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ABSTRACT

The neoclassical theory of production suggests that inter

country differences in labor productivity reflect the difference in

factor proportions, mainly the capital-labor ratios, used by them.

A decade ago, Richard R. Nelson questioned the validity of the

neoclassical explanation applied to productivity differences between

developed and less developed countries. He argued that the differ

ence would be greater than the capital-labor ratio could explain,

and that a key factor explaining productivity differentials would be

the existence in less developed countries of large firms using older

technology, which had been largely eliminated in the developp0

countries. He developed a simple two-technology "diffusion" model,

tested it for the colombian-U.S. manufacturing industries, and claimed

that the evidence supported his model.

The purpose of this study is to test the model developed by

Nelson. The model is tested for the comparison of value added per

worker between Korea and the United States, Korea and Japan, and

Japan and the United States. First, we tested the model by adopting

Nelson's method which was used for his empirical test, and then we

tested the extended model, which has more variables than the original

model, by employing the regression analysis.

The data used for the empirical tests was the census of

manufactures in the three countries in 1972. We standardized our

industrial classification system for international comparability.
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Basically, our classification of industries follows the international

standard industrial classification scheme.

The hypothesis tested for the original Nelson model was that

the difference in the labor productivity should be the function of

the relative size of the modern subsector in a less developed country.

The empirical results of the three bilateral comparisons, Korea/U.S.,

Korea/Japan, and Japan/U.S., supported the hypothesis. However, the

test results of the extended model indicated that the relative size

of the modern subsector was not a significant variable. The main

explanatory variable was the difference in labor productivity between

two countries.

The main conclusions we derived from this study were:

1. The neoclassical theory provides the explanation for

observed differences in labor productivity between the developed

countries.

2. However, when the explanations to be made are between

developed and less developed countries, the neoclassical explanation

appears to be incomplete.

3. Even though the statistical results do not entirely

support the diffusion model, they do show more explanatory power

than the neoclassical model.
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CHAPTER I

INTRODUCTION

1. General Introduction

Numerous attempts have been made to explain observed inter

national differences in labor productivity in the manufacturing

industry, but their success has been limited. 1 Descriptive analyses

suggest many factors that may affect productivity levels in the

manufacturing industry; among them are resources, equipment, size of

markets, degree of competition, managerial abilities, skill content

of labor, economies of scale, and the state of knowledge. But the

essential factor to high labor productivity is considered to be a

high capital-labor ratio.

The theoretical analyses employ the theory of production, in

particular the principle of substitutability among factors of

production, to explain observed differences. The neoclassical theory

of production suggests that intercountry differences in labor

productivity reflect the differences in factor proportions used by

the industry. Two main assumptions of the analysis are: First,

within an industry all firms, both in a country and in different

countries, are employing the same neoclassical production function;

second, the factors are homogeneous and perfectly mobile within an

industry, as well as within a country, and factor prices are deter

mined in competitive markets. These assumptions imply that in each

country the industry is the representative firm and thus intercountry

productivity differences are reflected by the differences in factor
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proportion used by the representative firm. A general linear homo-

geneous production function is written as:

(1) Q K
- - f (-)L - L

and f' > 0, f" < 0,

where Q is output, K is capital and L is labor.

Hence, higher output per worker is due to more capital used per worker.

The principle of substitution indicates that if wages are relatively

high, more capital and less labor will be used. Hence,

K w
L = g (r)' g' > 0,

and ~ = h (~), h' > 0,

where w is the wage rate and r is the interest rate.

In an international context, this means that a country with high wage

rates will tend to have more capital per worker and hence higher labor

productivity than a country with low wage rates.

A decade ago, Richard Nelson questioned the validity of the

neoclassical framework attempting to explain international differences

in output per worker in the manufacturing industry, particularly

differences between developed and less developed countries. He posed

the following question:

"Given the observed level of value added per
worker in an industry, and assuming they stay on
the same (common to all countries) production
function, what would their value added per worker
be if they had a capital-labor ratio equal to that
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in a developed country? How much of the observed
differences in value added per worker can be
explained in the sense above, by the differences
in the capital-labor ratio?,,2

To answer the above questions, he used the constant elasticity of

substitution (CES) production function developed by Arrow, Chenery,

Minhas and Solow (ACMS). 3 The CES production f'unot.i.on is given by

(2 )
1

Q = Y[OK-P + (1 - O)L-PJ-~

where Q is output, K is capital, L is Jabor,

and Y, 0 and P are constants that ACMS call the efficiency,

distribution and substitution parameters respectively.

The function is linearly homogeneous in two generalized inputs K and

L, and it is characterized by a constant elasticity of substitution a,

where cr = 1 After manipulations of equation (2), Nelson derived
p+l

the following equation: 4

(3 ) Q

[soKf (~) r~l flL + SO
(Q)° (!.) ° L
L L

where S and S are capital's and labor's shares
K L

respectively, and "0,, re·fers to the existing situation.

For numerical answers to the questions, he used the manufacturing

industries in Colombia and the United States. As of 1964, value added

per worker in Colombia was $3,000 (compared with $12,000 in the United

States) and the capital-labor ratio was about $6,000 (compared with

$24,000 in the united States. By applying these figures to equation (3),
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he calculated that output per worker in Colombia would be $6,900 if

the capital-labor ratio were the same as that in the united states.

The differences in the capital-labor ratio alone explained only about

one-third of the observed differences. The clear implication of

these results is that differences in capital ratio are not sufficient

to explain the productivity differences between developed and less

developed countries, assuming CES is the correct production function

for both countries.

Nelson argued that the production technology employed by firms

within an industry varied at any given point in time, and factor markets

were not competitive. Therefore, the assumption of a single production

function for an industry should be abandoned. He suggested that

empirical data on output per worker in a particular industry represent

the weighted average of a distribution.

L·
(-2:..)

L

(4 ) (~)max
L
~ (2..) •

L i
(2) min
L

where ~ is output per worker of an industry as a whole,

which is produced by useand (~)i is output per worker

of i t h production technology.

proportion of industry's labor

production process.

. L·. hThe we1ght, -2:.., 1S t e
L

force in the i t h

The weights may have considerable range and variance across countries

because of differences in the pattern of diffusion of technology.
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Basically, Nelson argued that manufacturing development should be

modeled as an interfirm-and-international diffusion process. He

developed a simple two-technology "diffusion" model, tested it for

the United States-Colombian manufacturing industry, and concluded

that the empirical analysis supported the model. The summary of his

model is presented in Chapter II.

2. Survey of Literature

This section presents a brief survey of literature on techno

logical progress, diffusion of technology and labor productivity.

It provides a useful background for the model to be introduced in the

next chapter.

a. Technological Progress and Labor Productivity

Time-series studies on labor productivity show that economic

growth is the result of technological progress, increase in capital

per worker and transformation of economy from less productive agricul

tural sector to more productive manufacturing or industrial sector. 5

In the aggregate level, any observed increase in output per worker

is measured in terms of the increase attributable to change in factor'

proportions and the increase attributable to change in technology.

The theoretical base for most time-series studies is the theory of

production function with technological progress. The increase

attributable to change in factor proportion, mainly capital-labor

ratio, is measured by movement along a given production function,

and the increase attributable to change in technology is measured by

a shift in the production function.
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A general production function with technological progress can

be written as: 6

(5 ) Q = F (K, L; t)

where FK, F
L

> a and F
KK,

F
LL

< o.

F(·) is homogeneous of degree one in K and L and the variable t for

time appears in F to allow for technical change. The rate of

technological progress, denoted by R, is:

(6 ) R = Ft = K • FKt + L . FLt
F K • F

K
+ L • F

L

where subscripts indicate partial differentials.

Let B represent the bias of technological progress. Following Hicks'

definition of technological progress,7

(7)

B

Technological progress is Hicks neutral if B = 0, capital-using if

B > 0, and labor-using if B < o. Let SK be the relative share of

capital. After manipulation of equations (5), (6), and (7), we arrive

at the equation of the rate of growth of output per worker:

(8)

where q = Q
L

k
(-)
k

K= f (1:"; t) = f (k; t)
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The first term of equation (8) represents shifts in the production

function, and it is measured as labor productivity change at a given

capital-labor ratio. The second term represents movement along the

production function, and it is measured as labor productivity change

due sOiely to change in capital-labor ratio.

Solow's study of the united States during the period 1909-49

may be considered the best empiricai study based on the production

function with technological progress. 8 Even though there were some

methodological problems in the study,9 it was found that 87~ percent

of the increase in productivity was attributable to technological

progress, and the remaining 12~ percent was due to increase in capital-

labor ratio during the period. The technological progress was shown

to be the major source of change in labor productivity over time.

Of course, explaining cross-country differences in labor

productivity is not the same as time-series changes in a particular

country. Hence, equation (8) cannot be used directly to explain

productivity differences among countries. The time-series CES

production function with neutral technological progress is written as:

(9)
1

Q = eAt [OK-P + (1-0) L-PJ~

where A is the rate of technological progress.

To explain productivity differences among a number of countries, ACMS

used the cross-sectional CES function:

1
Q = Y[OK-P + (1-0) L-PJ-P

7



ACMS assumed that y varies from country to country while 0 and p remain

constant. This implies that all countries have the same production

function, but the efficiencies of capital and labor are different among

countries. They tried to explain productivity differences among a

number of countries by the differences in efficiency and capital-labor

ratio. However, they rejected the hypothesis that "observations within

a given industry but for different countries at about the same time

can be taken as coming from a common production function." I 0

The most remarkable effort to explain the reasons for inter

national productivity differences is that of Denison. II According to

his study, national income per employed person in eight northern and

western European countries was 41 percent lower tihan in the united

States in 1960. He found that about 28 percent of the gap was due to

lower factor input per person employed in Europe (mainly less capital

per unit of labor), about 12 percent was due to economies of scale,

and the remaining 60 percent could not be explained and had to be

attributed to lag in the application of knowledge, general efficiency

and errors and omissions. 12 Denison's study suggests that the length

of time between initial innovation in one country and imitation in

another country is a significant factor that may explain international

differences in labor productivity.

b. International Diffusion of Technology

Through international trade and highly developed communica

tion systems, the information about newly developed technology in one

country is spread to other countries. However, there are large

productivity gaps between developed and developing countries which

8



may be reflected by lags in the application of knowledge. Kuznets

describes one of the six characteristics of modern economic growth as

follows: "The spread of modern economic growth is limited in that the

economic performance in countries accounting for three quarters of world

population, still falls far short of the minimum levels feasible with

the potential of modern technology.,,13 The potential for higher produc

tivity exists for all countries. The question, then, is what determines

the capacity of a country for incorporating new technology into its own

operation and thereby obtaining high productivity? Development economists

seem to view the lack of foreign exchange as the biggest bottleneck.

But simply to have foreign exchange available for investment in new

technology is not a guarantee of development. New technology requires

scientists, engineers, technicians and a skilled labor force who under

stand it and are able to use it efficiently. Hence, the capacity depends

on the availability of both physical and human capital.

Many economists argue that one reason why advanced technologies

are not employed in less developed countries may be that they are not

usable the£e. 14 The argument is that a new technology is developed to

solve the problems of advanced countries, so it is less applicable to

the problems of less developed countries. Some economists claim that

borrowing countries have no choice but to adopt the technology trans

ferred from a developed country, and some argue that modifications are

needed according to an individual country's economic situation. Whether

or not it will be economic to use a particular technology transferred

from a developed country's situation will depend on the cost of machines

and equipment, of energy sources, of training workers, etc.

9



The rate of diffusion of new technology is the rate at Which

a new technology is actually put into use. Once new technology is put

~nto operation in a country, it will take considerable time to spread

within the country. The rate of diffusion varies from country to

country, and it is a critical determinant of the rate of growth of

productivity for each country, and it is an important factor in

explaining international prodnctivity differentials.

Before we discuss the rate of diffusion, let us define two

types of innovations. The following definition is given by Blaug: 1S

"Innovation falls into two classes: process
innovations and product-innovations. The terms are
self explanatory. The distinction is to some extent
an artificial one: the introduction of cost-reducing
process is sometimes accompanied by a change in the
product mix, while new products frequently require
the development of new equipment. In practice the two
are usually so interwoven that any distinction between
them is arbitrary. Nevertheless, in principle, novel
ways of making old goods can be distinguished from
old ways of making novelties."

In other words, a process-innovation is defined as adapted improvement

in production technique Which reduces average costs per unit of output,

\~ile a product-innovation means an introduction of a brand new or

improved product. The neoclassical production theory of technological

progress describes changes in production process through shifts in the

production function. In essence, the same commodity is produced at

lower unit costs due to use of a new production process. On the other

hand, Vernon's technological-lead and product-cycle theory is a theory

based on product-innovations. 16
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c. Interindustry Diffusion of Technology

Once an innovation is introduced by one firm, it takes time

to spread to others in the industry. The main purposes of the study of

diffusion of new technology are to find the length of time between

initial adoption by a firm and spread to others in the industry and

to find the factors determining the speed of dispersion. The model

proposed by Mansfield has been the basis for other studies on the rate

of imitation. Hence, Mansfield's model is summarized here. 17 Assume

that the proportion of firms not using an innovation at time t that

begin using by time t+l is a function of (1) the proportion of the

firms that are already using the innovation at time t, (2) the profit-

ability of installing it, (3) the size of investment required to

install it, and (4) other "unspecified variables." Based on these

assumptions, he shows that the growth over time in the proportion of

firms using an innovation in an industry corresponds to a logistic

function.

(10) p .. (t )
1.J

-1= (1 + exp (-f .. - cp . .t)
1.J 1.J

where P (t) is the proportion of firms in industry i
ij

using innovation j at time t, f .. is a constant of
1.J

integration, c/> •.
1.J

is the rate of imitation.

The expected value of c/> •• for an innovation in a particular industry
1.)

is a function of the profitability of the innovation (TI •. ), the size
1.J

of investment required (S .. ), and the "unspecified variables" (Z.. j •
1.) 1.J

Treating Z.. as a random error, c/> •. can be written as a linear function
1.) 1.)

of TI.. and S ...
1.J 1.J

11



(11) <p •• = a. + b.n .. + c.S .. + Z
~) 1 1 1) 1 1) ij

We predict that the rate of diffusion in a particular industry will

be higher for more profitable innovations and innovations requiring

relatively small investments.

Taking the natural logarithm on the equation (10), we have

(12)
p .. (t)

1 ( 1) )
og 1 (P .. t)

1)

f + <P • •t
ij ~)

Measuring time in years, treating this as a regression equation, and

using the least square, we can derive estimates of f .. and <P • . •
1) 1)

Mansfield's theoretical framework is used for various empirical studies

on diffusion of product-innovations, such as synthetic rubber and

numerical-control machines. IS The results are, in general, as expected

in the model.

To study interindustry differences in the rate of diffusion,

additional variables are considered. The most often used and significant

variables are the size of industry, the industry's market structure and

the industry's R&D expenditures as a percent of sales. The corres-

ponding hypotheses are as follows; large industries tend to have a

faster rate of diffusion because they have better facilities and skills

and larger potential markets; more competitive industries tend to have

a faster rate because they have stronger incentive to minimize costs;

and R&D intensive industries are quicker to adopt new technology

because ~~eir employees are more likely to be able to understand a new

technology. Swan's study supports the first hypothesis, Mansfield's

12



study seems to agree with the second, and Romeo's empirical results

give the signs of all three coefficients as expected, and all of them

are statistically significant at the 5 percent level. 19

d. Interfirm Diffusion of Technology

We observe that not all firms in the same industry adopt

an innovation at the same time. The question, then, is,what are the

factors affecting a firm's quickness of reaction to an innovation?

The firm size, the profitability of innovation to the firm, and the

progressiveness of management are considered to be important factors.

Also, by the characteristics of the firms, the multinational firms

are considered to be the first adopters because of their link to

innovating countries; vintage models suggest that new firms tend to

adopt innovation faster than existing firms; and some suggest that

the larger firms tend to be more technologically advanced than smaller

firms. At present, there are not enough empirical studies that sup

port these propositions. Frequently, a multinational firm is blamed

for importing a capital-intensive production process and hence con

tributing to the factor proportion problems in less developed countries.

