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ABSTRACT

Despite large investments in natural resource projects, economic

growth in the Tennessee Valley region during the decade from 1950 to 1960

was not evenly spread across the region. In an attempt to analyze the

effectiveness of natural resource investments in stimulating regional

economic growth, this study was undertaken.

The overall pbjectives of this study were: (1) to ascertain the

factors that determine the rate of economic growth in the counties making

up the Tennessee Valley Region and (2) to assess the multistatistical

approach as a method of analysis in regional research. The specific

objectives of the study were; (1) to determine the relationship of

various types of socio-economic changes with the level and pace of

economic development and growth in the Tennessee Valley Region, (2) to

estimate the relationships between various kinds and amounts of invest

ments in natural resources and the economic growth of the Tennessee Val

ley region, and (3) to discover the cavises of disparity in the rate of

economic growth between coimties in the Tennessee Valley region.

In the study, it was hypothesized that regional economic growth

is a function of the socio-economic characteristics of the region in

question. To test this hypothesis, observations on the various socio

economic variables thought to affect regional growth were collected

from secondary sources for the 150 county study region. The data were

subjected to various multivariate statistical procedures.
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Principal component analysis was applied to the data that was

designed to measure the magnitude of economic diange which occurred

in the region between 1950 and 1960. The results of this analysis pro

vided an index of economic growth in which the most important variables

were; (1) change in median income of all families, (2) rate of popula

tion change, and (3) change in total payroll per capita. On the basis

of this index, the counties in the study area were divided into four

groups representing different rates of economic growth. An examination

of these groups indicated that economic growth occurred most rapidly

in urban-industrial complexes located along rivers or waterways which

had received natural resource investments in the form of dams or steam

generator plants.

Multiple discriminant analysis was used to test the significance

of the four groups of counties identified by the principal component

analysis. The results of this analysis indicated that the four groups

were significantly different from each other. The analysis also indi

cated that the most important variables in discriminating among the four

groups were: (1) median school years completed, (2) average size of house

hold, (3) non-worker to worker ratio, (4) location of TVA steam generator

plants and location of TVA dams.

Factor analysis was used as an objective method for formulating

hypotheses about regional economic growth and in selecting dependent

variables which constituted the basic or functional unities of a coiiq)lex

system of interrelated variables. The factor analysis was applied to

two sets of variables.



V

The first factor analysis was applied to 25 variables and extracted

seven factors. These factors were identified as: (1) Extent of Poverty,

(2) Sub-Marginal Agriculture, (3) Labor Force Maturity, (4) Inadequate

Natural Resource Investments, (5) Extent of Metropolitan Work Opportuni

ties, (6) Labor Force Productivity, and (7) Extractive. The relationship

between the seven factors and regional economic growth was analyzed by

regressing the index of economic growth derived by principal component

analysis on the seven factors. This analysis resulted in a regression

2equation with an R of 0.76 and four significant independent variables

at the .01 level. The four independent variables having significant

regression coefficients were; (1) Extent of Poverty, (2) Sub-Marginal

Agriculture, (3) Labor Force Maturity, and (4) Labor Force Productivity.

The second factor analysis derived 10 factors from 38 variables:

(1) Level-of-Living, (2) Natural Resource Investments, (3) Population

Maturity, (4) Sub-Marginal Agriculture, (5) Agricultural Employment, (6)

Ruralism, (7) Extensiveness, (8) Welfare Needs, (9) Local Government

Ineptness, and (10) Immobility,

In a regression equation, these 10 factors explained 98 percent

of the variation in the index of economic growth and had eight signifi

cant regression coefficients at the .01 level. The two variables with

non-significant regression coefficients were: (1) Natural Resource Invest

ments and (2) Immobility.

The findings of the study supported the following hypotheses:

(1) regional economic growth is a function of the socio-economic charac

teristics of the region, and (2) the observed socio-economic characteristics
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can be analyzed by various multivariate statistical procedures as a

means for gaining an understanding of the process of regional economic

growth.
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CHAPTER I

INTRODUCTION

I» INTRODUCTION

The development and conservation of the nation's natural resources

historically has been the responsibility of the federal goveimment. In

the past, public investments in natural resources have been justified

on the grounds that they improve economic efficiency. The provision of

natural resource protection such as flood prevention or soil conserva

tion, results in external economies, public goods, and indivisibilities,

•Without these three phenomena maximum economic efficiency cannot be

achieved. However, since the provision of the benefits to a given indi

vidual cannot be made contingent upon payment of a fee to the person

undertaking the natural resource investment, there is no incentive for

the investment in a market system. Thus, the government is justified

in making such investments on the grounds that economic efficiency will

be improved.

During recent years there has been an increasing interest by

federal, state, and local governments in the problems of the slow grow

ing or chronically depressed regions. With this increased concern

federal agencies administering natural resource programs have become

interested in the impact that their activities had had on regional

economic development. While much of the work of these agencies has

centered around their attempt to conserve, develop, and manage the

nation's supply of soil, water, timber, and mineral resources, the

overall objective of these investments in natural resources has become

1
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one of econonic development. This fact is emphasized by Senate Document

Number 97 which states:

National economic development, and development of each
region within the country, is essential to the maintenance
of national strength and the achievement of satisfactory
levels of living. Water and related land resources develop
ment and management are essentail to economic development and
growth . . . [93, pp. 12-13].

Thus, the stimulation of regional economic development in the slow grow

ing and chronically depressed regions of the United States has become a

second justification for investments in natural resources by the federal

government.

A prevalent philosophy of long standing is that the full develop

ment of natural resources eventually will generate economic activities

within the region of this development that will fully exploit the poten

tial of the augmented natural resource base. As a consequence of this

exploitation, so the reasoning goes, economic development will be stimu

lated and the problems of low income, unemployment, and underemployment

will be alleviated. To the extent that regional economic development

is a national policy goal, it is important to evaluate the hypothesis

that investments in natural resources serve as a stimulus to regional

economic development.

