a national rail system;
relicf of impending congestion in the Northeast Corridor intercity high-
way system by real time information systems and by improving the
connectivity of the system; an expansion of the advanced aircraft
transport and engine technology program in the subsonic, supersonic
and hypersonic regimes; the expansion of VSTOL development to higher
capability, quieter vchicles to test the market potential by 1976; an
expansion of the development of tracked levitated vehicle systems to
establish their potential for high speed intercity travel by 1976; and
finally, the development of a nationwide cargo security system to reduce
pilferage losses.

The aircraft portions of this program, while imbedded in the three
objectives described above, will also be separately presented as a

program package which is primarily a NASA responsibility.

2. Communications for Social Needs

Two approaches toward developing the social experimenrs ana naraware
technologies to demonstrate the application of improved communication
capabilities to the needs described below are being developed by the
Office of czTelecommunications Policy and NASA under the chairmanship
of Walter Hinchman and Leonard Jaffe, respectively.

An alternative wired community and an interactive satellite system

basis for demonstrating the effectiveness of electronic mail service,
the delivery of health care to city centers and rural communities, the

delivery of social, educational and cultural services to rural and city
center communitics, and finally, the rapid disscmination of fingerprints
and other services to enhance the administration of justice.

thecapable of opcration with auginented groun receivers

3, Natural Resources

Chairman: Dr. Frank Clarke, Dept. of the Interior
Deputics: Dr, Lindsay D. Noriman, Interior

Dr. William S. Butcher, OST
Mr. Donald F. Moore, NOAA
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The goals of this group are to provide technology opportunities to enhance
the economic development of the natural resources of the United States in
a manner that minimizes injury to the environment. Four major resources
areas are discussed: water, mineral, continental shelf, and forest
resources,

(a) In the water resources area an expansion of the desaliniza-
tion technology development and demonstration program seems indicated
if we are to mect the 1980 requirements in many portions of the country;
a new program to improve the consumptive cfficiency with which we use
irrigation water from 50% to 70% seems promising; (If successful, we will
have the remarkable result of providing for all municipal water require -

ments in the Southwest by the projected saving duc to irrigation efficiency
in that region.) a program to integrate the management of a typical river
basin, the Susquehanna, taking into account all the separate activities of
the Department of the Interior, Department of Agriculture, Corps of
Engineers, Department of Transportation, and Environmental Protection
Agency, and State and local authorities; and the development of technolo-
gies applicable to the more complete recycling of waste water.

(b) The mincral resources program has several objectives:
tO improve our avilily tv discuves mineral resources; the

extraction of resources from reserves that were previously economically
unattainable; technologies uscful to develop mining procedures that would
be compatible with the environment; a program to proveimprove the efficiency
of underground mining; and finally, various mineral processing technolo-
gics relating to the extraction of alumina from clays, the use of non-
magnetic taconite ores, and a way to produce synthetic rutile.

(c) The third element of the natural resource program is the
dévelopment of technologies that will permit wider, more economic and
environmentally sound exploitation of resources of the continental shelf.
The living resources on the continental shelf can be more efficiently
developed by mariculture experiments, more rapid surveying and
monitoring methods to permit the timely prediction of the distribution and
abundance of fish; and the development of an open sea stable platform to
test systems to culture fin fish and shellfish in the open sea. The non-
living resources of the continental shelf can be made more readily avail-
able by more extensive geophysical mapping of the resources area, by
developing the technology to exploit sand and gravel deposits in an

environmentally sound way; and by utilizing cool ocean water for power-
plant cooling, and in some Jocations air conditioning and mariculture,
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(d) The ability of our national forests to provide an additional
two billion board feet may be developed if acrial logging techniques can
be developed to be cconomic for sparse lumbcring of steeper slopes under

environmentally sound conditions,

4, Urban/Suburban Development

Chairman: Mr. Harold Finger, HUD

The economic preservation and development of the urban environment

requires the accomplishment of certain social experiments and the develop-
ment of some technologies. In the new technologies initiative program two

social experiments are being proposed: (1) an experiment to determine the

effectiveness of housing allowances as compared to housing subsidics;
(2) experimental techniques to preserve neighborhoods that might otherwise
be abandoned. A much enhanced program to understand urban development
as driven by basic demographic changes and as satisfied by a varicty of

alternatives such as new cities, new citics within cities, or trend develop-
ment, will be undertaken to determine the social capabilities of these

various alternatives as well as theiz economic impacts; various policy

thatoptions to achieve desirable alternatives will also be explored. A hard

technology ffort is uu an integrate
will have minimum environmental impact and improve natural resources

utilization. Initial cost studics have indicated that such an approach is

more cconomic than current techniques. The purpose of this prograrn
will be to demonstrate that conjecture. This waste management system
is applicable to dwelling unit aggregates of 3,000 to 6,000 units.

5. Productivity

Chairman: Dr. Robert W. Cairns, Commerce

Major inputs are being prepared by the following working groups. How-

ever, it is too carly at this time in the development of their work to

indicate which programs will survive.

(a) Working group on the international competitive stature and

productivity of key industries.

Chairman: Dr. Harold . Passer, Commerce
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(b) Working group on technologies that are broadly supportive
of productivity improvement or that can establish international commer-
cial advantages,

Chairman: Dr, Lewis M. Branscomb, NBS

(c) Working group on the utility of State commerce cxtension
services to cnhance the cfficiency of industry.

Chairman: Mr. William T. Knox, Commerce

(d) Working group on deep ocean platforms, ship automation
and nuclear propulsion.

Chairman: Mr. Marvin Pitkin, MARAD

6. Health Care

Chairman: Dr. Merlin DuVal, HEW

This initiative consists of two major elements: one dealing with a program
ta ennance the nutritional ouaiity of the Touu supply through technoiozy,
another dealing with technologies that can improve the efficiency with which

we deliver health care and with expansion of the clientele that receives this

care. The nutrition program first attempts to define dietary adequacy and

then develops techniques to assure adequate diets by devising standards for

nutrient fortification; the development of methods of processing, storing
and preparing foods to minimize nutritative losses; the development of

staple and processed foods wth higher nutrient levels.

The health care delivery program is in an carly stage of development.

7. Technology for Mecting the Air Quality Standards Economically

Chairman: Dr. Stanley Greenfield, EPA

This program addresses a varicty of technological opportunities to attempt

to mect the air quality standards with greater efficiency and economy than

currently available. It consists of a proposcd waste management piJot

plant to be located at one of the four Chicago incinerators that will demon-

strate the economy of existing technologics for the reclamation and

recycling of the metal, mineral, fibcr and energy valucs of urban refuse.
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One of the purposes of a plant of this size would be to provide sufficient

output of the reclaimed metals, glass and fiber products to establish
their market value which in turn determines the economy of the overall

process, Another program will propose to exploit, with industry parti-
cipation, an advanced power cycle which will be a combined gas turbine/
steam turbine plant. Low cost high sulfur fucl is gasified. Hydrogen

sulphide is recovered and the "clean" gas is then burned driving a gas
turbine whose exhaust gases provide the energy for a steam turbine. If

inlet blades of silicone nitride (or other matcrials) can tolerate a gas

temperature of 2500° Fahrenheit, a thermodynamic efficiency of 45% to

50% is predicted, Another element of this program measures the

regional production and ventilation of pollutants to confirm certain analy -

tical models that have been developed. When confirmed, these models

could be used to locate large emission sources at such points in a region

to minimize their impact on the air quality. The last clement in this

program relates to a serics of cfforts to improve our understanding of the

health disbencfits for various pollutant levels and the consideration of the

strategics which in some sense best counter these effects,

R. Protection from Natural Disasters

Chairman: Dr. John W. Townsend, NOAA

There are several major technology efforts in this program. (1) relating

to weather warning and modification; (2) rclating to ea rthquake warning

and modification, and volcano, flood and landslide damage prediction,

(3) the application of technology to the carly detection and suppression of

forest fires; and (4) the development of technology and standards applicable

to community actions for disaster protection,



October 12, 1971

NOTES ON ELECTRONIC MAIL

| was very pleased with the enthusiasm and competitive spirit of the Postal Service.
Their proposal however sounds like they are committed to electronic mail and they
really should be committed to the best possible mail service. This means programs
and experiments to solve all of their problems.

Some version of electronic mail | would assume is inevitable, but it will take careful
planning and careful experiments to demonstrate what form it will take. It will take
a great deal of discipline on the part of the users, and careful selling and introduction
to make sure that the results are acceptable.

When the problems of equipment to handle, read and produce on each end are solved,
they may, without electronic transmission, solve much of the Post Office's problem.

If electronic mail is readily accepted by the public, it might be that if the bulk of its
application is in the production of bills which would be largely local, there might be
no need for large transmission facilities.

The system might become easily saturated and therefore very unpopular because it
would be so easy to generate personalized junk mail.

If the costs of communications gets very low it would encourage competition, particularly
if the Post Office lost its monopoly position. With low line costs, a network system
like TELEX that presented facsimile or fast printing might take care of much of the
business mail.

The proposal seemed to ask for much technology development to avoid the need for
rational rate fixing. If each piece of mail was made to pay its fair share, it would

help solve many of the problems of the Post Office.

Kenneth H. Olsen

DIGITAL EQUIPMENT CORPORATION
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FURTHER THOUGHTS ON TECHNOLOGICAL INITIATIVES

Society made some unbelievable organizational mistakes when computers came along.
People concluded that the organizations responsible for certain activities, whether
they be in the government, in business or in the local high schools, were not competent
enough to use computers so they used experts to run the computers. With two groups
sharing responsibility, no one could be blamed for failure and no one could fix the
problems.

Five years ago, if the local high school consistently fouled up its schedules, they
would have fired the administration. For the last four years the schedules have been
unbelievably fouled up. Year after year everyone blames the computers and the software.
The administration has no responsibility because the school board hired experts from the
outside to do the job and the experts, of course, have very limited responsibility. This
also goes on in the organization which | run and in almost every organization with which
| have any contact.

We now have a wonderful new opportunity to do the same thing with communications.
It is clear that HUD is not technically competent to use modern communications to solve
their problems, so if we impose new communications experts on them they can have an
excuse for failing in their commission and they can blame it on the communications
software.

The only dehumanizing result of computers that will admit to is where responsibility
and authority for the solution of a problem is taken away from the only group commissioned
to find a solution and given to someone else who runs the computer. We can further
destroy this authority and responsibility by taking away the control of communications
and giving that to an expert.

Every experiment should be considered an experiment with a predetermined checkpoint

to call something an experiment, but make a commitment to go on indefinitely.
be made. It is misleadingd an algorithm on which the decision to continue or stop

Kenneth H. Olsen

DIGITAL EQUIPMENT CORPORATION
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metre, PS-anch stimulus traverses, whereas
the current: study has inch as a maximuin.
Therefore, our best guess as to the basis for
the presence of a minimum Weber rata con-
cins the length of stimulus traverse, probably
as it influences duraten of exposure regard-
less of mode of exposure, Data are availabie
from a pilot subiect which support this con-
jecture, in that Weber ratios were decreased
by approaimately half in going from 0.4 to
06 second of isechtenal stimulus rate duratisn,

11. Two cscilloscopes (Tektronix model 535 and
Hewlett-Packard mode! 130-A) were used to
present identical, eectronically generated
stimu': to the two subjects simultaneously.
Both oscilloscopes were fitted with Ptt 5-inch
cathode ray tubes having relatively short per-
sistence traces. Each ascilloscope's tube face
illumination was adjusted to a low level of

brightness (0.0057 millilamberts) and supplied
the omy ambient illumination in' the other.
wee dark subjects' cubicle. The spot-stunu.us
was QU) inch in diameter, and 0.029 mildiam-
berts in brughtness.

12. G. von Békésy, Sensory Inhibition (Prince-
ton Univ. Press, Princeton, 1967), pp.
134,

Bi. Seme unusual masking phenomena may be
representative of these nontinearities; sec, for
example, D. N, Robinson, J. Opt, Soc, Am.
§8, 2 (1968); E. Donchin and D. B. Lindsley,
Viston Res, §, No. 1/2 (1955), Stevens [Science
170, 1043 (1970)] offers valuable comment on
re ceptual nonhnearities and central process-
ing.

14. See R. S. Woodworth and H. Schlosberg,
Experimental Psychology (Holt, New York,
1954), p. 270.

1S. A thcugh the precise values of the thresholds
cbtained might differ under contracting condi-
tions for the line (as well as for the circle),
and for point movement from right to left
instead. of from left to right, we have no
substantial reason to believe that the order-
ing of thresholds reported here would be
altered,

The Scientific Advisory System:
Some Observations

This system has little effect on the broad
technical decision made in Washington.

Since World War II, scientists and
engineers have been going to Washing-
ton in increasing numbers to help the
government make decisions on techni-
cal questions. These questions concern
every aspect of our technological soci-
ety nuclear weapons, missiles, space
travel, cancer research, pesticides, and
mental health. Some scientists and en-
gineers go for 1 or 2 days a month;
others take a leave of absence from
their institutions or corporations and
spend several years in Washington.
Some serve on committees attached to
the executive branch of the govern-
ment; others serve through semigov-
ernmental institutions like the National
Academy of Sciences. A few work
with the Congress. All of these scien-
tists and engineers, the committees they
serve on, and the positions they hold

The author is prefessor cf physics at the Stan-
ford Linear Accelerator Center, Stanford Uni-
versity, Stanford, California 94305,
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Martin L. Perl

in Washington together constitute the
scientific advisory systzm (1). This
article is about that system, or more
precisely, about a paradox connected
with that system.
The paradox is easily presented.

Most people will agree that the United
States is besieged with perilous techno-
logical problems--how to stop the arms
race and bring about nuclear disarma-
ment, how to stop the techrological
destruction of the natural environment,
how to raise the standard of living, or
at least prevent mass starvation, in the
poor countries. Most people will also
agree that these problems have become
much more severe in the last two dec-
ades. But in these same two decades,
the United States has received enor-
mous amounts of scientific and tech-
nical information and advice from the
scientists and engineers of this country.
This information is almost always tech-
nically correct and thorough; it is al-

{6 A 400 hertz was used 1 n conjune-
tion with PRO0GIW ROA electro.uminescent
panels, cropped to by 2 inches, to generate
stimuli of varying Juminance, A dimly
ate] fixation cross, etched on a P exigias
Pate, was centered on cach panel, bor the
three standards, the maximum driving vo.tages
were 120, 246, and 600 volts, respectively,

17.8, H. Bartley, in Mandhbook of
Psychology, S$. S. Stevens, Ed. (Wiley, New
York, 1951), p. 945,

18. Averages were obtained by dividing the final
luminance Jess the initial Juminance (0.191
mi hlamberts) by 0.6 second.

19, R. D. L. Filion, thesis, Princeton University
(193).

20. S. S, Stevens. Science 170, 1043 (1970).
21, W. A. H. Rushton, in Sensory Communica-

tion, W. A. Rosenblith, Ed. (M.I.T. Press,
Cambridge, Mass., 1961), p. 176.

22. Supported by U.S. Air Force Office of Screnti-
fic Research contract AF 49 (638)-1258. We
are g-ateful to S. C. Fowler, C, E. Sherrick,
and D. Weitzman for their comments on the
manuscript. Dr. Fowler, who currenty shares
the senicr author's laboratory, was especially
generous with his time.
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most always given with the intention of
solving or mitigating the problems
sketched above. The paradox is simply
this: How have we gotten into so
much technological trouble while get-
ting so much well-intentioned and cor-
rect technological advice?
A broad analysis of this paradox

might require a study of the relation-
ship between the scientific advisory
system and the "technostructures" pos-
tulated by Galbraith (2). Or one might
examine whether the advisory system
is an example of the "techniques"
that Jacques Ellul (3) believes are the
essence of our technological society.
However, I restrict my analysis to a
discussion of the role played by the
advisory system in the technical deci-
sion-making processes in Washington,
In addition, I do not attempt to pre-
sent a complete description and evalua-
tion of the scientific advisory system,
nor do I discuss the role of the scien-
tific advisory system in the larger de-
cisions on military technology.
Few people realize the size and com-

plexity of the scientific advisory sys-
tem, and I know of no complete study
of the magnitude and structure of this
system. Therefore, I refer here to a
recent, but not exhaustive, study (4)
that was carried out by a group of
Stanford graduates and undergraduates,
for whom I was faculty adviser. The
study notes that the Executive Office of
the President has advisory committees
that involve several hundred promi-
nent scientists and engineers. The best
known of these committees ts the Pres-

:

ident's Science Advisory Committec.
Outside the Executive Office of the
President, but inside the executive
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branch of the government, is a much
larger advisory apparatus, This appa-
ratus consists of thousands of scientists
and engineers who serve on hundreds
of committees, as well as in' various
temporary positions. Primarily, they
advise the Department of Defense and
other departments concerned with sci-
entific, technical, or medical questions.

Semipublic institutions also pro-
vide a great deal of advice to the
executive branch. For example, the
National Academy of Sciences and
the National Academy of Engineering,
through the National Research Coun-
cil, supervise the work of about 500
committees involving 7000 engineers
and scientists, Other large sources of
advice are the "think tanks." The Rand
Corporation advises the Air Force, the
Research Analysis Corporation advises
the Army, the Center for Naval Anal-
ysis advises the Navy, and the Institute
for Defense Analysis advises the entire
Department of Defense. Taken to-
gether, these public and semipublic ad-
visory groups involve more than 15,000
or 20,000 individual scientists and
engineers.

On the other hand, very little scien-
tific advice is given to Congress. Some
technical information and advice is ob-
tained through panels or committees
attached to congressional legislative
committees, and a few individual con-
gressmen, particularly senators, receive
some unofficial advice and information.
Finally, the Science Policy Research
Division and the Environmental Policy
Division of the Legislative Reference
Service provide reports and summaries
on technical questions. But the total
amount of scientific and technical in-
formation and advice given to Con-
gress is very small compared to that
given to the executive branch.

The Scientific Establishment

There is a large overlap between
the scientists who lead the advisory
system and the scientists who belong
to what has been called by a sympa-
thetic observer (5) the "'scientific estab-
lishment." The scientific establishment
comprises most of the prominent sci-
entists and research engincers in the
United States. Many of these individ-
uals are deeply involved in science ad-
ministration and in the making of
science policy, both public and private.
But usually their prominence has been
attained through research rather than
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through administration or teaching.
The scientific establishment has five
functions or attributes.

1) Many members of the establish-
ment are the heads of professional
societies, the heads of university or
industrial Jaboratories, and the chair-
men of university science departments.
Many are or have been university
deans and presidents. Thus, the mem-
bers of the establishment tend to be
the administrators of the worlds of
scientific and engineering research and
education. *

2) Members of the establishment
represent their professions, institutions,
and organizations before the federal
government in requesting funds for
research and education.
3) In the eyes of the press and the

public, the establishment represents
science and advanced technology. It
is the members of the establishment
who are most often interviewed and
quoted. This comes about in part from
their accomplishments and in part from
their administrative positions.
4) Members of the establishment

are the models for young scientists
and engineers interested in research.
5) The establishment tends to guide

the diretions that research takes. This
promotes the classification of a re-
search subject as fashionable or un-
fashionable, This is a useful function
in that it encourages researchers to
leave unproductive fields, but it can
also create difficulties for iconoclasts.
The scientific establishment is by

no means a closed or fixed group. Not
all eminent scientists and engineers
are in the group, and individuals move
in and out of the group as their atti-
tudes and interests change. It should
also be recognized that the establish-
ment is not always united on issues-
particularly on the allocations of funds
for research.

Evaluating the Advisory System

I am mainly concerned with evalu-
ating what I call the specific effective-
ness of the scientific advisory system.
Specific effectiveness is the measure of
how well the system carries out its
specific functions in the government.
As I have already indicated, these
functions are set almost entirely by
the executive branch and are carried
out almost entirely for the executive
branch. One specific function is the
gathering of information and the pres-

entation of recommendations on lim-
ited, purely technica] problems. Thus,
an advisory committee might be in-
structed to determine if a newly dis-
covered physical phenomenon could
be used to detect submarines. Another
specific function is an advisory com-
mittee's being asked to recommend a
general governmental policy on a tech-
nical issue, for example pesticides.
I am also concerned with the gen-

eral effectiveness of the scientific ad-
visory system. By general effectiveness
I mean the total and overall effective-
ness of the advisory system in relation
to the general processes of making
technical decisions. In this country,
technical decisions, like other govern-
mental policy decisions, are arrived at
through a complicated process. For-
mally, the process involves the execu-
tive branch and the Congress, but in
reality much more is involved. Before
a decision is made, the question may
be argued in the press and by the pub-
lic. The question may become an im-
portant issue in political campaigns
for elective office. State and local gov-
ermments may become involved and
take the lead in making a decision, or
they may impede a decision. Often the
crucial decision is made in the courts,
and only later does Congress extend it
in the form of legislation. This is by
no means a linear process, and most
issues have to pass through it several
times before they are resolved. This
totality, then, comprises" the processes
by which decisions, acluding technical
decisions, are made in this country.
By examining the relationships of the
scientific advisoryysystem to these proc-
esses, One caf determine the general
effectiveness of the advisory system.
An evaluation of the scientific ad-

visory system is greatly impeded by
the configentiality of the advising proc-
ess. The advice given to a government
official or to a governmental agency
is almost always received under the
condition that it may be kept confi-
dential by the official or agency. That
is, the advice need not be released to
the press, to the public, to Congress,
or even to other parts of the executive
branch, Large numbers of advisory
reports are made public; but, unfor-
tunately, it is just those reports which
concern the most controversial and
the most important technical questions
that are often never made public, or
only after long delay. This is unfor-
tunate, not only for those who wish to
study the advisory system, but, more

:
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important, for the process of making
techsical decisions in a democracy,
The largest portion of the work of the

scientific advisory system is devoted to
limited technical questions. "How does
method A for water desalination come
pare in energy requirements to method
B?" "How does missile guidance system
A compare in reliability to missile guid-
ance system B?" It is with these limited
technical questions that the advisory
system is most successful. This success
results from the competency of the ad-
visers and from the great amount of
effort that is applied to these problems.
Thus, the advisory system ranks high in
specific effectiveness, with respect to
limited techriical questions.
But suppose the questions are not

limited and are not purely technical.
Suppose that another specific function
of the advisory system, the recommen-
dation of general technical policies, is
involved. Or suppose that the technical
decision has public policy, economic, or
ideological implications. Such questions
I shall call broad technical questions.
These broad, technical questions severe-
ly test the specific effectiveness of the
scientific advisory system.

Environmental Questions

The Stanford Workshop (4) stud'ed
six broad, technical questions related
to the environment and public health:
the supersonic transport (SST), cycla-
mates, the safety of commercial nuclear
power plants, the safety of underground
nuclear tests, pesticide regulation, and
herbicide use in Vietnam. On broad
technical questions, the work of the ad-
visory committees may be divided into
three parts. First, the committee studies
the technical and scientific aspects of
the question. Here, as in limited tech-
nical questions, the committee generally
exhibits high effectiveness.
The second part of the committee's

work is usually the development of a
program for further study and research.
In this, the local effectiveness of the
advisory system seems to be reasonable
but not high. For example, the 1963
report of the President's Science Com-
mittee, entitled Use of Pesticides (6),
recommended an extensive research
program to study the safety of pesti-
cides. Many of those research recom-
mendations appear to have been carried
out. On the other hand, the govern-
ment rejected an advisory committee
recommendation that additional study
24 SEPTEMBER 1971

be devoted to the safety of some types
of commercial nuclear reactors before
those reactors were licensed for use (4).

The third part of the advisory com-
mittee's work on broad technical issues
usually involves recommendations that
certain technical policies be adopted by
the executive branch. Use of Pesticides
recommended that there be an "orderly
reduction in the use of persistent pesti-
cides" and that, as a "first step," the
government "restrict wide-scale use of
persistent pesticides [such as DDT] ex-
cept for the necessary control of dis-
ease vectors." With respect to such
policy recommendations, which I call
action recommendations, the effective-
ness of the advisory system is low. The
executive branch will usually ignore the
policy recommendation of the advisory
committee if (i) the recommendation is
contrary to existing policies of the ex-
ecutive branch, (ii) the adoption of the
policy would expose the Administration
to congressional or electoral difficulties,
or (tii) there are strong pressures from
special interest groups that are opposed
to the new policy. These pressures may
often be traced to industries, Jabor
unions, or municipalities, which thmk
their economic well-being depends upon
the continuation of the existing policy.
In some cases, such as those related to
atomic energy, the recommendations
of the advisory committee may also
be opposed by strong technological in-
terests within the government itself.
As an illustration of the failure of an
action recommendation, consider the-
1963 recommendation that the wide-
spread use of DDT be drastically re-
duced: this "first step" has yet to be
completed in 1971. Its beginning is the
result of 8 years of public pressure and
of litigation by environmental and con-
sumer groups.
As another illustration of the fate of

action recommendations, consider the
SST (7). In the beginning of 1969, as
the controversy over the SST began to
increase, President Nixon appointed an
advisory committee to study the issue.
This was a rather high-level committee,
involving the undersecretaries of many
federal departments. The committee and
its subcommittees were charged with
studying not only the technological and
environmental aspects of the SST, but
also the economic, balance of payment,
and international aspects. The appoint-
ment of the committee was attended by
much publicity that emphasized the
Administration's concern with the prob-
lem. In March 1969, the committee

presented a report that was almost en-
tirely unfavorable to the SST. Lee
DuBridge, a committee member and the
President's science adviser, wrote (8):
Granted that this [the SST] is an excit-

ing technological development, it still
seems best to me to avoid the serious en-
vironmental and nuisance problems and
the Government should not be subsidizinga device which has neither commercial
attractiveness nor public acceptance.

In spite of this strong disapproval,
the President and his Administration
continued to support the SST fully and
enthusiastically. To prevent the Teport
from being used by the opponents of
the SST, it was kept confidential, even
though there is nothing in it having to
do with national security or military
matters. Not even Congress, which had
to decide on future SST appropriations,
was allowed to see it. Only in October
1969 was Representative S. R. Yates
(D-Iil.) able to obtain partial release of
the report.
It is reasonable to require, as one of

the tests of the specific effectiveness of
the scientific advisory system, that the
exeeutive branch be fairly responsive
to the policy recommendations of its
advisory committees. Furthermore, the
erucial test is its responsiveness to
action recommendations. By this test,
the advisory system has substantially
failed on broad technica1 issues.

:
:

:

:

:

Failure on Broad Technical Issues

While some observers will agree with
me that the scientiflg advisory system
has not done well on broad technical
issues, they argue that the advisory sys-
tem has accomplished all that could be
done, These supporters point out that
there are immense political, economic,
and ideological pressures that prevent
rational decisions on the environment
and public health. However, other
groups have made progress against these
pressures. For example, there is a strong
environmental and consumer protection
movement in this country. The origi-
nators and leaders of this movement
are people like Rachel Carson and
Ralph Nader, not members of any
strong self-interest group. While there
are scientists and engineers in this
movement, few of them are members
of the scientific establishment. Thus,
we are still faced with the question of
why the advisory system, with its large
membership, its great technical and
scientific competence, and its prominent



men, has not been more successful on
the broad technical issues.

There are a number of reasons for
the system's lack of specific cfTective-
ness on these issues,

1) The many functions of the scien-
tific establishment, The functions and
attributes of the scientific establishment
severely limit the influence of the ad-
visory system. In a democratic coun-
try such as ours, important decisions
are not made through a set procedure
of debates and position papers, but
through a long and messy process. The
scientific establishment, because of its
functions of representing and protecting.
research and technical education, is
reluctant to take part in much of this
process. Usually its members enter the
decision-making process through the
advisory system at only one point
when the Administration is considering
a technical issue. For this reason, the
influence of members of the scientific
establishment is easily negated. The
withholding of reports from the public
is just one aspect of that process of
negation.
2) Confidentiality and legitimization.

