LECTURE 7 31 March 1988

TECHNOLOG CAL CHANGE : THE | MPACT OF | NNOVATI ONS ON SOCI ETY

I NTRCDUCT! ON

Technol ogi cal change is based on ideas, the conversion of ideas into
i nventions (working devices/processes), the conmercialization of inventions
into innovations (comerically viable devices/processes), and finally, the
wi despread adoption and di ssem nati on of innovations by users. There are four
i nportant aspects of technol ogical change:

(1) its definition and nmeasurenent,
(2) its classification, and
(3) its nmechanismor causes.

THE DEFI NI TI ON AND MEASUREMENT OF TECHNOLOG CAL CHANGE

(a) The Census Approach : According to the census approach,
technol ogi cal change is defined by the quantitative change in the indicators
of technol ogi cal change. These indicators are technol ogy-related events with
uni queness and novelty, such as the nunmber of publications in a field, the
nunber of R & D personnel, etc. But, the two nost widely used indicators are
patents and nmj or innovati ons.

Patents satisfy the criteria of originality, technical feasibility, and

comrercial worth. It nust be noted, however, that patents concern inventions,
not innovations, and not all inventions are patentable or for that matter
pat ent ed. Also, the tendency to patent varies wdely across firm and

i ndustri es. Finally, the inportance of an invention is not indicated in the
pat ent .

When mmjor innovations are used as indicators, it is assuned that
i nnovations are discrete events. But, in fact they may involve a continued
process. Further, the enphasis on innovations overenphasizes the initial

event and ignores the |ong-term devel opnent of the innovation. Finally, it is
difficult to distinguish mjor innovations from minor ones, particularly
because it is not clear whether a major innovation is a stimulus for mnor
i nnovati ons or whether or the cul mination of mnor ones.

After identifying the indicator of technological change, a census study
of patents or major innovations provides direct mneasures of technol ogical
change. It nust be noted, however, that a census study enphasizes the nunber
of technol ogies rather than the changes in the technol ogies, and they stress
the origin of technologies rather than their devel opnent. Above all, they
throwlittle light on the nechani sns and causes of technol ogi cal change.

(b) The Production Function Approach : \When |ong-term economc growh
is studies, it is obsrved that the actual growh of output, Q is nuch
greater than the growh that can be attributed to the growh in conventionally
defined economi c inputs such as capital and |abour defined by what is called




the production function f(K,L). 1In other words, there is a residual

g(t) = Q - f(KL),
and the problemis to explain the unexplained residual. This can be done by
writing

Q = A . (KL

where f(K, L) is the production function of the conventional econom c inputs, K
and L, and A is the non-economc input. Noting that

QA = f(KL) and Q[f(KL)] = A

the result of differenting is

(dQ dt) f(KL).(dAdt) + A (d/dt) [f(K L]

(QA (dAdt) + [Qf(KL)]
[( f/ K (dk/dt) + ( f/ L) (dL/dt)]
Di viding by Q
(1/Q (dQdt) = (1A (dAdt) + [1/f(KL)]
[( f/ K (dk/dt) + ( f/ L) (dL/dt)]
Multiplying and dividing the last termon the RHS by K and L,
dinQdt = dinAdt + ( Inf/ InK (dinkKdt) +
+( Inf/ InL) (dinL/dt)
Since the exponential rate of growh, G is given by

X = X exp (&) or G = dnxdt

and Inf/ InK = E¢ = Exo Capital elasticity of Qutput

and Inf/ InL = Ef = Egq Labour elasticity of Qutput

it follows that
&G = G+ Eg. &G+ Eo. G
i.e., G = G- [Ew. &G+ Eo. GJ.
An idea of the contribution of Gy can be obtained fromthe data for USA
for the 40-year period from 1909 to 1949 during which G = 2. 75% per annum G

= 1.75% per annum G = 1.00% per annum Ex = 0.35, Eq = 0.65. It foll ows
fromthis data that Gy = 1.5% per annum and that G/ Gy, = 1.50/2.75 = 54% - -



over half the growh in total output is due to the non-econonmic input of
technol ogy and innovations. This approach provides a definition and
measur enent of technol ogi cal change as the residual, G, that is not explai ned
by the conventional economic inputs, K and L, and the standard production
function f(K/L). It also permits a separation of the technical from the
economi ¢ factors.

