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This thesis attempts to analyze the relationship between

economic growth and human capital investments in Taiwan. The

study's general hypothesis is that increases in human capital

investments will stimulate the growth of gross national product.

The data were drawn from official Taiwanese publications from

different sources.

The first chapter emphasizes the importance of human capital

investments. Chapter II reviews the related literature. Chapter

III specifies the model and research methods. Chapter IV analyzes

the impact of human capital investments on gross national product.

The study is summarized and conclusions are drawn in Chapter V.

Materials collected to analyze the above problem reveal that

human capital investments have a positive and significant effect

on economic growth. In fact, human capital investments and

economic growth are mutually affected.
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CHAPTER I

INTRODUCTION

Background

The developing countries are becoming increasingly

conscious of the need for and the urgency of developing human

resources as an integral part of general economic development

planning. In fact, the development of human capital con-

stitutes an essential prerequisite and a key factor in

sustained and accelerated economic growth. Alfred Marshall

indicated that knowledge is the most powerful engine of

production; it enables us to subdue nature and satisfy our

wants. Adam Smith pointed out that the wealth of nations

could be measured by the acquired abilities of people--

their education, experience, skills, and health (4).

The value of additional human capital depends on the

additional well-being that human beings derive from it.

Human capital contributes to labor productivity and to

entrepreneurial ability that is valuable in farm and nonfarm

production, in household production, in the time and other

resources that students allocate to their education, and in

migration to better job opportunities and better locations

in which to live. Such ability also contributes importantly

to satisfaction that is an integral part of current and

1
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future consumption. From this point of view, T. W. Schultz

insisted that the decisive factors of production in improving

the welfare of poor people are not space, energy, and crop-

land; the decisive factors are the improvements in population

quality and advances in knowledge (3).

Investment in improving population quality can signi-

ficantly enhance the economic prospects and welfare of poor

people. Child care, home and work experience, the acqui-

sition of information and skills through schooling, and

other investments in health and schooling can improve

population quality, therefore stimulating the process of

economic growth. Such investments in low-income countries

have been successful in improving economic prospects wherever

they have not been dissipated by political instability.

Taiwan is the most famous case, since 1947.

Economic development of the Republic of China in the

postwar period can be said to be highly significant as

rapid growth was accompanied by stable prices, achievement

of full employment, and improved income distribution. The

decisive factors are the improvements in human capital.

Purpose

The purpose of this study was to determine whether

there exists a relationship between economic growth in

Taiwan and human capital investment. It analyzed the
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relationship by using three explanatory factors: education,

health, and vocational training, explaining why improvements

in human quality can affect economic growth.

Approach

The approach of the study was to treat gross national

product (GNP) as total output, gross domestic capital

formation as physical capital inputs, employement as a

measure of the labor inputs, and total amount of educational

expenditures and health expenditures as the human capital

inputs. The model was tested by regressing GNP on these

three explanatory factors.

Hypothesis

The study's general hypothesis is that increases in

human capital investments will stimulate the growth of

gross national product. To test this general assertion,

the operational hypothesis was developed: other things

held constant, human capital inputs and labor force inputs

will be significantly related to gross national product.

Significance of the Study

The proposed study focused upon the concept of

human capital investment and determine the relationship

between human capital investment and economic growth.

Related studies have been reported and have impliedthat

human capital investments would somehow stimulate
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economic growth. If such stimulation occurs, it behooves

the government to be keenly aware of the manifold possibi-

lities.

This study is significant in that it attempted to

1. Determine whether a relationship exists between

human capital investment and economic growth, and

2. Provide a rationale for the initiation of programs

designed to enhance human capital investment and to

strengthen them if a positive relationship does exist.

Concept and Definition

There is a long drawn-out controversy among economists

as to whether human capital is explicitly a form of capital,

whether it is at all useful and meaningful to treat invest-

ment in human capital in the same manner as investment in

physical capital and build up estimates of human capital

formation like the estimates of physical capital formation.

There is no denying the fact that the measures of capital

formation, based on fixed capital, are deficient. The

measures of capital formation omit expenditures for

education, nonprofit research, health, recreation, etc.,

which contribute to economic growth by increasing the

efficiency of a complex productive system (1).

Human capital can be broadly defined as the sum total

of the knowledge, skills, and aptitudes of people inhabiting

the country. In a broader sense, it includes the initiative,
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resourcefulness, capacity for sustained work, interests and

attitudes, and other human qualities conducive to higher

output and accelerated economic growth (2). Investment in

human capital refers to all the forms of investments directed

to raise the knowledge, skill, and aptitudes of the country's

population. The most obvious and direct investment would

include all of the investments in general education,

technical, vocational, and professional education; on-the-job,

in-service, or apprenticeship training; the improvement of

health and nutrition; the development of interests,

motivation and attitudes conducive to higher output; and

an accelerated rate of economic growth.

Outline of the Study

Natural resources, physical capital, and raw labor are

not sufficient in developing a highly productive economy.