However, the empirical studies are still inconclusive about the choice

of technology by multinational firrns. 20 Gregory and James found that

whether or not new factories employed the best technology available

depended on the type of indl ;tries. 21 Finally, the relationship

between the firm size and technology is inconclusive in the case of

the pharmaceutical industry22 , while it is supported in the case of

firms using numerical control machine tools. 23
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One of the most recent empirical studies on the rate of inter

firm diffusion of an innovation is that by Romeo on numerical control

(NC) machine tools. 24 About 1949 the united States Air Force started

the modern development of NC for use by the aircraft industries in

producing highly complex parts more cheaply, quickly, and accurately

than possible by conventional methods. Romeo took 104 firms in 10

manufacturing industries and tried to find the characteristics of

firms thdt had begun using NC by 1970 and those that had not. He

introduced the firm size, the profitability of innovation to the firm

and the progressiveness of management as the important factors. He

argued that large firms would seem more likely to be using the

innovation for three reasons: First, they will tend to have more

equipment than smaller firms and, consequently, at anyone time are

more likely to hav2 ~quip~cn~ in need of replacement; second, larger

firms experience a wider range of operations, and are more likely to

be involved in operations most suitable to use an innovation; and

third, larger firms tend to have easier access to financial markets

and are more likely to be able to finance investment needed for

installation of new technology. For the second factor, the profit

ability of the innovation to the firm, he hypothesized that the

higher the expected return from an investment, the more quickly a

firm would be expected to begin using the innovation. For the third

factor, the progressiveness of management, he speculated that younger

and better educated managers were more likely to react quickly to an

innovation. The statistical results of his study supported the

hypotheses. 25
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Regarding the relationship between the firm size, measured by

number of employees, and the quickness of adoption of new technology,

one can argue that the implication goes the other way. That is, large

firms are larger since they adopt more efficiently than small firms.

Up to now, however, the link between a rise in the level of technology

and employment size of firm is not intuitively clear and no rigorous

theory has been presented in the literature to prove any such relation

ship.26

3. Objective and Scope of This Study

The main objective of this study is to see how well the Nelson

model explains the differences in labor productivity between developed

and developing countries. The model denies the assumption that a

single neoclassical production function is employed by all countries.

Instead, it assumes that several production functions exist simul

taneously because of technological progress; that the imitation lag

(the time lag between introduction of a new technology and the first

adoption by a firm or firms) differs across countries; and that the

rate of diffusion across firms within an industry is not the same.

Hence, the main proposition of the model is that cross-country differ

ences in labor productivity reflect interfirm and international

differences in the rates of diffusion of new technologies.

This study does not duplicate what Nelson did in his U.S.

colombia case study. Our theoretical model is modified and extended

without loss of generality, and the hypotheses are tested first by

15



employing Nelson's method and then by adopting formal statistical

procedures.

The empirical analysis is confined to the manufacturing

industries in Korea, Japan and the United States in 1972. The primary

reason for selecting these countries is that they have detailed manu

facturing census data available. This study does not intend to

analyze the factors which are not included in our model but which

may affect the international differences in labor productivity.

This study is organized as follows: Chapter II introduces the

original Nelson model and modified model; Chapter III outlines the

empirical propositions to be tested, methodology and description of

the data; Chapter IV presents the empirical analysis; and finally,

conclusions, policy implications and suggestions for further studies

are discussed in Chapter v.
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CHAPTER II

THEORETICAL FRAMEWORK

In this chapter we introduce the theoretical framework of the

study. The first section presents and comments on the original Nelson

model and compares it with a general neoclassical model. A critical

note on his specification of cost functions, modification of it and

the summary of the modified model are presented in the second

section.

1. The Nelson Modell

Assume that at the initial time to' all firms have the same

linear homogeneous production function and face the same factor prices

and have the same costs. Both factor and product markets are in

equilibrium. Further, assume that capital and labor are the only

factors and are mobile within a country but not across countries.

Thus, at time to:

(2. 1) Q = f(~) = g(w, r)
L L

where g(-) is homogeneous of degree zero.

Hence, any initial differences in output per worker are reflected

in differences in factor proportions which will be reflected by

relative factor prices.

At time to a new technology is invented. Assume for simplicity

that the new technology is neutrally better than the old technology.
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It is a times more productive for every factor mix (a > 1). At

time to + e, the new technology is first brought into use. After

time to + e productivity will be:

(2.2) 2. Ll L2L = g(wl, r l) (~) + ag(w2, r 2) (~

where 'the subscript 1 refers to the old (or craft)

technology, and the subscript 2 to the new (or modern)

technology, and L = Ll + L2

Notice that the imitation lag e (the lag between invention and

introduction) may differ across countries. The use of subscripts

for factor prices indicates that factor prices may differ for firms

using the two technologies. 2

unit costs for the two technologies will be:

(2.3)

where h(·) is a linear homogeneous function of

factor prices.

Assume that, initially, price is equal to el , and hence exceeds unit

cost using modern technology.

Let the rate of expansion (or contraction) of output from a

particular technology be proportional to unit profits (or losses).

(2.4) Q
(Q')i = >"[p - hi(wi' r i)], >.. > 0

Q = Ql + Q2
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Nelson assumes that profitable (and expanding) firms have to pay more

for their factors than firms breaking even or losing money (and hence

declining). Let the cost equation be:

(2.5)

(2.6)

Ci = hi (wi' r i) = hi (w, r) + b[P - hi (w, r) ]

a ::: b < I

where wand r are the factor prices firms just breaking

even have to pay, and b is a sharing factor determining

the split of rents between profits and factor payments.

Like e, A and b may differ across countries.

Finally, let the demand equation be:

P = P(Q), P' ~ a

In the new equilibrium, industry's labor productivity Q/L is equal

to the productivity of new technology (Q/L)2' price P equals

l/a· hl(w, r), and old technology is completely eliminated.

The model tells us the path to the equilibrium, and the

characteristics of the industry along the path.

The relative importance of the old and new technology will be

changing as follows 3
:

(2.7)
A. (I - b) (I -~) hI (w, r)

The rate of growth of Q2 relative to Q
I

will be greater when A. and a

are large and b is small.
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If we assume no change in wand r and plot Q2/Q over time, the

curve would be S-shaped; specifically, it would be a logistic. 4

(2.8) Q2 I
Q (Ql)

-ct
I + e

Q2 0

where c A(1 - b) (l - 1:.) hI (w, r>a

All these conclusions are consistent with other studies on the

patterns of diffusion.

The time path of L2/L would be logistic too. 5

(2.9) 1
-ct

e

Nelson assumes that profitable firms pay either the same factor

prices or more for both factors in the same proportion, so the

productivity equation has the simple form:

(2.10) L
Q = g (w, r) [1 + (a-I) ~J
L L

Therefore, the time path of productivity depends on the time path of

L2/L. Since the time path of L2/L is a logistic, the time path of

labor productivity will also be a logistic with slow growth initiallly,

then acceleration, and finally a slowing down as new technology becomes

dominant.

Finally, the diffusion period would be marked by a high capital

share, where the returns to capital are defined to include quasi rents,

as well as interest. The share of capit31 would beG:
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(2.11)
2

r'k (-SL)
= P-Q + p.A

The first term is normal return from capital and the second term is

generated by output growth. The capital share will be largest when

output growth is most rapid and will be large When A is small.

Evaluation

The theoretical framework presented above is highly simplified:

A neutral technological progress is assumed, and only one process-

innovation is introduced to the economy. However, the model has more

explanatory power than a neoclassical model when productivity compari-

sons are to be made between technologically leading countries and

lagging countries. A country is "more developed" in the sense that

the diffusion process started a long time ago. Consequently, most

firms use modern technology that gives a times more output for every

factor mix. A country is "less developed" in that the diffusion

process started only recently, and hence most firms use less productive

traditional technology. Therefore productivity per worker would be

higher in a more developed country not only because of higher capital

intensity there but also because of shorter imitation lag and wider

spread of modern technology among firms.

Nelson argued that the two neoclassical assumptions should be

abandoned. The assumptions are repeated here: First, within an

industry all firms, both in a country and in different countries, are

employing the smae neoclassical production function; second, the

24



factors are homogeneous and perfectly mobile within a country, and

factor prices are determined in competitive markets. However, at the

initial time, to' Nelson's model is identical to the neoclassical

models: There is a single production function which is assumed to be

employed by all countries; the factor market is perfect and it is in

equilibrium, and hence the cross-country diff'rences in labor produc

tivity are reflected by the differences in factor proportions, which

are in turn reflected by the differences in factor prices. There is

no difference between neoclassical models and the Nelson model at the

initial stage. The equation (2.1) is a production function of a

general neoclassical model.

With the introduction of a new technology, a group of firms

begins to adopt the new technology while the others continue to

produce with the old production technology. So the first assumption

of a neoclassical model, the existence of a single production function,

is abandoned here by Nelson. In equation (2.2), the subscripts are

used to renounce the second assumption, and it is suggested that factor

prices may differ for firms using the two technologies. Nelson gives

no reason why the initial assumption has to be given up. Instead, he

states that the apparent inconsistency will be resolved by assuming

that while the factor market is not perfect between the two classes

of firms, it is perfect within each class (equation 2.3). Then he

creates another inconsistency by assuming that profitable firms have

to pay more for their factors than firms breaking even or losing money.

The cost equation (2.5) contradicts the assumption that the factor

market is perfect within each class. To derive a logistic function,
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equation (2.8), Nelson assumes that the factor prices of firms just

breaking even remain the same throughout the diffusion process. This

implies that factor markets have been in equilibrium. The equations

(2.9) and (2.10) are based on the assumption that all firms pay the

same factor prices. What we recognize in his model is that he has

tried to abandon the second assumption of the neoclassical model, but

he has returned to it for a completion of his model. Therefore, the

factor markets are perfect and in full equilibrium in the Nelson model.

In the new equilibrium, all firms use the new technology, and

both factor and product markets are in equilibrium. So, we return to

the neoclassical world. The output per labor will be a times more

than the initial level for every capital-labor ratio. The output price

will be equal to the unit cost of the new technology.

In this simple two-technology version, Nelson's model is

identical to a general neoclassical model before introduction of and

after completion of the new technology. The neoclassical model

explains the change in oucput per worker by a shift in the production

function, but it fails to explain the process of change. Nelson's

model specifies how this change occurs. Therefore Nelson's model is

a neoclassical model with adjustment behavior hypothesized.

2. The Modified Model

In the previous section, we discussed how Nelson inconsistently

had changed the assumptions on the factor prices. In the first part

of this section, we examine his specifications of the model, especially

the unit cost functions. We find a serious logical inconsistency
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which leads to unacceptable economic reasoning. In the second part,

we modify the model by changing the specification of unit cost functions.

Criticism

To see how his specifications of the model contradict its logic,

let us examine his three equations.

(2.3)

(2.4)
.
{~)i = A[P - hi (wi' ri)]' A > a

(2.5) h. (wJ." r.)
J. J.

The equations (2.3) and (2.5) are the unit cost functions and (2.4)

defines the rate of growth of output from a particular technology.

Initially, by assumption, price is equal to the unit cost of

the old technology, and hence exceeds the unit cost of using modern

technology. Comparing CI with C2 in (2.3), we have

(2.3a)

The underlying assumption of the equation (2.5) is that profitable (and

hence expanding) firms have to pay more for their factors than firms

breaking even or losing money (and hence declining). Nelson does not

give any economic reasoning justifying this assumption. Since, in

this model, production function is homogeneous of degree one in both

factor inputs, an a-fold increase in productivity would lead to a fall

in unit cost of l/a times the original cost, if the factor prices
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remained the same. And, if there were no other costs associated with

adoption of new technology, the firms using innovation would enjoy

excess profits. So, they may cffer higher wages and rents to attract

the labor force and capital from the firms using existing technology.

Increases in wages and rents may be justified as a temporary phenomenon

of structural transformation of an industry. Hence w2 > wl or r2 > r l,

or both. However, for a new technology to be profitable for the firms

adopting it, its unit cost must be smaller than the unit cost of the

old technology. But, Nelson's specification of unit costs (equation

(2.5)) contradicts the necessary condition, Cl > C2, of the model.

Suppose that we define a "breaking even" firm as a firm whose

unit cost is just equated with the output price. Then, regardless of

the type of technologies employed by a firm, a "breaking even" firm's

unit cost is:

(2.5a) p

where wand r are the factor prices firms just breaking even have to

pay. This definition (2.5a) implies that the second term of the

equation (2.5) is equal to zero and the cost functions (2.5) can be

reduced to

(2.5b) p

The logical conclusion is that all firms have the same unit cost which

is equal to price, and there is no output growth for both technologies.

What we have to guess here is that Nelson's definition of a "breaking

even" firm is different from ours. Since lib" is defined as a sharing
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factor determining the split between profits and factor payments, the

second term of the equation (2.5) must be positive for profitable

firms and must be negative for losing firms. Therefore, equation (2.5)

leads us to say that unit costs for "profitable" firms a.re greater than

those of "breaking even" firms while the unit costs of "losing firms"

are smaller than those of "breaking even" ones; and, from equation

(2.4), the "profitable" firms' outputs decline over time while "losing"

firms' outputs increase. The question, then, is: Where are the

profits or losses coming from? An obvious fact is that something is

wrong with the cost functions. What went wrong in the specification

of the model seems to be the confusion between higher factor prices

and higher factor ..lit costs. The assumption that profitable firms

have to pay more for their factors than losing or breaking even firms

does not necessarily imply that their unit costs are higher than the

others. That is, w2 > wl, or r 2 > rl' or both, does not mean h2(w2' r2)

> hl(wl, rl). The Nelson model is incorrectly specified in this

respect.

Modification

As we pointed out earlier, if there were no cost for adopting

new technology, all firms would adopt an innovation as soon as it

became known to them. However, diffusion of an innovation takes time

because of several factors that individual firms must consider before

they come to adopt it. Economically, for a new technology to be

adoptable for firms, it should give them cost advantages over the old

technology, if not in the short run, then at least over a feasible
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time hori~un. Therefore, the unit cost associated with the installa-

tion of new technology should be added to the original unit cost. The

prime notation above each equation is used to indicate correspondence

between the original equation and tha equation under modified assump-

tions.

Unlike Nelson, we assume that factor markets are in equilibrium

throughout the diffusion process. The empirical observations on the

dual wage structure between the industrial sector and the agricultural

sector in many developing countries may be the result of real differ-

ences in labor productivity between these sectors. However, within

the manufacturing industry, it is more likely that factor markets are

competitive and factvL ~rices are determined by equilibrium conditions.

Initially, the p~ice is equal to the unit cost of the old technology.

Let S be the average present value of the unit cost associated with

adoption of an innovation. Therefore, the unit cost functions for the

two technologies are:

(2.3' ) Cl = h(w, r)

- 1 SC2 - a h(w, r) +

where h(·) is homogeneous of degree one in factor prices,

and a is the efficiency advantage of new technology.

S is implicitly dependent upon the initial costs of

investment required for installation. S may differ

among firms within a country as well as across countries.

The rate of expansion (or contraction) of output from a particular

technology is:
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(2.5')

A may vary across countries.

Following Frankel's argument, we assume that Adepends on the rate of

expension of an economy. 7 Therefore, a rapidly growing economy tends

to have a higher A than a slowly growing economy. Then, the relative

importance of the traditional and modern technology will change as

follows:

(2.7' ) A[h(w, r) (1 - l) - SJ
a

By the condition specified in (2.4'), we are certain that the rate of

growth of Q2 relative to Ql will be a positive number. And it will be

greater, the greater the rate of growth of an economy, the greater the

efficiency advantage of new technology over old, and the smaller the

unit cost of adopting new technology. The proportion of output produced

by a modern subsector is:

(2.8' ) Q2 = 1
Q Q

1 + (.-1:.) e-c t
Q2 0

where c A[h(w, r) (1 1 - sJ- -)
a

And the proportion of workers employed by a modern subsector is:
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(2.9' )

1 +

1

-cte

Finally, the overall productivity equation is:

(2.10 I )
L

Q = g(w, r)[l + (a - l)~J
L L

and the share of capital under our assumption will be:

(2.11' )

Our equations (2.3'), (2.5'), (2.7'), (2.8'), (2.9') and (2.11')

are different from Nelson's corresponding equations. The differences

between the corresponding equations are the result of the differences

in the assumptions about the factor prices during the process of diffu-

sion of the new technology and the unit costs. However, to get equation

(2.10), Nelson changed the assumption and said that factor prices were

the same for all firms or the modern subsector paid more for both

factors in the same proportion, While we maintained our initial assump-

tion throughout the framework. Since the final equation for overall

productivity of an industry is the same for both frameworks, our

modified model is not much different from the Nelson model.