THE CLASSI FI CATI ON OF TECHNOLOG CAL CHANGE

Figure 1 shows a graphical description of a production function of the
so-cal | ed Cobb-Dougl as type. The rectangul ar hyperbolae Q 2Q Q each are

call ed isoquants. These curves represent various possible conbinations of
capital and | abour to produce the sane output of produce P. The tangents to
these curves are called as the iso-cost |ines. Point B, for exanple,
represents the optimal technique of production since it requires |east anount
of both capital and |abour. Points C and D are non- optiml production
techni ques since they use nore of both capital and |abour. Moverrent from

points C and D towards B correspond to inprovenents in technical efficiency.
This is achieved by inproving skills, mnor or incremental changes in the
producti on process, etc. These inprovenments in technology that effect
changes in the relative amount of capital and |abour required are termed as
t echni cal innovations.

Now if the quantity of output is doubled to 2Q the optimal technique is
poi nt E. It is apparent that inputs K3 and L3 are not doubl ed. This is
known as the scale effect.

Assuming that the input prices remain constant, if there is an innovation
that causes a shift in the production function or the creation of a new one,

then such an innovation is called as a technol ogical innovation. Let us
suppose that a new product Pl, is developed which is a commercial substitute
of P, then its production function will be distinctly different from that of
P. This is termed as product innovation. If however, an innovation occurs
that requires |esser amount of capital and |abour for the sane product P, the
production function shifts downwards (for the same quantity Q. Such
i nnovations are termed as process innovations. In Figure 1 they are

represented by curves Q & and Q o is called as a capital saving

innovation; @, a neutral process innovation and Ql, a Labour saving
i nnovati on.

The basic expression Q= A(t) . f(K L) also leads to a classification of
t echnol ogi cal changes through the question: how does A(t) affect the output.
There are three possibilities

(1) If Q= A(t) [f(K L)] and all inputs K and L are equally affected, then
the innovations are considered to be neutral in character and neutral
t echnol ogi cal change is considered to have occurred.

(2) If Q = f[{A(t)K},L] and only the input K is affected, then the
i nnovations are considered to be capital- augnenting in character and
capi tal -augnenti ng technol ogi cal change is considered to have occurred.

(3) If Q = f[K {A(t)L}] and only the input L is affected, then the
i nnovations are considered to be |abour- augnenting in character and




| abour - augnent i ng technol ogi cal change is considered to have occurred.

Qobviously, research is required to identify the relative contribution and
i nportance of each type technol ogical change, i.e., to determ ne whether the
unexpl ai ned residual in the growth of output of the econony is due to neutral
capi tal -augnmenting or |abour-augnenting innovations. Dennison's study of the
US G\P showed that 40% of the residual was due to inprovenents in the |abour

force -- this finding stresses the inportance of education/training in
econom ¢ grow h. The study also failed to denonstrate the inportance of
capital inprovenents in grow h. Dennison's findings led to the enbodi nent
hypot hesi s

THE EMBCDI MENT HYPOTHESI S

The expression Q = f[{A(t)K},L] assumes that all capital stock shares
equally in technol ogical change, i.e., it assunes that machinery stock is
honbgeneous with new and ol d machi nes being equally productive. The starting
poi nt of the enbodi nent hypothesis is that the capital (machinery) stock in
any econony at any point of time is in fact a collection of equipnment of
various types and vintages. If for instance § is the contribution to the
stock from nmachines that are i years old, then

The enbodi nent hypothesis then goes on to take the view that innovations are
enbodied in the latest additions to the capital stock and that only these
additions contribute to technol ogi cal change because the productivity of the
ol d machi nes remains nore or |ess constant. Thus, capital accunul ation or new
i nvestnment is the major nmethod whereby technol ogi cal change is introduced.

There is also a | abour version of the enbodi nent hypothesis. Wereas the

expression Q = f[K {A(t)L}] assumes that all Iabour inputs can be sinply
counted in for instance |abour hours, this view is unrealistic. The | abour
force consists of workers with varying degrees of skill and experience. |If L

is the contribution fromworkers who joined i years ago, then

If new workers are equipped with better skills, then technol ogical change is
enbodi ed in these new workers, i.e., the |labour force is not honbgeneous.