A wide array of human skills is essential in fueling the

dynamics of development; without them, economic prospects

are bleak. During the past three decades, many low-income

countries have made large investments in the various stocks

of capital that are embodied in their people. The effect

of additional schooling and improvements in health on labor

productivity have been favorable. This study tries to

ascertain whether or not human capital investments are

decisive factors in improving economic prospects in Taiwan.
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The organization of this study should be viewed in

the light of the preceding considerations. Chapter II

reviews the related literature. Those factors are examined

which contribute to the achievement of economic growth.

There is also an attempt to forge a more precise link between

human capital investment theory and practical evidence

of human capital investment. Chapter III specifies the

model and research methods. Chapter IV analyzes the results

of human capital investment on gross national product.

The study is summarized and conclusions are drawn in

Chapter V.
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CHAPTER II

PREVIOUS RESEARCH

The Concept of Human Capital Investment

The emergence of interest among economists and other

social scientists in human capital is a recent phenomenon.

Although there was no formal articulation of the concept

of human capital, classical economists, by and large,

recognized the importance of human capital.

In 1691, Sir William Petty estimated the national

wealth, including the value of the people (20). Nowadays,

even though we have many more techniques to measure it,

the methods of modern calculation of national wealth are

not essentially different from Petty's.

Adam Smith included the acquired and useful abilities

of all the inhabitants of society in his concept of fixed

capital (32). Expenditure incurred by an individual in

acquiring these abilities is capital embodied in him.

Alfred Marshall considered the investment in human beings

as the most valuable of all capital (23).

Irving Fisher developed the theoretical framework

for an inclusive concept of capital and income in the

beginning of the century (14). But it was too abstract

for analytical purposes. H. Von Thunen argued that the

8
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concept of capital, as applied to man, did not degrade him or

impair his freedom and dignity but, on the contrary, that

failure to apply the concept was especially pernicious

in wars (35). Pigou, in his last work, "Socialism vs.

Capitalism," wrote that "To the economist, the most important

investment of all is the investment in health, intelligence,

and the character of the people" (26) .

It is noteworthy that among modern writers Theodore W.

Schultz made the contribution of drawing the attention of

economists to the idea of improving human acquired abilities

as a form of capital investment. He emphasized that the

acquired abilities of the human augment job performance and

as a result increase productivity (28). He explained that

the concept of capital consists of entities that have the

economic property of rendering future services of some

value. The distinctive mark of human capital is that it

is a part of man. It is human because it is embodied in

man, and it is capital because it is a source of future

satisfaction, or of future earnings or of both (29).

Some economists like Abramovitz (1) and Solow (33),

when attempting to explain the growth of the U.S. economy

over the first half of the twentieth century, came across

a relatively large residual which could not be explained

by the growth in capital and labor as conventionally

measured.

It was later recognized that the growth of human

capital, as reflected in the increase in the amount of
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education of labor force and therefore in its productivity,

accounts for a substantial portion of additional output.

Edward F. Denison (11) indicated the important value

of human capital in his book, Sources of Growth in the

United States and the Alternative Before Us. Theodore

W. Schultz pointed out the relationship between education

and economic growth (30). Others, like Harberger,

Selowsky (18), and Griliches (15) also have made some contri-

butions in this field.

Still, many modern economists are not in favor of the

use of the concept of capital as applied to man. Some

have questioned the feasibility of treating human capital

as a form of capital, in view of the formidable difficulties

involved in identification and measurement of human capital.

Hoselitz has warned that the concept of human capital,

particularly in the developing countries where there is

so much unemployment and underemployment, should be applied

with extreme caution; while others like Shaeffer feel that

even if it were possible to overcome the difficulties in

calculating the return on investment for human beings,

would it be advisable to do so and to attempt to use the

result as a basis for policy decision? (27).

Modhava Mal Mehta indicated that the reluctance on

the part of some economists to treat human resources

explicitly as a form of capital could be ascribed to the

I I"
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fact that human capital, like physical capital, is difficult

to identify and measure, as the human capital/output

relationship cannot be given quantitative respectability;

that human capital is not really physical capital as far

as its market characteristics are concerned (24). For

these reasons, some economists tend to use the concept of

capital for only that portion of the non-human, man-made

stock of wealth which is utilized directly in further

production. The controversy over whether human capital

should be explicitly treated as capital is still not

resolved.

Major Human Capital Investments

Investment in human capital refers to all of the forms

of investments directed to raising the knowledge, skill,

and aptitudes of the country's population. Recent years

have witnessed intensive concern with and research on

investment in human capital, much of the contributions

being stimulated by Theodore W. Schultz. The main

motivating factor has probably been a realization that

the growth of physical capital, at least as conventionally

measured, explains a relatively small part of the growth

of income in most countries (4). Many eminent economists,

including Theodore W. Schultz, Simon Kuznets, Edward F.

Denison, Gary S. Becker, Jacob Mincer, and B.A. Weisbrod,
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have strongly advocated the use of the concept of human

capital for accelerated economic growth.