II. THE PROBLEM

The Tennessee Valley Region is composed of 201 counties in the

Tennessee River Watershed or served by distributors of Tennessee Valley

Authority electric power (Figure I-l)• The region has a populetion of
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almost seven million people, or about 3 percent of the nation's total

[63, p. 3]. The region is homogeneous in the sense that it comprises

one entire river.basin (the Tennessee) and part of another (the Cumber

land), but it is somewhat diverse in topography and economic activity.

In keeping with the National policy to stimulate regional economic

development, the Tennessee Valley Authority was established by Congress

in 1933 to organize and administer a regional resource basin of the

Tennessee River. The objectives of TVA included flood control, naviga

tion improvement on the Tennessee River, development and production of

new fertilizers, electric power production, resource development, and

improvements in the economic welfare of the people in the area [7, p.

475]. The efforts of TVA represent a sizable public investment in natural

resources. For example, between 1938 and 1967 TVA invested over 700

million dollars in water resource developments as a part of their re

source development programs.^ While TVA has been the largest investor

in natural resources in the Tennessee Valley other investments in natural

resources have been made by the Soil Conservation Service and the Army

Corps of Engineers.

Although large amounts of money have been invested in the Tennessee

Valley Region for the purposes of economic and resource development,

many areas of the Valley remain in poverty and can be classified as de

pressed areas. The underdeveloped nature of the Tennessee Valley is

^his figure was compiled from data provided by the Tennessee Valley
Authority.
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indicated by the fact that the region's labor force declined by 36,000

people from 1950 to 1960. Further, the number of workers in the young

adult age group (18-34 years) declined by 188,000 while the number in the

older age groups (35-64 years) increased by 152,000. Total population of

the region Increased during the 1950-1960 period but 135 of the 201

counties experienced population declines. The major metropolitan areas

of the region accounted for about half of the total population increase

(63, pp. 3-7].

Further evidence of the underdeveloped nature of the Tennessee

Valley Region's economy is contained in its per capita income statistics

(Table I-l). In 1929 per capita income in the Tennessee Valley Region

was $317 or about 45 percent of the national average of $703. By 1945

the income gap had narrowed and per capita income in the region was $784

or about 64 percent of the national figure of $1,234. By 1966 the per

capita income of the region was $2,075 while that of the nation was

$2,963. Thus, since 1921 the income gap has been declining so that by

1966 the Tennessee Valley Region's per capita income reached 70 percent

of the national average [63, p. 13]. However, of the 201 counties in the

Tennessee Valley Region, only 34 had incomes as great as the regional

average. Of the 167 counties below the regional average, many had per

capita incomes amounting to 45 percent or less of the national average

[63, p. 18].

Thus, it is apparent that while economic growth and development have

taken place in the region, this growth has not been evenly spread across

the region. Some areas appear to have shared more fully than others in



TABLE I-X

Year

PER CAPITA INCOME IN THE TENNESSEE VALLEY REGION AS A
PERCENT OF THE NATIONAL AVERAGE, 1929-1960

Tennessee

Valley Region
National

Average

Region as a
Percent of the

National Average

1929

1933

1945

1950

1960

1966

(dollars)

317

168

784

890

1,420

2,075

(dollars)

703

375

1,234

1,496

2,215

2,963

(percent)

45

45

64

59

64

70

Source: Tennessee Valley Authority, The Tennessee Valley Region.
Highlights of Growth and Change (Knoxville: Tennessee Valley Authority,
1968), p. 13.
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the region's prosperity. Therefore, because poverty, low Income, un

employment, underemployment, and lagging economic development charac

terize several areas In the United States, examination of the Tennessee

Valley Region's economic development should provide some Insight Into

the problem of ascertaining how effective various kinds and amounts of

natural resource Investments are, or would be, In alleviating these

conditions,

III. MJECTIVES

The overall objectives of this study were (1) to ascertain the

factors that determine the rate of economic growth In the counties

making up the Tennessee Valley region and (2) to eissess the multlstatlstl-

cal approach as a method of analysis In regional research. More specifi

cally, the objectives of the study were;

1. to determine the relationship of various types of socio-economic

changes with the level and pace of economic development and growth In the

Tennessee Valley region;

2. to estimate the relationships between various kinds and amounts

of Investments In natural resources and the economic growth of the Tenn

essee Valley region; and

3. to discover the causes of disparity In the rate of economic

growth between counties In the Tennessee Valley region,

XV. PROCEDURES

In order to accomplish the objectives of this study a multlstatlstl-

cal approach was employed. Data were collected from secondary sources
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on 60 variables (Appendix A, Table A-1) that were thought to be dimensions

of regional economic growth. The data were then subjected to a sequence

of different statistical techniques in order to both provide and test

hypotheses concerning regional economic growth.

As a preliminary step in the multivariate statistical analysis,

correlation analysis was applied to the 60 variables in an attempt to
2

eliminate those variates exhibiting similar relations. The resulting

reduced set of variables was employed in the remainder of the study.

The next step in the multistatistical approach utilized in this

study was to subject the reduced set of variables to principal component

analysis. This analysis served two purposes. First it facilitated the

removal of other variables exhibiting small variances. This permitted

the study of only those variates which had large variances. Secondly,

principal component analysis provided an objective procedure for deriv

ing an index of economic growth. The results of the principal component

analysis were utilized in a regression analysis in an attempt to provide

a quantitative explanation of economic growth in the Tennessee Valley

region,.

In order to gain some insights into the interaction of various types

of socio-economic variables with the level and pace of economic development,

the technique of factor analysis was utilized. This analysis extracted

from the set of variables employed in this study those factors which

formed the basic underlying structure of the region's economy. The

2
The correlation matrix for the 60 variables is contained in Appen

dix B, Tables A-2 through A-7.
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results of this analysis were used in conjunction with the results of

the principal component analysis in a regression equation designed to

explain regional growth. The results of these analyses were compared

to the results obtained using per capita income as the dependent variable.

Finally, discriminant analysis was applied to the variables to

explore the forces affecting the region's prospects for development.

More specifically this analysis was employed to investigate the differ

ences in the value of the growth index derived by principal component

analysis and thereby discriminate between four groups of counties repre

senting different rates of economic growth.