I have emphasized that the information
and advice provided by the advisory
system can be declared confidential by
the official or agency that receives it,
and that it is up to the official or agency
to release the information. Although
every government official is certainly
entitled to some completely private and
permanently confidential advice, the
problem is that the use of confidentiality
is so widespread that very often the
only technical reports available on the
subject are declared confidential. In
that case, the press, the public, and the
Congress are left with very incomplete
technical information. Thus, on techni-
cal issues, the decision-making process
is seriously impeded and, in many
cases, the system of checks and bal-
ances nullified.
There is another aspect to the confi-

dentiality of the advice given by the
advisory system. The press, the well-
informed citizen, and the Congress know
that the executive branch obtains vast
amounts of correct technical informa-
tion and advice. They know that this
advice comes from the best and most
prominent scientists and engineers in
the country. The final technical policy
decisions made by the executive branch
become associated with this knowledge.
One thinks cither that the technical
advice has been followed or that it has
been seriously considered and then
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overridden by other, more serious and
more profeund considerations. Thus
the scientific advisory system, as pres-
ently constituted, provides a facade of
prestige which tends to legitimize all
technical decisions made by the Presi-
dent.
The exccutive branch is well aware

of the legitimizing effect of the advisory
system. For example, public concern
about a technical issue can often be
mollified by appointing a committee to
study the issue in detail. There is often
the hope that, by the time the report
appears, public pressure will have de-
creased. Indeed, this technique extends
far outside the sphere of technical
issues. If the report appears and is
favorable to the policies of the execu-
tive branch, it can be released with
much publicity. Otherwise, the principle
of confidentiality can be imposed. Even
an unfavorable report can be used by
releasing not the report itself, but a
distorted summary of it. Just such a
maneuver was used (4) with the un-
favorable report on the SST.
The legitimizing aspect of the ad-

visory system is eliminated only when
some members of the system directly or
indirectly disregard the principle of con-
fidentiality, for example in testimony
before Congress on the antiballistic mis-
sile and the SST. However, such actions
are still rare.
3) Socialization in Washington. The

basic way to get something done in the
executive branch is to work from the
inside. This means that one must be
practical and hardheaded. One must
work for small gains and progress in
small steps. For the adviser it is a Slow
process, with respect to both his in-
fluence and his achievements. The ad-
viser works first in less important com-
mittees on more restricted issues. As
he demonstrates his ability, his relia-
bility, and his reasonableness, he pro-
gresses to more important committees
and to more important issues. But when
he finally achieves a position of in-
fluence, his freedom to act is quite
limited. This limitation comes not from
any rules, but from the methods he
learned while working with the execu-
tive branch. Thus, in order to retain
his position of influence, he may not
protest some decisions he intensely dis-
likes. He wants to reserve his influence
for some other issue upon which he has
concentrated his interest. Ultimately,
the adviser may fall into the trap of
considering, above all else, the tech-
nique of preserving his influence in

Washington [[ use the term "technique"
here as it is used by Filul (3)].

Socialization explains a number of
things. It explains, for example, why
the principle of confidentiality is so
universally honored in the advisory sys-
tem. The socialization also explains
why the legitimizing effect is so strong.
I note again that this socialization in
Washington is something that happens
to economists, accountants, labor lead-
ers, and businessmen as well as to sci-
entists and engineers, I only emphasize
it here because we scientists tend to
think that our objectivity and our scien-
tific training constitute a magic cloak
that protects us from socialization. It
does not.
I have given some of the reasons that

the scientific advisory system has a
great deal of specific effectiveness on
limited technical questions, yet little
specific effectiveness on broad technical
questions. Now what about the general :

effectiveness of the scientific advisory
system? How does it enter into the
decision-making processes for general
technicalquestions in this country? The
answer is evident from my discussion:
the advisory system does not usually
enter into the decision-making processes
for general technical questions. Thus
its general effectiveness is very low, the
only exceptions being when individual
members of the advisory system testify
before Congress or work with congress- :

men. But most members of the ad-
visory system do not believe in working
in the decision-making process outside
of the executive branch. They believe
that, if they increase their general ef-
fectiveness, they -will decrease their
specific effectiveness.

:
4 :

The Scientific Community

My colleagues in the advisory system
have sometimes agreed with the anal-
ysis I have presented. But they then
say, "All right, we in the advisory sys-
tem work from the inside doing what
we can. Perhaps we are not as effective
as you wish us to be. Why don't you
work from the outside? There are 10
or 20 thousand people in the advisory
system, but there are several hundred
thousand scientists and engineers who
are not in the advisory system. They
can all work from the outside." There
are, unfortunately, a number of rea-
sons that this division of labor does
not work.

1) The scientific establishment as a

SCIENCE, VOL. 173

4



model for the scientific conunianity,
Those members of the establishment
who are in the advisory system are
models for the less well-known and
younger scientists and engincers. An
example of consciously setting a stan-
dard of behavior is the recruitment of
young theoretical physicists into sum-
mer work with the Institute of Defense
Analysis. Until recently, it was custom-
ary to ask the brightest and most prom-
ising young theorists to join in this
summer work. Since the invitation was
extended by some of the best of the
older theoretical physicists, it was very
flattering to receive one. Being invited
to work with the Institute was, at least
for a while, a mark of attainment in
theoretical physics.
It is difficult for the scientific com-

munity to work on broad technical
questions from the outside when the
leaders are working from the inside.
After all, only a few well-known sci-
entists, men like Pauling, Lapp, and
Commoner, work on the outside. There-
fore, scientists who wish to serve the
country in the technical decision-mak-
ing process have tended to join the ad-
visory system. In the last few years,
there has been some opposition to this
tendency, primarily from the environ-
mental and consumer movements and
from the various student movements.

2) The 'don't rock the boat" attitude.
I have pointed out that the multiple
functions of the establishment and the
overlap of the establishment and the
advisory system cause a very cautious
attitude among advisers. There is a
widespread feeling that the advisers
should not oppose the technical policies
of: the Administration too vehemently
or too publicly. If they do, members of
the establishment fear, federal or even
public support for science research and
education may be adversely affected.
There is certainly some truth in this
fear.
This "don't rock the boat" attitude

extends into most of the scientific com-
munity. This is partly because of the
model of behavior set by the establish-
ment; but there is a more compelling
reason for this attitude. The natural way
for the scientific community to criti-
cally and publicly examine the govern-
ment's technical policies is to use the
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independent scientific institutions-the
professional and scientific societies and
the engineering and science departments
of universities. Yet these are just the
institutions that are being protected by
the "don't rock the boat" attitude. For
this reason, the scientific community
and the scientific establishment will not
use independent institutions in the tech-
nical decision-making process. It is usu-
ally said that these institutions must be
kept "neutral."
3) Professional rewards for service

in the advisory system. There is a grave
imbalance between the professional re-
wards (other than direct monetary re-
wards) for helping the government
make technical decisions from the in-
side and the rewards for helping from
the outside. Almost all universities en-
courage the public service activities of
their faculties if these activities bring
honor or influence to the university;
teaching or administrative duties may
be reduced to allow for them. But al-
most always, these must be official
public service activities, Working within
the scientific advisory system is official
public service, but, except for a very
few universities, working with unoffi-
cial neighborhood or consumer groups
to reduce the pollution from a local
factory is not considered public service.
Thus, for the energetic, ambitious
young faculty member who wishes to
help in the making of technical deci-
sions there are strong career pressures
that push him into the advisory system.
Even for the senior scientist the ad-

visory system has career rewards. To
be in Washington, to work with other
members of the establishment, and to
get to know government officials can
be of help in a number of ways. It is
helpful when seeking funds for a de-
partment or for the research of younger
people. It also makes a scientist more
influential in his home institution.
4) The "it's in good hands" attitude.

Consciously and unconsciously the
members of the advisory system often
present the attitude that the role of the
scientist and engineer in the technical
decision-making process is completely
filled by the advisory system. This often
takes the form of such statements as,
"Don't worry about it, it's in good
hands." It is often implied that the

members of the advisory system are
professional experts on this or that
technical question. Other scientists or
engineers who are outside the advisory
System are regarded as amateurs. This
attitude depresses attempts by the scien-
tific community at large to enter the
technical decision-making process. It
also encourages government officials to
ignore scientists and engineers who are
not in the advisory system.

:

Summary :

The scientific advisory system is ef-
fective on limited technical questions,
and such questions provide much of its
work. On broad technical questions,
however, the scientific advisory system
is not effective. Unfortunately this cate-
gory includes most of the crucial en-
vironmental questions. Finally, the ad-
visory system, as presently constituted,
combined with the multiple functions of
the scientific establishment, is detri-
mental in impertant*ways to the process
of technical decision-making in this
country, This is because the combined
effect of the advisory system and the
establishment is to impede the develop-
ment of a more effective and compre-
hensive role for the scientific commu-
nity in the technical decision-making
process.
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No. 1 Washington, D.C. Feb. 1, 1971

President Nixon's proposal to add some $100 million
to the budget of the National Science Foundation, plus
another $100 million to the National Institutes of Health
budget for "cancer research," is being touted as evidence
of a renaissance of federal fervor for science. And, in
particular, NSF Director William D. McElroy and White
House Science Adviser Edward E. David Jr. are being
cited for persuasiveness with the White House inner
councils, At least in regard to the NSF budget the
cancer scheme being a political ploy aimed at heading
off a Kennedy-backed move for even greater demands
on the Treasury the two officials must be credited with
delivering an unanticipated fiscal package. While most
other Federal agencies are being held more or less level,
NSF is pointed significantly upwards, and there is reason
to believe that Congress will react sympathetically. This
is not one of those schemes where the Executive can
propose spending with confidence that the Congress will
say "no" and thereby merit the blame for being the
villian. But, like most else in the budget, the NSF entry
is not what it seems to be on first examination; more-
over, obscured in the intricacies of the Nixon proposal
are some profound issues of scientific and educational
policy that ought to be given close examination before
the Treasury Department starts writing checks.

First, a look at some of the realities of the NSF
budget: About $40 million of that additional $100 mil-
lion will be for the purpose of NSF picking up the costs
of research activities now financed by the Department
of Defense and the National Aeronautics and Space
Administration. Without the NSF money, these would
probably wither, as a good many, in fact, already have
under the impact of the Mansfield restriction on Defense
supporting research remote from military application.
Nevertheless, what is involved here is a transfer not
an expansion. It is also worth noting that NSF does not
intend to support all the academic-style research that
NASA and Defense are dropping. Only some of the survivors
are going to be picked up out of the water. Add to
this the fact that NSF, with a finger to the congressional
wind and an ear cocked toward the utilitarians who domi-
nate the White House Office of Management and Bud-
get, is now bound full speed and wallet bulging into
supporting research related to "social problems." Pre-
liminary work in this area got underway last year under
the auspices of NSF's program of Interdisciplinary Re-
search Relevant to the Problems of Society. IRRPOS,
as it comes out in acronym, was well received in Congress
and is said to have pleased the White House budgetmakers,
the latter being an occurrence so rare as to merit prompt

notation by aspiring historians of the Nixon era. IRRPOS,
however, was simply an appendage of NSF's Office of
Interdisciplinary Research-way down in a crowded table
of organization. However, hand in hand with the new
budget, it is going to be expanded into a full-fledged,
self-contained division, to be known as the Division of
Research Applicable to National Needs, which skeptics
no doubt will promptly be referring to as also-RANN. Its
objectives are already known: They will be in the fields
of ecology, population, transportation, and urban studies,
with high priority going to proposals that not only cross
disciplinary lines but that also involve the collaborative
efforts of several institutions, preferrably across the boun-
daries of academe, industry, and government. RANN is
slated for a big chunk of the budget increase.

With all this gomg on, annual support for basic
research, which, after all, is why the Foundation is
there in the first place, is scheduled nevertheless to go
from the present figure of $180 million to $265 million.
The growth of basic research support will come in part
from the $100 million expansion, but a good deal of
it is scheduled to come from pruning or terminating
existing programs. On the termination list is one of
NSF's most politically popular and academically im-
portant programs: support of institutional development,
which currently provides about $30 million a year-in
grants of $2 million to $5 million each for raising the
quality of research and science education in lesser-ranking
'universities. Started at the direction of President Johnson
under the banner of promoting the creation of new "centers
of excellence," the program is now regarded by Nixon's
planners as simply a means for promoting the production
of more academically certified unemployables. Congress
willing, which is far from certain when so much is at
stake for so many congressional districts, the program is
slated for termination.

With the Office of Management and Budget run by
what one NSF official derisively describes as "'a bunch
of economists," the addition of some $100 million to
the NSF budget for whatever purpose-can only be re-
garded as a triumph for Science Adviser David. Taking
over the shambles left him by his predecessor, the
venerable Lee DuBridge, David has worked quietly and
industriously at the prime task of anyone occupying
an administration post in which potential influence is
high but authority is virtually nil: He has striven to gain
the confidence of the humorless, narrow-visioned and
intensely loyal staff immediately around Nixon. What
goes on in that process is something that is rarely spoken
of in public. But DuBridge was swiftly frozen out when
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the Nixon men concluded that he was operating in large
part as a representative of the scientific community,
rather than as a wholly commited member of the Nixon
team. DuBridge tried to warm his way back in by publicly
representing the Administration as kind to science; he
also spoke out in behalf of the anti-ballistic missile, an act
that mainly served to alienate his colleagues on the
President's Science Advisory Committee. In any case,
he was out almost from the beginning.

Five months in office, David has been generally
reticent in public, taking refuge in the once-reasonable
but decreasingly valid point that he needs time to learn
his way around before pronouncing on controversial
public issues. Several persons who have been at inter-

agency committee meetings with him say his practice is
to listen attentively and say little or nothing. A talk he

gave Jan. 8 at the National Bureau of Standards identified
a variety of science-policy issues, but David refrained from
saying where he stood on any of them. One little-noted
episode, however, points to his determination to develop
the best of all possible relationships with the Nixon
staff. Six weeks ago, when the Senate was blocking the
Administration's proposal to go ahead with development
of the supersonic transport, David issued a statement in
behalf of the SST with supporting signatures from 34
scientists and engineers of one sort or another, including
Raymond L. Bisplinghoff, the number two man at NSF;
Stark Draper, of the MIT Instrumentation Laboratory;
Frank T. McClure, of the Johns Hopkins Applied Physics
Laboratory; William A. Nirenberg, of the Scripps Institu-
tion of Oceanography, and Edward Teller, of the Uni-
versity of California. The David statement was pure
pro-SST: "Our society must not suppress technological
advances," it said, "but through research, development,
and experimentation make sure that those advances are
obtained without undesired side effects. Instead of can-

celing work on the SST, we should mount a vigorous
program aimed not only at solving the technical prob-
lems of economic supersonic transportation but also
at assuring no undesireable effects." In the hubub of
the post-election pre-Christmas session, the incident passed
without much notice, except for insertion of the statement
and signatures in the Congressional Record (Dec. 15,
P. 20156) by Senator Barry Goldwater (R-Ariz.).

Goldwater, reacting to an anti-SST statement of six
scientists offered by Senator Charles Percy (R-IIl.), ac-

companied David's statement with the observation that
"the scientific enemies of the SST include some scientists
who were doubtful some years ago that we could even
travel beyond the speed of sound without dire con-
sequences. And this is the part of the scientific community
also from which technical opposition to the development
of the H-bomb came. The argument then was similar to
the one used against the ABM that it could not be
perfected without tremendous danger to the entire world."

With the President's budget now up for examination
by Congress, a key figure in the fate of the NSF portion
will be NSF Director McElroy. He, as it turns out, is

something of a rare phenomenon in science politics
these days: a topflight scientist whose manner and in-
stincts fit in well with the peculiar ambience of Capitol
Hill. In appearance and style, McElroy comes across like
central casting's stock entry for a ward politician, rather
than as the distinguished academic biochemist that he
was for many years before taking over at NSF. In fact,
at the moment there is no one around who comes up
to McElroy in rapport with Congress on scientific matters.
David has been making himself known to various congress-
men simply by asking to see them; he has made a favorable
impression but is yet to conduct any serious business on

Capitol Hill. Academy President Handler is an inveterate
traveler to the Hill and an eager witness whenever there
is a hint that a committee might hear him, but since he has

nothing to dispense but his own brand of wisdom, con-

gressmen accord him ceremonial courtesy, but otherwise
do not take him very seriously. Robert Q. Marston,
director of NIH, is a pale figure when it comes to

congressional affairs. NASA still lacks a fulltime head,
and as for AEC Chairman Glenn T. Seaborg, his milk-
toast management of the AEC is an endless source of
dispair to the Joint Committee on Atomic Energy. (Com-
missioner James T. Ramey is widely said to be the strong
personality on the AEC, but being an avowed Democrat, he
can get into the White House only as a tourist.)

In contrast to all the above, McElroy has successfully
tuned in to what Congress is all about: power, influence,
and personal glorification of the membership, with the
furtherance of the public well-being sometimes an ac-

ceptable ingredient. On the basis of personal perfor-
mance, he is now regarded as the shrewdest scientific
operator to ascend the Hill since NIH's James Shannon
went there some years back to coax out several odd
billion dollars for a breakneck expansion of medical
research and training.

The main difficulty, of course, is that Shannon found
quick harmony with two influential legislators who, if
anything, were more fervent believers in medical re-
search than he himself was: the late Rep. John Fogarty
(D-R.I.) and the now-retired Senator Lister Hill (D-Ala.).
No two legislators of that faith and influence are cur-
rently available to harmonize with McElroy, but he has
been making do with what there is. Whereas his pre-
decessors in the NSF directorship often prided them-
selves on their aloofness from the indelicacies of the

congressional scene, McElroy has been vigorously cul-
tivating the people who command the fate of his agency.
Rep. John W. Davis, the Georgia Democrat who heads
the subcommittee that will handle the authorizing bill
for the NSF budget, was recently taken to the Antarctic
to tour NSF activities there. Earlier, NSF squired him to
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New York to visit an oceanographic vessel that NSF sup-
ports. Davis, according to close associates, has been
heard to say that the day is not long off when the NSF
budget, currently set by Nixon for $622 million, will
hit $1 billion. NSF also recently arranged for a member
of Davis's subcommittee, Charles A. Mosher (R-Ohio)
to visit the Arecibo radio astronomy center in Puerto
Rico.

Traditionally, the Senate has been kind to NSF, and
little cultivation is required there, but McElroy is not
unmindful of the fact that Gordon Allott (R-Colo.),
who sits on the appropriations subcommittee that handles
the NSF budget, has long mixed his sympathy with rigorous
scrutiny. It was Allott, after all, who ,did more than

any other legislator to bring the Mohole project to its
disastrous conclusion. Accordingly, McElroy has struck
up a congenial relationship with Allott, and keeps him
well advised of the Foundation's programs and aspirations.

The plans embodied in the new NSF budget raise
several public policy questions that might stir up Congress
if it chooses to pay attention, which is by no means
certain, since NSF actually figures small in the congres-
sional view of the world. Though it is obviously politically
expedient, is it appropriate for NSF to be plunging
into the support of "socially relevant" research? If re-
sources and attention are to be diverted in that direction,
what will be the effect on the support of basic research
over the long run? Also, it is worth recognizing that
implicit in the termination of the institutional develop-
ment program is a decision to turn off the expansion of
high quality higher education. In the present circumstances,
perhaps that is a wise move, but it would be desireable
to have such a policy decision brought out into the open,
rather than have it obscured inside a tome of budget
figures.

The $100 million that Nixon proposed for cancer
research is best understood in terms of his efforts to

preempt any attractive political ground that might be
taken over by potential political rivals. (He has done it
all along in regard to Senator Muskie's efforts to command
the pollution issue, even to the point of not inviting
Muskie to the White House signing of Muskie's own
Clean Air bill.) Over the past year, the health lobby,
with Democrat Mary Lasker at its center, has been

cooking up a scheme to take cancer research out of NIH
and establish an independent, highly visible, and heavily
funded National Cancer Authority. A proposal to that
effect was issued in December by an advisory panel
appointed by the Senate Committee on Labor and Public
Welfare. Last week, Senator Edward Kennedy (D-Mass.)
followed this up with a proposal to establish the authority
and put virtually unlimited funds at its disposal. What-
ever the prospects may be for that proposition, they
are not enhanced by Nixon's proposal to add another
$100 million to NIH's budget for cancer research.

Target: AEC, NIMH

In Print
Penetrating attacks on two of the federal government's

largest research enterprises are contained in several cur-
rent periodicals. Together they reflect a growing public
unease about new technologies as well as an increasing
skepticism toward "expert" assurances of public benefit
and safety. An article in the February Atlantic, titled,
"Precautions Are Being Taken by Those Who Know," writ-
ten by Paul Jacobs, a wide-ranging freelance writer and

social. critic, seriously questions the adequacy of the

AEC's radiation safety standards, and questions the Com-
mission's honesty in dealing with public concern. A
similar theme is taken up in the January/February issue

of The Center Magazine, published by the Center for

the Study of Democratic Institutions, Santa Barbara,
Calif. There, the author is Jean Schrader, identified as

a member of the Center's secretarial staff; the article

is titled, "Atomic Doubletalk."" The Jan. 23 New Re-

public contains the first of a series of articles on "The
Nuclear Power Controversy," by Ralph E. Lapp, a physicist
who has written extensively on nuclear policy issues.

Temperate and well-documented, the article argues that

the AEC should not be permitted to serve as both

promoter and regulator of atomic power.
Two of the nation's top radical journalists, Andrew

D. Kopkind and James Ridgeway, take on "The Mental

Health Industry in the February Ramparts. In an article

'subtitled, "This Way Lies Madness," they indict the Na-

tional Institute of Mental Health as a self-serving bureau-

cracy working in tandem with the pharmaceutical industry,
and, in effect, favoring social control and adjustment over

social reform.
Science, Technology, and American Diplomacy, a

70-page congressional document, is described as first
in a series of 16 studies on the "Evolution of International
Technology." It was prepared by the Science Policy
Research and Foreign Affairs Division of the Legislative
Reference Service, Library of Congress, for the subcom-

mittee on National Security Policy and Scientific De-

velopments of the House Committee on Foreign Affairs.
It's a pretty bland product, well filled with conventional
wisdoms about the power of technology, the associated

dangers, the need for national development and the need

for international cooperation. Copies available without

charge: Committee on Foreign Affairs, Room 2170, Ray-
burn Building, Washington, D.C.

Federal Funds for Research, Development and Other

Scientific Activities: Fiscal years 1969, 1970, 1971, 264 pp.
Produced by NSF, this collection of statistics, charts,
and analyses is indispensable for anyone interested in

the federal role in research. Available for $2 from the

Superintendent of Documents, US Government Printing
Office, Washington, D.C.
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"I regret to inform you that..."

Grant Swinger
Periods of financial retrenchment understandably have

a depressing effect upon the morale of the research
community. Since the long-term prognosis, is bright, it
is at times like this that an historical perspective is
especially useful. With this in mind, the Breakthrough
Institute, in collaboration with the Center for the Ab-
sorption of Federal Funds, has undertaken an extensive
review aimed at elucidating key events in the evolution
of the grant. The project is at an early stage and is far
short of the point where conclusions may be confidently
drawn, but in view of the present situation, the advisory
committee thought it desireable to make public certain
archival materials that have come to light. Several of
these follow:

Mr. Karl Marx
c/o The British Museum
London

Dear Mr. Marx:
I regret to inform you that our social studies panel

has rendered a negative decision on your request for
support of an examination of the relationship between
selected economic factors and various aspects of social
and economic development. It was the judgment of the
panel that, while the proposed project deals with matters
of considerable importance, it would be adviseable for
a study of this ambitious scope to be undertaken by a

multi-disciplinary team, rather than by an individual.
We feel that this would increase the likelihood of success,
particularly in terms of achieving a balanced approach.
If you wish to rewrite the proposal, please be advised
that we would be willing to reconsider it again, though
I must stress that funds are limited and many worthy
proposals are currently awaiting support.

If you do resubmit the proposal, please be certain
to state your institutional affiliation, which was omitted
on the original application form.

SCIENCE & GOVERNMENT REPORT
PO Box 21123, Washington, D.C. 20009

Enclosed is $25 for a one-year (24 issues) subscription to
Science & Government Report. Overseas subscriptions, $35.

Name

Mr. Charles Darwin
Christ's College, Cambridge
Dear Mr. Darwin:

Because of a general shortage of space on oceanographic
vessels, the committee is compelled to limit its support
to senior investigators with on-going research programs.
However, please be assured of our best wishes for progress
in your field of interest, and please feel free to re-apply
at a later date. I might add, however, that if you do re-

apply, it might be adviseable to recast your project to
some extent, as we are informed that several other
investigators are currently working on nearly identical
problems.

® *
Mr. Albert Einstein
Swiss Patent Office, Bern

Dear Mr. Einstein:
This journal serves as a medium of communication

among academic researchers. Therefore, we regret that
we are unable to accept your paper, which is herewith
returned.

* *

Mr. Eli Whitney
Mill Rock, Conn.

Dear Mr. Whitney:
Further regarding your proposal for a device for

cleaning cotton. As you will recall, several objections
were raised on the ground that the device might have
an adverse social impact. I am pleased to inform you
that the matter has been thoroughly examined by our
technology assessment panel, which has concluded that
these fears are essentially groundless. However, funds
are in extremely short supply at this time, and we are,
regretably, unable to provide any assistance.

* *

Dr. Louis Pasteur
Academy of Medicine, Paris

Dear Dr. Pasteur:
1. Your time and effort report for the past quarter

is considerably overdue, and the business office requests
that it be forwarded at the earliest possible date.

2. The supply department has notified me of still
another requisition from your laboratory for canine ex-
perimental subjects. As these are expensive both to
acquire and maintain, we are providing instead a shipment
of guinea pigs, which I am certain you will find satisfactory.

SCIENCE & GOVERNMENT REPORT by Science & Govern-
ment Report, publisher Daniel S. Greenberg; published twice
monthly at 1629 Columbia Road, N.W., Washington, D.C. 20009.
Telephone: 202-232-2035. Address all correspondence to PO
Box 21123, Washington, D.C. 20009. Feb. 1, 1971, Number 1.
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An Advisory "No" onExtending JFK Airport

Environment
A long-delayed, still unpublished airport expansion

study organized by the National Academy of Sciences
(NAS) will come out strongly on the side of the ec-
ological angels, but mainly as a result of threats by
a majority of the study group to break away and
independently release their findings to the public. The
25-member study group's strongwilled assertion of in-
dependence, plus its freewheeling consumption of funds
provided by a public agency, have sent tremors of
anguish through the executive suite of the traditionally
timorous Academy. Academy President Philip H. Handler
held that the study group was seeking to exceed its
mandate, but following a threat of revolt, the hardhitting
report was discreetly broken into two portions-one con-
taining recommendations; the other, expressions of views
by individual members as well as committees of the
study group. Together, however, the two documents
constitute a powerful environmentalist brief.

The study, concerning proposals to extend JFK In-
ternational Airport into Jamaica Bay, was conducted
by a diverse and professionally high-powered group select-
ed by the Academy's Environmental Studies Board under
contract to the New York Port Authority, which has
been confronted by virtually solid political opposition
to expansion of the airport. Originally estimated to
cost $280,000, and due for publication last November,
the study ran up a bill of approximately $350,000,
and, at this writing, has not progressed beyond the galley
stage. A good portion of the funds went for the hire of
34 motel rooms for all of August in the Long Island
resort town of Hampton Bay for members of the study
group and, if they chose, their families. All participants
were reimbursed for expenses; in addition, non-govern-
ment members received $100 a day. Some $10,000 was
expended on the rental of office space at nearby South-
ampton College. The study group also hired a houseboat
on the Bay, and the Academy has allocated about
$10,000 for printing costs.

The study, headed by James A. Fay, who is professor
of mechanical engineering at MIT and chairman of the
Boston Air Pollution Commission, was given the task of
determining whether expansion of JFK's runways would
have significantly adverse effects upon the ecology of
Jamaica Bay. That is what the Port Authority, faced
with widespread opposition, paid to have studied. The
study group members, however, decided virtually at the
outset that the question was too narrow, and, drawing
upon a etter from Transportation Secretary James A.
Volpe in which he expressed general concern about the
problems of airport expansion, decided upon a compre-
hensive approach. The result was what one member

described as "a tough document" that, in part, went
beyond the issue of JFK into questions concerning na-
tional transportation policy and longterm planning for
coordinating various modes of transport. "NAS got edgy,"
this source said, "when we went beyond the issue of the
ducks and started raising questions about raising landing
fees at certain hours to provide incentives for better
use of the existing facilities. Things got to the name-
calling stage and there was a threat of a rebellion
and going to the press with an independent report if
the Academy tried to suppress our conclusions. So, it
was decided that there would be a two-part report. One
on the ecology issues and the other containing individual
and group expressions of views. Otherwise, a lot of us
would have refused to sign it."