The most obvious and direct investment would include

all the investments in formal schooling, on-the-job

training, job market information, health and nutrition,

and migration (21). Substantial evidence suggests that

economic growth in the advanced countries appears to be

attributable, in larger part than was previously supposed,

to human skills rather than to capital.

Even though there has always been considerable

skepticism about the treatment of education as an invest-

ment, the questioning has not successfully challenged

the main results, in part because the results themselves

seemed so plausible (13). Education is the most important

human capital investment.

The function of education is to raise and improve

the human capital potential and human ability. During a

time of economic growth, education is the major tool to

reach the goals of the country -- to meet current needs

and to prepare future productive capacity.

A benefit of education is anything that pushes outward

the utility possibility function for the society. Included

would be (a) anything which increases production possibilities,

such as increased labor productivity; (b) anything which

reduces costs and thereby makes resources available for

. , I . .- I - -- I , ;, - - - - , , t-a - - -"+; r
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more productive uses, such as increased employment

opportunities, which may release resources from law

enforcement by cutting crime rates; and (c) anything

which increases welfare possibilities directly, such as

the development of public-spiritedness or social con-

sciousness of one's neighbor (36),.

The accumulation of human capital may start with

formal education, but it does not end there. In fact,

investment in education may be wasted unless men and

women have the will to prepare for and engage in these

activities which are needed for accelerating economic

growth, and social and political progress. Undoubtedly,

it is a continuous and lifetime process, and the knowledge

and skills acquired during employment are often as

valuable as those acquired in school (19).

The benefits from the improved health of a population

result in improved productivity of the labor force and

hence have greater market opportunities with all employers.

Since in a free society, under circumstances of full

employment, workers can change employers at will, under

most circumstances no employer will finance general training.

Instead, the workers pay for it by accepting lower wages

during the training period, offsetting their higher wages

when training has ended. Specific training results in a

productivity increase that benefits only a specific employer.



14

The costs of such training are split between the employer

and the worker, rather than being solely undertaken by

the worker, as they are in the case of general training.

On-the-job training and schooling are not the only

activities that raise real income primarily by increasing

the knowledge at a person's command. Information about

the prices charged by different sellers would enable a

person to buy from the cheapest seller, thereby raising

his command over resources. Information about wages

offered by different firms would enable him or her to work

for the firm paying the highest wages. In both examples,

information about the economic system and about consumption

and production possibilities is increased, as distinct

from knowledge of a particular skill. Also, different

political and social structures may affect the opportunity

which is associated with a qualitative improvement in

the character of labor force and a quantitative improvement

in the numbers actually in the labor force at any given time.

Therefore, a reduction of debility represents a qualitative

improvement in the labor force, a reduction of morbidity

produces both a qualitative and a quantitative increment

to the labor force, and reduction in mortality has

essentially a quantitative impact.

Nutrition directly affects labor productivity in terms

of debility and indirectly through its effect upon disease.
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Adequate nutrition requires that a person receive the

minimum necessary inputs of calories, minerals, vitamins,

fats, and especially proteins. It has been found that

the related factors of health and nutrition explain much

of observed country to country differences in economic

growth (22).

On-the-job training consists of gaining skills in

the work situation. This can be accomplished through

formalized apprenticeship programs. Skill is usually more

a function of time spent on the job and consequent exposure

to the work situation over a number of years than it is

the result of formal or structured training programs.

Becker has distinguished two types of training: general

and specific (4). General training can be used by a variety

of employers. Trained workers offer higher productivity

getting various information, resulting in differences in

people's earnings (5).

Mark Blaug indicates that even though the theory of

human capital has proved itself to be amazingly fruitful

in generating hypotheses about economic behavior, of late,

however, the opposition has been more vocal. The observed

correlation between schooling and earnings that can be

explained by human capital formation can also be

explained by screening and signaling phenomena in the

labor markets (7).
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Migration is also a kind of investment. Economic

growth requires much internal migration of workers to adjust

to changing job opportunities. Young men and women move

more readily than older workers. It makes economic sense

to treat such migration as a form of human capital investment,

because young people have more years ahead of them than

older workers, during which time they can realize such an

investment. Hence, it takes less wage differentials to

make it economically advantageous for them to move; or to

put it differently, younger people can expect a higher

return on their investment in migration than do older

people (22).

Rate of Return in Human Capital Investment

Economists usually view problems of decision making

as those of constrained maximization (achieving the most

of what is desired from given quantities of resources used)

and minimization (achieving given quantities of what is

desired with the least resources used). Decision makers

calculate the cost and the return, and decide whether to

invest or not. But, from a planning point of view in

dealing with saving and investment, "the central concept

in capital theory should be the rate of return on

investment" (34).

There are two methods used to analyze human capital

investment. One is the internal rate of return, the other
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is cost-benefit analysis. The internal rate of return

is a rate of discount which makes the present value of

expected earnings equal to invested cost. The function is

n h'
C = E

1 (l+r)3

in which C is invested cost, h is the j period's expected

earnings, and r is the internal rate of return. On the cost

side, figures are computed for the direct and attributed

components of the costs of human capital investment assumed

to be actually incurred, and the opportunity costs of income

foregone as a result of the time spent on human capital

investment. For example, in dealing with education, Hansen

uses two major variants in the calculation of the resource

cost of education: (a) the total resource cost from the

societal point of view, and (b) the private resource costs

from the standpoint of individuals paying for their own

or some other individual's education (16). The internal

rate of return to total resource investment would refer to

social rates of return, and the internal rates of return to

private resources investment would refer to private returns

to education.