CHAPTER II

THEORY

I, INTRODUCTION

Regional economic growth and development have become a growing

concern of public policy. However, the social, political, and economic

processes involved in the regional growth process are so complex and

interrelated that theorizing about their nature is difficult. As a

result, economists and others concerned with the problems of regional

growth have developed their theories and analyses along different lines.

Therefore, there is today no one theory of regional development and

growth that is universally accepted [23, p. 209].

The remainder of this chapter will consider the major theoreti

cal concepts which have been advanced to explain regional economic growth

and development. This will be accomplished by reviewing some of the

major theoretical explanations of regional growth and by constructing

simple short-rvin and long-run models of a regional economy.

11, THEORIES OF REGIONAL GROWTH

The Sector Theory

The sector theory of regional growth was developed primarily by

Clark [13] and Fisher [20]. 'They observed that with a rise in per capita

incomes in different regions or at different times, the proportion of

the region's population employed in the agricultural sector generally

10
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declined. Also observed to accompany this rise in per capita income was

an increase in the proportion of the population employed in secondary

activities and in the service industry [50, pp. 58-59]. Clark and

Fisher hypothesized that this shift was due to (1) the existence of

different income elasticities of demand for the various sectors' products,

and (2) the differential rates of change in the productivity of labor

in each sector. Thus, in the sector theory of regional economic growth

attention is focused on internal development where economic growth is seen

to be the result of specialization of labor in the production of each

sector's product, Therefore, the sector theory hypothesizes that tiie

underlying cause of regional growth are shifts in the various sectors

of the region's economy [50, p. 59],

Hoover and Fisher [33, pp, 180-184] have combined the sector theory

with the theory of location to derive a hybrid theory of regional develop

ment stages. They conceive the development of a region's economy as

occurring in a sequence of five stages. The first stage in the develop

ment process is the self-sufficient subsistence economy in which there

is little investment or trade. In this stage the majority of the popula

tion is employed in agriculture and is located according to the distri

bution of natural resources. As transportation improves the regional

economy moves into the second stage in which production is increased

through specialization in agriculture and interregional trade. With the

increasing interregional trade and production, a third stage is reached

in which the region's agriculture shifts from extensively cultivated

crops to enterprises requiring intensive cultivation. In this stage
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increasing population pressure coupled with diminishing returns in agri-

culture induces the introduction of secondary industries. As secondary

industry continues to grow the emphasis in the region's economy shifts

from secondairy processing industries to heavy industry and the fourth

stage in the development of the region's economy is entered [33, p, 182],

The fifth and final stage is reached when the region's economy attains

an advanced level of economic development in which it exports services,

personnel, and capital to other less developed regions [50, p. 59].

In summary, the sector theory places emphasis on internal rather

than external development. Regional economic growth is conceptualized

"as primarily an internal evolution of specialization and division of

labor . , . " [50, p. 59]. The theory of developmental stages, which is

an extension of th© sector theory, implies that the policies and activi

ties of government and private groups can determine the rate at which

the regional economy moves from one stage to another [50, p. 60], However,

North [46] has objected to the developmental stages theory on two grounds.

First, the actual development of regions in America bears little resem

blance to the theoretical stages of the theory. Secondly, the sequence

of stages does not provide a normative model of how regions should grow

and, therefore, offers no means of analyzing the factors responsible for

a region's development [46, p. 245]. Thus, it would appear that the develop

mental stages theory is useful primarily in the sense that it may provide

an impressionistic view of the regional growth process.

Therefore, the main value of the sector theory of regional develop

ment is that it emphasizes internal development and that it may provide
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a convenient frame of reference for the study of regional growth. How

ever, while the sector theory may serve to point out some of the more

Important economic growth relationships, it is unsatisfactory as a frame

work for a broad-scale analysis of regional development and growth [50,

p. 62].

The Export-Base Theory

North [46] has hypothesized that the factor which initiates growth

in a region is the export-base. According to this theory, the growth of

a region is initiated as a result of the.response of the industries

within the region to an increase in demand for their output which arises

from sources outside the region. The Increased demand induces the indus

tries within the region to expand their operations and it also induces

additional economic activity in the trade and service industries. As

the demand for the region's exportable commodities increases, capital

from outside the region will be invested in the export industries within

the region in an effort to develop the production processes of the export

industries and increase specialization of services to the export commodi

ties. These investments result in increases in income which, in turn,

lead to an increased demand for secondary products. As this demand in

creases, investment is induced in other industries [50, p. 57]. Therefore,

-^orth maintains that "the export base plays a vital role in determining

the level of absolute and per capita income of a region" [46, p. 250],

The export-base theory has also been used extensively to explain

the forces behind urban economic growth [6]. In this context the economic
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base refers to those industries or activities of the urban community

which export their output to areas or individuals outside the economic

boundaries of the urban community [6, p. 161].

While the export-base theory is useful in emphasizing the fact

that regional development and growth are directly affected by develop

ments within the national economy, it "does not provide sufficient scope

for the internal growth sequences" of the regional economy [50, p, 60].

Tiebout [65] has argued that the export-base theory has limited applica

bility because the quantitative importance of exports as an explanatory

variable in regional growth depends on the nature and size of the region

under study [65, p. 164]. He has also pointed out that the export base

of a region is not the sole source of regional economic growth and may not

even be the most important factor in regional growth [65, p. 161]. Thus,

while the export-base theory is useful for its emphasis on the tie between

regional and national growth, it is too aggregative for analysis in depth

because it tends to neglect the functional relationship between regions

[50, p. 58].

Natural Resources and Economic Growth

Closely related to the export-base theory is the role played by

natural resource endowment in economic growth. This role has been analyzed

from many viewpoints. At one extreme such as in the classical dynamics

[8, pp. 51-69; 9, pp. 13-21] natural resources are accorded a dominat

ing role in economic growth. At the other extreme as exemplified by

Herrod's models [27] natural resources are given no role whatsoever in
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the process o? economic growth. However, as Schultz [58, pp. 125-145]

has shown neither of these contrasting views has any general validity

because they were both applied to a particular economy at a given period

in history.