Overall, the report comes out against expansion of
the airport. Specifically, it recommends that the Port
Authority cooperate with federal agencies in working
out more efficient use of existing facilities before any
expansion is considered. It also urges accelerated work on
the development of quieter aircraft engines. And it urges
that the Bay should be developed for recreational pur-
poses and that emphasis should be placed on assessing
human effects in any cost/effectiveness analysis of air-
port expansion.

A top-level government environmental official who
has seen the report describes it as "a superb document."
Meanwhile, rumbles are still being heard from the Academy
business office.

The Port Authority, which has maintained a hands-off
attitude since contracting for the study, says that it is
still waiting to be informed of the contents. It is doubt-
ful, however, that it will be pleased with the study,
especially since by going beyond the narrowly stated
mandate of simply studying the JFK issue, the study
group contributed to undermining another long-sought
objective of the Port Authority: construction of a fourth
jetport in the New York metropolitan region.

it does not often happen that an NAS study group
runs away with its mandate; the Academy is neither
inclined toward nor built for that purpose. But when it
happens, it demonstrates the potential potency of expert
opinion that dovetails with public sentiment. If there
was any life left in the JFK expansion proposal, the
NAS report will almost certainly douse it.

In Brief
Pat Moynihan, who recently resigned as Nixon's top

adviser on urban affairs, has accepted appointment to
the President's Science Advisory Committee.

Emilio Q. Daddario, the longtime friend of the scientific
community who gave up his congressional seat in an
unsuccessful bid for the governorship of Connecticut,
has announced his plans. He's taking a post as senior

Addre28S



6-SCIENCE & GOVERNMENT REPORT

vice president of the Precision Engineering Company,
of Manchester, Conn., a holding of the Gulf & Western
conglomerate. Daddario will also retain a senior partner-
ship in a Hartford, Conn., law firm. Chances for his
return to Congress are not considered too bright at
present. The seat he surrendered was won by a fellow
Democrat, and it will be 1974 when the next senatorial
election takes place in the state. The incumbent there,
too, is Democrat, Abraham A. Ribicoff.

Senator Edward Kennedy (D-Mass.) has introduced
a bill (S.32) to authorize the expenditure of $500
million over a three-year period to assist individuals and
communities that have been affected by cutbacks in
government support of research and development activities.
Titled the Conversion Research, Education, and Assistance
Act of 1971, the bill is an expanded version of a similar
measure that Kennedy introduced toward the end of the
last session of Congress. It provides for NSF to administer
the bulk of the money for retraining scientists, engineers,
and technicians. Funds would also be made available
for setting up "small scientific and technical firms," and
for hiring technically tramed personnel for state and
local positions.

A Science Reorganization?

State of the Union
President Nixon's State of the Union proposal for

miniaturization of the federal government was a broad-
brush presentation that is to be followed by detailed
recommendations. But the plan as it now stands strongly
suggests a massive reshuffling of government research
and education activities. These,.of course, have been

among the fastest growing of federal programs, and
have long attracted the attention of would-be reorganizers,
sometimes with success, as in the recent creation of
the Environmental Protection Agency (EPA) and the
National Oceanographic and Atmospheric Agency (NOAA).
More often, however, reorganization schemes have been
thwarted either by lack of consensus as to their utility
or by hard lobbying on the part of established bureau-
cracies and allies who fear they stand to lose out in the

change.
One of the biggest battles likely to grow out of

the reorganization scheme will center on Nixon's proposal
to include "energy and mineral resources" in a newly
created Department of Natural Resources. That is the
President's minimally provocative way of saying that
the Atomic Energy Commission, plus the government's
coal, oil, and gas research and regulatory activities should
be brought together under one administrative scheme

to replace the present pattern of each going its own
way, often in conflict with the others. The proposal
has an influential, though publicly undisclosed, parentage,
having originated with the executive reorganization com-
mission that Roy L. Ash, president of Litton Industries,
headed up for Nixon. That commission, which is yet
to have any of its recommendations made public, has,
in fact, achieved quite a batting average. EPA, NOAA,
and the Council for Environmental Quality were established
upon its advice to the President, as was the little-
known but apparently highly important White House
Office of Telecommunications, which, contrary to a general
impression, is concerned with policymaking for the multi-
billion dollar communications industry, rather than with
running the White House switchboard.

The prospects of moving the quasi-independent AEC
into a cabinet-level department are not at all enhanced
by certain peculiarities on the congressional scene. Operat-
ing with unique authroity as overseer of the AEC, the
Joint Committee on Atomic Energy has always fought
hard and usually successfully against any attempt to
reduce its role to that of just another congressional
committee. Since its creation at the end of World War
II, the committee has had one passion to prod the US
government into underwriting the development of a huge
and fastgrowing nuclear industry. And one of the chief
prodders throughout most of that period has been the
senior House Democrat on the Joint Committee, Chet
Holifield, of California, who has alternated in the chair-
manship with his Senate counterpart, John O. Pastore,
of Rhode Island. Holifield, however, has announced that,
though he will remain a member of the Joint Committee,
he is giving up his right to the chairmanship of the House
Government Operations Committee, which, among other
things, possesses jurisdiction over executive reorganiza-
tion plans.

Under Nixon's proposal, the Department of Human
Resources would include education, manpower, and health
services, while the Department of Economic Develop-
ment would take in "science and technology." It is
not clear what, if anything, this arrangement would mean
for the often-proposed amalgamation of similar research
and education activities now supported by the National
Science Foundation, the National Institutes of Health,
and the Office of Education. In the last Congress, Rep.
Emilio Q. Daddario proposed the establishment of a
National Institute of Research and Advanced Studies
that would pull together many activities of these agencies,
but the proposal never received any significant support.
Presidential Science Adviser Edward E. David Jr. has
not commited himself on the subject, but in his recent
talk at the National Bureau of Standards he observed,
"I personally feel that the 'neatness complex,' as many
people call it, has been the primary motivation behind
many proposed reorganizations" of scientific agencies.



ADMINISTRATIVELY CONFIDENTIAL,
Basic Criteria for New Technology Initiatives Study

The study should apply these basic criteria to each technology project or
program before any increased funding is recommended to the President.
1. Importance: Project or program must relate (a) to a significant and
urgent national problem which is broadly recognized by the public, or (b)
to a significant opportunity for economic growth, increased exports, or
technological leadership.

2. Pay Off: The cost/benefit ratio must be favorable. What are the social
and economic benefits - including impact on balance of trade, productivity
and employment? What will be the distribution of benefits among different
industries and areas of the country?

3. Public Impact: Can visible progress be shown within a reasonable
period - including significant progress in planning and design by next summer?
A timetable must be provided by fiscal year for each phase of development:
planning, design, pilot, demonstration, etc.

4, Budget Impact: What are estimated long-term costs over next six years
or full systems cost?

5. Non-Federal Support: What is the feasibility and likely maximum extent
of cost sharing by industry? Can the project be achieved through steps short
of direct Federal funding: regulation or de-regulation, standard setting?

6. Potential Problems: Are there potential institutional or economic
barriers to acceptance and implementation of the technology and how are
they to be overcome? Are there any undesirable side effects from the
technology and how are they to be dealt with?

7. Organization and Management: Assuming several programs or projects
meet the above criteria, what kind of organization (existing agencies, new
agency, or quasi-public corporation) should be created (if any) or redir ected
to carry out these programs?

The study should have two phases: (1) an interim report cue the President
September 1, and (2) a final report due the President November 15.

Dr. Edward David, the Director of the Office of Science and Technology and

the President's Science Adviser, will chair the sub-committee and John
Whitaker will have Domestic Council staff responsibility.

ADMINISTRATIVELY CONFIDENTIAL
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EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY
WASHINGTON, D.C. 20506

January 22, 1972

And

Mr. Kenneth H. Olsen
President, Digital Equipment Corporation
Maynard, Massachusetts 01754

Dear Ken:

Enclosed is a copy of "Technological Innovation:
Its Environment and Management," which I promised
to send to you.

I'll be away most of next week but will be in touch
with you when I get back so that we can talk about
the proposed PSAC Panel.

Sincerely,

My
Daniel V. De Simone

Enclosure
(Dictated but not read)
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TECHNOLOGICAL INNOVATION:
Its Environment and Management

Early forms of the abacus,
a manually operated biquinary
computer, were introduced
as early as 3,000 B.C. The
electronic digital computer, capable
of vastly more complex
and speedy computations, was
introduced in the early 1950s.

TECHNOLOGICAL INNOVATION:
Its Environment and Management

This report, prepared by Daniel V. De Simone, represents the views of the Panel

on Invention and Innovation, an advisory committee of private citizens convened

by and reporting to the Secretary of Commerce. The views of the Panel do not

necessarily represent those of the Department of Commerce or of any other

agency of the federal government.

January 1967
Reprinted, September 1967

wt OF
4 %,

Stares of r

%
a

*

e
%

U.S. DEPARTMENT OF COMMERCE
John T. Connor, Secretary

J. Herbert Hollomon, Assistant Secretary
for Science and Technology

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C., 20402 - Price $1.25



PANEL ON INVENTION AND INNOVATION®

Robert A. Charpie, Chairman
Daniel V. De Simone, Executive Secretary

Lawrence S. Apsey Mark S. Massel
John F. Costelloe Richard S. Morse
John F. Dessauer Peter G. Peterson
John M. Fisher Sidney I. Roberts
Aaron J. Gellman John C. Stedman
Peter C. Goldmark Dan Throop Smith
Earl W. Kintner William R. Woodward

GOVERNMENT LIAISON WITH THE PANEL

Department of Commerce J. Herbert Hollomon
The Treasury Department Stanley S. Surrey
Department of Justice Donald F. Turner
Business & Defense Services Administration_____~._Paul W. McGann
Small Business Administration Padraic P. Frucht
Federal Trade Commission Joseph E. Sheehy
Office of Science & Technology William L. Hooper

INTERAGENCY STAFF

Andrew Canellas, Small Business Administration
Cecil G. Miles, Federal Trade Commission
Miles Ryan, Department of JusticeRichard E. Slitor, The Treasury Department
Larry L. Yetter, Department of Commerce

* Affiliations are given in Appendix A

SUMMARY

In accordance with its charter, the Panel considered three main factors
affecting invention and innovation: taxation, finance, and competition. On
the basis of its analysis, the Panel concluded that there was no need to
recommend any major changes in the present laws governing these three
areas. However, it did make a number of specific proposals * aimed at
improving the environment for invention and innovation.

With respect to the field of taxation, the Panel made several specific
recommendations which it felt could provide justifiable encouragement to
inventors and innovators. Among these recommendations are proposals
providing for a more equitable treatment of innovation losses, an improvement
of the stock option to make it a more effective instrument for attracting
critically important management personnel to fledgling firms, and a reasoned
approach to tax-deduction problems posed by several other areas of the tax
laws.

The Panel found no reason for proposing any new federally supported
programs to furnish venture capital for the financing of new, technologically
based enterprises. It did, however, make recommendations concerning the
communication of venture-capital opportunities and the establishment of an
effective Federal spokesman for such enterprises.
The Panel's review of the interaction between competition and innovation

showed a need for greater understanding of this interaction and improvements
in the coordination of antitrust and regulatory policies affecting both com-
petition and innovation. No new antitrust or regulatory legislation was
recommended, but the Panel did recommend, among other proposals, the
establishment of a group to serve as an advisory resource to the antitrust and
regulatory agencies, as well as a strengthening of the professional staffs of
these agencies.

Throughout its review, the Panel was impressed by the need for promoting
a basic understanding of the innovative process in all sectors of our society.
The Panel felt that it would be highly desirable to encourage educational
programs, studies, and regional seminars to further this understanding. Ac-
cordingly, the Panel's concluding recommendation proposes a White House
conference on technological innovation, to dramatize the importance of this
vital process, and urges that this conference be followed by a nationwide
program for broadening recognition, understanding, and appreciation of the
problems and opportunities associated with technological change.

Edwin S. MilsCouncil of Economic Advisers
aul W. MacAvoy

* The complete list of the Panel's recommendations is set forth in Appendix E,
page 79.
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INTRODUCTION AND SETTING
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i

INTRODUCTION AND SETTING

In 1964 the President of the United States directed the Department of
Commerce to explore new ways for "speeding the development and spread
of new technology." -1 Because one of the ways in which a government can
accomplish this end is to improve the climate for technological change, the
Secretary of Commerce created an ad hoc Panel on Invention and Innovation
and asked it to explore the opportunities for improving such climate-setting
policy areas as antitrust, taxation and the regulation of industry. What fol-
lows is the report of the Panel.

Economic Report of the President to the Congress of the United States, 1964.



. TECHNOLOGICAL INNOVATION: ITS ENVIRONMENT AND MANAGEMENT

We began our investigation by asking ourselves some very basic questions.
The climate for invention and innovation could be improved by providing
reasonable incentives to these processes of technological change and by re-
moving or lessening unreasonable barriers that impede or stifle them. But
what is reasonable or unreasonable? The reasonableness of our proposals
would depend upon an appreciation of other national goals upon which
these proposals might impinge for example, the preservation of competition
and fiscal integrity. And incentives and barriers to what? What is the anat-
omy of invention and innovation in the American economy? We had to
analyze illustrative cases, demonstrating some of the problems and charac-
teristics associated with the processes of invention and innovation, before
we could rationally weigh incentives and barriers. Our analysis had to tell
us something about the people who power invention and innovation, for
these are largely "people" processes.

We shall develop illustrative cases as we get to the specific recommenda-
tions of this report. In the meantime, however, we need to make some initial
distinctions between the processes of invention and innovation, for incentives
and barriers to one may not be to the other.
Very simply, the difference between the processes of invention and innova-

tion is the difference between the verbs "to conceive" and "to use."

CHART

WHAT IS INVENTION? INNOVATION ?
Invention . . TO CONCEIVE ... The idea.

Innovation .. . TO USE ... The process by
which an invention or idea is translated into the
economy.

To be sure, innovation is not limited to technological products and proc-
esses in the business world. But that is the principal sense in which we
were asked to be concerned with innovation. Much of what is said in these
pages, however, applies as well to fields where non-technological innovation
is of great importance for example, social institutions and relationships.
For invention and innovation encompass the totality of processes by which
new ideas are conceived, nurtured, developed and finally introduced into the
economy as new products and processes; or into an organization to change
its internal and external relationships; or into a society to provide for its
social needs and to adapt itself to the world or the world to itself.

INNOVATION AND ECONOMIC PROGRESS
The next basic question we asked ourselves was: Why should the govern-

ment have an interest in invention and innovation?
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The answer is that invention and innovation lie at the heart of the process
by which America has grown and renewed itself.
Let us expand upon this simple truth and explore more specifically some

of the reasons why the Federal Government must be concerned about the
climate for invention and innovation.
First, there is a very significant relationship between innovation and eco-

nomic growth. Although estimates of the contribution of technological
progress to increases in the Gross National Product (GNP) are imprecise,
economists agree that the contribution is substantial.2 For example, if we
compare the change in the labor input ("Hours of Work" in Chart 2) with
the change in GNP over the period 1947-1965, we see a marked difference
between these two factors.

CHART 2

INDEXES OF GROSS NATIONAL PRODUCT, LABOR FORCE,
ANNUAL HOURS WORKED,

1947-1965
Index

(1947-49 = 100)
200

GNP
(As revised 1965)

180

160

140

Civilian Labor Force120

100
Hours of Work

(Average annual for total
80 private economy)

1947 °49 '51 53 '55 '57 59 '61 63 '65

The average annual hours of work remained practically constant, while the
GNP rose substantially during the period in question. Indeed, the GNP
nearly doubled. Without presuming to say how much of this increase in
GNP was attributable to technological innovation, we are confident that

® See, for example, Denison, E., The Sources of Economic Growth in the United
States, Committee for Economic Development, 1962; Kendrick, J., ProductivityTrends in the United States, National Bureau of Economic Research, 1961; and
Solo, R., "Technical Change and the Aggregate Production Function," Review
of Economics andStatistics, 1957.
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technological innovation played a major role. We realize that data such as
the GNP are abstract statistical notions. By and large, they fail to excite the

imagination, for they do not have the impact of specific examples. So we

thought it would be instructive to look at the histories of three industries
which were commercially non-existent in 1945, but over the past 20 years
have contributed significantly to the nation's growth. We chose the television,
jet aircraft, and digital computer industries.

CHART 3

ECONOMIC EFFECTS OF ONLY THREE
TECHNOLOGICAL INDUSTRIES OUT OF MANY

In 1945, the TELEVISION, JET TRAVEL, and DIGITAL COMPUTER
industries were commercially non-existent.

In 1965, these industries contributed more than $ 13 BILLION
to our GNP and an estimated 900,000 jobs . . . and

very important, affected the QUALITY of our lives.

We also thought it would be useful to compare the average annual growth
of the Gross National Product over the period, 1945-1965, with that of
some of the companies that have committed themselves to innovation as a

way of life and have experienced most of their growth over the 20-year
period (see Chart 4). We analyzed the growth histories of Polaroid, 3M,
International Business Machines, Xerox, and Texas Instruments, While the

average annual growth of the GNP over this period advanced at a rate of
2.5%, the average annual net-sales growth of these companies ranged from
13% to 29% and averaged, for the group, nearly 17%*. At the same time,
the average yearly growth in jobs ranged from 7.5% to almost 18%.

Here we see some large, successful, innovative companies which grew
from relatively small beginnings and have contributed very significantly to
the GNP and employment opportunities. Many other companies have had
similar experiences.

the over-all average, was nontheless excluded, since data for the company were
not available for the year 1945.
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CHART 4

A FEW EXAMPLES OF TECHNOLOGICALLY INNOVATIVE
COMPANIES THAT HAVE EXPERIENCED MUCH OF THEIR

GROWTH IN THE LAST 20 YEARS (1945-1965)
AVG. % ANNUAL GROWTH (compounded)

Net Sales Jobs

Polaroid 13.4% 7.5%

3M 149% 78%

IBM 17.5% 21%

22.5% 178%

28.9% 10.0%

66 Xerox
(Haloid Co.)

Texas Instruments
(1947-1965)

Average % annual sales growth of above companies*: 16.8%

Average % annual growth of GNP: 2.5%

"Excluding Texas Instruments for which data are available only for the past 18 years.

INTERNATIONAL TRADE
If we consider the effects of technological change on international trade,

we can see another very persuasive reason why the Federal Government
should be concerned about the promotion of invention and innovation.
An important element of our international balance of payments is what is

called the "technological" balance of payments. This international account
reflects payments for technical know-how, patent royalties, and the like. In
a recent study of the technological balance of payments of various countries,
the Organization for Economic Cooperation and Development (OECD)
published data for the United States, which are depicted in Chart 5.
The OECD compilation shows the United States receiving roughly ten times

as much in technological payments from abroad as goes out in payments to
other nations. This is a very significant secondary effect of innovation in the
American economy.

Technological change affects international trade in subtle ways. Let us
consider, for example, the so-called "displacement" innovations. These do
not have the dramatic result of Cca new company, such as the Xerox Corpora-
tion or an entirely new product or process for which no substitute existed
before the electronic computer is a good example. "Displacement" in-
novations displace existing products or processes. The effect of such innova-
tions is illustrated by the invasion of the cotton and wool fiber market by
synthetic fibers.

3 Texas Instruments, which had the highest growth rate and would have raised
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CHART 5

U. S. TECHNOLOGICAL BALANCE OF PAYMENTS
Payments for Technical Know-how, Patent Royalties, etc.

Payments to Other Countries Receipts by U.S. from Others

$63 Million

Balance to U.S. - $514 Million

Source: OECD (1965)- Figures for 1961

It is very difficult to measure the full significance of "displacement" inno-
vations in the United States, because such displacement is a domestic give
and take. But if we look at the international picture, we can get a better
feeling for the significance of these kinds of innovations. We chose as an
example the yarns and fabrics industry and we compared synthetics with
cotton and wool.

CHART 6

INNOVATION AND INTERNATIONAL TRADE
An Example: U.S. Exports of Yarns & Fabrics

Synthetics (High Technology)
Cotton & Wool (Low Technology)

EXPORTS 1956 EXPORTS 1965

$187 Million

$158 Million $241 Million

Source: U.S. Department of Commerce.
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We can see in Chart 6 that synthetics, which sprang from considerable
innovative effort, have maintained our share of the international yarns and
fabrics market. The total exports of cotton and wool yarns and fabrics have
declined by about a third over the period 1956-1965, whereas the total ex-
ports of synthetic yarns and fabrics have increased by over 50%. The export
of high-technology synthetic yarns and fabrics has therefore maintained the
U.S. export of yarns and fabrics roughly at the level it was in 1956.

We could give other examples of the secondary effects of innovation. We
are satisfied that the international stature of a nation with respect to trade
and, it is important to note, assistance to under-developed countries-be-
comes increasingly dependent upon its innovative performance.

INNOVATION AND COMPETITION

There are other reasons why the Federal Government should be interested
in promoting invention and innovation, among which is the close and comple-
mentary interaction between innovation and competition.

Competition has traditionally involved rivalry among manufacturers of like
products, as well as the stimulating effect of innovators who introduce new
products and reduce costs through new methods of production and distribu-
tion. For example, the advent of the airplane had a powerful influence on
competition in public transportation, and the automobile brought entirely
new forces into the private transportation sector. To take more recent ex-
amples, the introduction of the transistor and integrated circuits has stimu-
lated competition in the electronics industry.
The influence of innovation on competition has become stronger and

clearer with the accelerated pace of technological change. Competition has
developed between entirely new types of products that perform old functions
better or make possible entirely new functions. To give just three examples,
consider electrostatic copying ("xerography"), synthetic wash and wear
fabrics, and instant photography.

The importance of innovation has become so strong that no longer may
we look only to the conventional limits of a given industry to examine com-
petition. Increasingly, innovations of importance are coming from companies
that do not fit within the conventional classifications of individual industries.
For example, synthetic fibers came from the chemical industry, not the textile
industry. High-speed ground transportation is now as much the domain of
the aerospace and electrical manufacturing industries as it is that of the
automotive and railroad industries. Instant photography (the Polaroid
camera) was not developed by the photographic industry. And electrostatic
copying came from outside the conventional office equipment industry.

e e $125 Million

It is easy to see, therefore, that innovation from the outside (across con-
ventional industry boundaries) is a powerful force influencing competition.
Consequently, a climate conducive to technological progress is important not
only with respect to economic growth and international stature, but is also
essential to the maintenance of a vigorous, competitive, economic climate.
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INNOVATION IN CONTEXT

We have already noted that technological innovation, in the sense we
have been asked to be concerned with it, is a complex process by which an
invention is brought to commercial reality. It is our thesis that if we are
interested in increasing our rate of economic growth and the vigor of com-
petitive forces in our society, we need to remember that these goals cannot
be satisfactorily achieved in the absence of technological progress i.e., the
bringing of new products, processes and services to market.

We need also to bear in mind that the path between an invention (or idea)
and the market place is a hazardous venture, replete with obstacles and sub-
stantial risks. It is ordinarily a very costly, time-consuming, and difficult task
that the innovator faces.

INNOVATION IS NOT SIMPLY R&D
Continuing the series of basic questions we put to ourselves, we asked

what it is the Government should seek to promote. Should attention be
focused on the total process of innovation or merely on the research and
development phase of the total process?

We came to realize early in our analysis how very little statistical evidence
there is on the innovative process. Such data as are available primarily con-
cern research and development, not the total innovation process, of which
R&D is only a part. These data give us a reasonable indication of the invest-
ment in R&D, who is performing it and to what extent. But they are not
reliable indications of innovative performance. They do not tell us, for ex-
ample, what the total investment in innovation is in the United States. Such
information would be very useful to have. Indeed, it would be highly de-
sirable to encourage systematic studies of the innovative process in order to
clarify the strategic elements which stimulate and further innovation.

We wish to make quite clear, therefore, that our analysis could not be
based upon empirical data on the innovative process. Rather, we have had
to rely on personal experience and knowledge and, where appropriate, data
concerning R&D.

INNOVATION IN CONTEXT 9

Accordingly, in order to arrive at a reasonable indication of the distribution
of costs in successful product innovations and, particularly, to examine the
role of research and development in the total process of bringing a new
product to market, we pooled the knowledge of experienced members of the
Panel. On this basis, we tried to discern a representative pattern in the dis-
tribution of costs in successful product innovations. There was sufficient
similarity in the experiences we covered to convince us that it would be de-
sirable to present the following "rule of thumb" figures as the basis for our
discussion.

CHART 7

TYPICAL DISTRIBUTION OF COSTS IN SUCCESSFUL
PRODUCT INNOVATIONS

Research -
Advanced Development- 5-10%
Basic Invention

Engineering and
Designing The Product 10-20%

Tooling -
Manufacturing Engineering 40-60%
(Getting Ready for Manufacture)

Manufacturing
Start-up Expenses 5-15%

Marketing
Start-up Expenses 10-25%

Percent 0 10 20 30 40 50 60 70 80

This breakdown of cost and effert indicates that the step we commonly
call research, advanced development or basic invention, accounts, typically,
for less than 10% of the total innovative effort. The other components,
which we do not usually associate with the innovative process, account for
something like 90% of the total effort and cost. Engineering and designing
the product, tooling and manufacturing-engineering, manufacturing start-up
expenses, and marketing start-up expenses, are all essential to the total proc-
ess. It is obvious, therefore, that research and development is by no means
synonymous with innovation.

The above analysis concerns successful product innovations. We tried to

242-736 O - 67 ~ 2



get some indication of the ratio of R&D costs to the total costs of innovative
activities, both successful and unsuccessful. As a very rough measure of
this, we compared total company expenditures on R&D in the manufacturing
sector with the total net sales of these companies. The latest year for which
such data are available is 1964. We make no pretense about the adequacy
or relevancy of these data. The total net sales for 1964 amounted to $293
billion; company-financed R&D expenditures totaled $5.7 billion. The ratio
of R&D costs to net sales was therefore approximately two per cent, which
would indicate that R&D costs are a small part of the total effort in the
manufacturing sector.

Another illustration of the need for careful study of the innovative process
is the indiscriminate use of statistical aggregates purporting to show the com-
parative innovative performance of various countries in particular, statistics
comparing research and development expenditures as a percentage of gross
national product. As a measure of our innovative performance as a nation,
data such as in the following tabulation are occasionally cited. We believe
such data to be an inappropriate index of innovative performance.

CHART 9

TOTAL EXPENDITURES ON RESEARCH AND DEVELOPMENT,
SELECTED COUNTRIES.

Non-Military, Non-Space Military, Space
(% GNP, Market Prices) Country (% GNP, Market Prices)

$8,400 Million U.S.A. $9,058
(1.5%) 1962-63 (1.6%)

1,080 690
(1.4) 1961-62 (0.9)

770 France 330
(1.2) 1962 (0.5) -

(1.1) (0.2)

225 Canada 75
(0.6) 1963-64 (0.2)

168 Belgium 6
(1.5) 1964 (0.1)

1
1 1 1 it 1 1 1 1

10 8 6 4 2 0 0 2 4 6 8 10

Billions of Dollars
Source: OECD (in U.S. dollars)

1964," Reviews of Data on Science Resources, No. 7, January 1966, National
Science Foundation, Washington, D. C.

INNOVATION ONTEXT

If R&D percentages of GNP were an appropriate measure of innovative
performance, the above data, compiled by the Organization for Economic
Cooperation and Development (OECD), would imply that innovation is as
significant a factor in the non-military, non-space sectors of the United
Kingdom (1.4% ) and Belgium (1.5%) as it is in the United States (1.5%).
However, it is clear that these countries are not running a close race with
respect to innovative successes and economic growth. Such R&D data are
obviously misleading when they are relied upon as indexes of innovative
capability or accomplishment.