Cost-benefit analysis is a method of investment

appraisal. It can be applied to any expenditure which is

capital forming and, consequently, is expected to yield

a future return. When cost-benefit analysis is applied
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to expenditures which purchase some kind of treatment for

human beings, it is assumed that these expenditures

represent human capital formation (38).. Cost-benefit

analysis involves identifying and measuring the cost

associated with and the benefits expected from an investment,

and comparing them. The benefit/cost rate is only one of

a number of investment criteria which are used to decide

whether a proposed investment project offers an increase

in economic welfare. Since benefits and cost normally

take a number of different forms, the analyst attempts

to make them commensurable with one another by reducing

them all to money terms.

There are a huge number of writings using rate of

return and cost-benefit methods to analyze human capital

investment - schooling, on-the-job training, mobility, and

health. Instead of listing all of them, we just introduce

some of them. Becker divides the economic effects of

education into the effect on the incomes of persons

receiving education and the effect on the income of others.

The evidence reveals no significant discrepancy between

the direct returns to college education and business

capital (6).

Mark Blaug summarized the results of two recent efforts

to estimate rate of return to educational investment in

Britain (7). The results of the two separate calculations
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indicate that if 8 per cent is accepted as the social

opportunity cost of resources, there is little evidence

of social underinvestment in British higher education.

Mary Jean Bowman focused on "social" versus "private"

returns to education. The author outlines the two main

approaches to estimate the returns to education (8).

Edward F. Denison attempted to identify the sources of

past growth in the United States. He ysed earnings

differentials between groups classified by education to

represent differences in their contributions to population.

Three-fifths of the earnings differentials are assumed to

result from differences in education and work experience

(11). W. Lee Hansen, Burton A. Weisbrod, and William J.

Scarlon found that formal schooling is not as significant

as is often supposed in explaining earnings differentials,

and its significance diminished with the introduction of

the Armed Forces Qualification Test score as a measure

of earning (17). Theodore W. Schultz pointed out the rate

of return in allocating investment resources to education

(31). Ronald W. Conley's study concentrated on estimating

only the increase in marketable output that can be

attributed to vocational rehabilitation. It concluded

that it may be as desirable to assist the uneducated,

middle-aged, severely disabled, nonwhite, unmarried, and

other low productivity groups as their more vocationally
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successful counterparts (10). Kenneth J. Arrow suggested

that when the market fails to achieve an optimal state,

nonmarket social institutions tend to arise in an attempt

to bridge the gap (2). Selma J. Mushkin (25) discussed

the economics of health and education programs and the

interrelations between the two areas of human investment.

This work concluded with a survey of applications of cost-

benefit analysis to the human resources field.

However, there is a significant volume of criticism

of cost-benefit approach. Neil Chamberlain points out

that when we apply techniques of investment appraisal to

social expenditures upon education and training, we are

treating people as part of society's capital stock. He,

however, concluded that cost-benefit analysis can be useful,

but human capital analysis cuts too close to personal

integrity and lifestyle to win his acceptance (9).

William R. Dymond, viewing the matter from the viewpoint

of government agencies engaged in manpower policy, found

that the practical application of cost-benefit analysis

to specific programs and policies leaves much still unknown

and may lead to false conclusions (12).

The critics feel that cost-benefit analysis

concentrates on the quantitative to the exclusion of the

qualitative, thereby sacrificing worthy programs on a

cross of gold. In spite of those obstacles, the use of

_,POO
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cost-benefit analysis will inevitably grow. As a number

of political figures have recently affirmed, any adminis-

tration needs techniques of program analysis and evaluation

if it is to make effective decisions on resource allocation.

A quantitative evaluation of benefits and costs of

alternative programs is surely required for rational

decision making in government planning.
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CHAPTER III

METHODOLOGY

Introduction

The purpose of this chapter is to present the

methodology employed in this study. This discussion covers

the type of research, research model, research design

quantitative treatments, and methodological assumptions

and weaknesses.

Research Type

The type of research incorporated into this study is

structural associational research. The primary goal is to

determine whether a relationship exists between human

capital investment and economic growth. After these rela-

tionships are examined, it attempts to explain the

determinants of those relationships, building from a

theoretical model derived from previous research efforts

in this field.

Research Model

The model employed in this study utilizes a set of

three independent variables that measured the relationships

between gross national product and domestic capital formation,

25
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labor input, and human capital formation. The second model

utilizes components of three human capital indicators

(education, health, and vocational training) as independent

variables to ascertain the relationships of human capital

investments and human capital expenditures.

