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INTRODUCTION | ——

Technological changes are count as the most important factor in the process of economic
growth. They are mostly referring as the change in mode of production through new technique
emerges out from research or innovation. Changes in technology lead to increase in productivity
of labour, capital and other factors used in production. Schumpeter regards innovation as most
important technological factor in economic growth.

Modern economic growth theories even assume that without technical progress, a country
cannot sustain the growth in per capita income indefinitely. Due to low technological progress
in least developed countries they are not able to break the vicious circle of under- development.
Developed countries are succeeded in continuous adaptation of new technology due to higher
spending in Research & Development.

The importance of technical change acknowledged in the process of economic growth.
Technical change is key factor in affecting productivity of factor of production used in the
production. It is often described a two-staged dynamic process; (1) creation of new
Knowledge and technology and (2) the adoption of new technology. The creation of new
technology and adoption of associated new technology is stimulated by expenditure on R&D.
A distinction often made in the literature concerns the source of funding for R&D, often
referred as, public versus private. When new technology has the characteristics of a public
good, then public funding of research may require. On the other hand, when property rights
for technology can be privately assigned and enforced, then private institutions can have the

proper incentives to invest in Research & Development.

In the world of economics engaged with process of growth and development; technology
refers the process through which inputs transformed into the output. For instance if we have
production function Y = A F (K, L) then the F(.) explains how inputs are transformed into
output. The primary component in developing technology is idea. New set of idea allow to
use same inputs or new inputs to produce more amount of same goods or different goods with
better qualities. In the cited production function new idea led to changes in A. Paul Romer
explains the relationship between economics of ideas and economic growth. According to
him, the very characteristics of ideas are that they possess the non-rivalrous nature. This non-
rivalry nature ensures the presence of increasing return to scale.

The other important characteristics of idea relates with degree of excludability. The degree to
which a good is excludable depends on how much the owner of the good can charge a fee for



its use. For example, copyrights and patent system are the tools through which an owner of
ideas can charge a fee for allowing to use the idea.

The next question posed what incentive one has in developing new ideas. The answer lies in
that ideas are closely associated with incentives of increasing return to scale and imperfect
competition. Since to generate ideas investment require till ideas are not fully developed for
application. To develop ideas a fixed cost are associated with it. For example, to develop a
fifth generation processor for laptop require a onetime research cost. Once the product is
developed the later units can be produced cheaply.

We have discussed in detail about economics of idea preceded high investment in R & D.
unless inventors have some surety or expectation about getting some gain after creation of
ideas they would refrain from venturing out to create new ideas. Here, patents and copyrights
are the some legal mechanism through which inventor can be assured to reap some benefits
after creation of invention. Such mechanism guarantee monopoly power over invention to use
for certain period until inventor can recover cost and desired profits. Patents or copyrights are
used to influence the degree of excludability of idea; otherwise there would be possibility of
imitation which led to elimination of incentive for innovator to create the ideas in the first
place.

The sustained economic growth is a very recent phenomenon. For instance, consider the
growth rate of world leaders over the past four centuries. During the period 1580-1820, the
Netherlands was the leading industrial nation it experienced an average annual growth in real
GDP per worker hour of roughly 0.2 percent. The UK, leader during the approximate period
1820-90, experienced an annual growth of 1.2 percent. Since 1890, the US is considered to
have usurped the leaders’ seat, and its average growth rate during the period1890-1989 was a
relatively dramatic 2.2 percent a year. Clearly, by today’s standard even the fastest growing
economy two centuries ago would be considered practically stagnant. According to one
estimate, even the modest 2 percent growth, a nation’s per capita GDP doubles in 35 years.

Learning by doing has played a central role in endogenous growth theory ever since Arrow
(1962) used this concept. He conceptualized learning by doing within the actual activity of
production, with cumulative gross investment as the catalyst for experience. Later
Lucas(1988) tried to explain role of experience as a factor increasing the productivity growth.
In Lucas word’s, “in the-job-training or learning by doing appear to be at least as important
as schooling in the formation of human capital”.

Empirical studies have confirmed the importance of learning by doing. For instance,
Lundberg (1961), who studied the experience of the Horndal Iron works plant in Sweden. He
found out that during over 15 years, plant had no new investment yet output per worker rose
about 2 percent annually. Another important observation of learning by doing phenomenon
have found in aircraft industry. As studies shows that labor inputs per airframe declined
significantly yet the total number of airframes produced increased. Progress of this kind
observed across the industries often caused by adaptation efforts by labor.