In discussing the role of natural resources in economic growth,

Schultz [57, PPi 1-9] has emphasized the following points. First, a

country or region progresses in terms of per capita income and wealth,

the relative importance of natural resources declines. Second, because

newer forms of capital, such as investment in education, embody technology

superior to older forms, their capacity to increase output when combined

with natural resources, tends to rise rather than fall so long as the

economy is technically quite progressive [57, pp. 4-5]. Third, in a

dynamic economy, the supply price of the services of natural resources

may fall despite continuing population growth [58, p. 52]. Finally, the

value of natural resources at factor cost has been declining relative to

the aggregate value of all resources [58, p. 52]. These observations lead

Schultz to the conclusion that

.. . although natural resources are mainly an integral part
of the so-called backward sectors of the economy of most poor
countries, it does not follow that the production possibilities
of these countries are such that their natural resources act as
a burden on their economic growth [58, pp. 52-53].

In a recent article Cotner [15] has reformulated the classical

theory on resource scarcity so that it includes the faith in science

doctrine about resource availabilities. He demonstrates that the assump

tions behind the static theory of production lead tp the conclusion that

"limited resources would have a negative or dampening effect on economic
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expaixsion and growth" [15, p. 93]. However, when the faith in science

doctrine is included in the classical theory on resource scarcity resource

availability ceases to be a limitation on economic growth. Since science

and technology can be used to create resources or to make more produc

tive use of existing resources, economic growth becomes a function of

adequate resources to absorb investments. Therefore, Cotner concludes

that in order to achieve sustained economic growth adequate institutional

arrangements must be provi,dad to insure that resource creation and im

proved use of existing resources are not blocked [15, p. 97].

In summary, the literature on the rele of natural resources in

economic growth indicates the following: (1) natural resources have

exerted their influence on economic growth by subtly shaping the composi

tion of growth, rather than its rate, (2) the influence of natural re

sources on growth is part of a complex of many influences, and (3) the

relative importance of natural resources in economic development declines

as an economy progresses.
/■

The Retardation Hypothesis

Another concept of regional development and growth is the retarda

tion hypothesis of T. W. Schultz [56]. Schultz maintains that economic

development occurs in a specific locational matrix. Furthermore, he

concludes that there can exist more than one locational matrix in the

economy from which growth occurs and that this growth will occur at

different rates in alternative matrices [56, pp. 204-205].^ Schultz hypo-
/'

thesizes that these nodes of growth are industrial-urban in composition
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and, therefore, that the center of regional economic growth is not in

rural areas but in urban areas [56, p. 206], This leads Schultz to

the conclusion that the economic organization of a region works best

at the center of these urban-industrial growth nodes. The implication

of Schultz's hypothesis is that a region's lack of economic development

is due to inefficiencies in the economic organization of the urban-

industrial centers of the region,

/Schultz's retardation hypothesis is closely related to the study

of the role of cities in regional economic growth [22, 41, 62]. These

studies conclude that in general the concentrated growth of cities re

sults in external economies which can induce further expansion and growth

of economic activit]^* Also, the social environment of the city is

hypothesized to favor creativity and innovation to the extent that the

city is in the forefront of modernization. Thus, the concentration of

political, social and economic power in the city leads to further con

centration and, therefore, further economic development and growth [50,

p. 211].

While some empirical studies have tended to support the hypothesis

that urbanization causes more rapid progress other studies have not.

Tang [61] has concluded that input markets in agriculture operate more

efficiently near urban centers than at locations farther away. On the

other hand. Berry [10] has shown that a highly integrated system of

cities is not a necessary condition for economic development. However,

lie did find a strong association between urbanization and economic de

velopment.
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Balanced Growth

Still another theoretical concept which has been used to explain

regional economic development is the balanced growth theory. This con

cept as formulated by Rosenstein-Rodan [54] and Nurske [48] is based on

the idea of external economies which are defined by Higgins [30, p. 327]

as

.. , benefits which accrue to the society as a whole, or to
some members of it, in a fashion that does not bring a direct
return to the investor concerned.

Balanced growth as conceived by Rosenstein-Rodan [54] emphasized

the limitations imposed by the size of the market, because of indivisi

bilities in the supply of social overhead capital, complementarity of

demand, and indivisibility in th^ supply of savings, Rosenstein-Rodan

concluded that large-scale, planned industrialization is necessary to

stimulate economic development [30, p. 3^8].

Carrying this argument further Nurske [48] has concluded that the

size of market in an undeveloped area limits the inducement to invest

[48, p. 6], Thus, Nurske reasons that the small size of the market

discourages individual investment in any single line of production

considered separately. He concludes that this problem can be overcome

through "a more or less synchronized application of capital to a wide

range of different industries" [48, p. 11]. Nurske reasons that

People working with more and better tools in a number of com
plementary projects become each others' customers. Most indtis-
tries catering for mass consumption are complementary in the
sense that they provide a market for, and thus support, each
other ... . The case for "balanced growth" rests on the need
for a "balanced diet" [48, p. 11].
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-^he balanced growth doctrine haa been criticized for its failure
to recognize that undeveloped regions may have limited resources. In

regions where there is a shortage of resources the relationship between

industries is competitive rather than complementary as is assumed in the

balanced growth doctrine [21, p. 279]. This is due to the fact that the

limitation of factor supplies coupled with the introduction of large-

scale production units may give rise to diseconomies rather than econo

mies in other industries competing for the same market [21, p. 281].

Unbalanced Growth

/ Another argument which has been advanced to explain regional de

velopment is Hirschman's strategy of economic development [31]. Accord

ing to Hirschman the scarce resource in economic development is decision-

making. He maintains that savings and other resources are latently

available in any given underdeveloped region [31, p. 5]. Therefore,

he reasons that what is needed in dealing with problems of development is

a strategy that will induce and conserve decision-making

/ Hirschman maintains that development is an unbalanced process in

which growth is "communicated from the leading sectors of the economy

to the followers, from one industry to another, from one firm to another^

[31, pp. 62-63]. Thus, in order to keep the growth process moving ahead,

investment sequences must be initiated which maintain "tensions, dis

proportions, and disequilibria" [31, p. 66]. Hirschman reasons that^such

investment sequences enable an industry within a region to enjoy the

benefits of external economies "created by previous expansion, and, at
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the same time creates new external economies to be exploited by other

operations^ [31, p. 67].