In order to determine the relationships between human

capital investment and gross national product, a Cobb-

Douglas production function is specified:

Yl = f(Km, L, Kh) = AkmaLbKhc (A)

Yl = Gross National Product
A = Coefficient of Production
Km = Domestic Capital Formation
L = Labor Input
Kh = Human Capital Investments
a,b,c are the Coefficients of each variable.

In order to realize those major human capital invest-

ments that influence economic growth, the function is

specified:

Y2 = f(S, T, St, E, I, M, Ph, V, Cl, Tr)

ASabcStcEdIeMfPhVhCe1 Trj (B)

Y2 = Human Capital Investments (Kh)
A = Coefficient of Production
S = Number of Schools
T = Number of Teachers
St = Number of Students
E = Educational Expenditure
I = Number of Medicare Institutes
M = Number of Medicare Personnel
Ph = Number of Pharmacies
U = Number of Vocational Training Institutes
Ce = Number of Vocational Training Classes
Tr = Number of Trainees
a,b,c,d,e,f,g,h,i,j are the Coefficients for each variable.
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In performing a regression analysis, a double-log

functional form was used to relate the dependent variable

to the explanatory variables for its simplicity and better

fit to the data. Therefore, the first function can be

transformed to

log Yl = logA + a logKm + b logL + c logKh + E. (A-l)

The second function can be transformed to function (B-1)

as

log Y2 = logA + a logs + b logT + c logSt + d logE

+ e logI + f logM + g logPh + h logU +

i logCe + j logTr + E. (B-1)

Research Design

The sample used in this study was drawn from different

sources (see Tables I - V, provided at the end of Chapter

III). GNP, private and public health expenditure, and

domestic capital formation were obtained from National

Income of the Republic of China. Labor input (L) data were

drawn from the Yearbook of Labor Statistics. Educational

investment indicators (S, T, St, and E) were from Education

Statistics of the Republic of China. Health investment

indicators (I, M, and Ph) were from Taiwan Provincial,

Taipei City, and Kaoshiung City Health Department.



28

Vocational training indicators (U, Cl, Tr) were from the

Statistics of Vocational Training, Skill Test and Employment

Service in Taiwan Area of the Republic of China. All of

the analytic results are shown in constant dollars.

This study was designed to determine the relationships

between human capital investments and economic growth. No

experimental design is necessary as the criterion measures

are gross national product, domestic capital formation,

labor input, and human capital investments. Human capital

investments in this study were limited to educational

investment, health investment, and vocational training

indicators for the convenience of research.

Quantitative Treatments

All quantitative techniques were applications of the

Minitab statistical package (5) and multiple regression (2).

For simplicity and better fit to the data, all the variables

were transformed to logarithm form. Two correlation

matrices were used to assess the multicollinearity among

variables.

Consistent with the model specified above, two

regression equations were formulated. Domestic capital

formation, labor input, and human capital investments were

the first independent variables entered into the regression

equation. These independent variables were used to test
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their effects on economic growth. Then, ten independent

variables (E, S, T, St, I, M, Ph, U, Cl, and Tr) were used

to examine the relationship between human capital expendi-

tures and the variables specified in previous studies

comprising human capital investment. First differences

technique was used to correct autocorrelated residuals (1).

The results of these two equations are given in Chapter IV.

Methodological Assumptions and Weaknesses

There are several assumptions and weaknesses which

threaten internal and external validity and impose potential

limitations upon this study. A primary external validity

threat in this study is a lack of generalizability to high-

income and low-income countries in resource constraints,

and in what people can afford to consume and invest, is very

large. Because of this large difference, the application of

human capital investments in the country which is the focus

of this study may not be applied to other countries.

A potential threat to internal validity within the study

involves the selection of the independent variables. In

doing structural research, the failure to adequately specify

the model by identifying the critically confounding secondary

variables can cause the research to declare that a relation-

ship exists when it does not (4). In this study, those

independent variables were arbitrarily used to testify

their effects on economic growth. However, it is plausible
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that economic growth was the result of 1) domestic demand

expansion, 2) export expansion, 3) import substitution,

and 4) changes in technology (3).

The sample size posed potential weakness to the study,

since a number of the parameter values required for the

analysis were extremely scarce. However, the analytical

results were believed reliable. In the following chapter,

results and interpretations will be presented.
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TABLE III

NUMBER OF SCHOOLS, TEACHERS, STUDENTS, AND
EDUCATIONAL EXPENDITURES*

(n = 28)