It is important to bear in mind, therefore, that an oversimplified assump-
tion is probably made whenever it is assumed that more money spent on
research and development automatically has some kind of multiplier effect
on innovation into the market place. Those who equate R&D expenditures
with innovative accomplishment are not looking at the innovative process
the way businessmen must. For the main concern of businessmen is the total
cost and the total profitability or loss of the entire venture.
This is not to say that R&D is unimportant. It should be understood that

we appreciate the vital role of R&D and that our discussion is not meant to
imply that there are not important sectors of the economy in which additional
R&D effort would be desirable. For we believe that there are several sectors
of the economy which should be given special attention in any analysis of
the innovative process, including the role of R&D.

SOCIAL INNOVATION IN THE PUBLIC SECTOR
There are many pressing, public-sector problems that require innovative

solutions. By way of illustration, we have listed a few examples of some of
the problems that call for social innovation.

United
Kingdom

CHART 9

SOME PROBLEMS REQUIRING SOCIAL INNOVATION

Environmental Pollution Urban Redevelopment

Fresh Water Poverty

Crime Prevention Highway Safety

International Organization Urban Transportation

1,220 215West
Germany
1964

Arms Control and Disarmament

Any consideration of the total innovative process should include analysis
of the interrelations between social and private innovation. Private innovation
in the industrial sector has produced conditions which call for social innova-
tion in the public sector. Moreover, advances in private innovation are
dependent upon the climate provided by social innovation.

i oeBasic Research Applied Research, and Development in American Industry,
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For example, the development of the automotive industry and the intro-
duction of various forms of chemical processing have created conditions lead-
ing to the pollution of water and air. In this respect, private innovation has
created environmental conditions which call for social innovation. New
industrial innovations requiring additional supplies of fresh water and a
substantial number of well-educated workers will depend, in turn, on social
innovation. For without improvements in water supply and in our educa-
tional system, it would seem that future industrial innovation will be limited.
On the other hand, improvements in the educational system are at least
partially dependent upon innovation in teaching aids such as audio-visual
instrumentation. There is a mutual interdependence between social and
private innovation.

We have considered the possible sources of social innovation and the roles
of government and industry with respect to its performance. Social innova-
tion in the public sector must depend upon private as well as public resources.
As an illustration, improvements in the control of water and air pollution
must stem from private innovations producing changes in automobiles and
in industrial processes such that the polluting elements which are discharged
into the environment will be reduced or eliminated.

We believe it is incumbent upon government, both local and national, to
provide the essential framework for social innovation. As a general principle,
moreover, government should encourage the use of private resources for
social innovation whenever possible. In this effort we conceive of govern-
mental functions along the following lines:

a. Defining the social problems and the priorities for their solutions.

Intensifying the planning for such solutions.
c. Encouraging private enterprise to seek profit-making opportunities in

the development of such solutions.
d. Developing regulatory and other mechanisms, such as government

purchasing policies, to compel or encourage industries to modify pro-
ductive processes and products in such ways that they will contribute
to the betterment of the social sector (for example, regulations regard-
ing water and air pollution).

e. Carrying on the necessary technological developments, when it is clear
that private resources cannot be depended upon to undertake them
satisfactorily.

The prosecution of this program on the part of the government would call for
careful, intensive analyses of each of the areas requiring social innovation.
No pat formulas can indicate which paths would be more productive. Social
problems may arise which are not susceptible to solution via the private
sector of the economy, in which case the government would have to accept
the primary or exclusive burden of performance. Again, however, we believe
the only reasonable generalization which can be made in tackling these prob-
lems of social innovation is that the government should give careful consid-
eration to the utilization of private industry for this purpose before it
undertakes investment of public funds and resources.
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REGIONAL DIFFERENCES
Cities and regions appear to vary markedly with respect to successful

generation of new technologically based enterprises. Unfortunately, there are
no statistical data to show this. But our personal experiences-and we claim
no more proof than that tell us that cities and regions do vary widely in
their propensity to exploit their innovative potential. We surmise that im-
portant factors exist which go beyond such indexes as the total number of
scientists in the area, or the total R&D expenditures, or the availability of
capital.

CHART 10

VARIATIONS - CITY TO CITY
IN THE PROPENSITY TO GENERATE

NEW TECHNOLOGICALLY BASED COMPANIES
e. g., Many Such Companies e. g., Few Such Companies

Boston Philadelphia
Palo Alto Chicago
Washington, D.C. Kansas City
Pittsburgh Atlanta

We tried to analyze-again, of necessity, largely on the basis of our
personal experiences-what differentiates cities with respect to their pro-
pensity to generate new technological enterprises. As we have indicated,
Boston is an area which generates many new technological enterprises,
whereas Philadelphia, by comparison, apparently generates few. We asked
ourselves, first of all, whether the difference between these two areas is due to
the existence of greater potential venture capital in one over the other
whether this factor is a major barrier to the creation of new technological
enterprises. We are unaware of any evidence to this effect.

There is abundant potential venture capital available in the Philadelphia
area. What we are led to believe is that in the Philadelphia area there is poor
linkage, poor communication, between potential venture capital sources and
technological entrepreneurs. There are also other factors that bear on this
problem. We shall explore them, but at this time it would be well to analyze
the one piece of evidence we have that compares the attitudes of technological
entrepreneurs in the Philadelphia and Boston areas with respect to the climate
for generating new technological enterprises in these localities. This evidence
was developed by the Federal Reserve Bank of Philadelphia." It is a report
based on interviews with scientist-businessmen regarding the problems of
seeding science-based industry.

2 Elizabeth P. Deutermann, "Seeding Science-Based Industry," Business Review,
Federal Reserve Bank of Philadelphia (May 1966).



TECHNOLOGICAL INNOVATION: ITS ENVIRONMENT AND MANAGEMENT 14

The author carefully and objectively selected several research-oriented
firms in the Delaware Valley area and in the Boston area and asked the
founders of these companies several questions, among which the following two
are of greatest interest: (1) "Do local universities play any role in stimulating
new science-based firms?" (2) "What is the attitude of local banks toward
financing for the small, science-based firm?" The Boston entrepreneurs, in
response to the first question, replied to a man that the universities play an
important role. In striking contradistinction, the Philadelphia entrepreneurs
were of the unanimous view that universities play a small role.

In response to the second question, the Boston entrepreneurs replied
unanimously that the attitude of local banks to the financing of small science-
based firms was "good" or "excellent." Again, in marked contrast, the
Philadelphia entrepreneurs said, without exception, that the attitude of their
local banks was "unreceptive," "poor," or "bad."

It is true that the number of firms interviewed by the author was small
(there were 13 all together), but the likelihood of getting these completely
disparate views with respect to the attitudes of banks and the importance of
universities is so remote that the results are significant. There is at least some
reason to believe that the apparent difference in attitudes among venture
capital sources, technological entrepreneurs, and universities in these two
areas bears upon their propensity to generate new technological enterprises. 11

THE TOTAL ENVIRONMENT

In our over-all deliberations, we came to some general conclusions about
the kind of total environment that seems to encourage the creation of new
technological enterprises. Included in this environment are:

a. Institutional and individual venture capital sources that are (i) "at
home" with technologically oriented innovators and (ii) have the rare
business appraisal capabilities necessary to diagnose the prospects of
translating a technical idea into a profitable business.

b. Technologically oriented universities, located in an area with a busi-
ness climate that encourages staff, faculty, and students to study and
themselves generate technological ventures.
Entrepreneurs, who have been influenced by examples of entrepreneur-
ship (for it is our contention that entrepreneurship breeds entrepreneur-
ship).

d. Close, frequent consultations among technical people, entrepreneurs,
universities, venture capital sources, and others essential to the inno-
vative process.

Professor Cole has drawn an analogy between the elements of an entre-
preneurial environment and the charges in an electric field. A beneficial
environment requires, he has said, "a sympathetic alignment of institutions . . .

pointing in the same direction, or charged with the same brand of electricity." ?

' Arthur H. Cole, Business Enterprise and Its Social Setting, Harvard University
Press, 1959, p. 245.
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Viewed in this sense, unsympathetic bankers, inattentive educational insti-
tutions, overzealous tax authorities, and other environmental barriers, are
negative charges that work against the entrepreneur.

VARIATIONS AMONG INDUSTRIES
Many industries are apparently under-spending on innovation. (Again, we

must emphasize that we lack adequate empirical data to substantiate this
feeling.) A number of factors bear on this problem, the most important of
which would be the absence of adequate managerial and technological skills
in an industry. We often see companies with an abundance of these skills
enter such an industry for the first time and make significant contributions.
The invasion of the textile industry by the chemical industry (Nylon, Acrilan,
etc.) is a case in point.
We looked at variations among selected "big sales" industries. Since

empirical data on innovation were unavailable, we resorted again to R&D
percentages. In particular, we selected the steel, transportation, chemical,
and drug industries-and noted the variation in the ratio of company-financed
R&D to net sales.

CHART

VARIATIONS IN COMPANY-FINANCED R & D
AS A PER CENT OF NET SALES, BY INDUSTRY

Net Sales R&D R&D
(Billions) (Billions) Net Sales

Steel 178 0.111 0.6%
(Primary ferrous products)

Transportation Equipment 34.3 0.865 2.5%
(Excluding aircraft)

Chemicals 25.6 0.830 3.2%

Drugs 5.03 0.224 4.5%

Source: NSF (1966)- Figures are for 1964.

The above tabulation shows the steel industry (primary ferrous products)
spending, in 1964, a mere 0.6% of its $17,800,000,000 in net sales on R&D.
In contrast, the drug industry was spending 4.5% of its $5,400,000,000 in
net sales on R&D, a percentage almost eight times that of the steel industry.
We asked ourselves several questions about the differences between highly

innovative industries and those which are relativély uninnovative.
Are the highly innovative industries progressive because of the manner in

which they respond to technological opportunities? Are they primarily this
way because their managements have extraordinary capabilities for grasping
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and managing technological change? What characterizes the relatively unin- and innovations of the 20th century, which the authors selected for analysis,novative industries? Are they this way because they failed to exploit innovative over half of them stemmed from independent inventors or small firms.*opportunities? Because they possess excessive built-in barriers to technological Professor Daniel Hamberg of the University of Maryland studied majorchange? Is it that their managements have not learned the importance of inventions made during the decade 1946-55 and found that over two-utilizing technological opportunities and innovative skills? thirds of them resulted from the work of independent inventors and smallWe find that we must answer each of these questions affirmatively. The
companies.®major barrier is one of attitude and environment. It is primarily a problem of

education not of antitrust, taxation, or capital availability. -Professor Merton Peck of Harvard studied 149 inventions in aluminum
welding, fabricating techniques and aluminum finishing. Major producersTHE SIGNIFICANCE OF SIZE accounted for only one of seven important inventions.*

We have examined variations in innovative performance between the
public and private sectors, different regions, and different industries. We turn Professor Hamberg also studied 13 major innovations in the American

steel industry-four came from inventions in European companies, sevennow to a consideration of innovative performance as a function of company
size. Again, however-because we have no choice in the matter we have from independent inventors, and none from inventions by the American

steel companies.'been forced to resort to data concerning R&D, -not the total innovative
process.

-Professor John Enos of the Massachusetts Institute of Technology
CHART 12 studied what were considered seven major inventions in the refining and

cracking of petroleum-all seven were made by independent inventors.VARIATIONS IN R & D, BY SIZE OF COMPANY The contributions of large companies were largely in the area of improve-
ment inventions.®Percent Distribution of R & D Percent Distribution of R & D

Performing Companies Expenditures
Chart 13, which is based on the above studies, illustrates some of the100 80 60 40 20 0 20 40 60 80 100

important inventive contributions made by independent inventors and small
companies in this century. One finds the range and diversity of these inven-5,000 or More Employees
tions impressive. Indeed, the mercury dry cells in our electronic watches, the
air conditioners in our homes, the power steering in our automobiles, the FM1,000 to 4,999 Employees circuits and vacuum tubes in our Hi-Fi and television sets, the electrostatic-
copying machines in our offices, the penicillin and streptomycin in our medi-

Less Em cine cabinets, and the list goes on-all of these inventions, which are gen-
122° 2220 c.yees

erally taken for granted, take a new meaning when one identifies them with
Source: Basic research, researcd

fh, and development in industry, 1962, their sources. The point to be made is that independent inventors and smallNSF 65-18, 1965.
firms are responsible for an important part of our inventive progress, a larger
percentage than their relatively small investment in R&D would suggest.The above data show that a handful of large companies (having 5000 or more

employees) perform almost all of the R&D, although, as we have illustrated,
this is not necessarily indicative of innovative performance. 4 J. Jewkes, D. Sawers, and R. Stillerman, The Sources of Invention, St. Martin's

Press, 1958, particularly pp. 72-88, and Part Il.It is important to distinguish between large and small sources of invention
and innovation, for the resources available to them are different and, not 5D, Hamberg, "Invention in the Industrial Research Laboratory," Journal of

Political Economy, April 1963, p. 96. See also, Concentration, Invention, andsurprisingly, the riskiness of a venture and the manner in which it is under- Innovation, U. S. Senate Antitrust Subcommittee, 89th Cong., Part III (Govern-taken are generally a function of the available resources. We therefore ment Printing Office, 1965), p. 1286.
6M. J. Peck, "Inventions in the Post-War American Aluminum Industry," inanalyzed several studies on the sources of invention and innovation. These

studies were unusually consistent in indicating that independent inventors The Rate and Direction of Inventive Activity: Economic and Social Factors, Na-
tional Bureau of Economic Research, (Princeton, New Jersey, 1962), pp. 279-92.(including inventor-entrepreneurs) and small technologically-based companies See also, U. §. Senate Antitrust Subcommittee, op. cit., p. 1296 and 1438-1457.are responsible for a remarkable percentage of the important inventions and ? Hamberg, op. cit., p. 98. See also U. S. Senate Antitrust Subcommittee, op.innovations of this century a much larger percentage than their relative cit., p. 1287.

investment in these activities would suggest. 2 J, L. Enos, "Invention and Innovation in the Petroleum Refining Industry,"
in Rate and Direction of Inventive Activity, op. cit., pp. 299-304. See also, U.S.-Professor John Jewkes, et al, showed that out of 61 important inventions Senate Antitrust Subcommittee, op. cit., p. 1287 and pp. 1481-1503.
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SOME IMPORTANT INVENTIVE CONTRIBUTIONS OF
INDEPENDENT INVENTORS

AND SMALL ORGANIZATIONS IN THE TWENTIETH CENTURY
Xerography Shrink-proof Knitted Wear Mercury Dry Cell

Chester Carlson Richard Walton Samuel Ruben

DDT Dacron Polyester Fiber "Terylene" Power Steering
J. R. Geigy & Co. J. R. Whinfield J. T. Dickson Francis Davis

Insulin Catalytic Cracking of Petroleum Kodachrome
Frederick Banting Eugene Houdry L. Mannes & L. Godowsky Jr.

Vacuum Tube Zipper Air Conditioning
Lee De Forest Whitcomb Judson / Gideon Sundback Willis Carrier

Rockets Automatic Transmissions Polaroid Camera
Robert Goddard

Streptomycin
Selman Waksman

H. F. Hobbs

Gyrocompass
A. Kaempfe/E. A. Sperry /S. G. Brown

Edwin Land

Heterodyne Radio
Reginald Fessenden

Penicillin Jet Engine Ball-Point Pen
Alexander Fleming Frank Whittle /

Hans Von Ohain Ladislao & Georg Biro

Titanium Frequency Modulation Radio Cellophane
W. J. Kroll Edwin Armstrong Jacques Brandenberger

Shell Molding Self-Winding Wristwatch Tungsten Carbide
Johannes Croning John Harwood Kar! Schroeter

Cyclotron Continuous Hot-Strip Rolling of Steel Bakelite
Ernest O. Lawrence John B. Tytus Leo Baekeland

Cotton Picker Helicopter Oxygen Steelmaking Process
John & Mack Rust Juan De La Cierva/Heinrich Focke/ C. V. Schwarz] J. Miles /

Igor Sikorsky R. Durrer

It goes without saying that the United States could not depend solely on
the innovative contributions of small firms. The large firms are indispensable
to technological and economic progress. From a number of different points of
view, however, we are persuaded that a unique cost-benefit opportunity exists
in the provision of incentives aimed at encouraging independent inventors,
inventor-entrepreneurs, and small technologically based businesses. The cost
of special incentives to them is likely to be low. The benefits are likely to be
high.
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THE SMALL COMPANY ENVIRONMENT

We turn now to an analysis of the environment for innovation at the
company level. We will do this first for an illustrative small company, then
fer a large company. We will analyze these large and small company
environments by describing their growth cycles and some of the character-
istics and problems encountered in each case. Our recommendations will
then be made in reference to these factors.
We analyzed the growth cycle of an illustrative technologically based small

company and divided the cycle into what we perceived for our purposes to be
the key stages of growth. These are shown in Chart 14.
Let us discuss each of the stages of the growth process in detail.

THE IDEA STAGE
We begin with the idea stage. An inventor, or an inventor-entrepreneur,

has an idea to which he is committed. Typically, the product or process
which underpins the idea is the subject of a patent application. The people
we are talking about are individualists, who usually have voluntarily "spun-
off" from another organization. Their educational backgrounds are usually
in science or engineering.

~ ! Italicized words in the text correspond to terms appearing in Chart 14.
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CHART 16

MANAGING TECHNOLOGICAL INNOVATION
SMALL COMPANY ENVIRONMENT

CHARACTERISTICS PROBLEMS

Uncertainty
No business experience

mm Total commitment
p

Government
Universities
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wm Losing money
Less than

+ 100 employees
+ $1 million capital
* 5 years old

Key management
Incentives

Fringe benefits
Government procurement

Total commitment

Product oriented

Key functional staff
Contro! techniques
Market analysis

World wide marketing

* 100 employees
* $1 million capital=e * 5 years old

Growth Escape
Jobs Merger

Products Sell out
Antitrust
Timing
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As we have noted, the path between an invention and the market place is
a very tortuous obstacle course and, therefore, in this first stage of the cycle,
there is a high degree of uncertainty as to the ultimate outcome of the venture.
Typically, these individualistic, technical people have little or no business

experience, but are totally committed and prepared to risk their livelihoods
and their future security in order to champion their idea.

We turn now to the problems the inventor and the entrepreneur have in
this stage of their venture. We have listed two which are pertinent to some of
the recommendations that we shall make. First of all, they need capital. As
a rule they have none, and nothing will happen to their idea until they get
some financial backing. It is not just any kind of money they are seeking.
What they require is venture capital, and they must know something about
the intricacies of venture capital acquisition or find somebody who does.

Secondly, they are faced with a legal issue of whether or not they are
"in business." As we shall see, this question is important from the standpoint
of the tax laws, for the deductibility of expenses that they incur at this stage
in the growth cycle of their hoped-for company will depend upon, first of
all, their tax acumen and, secondly, whether or not they are in business.
Although we shall explore this question in detail later, it may be helpful to
note at this point that even if the Internal Revenue Service regards them as

being in business at this stage, they probably have no personal income against
which to deduct the expenses in excess of income which the "business" is

incurring.

Individualists Capital?
Technical In business?

AppraisalHigh risk requires
Lack of understanding

No technical experience

high potential return
Relatively small Banks

* IndustryMONE
4,

THE MONEY STAGE
:

Venture capital is very high risk money. High risk money requires high
potential return. It is important to note the very high risk that venture
capital sources assume in underwriting the formation of new technologically
based enterprises; and governments, the universities, and society need to
understand this risk. There must be opportunities for large gains from a
few successful ventures to offset the risk of losses from the many failures.
Notwithstanding the risk element, venture capital is available (to those who
know where and how to get it) precisely because there are extraordinarily
high potential returns for the successful undertakings. We need only recall
the histories of the ventures listed in Chart 4, Chapter I.
The money needs of a fledgling technological venture in its first two years

are comparatively small, typically under $500,000. These costs, however,
are much greater now than they were only twenty years ago.
By and large, the technical people, who have the idea and want to build

a company on it, have little if any business experience and know nothing
about the venture capital market. On the other hand, the sources of capital

banks, wealthy individuals, underwriters, investment trusts, and others
usually have no technical background and only rarely have available to them
adequate staffs to perform the complex investment appraisals required to
measure the merit of any single entrepreneurial proposal. We are dealing
here with ideas that have high technical content. The venture capitalist needs
to weigh their prospects. He may have a great many new ideas presented
to him. He must pick winners some of the time and make educated gambles

GAR Technology oriented
High ratio technical menOPERATIONSorg Government contracts

One or few customers
Fast reaction time

ond
Custom manufacture

High return on investment
High value added

New kind of financing
Dilution of equity

x err Many impersonal customers
9 2

High volume manufacture Costs
More than Competition

BUS

1 :

:
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all of the time; and to do this he has to have adequate appraisal resourcesat hand. One cannot overstate the pivotal importance of adequate appraisals.There truly are very few capital sources who understand equally well the
nuances of convertible debentures and the intricacies of gas laser technology.The "appraisal gap" is a rather specific example of our principal theme,that if any problem can be singled out as the central obstacle to the small
technologically based enterprise, it is the need for understanding. Too few
leaders in industry, government, the universities, and the financial community
truly understand the business and human dynamics of the innovation process.

THE ''GARAGE"' OPERATION
The Company obtained the needed capital. It is now in business, but it is

losing money. Let us put some rough dimensions on the firm at this stage.It is small, lean, proud, hard working. It is quartered, we may say, in a
"garage" in any case, very modest facilities. During this "garage" stage,it is typically less than five years old, has less than one hundred employeesand less than $1 million in capital. Some of these firms may have one tenth
of these resources.
The company is technology oriented and has a high ratio of technical to

non-technical staff. Often, it is seeking government research and develop-ment contracts.
This kind of company has a fast reaction time; it is quick on its feet. It

has to be: the distance from the front to the back of the garage or from
smooth sailing to bankruptcy is very short, indeed. Each adversity is a
major crisis for the fledgling enterprise.

It has limited marketing problems, because it typically has only a few
customers. One dissatisfied customer, and the firm may face disaster, so it
naturally tries a little harder to please. Because its market is limited, it often
produces on a custom basis.
All of the above characteristics-high ratio of technical people, emphasison know-how, a high-technology product or service, and so on indicate that

the firm's output probably has a high value added. This, in turn, means that
if the company matures to a successful growth business, there will be a very
high return on the initial investment.

But let us turn now to some of the problems. Management problems are
foremost. They present the greatest frustrations. The typical inventor, prime
mover, man with the idea, lacks managerial skills. The firm needs these
skills, but how does it get them? The salaries, pensions, and other fringebenefits used by successful large firms to lure and hold key people cannot be
offered by a struggling small company which is fighting for its survival. Other
incentives must be found. To lure key managers, who are willing to share
the total commitment of the company founders, the company must be able
to point to a high return if the high risks are overcome. Our recommendation
concerning stock options (Recommendation 2 ) is directed to this end.

Government procurement procedures may pose a problem to our new
firm. Procurement regulations and policies do not take the peculiar problemsof small, technological firms into account. For example, the summary cancel-
lation of one government contract may be disastrous to a small firm. A large
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firm, on the other hand, can probably survive such a cancellation, although
we appreciate that such a cancellation is always a shock to any organization.

THE SECOND STAGE BUSINESS
Our company is maturing. It is now maybe as much as five years old, has

annual sales in the millions of dollars, and is in business in every sense of
the word. The loss of a single customer is no longer decisive. It now has
many impersonal customers.

The company is no longer solely dependent on technology. Its central
problems are now related to product manufacturing-to improving product
quality and lowering manufacturing costs.

It needs a new kind of financing. But this new money will not be ex-
clusively high-risk, high-return, venture-type capital. The earlier risks and
uncertainties have been reduced and, therefore, obtaining secondary financing
is usually easier than was the acquisition of venture capital. This time the
company can look to conventional sources of capital through public stock
offerings, for example. After additional financing has been acquired, the
equity of the original owners of the company has probably been significantly
diluted in terms of the degree of ownership control they can exercise.
What are some of the new problems? To get to this stage, raa company has

to solve the key management problem we discussed with respect to the pre-
vious stage of its life. But now key functional staff are probably missing.
Research, development, marketing, and production are new problem areas,
and skilled personnel are needed to handle them. Control techniques are
now needed to keep the business on course and operating effectively and
efficiently. Costs have taken a new meaning and complexity.

Market analysis is also a new problem. In this stage of its life the firm
may find that its product is not just a domestic item, but has international
possibilities.
The company has become successful and, thus, has attracted other com-

panies to its field. The competition intensifies.

A SUCCESSFUL GROWTH BUSINESS
The company, in its wisdom, persistence and good fortune, has solved its

initial problems. It has become a successful growth business. Its contribu-
tion to the gross national product is growing, its products are filling many
additional demands, and it is employing many more people.
It has new problems. The founders-the entrepreneur and the inventor-

are not the central figures they used to be. They may want to escape. They
championed their idea into a success story and the challenge may not be
there any more. The time for taking a high return on their total commitment
over the years may have come. They might want to do this by selling their

it with another corporation. For the first time, a new word appears in their
vocabulary: "Antitrust." To them it may appear as an unwarranted gov-
ernmental restriction that prevents them from realizing the maximum possible
return on their personal investment and commitment; and yet, in larger
perspective, the restriction may be required to safeguard the public interest.

interest in the company. Or they might want to sell the company or merge
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IV
THE LARGE COMPANY ENVIRONMENT

The innovation process in a large company is, in many respects, similar to
that in a small company. But the risk of any single venture to the future of
a large company is nowhere near as great, for the large technologically based
company can spread its risks by undertaking several innovation projects at
once. Moreover, because a large company normally has profits against which
it can offset costs, the government, in effect (through the corporate income
tax), shares in 48% of the innovation project losses of the company. As we
have seen, this is not true of a typical small company in its early stages.

THE PROBLEMS OF GROWTH
To illustrate the basic problem of the large company with growth objec-

tives, let us consider the following hypothetical case.

CHART 15

GROWTH PROBLEM IN A SUCCESSFUL LARGE COMPANY
(Hypothetical Case}

Annual Sales $1,000,000, 000

Typical Market Penetration 25%
Growth Target 10% Per Year $100,000,000

$170,000,000

Such a company needs $170,000,000 of new sales from a combination of
(a) established products
(b) new products in established businesses
(c) new businesses

Ultimately this company must seek to enter completely
new businesses or abandon its growth objective
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The company has annual sales of one billion dollars, derived from estab-
lished products, in a series of markets which it has penetrated, on the aver-
age, to the extent of 25%. The total demand for the oldest of these products
is falling at a rate of 5% per year ($50 million). Moreover, the price erosion
of its whole range of products is 2% per year ($20 million).
This company is well-managed and has substantial resources. It is not

content to deteriorate by $70,000,000 each year. Nor will it be satisfied
merely to remain static. On the contrary, it wishes to grow at a fairly high
tate say, 10% per year ($100 million). Adding these figures up, then,
this company finds that it needs $170 million of added sales in the first year
of its growth program.
The new sales can only come from a combination of (a) increased sales

of its established products through greater market penetration or the invasion
of new markets, (b) development of new products in its current businesses,
or (c) entry into completely new businesses.
With the demand for some of its established products declining, an in-

crease in the sales of its better performing products (amounting to a 17%
year-to-year rise) will be hard to achieve, particularly in view of the sub-
stantial market penetration the company already has. Ultimately. therefore,
the company will have to enter new business fields or abandon its growth
objective. The important point to bear in mind, as we proceed now to dis-
cuss briefly an example of the large company environment, is that this re-
quirement for growth leads a large company to launch innovative business
ventures. The small, fledgling firm is therefore not alone in this respect.
Whatever the differences between the small and large firm, the goal in each
case is a successful new growth business.
For purposes of discussion, we have divided the management of tech-

nological innovation in a large company into four stages,ias'shown in Chart 16.
We identify the first phase as the business planning stage. Next comes

the period of experimental appraisal. Out of this, if all goes well, an embryo
business appears. And if everything falls into place, the result is a successful
growth business. Let us consider each of these stages in turn.

:

BUSINESS PLANNING
In almost every detail the large company environment for innovation is

different from the small company situation we have discussed. In one crucial
respect, however, they are identical. At the very beginning of a new "busi-
ness innovation project" there is an individual who has an idea on how to
solve a problem, or how to create a novel product, or how to fill a need
which he believes will be manifested in the market place.