Thus, Hirschman's scheme as applied to regional development is

concerned with/identifying the leading sectors in the region's economy

which may be capable of inducing additional investments in the regioi><

These leading sectors create investment opportunities which are easy to

exploit and which depend on the external economies created by the leading

sector. Hirschman calls these induced industries satellites and states

that they may be created through forward and backward linkage effects

[31, p, 102]. /i^ere the satellite industry uses the products of leading

industry as an input, development and growth occur as a result of forward

linkage. If, however, the leading industry is an important user of inputs

produced within the region, it may induce additional investment in the

supplying industries of the region and economic growth occurs as a result

of backward linkage. Therefore, Hirschman maintains that regional growth

will be maximized if investment sequences can be induced which maximize

the backward and forward linkage effects of the leading sector^

Using Hirschman's framework of analysis Christian and Vaughn [12]

have argued that both the rate and kind of industrial growth in the

Tennessee Valley reflect the sizable investment made in the electric

power industry of the region. They hypothesized that the electric power

industry acted as a.leading sector in the region's economy by inducing

additional investments in other industries. These investments were gener

ated in industries which thrived in the pecuniary external economies passed

on to them by the leading industry. Therefore, Christian and Vaughn
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reason that these investment sequences have enhanced the economic develop

ment and growth of the Tennessee Valley region.

HI. SHORT-RUN MODEL OF A REGIONAL ECONOMY^

Introduction

Metzler [43] and Airov [4] have presented a short-run model of a

regional economy which reveals much about the central relationships

between different economic magnitudes. The assumptions behind the model

are that (1) the time period considered is of such a length that only

changes in the location of economic activity, changes in investment,

or changes in export demand will result in changes in total regional

income and employment, and (2) there will be no changes in technology,

wages, prices, and the distribution of income in the economy.

The Model

The logical starting point of this analysis is the relationship

between regional consumption and regional income. The net income or

product of a region is equal to the sum of consumption expenditures,

investment, government expenditures, and the value of exports of the

region, less the value of imported raw materials, intermediate goods,

and goods for final use. This relationship can be expressed mathemati

cally [47, pp. 160-161] as

Y « E -t- X - M (1)

^This section draws heavily upon [4], [43], and [47, Chapter 7].
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where

■y ■ net regional product or income

E ■ expenditures on net investment, consumption, and government

X ■ exports

M = imports.

Since this is a short-run model prices, tastes, and preferences

are assumed constant. This means that total constimption, investment,

and import expenditures are a function of the total level of regional

income. Mathematically these relationships can be represented as

E - a + bY (2)

M » c + eY (3)

X - X (4)

where

a « level of expenditures when Y is zero

b ■ marginal propensity to spend ,

c = level of imports when Y is zero

e = marginal propensity to import

X = given level of exports.

Thus, the equilibrium level of regional income can be obtained by sub

stituting equations (2), (3), and (4) into (1). The result of this

substitution is

Y - a + bY + X - c - eY (5)

which can be simplified to

Y m ^ ~ ^ ^ ff-y.
* 1 - (b - e) .
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With the expenditure relations a linear function of the regional

Income level and with a given level of exports, a single determinate

value of regional Income can be obtained from equation (6). For some

othef vslue of the expenditure relations, a different value of Income

would result. Therefore,/to the extent that the expenditure relations

behave es Indicated In equations (2), (3), and (4) and that the other

simplifications employed thus far are Inconsequential, fluctuations In

regional Income In the short-run may be said to be the result of fluctua

tions In total expenditures on consumption. Investment, government, end

Imports/^The analysis cen be carried further In that the numerical magni

tudes of the fluctuetlons In regional Income due to changes In X, a,

or c can be obtained. The change In the equilibrium level of regional

Income \d.th respect to a change In' X, a, or c la called the multiplier^
The mathematical expression for the multiplier la obtained by taking the

first derivative of equation (6) with respect to X, a, or c. Thus, when

the level of exports. It, changes, the change In equilibrium level of

regional Income Is equal to

3^ 1
^ X " 1 - (b - e)

This expression says that with the given assumptions an Increase In the

given level of exports would cause the equilibrium level of regional In-

1come to rise _ q)' times the Initial Increase In the given level

of exports.
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Graphically, the short-run model of a regional economy is depicted

in Figures II-l and XI-2. In Figure II-l, the relationship between total

expenditures on consumption, investment, and government and total income

is represented by line EE. The relationship between imports and regional

income is shown by line MM. Since exports depend upon the income in

other regions, the level of exports is taken as given and is represented

by line XX.

Figure II-2 represents the relationship between aggregate demand

and aggregate supply in the regional economy. Since the aggregate demand

for a region's production is equal to the sum of the expenditures and

exports minus imports, line E'E* in Figure XI-2 represents this summa

tion. Xn other words, line E'E' shows the relationship between the

aggregate demand for a region's products and its net income in the short-

run.

The aggregate supply curve of the regional economy is depicted as

line OY in Figure XX-2. Remembering that prices and wages are assumed

to be constant in this model, the horizontal axis can also be visualized

as measuring the use of resources. Thus, as income increases more tjse

is made of the region's resources. Therefore, the line OY depicts the

level of factor income which is generated through the use of the region's

resources.

Xn sum the line E'E' in Figure XX-2 indicates the level of desired

expenditures in the regional economy, while line OY shows the actual

level of expenditures or the level of income that is generated from pro

duction in the region. When the level of regional income falls below
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Figure XI-1, The relation between total expenditures on consump
tion, investment, and government and total income in a regional economy.

Source: Hugh 0, Nourse, Regional Economics: A Study in the
Economic Structure, Stabilitv» and Growth of Regions (New York: McGraw-
Hill Book Company, 1968), p. 156.
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Figure II-2. The aggregate demand for and supply of the regional
economy's production.

Source: Hugh 0. Nourse, Regional Economics: A Study in the
Economic Structure. Stability, and Growth of Regions TNew York: McGraw-
Hill Book Company, 1968), p. 157.
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OA, a situation is encountered where desired expenditures are greater

than incomes. In this situation firms in the region would increase

production to offset the fact that their inventories were falling below

desired levels. When the level of regional income exceeds OA, firms

would encounter a situation in which their inventories are higher thain

the desired levels and, therefore, they would reduce output in order to

unload their inventories. In this situation income and employment would

in the short-run. Thus, OA represents the equilibrium level of

regional income. However, the assumptions of this model do not insure

that this level will be one at which full employment of the region's

resources occurs.