Our model can be summarized as follows:

a. Initially, there is a single production function

Q = f (~) = g (w, r)
L L
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b. A technological progress has brought a new production

process which is neutrally better than the old one. Let the subscript 1

denote old technology and the subscript 2 denote new technology. Then,

C = hew, r)
1

C2 = ~ hew, r) + B

c. During the diffusion period:

.
(Q) . A(P - C.), A > a
Q ]. ].

Q
d/dt log (2) =

Q
l

A[h(w, r) (1 - 1:.) - BJ
a

-cte

Q2- - ---=----
Q

1 +

L2 = ---=----
L

where c = A[h(w, r) (1 _!) - BJ
a

Q = g (w, r) [1 + (a. - 1) L2J
L L

d. When the diffusion process is completed:

Q = (Q)
L L 2
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FOOTNOTES

CHAPTER II

IPor details of the model, see R. Nelson, op. cit., pp. 1229-1238.

2Nelson assumed that the factor market was perfect and in full
equilibrium at the initial stage. But two different factor prices
after introduction of new technology means that the factor market is
not perfect between the two classes of firms. Nelson noted the change
in the assumption but did not give any reason for it.

hI (r, W)
A[ (1 - b) hI (r, W) - (1 - b)-=--a--

, 1 -;:;\
1\(1 - b)(1 - a-)h1(r, w,

d Q2
~From equation (2.7), -- log(--) = c

dt Ql

Therefore,

Q2
and - =----

Q
1

1 +

1

-ct
e

SL
Q2

1 (QQl Q
1-- = a .

L
2 Q, Q2

(L~)Q2

L
2 1 1 1-- - = =

L L1 Q Q -ct
1 + -- 1 + a (......!.) 1 + a(~) eL2 Q2 Q

2
0
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PQ - WILl - WZL2 PQ - (CIQI - rlkl) - (C ZQ2 - r ZkZ)
6 5 = PQ PQk

P (QI + Qz) - CIQI - C2QZ + rk
=

PQ

(p - CI)QI + (P - C2)QZ + rk=
PQ PQ

QI Q (QZ)QZ
(-)~ +

= rk + Ql Q QZ Q
PQ PA

.
rk

(9.)
..L= PQ + PA

7M. Frankel, British American Manufacturing productivity, Bureau
of Economic and Business Research, University of Illinois Press, 1957.

35



CHAPTER III

EMPIRICAL IMPLICATIONS OF THE DIFFUSION MODEL

Chapter III is divided into two sections. The empirical

implications of the Nelson model are discussed in the first section.

In Section 2, we extend the diffusion model for explanation of the

relative productivity between a less developed and a more developed

country.

1. Empirical Implications of the Nelson Model

Nelson derived the following three empirical implications from

his model. First, differences in value added per worker between the

countries should be a function of the relative size (as measured by

the percent of employment) of the modern subsector. Second, well

managed firms using modern technology should be earning a very high

rate of return, even when paying wage rates significantly higher than

the average rates. Third, the modern subsector should be expanding

relative to the craft subsector and driving it out of business in

some fields. 1

To test these implications, Nelson identified two subsectors

of the manufacturing industries by the employment size of firms.

Based on the Colombian data in 1958, Nelson asserted that the large

firms, measured by the size of employment, were technologically

advanced firms, and small firms were backward firms. Hence the

"modern subsector" was identified with large firms and the "craft

subsector" with the small firms. Even though, as we discussed in
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Chapter I, the identification of the degree of technological advance

ment of individual firms by their size of employment was not a satis

factory criterion, it seemed to be the only method possible with

current international data.

To test the first implication (the main implication) of his

model, Nelson estimated the ratio of value added per worker in

Colombia to that in the United states by industry and by firm size

within an industry. He found that the large Colombian firms were

much closer to their U. s. counterparts in terms of value added per

worker than the small firms. The relative productivity index varied

from industry to industry. In industries where value added per

worker in Colombia was a large percentage of that in the United

states, the ratio was .4 or greater for large firms, and employment

in these large firms comprised a large portion of total workers in

those industries. In industries where the ratio was low, the value

added per worker for large firms was low, or only a small fraction of

workers was employed by large firms, or both held true. These find

ings are consistent with the implications of the dual-technology model.

The labor productivity of an industry is a weighted average of the

output per unit of labor of two technologies where the weights are

equal to the proportions of workers in each subsector of the industry.

The average value added per worker will be higher, the higher the

value added per worker of modern firms and the larger their share of

total employment.

With regard to the second implication of the model, Nelson

interviewed accountants and found that the net rate of return per unit
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of capital in large firms was higher than the average rate of return

in Colombia. He did not use any statistical procedure for testing

this implication. However, Lim's study of the Korean manufacturing

industry supports the implication that the rate of return per unit of

capital is positively related to the firm size. 2 He estimated the

gross rate of return per unit of capital for each group of firms

categorized by size of employment. 3 Using his estimates, we calculated

the Spearman's rank correlation coefficient between the gross rate of

return on capital and the firm size. and found that the coefficient

was positively significant at the 5 percent level (r' 0.93) •

For the third implication of the dualism model, Nelson argued

that a high rate of return in the large modern firms, together with

easier access to the financial markets, would provide a strong incen

tive for the modern firms to expand. To test this implication, Nelson

analyzed the importance of large firms in the development of the

Colombian manufacturing industry during the period 1958-64 with

respect to contribution to the growth in output and employment, the

rate of growth of employment by size of firms and the rate of growth

of productivity for different sizes of firms. He found that the bulk

of employment and output increases of the period were accounted for

by large firms, that there was a significant decline in employment in

small firms, and that the shift of the labor force from small craft

firms toward large firms was an important factor in the growth in

productivity over the period.

Nelson claimed that the evidence from the Colombia/U.S. study

supported the idea presented in the previous chapter. Nelson's
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viewpoint on the international differences in labor productivity was

noted by many economists, but as far as we know, no further empirical

tests were conducted. Therefore, we propose to test the main implica

tion of the diffusion model by employing the same methodology used

by Nelson for his Colombia/u.S. case study. The second and third

implications are not tested in this study since similar studies were

conducted by Lim for the Korean industries.~

2. The Extended Nelson Model

Nelson's empirical study indicates that the labor productivity

of Colombian industry relative to that of the u.s. varies from indus

try to industry. And studies by Rostas, Frankel and Paige-Bombach

for the U.S./U.K. comparisons also show the differences in the

magnicude of productivity gaps. 5 In the case of the U.S./Colombia

study, industries in clothing and footwear, woods, paper and printing,

chemicals, non-metallic goods, basic metals, machinery and transporta

tion equipment have larger productivity gaps than industries in food,

tobacco, textiles, petroleum, rubber, and leather products. Similarly,

the U.S./U.K. studies indicate larger productivity gaps in the

fabricated metals, machinery, and chemicals industries than in food

and beverage, tobacco, textiles and apparel, and non-metallic minerals

industries. We ask: Between countries, are there general factors

that may reflect systematic differences where the productivity gaps

are larger in certain industries and smaller in others?

To develop a theoretical explanation for the above question, let

us examine the following equation again:
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L2
= g(w, r) (1 + (a - 1) L)

where the subscripts 1 and 2 refer to the old and new

technology respectively.

Thus, the labor productivity of country A relative to that of B for

any industry j can be expressed as

(3.1) QA
gj (wA,

L2 A
(L)j r A) (1 + (a· - 1) (L)jJG· = ---

J
(~)~

L
gj (we, r

B
) (1 + (a. - 1) ( ~)~J

And, for the first term of the above equation, we can derive the

following equation from the CES production function. 6

(3.2)
[gj (wA ' r A) ]

[gj (wB' r B) ]

Hence, equation (3.1) can be written as

(3.3)

where Gj is the relative labor productivity between

countries A and B in industry j, ~/~ is the relative

wage rate between two countries, a. is the efficiency
J

advantage of modern teclmology in industry j, m~ is the
J

proportion of labor in the modern subsector in industry j
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in country A, and m~ is that in country B.
J

The explanation based on the neoclassical theory of production

considered (wA/~)O as the key factor and it ignored the second term

by assuming that the adoption of new technology was instantaneous

within an industry in a country and across countries (hence, rnA = mB) .

On the other hand, Nelson argued that the key factor explaining the

productivity gap between a less developed and an advanced country was

the second term of the above equation. He argued that the productivity

difference would be much greater than the difference in capital-labor

ratio could explain.

The empirical data on the manufacturing industry show wide

variations in relative wage rates among industries and the elasticity

of substitution between capital and labor. Some industries experience

rapid change in the production process, while others use the same

production teChniques over a long period of time. Also, the degree

of spread of new technology would differ across industries depending

on the characteristics of the industries. Therefore, all of the

terms in equation (3.3) can be considered as variables.

Let A be a less developed country and B be an advanced country.

We assume wA < wB and rnA < mB. For simplicity of the expression, we

drop the subscript j from the equation. When we take a partial

derivative for each variable in equation (3.3), we have

(3.3a) ClG
A

Cl ()")

.}\ 0-1 [~ + (a - l)m
A

J= o(ws) + (a l)mB > 0
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(3.3b)

(3. 3c)

(3.3d)

(3.3e)

dG A
In(~) [~ (et - l)mA(w ,0" + < 0-= -)

l)mBJdO" wB + (u -

dG (0)0" (rnA _ mB)
< 0-= 1)mB)2dO" wB (1 + (et -

dG A
et - 1

an;A= (wB)O" (1 + (et - l)mB) > 0
w

dG (~)O" (1 - et) (1 + (et - l)mA)
< 0dmB = » (1 + (et - 1)mB)2

The interpretations are as follows: An increase in G implies

a fall in productivity gap between countries A and B. According to

equation (3.3a), the labor productivity gap would tend to be smaller

in industries where relative wage difference is smaller. And equation

(3.3b) states that the productivity gap should be larger in industries

where the elasticity of substitution between capital and labor is large.

These expectations seem to be reasonable. The industries that have a

high elasticity of substitution would operate with a high capital-

intensive method of production in a capital-abundant country while

they operate with more labor-intensive method in a labor-abundant

country. Consequently, the labor productivity gap would be higher

in these industries than in the industries with low elasticity of

substitution.

According to equation (3.3c), we should expect a larger

productivity gap between two countries in industries where the

productivity advantage of new technology over the old is large. This

suggests that the productivity gap between countries should be larger

in industries where rapid improvements in the production process
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are occurring.

Equations (3.3d) and (3.3e) imply that the labor productivity

gap tends to be smaller in industries with widespread modern tech

nology than in industries with lesser dispersion. We would observe

large gaps in industries where technological progress is so rapid that

a less developed country has no time to adopt up-to-date technology.

In summary, the model suggests that the productivity gap

between a less developed and a more developed country will narrow,

ceteris paribus, as the difference in the capital-labor ratio is

reduced and as more firms in a less developed country use modern

technology. On the other hand, the productivity gap will widen as

technological progress brings a large improvement in productivity,

as rapid diffusion of new technology occurs within a more developed

country, and the elasticity of substitution between capital and

labor increases.

These expectations have only been treated speculatively. 7 In

the next chapter, we will test the above predictions.
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FOOTNOTES

CHAPTER III

IThe theoretical bases for these implications are equations
(2.2) and (2.10) for the first implication, equations (2.3), (2.5)
and (2.7) for the second, and equations (2.3), (2.8) and (2.9) for
the third.

2 y • Lim, "Industrialization, Trade and Employment in South
Korea", East-West Center, Technology and Development Institute,
Paper Series 1974, No.2 (mimeographed), p.46.

3He r e , the capital is measured as "book value" of land,
buildings, machinery, equipment and transportation equipment and
the rate of return per unit of capital is jefined as value added
minus total wages and salaries divided by capital.

~Y. Lim, Ope cit., pp. 40-45.

SFor the summary of U.S./U.K. studies, refer to Kravis, Ope cit.,
p.36.

6i?roof:

= (1 _ O)L-P- l QP+l

By the neoclassical assumption w = MPL = ~i ' we have

(2.)P+1 = (1 - O)-lw
L

Since a 1
= --

P+l

2. = (1
L

For comparisons between two countries, we have

= (0) a
wE

7 s ee Kravis (1976), Ope cit., pp. 37-38.
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CHAPTER IV

EMPIRICAL ANALYSIS

1. Introduction

In 1972, using the official exchange rates for conversion of

national currencies to U. S. dollars, the average value added per worker

in the Korean manufacturing industry was about $2,400. By contrast,

this figure was about $8,000 for Japan, and $20,000 for the United

States. According to these estimates, value added per worker in Korea

was only 12 percent of that in the United States and 29 percent of

that in Japan. Japanese value added per worker was 41 percent of that

in the United States. Since the official exchange rates tend to under

state the relative purchasing power of lower income countries, the

real productivity gaps would be smaller than the above estimates. In

fact, when we use the purchasing power parity adjusted exchange rates,l

the relative value added per worker changes to 20 percent for the

Korea/U.S. comparison, to 33 for the Korea/ Japan comparison, and to

55 percent for the Japan/U.S. comparison. Nevertheless, the produc

tivity gaps to be explained are substantial.

This chapter presents the empirical results of the dualism model

developed in Chapter II and III. The main implication of the model is

tested for the comparision of value added per worker between Korea and

the United States, Korea and Japan, and Japan and the United States.

First, we test the model by adopting Nelson's method which was used

for a Colombia/U.S. study, and we present the testing procedure, data
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and test results in Section 2. Then we test our extended model by

using the same data. The regression equation which approximates the

original relationship between relative productivity and its deter-

minants, the hypotheses to be tested, the measurement of variables,

and the test results are discussed in Section 3. The sununary of the

test results is stated in Section 4.

2. Testing the Nelson Model

a. Summary of Nelson's Empirical Test2

The equation Nelson used for his explanation of the differ-

ences in international productivity was:

2. = (2.) [1 + (ex - l) L2J
L L 1 L

where Q!L is the average output per worker,

(Q/L)l is the output per worker of craft technology,

ex is the efficiency advantage of the modern subsector, and

L2/L is the proportion of labor in the modern subsector.

By assuming free trade, the equation can be changed to:

where V!L is the value added per worker.

The hypothesis he tested was that differences in value added per

worker between Colombia and the united States should be a function of

the relative size (as measured by percent of employment) of the craft

subsector in Colombia. To test this hypothesis, he identified the
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modern and craft subsectors by the size of firm. He associated the

craft subsector with small firms and the modern subsector with large

firms. Then he tested the hypothesis by presenting the ratio of

Colombian value added per worker to U. S. value added per worker by

industry and by firm size, then analyzing the observed inter-industry

variation in the ratios by the value added per worker of large

Colombian firms relative to the U. S. counterparts and the proportion

of employment in the large firms. In short, the testing procedure he

adopted was a descriptive analysis of the observed inter-industry

differences in the ratio of value added per worker in Colombia to that

in the U. S. We will test the same hypothesis using the same

procedure for three bilateral comparisons to follow.

b. A Korea/U.S. Comparison

The hypothesis to be tested is that differences in value

added per worker between Korea and the United States should be a

function of the relative size of the modern subsector in Korea.

To test the hypothesis, we have to verify the assumption

that modern firms tend to be large and craft firms tend to be small

in Korea. Table 1.1 presents value added per worker by industry and

by firm size in Korea, and Table 1.3 presents that in the United States

for 1972. To verify our assumption, we computed the Spearman's rank

correlation coefficients between value added per worker and firm

size, and the relative value added per worker between the largest and

the smallest firms in each industry. with respect to the correlation

coefficients, in the manufacturing industry as a whole, the rank
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correlation coefficient was 1.00 for the Korean data and 0.52 for the

U.s.; at the 3-digit level, 22 industries out of 27 in Korea, and 9

industries out of 17 in the U.s. indicated a positive correlation at

a 10 percent level of significance (see Table 6 in Appendix II). With

regard to interfirm gap in value added per worker, the gap varied from

industry to industry in each country (see Table 7 in Appendix II).