Because the company is committed to innovation, this individual has an
opportunity to perform some experiments to develop his concept; he then
has a chance to present his idea for consideration by management.
We come now to an important difference between new and established

companies. In the large company the merit of the idea is judged by analyzing
the totality of the proposed new business venture as an alternative investment
opportunity. This analysis in the most sophisticated companies can be used
to establish a "best guess" for the net present value of the new venture con-

Sales Decline (Oldest Products) 5% Per Year
Price Erosion 2% Per Year $70,000,000

242-736 O - 67 - 3
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CHART 16

MANAGING TECHNOLOGICAL INNOVATION
LARGE COMPANY ENVIRONMENT

CHARACTERISTICS PROBLEMS
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cept, taking into account the risk of failure, the time value of money, and
the company's performance in its established businesses. The new idea is thus
judged as an alternative to other investment opportunities available to the
company. Such alternatives are not available to a new company of the kind
we explored in Chapter III.
As part of its venture analysis* the company also engages in directional

planning, based on the realities of the market place and aspirations and
capabilities of the organization. Directional planning involves questions such
as: "Where are we?" "Where are we going?" "How will we get there?"
"How did we get to where we are?" "What business are we in?" "What
should we be in?" "How does the idea we're considering fit in with what
we are or should be?"

Despite the logic and helpfulness of the planning process, it cannot cope
with certain internal barriers to the new idea being considered. If it has come
from outside the company, the new idea may undergo a fatal battering be-
cause of the "not invented here" syndrome. As Charles Kettering once put
it, "The greatest obstacle course in the world is trying to get a new idea into
a factory." ?

A large company has greater concern for the time value of money. Unlike
a small company beginner, a large established company has the option of
applying its money to a number of alternatives. An investment that will not
yield returns for several years is made less attractive because it is discounted
substantially. As a consequence, the company may choose less ambitious
shorter-run opportunities.
A large company tends to be inbred; in extreme cases the company may

thereby actively resist any change. More important, however, is the problem
that a new market represents to the large company's established marketing
staff. Indeed, there is no question that good innovative opportunities often
are not exploited because the company lacks the requisite market familiarity.
The irony, as we have seen, is that new markets are the key to the kind of
new growth businesses that the large company needs to develop.

Venture analysis Not invented here
Directional planning Time value of money

BUSI
PLAN

Complex enterprise Entrepreneurs missing
:

Has R/D organization Know-it-alls:
: :

EXPERIMENTAL APPRAISAL
In those cases, however, where the large company management elects to

try to develop a new business opportunity, it proceeds next to an experi-
mental appraisal of the key elements of the new business. This often involves
a research effort for which the company has an institutionalized research and

development activity.
However, the company may be missing some of the technical skills needed

in the new field it is exploring. If, for example, its traditional business is in
electronics, but the new venture has to do with washing machines, its technical
people may not possess the required mechanical skills for the new business.
But a large company has the resources to acquire these skills.

The large company is a complex social organization. The fast reaction

THIB

i Italicized words in this chapter correspond to terms appearing in Chart 16.
2 See Concentration, Invention and Innovation, Senate Antitrust Subcom

mittee (Government Printing Office, 1965), pp. 1099, 1115.
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time we discussed in reference to the small company environment is not easily
attainable here. The distance from the chief executive's office to the mainte-
nance shop may be a long way. He is, in fact, often removed from the
operational details of his company; surely, he is not familiar in detail with
each new venture early in its lifetime. The complexity of the organization
itself leads to certain problems.
There are the "know-it-alls." They explain that they have thought about

similar new ideas many times before, and have concluded that there are many,
many reasons why each new concept cannot succeed. Or, it will not work
because it has never been done before. There are many other reasons why, in
this experimental appraisal stage, prior experiences and predispositions rise
up to block innovation. Often these take the form of an overly conservative
estimate of risk-versus-probable cost for new ventures. It is easy to make such
decisions because there is always the choice of extending the present business
rather than taking the organization into unknown territory. As we have noted,
the beginning small business has no analogous option.

These are different kinds of problems from those we discussed in reference
to the small company environment. There, when the problem was to obtain
initial financing for the incipient.firm, the problems were largely external
("Can we get the capital?"). Here, we are concerned with what may be a lack
of entrepreneurial spirit and commitment within a well-established, well-
financed organization. In a complex organization the overriding problem
often is maintaining an adequate commitment to a new idea in the face of
internal obstacles to change. There is an understandable reluctance to depart
from what has been a successful pattern of business. So we come back again
to the need for understanding, within and outside the company, of the special
problems of managing and exploiting technological change. These problems
are no less formidable in a large organization than they are in a small firm.
They are just different.

THE EMBRYO BUSINESS
The experimental appraisal is over and the idea has proved itself. An

embryo business is formed within the framework of the corporation. Because
of its ancestry, the business needs no major effort to establish a long-rangeR&D program. It has the tradition and the backing to fill in gaps in the R&D
sector.
But the embryo business usually does need outside inputs-in the marketing

area, for instance. Key management is also important. The established
company can get these inputs more easily than can the small firm, for it can
offer the incentives of high salaries, security, and other inducements already
mentioned.

But sometimes the most effective strategy is to purchase the needed ele-
ments by acquiring assets from another company or merging with it. Here,
again, antitrust considerations play an important role in limiting the company's
course of action.
At an equivalent point in its growth pattern, a small company is in a "do or

die" situation. The large company, however, may still elect to abandon the
venture if it fails to show signs of measuring up. For example if, in the early
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years, the embryo business fails to meet the established criteria for return
on investment, the large company may drop the venture altogether.

A SUCCESSFUL GROWTH BUSINESS
Just as the desired final stage of the small-company cycle was a successful

growth business, so it is for the new business development within a large
technologically based company. Here, too, the characteristics of the firm
include growth contributing to the gross national product, jobs to provide
new employment opportunities, and products to fulfill needs and to diffuse
technology.

Antitrust can be a problem if, for example, the corporation seeks to enhance
its new business by acquiring other companies that are capable of comple-
menting it. It should also be noted that if, in the first instance, the large
corporation, instead of developing a new business venture completely inter-
nally (as in our illustrative example), had preferred to add a new business
through external acquisition or merger, antitrust questions could have arisen
then.
As a further observation on the large-company example discussed in this

chapter, we should mention the difficult problem of assimilating the new
growth business into the parent corporation. Adjustments and dislocations
are inevitable; disharmonies will occur. This is a painful but absolutely
necessary step, since the full value of the new business cannot be realized if it
operates separately from the supportive strength of the entire company, to
which it can also add strength and skill.

It is apparent, therefore, that small and large technologically based com-
panies have similar goals and problems, though different environments. Both
wish to develop successful growth businesses, but they go about the task in
very different ways.
No attempt has been made to construct a generic model of the innovation

process as it occurs in "the" small firm or in "the" large firm. We chose
instead two illustrative examples of the process. Much more could have been
said about the problems and characteristics of large and small technologically
based companies. We believe, however, that we have identified an adequate
number of problems and characteristics of the innovation process in large
and small firms to enable us to explore, in a more reasoned approach, possible
ways to improve the environment for technological change.

Moreover, what we have noted regarding the respective characteristics and
problems of large and small technologically based firms suggests an important
challenge to the business world. The challenge is to explore new ways for
large companies to work with small technologically based companies, while
maintaining the creative qualities of each-or, alternatively, for large com-
panies to develop, within themselves, sub-environments that foster the en-
thusiasm and entrepreneurial spirit of the small firm, while benefitting from
the over-all resources of the total corporate environment.
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V
PROBLEMS AND RECOMMENDATIONS

Having explored various aspects of incentives and barriers to technological
change and having analyzed some of the salient features of small and large
companies in the management of technological innovation, we are in a posi-tion now to present our recommendations. For reasons already stated, and
which will be supplemented, they are aimed primarily at the problems en-
countered in the small company, environment.

A. TAXATION }

1. THE PROCESS OF SELECTION
We have reviewed many tax proposals aimed at either (1) encouraging

innovation in a positive way, or (2) eliminating disincentives or barriers to
innovation. We are recommending only a few, having rejected most of the
Proposals we considered. It would please us to be able to say that our evalu-
ation was made on the basis of clear, statistical evidence of the prevalence and
importance of a given barrier to innovation, or on the basis of a sophisticated
cost-benefit study of the impact of a given tax change on the amount of inno-
vation or even on the level of tax revenues.

Unfortunately, there are few such data available. In fact, the lack of
objective data, in or out of government, on the innovation process, in general,
and the technologically based firm, in particular, is symptomatic of a very
serious deficiency in our thinking regarding technological innovation. As we
have said earlier, too few people in government, in industry, in banks, and in
universities understand the special forces at work in the conception, appraisal
and nurturing of the innovative, technological enterprise. Yet, even a casual
reading of the business history of this country makes it clear these innovative

this chapter.
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enterprises are an important part of the process that differentiates our rate of

progress from that of the rest of the world.
How, then, have we decided to recommend some tax proposals while re-

jecting so many others? We have tried to give adequate consideration to tax
incentives that operate across the total process of innovation, and have
avoided recommendations which, in our view, would result in unreasonable
or unjustified economic distortions. We are wary of proposals that would lead
one to believe that a tax incentive for R&D alone would automatically lead to

major increases in innovation.
In this vein, a common proposal is a 75% tax credit on all R&D expendi-

tures. Let us review our reasoning in rejecting this proposal. Its cost in lost
tax revenues would fall in the range of 1.25 to 1.5 billion dollars a year,
for between 5 and 6 billion dollars per year is now being spent on industry-
supported research. It should be understood that a 75% tax credit means the

government would, in effect, be bearing three-fourths of the cost of industry-
supported R&D. At the present corporate tax rate of 48%, it bears roughly
half the cost. An additional 25% of the burden would therefore be a very
costly tax change.

This recommendation generally flows from an assumption that what our

society really needs to get more innovation is simply more research and

development. We have indicated earlier that we are unable to conclude that
our country is lacking in this regard. Also, and more important, we believe
we must look increasingly at the innovative process the way businessmen do-
that is, at the total new venture, the total cost, the total profitability or loss,
not just the R&D portion, which is usually only a small segment of this total.

It is very likely that an across-the-board (and therefore costly) tax credit
would be enjoyed largely by the very large and already technologically-
oriented companies. As recently as 1960, only 300 companies accounted for
90% of the R&D expenditures. As we have already noted, to many of these

companies, research and development is increasingly a way of life.
We should seek to provide incentives that will increase the nation's total

innovative potential and should aim our efforts at companies where the extra
incentives are genuinely needed, or will provide the maximum innovative

response per dollar spent. We do not believe an across-the-board 75% tax
credit for R&D expenditures meets these criteria.

In looking for unique cost-benefit relationships, we were impressed, as we

have already noted, by the apparent leverage of small companies and individ-
ual inventors and entrepreneurs in the whole process of invention and innova-
tion. We were also impressed by the great difficulty that apparently exists in

communicating the availability of tax benefits to small companies and indi-
viduals.

It is not enough to say that a given tax change will produce dramatic
results. Even if the economic theory is sound, this assumes people will know
about the tax change and grasp its implications. The Sloan School at the

Massachusetts Institute of Technology recently conducted a study of the

impact of tax benefits on small technologically based companies." It would

England, Report to Federal Reserve Bank of Boston No. 25 (1964), Master's
: Thesis, M.LT., pp. 72-73.

2 Baty, Gordon, Initial Financing f the New Research-Based Enterprise in New
I See Appendix D for provisions of the Internal Revenue Code discussed in
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appear from the study that Section 1244 (which allows an ordinary deduction,instead of a capital loss, for losses incurred in the stock transactions of certainsmall business corporations) did not have a substantial influence on many of
these companies. Because a tax provision of such potential benefit is still
apparently not widely appreciated and used, one is led to conclude that not
enough is being done to provide better education for administrators, busi-
nesses, and individuals on the availability and meaning of existing tax provi-sions. One needs to ask, moreover, whether a given tax problem, such as that
to which Section 1244 was directed, while noticed by sophisticated tax experts,
really affects only a very small percentage of the potential innovators.To propose that far-reaching, across-the-board tax benefits are the major
requirement for higher levels of innovation requires an explanation of why,with existing tax benefits, some areas like Boston, Palo Alto, Pittsburgh, andnorthern New Jersey have produced many more technologically based inno-
vative companies than have other major areas with equivalent or greaternumbers of scientists. A study we have already alluded to suggests that other
factors-attitudes of universities and banks, for example-play a major role.
Thus, where we were not impressed that a pervasive and important need

existed for a tax proposal, we were not persuaded to recommend it, however
technically elegant the proposal may have been. On this basis, we eliminated
a large number of specific, technical tax recommendations that may have
made sense in their own terms, but which, in our view, were likely to have
limited impact. In this process of selection, we have focused on the special
problems of the inventor, the entrepreneur and the small technological enter-
prise. We turn now to our specific proposals.

2. MORE TIME FOR SMALE BUSINESS DEDUCTIONS :

A large corporation engaged in research, development and. innovation
Projects generally has profits against which losses incurred on these projects
may be deducted. As a result, it may be said that the Government shares in
the cost of these innovation losses to the extent of 48% of the cost. On the
other hand, a small corporation that has no profits from which it may deductR&D expenditures bears the entire cost of that expenditure. While those
losses may be carried forward against profits of the succeeding five years, this
places the unprofitable corporation in a disadvantageous position as comparedwith the large corporation, because (1) the Government's contribution is
deferred until profits are realized, and (2) if profitable operations are post-
poned beyond the fifth year after the loss is incurred, the Government is
never called upon to "contribute" its share of the loss. A similar result ob-
tains in the case of the individually operated business, except that here the
time limitation on the loss carry-over provisions also wipes out the deductionsfor personal exemptions and non-business income. Our review of several
successful, technologically based companies indicates that it is not uncommonfor even the successful ones to have lost money for at least five years. To
recapitulate:

* Deutermann, Elizabeth P., "Seeding-Science Based Industry," Business Re-view, Federal Reserve Bank of Philadelphia (May 1966), pp. 3-10.
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CHART 17

LARGE vs. SMALL COMPANY IMPACT OF CURRENT
5 YEAR LOSS CARRY FORWARD

(1) Large companies generally have other profits against which
innovation project losses can be written off immediately...therefore,

Government shares currently in

48% of these losses.

(2) Small companies often do not make profits for five years or
longer...therefore,

The government either defers its
contribution until profits are real-
ized, or if losses persist for longer
than five years, the government
is never called upon to share in
these losses.

Our task is to look for ways to remove tax disincentives or provide incen-
tives for innovation. Tax changes that have little effect on innovation are
not within the scope of our mission. Thus, if we are to favor extension of
the period of loss carry-forward, as we do, we feel it desirable to limit the
applicability of this extension to companies or activities that involve inno-
vation.
We have struggled with this question. To allow such an extension for all

companies would be to often allow benefits for incompetence rather than
risky innovation. On the other hand, to allow such benefits only for projects
that are "innovative" would be to require advance certification procedures
which would likely be cumbersome at best and destructive of the innovation
process, at worst.

We have therefore decided that the approach most likely to strike the right
balance in defining the right targets for tax incentives, without imposing anti-
innovative certification procedures, is to describe the kinds of companies
that are most likely to produce the desired kind of innovation.
As we indicated in our analysis of the small company environment (Chap-

ter III), small, technologically based companies, which in the past have gen-
erated so much effective innovation, would probably have

1. A product or know-how that can be sold or licensed.
2. A high ratio of technical people to the total number of employees.
3. A high value added as percentage of sales.

(3) net worth.
5. No affiliations with other companies (e.g., as asubsidiary).
These are illustrative criteria. A more refined and definitive list should be

based on a detailed, empirical study of the characteristics of such firms.

4. A small size in terms of (1) number of people, (2) dollar sales, and
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RECOMMENDATION 1

We recommend that losses of small, technologically based
companies, meeting criteria along the lines we have sug-
gested, be allowed as a carry-forward against profits of
the succeeding ten years instead of only five years.
This would assure those businesses which contemplate a longer than five

year period of development that the Government would bear an equitable
share of the losses, as it does in the case of the large profitable enterprises.Such an extension of the loss carry-forward period for small technologically-based companies would certainly help to equalize their treatment with that
of the larger profitable organizations.
And yet, conceptually, it is clear that our recommendation is really only a

partial equalization of treatment. The large corporation is often a conglom-
erate of a number of different businesses, some profitable and others not. In
particular, the new and innovative businesses are often not profitable, at least
for some time. The Government shares currently these losses of large profit-
able companies.

On the other hand, the small, technologically based company, as we have
seen, often has its total commitment in one or a very limited number of
product lines. Thus, its losses from its new product lines may often be un-
accompanied by offsetting profits from profitable product lines.

We have explored the concept of suggesting that the Government share
annually in the losses of these small, technologically based companies through
a tax credit-a negative tax, as it were. It has been suggested that the con-
cept of the Government's sharing in the losses (they share in the gains)
makes good economic sense-particularly since this kind of firm contributes
significantly to invention and innovation. Nevertheless, we are aware of the
political and philosophical objections to such a proposal. We are not in-
clined to favor a tax recommendation as far-reaching as this at a time when
even the most "conservative" and "modest" proposals for tax incentives are
likely to be viewed with great caution, both by the makers of fiscal policyand respected commentators in the field.* However, we would be remiss if
we did not point out that we seriously debated the merits of such a proposal,
and there is something to be said for it conceptually.

3. A LIBERALIZED STOCK OPTION FOR THE SMALL FIRM
There are few subjects less popular and perhaps less likely to receive

favorable consideration than any proposal for the liberalization of stock op-
tions.®> And yet, our study of small technologically based companies indi-
cates they and the pace of their innovation have probably been affected ad-
versely by the tightened provisions of the 1964 tax revisions. We note in
the following chart three of the major stock option revisions that were en-
acted in 1964,

+ See, for example, Peckman, Federal Tax Policy, Brookings Institution, 1966.
See, for example, Eisenstein, The Ideologies of Taxation, Ronald Press, 1961.
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CHART 19

SOME OF THE MAJOR 1964 REVISIONS OF STOCK OPTION
PLANS ENTITLED TO CAPITAL GAINS TREATMENT

Before 1964 After 1964

Maximum Time
to Exercise 10 Years 5 Years
Option

Minimum Holding

Stock

Minimum Purchase 85% 100%
Price of Stock of of

Market Value Market Value
:

Time Between Purchase 6 Months 3 Yearsand Disposition of

The latter two changes pose, we believe, especially significant problems for
the small company. We believe that at the time of the change, the major
thrust of Congress' intent was to minimize certain abuses of large company
option holders. We question whether there was adequate understanding, at
the time, of the special impact of this change on the small company. But
first, let us consider the small technically based company's need to attract
and motivate experienced managerial talent.
As we noted in the discussion of these small companies (Chapter III), they

tend to go through a growth cycle where, in the early stages, technical know-
how is the dominant skill required. Then, commercial products are developed
from this know-how. Initially, the number of customers is very limited.
Later, as markets grow, new requirements develop: how to manufacture and
market products on a broader scale and how to control increasingly complex
operations. This stage requires managerial talents that are more likely to be
found in larger companies than in the small companies.
The problem, of course, is how to attract these men from the larger com-

panies. Stock options in the small companies are, relatively speaking, sub-
stantially less desirable than they were, and less desirable than many large-
company options. There are at least two reasons for this:

First, the absence of a broadly based public market for the stock of
many small, technologically based companies increases substantially the
borrowing difficulties of the sought-after employee (the stock can be
offered as security on loans), especially over a three-year period.

Second, the employee of a large company can limit his downside risks,
in the event the stock market declines, by selling his stock immediately
should the stock fall below a given point. The very limited market for
the stocks of many small companies makes the downside hazard of the
stock option of such companies much greater than that of a large company.
For reasons we have already expressed, it is our belief that there would be

5
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a net, national gain in industrial innovation if these small technologicallybased companies could attract more skilled, managerial talent from the larger
companies. Liberalized stock options for these small companies could be an
important incentive.

RECOMMENDATION 2

We recommend a liberalization of the stock option rulesfor small technologically based companies by (1) extend-
ing the permissible option period from a maximum of five
years to ten years, and (2) reducing the holding period
required to receive capital gains treatment to less than
three years, preferably to six months.

4. CRITERIA FOR R&D DEDUCTIBILITY time he was doing his research and development, he may not have dec red

a. Casual Inventors and Innovators Judicial decisions under Section 174,
relating to the allowance of a current deduction for research and development
expenses, disallow such a deduction to "casual" inventors and innovators who entrepreneur is usually not sophisticated person tax aspects ofin the 18

are not engaged in a trade or business at the time the expenditure is incurred. work and does not get adequate counsel until he has an established business.
We cite, for example, the following cases:
-T. R. Ewart, Tax court Memo (1966) (deduction disallowed to a publicrelations executive who sought to' promote a novel candy-dispensing toy);-John F. Koons, 35 T.C. 1092 (1961) (deduction disallowed to ad-
vertising executive for payments to develop an invention unrelated to his
advertising business);
-Charles H. Schafer, P-H T.C. Memo P64, 156 (1964) (deduction not declare his earlier development costs should receive a
denied lumber salesman on the ground that his invention did not constitute
a separate going trade or business);-William S. Scull II, P-H T.C. Memo P64, 224 (1964) (deduction
denied president of instant coffee corporation on the ground that he was
not personally engaged in the coffee business). Tax
We recognize that appropriate safeguards are necessary to protect againstdeductions for "hobby" expenditures, and feel that such safeguards can be

erected without denying a deduction to bona fide inventors and innovators
who incur out-of-pocket expenses for the purpose of ultimately producing in- develop new products unrelated to the taxpayers current products This
come. Among the safeguarding factors which, in various combinations, maytend to show bona fide inventive activity, are the filing of an application for develop a new product Accordingly, we urge the Internal Revenue Service
patent; diligent prosecution of the application; the borrowing of capital to to issue a ruling that it will longer make this contention in litigatio
finance the inventive activity in question; a contingent fee arrangement with
the inventor's attorney; efforts to license, assign or otherwise exploit the consider whether it needs to clarify the treatment R&D outlays directed
patent or prospective patent. toward launching a new product line. That such a position was ever taken

We are aware of the Treasury Department's reluctance to draw a more litigation is in itself evidence of a point of view that, at least occasionally, puts
generous line between the "casual inventor" and the "inventor-businessman," the innovation process on the defensive. Almost by definition, the more
and are also aware that it is not easy to differentiate between a hobbyist and
an inventor who intends to go into business. But the answer to this difficultyis not to draw the line at the point where the inventor is already in business
before these expenses can qualify as deductible expenses, for to do so is to
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fail to take adequately into account the realities of the innovative Process,
with its very uncertain initial stages. Accordingly, we make the following
recommendation.

RECOMMENDATION 3

The Internal Revenue Code should be amended so that a
casual inventor or innovator can deduct out-of-pocket
expenses legitimately incurred for the purpose of ulti-
mately producing income.

Also, we see cases where the inventor-entrepreneur was indeed seriously
intent upon going into business by the fact that he is now in business. A'the
first (the "idea") stage of our small company example (see Chapter III).
This failure to declare deductions frequently happens because the inventor

Accordingly, we make the following proposal.

RECOMMENDATION 4

The successful inventor who has a going business but did

"generous backward look'' by the Internal Revenue Serv
ice and be permitted to reconstruct his development costs
and write them off over a period of five years.

b. New Lines of Business In a recent case before the United States

Court; the Commissioner of Internal Revenue unsuccessfully argued that

Section 174, allowing a current deduction for research and developmen'

expenditures, is not available in the case of such expenditures incurred to

The Internal Revenue Service has indicated it will review this case and

significant the innovation, the more likely it is to be a "new product line.'

Accordingly, we make the following recommendation.

6 Best Universal Lock Co., Inc. 45 T.C. No. I (1965).

a deduction We need only recall the great uncertainty in thehis costs as

contention has an obviously adverse impact on business that seeks to

n

of
in
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RECOMMENDATION 5

velop new products or processes should not be

all of his rights in the patent

» While retaining the rights to other fields (for example
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minimum advance payment, for he is uncertain as to how aggressively a given
company will exploit his patent. In other words, he negotiates a final contract
in an early atmosphere of very imperfect knowledge as to whom he is dealing
with and the extent to which the other party will tap the potential uses of his
invention.
From the company's standpoint, the value of the patent is not clear, because

it often does not know its value until further development work is pursued,
practical production or engineering problems solved, and market explorations
conducted.
Thus, at this early point of maximum ignorance on both sides of the nego-

tiation, the inventor and the company must make a commitment for "all sub-
stantial rights," if the inventor is to receive capital gains treatment. Several
panel members have had personal experience on both sides of this kind of
negotiation and are convinced it substantially deters the process of getting
patents translated into commercial products.
For this reason, we believe that the two provisions of the Code should be

reconciled to permit qualification under Section 1235 in the case of a transfer
of substantially all the rights in a patent limited to a particular field of use, or
to a particular geographical area within a country. This would afford to the

professional inventor the same capital gains advantage available under present
law to the amateur inventor. We believe there is ample evidence that much
effective invention is done by inventors who are prolific i.e., professionals.
If we want to encourage these individuals who, by any study of history, have
contributed so much to the innovative status of this country, we feel a positive

> incentive is warranted.

RECOMMENDATION 6

Professional inventors should be placed on the same tax
footing as amateur inventors by interpreting or amending
Section 1235 of the Internal Revenue Code so that a
patent license qualifies as a transfer of ''substantially all
rights," even though the grant is legally limited to a par-
ticular field-of-use or a particular geographical area.

We recommend that the Treasury first consider whether it would be feasible
to accomplish this by amendment of its Regulations, without legislation. If
this cannot be accomplished, we recommend that appropriate legislation be

sought.

6. TAXABLE PURCHASES OF TECHNOLOGICAL ASSETS

high The Treasury Regulations issued under Section 174 of the Internal Revenue
ains tre Code draw a distinction between research and experimental expenditures

incurred by a business in its development of an invention or innovation and
the cost of acquiring another's invention or innovation. While expenditures
incurred for internal development are deductible against current income, the
cost of acquiring another's patent or process must be capitalized. (U. S.
Treasury Regulations, Section 1.174-2(a)(1)).

pment expenditures incurr

1235 are

of
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In the case of any capitalized expenditure, a deduction for the cost 1swritten off over the estimated useful life of the asset acquired, provided thatits useful life is determinable with reasonable accuracy. For example, in thecase of a secret formula, generally no deduction is allowable for its cost
against the income earned therefrom, until such time as the process becomes
completely worthless. This result is premised on the assumption that a secret
Process has an indefinite life, an assumption made doubtful in many cases bythe rapid changes in modern technology. Moreover, the advantage of thecurrent deduction for self-developed innovations over purchased innovationstends to discourage the acquisition by purchase rather than development,especially in light of uncertainty as to the proper write-off period, and this mayoperate to the disadvantage of the small innovator seeking to sell his inno-vation.
The Treasury Department's concern over any step that might tend to erodethe principle of no tax write-offs for "good will" is understandable. Yet, the

equally legitimate concern over the rate of technological diffusion suggestsserious consideration be given to that portion of "good will" that can logicallybe attributed to technological assets. The ability to write off patents but not
technology creates a distinction that is neither logical nor meaningful.We do not propose that a general assault be made on the "good will' princi-
ple. Rather, we seek to encourage the spread of innovation by permitting the
depreciation of purchased technological assets in certain limited cases. Ac-
cordingly, we make the following recommendation.

RECOMMENDATION 7

Companies making taxable Purchases of technologicalassets should be permitted some depreciation and taxwrite-off of these assets in excess of the value of tangibleassets.

Such treatment could be limited in the following ways:
(1) Only taxable purchases (for example, in cash) would qualify; tax-free

acquisitions in exchange for stock would not be entitled to such treat-
ment.

(2) Purchasers would be required to distinguish the technological com-
ponents of the intangible assets-e.g., know-how-from "good will"
elements, such as trade names and marks.

(3) To remove some of the ambiguity, the purchaser of such qualifying
technological assets could be assured that he could write off a certain
minimum portion (say, 50%) of the excess of the purchase price over
the value of the tangible assets (including cash and accounts receiv-
able).

of technological assets above the level of tangible assets-for example,by estimating costs of duplicating know-how, if the company had
developed it internally.
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(5) Such values of technological assets could be written off over an intervalof 17 years, which corresponds to the period over which the cost of an
acquired patent can be amortized.