Year S T ST E

1956 2,321 45,093 266,432 4,634
1957 2,451 49,174 297,300 5,261
1958 2,593 53,829 315,865 5,694
1959 2,795 59,087 246,970 6,867
1960 2,961 64,272 390,334 6,711
1961 3,095 71,098 447,965 6,086
1962 3,140 75,455 507,678 6,769
1963 3,232 79,935 577,041 8,459
1964 3,294 84,231 658,442 9,874
1965 3,371 88,976 749,099 10,880
1966 3,457 93,232 827,938 12,233
1967 3,570 97,844 923,926 15,061
1968 3,815 104,074 1,082,503 16,850
1969 3,926 111,675 1,212,967 18,923
1970 4,036 119,095 1,358,062 23,855
1971 4,115 126,454 1,460,796 27,265
1972 4,211 132,064 1,574,311 34,258
1973 4,328 134,937 1,644,970 35,087
1974 4,400 139,081 1,715,923 34,225
1975 4,540 143,997 1,795,428 27,358
1976 4,572 149,805 1,838,564 37,144
1977 4,698 154,944 1,871,904 43,656
1978 4,824 159,608 1,889,875 49,591
1979 4,950 164,746 1,922,750 55,752
1980 5,097 166,740 1,948,095 59,905
1981 5,241 170,347 1,986,098 66,203
1982 5,452 175,154 2,039,339 74,113
1983 5,738 179,864 2,077,517 91,952

source: ministry of Education,
Education Statistics of the Republic

Executive Yuan,
of China.

*Unit = E in million N.T.

,- "U&4pw -- - 1111 10- --- -
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TABLE IV

HEALTH INVESTMENT INDICATOR*
(n = 28)

Year I M P

1955 1,004 4,014 10,358
1956 1,033 4,140 11,329
1957 1,052 4,048 11,870
1958 1,061 4,378 12,771
1959 1,095 4,511 12,644
1960 1,088 4,407 13,345
1961 1,089 4,492 13,646
1962 1,090 4,524 13,816
1963 1,091 4,709 13,751
1964 1,093 4,662 14,691
1965 1,093 4,889 14,895
1966 1,095 4,928 15,217
1967 1,093 5,066 15,778
1968 1,091 4,534 16,135
1969 1,094 5,011 15,475
1970 1,100 5,346 15,156
1971 1,199 6,012 15,224
1972 1,201 6,305 15,548
1973 1,201 7,717 16,018
1974 1,201 8,639 18,832
1975 1,203 9,337 20,320
1976 1,206 10,428 20,788
1977 1,213 10,521 20,895
1978 1,215 11,103 20,137
1979 1,221 11,284 21,719
1980 1,224 12,415 22,815
1981 1,229 14,024 23,510
1982 1,232 16,480 24,654

Source: Taiwan Provincial Health Department, Taipei
City Health Department, and Kaohsiung City Health Department.
The data from 1955-1967 is according to Statistical Abstract
of Taiwan Province.

*Unit = 1.
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TABLE V

VOCATIONAL TRAINING INDICATOR*
(n = 19)

Year U CL TR

1966 160 1,691 53,732
1967 157 2,593 87,611
1968 224 3,268 118,649
1969 302 3,985 136,108
1970 317 4,888 158,927
1971 316 5,158 172,543
1972 325 4,686 156,036
1973 384 6,743 209,525
1974 491 11,021 315,891
1975 431 7,159 198,185
1976 423 8,179 202,192
1977 415 8,620 239,718
1978 412 7,713 224,086
1979 438 9,589 277,355
1980 351 6,267 202,867
1981 388 7,163 198,607
1982 526 7,999 231,768
1983 5621 7,709 218,445
1984 521 8,467 232,871

Source: Employment and Vocational Training Adminis-
tration, Ministry of Interior, The Statistics of Vocational
Training, Skill Test and Employment Service in Taiwan Area
of the Republic of China.

*Unit = 1.



CHAPTER IV

FINDINGS

Chapter Overview

This chapter presents the analysis of the data

collected in this study. The findings resulting from the

methodological procedures described in Chapter III are

contained in Tables VI through IX, which have been adjusted

for autocorrelation (the results before adjustment are

presented in Appendix A). Each of these tables is

summarized below. Correlation coefficients among variables

(Ri), regression constant (A), partial regression

coefficients (B's), standardized partial regression coef-

ficients (Beta'a), t scores, coefficient of determination

(MR ), F value, and Durbin-Watson statistic are given.

Reference should be made to Chapter III for detailed

descriptions of the variables employed.

Equation A-1

Equation A-l regresses three independent variables

against a dependent variable Y, which is gross national

product. The value of constant (A) was -0.028.

Statistically significant relationships were found between

GNP and domestic capital formation (Km), labor input (L),

37
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and human capital investments (Kh). Variables Km and Kh

were statistically significant, but variable L was not

significant at the .05 level. Approximately 73.4 percent

of the variance was explained by these variables. For the

entire equation, the F value equalled 19.316, which was

significant at the .05 level (see Table VI and Table VII).

TABLE VI

SIMPLE CORRELATION COEFFICIENTS
FOR EQUATION A-1

Variables GNP Km L

Km 0.614 . . . .

L 0.039 0.083 .