The Arrow Model- Arrow was the first one to introduce
nature of technological with the help of learning by doing
concept. He proposed that at any amount of time new capital
goods incorporate all the knowledge then available based on
accumulated experience, but once built, their productive
deficiency cannot be changed by subsequent learning.

Arrow mentioned two major factor determining learning by
doing concept in his article. First, according to him learning is
the product of experience. Learning can only take place
through the attempt to solve a problem and therefore only
takes place during activity. Second, he argued that learning
often associate with repetition of essentially the same problem
is subject to diminishing return. To have steadily increasingly
performance, there should be stimulus situation steadily
evolving rather than merely repeating.

In production function form it can be written as
Yi= A(K)F(Ki,Li,)

Where Y denotes the output of firm, K denotes the stock of
capital, L denotes the stock of labour, A is the technology
factor. K without subscript denotes the aggregate stock of
capital. He showed that if the stock of labour is held constant,
growth ultimately comes to a halt because social very little is
invested and produced.



The Romer Model- Romer has attempted to present kind of technical
change determined by learning by investment. He assumed that
creation of knowledge as a side product of investment. He takes
knowledge as a input in the production function of the following form

Y= A(R) F(Ri, Ki,Li)

Where Y is output, A is the public stock of knowledge from research
and development R; R is the stock of knowledge from expenditure on
research and development; K and L are capital and labour stock.

Romer took three key elements in his model, namely externalities,
increasing return in the production of output and diminishing return in
the production of new knowledge. According to Romer, it is
spillovers from research efforts by a firm that lead to the creation of
new knowledge by other firms. In other words, new research
technology by a firm spillsover instantly across the entire economy.

In his model, new knowledge is the ultimate determinants of long-run
growth which is determined by investment in research technology.
Research technology exhibits diminishing return which means that
investments in research technology will not double knowledge.
Moreover, the firm investing in research technology will not be
exclusive beneficiary of the increase in knowledge. The other firms
also make use of the new knowledge due to inadequacy of patent
protection and increase their production. Thus the production of
goods from increased knowledge displays increasing aggregate
returns owing to externalities. Thus Romer takes investment in
research technology as endogenous factor in terms of the acquisition
of new knowledge.



The Lucas model- Lucas assumes that investment on education leads
to the production of human capital which is a crucial determinant in
the growth process. He makes a distinction between the internal
effects of human capital where the individual workers undergoing
training becomes more productive, and external effects which
spillover and spillover and increase the productivity of capital and of
other workers in the economy. It is investment in human capital rather
than physical capital that have spillover effect that increase the level
of technology. Thus the output for firm takes the form

Y= A (Ki) (Hi) He

Where A is the technical coefficient, K and H are the inputs of
physical and human capital used by firm to produce goods Y. the
variable H is economy’s average level of human capital. The
parameter e represents the strength of the external effect from human
capital to each firm’s productivity.

In the Lucas model, each firm faces constant return to scale, while
there are increasing returns for the whole economy. Further, learning
by doing or on-the-job training and spillover effects involve human
capital. Each firm benefits from the average level of human capital in
the economy, rather than from aggregate of the human capital. Thus it
is not the accumulated knowledge or experience of other firms but the
average level of skills and knowledge in the economy that are crucial
for economic growth.
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Modern economic growth theories even assume that without technical
progress, a country cannot sustain the growth in per capita income
indefinitely. Technical change is key factor in affecting productivity of
factor of production used in the production.

The primary component in developing technology is idea. New set of idea
allow to use same inputs or new inputs to produce more amount of same
goods or different goods with better qualities

Characteristics of ideas are that they possess the non rivalrous nature.

The other important characteristics of idea relates with degree of
excludability.

Ideas are closely associated with incentives of increasing return to scale
and imperfect competition

Patents and copyrights are the some legal mechanism through which
inventor can be assured to reap some benefits after creation of invention.
Empirical studies have confirmed the importance of learning by doing
concept in bringing technological change.

Arrow proposed that at any amount of time new capital goods incorporate
all the knowledge then available based on accumulated experience, but
once built, their productive deficiency cannot be changed by subsequent
learning.

Romer took three key elements in his model, namely externalities,
increasing return in the production of output and diminishing return in the
production of new knowledge. According to Romer, it is spillovers from
research efforts by a firm that lead to the creation of new knowledge by
other firms. In other words, new research technology by a firm spills over
instantly across the entire economy.

According to Lucas it is investment on education that leads to the
production of human capital which is a crucial determinant in the growth
process.