To further narrow the scope of the above recommendation, it may be de-sired to limit its applicability to purchases from individuals or companies that
qualify as "small technologically based companies." ® It should be noted,however, that the illogicality of retaining the tax distinction between internally
developed technological assets and those externally acquired is not. dissipatedwhere the seller is a large company. The distinction is illogical and improper
irrespective of the size and wherewithal of the seller.

7. A FINAL WORD ABOUT TAXES

Considerable effort and time will be required to review and act on the tax
recommendations discussed here. In the meantime, while these tax recom-
mendations are being considered, we urge an intensive effort:

(1) To acquaint responsible employees of such agencies as the Internal
Revenue Service, the Small Business Administration, and the Depart-
ment of Commerce with the importance and unique problems of small
technological enterprises; and

(2) To apprise such firms of the existing governmental aids and incentives
directed to them. There is good reason to believe that important,
existing tax incentives are having far less than their maximum poten-
tial impact on the encouragement of innovation in this country.

B. THE FINANCING OF INNOVATION

We turn now to the role of venture capital in the innovation process, its
sources, some rough estimates as to the amount potentially available, and its
significance with respect to the creation of jobs. We could summarize this

in business, and in the universities-on what the venture capital business is
about. It should be apparent by now that the lack of knowledge, understand-
ing and appreciation of the innovative process is the central theme of our
report.

1. THE AVAILABILITY OF VENTURE CAPITAL
Quantitative information on the availability of venture capital is not readily

obtained. We were unable to find any published data to support the widely
stated notion that there is a Jack of adequate potential venture capital in this
country. Accordingly, we tried to develop our own rough estimates of po-
tentially available venture capital through discussions with experienced indi-
viduals in the business and financial communities. Extensive conversations

° See Page 33.

subject by saying we have found an bundance of ignorance in government,

(4) The burden of proof would be on the purchaser to validate the values
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were had with a number of Small Business Investment Companies (SBIC's),
investment trust firms, wealthy individuals, and investment bankers engaged
in organized venture capital investment activities. We heard testimony from
a number of successful entrepreneurs and individual inventors who depend
upon securing venture capital in their present business operations.

On the basis of these discussions we have made some rough estimates of
the amounts of potentially available venture capital from various sources. Our
estimates indicate that more than $3 billion of potentially available capital
exists in this country. This by no means indicates that all of the holders of
such capital are actively seeking investment opportunities or that the tech-

niques and communication mechanisms for approaching capital sources are

necessarily known to individuals with worthwhile projects requiring financial

support. The potential availability of such an amount of money, however,
indicates that factors other than money alone determine the rate of new-

enterprise funding.
Let us discuss, for a moment, some of the sources of venture capital in the

United States.
a. Personal Wealth This country now has over 65,000 individuals each

with a net worth in excess of $1,000,000. In addition, there are a large num-
ber of family fortunes which, in the aggregate, exceed several billions of
dollars. We have also identified as a separate category, successful entre-

preneurs who have prior experience in the field, and are in a position to

assume the role of venture capitalists. For example, some twenty experienced
and successful technical entrepreneurs in the Boston Route 128 complex
alone, currently have a total personal net worth in excess of $500,000,000.

servative insurance companies are engaged in financing speculative ventures-
at least the "Second Stage" businesses we identified in our discussion of the

small company environment (See Chapter III). In addition, publicly owned

investment funds, such as American Research and Development, and orga-

venture capital. These organizations have a high degree of sophistication and

appraisal experience with respect to technological opportunities.
c. Corporate Sources-Within the past few years a number of large corpora-
tions have entered the venture capital business and have initiated the financing
of new technological ventures. Although it is too early to appraise the impact
of this development, the potential capital availability is obviously large. An

important factor with respect to corporate sources of funds is that they may

also provide knowledge of markets, management skills, and other aids that are,

as we saw, essential to the success of a beginning firm. On the other hand,

conflicts of interest and the frequent lack of knowledge on the part of the

large corporation of the unique problems of small companies may present

major difficulties.
d. Investment Bankers and Underwriters-The investing public becomes,

through underwriters, a source of venture capital. For example, we found that
in 1961 it was common to finance a wide variety of highly speculative elec-
tronic ventures through this public source of financing. Increased public
interest in such schemes occurs from time to time, depending upon investment

2
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attitudes. A large number of investment banking groups also operate in the
venture capital field.
e. Small Business Investment Companies-AIthough less than 10% of the
total amount of available SBIC capital is currently invested in technologically
oriented businesses, the SBIC as an institution has undoubtedly created
interest in the venture capital business, and some $500,000,000 is potentially
available from this source.'° Because of its relatively small size, however, the
typical SBIC has had difficulty in developing a competent staff to tackle
the formidable project appraisal problem and in carrying the necessary over-
head to administer a complicated portfolio of new technical enterprise invest-
ments. It is doubtful, in our view, that an SBIC can be successful in a diversi-
fied program of financing technologically oriented ventures, if its size is less
than 15 to 20 million dollars. Only a few SBIC's are currently of this size.
Much can be learned from the developing experience of these few.

It is important to re-emphasize the project-appraisal problem which faces
all sources of venture capital. Entrepreneurship is at best a risky business.
Markets are rapidly changing, and the success of any venture is closely
coupled to management ability. Capital requirements for new businesses are
almost always in excess of initial estimates. The time required, particularly
today, to reach the stage of profitability is usually several years longer than
originally anticipated.
The more experienced and sophisticated venture capital sources compete

with each other for the most attractive investment opportunities. Their deci-
sions to invest are keyed to their judgments of the quality of the management,
the quality and proprietary character of the product, and the timing with

b. Insurance Companies, Investment Funds, Trusts-A number of less con respect to the market. Experience shows that investments fail, primarily,
because of management problems the inadequacy of the key individual as a
manager of people, or his lack of sensitivity to external conditions, which
prevents him from developing a realistic time schedule for achieving goals with
available capital.

nized, family-owned venture capital operations, represent a sizeable source of In view of the above considerations, and our feeling that the alleged
absence of potentially available venture capital is not really the problem, we
see no basis for the establishment of any new federally supported programs for
the furnishing of venture capital. Accordingly, we make the following recom-
mendation.

RECOMMENDATION 8
In view of present information on the availability of ven-
ture capital, the Federal Government should take no action
with respect to the establishment of new federally sup-
ported programs for the furnishing of venture capital.
However, appropriate mechanisms should be developed to
provide information on capital availability and the prob-
lems of new enterprise development at the regional level

located in three states, which already have large, well-organized and long-estab-
lished venture capital sources.

40 It is interesting to note that some 40% of the SBIC's (on a dollar basis) are
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2. VENTURE CAPITAL AND JOBS

A recent study conducted by the Sloan School of Management at the
Massachusetts Institute of Technology, examined the job-creating power of
venture capital. We have tabulated the data developed in that study in the

following chart.

CHART. 1 9

VENTURE CAPITAL DOLLARS PER JOB:
AN ILLUSTRATION

No. of Companies 21

Average Time Period 4.2 Years
Increase in Sales - Average $ 3,657,000
Increase in Sales - Total $76,806,000
Increase in Employment - Average 147
Increase in Employment - Total 3,096
Initial Venture Capital - Average $ 225,000
Initial Venture Capital - Total $ 4,720,000
Initial Venture Capital Requirement $ 1,525

Per Job

This does not take into account the additional, derivative employment resulting
from these primary jobs.

Source: Sloan School, Massachusetts Institute of Technology.

There were twenty-one companies in the survey. All were private, tech-
nological ventures. In an average period of a little over four years, the

average increase in sales for these companies was approximately $314 million;
the total increase in sales was roughly $75 million. The average increase in
employment over that period was 147 jobs; the total increase for all of the

companies was 3,096 jobs. The average venture capital investment in these

companies was $225,000, the total venture capital investment having been
almost $5 million.

We note from the above data that roughly $1500 of venture-capital invest-
ment resulted in one primary job. We realize that there may be objections
with respect to the adequacy of these data-for example, the sample was
limited to the Boston area. Nevertheless, despite the deficiencies that purists
may find in these data, they do illustrate the significant contribution of tech-

nological ventures to employment. For whether the amount of venture capital
per job was $1500 or $2500 or, indeed, $3500 (which allows for a substantial

margin of error), this still represents a very powerful job-creating capacity per
risk-dollar utilized. Moreover, it should be understood that the data in Chart
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19 concern primary employment only and do not account for the much.
greater secondary employment (in the food and service industries, etc.) that
usually builds on the primary job base.

C. SOME ASPECTS OF FEDERAL RESPONSIBILITY

There are several areas in which the government bears a special responsi-
bility with respect to various aspects of technological innovation, but in which,
through action or inaction, this responsibility is being either ignored or
frustrated. Perhaps this is because the areas in question are relatively less
important than other, more noteworthy fields, such as antitrust and taxation.
We considered three areas which have been neglected: studies of the innova-
tion process, the adverse impact of government contracting on small tech-
nologically based firms, and the absence of an effective federal spokesman for
such firms.

1. STUDIES OF THE INNOVATION PROCESS
This nation spends tens of billions of dollars every year on innovation

twenty billion on the research and development component of innovation
alone. Yet we know very little about the processes of technological change
and growth. As we have noted time and again throughout our analysis,
insufficient effort is being devoted to the development and expansion of our

knowledge of these processes. Until adequate data and better insights are

developed, we will have to continue to rely on inappropriate information,
educated guesses and, unwittingly at times, on lore. It is inexcusable that

decisions, both in and out of government, as to the probable impact of pro-
posed policy changes on technological innovation, have to be made on the

basis of such information.
Additional research on the processes of technological change is therefore

badly needed. The initial studies being worked on in the Commerce Depart-
ment's National Bureau of Standards, should be expanded and made more

comprehensive. These studies, concerning the processes of invention and

innovation and the social, economic and legal forces with which they interact,
should be undertaken in close cooperation with the universities, industry, and

other students of the subject.
Accordingly, we make the following recommendation.

RECOMMENDATION 9

The Department of Commerce should broaden and com-
plement its studies of the innovative and entrepreneurial
processes by initiating an integrated program, in coopera-
tion with the universities, including the preparation of
empirical data and case materials on these processes,
studies of the venture capital system, and experimentation
with teaching methods to develop innovative and entrepre-
neurial talents.
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2. GOVERNMENT CONTRACTING AND THE SMALL FIRM
In the past, government contracts have been one of the most important

sources of business for the initiation of new technologically based enterprises.
Nevertheless, the small business "set-aside" program, which purports to set
aside contracting opportunities for small businesses, does not provide them
with any real hope for success in the highly competitive research and develop-
ment business associated with today's defense and space programs. It should
be noted, also, that the total percentage of Federal work performed by small
companies has decreased in the last five years.

Current Department of Defense (DOD) and National Aeronautics and
Space Administration (NASA) contracting trends, the rapidly increasing costs
of doing R&D, and the increased critical size required for a successful business
operation, all work against the interests of small technologically oriented
ventures. In addition, increasing competition from in-house government
laboratories and "nonprofit" firms that are DOD and NASA captives, and the
greatly increased costs of preparing proposals for government R&D contracts
and of private representation in Washington, have all substantially reduced
the prospects for success by the small company.
The large technologically based company (which, as we have noted, prob-

ably had small beginnings itself) can bid a fixed price under the current
fixed-price R&D contracting procedures that may clearly be a losing proposi-
tion in the short term. In the long term, however, the bid may be a winner
in terms of lodgement in the technological field involved. For example,
assume a large company bids $300,000 below the estimated cost of a contract.
Generally, a small firm cannot compete in this way. If it loses $300,000, it
has probably committed suicide; it is out of business. As Professor Corwin
Edwards of the University of Oregon expresses the problem, a large econom-
ically powerful firm ". . . can outbid, outspend, and outlose a small firm... .

If it overdoes its expenditures, it can absorb losses that would bankrupt a
small rival."
As an important first step in bringing these problems to the attention of

government contracting agencies, we make the following recommendation.

RECOMMENDATION 10

An interdepartmental ad hoc review of current contracting
policies and procedures of such agencies as the Depart-
ment of Defense, the National Aeronautics and Space
Administration, the Atomic Energy Commission, and the
National Institutes of Health, to ensure that these policies
are conducive to the long-range growth of small enter-
prises.

trust Subcommittee, 88th Cong., Part I Overall and Conglomerate Aspects (Gov- is See Appendix B for some of the relevant statutory .provisions affecting com-
ernment Printing Office, 1964), p. 42.
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3. A FEDERAL SPOKESMAN
The above recommendation can at best be only a palliative. For it does

not go to the heart of the problem. It merely treats one of the symptoms.
The basic problem is that the small technologically based companies, despite
all they have contributed to American progress, really have no effective repre-
sentation in Washington.

There is no Federal spokesman for them. Within the Federal Government
there is no single place which is specifically concerned with the generation
of new technological enterprises and the problems of these unique organiza-
tions.
The Small Business Administration cannot deal effectively with these in-

herently high-risk enterprises because its enabling statute prevents it from
doing so. In any event, there is very little understanding in the SBA or else-
where in the government (indeed, as we have noted, in society at large) of
the special problems and needs of these businesses, We therefore make the
following recommendation.

RECOMMENDATION 11

The Department of Commerce should serve as the Federal
spokesman representing the interests of new technologi-
cally based enterprises and should develop the necessary
competence and organization to deal effectively with prob-
lems associated with venture capital availability and the
generation of such enterprises.
This recommendation is closely related to the program of studies proposed

in Recommendation 9. For only through greater understanding of the
processes of invention and innovation will the Department of Commerce be
able to perform the role we urge.

D. ANTITRUST AND THE REGULATION OF INDUSTRY

It is probably fair to say that most well-informed individuals, who are not
directly concerned with the fields of antitrust and regulation, are unaware of
the numerous Federal agencies that are active in these fields.}2
Chart 20 is a partial tabulation, not intended to be comprehensive, which

illustrates the magnitude of the government's involvement in what we loosely
call a "free enterprise economy." Of course, our economic system is not
literally free; it is much too complex for that."

Testimony in hearings on Economic Concentration before U.S. Senate Anti- Massel, Competition and Monopoly, Brookings Institution, 1962.

petition in the American economy.

12 An excellent discussion of government activities in these fields appears in
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CHART 20

Board of Governors of
the Federal Reserve

System Federal Maritime
Commission

United States
Tariff Commission

Small Business
Administration

Securities and
Exchange

Commerce
Comptroller Commission
of the Currency eneral Services

inistration
Federal Communications

Commission Food and Drug
Administration

Federal Power CommissionTrade
Commission

The purpose of this chapter is to examine an important facet of this com-
plex system. What we hope to do is clarify some of the issues concerning the
interfaces between competition, antitrust, regulation and technological inno-
vation.

1. THE NEED FOR CLARIFICATION
The necessity for our examination is perhaps obvious: Our central con-

cern is innovation and its stimulus and promotion. Such promotion requires
appropriate attention and adjustment to other public policies-among them,
antitrust and regulatory policies, which we lump, for convenience, into what
we call "competitive policy." Hence, it becomes necessary to examine the
interrelationship between innovation and competition, understand their inter-
action, lay bare the apparent or hidden conflicts between them, and suggest
means for resolving or minimizing these conflicts.

We subscribe to both of the public policies involved here: (1) the preser-
vation of a satisfactorily balanced, competitive enterprise system, and (2) the
promotion of invention and innovation. The former is reflected in our laws
on restraint of trade, monopolization, regulation and unfair methods of
competition. The latter includes both technological and commercial activities,
and both private and governmental actions.
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Sometimes, a given practice furthers both of these objectives. Sometimes
it does not. If it does, problems of concern to us are unlikely to arise. Prac-
tices that promote both competitive and innovative objectives or that promote
one and are neutral as to the other, are acceptable in terms of our mission.
Practices that impede both or impede one without promoting the other, are
unacceptable. A practice that promotes one of the objectives and impedes
the other, however, is another matter. In this event, we must try to find an
accommodation that minimizes the conflict between the two, and decide
which objective shall prevail in those circumstances where the conflict cannot
be resolved or reduced.

Dept. of Agricultur
Dept. of Interior

Dept. of Justice :

Dept of Treasury
Past judicial, legislative or administrative efforts to resolve this conflict

disclose no clear-cut, uniform pattern. Nor do we have satisfactory empirical
analyses of actual situations to serve as the basis for such resolution. Some-
times, competitive objectives seem to be the dominant concern in the consid-
eration of competitive problems; sometimes, innovative objectives prevail.
Often, the objective fastened upon is pursued without apparent concern for
the possible adverse effects upon other objectives.

Atomic
FEDERAL AG

Civil Commission
Aeronautic VENC

Board interstate

Neither objective can safely be disregarded in our present social, economic
and political circumstances. The support and furtherance of both are too im-
portant in terms of public interest for either to be heedlessly pushed aside
in the interests of promoting the other. Fortunately, only minimal conflicts
seem likely to arise in the areas under discussion, since it appears that on the
whole, a well-balanced and healthful, competitive economy stimulates, rather
than frustrates, innovation.

A

Federal Deposit Insurance Corp. Federal

Let us turn now to an examination of those areas in which conflicts are
most likely to arise-since it is conflict, not complementary action, that poses
the problems we are concerned about.

2. AREAS OF POSSIBLE CONFLICT
The thrust of the antitrust laws is against (1) commercial or industrial

combinations which prevent or limit the competition upon which our free
enterprise system depends, (2) the creation of monopolies that destroy or
impede such competition, and (3) unfair competitive and business practices
that hinder competition and contribute to monopoly. Our concern, therefore,
is directed to those structural characteristics of the innovative process and
specific practices involving innovation that may result in monopoly, restraint
of trade, or unfair trade practices of the kind mentioned.'!

Technological innovation may be undertaken by -(1) individuals or other
single entities, or (2) two or more entities (of an industrial, governmental,
educational or other nature) acting cooperatively. Neither of these ordi-
narily need give us concern, as such, in dealing with the competitive-innova-
tive relationship.
The conduct of innovation by individual, independent entities is not only

14 See Appendix C for some hypothetical situations that illustrate possible con-
flicts between Federal policies on competition and various practices involvinginnovation.
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condoned, but affirmatively encouraged in the public interest. Such activity
poses no antitrust problem in the restraint-of-trade sense. Monopoly prob-
lems can arise, but they rarely do. Even if they do, both judicial and statu-
tory law tend to accept this in the interests of encouraging individual effort.
The policy seems to have worked reasonably well.

Similarly, there is no problem with respect to cooperative innovative activi-
ties, as such, The attack upon a given problem by two or more minds, in-
stead of one, or through two or more sets of resources (know-how, assets,
managerial skills, equipment, and the like) instead of one, seems as likely
in most instances to produce beneficial results in this as it does in other fields
of cooperative endeavor. The same is generally true of cooperation in re-
moving legal and other impediments to innovation through the licensing of
patents, the release of secret processes and know-how, and other transfers
of technological property.

Restrictive agreements involving the use or non-use of technological prop-
erty are more of a problem. Here, conflicts between our innovative and
competitive goals do arise. Such agreements may restrain trade, create
monopolies or otherwise distort the competitive balance.

These restrictive agreements may take various forms:

-Parties may agree not to compete with each other or with third parties.
They may do this directly by means of patent licenses and other agree-
ments containing price, geographic, field-of-use or other restrictions, or
indirectly by royalty arrangements that impede or discourage competition.
-They may boycott or otherwise injure third persons, or obstruct channels
of distribution, and at the same time adversely affect innovation by means
of closed pools, tie-in arrangements, discriminatory conditions as between
different licensees, and so on.

-They may lessen the incentive to engage in competitive innovation by
imposing limitations upon the use of new technology developed or acquired
by the licensee or upon methods of distribution.

They may cause competitive imbalance through excessive acquisition of
technological property by purchase, merger or grant-back.

Arrangements such as those we have noted above may be quite ambivalent
from the standpoint of both innovation and competition. They may stimulate
innovation or they may retard it. They may strengthen competition or weaken
it. It may be extraordinarily difficult, in short, to reach firm conclusions as to
the extent to which a given practice promotes or retards innovation, on the
one hand, and competition on the other.

It may be even more difficult to assess the relative merits or demerits of
such arrangements in terms of the respective objectives, or to determine
where, on balance, the public interest lies. In the formulation of policy, the
difficulties in defining and measuring the nature and extent of benefit or detri-
ment in terms of innovative and competitive effects are compounded when a lucid discussion, aimed at providing a better understanding of the field
One attempts to balance the one against the other. This is so whether the
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policy in question is determined at the legislative, administrative or judicial
level.*®

Beyond this, in the vast area of private action and policy making where
the businesman, the entrepreneur, the inventor and the innovator operate
decision and conduct, and the effect thereof, may be even less well defined
and more haphazard. Here, it not only becomes increasingly difficult for the
decision-makers to evaluate and properly balance the effects flowing from
their conduct and the public policy considerations involved, but they may
also be influenced by mistaken notions of what the law permits and what it
prohibits.1

In terms of influencing their conduct, it is not what the law really is that
matters. It is what the decision-makers think it is.

We want to emphasize that what we are saying is not limited to technologi-
cal innovation. The problems go deeper, and so must our inquiry into them.
Innovation occurs in finance, marketing, methods of distribution, business
structure, business administration, labor relations indeed, in virtually every
area of activity that the processes of business touch upon.

In methods of distribution, for example, it may show up in brand selling,
introduction of new products, price discounts, offer of side inducements and
collateral attractions, advertising, dealer relationships and development, serv-
ice and advisory activities, extension of credit, and so on. Here, as in tech-
nological innovation, the activities may run afoul of the antitrust laws, in-
cluding the Robinson-Patman Act. They may also come into conflict with
other trade regulation laws, such as fair trade laws, trademark laws, labeling
laws, the Shipping Act, the Food, Drug and Cosmetic Act. These interre-
lationships have been a part of our inquiry.
The problems, described generally in the foregoing discussion, may be

summarized as follows:
(1) Long-standing and settled public policy supports and demands the

promotion of competitive objectives.
(2) Public policy also supports and demands the promotion of innovation.
(3) These two public policies, while usually compatible, may at times

comes into conflict with each other.
(4) It is often difficult to detect, define and evaluate these conflicts. We

have not, on the whole, developed satisfactory procedures for achiev-
ing an understanding of their relationship and their accommodation
to each other. This is true at all levels of decision and policy-making:
private, legislative, administrative and judicial.

3. RESOLUTION OF CONFLICTS
Our investigation has helped us to see what some of the problems are. It

has not enlightened us on how to solve them. We must promote both com-

15 See, for example, a current study by the Office of Invention and Innovation,
National Bureau of Standards, entitled Judicial Consideration of Technological
Factors in Antitrust Actions. The study will be published in early 1967.

of antitrust to business executives and others who are not expert in the field, see
Kintner, An Antitrust Primer, MacMillan, 1964.

16 For
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petition and innovation to the extent that this can be done, by minimizing or
eliminating the conflicts to the extent possible. Where this cannot be done,
we must decide under what circumstances the one or the other shall prevail.

The formulation of procedures in this area poses a dilemma: The de-
sirability, and hence the ultimate legality, of a given restriction may turn upon
the nature of the transaction, its subject matter and the economic and tech-
nological status of the parties affected. This suggests a case-by-case, rule-of-
reason approach, guided by the sometimes conflicting objectives of promoting
innovation and of preserving a satisfactory competitive structure. At the
same time, it is important to formulate relatively certain rules in order to tell
businessmen what they can and cannot do and to preserve the effectiveness
and administrability of the antitrust and related laws. This suggests the de-
velopment of per se doctrines, trade regulation rules, and the like.

We cannot have it both ways. It may, however, be possible to resolve the
dilemma, partially at least, by two means. First, by defining those circum-
stances and practices that push so predominantly toward a given result as to
justify a conclusion that they should be deemed, at least presumptively, per-
missible or prohibited. Second, by suggesting criteria and procedures (within
existing procedural frameworks, to the extent possible) for resolving the more
uncertain and debatable issues in a manner that promotes the public interest
and is reasonably satisfactory to the affected parties.

The achievement of these goals will be no easy task. In few, if any, of the
gray areas under discussion does our present knowledge and understanding
provide a basis for firm answers. "To suggest significant judgmentive changes
of policy in the absence of the empirical data and analysis needed to support
such changes, would therefore be irresponsible.

RECOMMENDATION 12

We recommend, at this time, no legislative changes in the
antitrust and regulatory laws. However, we do recommend
that in the interpretation and administration of these laws,
the effect on innovation, as well as on competition, be
taken into account.

4. AN ANALYTICAL AND ADVISORY RESOURCE FOR THE
ANTITRUST AND REGULATORY AGENCIES

We need empirical data. How are we to get them? How are we then to
arrive at sound interpretations of the facts? While there can be no assurances
of certain success, we suggest certain premises and considerations for the .

satisfactory performance of these tasks:

(1) To avoid unnecessary injury to either competition or innovation,
those responsible for making and carrying out policy in these fields must have

PROBLEMS AND RECOMMENDATIONS 53

access to information concerning the effect of their policies upon both com-
petition and innovation, and should be in a position to evaluate such in-
formation in order to achieve a proper balance and coordination between
these policies. In today's fast-evolving economy, both the necessary informa-
tion and the means for evaluating it are often seriously lacking.

(2) While the ultimate formulation of specific "black-and-white" rules
or guidelines for determining the legality or illegality of given practice seems
desirable, this cannot be done, except in a few small areas, until more ex-
tensive studies have been made of the many ramifications of the relationships
between competition and innovation.

(3) Antitrust, regulation and innovation have all demanded increasing
attention in recent years. As a result, agencies operating in all three areas
have proliferated. Inevitably, conflict and lack of mutual assistance among
them have resulted. This condition is a matter of concern to many, including
the agencies themselves. Unfortunately, the independent and separate status
of those affected has made it difficult to resolve or lessen this conflict. More-
over, the formulation of the rules and guides referred to in the preceding
paragraph becomes the most difficult at the very time that their need becomes
the greatest.

In these circumstances, we believe that the ultimate development of such
rules and guides, as well as the day-to-day administration of policies concern-
ing competition and innovation, would be furthered if a group existed, in-
dependent of the agencies charged with the administration and enforcement
of the antitrust and regulatory laws, to whom these agencies could turn for
expert and unbiased advice and assistance. The creation of such a group, we

emphasize, is a response to recognized needs for coordination and mutual
accommodation. It does not infer any unreasonableness or known remediable
deficiencies in existing policies and administration.

Hence, the function of such a group would be to offer advice and assistance
rather than exercise authority of any sort over its "clients." It should be a

continuing staff, designed to service the administering agencies and the policy-
makers by conducting studies and providing information, data, and sugges-
tions for modifying policy and procedure.

Greater understanding and judgment should also accrue to the affected

public, thus lessening the likelihood of conduct based upon misunderstanding
and misinformation. The group could, for example, provide information,
analysis and advice concerning the competitive and innovative aspects of
various types of joint R&D programs, foreign trade and technology trans-

actions, patent pools, mergers and acquisitions, restrictive or limited licenses

relating to patents or know-how, government policies in awarding and fram-

ing R&D contracts, and so on.
Such a group should operate subject to the following conditions:

It should concentrate on empirical analyses.
-It should be an advisory rather than a supervisory unit, maintaining
continuous communication with the pertinent agencies and departments
and with the Congress.
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-Since the conditions to which it addresses itself are dynamic, not static,
and also massive and complex, it should be a permanent entity.
-It should give appropriate attention to the need for clarity and ad-
ministrability and to the importance of accommodation, insofar as possible,
to existing procedures and structures of authority.

Although its responsibilities should be primarily to the appropriate
governmental agencies, its operations should be conducted with full at-
tention to the need for informing and generally advising interested parties
and the public, as well.

With these considerations in mind, we urge that such a group be formed.

RECOMMENDATION 13

A group should be established within the Federal Govern-
ment to aid and advise the regulatory and antitrust agen
cies by performing such activities as:

(1) Developing criteria for helping these agencies judge
the impact of antitrust and regulatory policies on
invention and innovation.

(2) Systematically analyzing the consequences of past
antitrust and regulatory activities in light of these
criteria.

(3) Advising the responsible agencies on the probable
consequences of proposed policy changes affecting
invention and innovation.