On the average, the ratio of the firms with the largest value added

per worker in Korea was about four times higher than that of the firms

with the smallest value added per worker, while it was about 1.5

times higher in the United States. The evidence seems to support

the assumption that modern firms are large and craft firms are small

in Korea. 3

Table 3.1 presents the ratio of value added per worker in

Korea to that in the United States. The Korean manufacturing

industries, except petroleum refineries, have very low value added

per worker compared to U. S. industries. In the manufacturing

industry as a whole, it has already been noted that the value added

per worker in Korea is only 12 percent of that in the United States.

The productivity gap varies from industry to industry. At the 2-digit

level, the productivity gap is relatively lower in the food-beverage

and-tobacco, textiles, wood, chemicals, and basic metals industries,

than in paper and printing, non-metallic minerals, and fabricated

metals industries. At the 3-digit level, the textiles (ISle 321),

wood and wood products, petroleum refineries and plastic products

n.e.c. (not else classified) industries indicate a smaller productivity

gap than the other industries.
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For the purpose of testing the hypothesis, we group the

industries into four categories depending on the relative value added

per worker of the large Korean firms and the percentage of emploYment

in these firms. The firms with more than 200 employees are called

the large firms. The characteristics of each group are as follows:

Group I: The relative productivity ratio of the

large firms is large (suggesting that these large Korean firms use

modern technology), and the employment in the large firms comprises

more than 60 percent of total employees in the industry.

Group II: The relative productivity ratio of large

firms is large, but the proportion of employment in these firms is

small.

Group III: The relative productivity ratio of the

large firms is small (suggesting that these large Korean firms do not

use modern technology, and possibly all firms in the industry use

semi-craft labor intensive production technique), but the employment

in these firms comprises more than 60 percent of total employees in

the industry.

Group IV: The relative productivity ratio of the

large firms is small, and the proportion of employment in these firms

to total industry is small.

The industries in each group are as follows:

Group I: Textiles
Wood and Wood Products
Petroleum Refineries
Plastic Products n.e.c.
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Group II:

Group III:

Group IV:

Paper and Products
Petroleum and Coal Products
Transport Equipment

Wearing Apparel
Footwear
Rubber Products
Electrical Machinery

Leather and Products
Furniture and Fixtures
Printing and Publishing
Metal Products
Machinery n.e.c.
Professional Goods

Comparing the industry average ratio of value added per worker in

Korea to that in the United states, we find that the industries in

Group I have a relatively higher ratio than the industries in the

other groups. The industries in Group I have relatively small produc-

tivity differences because of a large modern subsector. The indus-

tries in Group III indicate a relatively larger inter-country gap,

although a large proportion of workers is employed by large firms.

The reason is that the large firms in these industries performed

poorly compared to U. s. counterparts. 4 The industries in Groups II

and IV have a large productivity gap because of the small size of

the modern subsectors. Thus, the evidence supports the hypothesis.

c. A Korea/Japan Comparison

The hypothesis to be tested is that differences in value

added per worker between Korea and Japan should be a function of the

relative size of the modern subsector in Korea.

In the previous study on the Korea/U.S. comparision, we

verified the assumption that the large firms in Korea tended to be
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modern firms while the small firms tended to be craft firms. To test

the model for the Korea/Japan comparison, we have to verify the assump

tion by comparing Korean firms with Japanese firms. To do this, we

computed the Spearman's rank correlation coefficients between value

added per worker and firm size for the Japanese industries. The

results were very similar to the results from the Korean data (see

Table 6, Appendix II). For the manufacturing industry as a whole,

a perfect positive correlation (r' = 1.00) was observed and 19 indus

tries out of 24 showed a positive correlation at a 10 percent level

of significance. with respect to the interfirm productivity gap among

Japanese firms, we found that the size of the gap was slightly smaller

for the Japanese industries than it was for the Korean (see Table 7,

Appendix II). On the average, the value added per worker of the large

Japanese firms was about three times larger than that of the small

firms (compared to four times in Korea). with these findings, the

assumption could not be verified. However, comparisons of the data

(Tables 1.1 and 1.2) led to an empirical justification of the

assumption. That is, it was found that the value added per worker of

the largest firms (500 or more employees) in Korean industries did

not exceed, with two exceptions, the value added per worker of the

smallest firms (fewer than 10 employees) in the Japanese industries,

and that the relative productivity ratio between Korean and Japanese

firms tended to increase as firm size increased. Thus, between Korea

and Japan, all firms in Japan can be considered modern firms, while

in Korea the large firms are modern and the small firms are craft

firms.
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Table 3.2 presents the ratio of value added per worker in

Korea to that in Japan bx industry and by firm size. For the manu-

facturing industry as a whole, the value added per worker in Korea

is 29 percent of that in Japan. At the 2-digit level, the ratio is

higher in the food, beverage and tobacco (.57), textiles (.38) and

wood (.40) industries, and a large inter-country productivity gap is

shown in the paper and printing (.23) and fabricated metals (.23)

industries. At the 3-digit level, the industries whose ratio is

higher th~l the manufacturing average ratio are textiles (.34), wood

and wood products (.47), petroleum refineries (1.11) and plastic

products n.e.c. (.39).

We grouped the 3-digit industries as we did for the

Korea/U.S. comparison. The grouping criteria were identical to the

previous study.

The industries in each group are as follows: 5

Group I:

Group II:

Group III:

Group IV:

Textiles
Wood and Wood Products
Petroleum Refineries
Plastic Products n.e.c.

Leather and Products
Paper and Products
Petroleum and Coal Products
Transport Equipment
Professional Goods

Wearing Apparel
Footwear
Rubber Products
Electrical Machinery

Furniture and Fixtures
Printing and Publishing
Metal Products
Machinery n.e.c.
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It is not surprising to find that the productivity differences between

Korea and Japan are relatively smaller in the industries in Group I

than in the industries in the other groups.

For the industries in Group I, the ratio is 0.4 or greater

for large firms (suggesting that large Korean firms use similar tech

nology to large Japanese firms), and employment in these firms

comprises more than 60 percent of total employment. In the other

industries where the productivity differences are large, the large

Korean firms did poorly relative to Japanese counterparts (suggest1ng

that modern technology is not adopted by many of the large firms and

thus they are craft or semi-craft firms - Group III), or employment

in large firms is a small fraction of the total in the industry

(Group II), or both (Group IV). The essential point is that the

productivity difference between Korea and Japan is small in the

industries where the productivity gap between large firms is small

and a large proportion of workers is employed in the firms using

modern technology. Thus, the hypothesis is supported for the Korea/

Japan comparison.

d. A Japan/U.S. Comparison

The hypothesis to be tested is that differences in value

added per worker between Japan and the united States should be a

function of the relative size of the modern subsector.

Japan was regarded as an advanced country compared to

Korea in the previous study. But for the comparison of productivity

between Japan and the United States, Japan is treated as a country
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in the process of diffusion of modern technology.6 Since technological

progress is occurring continuously, any country ~nll be in the diffu

sion process with respect to newest technolo~/ available. Based on

the two empirical findings (about Japan) that a strong positive corre

lation exists between value added per worker and firm size, and that

interfirm productivity gaps are considerably large in the Japanese

industries, we may justify the existence of technological dualism in

today's Japan. But, the term "craft subsector" may not be suitable

there.

The distribution of employment by firm size (see Table 2.2)

seems to reflect the nature of Japanese firms. Much to our surprise,

only a small proportion of workers is employed in the large firms in

Japan. Among 17 industries, only four industries show that the

employment by firms with more than 200 employees exceeds 50 percent

of the total labor force in the industry. In same industries, such

as wearing apparel, leather and leather products, wood and wood

products, and furniture and fixtures, employment in these firms 

that is, firms with more than 200 employees - comprises only 10 per

cent or less of total industry. The majority of workers are employed

in the firms with fewer than 50 workers. Variations in value added

per worker among different firm sizes are so irregular that it is

difficult to identify the modern subsector by firm size (measured by

employment). As a result, for the purpose of testing, we arbitrarily

identified the modern subsector in the Japanese industries as the

firms with more than 200 employees. It seems reasonable to assume
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that these firms tend to respond to new technology faster than the

smaller firms.

Table 3.3 presents the ratio of value added per worker in

Japan to that in the united States. For the manufacturing industry

as a whole, the value added per worker in Japan is 41 percent of that

in the United States. At the 2-digit level, industries in paper and

printing, chemicals and basic metals show a relatively high ratio.

At the 3-digit level, the industries ih leather and products, footwear

and petroleum refineries have a ratio above 0.5, while the industries

in wearing apparel, wood products, petroleum and coal products, trans-

portation equipment and professional goods have a ratio below 0.4.

The productivity ratios for the other industries are close to the

manufacturing average. This indicates that the range of inter-

industry differences in the relative productivity between Japan and

the United States is small.

We attempted to group the industries into four categories

as we did for the previous studies, but due to the closeness of

relative productivity among industries, the same kind of grouping was

not possible. Hence, we grouped the industries into three categories

according to the relative productivity ratio of the large firms. The

industries with a ratio higher than 0.45 comprise Group I, those with

a ratio between 0.4 and 0.45 comprise Group II, and those with a ratio

less than 0.4 comprise Group III.

Group I Leather and Products
Footwear
printing and Publishing
Petroleum Refineries
Electrical Machinery
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Group II

Group III

Textiles
Furniture and Fixtures
Paper and Products
Rubber Products
Plastic Products n.e.c.
Metal Products
Machinery n.e.c.

Wearing Apparel
Wood Products
Petroleum and Coal Products
Transport Equipment
Professional Goods

Does the size of modern subsector explain the relative productivity

differentials among these industries? The answer is yes, with a few

exceptions.

The industries in Group I have a high relative productivity

because the large firms in these industries have a relatively high

productivity and the proportion of employment in the large firms is

relatively large. For the industries in Group III, the wearing apparel

and wood product industries have a small interfirm variation in value

added per worker among different firm sizes, which suggests that the

large firms use semi-craft labor-intensive method. The large firms

in petroleum and coal products, transport equipment and professional

goods did poorly relative to the large u. s. firms (one may speculate

that a rapid technological progress was occurring in the U.S., but the

large Japanese firms were slow in adoption of new technology). The

industries in Group II, in general, show a small fraction of workers

being employed by large firms, but the relative productivity was pulled

upward because of high value added per worker obtained by large firms.

The evidence seems to support the hypothesis.
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Therefore, the hypothesis that differences in value added

per worker between less developed and more developed countries should

be a function of the relative size of the modern subsector in the less

developed country is confirmed in all three bilateral comparisons.

3. Testing the Extended Nelson Model

a. Model to be Tested

We extended Nelson's model and derived a formal equation

which described the relationship between relative value added per

worker between two countries and its determinants. The equation

is restated here:

v A A(-) . AL ~ w· cr.
(1 + (Cti - l)mi)G. ~ = (-~-) a

a,
(L") i B 1 + (Cti - l)m~w· a~

where superscript A represents a lower productivity country

and B represents a higher productivity country, subscript i

refers to industry, G is the ratio of value added per worker

in country A to that in country B, wA and wB are the average

wage rates in respective countries, cr is the elasticity of

substitution, a is the efficiency advantage of modern

technology over old, and rnA and mB refer to the proportion

of labor in the modern subsector in each country.

Taking partial derivativas for each variable, with respect to G,

we found
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dG-;zr. >
d (B)

w

O dG < 0 dG < 0 ~ > 0 d ac < 0, ocr ' dCt ' dmA ' an dmB •

Let us define an increase in G as a fall in productivity gap. Then,

the model states that the productivity gap between a less developed

and a more developed country will narrow, ceteris paribus, as the wage

gap is reduced and as more firms in a less developed country use modern

technology. On the other hand, the productivity gap will widen as

technological progress brings a large improvement in productivity,

as new technology disperses rapidly within an industry in a more

developed country, and the elasticity of substitution between capital

and labor increases.

Our model (above equation) implies a nonlinear relationship

between relative productivity and its determinants. Unfortunately,

this relationship cannot be linearized in any direct way. Even though

the non-linear estimation methods exist, we think it is sufficient

for the purpose of this empirical work to approximate that relation-

ship by the following expression, which is sufficiently accu~ate and

easier computationally:7

(4.1) InG

We have introduced an intercept to this equation to account for any

systematic deviations resulting from approximation.
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b. Hypothese s

Treating above equation (4.1) as an econometric model for

testing our model, we state the following hypotheses:

(1) The relative labor productivity between a less

developed and a more developed country (G) is a positive function of

relative wage rates between two countries (wA;wB) and the proportion

of labor in the modern subsector in a less developed country (rnA), and

it is a negative function of the proportion of labor in the modern

subsector in a more developed country (mB), the efficiency advantage

of modern technology (a) and the elasticity of substitution between

capital and labor (0). Thus, our null hypothesis (He) and the alter-

native hypothesis (H1) will be:

(4.2) {He: 81=0 {He: 82=0 {He: 63 =0
H1: 81>0' H1: 132>0' H1: 83<0'

Of course, we test each coefficient separately.

(2) OUr model is based on the assumption that not all

firms operate under a single production function during a process of

diffusion of modern technology, while the existing neoclassical model

is based on the assumption that there is a single production function

for all firms within an industry. However, as was discussed in

Chapter II, our dualism model is identical to the neoclassical model

at the beginning and at the final stage of the diffusion process.

Therefore, when the comparisons to be made are between two countries

at a similar stage in terms of diffusion of modern technology, the
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main explanatory variable for our model is the same as that for the

neoclassical model, that being the difference in capital-labor ratio

reflected by the difference in wage rates in the empirical data. By

running a regression of relative value added per worker on the relative

wage rate alone, and then introducing four other variables to a second

regression, we can test the effect of additional variables on the

dependent variable and the predictive powers of the neoclassical and

the dualism models. Thus we will run the following two regressions

for each bilateral comparison:

(i) "neoclassical" model

(ii) "diffusion" model

InG

InG So + Slln(W:) + S2l nmA
w

+ S3lnmB + S~lna + Sslncr

To test the significance of the additional variables introduced in

the dualism model, we set the null hypothesis as

(4.3) S2 o

against the alternative, that not all of them are equal to zero.

Considering its period of modernization of manufacturing industries

and recent technological developments, today's Japan is not a less

developed country. 8 It is reasonable to assert that technological

dualism does not exist in ,Japanese industries now. If this is the

case, then the variables other than relative wage rates will be

insignificant for explanation of relative value added per worker

between Japan and the United states. Therefore, we expect the joint

60



hypothesis to be rejected in Korea/Japan and Korea/U.S. studies, but

it may not be rejected for the Japan/U.S. study under the assumption

that Japanese industries do not have technological dualism.

c. Measurement of Variables

The data used for regression analysis are presented in

various tables in the Appendix. Because of the difficulty in trans

ferring the U. S. data on the industries in food, beverages, tobacco,

non-metallic minerals and basic metals into comparable ISle data, we

took seventeen 3-digit industries, excluding the above industries, for

the estimation of the regression equations.· Estimation methods and

limitations of the data are discussed below:

(1) Relative Value Added per Worker (G): This is the

ratio of average value added per worker in the low productivity

country to that in high productivity country. The relative value

added per worker by size of firm within an industry, and by industry

are presented in Tables 3.1, 3.2 and 3.3. The first column of each

table shows the data used for the regressions. We assumed free

trade in the model. Hence, no adjustment was made for differential

tariff structures in each country. Under free trade, the observed

differences in value added per worker may represent the real differ

ences in labor productivity. When the tariffs are imposed on both

inputs and output of an industry, the value added per worker may

differ because of differential tariff structures among countries.

Among industries within a country, import-substituting industries
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tend to enjoy high protection due to a high tariff rate on their output

together with low rates on their inputs. On the other hand, the export

industries tend to get the lowest protection. Consequently, the

reported value added per worker tends to be overestimated for the

import-substituting industries, while it tends to be underestimated

for the export industries. In an international context, one country's

export industry is likely to be the other's import-substituting

industry. When value added per worker is computed without making an

adjustment for differential tariff rates, the relative productivity

of the export industry in the denominator country will be unfavorably

underestimated, while its import-substituting industry's value added

per worker will be overestimated. Also, an estimation problem may

arise from use of a uniform exchange rate for all industries. We

used the official exchange rates for conversion of national currencies

to U. S. dollars. It is known that the official exchange rate tends

to understate the purchasing power of a lower income country, and it

is also known that the relative purchasing power of one country

vis-a-vis another is normally different for different products and

industries. 9 Since no exchange rates adjusted for purchasing power

parity were available for 3-digit industries, we used the uniform

official exchange rates across industries.