Kh 0.388 0.269 0.218

TABLE VII

REGRESSION COEFFICIENTS FOR EQUATION A-1
DEPENDENT VARIABLE, GNP

Variables B Beta t

Km 0.409 0.801 6.77

L -0.130 -0.168 -1.44

Kh 0.653 0.640 5.30

MR = 0.734, F = 19.316, DW = 2.21, df = 21, Constant = -0.0279.
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Equation B-1

Equation B-1 regressed ten independent variables

against human capital investments (Kh). The value of

constant (A) was -28.414. Statistically significant rela-

tionships were found between human capital investments and

educational investment indicators (E,S,T,St), health

investment indicators (I,M,Ph), and vocational training

indicators (V,Cl,Tr). Variables S, T, St, Ph, V, Cl, and

Tr were statistically significant, but variables E, I, and

M were not significant at a level of .05. Approximately

99.9 percent of the variance was contributed by these

variables. For the entire equation, the F value equalled

69.131, which was significant at a .05 level (see Table

VIII and Table IX).

Distribution of Residual

In the least-squares linear regression model, the

distribution of the residual in the population can influence

desirable properties--the smallest sampling variability

and the greatest reliability of the sample estimates of

the population parameters. When the residuals in the

population are correlated with each other, they are

autocorrelated. Autocorrelated residuals bias the standard

errors of the regression coefficients, therefore reducing

the reliability of the sample estimates of the population

parameters.
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TABLE VIII

SIMPLE CORRELATION COEFFICIENTS
FOR EQUATION B-1

Variable Kh E S T St I M Ph U Ce

T .98 .99 .99 ... ... ... ... so

St .92 .96 .96 .98 ... ... ... * .. ...

I .86 .90 .87 .91 .91 ... 0 ..0 ..... 0.o

M .95 .94 .95 .95 .89 .88 . .. ...

Ph .87 .84 .89 .86 .78 .74 .95 ... ...

U .76 .83 .83 .87 .94 .81 .75 .63 ...

Ce .85 .89 .89 .92 .96 .85 .82 .72 .95 ...

Tr .75 .83 .82 .85 .92 .79 .73 .62 .95 .96

Although inspection of the residuals is often used to

test the autocorrelation, the most common statistical

procedure is the Durbin-Watson test. The Durbin-Watson

statistic does not have unambiguous critical values. The

values of d and the conclusions are as follows:
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TABLE IX

REGRESSION COEFFICIENTS FOR EQUATION B-1
DEPENDENT VARIABLE, Kh

Variable B Beta t

E -0.285 -0.317 -1.91

S 3.127 0.844 5.10

T 3.257 1.385 6.62

St -0.946 -0.578 -3.84

0.019 0.043 1.00

M -0.161 -0.135 -1.57

Ph -0.550 -0.199 -3.34

U -0.305 -0.230 -3.41

Cl .0.316 0.330 4.77

Tr -0.252 -0.244 -4.52

MR2 .999, F = 69.131, DW = 2.96, df = 5, Constant = -28.414.

Value of d

0 to dl

dl to du

du to 2, 2 to 4du

4du to 4dl

4dl to 4

Conclusion

Accept hypothesis of positive
autocorrelation

Neither accept nor reject null
hypothesis

Accept null hypothesis of no
autocorrelation

Neither accept nor reject null
hypothesis

Accept hypothesis of negative
autocorrelation

ORION No 011111"Pol
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The parameters of the d-statistic are k, the number of

regression coefficients, and N, the number of observations.

The values of dl and du are smaller; the larger is k and

the smaller is N.

According to the analysis of equation A-1 after auto-

correlation had been adjusted, at a five percent level of

significance, a null hypothesis of no autocorrelation was

accepted, and null hypothesis of no autocorrelation was

accepted for equation B-1 (see Table VII and Table IX).

The high and significant coefficient of determination

of equation A-1 reveals that there exists a significant

relationship between GNP and Km, L, and Kh. But only

domestic capital formation and human capital investments

have significant effects on GNP. Also, the independent

variables mutually suppressed each other and enhanced

their explanatory power.

The analytical results from equation B-1 revealed that

a highly significant relationship exists between human

capital investments and educational investment, health

investment, and vocational training indicators. Most of

them were significant, but variables E, I, and M were not

significant. The variables were highly correlated. The

findings justified the use of Kh, human capital expenditures,

as a proxy for the various components of human capital

investment.

-A JOW



CHAPTER V

CONCLUSIONS

Introduction

This chapter will summarize the study undertaken,

infer the findings presented in Chapter IV, and discuss

recommendations for use of human capital investment. It

will be divided into the following sections: (1) a review

of material presented in Chapters I through IV, (2) analysis

of findings related to the hypothesis, and (3) summary of

conclusions.

Review of Related Research, Hypothesis,
and Model Specification

The purpose of this study is to determine whether a

relationship exists between economic growth and human

capital investment. Related studies indicate that human

capital investments stimulate economic growth. This leads

to the hypothesis that increases in human capital investments

will stimulate the growth of gross national product.

Models using two sets of independent variables

reflecting capital formation, labor inputs, human capital

investments, educational investments, health investment,

and vocational training. The dependent variables were

43
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gross national product and human capital investments (Kh).

Two regressions were conducted. The first measured the

effect of human capital on GNP, comparing it with capital

formation and labor input. The second measured the

relationships between human capital investments and indi-

cators of human capital investments (education, health, and

vocational training). All the variables were drawn from

official Taiwanese publications from 1955 to 1981 from

different sources.