Related S tudies

Modifications of the above model have been used in a variety of

regional studies. In regions where there is insufficient data to work

out the above model and calculate the multiplier, economic base studies

have been developed [37, 52, 66]. These studies stress "the interrela

tions of sectors within a regional economy and the spread of impulses

originating in any one sector to all other sectors either directly or

indirectly" [37, p. 189]. The usefulness of these types of studies is

that they show how growth in one sector induces growth in another.

Another modification of the above short-run analysis combines the

economic base study with an input-output framework to derive multipliers

that will indicate the impact on a regional economy of a change in demand

for a particular activity [47, p. 163], Several of these studies have
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attempted to analyze the structure of a particular state's economy [25,

22]. Kalter has used interindustry analysis to estimate the economic

effects of water-based recreation investments on local political sub

divisions [38], Wilson has employed a Leontief input-output model to

establish the quantitative interrelationships among agriculture and agri

cultural related industries and non-agricultural industries within the

state of Tennessee [95].

In sum the short-run theory of regional income determination is

difficult to implement because of the scarcity of data. However, it may

be modified and become the base for several techniques of regional

analysis all of which have their shortcomings. The use of the short-

run framework in the economic base studies results in the error of using

a short-run model to analyze a long-run problem. In this context the

economic base study presents only a gross projection of the region's

growth and development [47, p. 180],

The use of the short-run theory as a base for impact or inter-

sectoral flow analysis is also useful. While the multipliers estimated

from this type of analysis are more refined than those derived from

economic base studies, they are still subject to the problems that result

from deriving the estimates from averages rather than marginal propensi

ties [47, p. 180].
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IV. A SIMPLE LONG-RUN MODEL OF A REGIONAL ECONOMY^

Introduction

As was Illustrated in the previous section, the short-run analysis

of regional income determination was concerned with the utilization of

the regional economy's full capacity during a time period in which capa

city was not allowed to change. However,/in long-run analysis the region

is assumed to reach its full-employment equilibrium level of income^

Thus, the concern of long-run analysis becomes one of explaining how the

full-employment level of regional income can vary over time. Therefore,

in contrast to the short-run analysis, the long-riai analysis assumed that

population, wages, prices, resources, technology, and the distribution

of income will vary. Thus the changes that occur in these variables will

hold the key to understanding changes in the potential level of regional

incom^/[47, p. 181]. To gain some insight into these relationships a simple

long-run model of the regional economy will be set up. This model will

utilize the production possibilities curve as a framework for analysis.

The Model

The assumptions of this model are that (1) the region produces

two commodities; a product for export and a local service, (2) the ex

port and local service market are the final market sectors of the regional

economy, and (3) the sum of the production in these two final sectors

less iii5)orts is equal to net regional product [47, p. 182].

2
This section draws extensively from Chapter 8, [47].
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The many combinations of amounts of exports and local services

that could be provided with the given skills, resources, and economic

organization of the regional economy can be represented by the produc

tion possibilities curve In Figure II-3, Any point on AB shows the

maximum feasible quantities of exports and local services which can be

produced with the resources available. If all resources In the regional

economy were devoted to export production, OA exports could be produced.

On the other hand. If all resources were put Into local services, an

output of OB units would be possible. If resources are divided between

the two products, the regional economy can produce various combinations

of exports and local services, represented by points on line AB.

By shifting resources from the production of exports to the pro

duction of local services (or vice versa) output Is shifted from one to the

other. AB Is concave upward due to the specialization of some factors

of production [47, p. 182]. This means that as one moves up the curve

from B toward A, one must sacrifice larger and larger quantities of local

services for each additional unit of exports produced. This will happen

because the regional economy's resources are not all equally well adapted

to producing the two goods.

Thus, AB separates feasible output combinations from combinations

which are not possible. It represents the maximum boundary of production

possibilities for the regional economy. The regional economy can never

operate outside Its production frontier and It will not want to operate

Inside the frontier. Combinations of production which fall within the

curve AB are possible but they leave some of the economy's resources
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Figure II-3. The production possibilities curve for a regional
economy.

Source; Hugh 0. Nourse, Regional Economics: A Study in the
Economic Structure. Stability, and Growth of Regions (New York: McGraw-
Hill Book Company, 1968), p. 183.



 

32

underemployed and represent less than full employment in the regional

economy [47, p, 183], Therefore, in order to achieve full employment

of its resources a regional economy must operate exactly on the boundary

of its production possibilities curve.

In a regional economy which is operating at full employment the

mix of production is determined by relative prices. In the present

model that combination of exports and local services will be produced

at which the ratio of prices of the products equals the ratio of their

marginal costs [47, p. 183].

Following Henderson and Quandt [29, pp. 68-70] this relationship

can be expressed mathematically, Assuming that the production possi

bilities curve, AB, in Figure II-3 can be represented as

X = h (q^^, q2) (8)

where

x° = the locus of output combinations that can be obtained from

the given input of the region's resources X

qj^ = output of local services

q2 =■ output of exports.

Further assume that the slope of the tangent to a point on the produc

tion possibilities curve AB is represented by line DE. Line DE repre

sents the rate at which exports (q2) must be sacrificed to obtain more
local services (q^) (or q^^ sacrificed to obtain more q2) without varying
the amount of the region's resources, X, that are used. The negative

' i.-. -.rf-v.-., jt. , tiLf-
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Qf the slope is defined as the rate of product transformation (RPT)

and can he expressed as

dq,
RPT « (9)

dq-

Taking the tptal differential of (9),

dx =■ hj^ dq^ + h^ ^2

Since dx = 0 for movements along the production possibilities curve,

-dq„ h^
RPT = -1— - ^ (11)dq^ h2

Equation (11) says that the rate of product transformation at a point

on a production possibilities curve equals the ratio of the marginal

cost of local services (q^^) in terms of X to the marginal cost of ex
ports (q2) In- terms of X at that point.