(4) Providing technological forecasts as an additional
factor for antitrust and regulatory planners to
weigh in their policy formulations.

We would be remiss if we did not point out that we had much difficulty
on the question of where this group should be located in the Federal Govern-
ment. We have already explained that the objectivity it must rigorously
pursue requires that it not be a part of any of the agencies responsible for
administering and enforcing the antitrust and regulatory laws.
If we consider again the large number of independent agencies affecting

competition (See Chart 20), it is not difficult to understand the need for
some central location of the group we propose. The issues with which it
would deal stretch from one end of Washington to the other. The most logical
housing for such a group would therefore be in the Executive Office of the
President, but we are aware of the reluctance to add "appendages" to that
Office.

In any event, we have chosen not to make any specific recommendation
as to the location of the proposed group. We would only urge that its initial
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structure and operation be kept as flexible as possible in order to permit ex-
perimentation and adjustment in the light of experience.

Pending the establishment of the central group we urge be formed, we be-
lieve that much could be done in the legislative, executive and judicial
branches to broaden understanding of the problems under discussion. In
particular, we make the following recommendations.

RECOMMENDATION 14

To enable the antitrust and regulatory agencies to give
greater attention to questions concerning technological
innovation, their staffs should be strengthened by increas-
ing the number of personnel who have a deep understand-
ing of economic and technological development.

RECOMMENDATION 15

In the legislative and judicial processes involving antitrust
and regulation, more consideration should be given to the
interaction of technological change and competition.

We should note in this regard the continuing efforts of the Senate Antitrust
and Monopoly Subcommittee to explore the interrelationships between com-

petition, invention and innovation. We have referred to their work elsewhere
in this report.

RECOMMENDATION 16

(a) The antitrust and regulatory agencies should provide
guidelines clarifying the legality or illegality of business
conduct affecting competition and technological innova-
tion.

(b) The agencies should also devote more attention to the
effect of remedies, orders, and decrees on innovation in
relation to competition.

During the past year, the Antitrust Division of the Department of Justice,
with whom we have had a very rewarding relationship, has been developing
guidelines to help clear away some of the inevitable uncertainties that emerge
as antitrust policies evolve. We are hopeful that these guidelines will help
resolve some of the issues we have discussed in our analysis of the policies
affecting competition and innovation.
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Vi
CONCLUSIONS AND OVER-ALL
RECOMMENDATION

One more recommendation remains and it is, in our view, of key impor-
tance. We have stressed the reason for it throughout this report. It has to
do with the abundance of ignorance about the processes of invention, innova-
tion and entrepreneurship.

For whether we talk about the problems and contributions of a large or
small company, a regulated or unregulated industry, or an individual inventor
or entrepreneur, there is too little appreciation and understanding of the
process of technological change in too many crucial sectors:

-Throughout much of the Federal Government.
In some industries.
In many banks.
In many universities.

-In many cities and regions.

More important, therefore, than any specific recommendation concerning
antitrust, taxation, the regulation of industry, or venture capital, is one cen-
tral proposal:

The major effort should be placed on getting more managers, executives,
and other key individuals both in and out of government to learn,
feel, understand and appreciate how technological innovation is spawned,
nurtured, financed, and managed into new technological businesses that
grow, provide jobs, and satisfy people.
We therefore propose a high-level conference on technological innovation,

to dramatize the importance of this vital process, and urge that this con-
ference be followed by a nationwide program for broadening recognition,
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understanding and appreciation of the problems and opportunities associated
with technological change.

RECOMMENDATION 17

(a) A White House conference on 'Understanding and
Improving the Environment for Technological Innovation."

(b) Soon thereafter, a series of regional innovation con-
ferences, composed of governors, mayors, bankers, aca-
demicians, scientists, engineers, entrepreneurs, and
others aimed at removing barriers to the development
of new technological enterprises, jobs, and community
prosperity in the respective regions.

Summing up, we find that the concepts, uncertainties, and other realities
of technological innovation are like a foreign language, indeed a strange
world, to too many of us. Because of this, we believe the most important
initial task before us is to become more widely acquainted with the ee Jan
guage" and "world" of innovation.

Understanding, as Alexander Pope might have put it, is the key to a
drawer wherein lie other keys. When we come to appreciate and understand
the problems and the opportunities associated with innovation, we can more
effectively act on programs that will best encourage beneficial change and the
continued renewal of our society.
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Appendix A

PANEL MEMBERS AND THEIR
ASSOCIATES

The Panel

Lawrence S. Apsey is General Counsel, Celanese
Corporation of America.

Robert A. Charpie (Chairman) is President,
Electronics Division, Union Carbide Corporation.

John F. Costelloe is an attorney and member of
the firm of Chadbourne, Parke, Whiteside and
Wolff.

Daniel V. De Simone (Executive Secretary) is
Director of the Office of Invention and Innovation
in the National Bureau of Standards.

John F. Dessauer is Executive Vice President for
Research and Engineering, Xerox Corporation.

John McK. Fisher is a consultant, Schenley In-
dustries, Inc.

Aaron J. Gellman is Vice President, North Amer-
ican Car Corporation.
Peter G. Goldmark is President, CBS Labora-
tories.

Earl W. Kintner, former Chairman of the Federal
Trade Commission, is raa member of the firm of

Arent, Fox, Kintner, Plotkin and Kahn.
Mark S. Massel is member of the Senior Staff,
Brookings Institution.
Richard S. Morse is a senior lecturer, Sloan
School of Management, Massachusetts Institute
of Technology, and former Assistant Secretary of

the Army for Research and Development.
Peter G. Peterson is President, Bell and Howell
Company.
Sidney I. Roberts is an attorney and member of

the firm of Roberts and Holland.
Dan Throop Smith is Professor of Finance, Grad-
uate School of Business Administration, Harvard
University.
John C. Stedman is Professor of Law, University
of Wisconsin School of Law.
William R. Woodward is General Patent Atto™

ney, Western Electric Company.
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Government Liaison With the Panel

J. Herbert Hollomon is Assistant Secretary of
Commerce for Science and Technology.
Stanley S. Surrey is Assistant Secretary of the
Treasury.
Donald F. Turner is Assistant Attorney General,
Antitrust Division, Department of Justice.
Paul W. McGann is Assistant Administrator for
Industrial Analysis, Business and Defense Serv-
ices Administration.
Padraic P. Frucht is Assistant Administrator for
Economics, Small Business Administration.

Joseph E. Sheehy is Director of the Bureau of
Restraint of Trade, Federal Trade Commission.
William L. Hooper is a member of the staff of the
President's Office of Science and Technology.
Edwin S. Mills is Professor of Economics at the
Johns Hopkins University and was a staff econo-
mist with the Council of Economic Advisers.
Paul W. MacAvoy is Associate Professor of Eco-
nomics at the Massachusetts Institute of Tech-
nology and was a staff economist with the Council
of Economic Advisers.

Interagency Staff

Andrew Canellas is an economist, Small Business
Administration.
Cecil G. Miles is Assistant Director of the Bureau
of Restraint of Trade, Federal Trade Commission.
Miles Ryan is an attorney in the Antitrust Divi-
810n, Department of Justice.

Richard E. Slitor is Assistant Director of the
Office of Tax Analysis, Department of the

Treasury.
Larry L. Yetter is raa member of the staff of the
Office of Invention and Innovation in the National
Bureau of Standards.



MAJOR FEDERAL POLICIES THAT REGULATE
COMPETITIVE ACTIVITIES AND PRACTICES

Naine of Agency
A. General Provisions
(NOT LIMITED TO A SPECIFIC
AGENCY)

Nature and Scope of Regulation
Declares unlawful (1) contracts, combina-
tions, and conspiracies in restraint of trade,
and (2) the monopolization or attempt to
monopolize trade.

Declares unlawful, price discrimination, ex-
clusive dealing arrangements, and mergers
and acquisitions by corporations that may
lessen competition or tend to create a mo-
nopoly. It also places restrictions on inter-
locking directorates among banks and
among corporations.
Declares unlawful, any contracts, combina-
tions and conspiracies by persons or corpo-
rations engaged in importing articles from a

foreign country into the U.S. which restrain
trade or are intended to increase the price of
articles imported into the U.S.

Declares unlawful; the importation and sale,
by persons engaged in importing articles
from a foreign country into the U.S., of
articles within the U.S. at a price substan-
tially less than the actual market value or
wholesale price of such articles in the prin-
ciple markets of the country of their produc-
tion, or other foreign countries where they
are exported, after allowance for freight,
duty, and similar expense.

Declares unlawful, the disclosure of the
amount or terms of a bid, or any combina-
tion or agreement that would deprive the
U.S. of the benefit of full, free and secret
competition in the awarding of a contract or
charter under the Merchant Marine Act of
1936. It declares unlawful any agreement
or concerted action by any contractor or
charterer of vessels under the Act which is
unjustly discriminatory or unfair to any
citizen who operates a common carrier by
water.

Statute
Sherman Act, 26 Stat. 209.
15 U.S.C. 1-7; Public Law
No. 190, Sist Cong.
(1890).

Clayton Act, 38 Stat. 730,
15 U.S.C. 12ff.; P.-L. 212,
63rd Cong. (1914).

Wilson Tariff Act, 28 Stat.
570; 150 U.S.C. 8-11;
P.L. 227, 53rd Cong.
(1894).

Revenue Act, 1916, 39
Stat. 798; 15 U.S.C. 71-
77, P.L. 271, 64th Cong.
(1916).

Merchant Marine Act,
1936; 49 Stat. 2014; 46

U.S.C. 1224, 1227 and

1228; P.L. 835, 74th Cong.
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Name of Agency Nature and Scope of Regulation
Prohibits any vessel engaged in foreign trade
of the U.S. from entering or passing through
the Panama Canal if such vessel is owned,
chartered, operated or controlled by a per-
son or corporation doing business in viola-
tion of the antitrust laws.

Prohibits contracting with any person who
has entered or proposed to enter into a
combination to fix the price of bids, or to
induce others not to bid, for postal supply
contracts.

B. Supplemental Enforcement of the Antitrust Laws
Federal Trade
Commission

Federal Trade
Commission

Federal Trade
Commission

Federal Trade
Commission

Federal Trade
Commission

242-736 ~ 67-6

Created the Federal Trade Commission
(FTC) and declared unfair methods of com-
petition and unfair or deceptive acts or
practices in commerce unlawful, including
the dissemination of false advertisement.
The FTC was also given the power to in-
vestigate and require annual reports provid-
ing information on organization, business
conduct and practices.
Declares the manufacture fcr sale and sale
of any wool product, which is misbranded,
unlawful and a violation of the Federal
Trade Commission Act (FTCA).
Declares the manufacture for sale, sale, or
advertising of any fur product, which is
misbranded or falsely or deceptively adver-
tised or invoiced, unlawful and a violation of
the FTCA.
Declares the manufacture for sale, sale, im-
portation into the U.S., or transportation in
commerce of any article of wearing apparel
which is defined under the Act as highly in-
flammable, as to be dangerous when worn
by individuals, unlawful and a violation of
the FTCA.
Declares the manufacture for sale, sale, ad-
vertising, transportation in commerce, or
importation into the U.S. of any textile fiber
product, which is misbranded or false or
deceptively advertised, unlawful and a vio-
lation of the FTCA.

Statute
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Appedix B

Panama Canal Act, 37 Stat.
567; 15 U.S.C. 31; P.L.
337; 62nd Cong.

62 Stat. 704; 18 U.S.C.
441 (1948).

Federal Trade Commission
Act, 38 Stat. 717; 15
U.S.C. 41ff; P.L. 203; 62nd
Cong. (1914).

Wool Products Labeling
Act of 1939, 54 Stat. 1129;
15 U.S.C. 68a; P.L. 850;
76th Cong. (1940).
Fur Products Labeling Act,
65 Stat. 175; P.L. 110;
82nd Cong. (1951).

Flammable Fabrics Act, 67
Stat. 111; 15 U.S.C. 1191-
1200; P.L. 88, 83rd Cong.
(1953).

Textile Fiber Products
Identification Act, 72 Stat.
1718; 15 U.S.C. 70a; P.L.
85-897 (1958).



Name of Agency
Federal Trade

Commission

Secretary of Treasury

Secretary of Agriculture

Secretary of Agriculture

Secretary of Interior
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Nature and Scope of Regulation
Amended Section 2 of the Clayton Act. In
addition, it forbids the payment of a broker's
commission in cases where an independent
broker is not employed. It forbids sellers to
provide supplementary services rendered
them by buyers unless available to all buyers
on proportionally equal terms. It forbids
the establishment, in one locality of prices
lower than those charged elsewhere, and
prohibits the sale of goods at unreasonably
low prices for the purpose of destroying or
eliminating a competitor.

Imposes a double duty on any article im-
ported into the U.S. under an exclusive deal-
ing or selling agreement, but does not apply
to the establishment of an exclusive agency
in the U.S. by the foreign producer.
Declares unlawful, the manipulation or at-
tempt to manipulate the price of any com-
modity in commerce or for the future deliv-
ery on any board of trade. It also prohibits
the cornering or attempt to corner any com-
modity, or knowingly or carelessly deliver-
ing or causing to be delivered for transmis-
sion through mails or otherwise in interstate
commerce, false and misleading reports
concerning crops or market information or
conditions that affect the price of grain in
commerce.
Authorizes the Secretary of Agriculture to
require all contract markets to suspend all
trading privileges and to suspend or revoke
the registration, as a future merchant or
floor broker, of any person who is found,
after a hearing, to have violated any provi-
sion of the Commodity Exchange Act, rules
and regulations issued pursuant thereto, or
has manipulated or attempted to manipulate
the market price of any commodity in inter-
state commerce.

Provides that any lease, option or permit
used under the Mineral Leasing Act of Feb-
ruary 25, 1920, shall be forfeited by appro-
priate court proceedings if any lands or
deposits shall be subleased, trusteed, or
controlled so that they form an unlawful

Statute
Robinson-Patman Act, 49:
Stat. 1526; 15 U.S.C. 13
13a, 13b, 21a; P.L. 692;
74th Cong. (1936).

Revenue .Act 1916,
Stat. 798; 15 U.S.C. 71
77; P.L. 271; 64th Conj
(1916).

Securities Exchange
Commodity Exchange Ag Commission
as amended by 49 Sta
1491; 7 US.C. 13; P&
675, 74th Cong. (1936).

Commodity Exchange Af
as amended by 49 &
1498; 7 U.S.C. 9; P
675, 74th Cong. (1936),

pcretary of the
Treasury

Mineral Leasing A
Feb, 25, 1920, 41
488; 30 U.S.C. 184;
1461, 66th Cong;
amended, 74 Stat.
P.L. 86-704, Sec. 3(k)

Name of Agency

Secretary of Agriculture

Nature and Scope of Regulation
trust, or form the subject of any contract or
conspiracy in restraint of trade in the mining
or selling of specified minerals.

Declares unlawful, certain practices in the
sale or transfer of meats, livestock, poultry
or poultry products, such as apportioning
their supply if it has the tendency or effect
of restraining commerce or creating a mo-
nopoly, manipulating or controlling prices in
commerce, creating a monopoly in the ac-
quisition of any article in commerce, or
conspiring or combining to apportion terri-
tories. It also prohibits any unfair, unjustly
discriminatory, or deceptive practice or de-
vice in commerce.

Declares unlawful, unless approved by the
Chairman of the SEC, the acquisition of any
securities, utility assets, or any other interest
in any business, or the acquisition of any
security of any public utility by a registered
holding company or its subsidiary. The
Commission is authorized to examine and
review the corporate structure of any regis-
tered holding company for purpose of
simplifying the structure, eliminating com-
plexities, distributing voting power among
shareholders, and confining properties and
business to the operations of an integrated
public utility system.

Declares unlawful certain practices or con-
duct by persons engaged in business as a
distiller, brewer, rectifer, blender or bottler
of distilled spirits, wine or malt beverages.
Such practices declared unlawful are ex-
clusive retailing arrangements; acquiring an
interest in any retailer's license or real or
personal property; furnishing or renting
equipment or fixtures, etc. to retailer; paying
or crediting the retailer for advertising;
guaranteeing or repayment of retailer's
financial obligation or providing other sim-
ilar benefits; inducing any trade buyer to
purchase such products by commercial
bribery or offering of a bonus or compensa-
tion to said buyer; and to sell or to purchase
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Statute

Packers and Stockyard Act,
42 Stat. 159; 7 U.S.C.
181ff, P.L. 51, 67th Cong.
(1921).

Public 'Utility Act of 1935,
49 Stat. 817; 15 U.S.C.
791; P.L. 333, 74th Cong.

Federal Alcohol Adminis-
tration Act, 49 Stat. 977;
27 U.S.C. 202ff.; P.L. 401,
74th Cong. (1935).
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Name of Agency Nature and Scope of Regulation Statute Name of Agency Nature and Scope of Regulation Statute

such products on consignment or on any formal advertising were not independently

basis other than a bona fide sale. It also reached in open competition. He is required

prohibits interlocking directorates in com- to refer any bid he considers to be evidence

panies engaged in business as a distiller, of an antitrust violation to the Attorney

rectifier or blender of distilled spirits. General.

Secretary of Commerce The Secretary of Commerce at his discretion Merchant Marine Act,
1936; 49 Stat. 2014, Sec.

Atomic Energy Declares that nothing contained in the Atomic Energy Act of

may declare any person or corporation, con- Commission Atomic Energy Act of 1954 shall relieve any 1954, 68 Stat. 938; 42

victed of a violation of that section of the 806(C); 46 U.S.C. 1228; person from the operation of the antitrust US.C. 2135; P.L. 703,

Merchant Marine Act, 1936, listed above, P.L. 835; 74th Cong. laws, and in the event a licensee is found by 83rd Cong. (1954).

ineligible to receive any benefits or a charter a court to have violated the antitrust laws in

under the provisions of that Act. the conduct of the licensed activity, the AEC

Postmaster General The Postmaster General is authorized to 39 Stat. 161; 39 USC. may suspend, revoke, or take such other

employ any means to provide for the inland 433 (1916). action deemed necessary with respect to any
license issued by the AEC. In addition, the

transportation of mail by star routes, with-
out reference to laws concerning the em- Commission is required to report to the At-

ployment of personal services or the pro- tomey General any activity concerning nu-

orcurement of conveyances, materials,
clear material or atomic energy which

supplies, whenever he has reason to believe appears to violate or tends toward the viola-

that-a combination of bidders has been tion of the antitrust laws.

entered into to fix the rate for star-route Federal Power Provides that, in addition to bringing suits Natural Gas Act, 52 Stat.

service or the bids are exorbitant or Commission in the Federal Courts to enforce compliance 832; 15 US.C. 717; PLL.

unreasonable. with the Natural Gas Act and to enjoin acts 688, 75th Cong. (1938).

The President The President may direct the manufacture of 70A Stat. 454; 10 U.S.C. or practices which constitute violations of

7343; P.L. 1028, 84th this Act, the FPC may transmit evidence
naval aircraft engines, parts and equipment
at any Government Plant if it reasonably Cong. (1956). concerning apparent violations of the anti-

appears that persons or firms bidding on the trust laws to the Attorney General who may

construction of these items have entered into institute the necessary criminal proceedings.

agreements to restrict competition in the Federal Power Declares that combinations, agreements, ar- Federal Power Act, 41

letting of the contracts for such work. Commission Stat. 16 U.S.C.rangements, or understandings, expressed or 1070;

Administrator of All executive agencies are required to obtain Federal Property and Ad- implied, to limit the output of electrical 803(h); P.L. 280, 66th

General Services clearance from the Attorney General on the ministrative Services Act of energy, to restrain trade, or to fix, maintain, Cong. (1920); as amended,

question of whether the disposal of plant, 1949, 63 Stat. 391; Title or increase prices for electrical energy or 49 Stat. 844; 16 U.S.C.

plants, or other property would tend to II, Sec. 207; 40 U.S.C. service are prohibited. 803(h); P.L. 333, 74 Cong.

create or maintain a situation inconsistent 488; P.L. 152, 81st Cong. (1935).

with the antitrust laws. In addition, the Board of Governors of Provides that corporations organized under Federal Reserve Act, 41

Administrator of General Services is re- the Federal Reserve the Federal Reserve Act may purchase or Stat. 379, 380, 381, Sec.

quired to furnish the Attorney General such System acquire stock in another corporation, and 25(a); 12 U.S.C. 615 and

information as is necessary for the latter to
:

sets forth the conditions under which such 617; P.L. 106; 66th Cong.

determine whether any disposition of surplus mergers or acquisitions are permissible, in- (1919).

property violates or would violate any of the cluding the consent of the Board of Gov-
antitrust laws.

Armed Services Procure
ernors. It prohibits any corporation or its

Department of Defense The head of an agency is authorized to ne- agents and employees organized under the

gotiate contracts for the purchase of prop- ment Act, 70A Stat. 127; Act from directly or indirectly controlling or

erty or services which are required to be 10 U.S.C. 2304-2305; PL fixing the price of commodities in commerce

made by formal advertising, where he de- 1028, 84th Cong.; 78 Stat which subjects the corporation's charter to

termines that the bid prices received after 341; P.L. 88-390 (1964) forfeiture.
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Name of Agency
Federal Deposit In-

surance Corporation
Comptroller of the

Currency
Board of Governors of

the Federal Reserve
System

Federal Communications
Commission

Federal Communications
Commission

Federal Communications
Commission

Nature and Scope of Regulation
Prohibits the merger, acquisition, or con-
solidation of an insured bank with any
other insured or non-insured bank without
the consent of one of the listed agencies,
depending upon whether the bank involved
in the merger is a National Bank, State Bank
(member of FRS), or a non-insured bank.
The Act sets forth the criteria upon which
the agency shall determine its approval or
disapproval of a proposed merger.

Prohibits interlocking directorates between
or among carriers subject to this Act, unless
holding the position of director or officer in
more than one carrier is authorized by the
Commission upon the finding that neither
public nor private interests will be adversely
affected thereby.

Provides that no person engaged in the busi-
ness of transmitting and/or receiving for
hire, energy, communications, or signals by
radio shall purchase, lease, or otherwise ac-
quire control or operate any cable or wire
telegraph or telephone line system if the
purpose or effect thereof may be to substan-
tially lessen competition or restrain com-
merce, or unlawfully to create a monopoly
in any line of commerce. The same prohibi-
tion applies to a telegraph or telephone line
system acquiring or merging with a business
engaged in transmitting and/or receiving
communications by radio.

Specifically provides that Sherman Act pro-
hibitions apply to the manufacture, sale of
and trade in radio apparatus and devices
affecting interstate commerce.

In addition, a license issued under the pro-
visions of this Act shall be revoked when
any licensee is found guilty of violating the
provisions of the antitrust laws.

C. Exemption from Antitrust Laws
Federal Trade

Commission
Provides that an association, entered into for
the sole purpose of engaging in export trade
and actually engaged solely in export trade,
is exempt from Sherman Act violations pro-

Statute
Federal Deposit Insurance
Act, 64 Stat. 873; 12
U.S.C. 1828(c), as amended
by the Bank Merger Act;
P.L. 89-356, 89 Cong.
(1966).

Communications Act of
1934, 49 Stat. 1087; 47
U.S.C. 314; P.L. 416, 73rd
Cong.; as amended, 70
Stat. 931, Sec. 1; 47 U.S.C.
212; P.L. 899, 81st Cong.
(1956).
Communications Act of
1934, 41 Stat. 1087; 47
U.S.C. 314; P.L. 416, 73th
Cong.

Communications Act of

1934, as amended by 74
Stat. 893, Sec. 5(b); 47
U.S.C. 313; P.L. 86-752
(1960).

Webb-Pomerene Act, 40

Stat. 516; 15 U.S.C. 61-
65; P.L. 126, 65th Cong
(1918).

Name of Agency

Federal Maritime
Commission

Civil Aeronautics Board

Interstate Commerce
Commission

Nature and Scope of Regulation
vided such association is not restraining
trade within the U.S., or in restraint of a
domestic competitor in export trade. In ad-
dition, mergers or acquisitions of corpora-
tions engaging solely in export trade are

exempt, unless the effect of the acquisition
substantially lessens competition within the
U.S. Unfair methods of competition pro-
hibited under the FTCA do apply to compe-
tition in export trade.
Prohibits certain anticompetitive practices
on the part of a common carrier by water
and gives the Commission the authority to
refer any violation to the Commissioner of
Customs who shall refuse a violating carrier
entry in any port of the U.S. Notwithstand-
ing these prohibitions, the Commission shall,
upon application, permit the use, provided
criteria is met by carriers, in foreign com-
merce of any contract, which is available to
all shippers and consignees on equal terms
and which provides lower rates to a shipper
who agrees to give all or any fixed portion
of his patronage to such carrier or confer-
ence of carriers.
Prohibits consolidations, mergers and cer-
tain interlocking relationships between com-
mon carriers by air without the approval of
the CAB, and requires the CAB to disap-
prove agreements between carriers which
are adverse to the public interest. However,
any person or corporation affected by any
order of the CAB, under the sections pro-
hibiting the practices listed above, is relieved
from the operations of the antitrust laws.
Prohibits any common carrier subject to the

provisions of the Act from pooling or di-
viding traffic unless the Commission finds
that such practice will be in the interest of
better service to the public or of economy in

operation, and will not unduly restrain com-
petition. It permits two or more carriers to
consolidate or merge with the approval and
authorization of the Commission upon its

finding that such action will be consistent
with the public interest after weighing cer-
tain stipulated factors.

Statute

ry

Shipping Act, 1916, 39
Stat. 733; 46 U.S.C. 812;
P.L. 260, 64th Cong.
(1916).

Federal Aviation Act of
1958, 72 Stat. 770; 49
U.S.C. 1384; P.L. 85-726
(1958).

Interstate Commerce Act,
as amended, 63 Stat. 486;
49 U.S.C. 5; P.L. 197, 81st
Cong. (1949).



Name of Agency

Interstate Commerce
Commission

Federal Communications
Commission.

Secretary of Agriculture

Secretary of Agriculture
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Nature and Scope of Regulation

Provides that the ICC shall approve any
agreement between two or more carriers of
the same class (except under certain situa-
tions) relating to rates, fares, classifications,
divisions, allowances, or charges, if it finds
such agreements will further the national
transportation policy declared in the Act,
and if so, the parties to the agreement shall
be relieved from the operation of the anti-
trust laws.

Permits telephone companies to consolidate
or acquire the whole or any part of another
telephone company and domestic telegraph
carriers to consolidate or acquire all or any
part of another domestic telegraph carrier,
upon the approval of the FCC and its find-
ing that such action will be of advantage to
the persons to whom service is to be ren-
dered and in the public interest. Upon such
approval such consolidations or mergers
shall be exempt from any laws making con-
solidations and mergers unlawful.

Permits the Secretary to enter into agree-
ments with manufacturers and others en-
gaged in the handling of anti-hog-cholera
serum and hog-cholera virus for the purpose
of regulating the marketing of such serum :

and virus in order to maintain an adequate
supply. Such agreements are specifically
exempt from the antitrust laws.

Permits persons engaged in the production
of agricultural products to act together in
associations, corporate or otherwise, in col-
lectively processing, preparing for market,
handling, and marketing in commerce such
products. The Secretary is authorized to
issue a complaint and hold a hearing to
determine whether any such association
monopolizes or restrains trade to such an
extent that the price of any agricultural
product is unduly enhanced. He also has
the authority to issue a cease and desist
order.

Statute

Reed-Bulwinkle Act,
amended the Interstate
Commerce Act by adding
this provision to it; 62 Stat.
472; 49 U.S.C. 5{b); P.L.
662, 80th Cong. (1948).

Communications Act of
1934, 48 Stat. 1064; 46
U.S.C. 151 ff; P.L. 416,
73rd Cong.; as amended,
70 Stat. 932, Sec. 3; 47
U.S.C. 221(a); P.L. 915,
84th Cong. (1956).

Anti-Hog-Cholera Serum
and Hog Cholera Virus
Act, 49 Stat. 781; 7 U.S.C.
851 ff; P.L. 320, 74th

Cong. (1935).