Analysis of Findings

Equation A-1

A statistically significant relationship was found

between GNP and the independent variables. Domestic capital

formation and human capital investments had statistically

significant effects on economic growth, labor input did not

have a significant effect on economic growth. As domestic

capital formation and human capital investments increased,

so did economic growth. These three variables explained

73.4 percent of the total variance.

Examination of beta and partial coefficients of

determination revealed that domestic capital formation was

more important than human capital formation in explaining

economic growth. Examination of Durbin-Watson statistic
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revealed that the null hypothesis of no autocorrelation

could be accepted.

These findings tentatively support the hypothesis that

increases in human capital investments can stimulate the

economic growth. However, domestic capital formation was

still the most influential factor.

Equation B-1

Statistically significant relationships were found

between human capital expenditure and indicators of human

capital investment. All these indicators had high

correlation with human capital investments. However,

educational expenditure (E), number of medicare institutes

(I), and number of medicare personnel (M) were not signi-

ficant. These ten variables explained 99.9 percent of the

total variance in human capital expenditures.

Examination of beta and partial coefficients of

determination revealed that number of teachers, schools,

students, training classes, and trainees were the major

factors of human capital investments. Examination of

Durbin-Watson statistic revealed that the null hypothesis

of no autocorrelation could be accepted.

These findings tentatively support the hypothesis that

investment indicators (education, health, and vocational

training) were the major factors of human capital investments
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which had the significant effects on economic growth.

Conclusions drawn from equation B-1 were strengthened by

2
the high total MR

Summary of Conclusions

Elements of the findings in equation A-1 tend to

support the hypothesis that human capital investments have

a positively significant effect on economic growth. Still,

domestic capital formation was found to be the most important

factor in explaining economic growth. Labor input was

found to be insignificant in explaining economic growth.

A possible explanation for this finding is that the

success of Taiwan Land Reform provided the agricultural

department the ability to support light-industry development,

thereby creating more job opportunities. This, in turn,

contributed to a more rapid rate of economic growth by

raising the incomes of lower-income groups and providing

farmers an opportunity to earn non-agricultural income.

The more income, the better the chance for people and

government to improve education, nutrition, health, and the

working environment. The improvements in health and

nutrition change birth and death rates, and life expectancy,

and therefore provide additional incentives to acquire more

education, health, and vocational training, as investments

in future earnings. These improvements in population quality

have been major sources of economic growth. Whereas, if the
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growth of economic active population left the population

growth behind, the population growth may jeopardize

economic growth (2). This is an alternative explanation

for the insignificant effect of labor input on economic

growth.

The findings in equation B-1 support the thesis that

educational expenditure, number of schools, teachers,

students, medicare institutes, medicare personnel,

pharmacies, vocational training institutes, training

classes, and trainees can all be factors used to explain

human capital investments.

It is clear that human capital is needed to bring about

technological advancements and to utilize the new tech-

nology efficiently. Thus, education, health, and

training are all vital inputs to any nation's efforts to

grow economically and to raise living standards. However,

the process of economic growth--the set of forces affecting

the pace and direction of economic development--is far

from being fully understood.

While a suitably educated, healthy, and trained labor

force is an essential component of human capital investment,

it is clear that no amount of education and training can

be sufficient for rapid economic growth. It is even more

clear that education and training alone cannot constitute

an optimal route to economic growth. They must be
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integrated with other economic and social inputs. Similarly,

a healthy population is vital to economic growth. Good

health is necessary to permit children to attend and

benefit from school, to facilitate geographic mobility in

response to economic change, and to increase productivity.

Still, good health alone cannot constitute an optimal route

to economic growth.

It would be a mistake to imply that causation runs

either inexorably or in a single direction, from human

capital investment to economic growth. Human capital

investment need not lead to proportionate economic growth.

A country's labor force could just as easily choose more

leisure.

In fact, human capital investments and economic growth

are mutually affected. At the same time that the form and

pace of human capital investment is affecting the economy,

that investment may itself depend on changes occurring

elsewhere in the economy. In particular, research and

economic growth may alter the private and public incentives

to invest in human capital. In addition, the process of

economic growth, by altering not only the quantity but the

forms of output and leisure, also affects the incentives to

invest in human capital, and in specific forms (1).

The empirical results are very tentative, since the

number of observations for each variable in the analysis
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is small. Rather than provide precise quantitative

estimates, the main objective of this paper is to establish

a framework within which the sensitivity of results to

the value of parameters can be evaluated. Further empirical

research is needed to verify this conclusion.
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TABLE X

REGRESSION COEFFICIENTS FOR EQUATION A-1
(BEFORE ADJUSTMENT)

Variable B Beta t

Capital Formation
(Km) 0.12 0.17 2.28

Labor Inputs
(L) 1.74 -0.66 8.40

Human Capital
Investment

(Kh) 0.14 0.12 2.90

MR2 = 0.998; F = 3438; DF = 23; DW = 1.07; dl = 1.06;

du = 1.54; Constant = -4.26.
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