(2) Relative Wage Rate (wA/wB): This is the ratio of the

average wage rate in each industry between two countries. Tables 4.1,

4.2, and 4.3 show the wages and sdlaries per worker in each country.
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(3) Proportions of Labor in the Modern Subsector (rnA

and mB): To test any implication of a dualism model, one has to

identify the modern and traditional subsectors. Since we selected the

size of firm as an identification criterion, the subsectors are

defined in terms of number of employees. In the previous section,

we defined the firms with more than 200 employees as large firms.

For consistency of the analyses, therefore, the proportions of

employees in firms with more than 200 employees are measured as the

values of rnA and mB• The distributions of firms by size of employment

are presented in Tables 2.1, 2.2 and 2.3.

(4) The Elasticity of Substitution between Capital and

Labor (a): The elasticity of substitution in our theoretical model

is that of traditional technology. To be precise, one has to measure

a of firms with fewer than 200 employees under our definition of

traditional subsector. Instead, we assumed that Korean firms in

general use old technology with respect to the u.S. or Japanese firms,

and Japanese firms in general use older technology than u.S. firms.

Therefore, the values used for Korea/U.S. comparisons and Korea/Japan

comparisons are the elasticity of substitution of Korean industries,

while the values used for Japan/U.S. comparisons are those of Japanese

industries. The elasticities of substitution are presented in Table 8.

(5) Efficiency Advantage of Modern Technology (a): Under

the assumption of Hicks neutral technological progress, we assumed

that new technology was ~ times more productive than old technology

for all factor proportions. The exact value of ~, therefore, should
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be the ratio of value added per worker of firms using modern technology

to that of firms using traditional technology at a given capital-labor

ratio. That is, a is the shift in productivity attributable to

improvement in technology (leaving out the effect of change in

capital-labor ratio). Unfortunately, the precise value of a could

not be measured from observed variations in value added per worker

among different firms. For our purpose, a was roughly estimated by

taking the ratio of maximum value added per worker to the minimum

value added per worker in each industry. Clearly, a measured in this

way presents several problems. First, a will be the overestimation

of efficiency of modern technology for all industries. Second, a will

tend to be large in industries where diversified products are produced

with differential value added per worker. The first problem can be

solved by assuming that the extent of overestimation is uniform over

industries. But the second problem cannot be solved easily unless

we make the analysis at a finer industrial classification. The

estimated values of a are presented in Table 7.

d. Test Results

The least square regression results of the three bilateral

comparisons of relative value added per worker are summarized in

Table A (see next page). The figures inside the parentheses are the

standard errors of the regression coefficients.

To test the significance of each individual coefficient,

a t-test is employed. The coefficients for relative wages and

salaries (wA/wB) are significant for all three cases at the 5 percent
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TABLE A

REGRESSION RESULTS OF THE EXTENDED NELSON MODELa

~

Variables: Constantb In (7) In rnA In mB In a In a p:2 FC

Coefficients: 13 1 132 13 3 13.. as

Countries:

KOREA/JAPAN

Neoclassical 1.586 1. 782* 0.791
(0.227)

Diffusion Model 0.015 1. 005* 0.115 -0.129** 0.166 -0.285* 0.871 2.972**
(0.441) (0.109) (0.076) (0.132) (0.120)

KOREA/U.S.

Neoclassical 2.740 1.861* 0.805
(0.227)

Diffusion Model 0.412 1.104* 0.194 -0.203** 0.262 -0.006 0.865 2.946**
(0.471) (0.149) (0.121) (0.219) (0.189)

JAPAN/U.S.

Neoclassical 4.223 4.860* 0.528
(1.117)

Diffusion Model 4.814 5.3861: -0.363 0.411 -0.221 -0.086 0.586 1.530
(1. 097) (0.284) (0.306) (0.446) (0.190)

Notes: a The partial correlation Inatrix for independent variables are presented in Table 9.

b The computer program we used for the estimation (SPSS) did not report the standard
error of the constant term.

c F-ratio is the additional variance explained by the last four regressors to
unexplained variance.

* Indicates significance at the 0.05 level.

** Indicates significance at the 0.10 level.
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level of significance. Hence, B1 = 0 is rejected for all cases. The

coefficients for the proportion of labor in the modern subsector in

Athe numerator country (m ) are not different from zero at the signifi-

cance level of less than 10 percent in all three cases. However,

they have expected positive signs for the regression equations of the

Korea/Japan and Korea/U.S. analyses. The regression coefficients for

the proportion of labor in the denominator country (mB) are signifi-

cantly different from zero at the 10 percent level for the Korea/Japan

and Korea/U.S. cases, while it is not significant for the Japan/U.S.

case. Our tests indicate that the regression coefficient of the

efficiency advantage of modern technology over the old (a) is not

significantly different from zero at the less than 10 percent level.

The coefficient for the elasticity of substitution has the expected

sign, and it is significant for the Korea/Japan study, but not

significant for the others.

To test the joint hypothesis, B2 = B3 = B~ = B5 = 0,

F-values are computed for each equation. For the Korea/Japan and

Korea/U.S. cases, our computed F-ratios are significant at the 10

percent level. However, the F-ratio is insignificant at the same

level for the Japan/U.S. study; thus the hypothesis cannot be rejected.

Comparisons of the "neoclassical" model and the "dualism"

model indicate that the relative wage rate is the main independent

variable for explaining differences in value added per worker

. A B d)between any two countries. Add~ng new variables (m , m , a an a

has increased the adjusted R-square (~) by 0.10 for Korea/Japan and
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by 0.06 for the Korea/U.S. and Japan/U.S. cases.

The results of each regression can be summarized as

follows:

(1) The empirical test results of our model applied to

the analysis of relative value added per worker between Korea and

Japan indicate that the differences in capital-labor ratio (which is

reflected by differences in wage rates), relative size of modern

subsector in Japan and the elasticity of substitution between capital

and labor are the significant determinants of the relative labor

productivity between the Korean and Japanese industries. The labor

productivity gap, therefore, should be smaller in the industries

where differences in wage rates between the two countries are small,

a smaller proportion of workers is employed by large firms in Japan,

and the elasticity of substitution between capital and labor is small

in Korea. Even though its coefficient is not significant at the

less-than-10-percent significance level, the proportion of labor in

the large firms in Korea has an expected positive sign. The insignifi

cance of a may quite possibly be due to measurement problems as

indicated previously. Although two variables (a and rnA) failed to

reject the hypothesis Si = 0, we could not reject the joint hypothesis

82 = 83 = 84 = 85 = O. The results suggest that our dualism model

has more explanatory power than the simple neoclassical explanation.

(2) Similar results are obtained for the analysis of

relative value added per worker between Korea and the U.S. The

relative wage rates and the proportion of workers in large U.S. firms
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are shown to be significant factors affecting relative value added

per wo~ker between the two countries. Even though the empirical

results do not entirely support the hypothesized model, we feel that

based upon this single empirical test we cannot completely reject

our theoretical construct.

(3) The difference in wage rates between Japan and the

u.s. is shown to be the only significant variable in the Japan/U.S.

analysis. The other variables are not significantly different from

zero at the 10 percent level. Also, the joint hypothesis 62 = 63

6~ = 65 = 0 cannot be rejected at the same level. However, these

results are not to be taken as evidence against our model. As we

discussed in the previous section, today's Japan is not in the process

of modern technology, and hence the comparison of labor productivity

between Japan and the U. S. may not be analyzed from the point of

international and interfirm diffusion process. Since the diffusion

model is developed to explain productivity differences between a less

developed and an advanced country, the test results are not surprising

at all.

4. Comparison of Test Results

Nelson argued that the productivity difference would be greater

than the capital-labor ratio could explain, and that a key factor

explaining productivity differentials would be the existence in less

developed countries of large firms using older technology, which had

been largely eliminated in the more developed country.
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In section 1, we tested the main implication of the Nelson model

by employing the exact methods Nelson used in his U.S.-Colombia study.

We found that the empirical results of the three bilateral comparisons,

Korea/U.S., Korea/Japan and Japan/U.S., supported the hypothesis that

differences in labor productivity should be a function of the relative

size of the modern subsector in a less developed country.

In Section 2, we tested the extended Nelson model by employing

formal statistical testing procedures. The test results indicated

that the relative size of the modern subsector (in a less developed

country, i.e., rnA) was not a significant variable for explanation of

differences in labor productivity between two countries. Also, we

found that the main explanatory variable was the difference in capital-

labor ratio, which was reflected by differences in wage rates between

two countries.

The main reason for the contrasting test results seems to be

the difference in the methodologies. Nelson confirmed the hypothesis

by an empirical verification of the definition of value added per

worker. That is, with two subsectors in the model, the value added

per worker of an industry is a weighted average of the value added

per worker of the two subsectors, i.e.,

For comparison between two countries, it was assumed that L
2/L

= 1

(and hence V/L (V/L)~) in the base country. Therefore, as long as
"'-

(V/L)2 is larger than (V/L)l' the value added per worker of the

numerator country relative to the base country will tend to be large
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in industries where both (V/L) 2 and L2/L are large, and small in the

industries where both of them are small.

Therefore, we argue that the results obtained in Section 2 which

used formal statistical procedures are more reliable than the results

obtained in Section 1.
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FOOTNOTES

CHAPTER IV

IThe purchasing-power-parity adjusted exchange rate is the
relevant (nominal or effective) exchange rate multiplied by the
foreign price level at the domestic price level. For the Korean
data, we used the estimate provided by C. R. Frank, Jr., K. W. Kim,
and L. westphal in Foreign Trade Regimes & Economic Development:
South Korea (Columbia University Press, 1975), p. 65. For 1972, the
official exchange rate was 391.8 won to the dollar. The purchasing
power-parity adjusted rate was 254.1. For the Japanese data, the
purchasing-power-parity adjusted exchange rates for 1967 and 1970
are provided by Kravis et al., A System of International Comparisons
of Gross Product and Purchasing Power, p. 191. We estimated it by
using the official exchange rates and the relative price level
between the u.s. and Japan. Estimated purchasing-power-parity
adjusted rate for 1972 was 227.6 yen to the dollar.

2 The summary presented in this subsection is presented in the
earlier chapter; thus one may skip reading the subsection.

3 I t is quite possible that any observed variation in value
added per worker among different sizes of firms reflects the composi
tion effect of the commodities produced by the industries at the
3-digit classification. Small firms might produce goods with a low
value added per worker, while the large firms produce entirely
different commodities which give a high value added per worker.

4 Eve n though the industries in Group III have a lower relative
labor productivity than the other industries, they are the export
industries in Korea. Since these industries, in general, are labor
intensive industries, the data seem to provide empirical evidence
for the Hecksher-Ohlin type of trade theory.

SNotice that the industries in Groups I and III are identical
to those in the Korea/U.S. comparison.

6Th i s assumption may not be valid for all industries. Some
industries in Japan, for example the electronics industries, are
considered to be technologically more advanced than the U.S.
industries. This assumption is released in Section 2.

7We are mainly interested in the sign and significance of each
coefficient; thus approximation of the original relationship between
G and its determinants by this expression seems to be sufficient for
our purpose. The elasticity of substitution is an exponential term
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in the original equation; therefore, one could approximate the
relationship by the following expression:

In G = ao + al(a ln~) + a2ln rnA + a3ln mB + a~lna
w

We estimated the above equation and found that the coefficient of
a . In wA/wB was not different from zero when it should have been
equal to one, and that the significances of the other variables did
not change.

SFor reference, see A. C. Kelley and J. G. Williamson, Lessons
from Japanese Development: An Analytical Economic History (University
of Chicago Press, 1974).

9 Krav i s , et al.(1975), Ope cit., provides an excellent reference
for the purchasing-power-parity adjusted exchange rates for different
commodities for six countries in 1967 and 1970.
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CHAP~ER V

CONCLUSION

This chapter summarizes the results of the present study.

Summary of Empirical Findings

a. We found that the value added per worker, with a few

exceptions, was positively related to the firm size in Korea and

Japan, but the relationship appeared to be less significant in the

united states. The variation in value added per worker among

different firm sizes varied from industry to industry. In general,

the industries which were characterized by a labor-intensive

produc~ion process showed a relatively small interfirm gap, suggest

ing that they use similar technology. Our data seemed to verify

the existence of technological dualism in many Korean industries,

but not enough evidence for dualism was provided by the Japanese

and U.S. data.

b. The main conclusions that we can draw from the empirical

tests of the Nelson model and the extended Nelson model are:

(1) The neoclassical production theory provides the

explanation for observed differences in labor productivity between

developed countries. Since existing empirical studies on comparison

of labor productivity have been mainly for the developed countries,

the explanation based on the neoclassical assumptions seems to hold.

(2) However, when the comparisons to be made are between

developed and less developed countries, the explanation based on the
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assumption that a single production function is employed by all firms

within an industry and across all countries appears to be incomplete.

Even though the statistical results do not entirely support our model,

they do show an improvement over the neoclassical model.

The Significance of This Study

We extended Nelson's diffusion model ana formulated a theoretical

model which described a relationsnip between international differences

in labor productivity and its determinants - differences in factor

proportions, size of modern subsector, efficiency advantage of new

technology and the elasticity of substitution. As far as the theoreti

cal contribution is concerned, we formally introduced the effects of

technological progress and diffusion of new technology for the explana

tion of international differences in labor productivity. Our model

implies that the productivity gap between less developed and developed

countries widens as the technological progress brings a large improve

ment in productivity in the developed countries while the process

of diffusion is slow in the less developed countries. Nelson viewed

the observed differences in labor productivity as a dynamic process,

and we formalized his view in a mathematical relationship. With

respect to the empirical analysis, our data were clearly defined in

terms of the International Standard Classification System, and thus

the present analysis will be available for comparison with other

studies based on ISIC data. This study seems to be the first

analytical study on the comparison of value added per worker between

Korea and Japan, and Korea and the united states. l
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Limitations of the Study

The main purpose of this study was to test the diffusion model

developed by Nelson and our extended Nelson model. For the empirical

analysis, we made assumptions that would not reflect real world

situations. So the results of the tests are subject to variation.

The value added per worker may differ between small and large firms

for several reasons other than the difference in technology adopted

by them. The factors we did not consider in this study are the degree

of competition within a particular industry, economies of scale, types

of commodities produced by different firms, the external variables,

such as government subsidies and favoritism, organizational charac

teristics of the industry, etc. Also, inter-country differences can

be caused by differences in prices, tariff structure on inputs and

outputs and the structure of the manufacturing industry. All these

variables were not included in our analysis.

Suggestions for Further Study

The theoretical model we constructed seems to explain differences

in labor productivity between less developed and developed countries.

However, the empirical results partly supported the theoretical model.

Hence, more empirical tests are necessary for the future of the model.

We think better results can be obtained when we make adjustments in

the data and minimize the measurement errors in the explmlatory

variables. We suggest the following:

a. Use finer industrial classification, possibly 4- or 5-digit

level, in order to minimize the composition effect.
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b. Use the exchange rates adjusted for purchasing power parity

for each industry.

c. Include the effects of differential tariff structure among

industries and across countries.
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FOOTNOTE

CHAPTER V

IAn analytical study on the relative productivity between Japan
and the United states is provided by Arrow et al. (196l),and Yukizawa
conducted a series of studies on the comparisons of physical produc
tivity per worker between Japan and the U.s. (for the summary of his
study, see YUkizawa, 1975).
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APPENDIX I

DESCRIPTION OF THE DATA

1. Sources

The main sources of the data are the census of manufactures of

each country and the Yearbook of Industrial Statistics (formerly the

Growth of World Industry). Korea and Japan have published the census

report almost every year, but the United States publishes it every

five years, and the most recent report is that of 1972. For this

reason, year 1972 is chosen for cross-country comparisons.

2. Industrial Classification

We have standardized our classification system for international

comparability. Basically, our classification of industries follows

the international standard industrial classification (ISIC) scheme.