Al so, workers will learn to perform a job nore efficiently the |onger
they remain on it -- there is a learning curve. A learning curve which is an
inportant factor in technological change was first observed in aircraft
manuf acture. The learning process is normally reported in terns of |earning
factors -- a learning factor of 0.8 nmeans that after a couple of nanufacturing
cycles, the workers take only 80% of the tine that they took in the initia
manuf acturi ng cycl e.

Thus, the effectiveness of the labour force is a function of (1) the



educational and training levels of workers with various |engths of service,
and (2) the fraction of the total |abour force accounted for by workers wth
various | engths of service.

THE ECONOM ST' S VI EW OF TECHNOLOGY

Until the middle of this century, econonmists tended to avoid technol ogy

as an econom c variable. The incidence of new technology was considered
equivalent to other nmmjor exogenous events such as wars or gold strikes.
Since the 1950s, however, a vast ampunt of literature is available on the

subj ect of technol ogical innovations and related activities.

"There are two basic ways in which econom sts have approached inventions,
i nnovati ons and the associated technical advance. The first one, w dely used
in macrogrowh nodels, treats invention and innovations occurring such that
technical progress continues at an exogenously deternmined rate (often
constant). The second one treats inventions and innovations as the production
of new know edge which can be subjected to analysis simlar to that applied to
the production of goods and services, with sone account taken of the special
features of the product 'know edge'. Freeman (1974) suggests that nost
attenpts to build a theory of innovation have focussed on either “technol ogy
push' or “demand pull' and this dichotomy corresponds approximately to the one
made above. These approaches to the wunderstanding of the process of
i nnovations are not exclusive of each other but are conplenentary.”
[ Sawyer (1980) ]

THE EXOGENOUS TECHNOLOGY- PUSH APPROACH TO TECHNOLOG CAL CHANGE

This approach to the study of innovations and technical change is based
on the production function treatnent described above. As a result, it suffers
from the sanme weakness as all production function aproaches in that it is
based on the following set of “unrealistic assunptions'. [Rosegger(1980)]

a. Each deci si on maki ng uni t consi sts of a single pl ant
whi ch produces a singl e honbgeneous out put;

b. Decision makers possess perfect technol ogi cal know edge;

c. All the techniques of production can be fully described in ternms of
t he amount of capital and | abour they require;

d. Each decision nmaker has access to an unlimted nunber of input units
at prevailing market prices;

e. The inputs K and L conpletely characterize production

K and L are honpgeneous and continuously varying -- they differ only

in quantity but not in quality.

—h

Further, if technol ogical change is neutral, i.e., if Q= A(t) [f(K L)]
and all inputs K and L are equally affected, the inplication is that
t echnol ogi cal change i s exogenously determ ned outside the econom c system and
that it is driven by an autononous technol ogy-push driving force. In fact,

however, the process of innovation and technol ogical change are inplenented
t hrough nore or |ess conscious decisions. They are the results of activities
that are endogenous to the economc system Thus, the exogenous view of
technol ogi cal change is an unsuitable approach for the study of econom cs of R



THE ENDOGENOUS DEMAND- PULL APPROACH TO TECHNOLOG CAL CHANGE

The second approach considers the developnment of technology as an
endogenous variable in economc growth. It views technology |ike any economc
product (good or service) and seeks to answer the same questions as those that
are normal |y asked of other products/services.

(1) Production Function for lIlnvention : By assuming that invention is the
rate-determining step in technol ogical change and that invention is an
out put that depends upon the inputs into inventive activity, one can
think of a production function for inventive activity. On the basis of
such an approach, the output of invention depends upon the inputs of
| abour (of varying degrees of creativity, experience, etc.) and capital
(i.e., infrastructure, equipnment, etc.). Thus, one can ask: how mnuch
substitution is there between |abour and capital ? Can conputers replace
peopl e? Can average inventors backed by good equipnent substitute for
geniuses? \Wiat are the returns to scale in inventive activity? Are
| arge think-tanks productice? Are there dis-economes of scal e because
for instance managerial supervision problens increase with expansion of R
& D units? and so on.

(2) Demand as a Driving Force for lnnovation : The pressure for demand
creates an environnment in which it pays to innovate, and therefore demand
is adriving force for innovation. The crucial question is: what is the
unfulfilled demand for innovation?