Employing the inverse-function rule, the rate of product trans

formation (RPT) can be expressed in terms of the marginal products or,

3 qi = ^ qj . JL. (12)
3 X ^1 3 X h2

Substituting (12) into (11),

^ ^2/3 X" dq, "3 q/y^x
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Equation (13) states that the rate of product transformation equals the

ratio of the marginal product of X in the production of exports (q2) to

the marginal product of X in the production of local services (q^^) •

Assuming that the outputs of the regional economy are sold at

fixed prices, the revenue of the economy is given by the linear equation

'1^1 ' ̂ 2^2

where

Piqi + Poqo

p^ " the price of local services (q^^)

P2 = the price of exports (q2)»

Thus, equation (14) represents an igorevepue line which is defined as

"the locus of output combinations that will earn a specified revenue" [29, p.

69]. In Figure XI-3, page 31, line DE represents an isorevenue line and
/

has a slope equal to the negative of,the ratio of the output prices or

-P1/P2. Thus, the slope of the isorevenue line is equal to the slope of

a tangent to the production possibilities curve. The matter of determin

ing the point on the production possibilities curve at which the economy

will ultimately settle becomes a constrained-maximization problem which

may be solved by forming the function

w = Pj^qj^ + P2q2 ^ [x° - h (q^^, q2) 1 (15)

where y is an undetermined Lagrange multiplier, Next, the function's

partial derivatives are set equal to zero:

^ - Pj^ - yh^ - 0
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1^= - yh2 0

9 w » x° - h (q,, q«) 0
3 y ^

Solving these equations simultaneously,

Pi h.
KPT =. -i - 7— (16)

P2 ^

or substituting from (12),

9q2/9x
p7 " 3qi/3x

RPT (17)

Equation (17) says that the rate of product transformation must be equated

with the fixed price ratio. Graphically this means that the specified pro

duction possibilities curve AB (Figure XI-3, page 31) must be tangent

to an isorevenue line, DE, in order for the regional economy to maximize

its income.

Thus, the point on the production possibilities curve at which

the economy will ultimately settle can be defined as

Pi P?
y " T-- = (18)hi h2

or substituting from (12)

9 qi 9 q.
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where y is the total derivative of R with respect to x. Therefore, the

equilibrium point on the production possibilities curve occurs where the

slope of the tangent to the curve AB, such as DE in Figure II-3, page 31,

is equal to the inverse ratio of the prices of the products [47, p. 185].

Utilizing the above framework it is possible to look at the means

by which a region may grow in income and employment. Any change which

results in the production possibilities curve shifting away from the origin

increases the capacity of the economy to produce. These changes may in

clude improvements in technology and the productivity of the labor force,

increases in the quantity of inputs, new discoveries of natural resources,

improved resource accessibility, and improved economic organization [47,

pp. 185-186]. The impact of these changes may affect one product of the

regional economy and not the other. For example, if an improvement in

the technology of export production is developed, the production possi

bilities curve in Figure XX-3, page 31, would shift from AB to GB. This

shift would represent an increase in the economy's capacity to produce

and, therefore, economic growth would result.

In sum, the simple long-run growth model outlined above indicated

that regional economic growth will result from either an increase in

available inputs or an increase in the productivity of inputs. While the

simple long-run model of regional growth is useful for relating the fac

tors affecting the growth of a regional economy, it is not suitable as a

framework for a broad analysis of a regional economy.
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V. CONCLUSIONS

The theoretical concepts which have been reviewed in this chapter

emphasize the fact that there is today no one generally accepted theory

of regional development and growth. Because the processes involved in

regional growth are extremely complex, only partial theories have been

advanced to explain regional growth and development.

However, one may conclude from the review of existing theories of

regional economic development and growth that if the researcher has (1)

acquired sufficient knowledge of the problem in question, (2) familiarized

himself with the data, and (3) developed meaningful hypotheses, logical

inferences may follow which will lead to predictions of importance. Thus,

the conclusion of this chapter is that consideration must be given to the

means of investigating the relationships involved in regional growth.

If meaningful hypotheses can be developed, then logical inferences about

the nature of these relationships can be drawn and tested. The next

chapter will develop the methodology employed in this study to analyze

the relationships involved in regional economic growth.



CHAPTER III

METHODOLOGY

I. INTRODUCTION

Since one of the major objectives of this study was to assess the

usefulness of the multivariate statistical approach in the analysis of

regional economic growth, it is appropriate to describe in detail the

methodological procedures used. The multistatistical approach may be

regarded as a family of statistical techniques which are applied to sets

of dependent variates in an attempt to analyze the problem under investi

gation [39, p. 6].

As it was pointed out in the previous chapter, in regional analysis

the complexity of the problem may prevent the development and testing of

logical hypotheses. In this situation some consideration must be given

to statistical techniques which may be used to reduce error and thereby

provide hypotheses which are meaningful and testable. Multivariate

statistical analysis^ is one such family of statistical techniques.
The remainder of this chapter will present a detailed discussion

of the statistical models used in this study. While the methodology

used is not new there are few instances where it has been used in an

analysis of regional economic growth.

The use of multivariate statistical analysis in the study of
water resource developments has been suggested by Cox in [16].

38
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II. THE DATA BASE

In this study it was hypothesized that regional economic growth

is a function of the socio-economic characteristics of the region under

consideration. Therefore, as a test of this hypothesis a set of socio

economic variables were observed and analyzed as a basis for drawing

inferences and hypotheses about the methods of analysis used and hope

fully, some conclusions about the development and growth of the Tennessee

Valley region.

The Study Region

2
One hundred fifty counties (Figure HI-l, page 40) of the 201 county

Tennessee Valley power service region were selected for analysis. It

was not possible to use all of the 201 counties in the analysis due to

the limitations imposed by the computer programs utilized in the study.

The 150 county region is shown in Figure III-l. In sum, the study region

included a majority of the counties which were located in a seven state

region composed of the counties in the Tennessee Valley watershed or

served by distributors of Tennessee Valley Authority electric power.