Korea has followed the United Nations advice for an international

standardization of industrial classification system and has revised

her scheme since 1970. Therefore, no adjustment is made for Korean

data. However, Japan and the United States still maintain their own

industrial classification systems. The data for Japan and the U.S.

are converted to comparable ISIC data. A considerable effort is

made to identify each industry under the ISIC system and individual

national systems. Necessary shifts are made at the 4-digit level

and our adjusted data are compared with the United Nations data,

the Yearbook of Industrial Statistics. The deviations of our data

from the U.N. data vary from industry to industry, ranging from one

to 15 percent.
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3. Definition of Variables

Firm Size: This refers to the employment size of an establish

ment where an establishment is defined as a physical plant or factory

in a single location. A firm may have several establishments in

different locations, but in our analysis the term "firm" is used

where "establishment" should be the correct terminology for our data.

Number of Workers: In Korea, this comprises the average number

of employees by month during the period of operation and the number

of working proprietors and unpaid family workers. In Japan, it

includes temporary workers who worked more than 30 days. In the U.S.,

it is the average number of all full-time and part-time workers.

Wages and Salaries: This refers to gross payments, in cash and

in kind, during the year. Payments to retired, long-term absentees

and members of the armed forces are excluded from the Korean data;

retirement and dismissal allowances are included in the Japanese data;

and the u.S. data include dismissal pay and sick-leave pay. We have

not made any adjustment of the data. Hence, wages ar.d salaries of

Korean industries are relatively underestimated.

Value Added: This is the difference between gross output and

the cost of production, where gross output is the value of shipment

adjusted for changes in inventories. It includes excise taxes in

Korea, excludes subsidies and indirect taxes in Japan and it excludes

excise and sales taxes in the u.S.

Value Added per Worker: This is the average annual value added

per employee. No adjustment is made for differences in the quality

of workers or differences in the measurement of the number of workers.
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APPENDIX II

STATISTICAL TABLES
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TABLE 1.1

VALUE ADDED PER .'iORKER BY INDUSTRY AND FIR."! SIZE
KOREA, 1972 (in U. S. Dollars) *

ISIC FIRM SIZE (Employees)
Code INDUSTRY AVERAGE 1-9 10-19 20-49 50-99 100-199 200-499 500+

3 All Manufacturing 2358 928 1090 1300 1814 1948 2564 3353
31 Fo~j, Beverage, Tobacco 4192 1116 1404 2603 3419 3514 5526 6524
32 Textiles 1492 847 955 1011 1051 1174 1476 , 1975
33 Wood 2177 991 1107 1020 1019 1005 4617 3017
34· Paper & Printing 2024 881 1064 1286 1204 1787 2588 3727
35 Chemicals 4278 1158 1327 1647 2588 4545 4677 5372
36 Non-metallic Minerals 2663 618 707 902 4971 2303 3206 4916
37 Basic Metals 3246 834 942 1127 2078 1734 4369 4198
38 Fabricated Metals 1703 889 1075 996 1378 1220 1909 2402

311/2 Food Pl·oducts 2234 692 890 1374 3325 3720 5255 1899
313 Beverages 6613 1941 2651 6901 3825 5192 8416 17340
321 Textiles 1671 888 935 1005 1054 1230 1709 2251
322 Hearing Apparel 1061 835 997 1121 862 948 938 1281
323 Leather and Products 1260 827 776 842 1736 1483 1417 n.a.
324 Footwear 825 861 1113 978 1194 676 862 728
331 Wood Products 2568 1223 1308 1154 1045 966 5780 3018
332 Furniture & Fixtures 807 723 741 798 951 1070 1096 n.a.
341 Paper and Products 2380 518 834 1101 1186 2300 3280 5184
342 Printing, Publishing 1758 963 1187 1440 1230 1244 1692 3221
351 Industrial Chemicals 5310 1378 1594 1691 2064 4368 3604 9198
352 Other Chemical Products 3858 1122 1342 1502 3741 5469 3511 5245
353 Petroleum Refineries 35432 1402 1133 2190 3317 7200 18134 67654
354 Petroleum, COal Products 3269 1324 1452 2621 3106 5198 4778 n.a.
355 R)..Ibber Products 1328 820 1043 909 1083 1466 885 1382
356 'plastic Products n.e.~ 2806 791 881 1450 1299 3008 1311 3722
361 pottery, China, etc. 754 588 557 606 448 1336 654 1295
362 Glass and Products 2332 715 816 522 810 1000 2402 4319
369 Non-metal Products, n.e.c. 3157 622 753 1098 7576 3075 3570 6040
371 Iron and Stee 1 3594 810 961 1185 2228 1658 3939 4943
372 Non-ferrous Metals 2098 876 910 839 1764 1910 5437 52i
381 Metal Products 1161 791 859 989 1388 1251 1697 1171
382 Machinery n.e.c. 1362 951 1083 1048 1500 1485 1871 1795
383 Electrical Machinery 1846 1078 1178 1045 1413 1197 1391 2306
384 Transport Equipment 2250 956 1111 981 1305 949 3087 3316
385 • Professional Goods 1569 9i9 1405 692 993 981 2477 2246
390 Other Industries 845 659 674 863 696 1155 910 753

Note: * Official Exchange Rate: 391.8 won = 1 dollar

Source: Report on Mining and Manufacturing
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TABLE 1.2

VALUE ADDED PER WORKER BY INDUSTRY AND FIRM SIZE
JAPAN, 1972 (in U. S. Dollars)·

ISIC FI~I SIZE (Employees)
CODE INDUSTRY Average 1-9 10-19 20-49 50-99 100-199 200-499 500-999 1000+

3 All Manufacturing 8043 4105 5802 6285 6812 8055 9624 11853 13141
31 Food, Beverage, Tobacco 7413 3379 5005 6047 7565 10429 9735 18348 14622
32 Textiles 3984 3409 4994 4814 4746 4877 5815 5367 5271

I. 33 Wood 5414 3982 5271 5520 6093 6805 7609 10228 7879
34 Paper & Printing 8650 4472 5%3 6652 7859 9607 12131 14294 16254
35 Chemicals 13527 5197 7117 8824 10062 12473 16550 18711 6960
36 Non-metallic Minerals 8113 3988 6866 7287 6989 7830 11775 13324 14227
37 Basic Metals 11269 6134 8350 7793 9470 10312 9805 11513 14101
38 Fabricated Metals 8052 4838 6121 6351 6455 7186 8294 9867 12497

•
321 Textiles 4924 3350 5500 5464 5436 5261 6089 5367 5271
322 Wearing Apparel 3778 3262 3934 3468 3534 4017 4506
323 Leather and Products 5755 4741 6392 6362 6471 6240 5733
324 Footwear 5465 4123 5898 6050 5346 5652 7345
331 Wood Products 5445 4056 5267 5612 6202 6976 7464 8854 7879
332 Furniture, Fixtures 5366 3886 5282 5330 5956 6626 7847 11737 n.a.
341 Paper and Products 8273 3878 5622 6614 7883 9291 11391 13356 12957
342 Printing, Publishing 8901 4755 6147 6677 7840 9916 12680 15808 17569
351 Industrial Chemicals 17519 9762 13214 16630 17732 16585 18336 17499 18022
352 Other Chemicals 19368 6652 9484 11324 11997 15886 25005 26686 57516
353 Petroleum Refineries 31897 31961 11666 17275 13770 16231 18475 45812 22057
354 Petroleum, Coal Products 11919 15947 12996 13380 6751 9401 11730 14296 22057
355 Rubber Products 8489 4322 5393 6100 6667 6890 7846 8371 12186
356 Plastic Products n.e.c. 7283 4515 6128 6516 7162 8652 9981 12051 10189
361 Pottery, China, n.e.c. 5103 3050 4226 4562 4500 5080 4317 9865 9882
362 Glass and Products 12298 4014 5972 5736 6440 5854 14318 17981 19729
369 Non-metal Products n.e.c. 8173 4391 7518 7868 7703 9022 13302 10859 9396
371 Iron and Steel 11519 6388 8060 7891 9771 10539 9327 10735 14123
372 Non-ferrous Metals 10481 5886 8973 7453 8505 9608 10950 12798 13986
380 Metal Products 7418 4749 6553 7185 7436 8356 9906 11983 14305
382 Machinery n.e.c. 8600 5434 6861 7051 7411 8398 9580 11137 11736
383 Electrical Machinery 8260 44"7 4704 4662 4913 5411 7049 8424 13251
384 Transport Equipment 8200 4:23 5729 6226 6628 7573 7657 10788 12442
385 Professional Goods 6256 4415 5184 5677 5559 6110 6640 6568 8375

Note: * Official Exchange Rate: 308 yen = 1 dollar

Indicates no observations

Source: Census of Manufactures, 1972, Research and Statistics Department,
Ministry of International Trade, Japan
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TABLE 1.3

VALUE ADDED PER OORKER BY FIRM SIZE AND INDUSTRY
U.S., 1972

ISIC FIRM SIZE (Employees)
CODE INDUSTRY AVERAGE 1-9 10-19 20-49 50-99 100-249 250-499 500-999 1000+

3 All Manufacturing 19629 17691 16727 16338 16361 17467 18462 17909 23882
31 Food, Beverage, Tobacco 23386 20441 19070 20620 20867 21756 23648 25377 36778
32 Textiles 10839 14098 13924 10784 9896 9968 10588 11479 12222
33 Wood 14227 13300 12950 12723 13636 14346 17359 15065 15800
34 Paper & printing 19686 18565 15658 15694 16740 17946 21317 23154 23894
35 Chemicals 31285 27339 25256 27560 18009 32952 22375 38252 31976
36 Non-metallic Minerals 20196 20235 18895 18171 18282 21191 21343 21868 20125
37 Basic Metals 20351 18000 17527 17187 18262 17763 19547 20053 21790
38 Fabricated Metals 20328 17494 16736 16638 16678 17666 18020 29415 23599

321 Textiles 12300 15614 16218 12897 12396 12556 11903 12455 11851
322 Wearing Apparel 9857 13967 13543 10285 9129 8753 9545 10070 13041
323 Leather and Products 11520 11800 12233 10757 11108 11280 10615 15167 13188
324 Footwear 10201 16500 11857 8719 7273 8868 10738 9766 13500
331 Wood Products 14920 12988 12865 12806 14125 15613 17359 17520 19958
332 Furniture, Fixtures* 13192 14658 13185 12555 12651 13076 n.a. 13719 13847
341 Paper and Products 20625 18245 15564 16295 16838 17657 22419 24383 23356
342 Printing, Publishing 19124 18587 15672 15527 16692 18255 20373 22033 24101
353 Petroleum Refineries 45582 67000 42000 34778 45636 52171 50529 49925 24936
354 Petroleum, Coal Products 30966 37425 30923 31525 26868 29814 31643 33900 n.a.
355 Rubber Products 20854 17105 28308 16848 15692 15885 14810 16822 25382
356 Plastic Products n.e.c. 17314 16513 15974 15115 1606; 16263 17869 22653 23927
381 Metal Products 18045 16421 16638 16792 17072 17872 17532 18894 20223
382 Machinery n.e.c. 20552 18406 17268 17124 17677 18683 19580 21153 23919
383 Electrical Machinery 18400 17313 15788 15511 15430 16474 16715 18097 20053
384 Transport Equipment 23153 15414 14653 14898 14644 16442 17978 18634 25517
385 professional Goods 23307 18515 17627 17910 16619 18296 18642 20458 30301

Notes: *Data .for firm size 250-499 are included in the data for firm size 100-249;
data withhald to avoid disclosing ~igures for individual companies.

Source: 1972 Census of Manufactures, U. S. Department of Commerce
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TABLE 2.1

DISTRIBUTION OF EMPLOYMENT BY FIRM SIZE
KOREA, 1972 (in Percent)

ISIC FIR"! SIZE (Employees)
CODE INDUSTRY 5-9 10-19 20-49 50-99 100-199 200-499 500+

3 Manufacturing 8.1 7.6 9.9 8.6 11.0 17.1 37.7
31 Food, Beverage, Tobacco 14.1 10.8 9.7 7.7 9.4 11.2 37.1
32 Textiles 6.1 5.5 8.3 8.0 12.7 20.2 39.1
33 Wood 22.9 11. 3 7.8 3.6 3.8 8.9 41.7
34 Paper & Printing 10.0 10.5 13.9 10.5 13.7 23.7 17.7
35 Chemicals 3.9 6.0 8.1 6.6 10.8 16.4 48.2
36 Non-metallic Minerals 19.0 10.2 11.6 11.2 10.6 15.9 21.5
37 Basic Metals 1.6 6.1 10.3 8.9 9.4 19.5 44.3
38 Fabricated Metals 5.6 9.0 13.4 11.5 9.4 14.8 36.3

321 Textiles 1.8 5.0 9.9 10.0 13.8 19.6 40.0
322 Wearing Apparel 17.6 7.1 3.4 2.6 9.1 21.8 38.4
323 Leather and Products 6.2 8.3 20.4 10.2 27.4 27.5 0.0
324 Footwear 14.9 3.9 7.0 5.3 10.7 19.3 38.9
331 Wood & Products 15.8 9.3 6.3 3.4 3.1 8.6 53.6
332 Furniture, Fixtures 47.8 18.0 13.1 4.4 6.6 10.0 0.0
341 Paper and Products 4.3 8.5 14.7 14.1 16.4 31.3 10.7
342 Printing, Publishing 14.2 12.0 13.3 7.7 11.6 18.1 23.0
353 Petroleum Refineries 0.8 2.2 2.8 10.8 3.8 38.8 40.9
354 Petroleum and Coal Products 17.4 15.4 14.0 10.4 18.8 24.0 0.0
355 Rubber Products 1.1 2.2 4.1 2.7 3.7 3.3 82.9
356 Plastic Products, n.e.c. 4.6 6.0 6.7 7.0 7.3 9.8 58.6
381 Metal Products 11.2 15.3 17.3 15.2 9.5 13.5 18.1
382 Machinery n.e.c. 11.0 17.0 18.0 14.7 15.0 7.3 16.9
383 Electrical Machinery 1.0 3.2 7.4 7.3 7.7 18.2 55.1
384 Transport Equipment 4.7 7.5 16.1 12.3 5.8 12.6 41.0
385 Professional Goods 1.9 6.3 13.9 11.6 23.0 30.6 11.8

Source: Report on Mining and Manufacturing Survey, 1972
Economic Planning Board, Korea
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TABLE 2.2

DISTRIBUTION OF EMPLOYMENT BY FIRM SIZE
JAPAN, 1972 (in Percent)

ISIC FII1M SIZE (Employees)
CODE INDUSTRY 1-9 10-19 20-49 50-99 100-199 200-499 500-999 1000+

3 Manufacturing 17.4 11. 2 13.7 11.3 10.2 12.0 8.2 16.0
31 Food, Beverage, Tobacco 24.2 14.2 14.4 12.8 12.6 13.9 6.2 1.5
32 Textiles 27.2 12.7 14.8 12.7 10.5 10.7 7.3 4.0
33 Wood 31.6 19.9 20.1 10.8 7.0 7.9 2.1 0.6
34 paper & Printing 19.5 13.4 16.8 12.8 10.3 10.6 6.5 10.2
35 Chemicals 8.8 7.9 10.9 10.6 11. 2 17.4 14.4 19.8
36 Non-metallic Minerals 15.9 13.0 19.3 14.9 11. 9 11.8 6.9 6.3
37 Basic Metals 4.5 5.1 9.3 7.5 8.7 13.3 11.3 40.5
38 Fabricated Metals 12.0 8.8 11.8 10.6 10.1 12.1 9.1 25.5