(3) Cost Reduction as a Mtivation for Innovation : Though demand provides a
driving force for innovation, and cost reduction is a najor notivation
for the effort of innovation, the direction al ong which cost reduction is
to be achieved still remains undefined. The question is : what type of
cost reduction should innovation achieve? For instance, should the
i nnovations be neutral in the sense of saving all inputs equally? or
should they be biased towards |abour-saving innovations, i.e.,
econom zing relatively nore of one input, e.g., |abour, than another,
e.g., capital?

(4) Market Penetration : It is expensive for a firmto adopt new technol ogi es
-- apart fromthe financial costs of adoption of new technol ogies, there
are the costs of taking risks with new products/processes, the costs of
getting information, and the "psychol ogical"” costs associated with the
enpl oyees' resistance to change. Hence, the penetration of the market is
not an "overnight" affair. Many studies (starting with the classic study
of Giliches on hybrid corn) have suggested that the time-dependence of
the penetration of the market follows an S shaped curve (also called a
logistic curve) in which a slowinitial acceptance is followed by a rapid
increase in market penetration, culmnating in an asynptotic |evelling
off corresponding to a saturation (figure 7.1). If N is a measure of
di ffusion, the differential equation for the S shaped curve is




dNVdt = r . N. (K- N

i.e., (YN dNVdt = r . (K- N =r K- r N
where r is a constant and K is the saturation val ue. On integration, the
result is

N = K/ [1- aexp (-bt)]

where a = r K and b =r, the rate of growh parameter. The "slope" or shape
of the S-shaped curve is a functioOn of the profitability of the innovation --
the nore profitable the innovation, the nore rapid is the penetration of the
mar ket .

PROFI TS AND R & D

Though it is generally assunmed that R & Dis predomnantly profitable, it
is not easy to disentangle the influence of R & D on profits. The point is
that R & D and profits are dialectically related so that if the focus is on
profits, R & D is the cause, and if the focus is on R & D, profits are the
cause.

The first nodel considers that R & D expenditures produce profits, i.e.,
that profits are a function of R & D expenditures. But, it is well known that
profitable firnms devote resources to R & D which leads to the second nodel
that R & D activity is a function of profits. On the basis of the principle
t hat causes precede effects in tinme, the enpirical evidence that R& Dis nore
highly correlated with future profits (wth a 1 to 3 year lag) than wth
current profits can be taken as strong support for the first nodel that R & D
expenditures lead with a 3-4 year lag to increased patenting and to increased
profits. If a production function is witten with R & D expenditure as an
i nput, then the marginal rate of return to R & D expenditure is about 15%in
US i ndustries such as apparel, chem cal, food and petrol eum

FACTORS AFFECTI NG RESCURCE ALLOCATI ON

(1) Sources of Funding for R & D : In the industrialized countries,
private industry provides nost of the funds for R & D. In 1975, for exanple,
t he average percentage of funds fromprivate industry was 77 + 15%in a set of
CECD countries with the country-specific figures being France (67%, Italy
(95%, Japan (95%, UK (64%, US (61% and West Germany (809% . In India, the
corresponding contribution from private industry was 12% in 1975 and 13% in
1984-85. The enornmous difference is because of the nuch larger markets for R
& D and the greater profits resulting from satisfying these markets in the
i ndustrialized countries in contrast to the lack of market demand for R& D in
dvel oping countries like India where there is a greater demand for the inport
of technol ogi es.

If the bulk of the resource allocation to R & Dis controlled by market
forces, the next set of questions that arise are: Wiat are the characteristics
of the market that ensure adequate resource allocation to R & D ? Wat are



the characteristics of the firms that respond successfully to these narket
forces ?

A characterisitic of the market that has been extensively studied is its
mar ket structure i.e., whether the market is nonopolistic, oligopolistic or
perfect (from the conpetition point of view). The nost comonly used
characteristic of the firm is the firm size. Econom sts have studied its
effect on R& Dintensity and R & D efficiency.