Capper-Volstead Act, 42
Stat. 388; 70 U.S.C. 291
and 292; P.L. 146, 67th

Cong. (1922).
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Name of Agency
Secretary of Agriculture

Secretary of Agriculture

Secretary of Agriculture

Secretary of Interior

Securities and Exchange
Commission

State Insurance
Commission

Nature and Scope of Regulation
Permits original producers of agricultural
products to acquire, exchange, and dissem-
inate past, present, and prospective crop,
market, statistical, economic and other sim-
ilar information by direct exchange between
such persons and/or such associations
thereof.

Secretary is authorized, after notice and
hearing, to enter into marketing agreements
with processors, producers, associations of
producers, and others engaged in the han-
dling of any agricultural commodity, only
with respect to such handling which directly
burdens, obstructs, or affects interstate com-
merce. Such agreements are exempt from
the antitrust laws.

Exempts from the operation of the antitrust
laws awards or agreements resulting from
the arbitration of bona fide disputes between
cooperative associations of milk producers
and the purchasers, handlers, processors, or
distributors of milk or its products, as to the
terms and conditions of the sale of milk or
its products.

Permits persons engaged in the fishing in-
dustry, as fishermen or as planters of aquatic
products to act together in associations in
collectively catching, producing, preparing
for market, processing, and marketing in
commerce, such products. The Secretary of
the Interior is authorized to issue a com-
plaint and an order to cease and desist any
activity which he believes monopolizes or
restrains trade to such an extent that the
price of an aquatic product is unduly en-
hanced.

Provides that the provisions of this Act, per-
mitting the association of brokers and
dealers in securities, shall prevail where any
provision conflicts with any law of the U.S.

Provides for the regulation by the states of
companies in the insurance business. It pro-
vides that the antitrust laws shall not apply
to the business of insurance or to acts in

Statute

Cooperative Marketing Act,
44 Stat. 802; 7 U.S.C. 451
ff. at 455; P.L. 450, 69th
Cong. (1962).

Agricultural Adjustment
Act, as amended, 61 Stat.
208, Title II, Sec. 206(d);
7 U.S.C, 608(b); P.L. 132,
80th Cong. (1947).

Agricultural Marketing
Agreement Act of 1938, 62
Stat. 1258; 7 U.S.C. 671
ff; P.L. 897, 80th Cong.
(1948).

Fisherman's Collective Mar-
keting Act, 48 Stat. 1213;
15 U.S.C. 521, 522; P.L.
464; 73rd Cong. (1934).

Maloney Act, 52 Stat.
1070; 15 U.S.C. 780-3;
P.L. 719; 75th Cong.
(1938).
McCarran Act, as amend-
ed; 61 Stat. 448; 15 U.S.C.
1011 ff; P.L. 238, 80th
Cong. (1947).



Name of Agency

Small Business
Administration

The President
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Nature and Scope of Regulation
conduct thereof, except to the extent that
such business is not regulated by state law.
It does not exempt Sherman Act application
to any agreement to boycott, coerce, or
intimidate or act of boycott, coercion, or
intimidation.

Provides that no act or omission to act in
the formation of corporations provided for
in this Act, if approved and found by the
SBA as contributing to the needs of small
business, shall be within the prohibitions of
the antitrust laws. It also exempts, from the
operation of the antitrust laws, any act or
omission to act pursuant to and within the
scope of any joint program for research and
development under any agreement ap-
proved by the Administrator.

Authorizes the President to encourage the
making by representatives of industry, busi-
ness, finance, agriculture, labor and other
interests, of voluntary agreements and pro-
grams to further the objectives of the De-
fense Production Act of 1950. It exempts
from the operation of the antitrust laws any
act or omission to act pursuant to this act,
if requested by the President pursuant to a
voluntary agreement or program approved
under the provisions of the Act and found
by the President to be in the public interest
as contributing to the national defense.

Exempts from the operation of the antitrust
laws any joint agreement, by or among per-
sons engaged in the organized professional
team sports of football, baseball, basketball,
or hockey, by which any league or clubs
participating in these sports sells the rights
of such league's member clubs in the spon-
sored telecasting of the games engaged in by
such clubs. The exemption is limited to this
specific type of agreement only.

Provides that nothing in the antitrust laws
shall be construed to forbid the existence
and operation of labor, agricultural, or hor-

Statute

Small Business Act, 72 Stat.
388; 15 U.S.C. 636(a) (6);
P.L. 85-536 (1958).

Defense Production Act of
1950, as amended, 69 Stat.
581, Sec. 6; 50 U.S.C. App.
2158; P.L. 295 (1955).

Telecasting of Professional
Sports Contests, 75 Stat.
732, Sec. 1; 15 USC.
1291-95; P.L. 87-331,
87th Cong. (1961).

Clayton Act, 38 Stat. 731,
15 U.S.C. 17; P.L. 212,
63rd Cong. (1914).

APPENDIX B MAJOR FEDERAL POLICIES THAT REGULATE COMPETITIVE ACTIVITIES AND PRACTICES 7]

Name of Agency Nature and Scope of Regulation
ticultural organizations, instituted for pur-
poses of mutual help, and not having capital
stock or conducted for profit . . . ; nor shall
such organizations or their members be held
or construed to be illegal combinations or
conspiracies in restrain of trade under the
antitrust laws.

Exempts from the operation of the antitrust
laws an association entered into by marine
insurance companies to transact a marine
insurance and reinsurance business in the
US. and in foreign countries.

Provides that the Robinson-Patman Act
shall not apply to purchase of supplies for
their own use by schools, colleges, univer-
sities, public libraries, churches, hospitals,
and charitable institutions not operated for
profit.

Exempts from the operation of the antitrust
laws any agreements or contracts prescribing
minimum or stipulated prices for the resale
of a commodity which bears the trademark
or trade name of the producer or distributor,
when such contracts or agreements are law-
ful as applied to intrastate transactions un-
der any state law. It does not exempt
contracts or agreements providing for mini-
mum resale price on any commodity, be-
tween manufacturers, or between producers,
or between wholesalers, or between brokers,
or between retailers, or between persons or
corporations in competition with each other.

Cooperative associations or method or act
thereof which comply with and are bound by
the District of Columbia Cooperative Asso-
ciation Act are not deemed a conspiracy or
combination in restraint of trade or an illegal
monopoly, or an attempt to lessen competi-
tion or fix prices arbitrarily.

Exempts from the operation of antitrust
laws the enforcement of the right of action
created by state law to obtain damages for
advertising, offering for sale, or selling any
commodity at less than the price or prices

Statute

Ship Mortgage Act, 1920;
41 Stat. 1000; 46 U.S.C.
885; P.L. 261; 66th Cong.
(1920).

Exemption of Nonprofit In-
stitution from Price Dis-
crimination Provisions, 52
U.S.C. 13C; P.L. 550; 75th
Cong. (1938).

Miller-Tydings Act, 50 Stat.
693; 15 U.S.C. 1; P.L. 314;
75th Cong. (1937).
Amended the Sherman Act.

:

District of Columbia Co-
operative Association Act,
54 Stat. 490; 29DC Code
840 ff (1940 ed); P.L. 642;
76th Cong. (1940).

McGuire Act, 66 Stat. 632;
15 U.S.C. 45(a); P.L. 542,
82nd Cong. Amendment
included in Sec. 5(a) of the
Federal Trade Comm. Act.



Name of Agency

The President

Federal Trade
Commission

E. Miscellaneous

Food and Drug
Administration
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Nature and Scope of Regulation
prescribed in resale price maintenance
agreements or contracts, whether or not the
person so advertising, offering for sale, or
selling is or is not a party to such an agree-
ment or contract.

D. Unfair Methods of Competition

Declares unlawful, unfair methods of com-
petition and unfair acts in the importation or
sale of articles into the United States with
the effect or tendency of destroying or sub-
stantially injuring an industry, efficiently and
economically operated, in the U.S., or to
prevent the establishment of such an indus-
try, or to restrain or monopolize trade and
commerce in the U.S. The FTC is author-
ized to investigate possible violations, hold
hearings, and report its findings to the
President.

Specific practices declared to be unfair
methods of competition are contained in the
Federal Trade Commission Act (dissemina-
tion of or causing to be disseminated any
false advertisement); Wool Products Label-
ing Act of 1939 (misbranding of wool
products); Fur Products Labeling Act (mis-
branding of fur products); Flammable
Farbics Act (manufacture, sale transporta-
tion, etc. of highly flammable wearing
apparel); and Textile Fiber Products Identi-
fication Act (misbranding and false adver-
tising of any textile fiber product), all of
which are described in Part B of this com-
pilation of laws.

Prohibits the adulteration or misbranding of
any food, drug, device, or cosmetic and the
introduction or delivery for introduction of
any adulterated or misbranded food, drug,
device or cosmetic in interstate commerce.
Prohibits any act which causes a drug to be
a counterfeit drug; or the sale or dispensing,
or the holding for sale or dispensing, of a
counterfeit drug.

Statute

Unfair Practices in Imports
Act, 46 Stat. 703; 19
U.S.C. 1337; P.L. 361, 71st
Cong. (1930).

Federal Food, Drug and
Cosmetic Act, June 25,
1938, Ch. 675, Sec. 301;
52 Stat. 1042; 21 U.S.C.
331.
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Appendix C

EXAMPLES OF POSSIBLE CONFLICTS BETWEEN POLICIES ON COMPETITION
AND VARIOUS PRACTICES INVOLVING INNOVATION

The following hypothetical situations illustrate
various business practices concerning technologi-
cal matters which could possibly conflict with na-
tional policies concerning antitrust and competi-
tion. These examples also illustrate the kinds of
questions with respect to which the group, pro-
posed in Recommendation #13, would conduct
research and provide advice based upon the re-
sults of its investigations.

Situation 1: The owner of a small manufactur-
ing corporation, invents and patents an invention
highly important in its field, and useful in other
fields as well. He is willing to grant licenses under
his patent but only if he can impose what he re-

gards as appropriate conditions on his licensee in
order to protect his own best interests. Such con-
ditions might include restrictions with respect to
some or all of the following: price, quality, quan-
tity of production, geographic area in which the
licensee manufactures and sells, field of use, and

grant-back of nonexclusive rights under improve-
ment patents.

Situation 2: In order to strengthen its position
vis-a-vis competitors, a company which dominates
its industry, engages in the following practices:
(a) imposes stringent contract conditions on

its employees which preclude divulgence
or use of inventions made or learned of
while in its employ and for two years fol-
lowing termination of employment with
the company;

(b) bars employees from working for com-
petitors for two years after leaving its em-
ploy;

(c) hires away competitor's key research per-
sonnel and follows a practice of outbid-
ding competitors for promising new per-
sonnel;

(d) deliberately delays by lawful means the
issuance of an important patent covering a

product that is unlikely to become com-
mercially significant for 20 years.

Situation 3: A corporation owns a number of

patents under which it licenses other corporations
to manufacture articles covered by its patents.
The licensing agreement includes a provision
which requires the licensee to grant-back ex-

clusively to the licensor any patentable invention
or improvement relating to the field of the li-
censed patent.

Situation 4: A group of companies within a

specified industry forms a restrictive or closed

patent and know-how pool.
Situation 5: A number of companies form pat-

ent and know-how pools by which:

(a) Parties cross-license conflicting and com-

peting patents on a nonexclusive basis and

grant one licensee the right to sub-license
under all the patents. Licenses are grant-
ed to all applicants on condition of a

grant-back of inventions in the licensed
field. Licenses are granted only by ac-
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ceptance of the entire package. Only one
licensee can grant licenses under the whole
package. Licenses are on standard terms
and royalties.

(b) The licensing party grants a license under
the package to a foreign licensee, which is
exclusive outside the U.S. The foreign
licensee grants a return license under its
patents, exclusive for the U.S., with rights
to sub-license.

under Company A's foreign patents in exchange
for a license from Company B under CompanyB's U. S. patents.

Situation 7 A foreign company wants to get
the benefit of the American market for a product
involving technology not known in the U. S. It is
unwilling to license a U. S. company for fear the
latter will compete with it in its own markets,
using its know-how. It introduces the new prod-
uct into the U. S. market through a joint venture
agreement with a U. S. company under which it
retains a share of the profits and management
authority. The new company created by the ven-
ture receives exclusive rights for the U. S. but no
rights elsewhere. This is the only way that the
technology is likely to get into the U. S. within a
reasonable time, for the U. S. partner cannot it-
self develop the technology in a timely manner.
Another U. S. company is the sole U. S. producerof the product, under a different, patented proc-

ess. This U. S. company now dominates the field
which the joint venture seeks to enter. Barring
the joint venture, the parties to it might each have
gone into the market separately, but this would
have delayed the introduction of the product ap-
proximately eight years.

Situation 8: Two companies engage in a joint
research activity, but exclude others from par-
ticipating or obtaining licenses.

Situation 9 Several companies ask an inde-
Company A licenses Company B pendent R&D laboratory to do R&D for them, for

the purpose of developing new processes in a cer-
tain industrial field. It is agreed that each must
pay a certain amount per annum for this R&D,
and each will have nonexclusive rights in the re-
sults. However, the final agreement to undertake
the project is deferred pending the parties agree-
ment on the legal implications of issues such as:
(a) Must the project be open to all applicants on
the same terms? (b) Since applicants in later
years will not have paid as much as those in
earlier years and will thus get the benefits of the
R&D done with money contributed by the others
in earlier years, can the later applicants be re-
quired to pay the assessments for prior years?

Situation 10: Corporation A acquires Corpora-
tion B, a research-oriented concern and a po-
tential competitor of Corporation A, with the ob-
jective of expanding and enlarging Corporation
B's research activities to cover as well the areas
in which Corporation A has been operating.
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Situation 11: An independent inventor sells his
invention to the highest bidder, which is the domi-
nant company in the field to which the invention
relates.

Situation 12: Similarly, a technically-oriented
entrepreneur (individual or corporate) seeks to
sell out to the highest bidder, who is dominant in
the field. The adverse effect upon competition if
the sale is permitted, and adverse effect on inno-
vation stimulus if prohibited, present conflicting
considerations.

Situation 13: machinery company, the domi-
nant firm in its industry, invents an attachment
that will make its machine so much more effective
than those of its competitors as to reduce seriously
the effectiveness of their competition. However,
fear of antitrust vulnerability causes it to:
(a) refrain from incorporating the device in its

machine;
(b) sell machines containing the device at a

higher price than it otherwise would; or
(c) refrain from the vigorous sales efforts that

the improved machine would justify.
Situation 14: In the interests of more effective

and economical merchandising, a company con-
siders undertaking the following:
(a) forming, with other concerns, a buying co-

operative to take advantage of quantity
discounts;

(b) forming, with other concerns, a coopera-
tive merchandising program, including

VARIOUS PRACTICES INVOLVING INNOVATION

such features as joint advertising and
common use of a collective symbol; or

(c) forming, with others in the industry, a

quality control program to improve the in-
dustry's performance and reputation.

However, it decides against these because of
possible antitrust and Robinson-Patman compli-
cations.

Situation 15: A company, in order to introduce
Situation 6 a new product:

(a) Gives a distributor a long-term exclusive
distributorship within a limited territory.

(b) Offers the product at a price below the
cost of producing it.

Situation 16: A corporation, attempting to
break into a new market, reduces its selling price
in that market below its price in other areas.

Situation 17: A corporation, introducing a com-
plex and experimental product into the market,
requires that purchasers buy their supplies and

replacements, and obtain their servicing, from the

corporation.
Situation 18: Building contractors and their la-

bor union enter into an agreement (in the face of
a strike threat) not to use certain new materials
and methods of construction. The new methods
and materials will improve the quality of building
and reduce its cost, but will also sharply reduce
the amount of manual labor required.
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Appendix D

RELEVANT TAX PROVISIONS

Sec. 172 IRC Net operating loss deduction. This Section permits a de-
duction, in the taxable year, for net operating loss carry-
overs and carry-backs to the taxable year. Net operating
loss means the excess of allowable deductions over the
gross income. A net operating loss can be carried over to
each of the FIVE taxable years following the taxable year
of such loss, and deducted from income.

Sec. 174 IRC Research and experimental expenditures. This section
permits a taxpayer to treat research and experimental ex-
penditures, which are paid or incurred by him in connec-
tion with his trade or business, as current deductible ex-
penses. It also contains the option to treat these expendi-
tures as deferred expense which the taxpayer may amortize
over a period not less than five years, beginning with the
month in which he first realizes benefits from the expendi-
tures.

Research and development experimental expenditures
do not include expenditures made for depreciable research
equipment nor for the cost of constructing depreciable
property designed for production as distinguished from
pilot model purposes.

Sec. 421 and Stock options. Section 421 provides that no taxable in-
422 IRC come shall result from the transfer of a share of stock to

an individual who has exercised an option that meets the
requirements of Section 422. (Note: this section also
applies to other stock option plans which are covered
under Sections 423 and 424, but which are not applicable
to the subject being considered here).

Section 422 defines a qualified stock option and lists
two conditions which must be met before the exercise of
such option will be accorded the treatment provided un-
der Section 421, as described above. A qualified option

Sec. 1235 IRC
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is an option granted by a corporation to an individual,
for any reason connected with his employment, to pur-
chase stock in the corporation. The two conditions are:
(1) the individual must hold the stock for three years,
after the transfer pursuant to the exercise of the option,
before he makes a disposition, and (2) if the individual
ceases to be employed by the corporation granting the

option, he must exercise the option within three months

following the termination of the employment.
The option must also meet a number of criteria, the

two most pertinent for present purposes being: (1) "the

option by its terms, must be exercised within five years
after the date the option is granted" and (2) the optionee
cannot own stock possessing more than 5% of the total
combined voting power or value of all classes of stock of
the employer corporation, except where the equity capital
of the corporation is less than $2,000,000 (where this

exception applies, a formula is used to determine the per-
missible percentage of voting powers, which may range
from 10%, the maximum, down to 5%).
Sale or exchange of patents. This section permits long
term capital gains treatment for payments received by a

holder from the "transfer of property consisting of all sub-
stantial rights to a patent". The payments qualify for this
treatment even though they are "payable periodically over
the time of the transferee's use of the patent," or they are

"contingent on the productivity, use or disposition of the

property transferred." A "holder" is defined as "any
individual whose efforts created the property, or who has

acquired his interest in the property . . . from the creator

prior to actual reduction to practice of the invention cov-

ered by the patent, if such individual is neither the em-

ployer of nor related to the creator."
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Appendix E

THE RECOMMENDATIONS RECAPITULATED

RECOMMENDATION 1 Page
Sec. 1244 IRC Losses on small business stock. This section provides that

"a loss on Section 1244 stock issued to an individual or We recommend that losses of small, technologically based
to a partnership . . shall be treated as a loss from the companies, meeting criteria along the lines we have sug- 34sale or exchange of an asset which is not a capital asset," gested, be allowed as a carry-forward against profits of

the succeeding ten years instead of only five years.and therefore, deductible from ordinary income. The loss
on the sale or exchange of 1244 stock may not exceed
$25,000, or $50,000 in the case of a joint return by a RECO.MMENDATION 2
husband and wife for any taxable year.

1244 stock is defined as stock in a domestic corpora- We recommend a liberalization of the stock option rules
tion if (1) the corporation adopted a plan to offer the for small technologically based companies by (1) extend-
stock for a period specified in the plan, not exceeding two ing the permissible option period from a maximum of five
years after the date such plan is adopted; (2) the corpo- years to ten years, and (2) reducing the holding period

required to receive capital gains treatment to less thanration was a small business when the plan was adopted
(a corporation is a small business if "the sum of the three years, preferably to six months.
aggregate amount which may be offered under the plan,
plus the aggregate amount of money and other property RECOMMENDATION 3
received by the corporation, for stock, as a contribution

The Internal Revenue Code should be amended so that ato capital, and as paid-in surplus does not exceed
$500,000; and the sum of the aggregate amount which "'casua|"" inventor or innovator can deduct out-of-pocket
may be offered under the plan, plus the equity capital of expenses legitimately incurred for the purpose of ulti- 37
the corporation does not exceed $1,000,000"); (3) at the mately producing income.
time the plan was adopted, no portion of a prior offering
was outstanding; (4) the stock was issued, pursuant to

RECOMMENDATION 4such a plan, for money or other property, excluding stock
and securities; and (5) the corporation, "during the pe- The successful inventor who has a going business but did
riod of its five most recent taxable years ending before not declare his earlier development costs should receive
the date of the loss on the stock is sustained . . ., derived a "generous backward look'' by the Internal Revenue 37more than 50% of its aggregate gross receipts from Service and be permitted to reconstruct his developmentsources other than royalties, rents, dividends, interest, costs and write them off over a period of five years.
annuities, and sales of stock or securities."

36
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RECOMMENDATION 5

: Research and development expenditures incurred to de-
velop new products or processes should not be disallowed
as a business deduction merely because they are unre-
lated to a taxpayer company's current products or proc-
esses.

RECOMMENDATION 6

Professional inventors should be placed on the same tax
footing as amateur inventors by permitting qualification
under Section 1235 of the Internal Revenue Code so that
a patent license qualifies as a transfer of ''substantially
all rights,'' even though the grant is limited to a particular
field-of-use or a particular geographical area.

RECOMMENDATION 7

Companies making taxable purchases of technological
assets should be permitted some depreciation and tax
write-off of these assets in excess of the value of tangible
assets.

RECOMMENDATION 8

In view of present information on the potential availability
of venture capital, the Federal Government should take no

supported programs for the furnishing of venture capital.
However, appropriate mechanisms should be developed
to provide information on capital availability and the prob-
lems of new enterprise development at the regional level.

Page
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RECOMMENDATION 9

The Department of Commerce should broaden and com-
plement its studies of the innovative and entrepreneurial
processes by initiating an integrated program, in coopera-
tion with the universities, including the preparation of
empirical data and case materials on these processes,
studies of the venture capital system, and experimentation
with teaching methods to develop innovative and entre-
preneurial talents.

RECOMMENDATION 10

An interdepartmental ad hoc review of current contracting
policies and procedures of such agencies as the Depart-
ment of Defense, the National Aeronautics and Space Ad-
ministration, the Atomic Energy Commission, and the
National Institutes of Health, to ensure that these policies
are conducive to the long-range growth of small enter-
prises.

RECOMMENDATION 11

The Department of Commerce should serve as the Federal
spokesman representing the interests of new technologi-
cally-based enterprises and should develop the necessary
competence and organization to deal with problems asso-
ciated with venture capital availability and the generation
of such enterprises.

Page
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action with respect to the establishment of new federally
47
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RECOMMENDATION 12

We recommend, at this time, no legislative changes in the
antitrust and regulatory laws. However, we do recom-
mend that in the interpretation and administration of these
laws, the effect on innovation, as well as on competition,be taken into account.

RECOMMENDATION 13

A group should be established within the Federal Govern-
ment to aid and advise the regulatory and antitrust agen-cies by performing such activities as:

(1) Developing criteria for helping these agencies judgethe impact of antitrust and regulatory policies on
invention and innovation.

(2) Systematically analyzing the consequences of pastantitrust and regulatory activities in light of these
criteria.

(3) Advising the responsible agencies on the probable
consequences of proposed policy changes affectinginvention and innovation.

(4) Providing technological forecasts as an additional
factor for antitrust and regulatory planners to
weigh in their policy formulations.
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RECOMMENDATION 14

To enable the antitrust and regulatory agencies to give
greater attention to questions concerning technological
innovation, their staffs should be strengthened by increas-
ing the number of personnel who have a deep understand-
ing of economic and technological development.

RECOMMENDATION 15

interaction of technological change and competition.
RECOMMENDATION 16

guiselines clarifying the legality or illegality of business
conduct affecting competition and technological innova-
tion.

in relation to competition.
RECOMMENDATION 17

(a) A White House conference on "understanding and im

proving the environment for technological innovation.
(b) Soon thereafter, a series of regional innovation con-
ferences, composed of governors, mayors, bankers, acad-
emicians, scientists, engineers, entrepreneurs, and others
-aimed at removing barriers to the development of new
technological enterprises, jobs, and community prosperity
in the respective regions.
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In the legislative and judicial rocesses involving antitrust
and regulation, more consideration should be given to the

(a) The antitrust and regulatory agencies should prov ide
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attention to(b) These agencies should also devote more

the effect of remedies orders, and decrees on innovation
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Reading
*

Invention's Mothers
Can the rate of invention and innovation

be accelerated?
An affirmative answer would have inpor-

tant implications for cconomic growth-and
corporate success, This may explain why
President Johnson directed the Secretary of
Commerce to explore new ways of "speeding
the development and spread of new technol-
ogy. Henec the Secretary's ad hoc Panel on

more theoretical and extensive, is Invention
and Economic Grewtbh (Haivard University
Press, 347 pages, $9.95) bx Jacoh Schmook-
ler, professor of economics at the University
of Minnesota.

It is Professor Schmookler who reallv
comes to grips with the role of intellectual
stumul in influencing technology. So, while
necessity may be the mother of invention,
Professor Schmookler wonders just what
makes inventors invent and innovators inno-
vate.

What, for example. motivated John Rust
to invent the mechanical cotton picker, Willis
Carrier the air conditioner, Samuel Ruben
the mercury dry cell, John Harwood the self-
winding wristwatch, Eugene Houdry the cata-
Ivtic cracking of petroleum and John Tytus
the continuous hot-strip rolling of steel?

* * *
Before serving up an answer Professor

Schmookler provides a brilliant overview of
the inventive process. He notes technology is
a seamless web, stretching all the way back
to the unknown Bronze Age irventor of the
wheel. with the result that invention breeds
invention, that technological advances in one
field can hasten technological advances in
another, that the climate for invention is ter.
ribly important to the rate of invention.

He also notes that the trend of invention
correlates closely with the trend of invest-
ment-that, in other words, the amount of in-
vention is largely a function of the extent of
the market. On this point, he draws persua-
sive comparisons over time between railroad
patents and railroad investment and between
petroleum patents and petroleum investment.

This brings up the Schmookler answer to

why inventors invent. He says they do s9, in
the main, in the pursuit of profit, in response
to specific market demand and, yes, to Moth-
er Necessity.

Profit motivation is also explored by the
Commerce Secretary's panelists, who include
Lawrence 8. Apsey, general counsel of Cela-
nese; Robert A. Charpie, president of Union
Carbide Electronics; John F. Dessauer, ex-
ecutive vice president, research and engineer-
ing, of Xerox; Peter G, Peterson, president
of Bell & Howell, and Dan Throop Smith,
professor of finance at the Harvard Business
School.
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The panelists observe the hard truth that
nothing productive happens to a technologi-
ca] idea -sometimes a "garage" or "cellar'
operation until it gets financial backing:
Venture capital. Venture capital is high-risk
money, they and high-risk money re-
quires high potential returns.

Financing, then, is a classic bugaboo of
the small technologically hased business. Its
losses, the panclists recommend, should be
allowed as a varry-forward against profits
for ten instead of only tive years, and its
stock option rules liberalized by reducing the
holding period required to receive capital
gains treatment to as little as six months.

%

Clearly the panelists, notwithstanding
quite a few big business connections, are
sympathetic to the problems of small tech-
nologically based business. A good reason
for their sympathy is seen in their data that
although a relative handful of large companies
account for around 85% of research and de-
velopment cxpenditures, it is the independent
inventors and small businesses that have
often outperformed their big brothers in com-
ing up with important inventions and innova-
tions.

Why is this? The panelists say that big
business is sometimes given to flabbiness, to
complacency, to in-breeding, to an over-
concern with the time value of money--with
the upshot of a preference for less ambitious
short-run technological opportunities over
long-run possibilities of greater potential.

Still, this is, to an extent, a problem of
organization. For, big or small, business, like
invention, needs incentives. And, apparently,
the greater the incentives the greater the
volume of business-and the greater the rate
of. invention and innovation.

As Jacob Schmookler quotes John Stuart
Mill: "The labour of Watt in contriving the
steam-cngine was as essential a part of pro-
duction as that of the mechanics who build
or the engineers who work the instrument;
and was undergone, no less than theirs, in the

prospect of remuneration from the produce,"'
-- MARY JEAN BENNETT

Inventio > of busi-
Smcen, academicians and attorneys
The panels provocative report, Technolog

ical Innovation: Its Environment and Man-
agement (U.S. Government Printing Office.
Washington, D.C., 90 pages, $1.25), was pre-
pared by Daniel V. De Simone. director of

Office of Invention and Innovation.
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