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Civilian Technology and the Federal Government 
Technology, Economic Growth, and Pub- 
lic Policy. RICHARD R. NELSON, MERTON 
J. PECK, and EDWARD D. KALACHEK. 
Brookings Institution, Washington, D.C., 
1967. 252 pp., illus. $6. 

The past decade has witnessed a very 
intense and widespread interest in the 
economics of technological change. This 
surge of attention has been due to 
many factors, one of the most impor- 
tant being dissatisfaction among econo- 
mists with existing explanations of the 
growth of output per worker. Technol- 
ogy, Economic Growth, and Public Pol- 
icy is a valuable contribution to this 
new and important field of economics. 

Primarily a synthesis and interpreta- 
tion rather than a statement of new 
results, the book surveys the literature 
regarding technological change and eco- 
nomic growth, brings together the many 
diverse strands of fact and argument 
that are scattered among various jour- 
nals and books, and relates the results 
to problems of public policy. There is 
no pretense of surveying all aspects of 
the economics of technological change; 
attention is confined almost exclusively 
to the relation between technology and 
economic growth (including problems 
of adjustment to new technology). The 
book is a well-executed, concise, and 
readable treatment of the subject, one 
which should be of interest to a large 
number of scientists and engineers. 

The authors begin by considering the 
role of technological change in the pro- 
cess of economic growth. They conclude 
that, although new equipment and an 
educated labor force are necessary com- 
plements to technological change, tech- 
nological advance-the application of 
new knowledge to expand or improve 
the output of goods and services-plays 
the leading role in economic growth. 
Because of the complex interactions 
among the various factors that affect 
the economic development of a country, 
it is very difficult to estimate from 
historical statistics the precise effects of 
a nation's rate of technological change 
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on its rate of economic growth. The 
authors are quite right to point out the 
limitations of various quantitative 
studies of the contributions of techno- 
logical change (one of which concluded 
that the advance of knowledge con- 
tributed about 40 percent of the total 
increase in national income per person 
employed during 1929-57); however, 
as in other parts of the book, they 
are perhaps too much inclined to 
rely solely on qualitative judgments. 
Whether or not they overemphasize the 
importance of technological change in 
the growth process, they certainly are 

right in putting it in a very important 
spotlight. 

Next they discuss the factors deter- 
mining the rate and direction of tech- 

nological advance. To economists, in- 
vention is an activity characterized by 
great uncertainty, but one which none- 
theless shares most of the character- 
istics of other economic activities. The 
general opinion is that the rate of tech- 
nological change in a particular area is 
influenced by the same kinds of factors 
that determine the output of any good 
or service. 

On the one hand, there are 
demand factors which influence the 
rewards from particular kinds of tech- 
nological change. For example, if a 
prospective change in technology re- 
duces the cost of a particular product, 
increases in the demand for the prod- 
uct are likely to increase the returns 
from effecting this technological change. 
On the other hand, there are also supply 
factors which influence the cost of 
making particular kinds of technologi- 
cal change. Obviously, whether people 
try to solve a given problem depends 
on whether they think it can be solved 
and how costly the solution will be, as 
well as on the payoff if they are suc- 
cessful. For example, the cost of making 
science-based technological changes de- 
pends on the number of scientists and 
engineers in relevant fields and on ad- 
vances in basic science. 

After describing the various kinds of 

organizations that create new or im- 
proved technology, the authors focus 
attention on the concentration of indus- 
trial research and development in large 
firms, on certain product lines, and on 
modest design improvements. They 
point out that, although large firms 
tend to spend more (relative to their 
sales) on research and development 
than small ones, the largest firms often 
spend no more '(relative to their sales) 
than their somewhat smaller competi- 
tors. They also point out that a few 
industries account for the bulk of the 
nation's research and development, but 
they recognize that there may be ad- 
vantages in certain industries' specializ- 
ing more than others in R&D. In addi- 
tion, they assert that, outside defense 
and space, industrial research and de- 
velopment tends to seek relatively mod- 
est design improvements. In their judg- 
ment, this concentration on short-reach 
applied research and development prob- 
ably results in more serious distortions 
of the process of technological change 
than the concentration in large firms 
and in a relatively few industries and 
product fields. 

To remedy this distortion, they pro- 
pose that a National Institute of Tech- 
nology be formed to provide grants for 

projects that try to increase significantly 
the efficiency of a large class of prod- 
ucts, that have a reasonable chance of 
yielding high returns, and that are being 
neglected by business firms. The em- 

phasis would be on problems lying be- 
tween academic basic research and 
specific product development. Support 
by the institute would carry research 
and development only to the stage 
where feasibility and broad-scale attrib- 
utes of a particular process or product 
were demonstrated. It would not be de- 
signed to bring the technology to the 
point of operational utility, that stage 
being left to private initiative. However, 
under special circumstances where the 
necessary expenditures are very large 
relative to private capabilities, the insti- 
tute would conduct the work through 
the expensive development stages as 
well as through the earlier stages. 

In addition, the authors suggest that, 
in a very limited number of cases, a 
long-run commitment of federal funds 
for research and development in a par- 
ticular industry may be justified. To 
obtain such support, the industry must 
have a low level of R&D activity, a 
low rate of technological change, and 
institutional barriers that deter research 
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and development by private firms, and, 
in some sense, the social value of more 
technological progress in the industry 
must be high. Finally, they propose that 
federal purchasing power be used in 
civilian markets to speed innovation 
in products which the government buys 
extensively. An experimental procure- 
ment service would promote the pur- 
chase of new products, their perform- 
ance would be monitored and recorded, 
and the results would be made public. 