The superior allocative efficiency of the perfect econony is one of the
nost popul ar canons of econom c theory. However. it has been argued that a
nmonopol i stic market structure is nost ideally suited for the devel opment of
new t echnol ogy, and that |arge and perhaps nonopolistic firnms are best suited
to conduct an effective R & D effort. The assunptions underlying this view
are:

a) The large anounts of capital that have to be assenbled in order to
permt effective research progranms are only available with large firns
with | arge amounts of resources at their disposal.

b) The risks that are associated with R & D projects can be distributed
anong the |l arge nunber of projects that go to formthe R & D program of
a large firm -- this possibility my not exist with the smaller
portfolio of a small firms.

c) In an industry with several conpetitors, an innovator enjoys 'special’
profits fromhis innovations as long as there are no conpetitors capable
of imtating his product. The nonent conpetitors enter the market his
special profits are |ost. These special profits beside being an
incentive for firns to innovate also act as a source of investnment for
further R & D Since in a nonopolistic market, these special profits
are not challenged, there is lesser hesitation on the part of
nmonopolistic firms to invest in innovation. In other words, the |arger
time lag before imtation increases the potential profit for
nmonopol i stic firms.

d) The Ticketless-Traveller (Free-Rider) Problem One of the nost
i nportant barriers to investment in innovation is the problem of a
conpetitor appropriating or exploiting the innovation. An imtator may
be able to devel op a new product w thout the high costs and risks faced
by the innovator. In the case of basic research this is nost clearly
apparent since scientific information is not protectable. However, in
the case of a nonopolistic market, this problem is not present since
there are no conpetitors. Further, large firms can enforce patent |aws
nmore effectively since they can fight Ilonger battles in courts to
protect their intellectual properties.

In recent vyears, the above hypotheses about firm size and market
structure in innovation have been subjected to enpirical analysis. The
results of these have been summarised by Kam en and Schwartz(1975):

Data availability has allowed nobre extensive investigation of the



associ ation of inventive activity with firm size than with nmarket structure

A commonly tested hypothesis is that R & D activity increases nore than
proportionately with firmsize. The bulk of enpirical findings do not support
it -- with the notable exception of the chem cal industry. Rel ative R & D
activity, nmeasured either by input or output intensity, appears to increase
with firmsize up to a point then I evel off or decline beyond it.

Studies of market structure and R & D activity comonly enploy a
concentration ratio as a neasure of nmonopoly. Little support has been found
for the standard hypothesis that R & D activity increases with nonopoly power.

I nstead, recent evidence suggests that rivalry in R & D may be non- linearly
related to industry concentration. A new enpirically inspired hypothesis has
energed to the effect that market structure intermnmedi ate between nonopoly and
perfect conpetition would pronote the highest rate of inventive activity.

" From the point of view of organisation and nmanagenment, there is an
ongoi ng debate about the relative advantages and di sadvantages of firmsize in
i nnovation. On one hand, it is argued that large firns are able :

1) to spread risks by undertaking nore and a w der selection of
proj ects;

2) to employ and utilize highly specialized skills;

3) to operate on a large scale and with greater sophistication

4) to have their own fundanmental research | aboratories; and

5) to afford managenent and mar ket planni ng techni ques.

On the other hand, small firns are better able :

1) to nmake nore rapid decision and act upon them
2) to avoid vested interests in the firm

3) to encourage personal commitment to and identification wth
proj ects; and
4) to " coupl e’ the activities of r esear ch- devel opnent -

product - mar keti ng nore effectively.

Some observers feel that both large and small firnms play essential roles
in the process of technological innovation and ... these roles are
conpl enentary, interdependent and ever- changing." [Pavitt and Whrboys (1977)]

ROLE OF GOVERNMENT | NTERVENTI ON

O the two major factors affecting investment in R & D discussed above,
viz. market structure and firm size , the market structure has w der
ram fications. Despite the fact that enpirical support for the hypothesis
that nonopolistic market structure is better for resource allocation was
nmeagre, there is no doubt that some ampount of nonopoly power is essential for
continued resource allocation. This fact is the rationale behind the patent
| aws of a country.