321 Textiles 27.2 10.7 13.0 10.7 9.8 12.7 10.7 5.8
322 Wearing Apparel 25.0 16.8 19.2 17.8 12.8 7.4 0.5 0.5
323 Leather Products 41.8 19.6 16.9 10.4 5.5 5.5 0.4 0.0
324 Footwear 24.7 14.0 13.8 14.7 8.9 10.0 10.7 3.2
331 Wood and Products 29.1 22.5 22.1 9.8 5.8 8.0 1.8 0.9
332 Furniture, Fixtures 35.7 15.6 17.0 12.4 8.8 7.9 2.6 0.0
341 Paper and Products 15.7 11.7 16.6 14.6 12.7 11. 3 10.0 7.3
342 Printing and Publishing 22.0 14.5 16.9 11.6 8.7 10.2 4.1 12.1
353 Petroleum Refineries 1.0 1.7 3.5 4.0 5.5 25.9 47.6 8.2
354 Petroleum and Coal Products 11.2 15.7 16.0 11.6 11.1 9.1 21.8 6.6
355 Rubber Products 8.2 7.2 8.2 8.3 6.2 16.3 14.8 30.5
356 Plastic Products n.e.c. 18.7 15.4 18.0 14.3 12.8 14.4 5.0 1.6
381 Metal Products 25.9 15.9 17.7 12.2 10.2 9.7 5.3 3.0
382 Machinery n.e.c. 13.3 9.9 13.3 11.4 11.1 13.4 8.9 19.0
383 Electrical Machinery 5.3 6.0 9.8 11.0 11.2 13.9 10.6 32.2
384 Transport Equipment 5.9· 4.9 6.9 7.1 7.0 10.0 9.9 48.6
385 Professional Goods 11. 9 8.5 11.4 11.0 11.1 13.9 14.5 17.6

Source: Census of Manufactures, 1972, Research and Statistics Department,
Ministry of International Trade, Japan
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TABLE 2.3

DISTRIBUTION OF EMPLOYMENT BY FIRM SIZE
U.S.A., 1972 (in Percent)

ISIC FIR..'1 SIZE (Employees)
CODE INDUSTRY 1-9 .!Q:.!2 20-49 50-99 1UO-249 250-499 500-999 1000+

3 Manufacturing 2.8 3.4 8.7 9.9 17.9 15.4 13.1 28.7
31 Food, Beverage, Tobacco 2.4 3.4 10.4 13.4 25.3 19.4 19.9 6.0
32 Textiles 1.5 2.7 9.2 12.3 23.2 24.5 15.6 10.9
33 Wood 6.9 6.1 14.0 16.2 33.9 7.4 9.0 6.4
34 paper & Printing 5.1 5.0 11.3 11.6 21.4 14.5 13.5 21.6
35 Chemic';ls 2.2 2.8 12.6 5.4 24.9 6.9 14.0 31.3
36 Non-metallic Minerals 4.5 6.3 14.5 12.1 20.0 14.4 14.7 13.6
37 Basic Metals 0.6 1.1 3.8 5.3 12.1 13.1 12.9 51.1
38 Fabricabed Metals 2.3 2.8 6.8 7.2 12.8 12.2 12.8 43.2

321 Textiles 0.7 1.3 4.7 7.1 18.2 23.9 23.2 20.8
322 Wearing Apparel 2.2 3.8 12.8 16.6 26.7 22.0 10.3 5.5
323 Leather and Products 3.6 4.4 14.4 19.1 '28.3 .17.4 11.1 1.6
324 Foot\.;ear 0.3 0.4 1.8 3.7 20.7 51.2 17.5 4.4
331 WOod and Products 9.3 7.5 15.6 18.0 28.3 12.4 5.3 3.4
332 Furniture, Fixtures * 3.2 4.1 11.5 13.4 42.3 n.a. 14.6 10.9
341 'Paper & Products 0.8 1.6 6.6 10.3 29.5 17.9 17.2 16.0
342 Printing & PUblishing 7.7 7.0 14.2 12.4 16.6 12.5 11.3 25.0
353 Petroleum Refineries 0.1 0.3 1.8 3.3 12.8 16.9 47.7 17.1
354 Pet~oleum and Coal Products 10.3 10.1 20.7 17.6 29.2 7.2 5.2 0.0
355 Rubber Products 0.7 0.5 3.4 4.8 12.2 12.2 14.1 51.8
356 Plastic Products n.e.c. 3.3 4.4 14.0 18.0 29.5 16.3 9.3 5.2
381 Metal Products 3.1 4.5 12.3 12.6 20.8 15.9 12.3 18.5
382 Machinery n.e.c. 4.2 4.9 9.1 8.3 13.4 13.0 14.7 3,2.4
383 Electrical Machinery '1.0 1.2 3.8 5.3 11.5 13.3 15.6 48.3
384 Transport Equipment 0.7 0.9 2.4 3.3 6.0 6.B 7.6 72.3
385 Professional Goods 2.2 2.4 6.1 6.7 14.4 12.9 15.5 39.8

Note: * - The percentage of employment in firm size 250-499 is included in the
figure for 100-249. Data withheld to avoid disclosing figures for
individual companies.

Source: 1972 Census of Manufactures, U. S. Department of Commerce.
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TABLE 3.1

RATIO OF KOREAN V1U.UE ADDED PER WORKER TO U. S. VALUE ADDED PER WORKER
BY INDUSTRY AND FI~~ SIZE, 1972

ISIC FIR~ SIZE (Employees)
CODE INDUSTRY AVERAGE 1-9 10-19 20-49 50-99 100-199*200-499* 500+*

3 Manufacturing .12 .05 .07 .08 .11 .11 .14 .20
31 Food, Beverage, Tobacco .18 .06 ,07 .13 .16 .16 .23 .26
32 Textiles .14 .06 .07 .09 .11 .12 .14 .17
33 Wood .15 .08 .09 .08 .08 .07 .27 .20
34 Paper, Printing .10 .05 .07 .08 .07 .10 .12 .16
35 Chemicals .14 .04 .05 .06 .14 .14 .21 .14
36 Non-metallic Minerals .14 .03 .04 .05 .27 .11 .l5 .23
37 Basic Metals .16 .05 .05 .07 .11 .10 .22 .21
38 Fabricated Metals .08 .05 .06 .06 .08 .07 .11 .12

321 Textiles .13 .06 .06 .08 .09 .10 .14 .18
322 wearing Apparel .11 .06 .07 .11 .09 .11 .10 .13
323 Leather and Products .11 .07 .06 .08 .16 .13 .13
324 Footwear .08 .05 .09 .11 .16 .08 .08 .07
331 Wood and Products .17 .09 .10 .09 .07 .06 .34 .17
332 Furniture, Fixtures .06 .05 .06 .06 .08 .08 .11
341 Paper & Products .12 .03 .05 .07 .07 .13 .15 .ai.
342 printing, Publishing .09 .05 .08 .09 .07 .07 .08 .15
353 Petroleum Refineries .78 .02 .03 .60 .07 .14 .36 1.36
354 Petroleum & Coal Products .11 .04 .05 .08 .12 .17 .36
355 Ru.bber Products .06 .05 .04 .05 .07 .09 .15 .82
356 Plastic Products n.e.c. .16 .05 .06 .10 .08 .19 .06 .16
381 Betal Products .06 .05 .05 .06 .08 .07 .07 .06
382 Machinery n.e.c. .07 .05 .06 .06 .09 .08 .10 .09
383 Electrical Machine~r .10 .06 • 08 .07 .09 .07 .08 .13
384 Transport Equipment .10 .06 .08 .07 .09 .06 .17 .18
385 Professional Goods .07 .05 .08 ."04 .06 .05 .13 .11

Notes: * - U. S. firm sizes are actually 100-249, 250-499, and 500-999

indicates no observations or no data available

Sources: Tables 1.1 and 1.3
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TABLE 3.2

RATIO OF KOREAN VALUE ADDED PER WORKER TO JAPANESE VALUE ADDED PER WORKER
BY INDUSTRY AND FIRM SIZE. 1972

ISle FIRM SIZE (Employees)
CODE INDUSTRY AVERAGE 1-9 10-19 20-49 50-99 100-199 200-499 500+*

3 Manufacturing .29 .23 .19 .21 .27 .24 .27 .28
31 Food, Beverage. Tobacco .57 .33 .28 .43 .45 .34 .57 .36
32 Textiles & Apparel .38 .25 .19 .21 .22 .24 .25 .37
33 WOod .40 .25 .21 .19 .17 .15 .61 .30
34 Paper & Printing .23 .20 .18 .19 .15 .19 .21 .26
35 Chemicals .32 .22 .19 .19 .26 .36 .28 .29
36 Non-metallic Minerals .33 .16 .10 .12 .21 .29 .27 .37
37 Basic Metals .29 .14 .11 .15 .22 .17 .47 .37
38 Fabricated Metals .21 .18 .18 .16 .21 .17 .23 .24

321 Textiles .34 .27 .17 .18 .19 .23 .28 .42
322 Wearing Apparel .28 .26 .25 .32 .24 .24 .21 .13
323 Leather Products .22 .17 .12 .13 .27 .24 .24 .25
324 Footwear .15 .21 .19 .16 .22 .12 .12 .07
331 Wood, Products .47 .30 .25 .21 .17 .14 .77 .34
332 Furniture, Fixtures .15 .19 .14 .15 .16 .16 .14
341 Paper & Products .29 .13 .15 .17 .15 .25 .29 .39
342 Printing & Publishing .20 .20 .19 .22 .18 .13 .13 .20
353 Petroleum Refineries 1.11 .04 .10 .13 .24 .44 .98 1.48
354 Petroleum. Coal Products .27 .08 .11 .20 .46 .55 .41
355 Rubber Products .16 .19 .19 .15 .16 .21 .11 .17
356 Plastic Products n.e.c. .39 .18 .14 .22 .18 .35 .13 .31
381 l-Ieta1 Products .16 .18 .13 .14 .19 .15 .17 .10
382 Machinery n.e.c. .16 .18 .16 .15 .20 .18 .20 .16
383 Electrical Machinery .22 .24 .25 .22 .29 .22 .20 .27
384 Transport Equipment .27 .22 .19 .16 .20 .13 .40 .31
385 Professional Goods .25 .21 .27 .12 .18 .16 .37 .34

Note:. * - Japanese firm size is 500-999

Sources: Tables 1.1 and 1.2
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TABLE 3.3

RATIO OF JAPANESE VALUE ADDED PER IDRKER TO U. S. VALUE ADDED PER \oJORKER
BY INDUSTRY AND FIRM SIZE, 1972

ISIC FIRM SIZE (Employees)
CODE INDUSTRY AVERAGE 1-9 10-19 20-49 50-99 100-199* 200-499* 500-999 1000+-----

:3 Manufacturing .41 .23 .35 .39 .42 .46 .52 .69 .55
31 Food, Beverage, Tobacco .32 .17 .26 .29 .36 .48 .41 .72 .40
32 Textiles .37 .24 .36 .45 .48 .49 .55 .47 ,43
33 Wood .38 .30 .41 .43 .45 .47 .44 .68 .50
34 Paper & printing .44 .24 .38 .42 .47 .54 .57 .62 .68
35 Chemicp1s .43 .19 .28 .32 .60 .38 .74 .49 .22
36 Non-metallic Minerals .40 .20 .36 .40 .38 .37 .55 .61 .71
37 Basic Metals .55 .34 .48 .45 .52 .58 .50 .57 .65
38 Fabricated Metals .40 .28 .37 .38 .39 .41 .46 .51 .53

321 Textiles .40 .21 .34 .42 .44 .42 .51 .43 .45
322 wearing Apparel .38 .23 .29 .34 .39 .46 .47
323 Leather & Products .50 .40 .52 .59 .58 .55 .54
324 Footwear .54 .25 .50 .69 .74 .?4 .68
331 Wood & Products .37 .31 .41 .44 .44 .45 .43 .51 .40
332 Furniture & Fixtures .41 • 27 .40 .43 .47 .51 .79 .86
341 Paper and Products .40 .21 .36 .41 .47 .52 .51 • 55 .56
342 Printing & Publishing .47 .26 .40 .43 .47 .54 .62 • 72 . 73
353 Petroleum Refineries .70 .48 .28 .50 .30 . 31 • 37 .92 .89
354 Petroleum & Coal Products .39 .43 .42 .42 .25 .32 .37 .42
355 Rubber Products .41 • 25 .20 .36 .43 .43 .53 .50 .48
356 Plastic Products n.e.c. .42 .27 .38 .43 .45 .53 .56 .53 .43
381 Metal Products .41 .29 .40 .43 .44 .47 .57 .63 .71
382 Machinery n.e.c. .42 .30 .40 .41 .42 .45 .49 .53 .49
383 Electrical Machinery .45 .26 .30 .30 .32 .33 .42 .47 .66
384 Transport Equipment .35 .28 .40 .42 .45 .46 .43 .58 .49
385 Professional Goods .27 .24 .29 .32 .34 .33 .36 .32 .28

Notes: * - U. S. firm sizes are actually 100-249 and 250-499

- indicates no observations or no data available

Sources:Tables 1.2 and 1.3
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TABLE 4.1

WAGES AND SALARIES PER EMPLOYEE BY INDUSTRY AND BY FIRM SIZE
KOREA, 1972 (in U. S. Dollars)·

ISIC FIRM SIZE (Employees)
CODE INDUSTRY AVERAGE 5-9 10-19 20-49 50-99 100-199 200-499 500+

3 Manufacturing 554 308 393 442 516 563 620 645
31 Food, Beverage, Tobacco 550 299 385 487 564 628 753 627
32 Textiles 443 285 344 390 392 470 430 502
33 Wood 496 338 411 436 396 477 584 609
34 Paper & Printing 752 334 440 507 559 693 864 1376
3S Chemicals 760 357 469 542 671 799 1024 778
36 Non-metallic Minerals 491 280 334 404 659 609 774 907
37 Basic Metals 763 337 428 465 686 766 997 806
38 Fabricated Metals 602 343 430 992 573 562 581 773

321 Textiles 474 260 333 379 398 504 459 542
•322 wearing Apparel 354 290 362 167 316 338 356 378

323 Leather & Products 402 292 299 407 285 416 482
324 Footwear 453 321 476 416 555 383 366 556
331 ~od & Products 538 391 452 426 365 498 617 609
332 Furniture & Fixtures 351 276 338 452 477 443 482
341 Paper and Products 707 197 347 437 569 687 781 1564
342 Printing & Publishing 787 365 489 565 546 699 972 1310
353 Petroleum Refineries 2227 419 467 780 1300 1158 2845 2207
354 Petroleum & Coal Products 687 387 472 623 719 727 1032
355 Rubber Products 498 315 387 434 415 548 329 514
356 Plastic Products n.e.c. 517 270 336 398 323 590 665 557
381 ~letal Products 491 306 398 428 599 536 613 538
382 Machinery n.e.c. 561 359 445 458 656 579 603 799
383 Electrical Machinery 621 389 438 440 522 563 491 725
384 Transport Equipment 719 385 449 445 537 609 764 972
385 Professional Goods 524 356 548 423 496 500 538 722

Notes: * Official Exchange Rate:

Indicates no observations

391.8 won 1 dollar

Source: Report on Mining and Manufacturing Survey, 1972
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TABLE 4.2

\'lAGES AND SALARIES PER EMPLOYEE BY INDUSTRY AND BY FIRM SIZE
JAPAN, 1972 (in u.S. Dollars)·

ISle FIRM SIZE (Employees)
CODE INDUSTRY AVERAGE 1-9 10-19 20-49 50-99 100-199 200-499 500-999 1000+

3 Manufacturing 3082 1592 2580 2829 2895 3157 3580 3902 4567
31 Food, Beverage, Tobacco 2254 1095 1969 2351 2537 2728 3020 3376 4464
32 Textiles 2122 1084 2140 2231 2231 2392 2813 2756 2755
33 Wood 2296 1568 2339 2524 2585 2812 3199 3561 3646
34 paper & Printing 3584 1994 2918 3172 3447 3825 4544 5063 6198
35 Chemicals 3746 1912 2771 3107 3304 3761 4122 4153 2359
36 Non-metallic Minerals 2986 1462 2480 2883 2987 3221 3925 4314 4523
37 Basic Metals 4495 2581 3393 3703 3828 4193 4481 4806 5432
38 Fabricated Metals 3448 2143 3014 3186 3062 3247 3540 3856 4343

321 Textiles 2167 1022 2262 2433 2480 2623 2966 2756 2755
322 Wearing Apparel 1723 1183 1825 1804 1793 1887 2083 n.a. n.a.
323 Leather & Products 2311 1611 2654 2708 2502 2894 3554 n.a.
324 Footwear 2555 1456 2934 2791 2800 2939 2983 n v a, n.a.
331 t'lood & Products 2284 1558 2251 2488 2567 2862 3252 3522 3464
332 Furniture & Fixtures 2309 1580 2543 2599 2607 2759 3113 3603
341 Paper and Products 3223 1660 2560 2877 3103 3500 4047 4644 4955
342 Printing & Publishing 3824 2149 3112 3365 3736 4143 4913 5739 6E~3