To those who have followed recent 
developments in this area, the relation- 
ship between these proposals and the 
ill-fated Civilian Industrial Technology 
Program will be apparent. In 1963, 
the Department of Commerce proposed 
the Civilian Industrial Technology Pro- 
gram to encourage and support addi- 
tional research and development in 
industries that it regarded as lagging. 
The proposal met with little success on 
Capitol Hill. Industrial groups opposed 
the bill because they feared that 
government-sponsored research could 
upset existing competitive relationships. 
The program also included an industrial 
extension service, which was later es- 
tablished by the State Technical Serv- 
ices Act in 1965. Nelson, Peck, and 
Kalachek criticize the latter legislation 
for failing to stress sufficiently the use 
of the new extension service as an ex- 
periment to determine the benefits and 
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costs of aiding firms that are technical 
laggards. 

This book represents the thinking 
of some of the best and most influential 
workers in this field, men who have had 
an opportunity to participate at times 
in policy-making as well as to conduct 
relevant research. To a considerable ex- 
tent, the limitations of the book reflect 
the important limitations of the basic 
fund of knowledge in this area. As 
the authors admit, there is little evi- 
dence to support some of their judg- 
ments and policy proposals. For ex- 
ample, what solid evidence supports 
their belief that undue emphasis on 
short-reach applied R&D "represents 
a far more serious distortion than con- 
centration in large firms and in a few 
industries and product fields"? Fully 
aware of the difficulties in constructing 
an explicit model to provide estimates 
of social rates of return from research 
of various kinds, the authors make a 
determined effort to reach policy con- 
clusions without such estimates. Their 
conclusions are very interesting and 
their discussion is worthwhile, but, as 
they recognize, the results are limited 
significantly by the weakness of the 
relevant base of fundamental knowl- 
edge. 

EDWIN MANSFIELD 
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Concepts and Concept Learners Concepts and Concept Learners 

Experiments in Induction. EARL B. HUNT, 
JANET MARIN, and PHILIP J. STONE. Aca- 
demic Press, New York, 1966. 261 pp., 
illus. $9.50. 

The activity of "concept learning" 
may be defined as follows: "Given a set 
of objects which are to be partitioned 
into two disjoint sets, to find a de- 
scription which is valid for all objects 
in one set and is not valid for any ob- 
ject in the other set." When one at- 
tempts to form a precise mathematical 
model for such an activity, however, 
one finds this definition woefully in- 
adequate. The word object and the word 
description themselves need definition. 
In the consensus of workers active in 
modeling concept-learning activities, the 
following definition seems to be ac- 
ceptable: 

The act of concept learning is mean- 
ingful only when it is carried out in a 
specified environment. An environment 
is specified by setting down a set of 
properties (often called "dimensions") 
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by which objects can be distinguished. 
Each dimension has a set of values. 
No object can have more than one 
value in the same dimension. An object 
in the environment is completely speci- 
fied by specifying its value in each of 
the dimensions. 

A description is a statement made 
in a language designed to reflect the 
structure of the specified environment. 
The language has a set of unary predi- 
cates as its building blocks-predicates 
which stand for sentences like "This 
object has value A of dimension B." 
The language also has auxiliary logical 
symbols by which predicates can be 
combined to yield compound sentences. 
Since each individual object satisfies 
the conjunction of a unique set of 
predicates, any concept can be described 
as a rather large sentence in what the 
logician calls a "normal form." (We 
shall not consider here the cases when 
the set of dimensions and values is 
not finite, although we thus exclude 
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some important classes of concepts.) 
However, the idea of expressing a con- 
cept in normal form is impractical in 
any device of realistic size (including 
any physically realizable neural mecha- 
nism of the human brain). A concept 
learner has to come out not with just 
a description of a set of objects but 
with a "simple" description. 

One often makes a second, more 
exacting demand of a concept learner. It 
is expected that a correct description be 
obtained by the learner with the knowl- 
edge of only a few objects from the 
set to be described and only a few 
from its complement. This is clearly 
an impossible task unless the class of 
sets to be described is somehow re- 
stricted and this restriction is reflected 
in the structure of the concept learner. 

When the logical connectives in the 
language specifying the environment are 
restricted to "and," "or," and (under 
duress) "not," one can design a concept 
learner which yields simple descriptions 
of some sets of objects and more com- 
plicated descriptions of other sets of ob- 
jects. A number of concept learners 
of this nature have been designed and 
investigated by the authors of Experi- 
ments in Induction. The descriptions 
the authors have used are expressed in 
"tree" form so that conjunctions are 
the simplest and hence the most easily 
generalizable of the connectives. A 
number of specific methods (not neces- 
sarily logically complete or efficient) 
have been suggested and tried for cases 
where the concept is not expressible as 
a conjunction. The performance of these 
learners has been studied statistically by 
varying the order in which the objects 
are presented to them and has been 
compared with that of humans. It 
would be very interesting to make a 
logical study of the learners to find 
out why concepts are learned more ef- 
ficiently for some sequences of presen- 
tation than for others, especially in 
view of the authors' tentative conclu- 
sion that the use of specially selected 
methods for presenting evidence does 
not improve the learners' performance. 

At this early stage of experimenta- 
tion it is obviously unfair to expect that 
the concept learners designed so far 
will be of practical utility except in 
very special cases. As the authors have 
pointed out, the problem of develop- 
ing proper dimensions (a new set of 
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pointed out, the problem of develop- 
ing proper dimensions (a new set of 
concepts) for the purpose of simplifying 
the most frequently occurring sets is an 
important problem meriting further at- 
tention. (This problem is called "fea- 
ture extraction" in a related field.) 
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