" The logic of the use of patents is closely tied to the free-rider
problem in innovation. It should be noted first that the free-rider problem
is a two-pronged difficulty, potentially giving rise not only to inequities



but also to a serious msallocation of society's resources. The issue is not
only the injustice that occurs when the bulk of the benefits of an innovation
flow to persons who have contributed little to its creation. Per haps even
nmore inportant is the likelihood that if nothing is done about the free rider
problem private enterprise will find R & D unprofitable and so the flow of
resources to R & D activities will be far smaller than is optimal from the
poi nt of view of the community. The small anount of basic research carried
out by private firnms is probably attributable to this phenomenon. Patents are
designed to renmedy this defect in the market mechanism By giving the
i nventor exclusive rights over the financial fruits of the product of his
research, it is intended to elimnate free riders for the life of the patent.
Thereby, it is hoped to restore the financial incentive for investment in R &
D. A secondary purpose of the patent systemis the encouragenent of disclosure
of new inventions. The law requires that patented ideas be nmade available to
the public, thus enabling the fruits of the invention to percolate to the
entire society."[Braunstein et al.(1980)]

The above description of the patent system is but one nethod of
governnental intervention in the process of national R & D Gover nnent a
intervention in the process of innovation has been found essential for a
healthy R & D scenario. Beside the free- rider problem the huge anounts of
uncertainty that R & D processes are beset with introduces inperfections in
the market economies [Arrow (1962)]; and under such conditions relying on
mar ket forces alone for the allocation of resources to R & D will lead to
subopti mal all ocati ons.

In order to augnent the R & D process, it is necessary for the governnent
to intervene into it. Because of uncertainties and risk, the market for R & D
is an inperfect market that cannot be relied upon for optinmal allocation of
funds for R & D. For instance, private industry in the US devotes nearly 3/4
of its R & D budget to design and devel opnent, and only about 1/4 to rel evant
basi c research and applied research. This bias is perhaps it is not possible
to predict who will be the ultimate beneficiary of relevant basic research and
appl i ed research.

Thus, governnental intervention becones inperative to correct nmarket
i mper fections. This intervention nmay be of two types: active and passive
Active intervention includes the direct actions of the governnent to inprove
the R & D process, like its direct investnent on a set of projects which it
thinks is either essential for national goals or is being neglected by the
private enterprise. This intervention is bought about by setting up
Governnent  owned/funded |aboratories; sponsoring projects in the private
i ndustry; and, sponsoring projects in the wuniversities. This form of

i ntervention, though prevalent in industrialised countries, has been the
thrust of R & D progress in developing countries where there is no market
wort h speaking of to encourage private investment in R & D

Passive intervention by the governnent in the process of R & D consists
of enacting laws and regul ations to encourage investnment in R & D. The patent
system descri bed above coul d be thought of as being a passive intervention by
the governnment to elimnate the free rider problem and encourage discl osure of
new inventions. O her passive interventions include, say, providing tax
rebates for investment in R & D activity [for e.g. section 35(a), of the



I ndian I ncome Tax Act (1974)]; enacting suitable laws for bans on inport when
a satisfactory indigenous product is available, etc.

SOCI AL RETURNS ON | NNOVATI ONS

Besi des the necessity of governnental intervention in the production of
i nnovati ons, the government is also responsible for its usage and the relative
soci al costs one incurs to obtain an innovation. It thus, becones essenti al
to measure the benefits and costs of innovation, in order that proper
institutions are designed to nonitor the costs and benefits of R & D prograns
in the country.

"To make rational decisions concerning the allocation of resources to
t echnol ogi cal innovation, information is badly needed concerning the returns

that society has obtained - and is likely to obtain in future - from
investments in new technol ogy. To estimate the social benefits from an
i nnovati on, econom sts have used a nodel of the type illustrated in Figure
7.2. If the innovation results in a shift dowward in ;the supply curve for a

product ( such as fromSto S in the figure ), they have used the area under
the products's demand curve (DD ) between the two supply curves - that is the
shaded area in the figure - as a neasure of the social benefit from the
i nnovation during the relevant time period. If all other prices remain
constant, this area equal the so social vale of the additional quantity of the
product plus the social value of the resources saved as a consequence of the
i nnovati on. Thus, if one conpares the stream of R & D and other inputs
relating to the innovation with the stream of social benefits nmeasured in this
way, it is possible to estimate the social rate of return fromthe investnent
in the innovation."™ [Braunstein et al.(1980)]. Giliches(1957) for e.g. uses

this method]. Estimates of the social rates of return generally have been,
happi | y, on the hi gher side; 37% (Giliches) and 56% [Mansfield et
al . (1977)]
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