353 Petroleum Refineries 5088 3494 4297 3862 4457 5446 5038 5315 5136
354 Petroleum, Coal Products 3934 3126 3416 3860 3640 3922 4496 4358 5136
355 Rubber Products 3464 1892 2724 30"n 2954 3401 3496 3524 4289
356 Plastic Products n.e.c. 2802 1757 2572 2972 2861 3280 3536 3679 3929
381 Metal Products 3085 2042 3082 3253 3256 3525 3744 4108 1958
382 Machinery n.e.c. 3782 2445 3450 3618 3599 3793 4105 4365 4617
383 Electrical Machinery 3107 2077 2381 2410 2386 2593 2981 3433 3996
384 Transport Equipment 3956 1901 2884 3138 3220 3334 3590 3889 4710
385 Professional Goods 3178 2026 2820 4101 2899 3056 3307 3615 4065

Notes: • Official Exchange Rate: 308 yen 1 dollar

Indicates no observations

n.a. Indicates no data available

Source: Census of Manufa~tures, 1972, Research and Statistics Department,
Ministry of InteLnational Trade, Japan
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TABLE 4.3
"'---

WAGES AND SAlARIES PER EMPLOYEE BY INDUSTRY AND BY FIRM SIZE
U.S.A., 1972

ISIC FI~1 SIZE (Employees)
CODE INDUSTRY Average 1-9 10-19 20-49 50-99 100-249 250-499 500-999 1000+

3 Manufacturing 8895 7550 7934 7726 7646 7843 8046 8835 11069
31 Food, Beverage, Tobacco 8206 7191 7152 7263 7680 8051 8346 8965 9672
32 Textiles 5725 6076 6414 5742 5432 5342 5581 5988 6579
33 Wood 7101 5948 6370 6709 6899 7148 8113 7566 8154
34 Paper &. Printing 9363 7941 8212 8256 8578 8995 9551 10191 11298
35 Chemicals 9746 8304 8548 8671 7491 9180 8517 10391 11202
36 Non-metallic Minerals 8900 7814 8424 8574 8474 8911 9010 9182 9757
37 Basic Metals 10646 8342 8330 8321 8519 9087 9616 10270 11847
38 Fabricated Metals 10022 8490 8842 8703 8603 8649 8805 9389 11555

321 Textiles 6352 6871 6959 6513 6333 6267 6306 6493 6235
322 \~earing Apparel 5270 5915 6310 5534 5124 4857 5040 5185 7192
323 Leather & Products 6337 6085 6162 5785 5999 6207 6112 7898 8687
324 Footwear 5523 4999 5999 6187 5227 5159 5449 5363 8923
331 \~ood s Products 7211 5780 6350 6575 6905 7534 8113 8579 9491
332 Furniture & Fixtures 6936 6677 7174 6981 6886 6760 n.a. 7010 7525
341 Paper and Products 9460 7968 7455 7657 8197 8962 9807 10542 10666
342 Printing and Publishing 9304 7957 8316 8422 8768 9030 9330 9871 11541
353 Petroleum Refineries 12312 12999 11000 9888 10757 11589 12447 12681 12668
354 Petroleum & Coal Products 10087 9899 10230 9825 9823 12371 11214 12300
355 Rubber Products 9318 7105 13153 7586 7530 7577 7628 8240 10745
356 Plastic Products n.e.c. 7615 7000 7542 6973 7057 7444 7721 8678 10491
381 Metal Products 9255 8045 8546 8517 8555 8759 9005 9593 11144
382 Machinery n.e.c. 10134 9085 9451 9525 9470 9451 9469 9956 11345
383 Electrical Machinery 9144 7807 8098 7713 7684 7709 7927 8460 10364
384 Transport Equipment 11564 7585 7686 7893 7971 8251 8832 10004 12634
385 Professional Goods 9461 8336 8672 8462 8384 8487 8544 8984 10739

Note: -- Indicates no observation

Source: 1972 Census of Manufactures, U. S. Department of Commerce
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TABLE 5

PERCENTAGE DISTRIBUTION OF MANUFACTURING STATISTICS
BY EMPLOYMENT SIZE OF ESTABLISI~ENT, BY COUNTRY, 1972

Employment Size of Establishment
All Less

mfrs. than 9 10-19 20-49 50-99 100-199'i 200-49sa SOD-99gb 1000+

No. of Establishments
Korea 100 51.4 23.4 13.4 5.1 3.2 2.3 1.3
Japan 100 74.4 13.2 7.4 2.8 1.2 0.7 0.2 0.1
U.S.A. 100 50.8 14.0 16.0 8.2 6.7 2.6 1.1 0.7

No. of Workers
Korea 100 8.1 7.6 9.9 8.6 11.0 17.1 37.7
Japan 100 17.4 11. 2 13.7 11. 3 10.2 12.0 8.2 16.0
U.S.A. 100 2.8 3.4 8.7 9.9 17.9 15.4 13.1 28.7

Wages and Salaries
Korea 100 4.5 5.4 7.9 8.0 11.2 19.1 43.8
Japan 100 9.0 9.3 12.6 10.6 10.5 14.0 10.3 23.7
U.S.A. 100 2.4 3.0 7.6 8.5 15.8 14.0 13.1 35.7

Value of Shipment
Korea 100 3.0 3.7 5.7 6.7 9.4 20.7 50.9
Japan 100 6.6 7.0 10.6 9.9 10.5 15.1 12.8 27.5
U. S. A. 100 2.4 2.7 7.3 8.7 16.8 14.7 13.3 34.1

VaIue l\dded
Korea 100 3.2 3.5 5.4 6.6 9.1 18.6 53.5
Japan 100 8.9 8.0 10.7 9.6 10.3 14.4 12.0 26.1
U.S.A. 100 2.5 2.9 7.2 8.3 16.0 14.5 11.4 34.9

Notes: a U. S. firm sizes are 100-249, 2~0-499

b Korea firm size is 500+

Sources: Korea: Report on M~ning and Manufacturing survey, 1972
Japan: Census of M~nufactures, 1972
U.S.A.: 1972 Census of Manufactures
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TABLE 6

SPEARMAN'S RANK CORRELATION COEFFICIENTS
BETWEEN (1) VALUE ADDED PER WORKER; (2) I~AGE RATE; (3) WAGE SHARE

AND FIRM SIZE

(1) (2) (3)
Value added per I~age rate I~age share

ISIC worker and firm size and firm size and firm size
CODE INDUSTRY Korea Japan U.S.A. Korea Japan U.S.A. Korea Japan U.S.A.

3 Manufacturing 1. 00* 1.00* .52** 1.00* .99* .88* -.86* -.79* .31
31 Food, Beverage, Tobacco 1.00* .94* .85* .89* 1. 00* .79* -.93* -.64* -.41
32 Textiles 1.00* .70* -.39 .96* .92* -.38 -.32 .95* .65*
33 Wood .61** .96* .60* .89* 1.00* .19 -.29 -.04 .38
34 Paper & Printing .96* 1.00* .65* 1.00* .55* .77* -.50 -.88* -.17
35 Chemicals 1. 00* .56* .43 .89* 1. 00* .41 -.86* -.77* .24
36 Non-metallic Minerals .79* .94* .38 .96* 1.00* -.81* -.75* -.43 .48**
37 Basic Metals .93* .93* .72* .96* .92* .87* -.64** -.20 .87*
38 Fabricated Metals .93* 1.00* .71* .96* .92* .87* -.29 -.73* -.28

321 Textiles 1.00* .08 -.82* .96* .88* .72* -.29 .94* .76*
322 Wearing Apparel .43 .76* -.15 .32 .81* .22 -.11 .19 .54**
323 Leather & Products .71* .00 .27 .66* .69* .67* -.54 .81* .47
324 Footwear -.39 .29 -.22 .39 .55** .27 .61* .05 .55
331 loJeod & Products .28 .98* .91* .71* .99* .86 -.29 .31 -.12
332 Furniture & Fixtures 1.00* .97* -.22 .83* .95* -.60* -.09 -.58* .52
341 Paper and Products 1.00* .99* .63* 1.00* 1.00* .65* -.57** -.83* .08
342 Printing s Publishing .89* 1.00* .53** .96* .99* .53** .57** -.83* -.05
353 Petroleum Refineries .96* .30 .29 .93* .77* -.10 -.75* -.07 .40
354 Petroleum, Coal products .94* .00 -.36 1.00* .92* .96* -.89* .28 .79
355 Rubber Products .54 .98* .03 .54 .93* -.05 -.39 -.59* •.54**
356 Plastic Products n.e.c. .82* .96* .70* .79* 1. 00* .52** -.43 -.75* -.33
381 Metal Products .79* 1.00* .92 .75* .41 .62* -.07 -.87* .67*
382 ~lachinery n , e. c. .89* 1.00* .71 .89* .95* .87* .25 -.68* -.33
383 Electrical Machinery .79* .96* .44 .89* .94* .45** -.39 -.66* .35
384 Transport Equipment .61** .99* .78 .96* .99* .64* -.29 -.55* .07
385 Professional Goods .64** .93* .66* .65** .65* .62* -.36 -.07 -.48*

Notes: * Indicates significance at the 5% level

** Indicates significance at the 10% level

Sources: Korea:
Japan:
U.S.A.:

Report on Mining and Manufacturing Survey, 1972
Census of ~anufactures, 1972
1972 Census of Manufactures
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TABLE 7

INTERFIRM DIFFERENCES IN VALUE ADDED PER WORKER,
BY INDUSTRY AND BY COUNTRY, 1972

KOREA JAPAN U.S.A.
(1) ( 2) (3) a (1) (2) (3) b (1) (2) (3)

ISIC Largest Smallest Ratio Largest Smallest Ratio Largest Smallest Ratio
CODE INDUSTRY V/L V/L 0)/(2 V/L V/L Ul/(2) V/L V/L (l)A~

3 Manufacturing 3353 928 3.61 13141 4105 3.20 23882 16338 1.46
31 Food, Beverage, Tobacco 6525 1117 5.84 18349 3380 5.43 36779 19071 1.93
32 Textiles 1976 847 2.33 5815 3410 1.71 14098 9896 1.42
33 \~ood 4617 992 4.65 10229 3983 2.57 17359 12723 1. 36
34 Paf,'?r & printing 3727 881 4.23 16254 4472 3.63 23695 16741 1.43
35 Chemicals 5373 1159 4.64 18711 5198 3.60 38252 18009 2.12
36 Non-metallic Minerals 4971 628 7.92 14227 3989 3.57 21868 18172 1. 20
37 Basic Metals 4369 834 5.24 14102 6134 2.30 21700 17528 1. 24
38 Fabricated Metals 2403 889 2.70 12497 4838 2.58 23599 16639 1. 42

321 Textiles 2251 888 2.53 6089 3350 1.82 16218 11851 1. 37
322 Wearing Apparel 1281 835 1.53 4506 3262 1. 38 13967 8753 1.60
323 Leather & Products 1483 776 1.91 6471 4741 1.36 15167 10615 1.43
324 Footwear 1194 861 1.39 7345 4123 1. 78 16500 8719 1.89
331 Wood & Products 5780 966 5.98 8854 4056 2.18 19958 12806 1.56
332 Furniture & Fixtures 1096 723 1.52 11737 3886 3.02 14658 12555 1.17
341 Paper and Products 5184 518 10.01 13356 3878 3.44 24383 15564 1.57
342 Printing & Publishing 3221 963 3.34 17569 4755 3.69 24101 15527 1.55
353 Petroleum Refineries 67654 1133 59.71 45812 11666 3.93 67000 24936 2.69
354 Petroleum, Coal Products 5198 1324 3.93 22057 6751 3.27 37425 26868 1. 39
355 Rubber Products 1466 820 1.79 12186 4322 2.82 28308 14810 1.91
356 Plastic Products n.e.c. 3722 791 4.71 12051 4515 2.67 23927 15974 1. 50
381 Metal Products 1697 791 2.15 14305 4749 3.01 20223 16421 1. 23
382 Machinery n.e.c. 1871 951 1.97 11736 5434 2.16 23919 17124 1.40
383 Electrical Machinery 2306 1045 2.21 13251 4437 2.99 20053 15430 1. 30
384 Transport Equipment 3316 949 3.49 12442 4323 2.88 25517 14644 1. 74
385 Professional Goods 2477 929 2.67 8375 4415 1. 90 30301 16619 1.82

Not~s : a The ratio is usr d as a proxy value for the efficiency advantage of the
modern technoiosy over the old for Korea/Japan and for Korea/U.S. comparisons.

b The ratio is used as a proxy value for the efficiency advantage of the
modern technology over the old for Japan/U.S. comparisons.

Sources: Tables 1.1, 1.2 and 1.3 respectively
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TABLE 8

CROSS-SECTION ELASTICITY OF SUBSTITUTION
BETWEEN CAPITAL AND LABOR, 1972

ISIC KOREA JAPAN ~
~ INDUSTRY Constant 0 R2 Constant-o- R2 Constant 0 R2

321 Textiles - .27 1.12 .67 7.44 .51 .92 1. 73 .75 .85
(.35) ( .05) (.11)

322 Wearing Apparel 3.93 .75 .57 6.99 .53 .58 2.61 .66 .95
(.29) ( .18) (.05)

323 Leather & Products 8.13 •41t. .07 10.99 •25t. .25 10.53 .11 .26
(.76) ( .18) (.07)

324 Footwear 8.71 • 34t. .12 5.05 .69 .55 - .35 .98 .33
(.42) (.25) (.52)

331 Wood & Products -9.29 2.69 .68 2.37 .89 .95 - .51 .97 .79
(.83) ( .07) (.21)

332 Furniture & Fixtures 5.12 .64 .62 -2.39 1.28 .80 4.55 .49 .39
(.25) (.24) (.23)

•341 Paper and Products -1.38 1.20 .94 -2.35 1. 24 .97 - .63 .98 .97
(.14) (.07) (.07)

342 printing & ~ub1ishing 2.89 .83 .84 -3.46 1.31 .96 - .44 1.00 .99
(.16) (.09) (.02)

353 Petroleum Refineries -8.91 1.81 .79 10.23 .38t. .02 1. 74 .72 .67
(.42) (.94) (.21)

354 Petroleum, Coal Products -5.12 1.53 .84 3.6:' •82t. .13 7.07 .30 .40
(.33) (.80) (.16)

355 Rubber Products 1. 20 .99 .83 -2.00 1.20 .88 .12 .93 .95
(.20) (.16) (.07)

356 Plastic Products -1.24 1.21 .52 -2.17 1. 23 .91 -4.87 1.41 .96
( .52) (.13) (.10)

381 Heta1 Products .77 1. 00 .89 11. 27 .45 .44 2.26 .72 .66
(.16) (.25) (.19)

382 Machinery n.e.c. 1.94 .91 .83 -3.27 1. 29 .86 3.08 .65 .91
(.19) (.18) (.07)

383 Electrical Machinery -1.07 1.17 .79 -9.35 1.74 .95 .01 .94 .96
(.27) (.95) (.07)

384 Transport Equipment .-5.00 1. 48 .77 -2.13 1.21 .87 1.88 .75 .92
(.36) (.17) (.08)

385 Professional Goods -6.82 1.64 .57 9.12 .38 .37 -4.35 1. 38 .99
(.64) (.18) (.05)

Notes: Numbers in parentheses are the standard error of the regression coefficients

t. indicates estimates not significant at P ~ .10

\

Sources: Korea: Report on Mining and Manufacturing, 1972
Japan: Census of Manufactures, 1972
U.S.A. : 1972 Census of Manufactures
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TABLE 9

CORRELATION MATRIX OF INDEPENDENT VARIABLES
IN THE REGRESSION EQUATION

OF THE EXTENDED NELSON MODEL

VARIABLES
wA/wB rnA B

(Jrn

KOREA/JAPAN A 0.46rn

rnB 0.20 0.32

a 0.41 0.31 0.43

(J 0.86 0.39 0.38 0.49

KOREA/U.S. rnA 0.45

rnB 0.19 0.51

a 0.22 0.31 -0.07

(J 0.81 0.32 0.07 0.49

JAPAN/U.S.

a

0.29

0.17

0.02

0.17

0.60

0.30

0.55
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