Sources of Data

Data on the 150 counties located in the study region were obtained

from secondary sources [69 - 92]. The following criteria were met in

2
For a list of the counties included in the study area see Appen

dix C, Table A-8.
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the selection of the data; (1) the data had to be readily available from

secondary sources, (2) the data had to be available for the same time

period, and (3) the data had to be available by county for all counties

In the study region. Additional advantages of the use of secondary

county data are the possible extension of similar studies to other areas

within the study region, or as was done In this study, the application

of other techniques to the same study region.

Sixty socio-economic variables were Initially selected to repre

sent the socio-economic characteristics of the study region. It was hypo

thesized that the socio-economic data on these variables were reflec

tions of man's reactions to his environment. If this Is true observa

tions can be made on data of county variables In such a manner so as

to determine the economic performance of the various counties within the

study region as It relates to regional economic growth.

The set of 60 socio-economic variables were made up of two sub

sets. The first subset Included variables 1 through 23 and were designed

to measure the magnitude of economic change which occurred In the study

region from 1950 to 1960. These variables subsequently became the de

pendent variables In the models used to analyze the data. The second

subset of variables Included variables 24 through 60 and were entered

Into the data analysis as Independent variables. Two of these variables,

the location of TVA dams and the location of TVA stean plants were entered

Into the analysis as dummy (zero-one) variables. This procedure was

followed In an attempt to determine what effect the location of a dam or

steam plant within the study region had on regional economic growth.
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III. PRINCIPAL COMPONENT ANALYSIS

Introduction

In the exploratory phases of a study with a large number of varia

bles under consideration the question arises as to how these variables

can be organized into a more fundamental set of independent variables.

One method that has been developed for this purpose is principal component

analysis. This method was originally developed in the field of psychology

by Pearson [49] as a means of fitting planes by orthogonal least squares.

Hotelling [35, 36] adopted this methodology and applied it to the analy

sis of correlation structures. Girshick [24] showed that Hotelling's

methodology could be applied to the solution of other problems outside

the field of psychology. In the field of economics, applications of

principal component analysis are limited. Stone [60] took data for the

United States coiq>rising, for each of the years 1928 - 1938, 17 series

regarded as constituent elements of national income. He did a princi

pal component analysis on the observations taken about their mean and

extracted three principal components, thus reducing the effective dimen

sions of variation from 17 to three. The three dimensions were inter

preted as total income, rate of change in total income, and a trend

term which expressed expansion or contraction of the economy. Thus,

Stone was able to gain considerable economy in the number of variables

required to explain the variations of national income. This illustrates

the basic objective of principal component analysis which is to economize

in the number of variables [39, p. 10].
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Component analyses may also be useful In the field of general index

numbers. Many questions concerned with regional economic growth require

a knowledge of the broad economic relationships that exist in the regional

economy. It is obviously impossible to include all of the necessary

variables in any one analysis. Therefore, it becomes necessary to rely on

indexes as substitutes for certain groups of variables. The method of

principal component analysis can be utilized to derive indexes that are

statistically valid [2, pp. 109-110]. In this study the method of princi

pal component analysis was used to derive an index of economic growth

from the measure (dependent) variables. Principal component analysis

was also applied to the independent variables to derive an index of

functional relations.

Description of Principal Component Analysis

Principal component analysis is a statistical technique which

provides an objective procedure for discarding variables which exhibit

small variances and using only those with large variances. For example,

suppose there are p variables x^^ . . . x^ each observed on n individuals.

The jth observation on the ith variable can be denoted as xij and arrayed

in a matrix:

^11

21

12

22

X
In

2n
(1)

1

pi p2 pn
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Given, that the objective is to reduce the number of variables, this

objective is accomplished by deriving a set of principal components

frpm the data matrix through a linear transformation of the variables

[39, p. 10], The resulting principal components are thus defined as

linear combinations of statistical variables which have special proper

ties in terms of variances. These special properties come about through

the transformation of the original vector variable to the vector of

principal components through a rotation of the original response coordinate

system to a new coordinate system. This rotation partitions the total

variance orthogonally into successively smaller portions and, when these

portions are distinct, only one set of coefficient vectors evolve [44,

p. 232]. Thus, the method of component analysis involves the rotation

of coordinate axes to a new frame of reference in the total variable

space. This rotation is an orthogonal transformation in which each

set of the p original variables is describable in terms of the p new

components [26, p. 136].

The import t characteristic of the new components is that they

account, in turn for a maximum amount of the variance of the variables.

More specifically, the first principal component is that linear combina

tion of the original variables which contributes a maximum to their total

variance. Mathematically [44, p. 224], the first principal component of

the observations (xij's) in the data matrix in equation (1) is that

linear combination

Cj - \lh + • • • +
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where

= the first principal component

'^il " the elements of the characteristic vector associated with
the greatest characteristic root of the correlation matrix

of the observations

X = the variables under consideration.
P

The second principal component accounts for as much of the residual

variance as possible and can be represented mathematically as:

VizXi + . . . + Vp2Xp (3)

where

" the second principal component

^i2 = the elements of the characteristic vector associated with
the second greatest characteristic root of the correlation

matrix of the observations

X = the variables under consideration.
P

Additional components are derived until all of the variance has been

analyzed [26, p. 136]. Thus, the jth principal component of the multi-

variate observations represented in the data matrix, x, of equation (1)

is the linear combination

Cj = V .X. + . . . + V .X (4)
j ij 1 Pj P

where

Cj = the jth principal component
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= the coefficients of the jth component which are the elements

of the characteristic vector associated with the jth largest

characteristic root of the correlation matrix

X = the variables under consideration.
P

In the extreme case the first principal component would explain

all the variation in the multivariate system. In the more usual case,

the importance and usefulness of the component would be measured by the

proportion of the total variance attributed to it. For example, if a

significant proportion of the variation in a multivariate system of

responses could be accounted for by a simple weighted average of the

response values, it would appear that the variation could be expressed

along a single continuum rather than in multidimensional space. Not

only is this more efficient, but the relative importance of each original

variable in the newly derived component would be indicated by the coef

ficients of the responses [44, pp. 224-225]. In calculating subsequent

principal components, which are constructed so as to be linear compounds

and orthogonal, the sum of the variances of all p»principal components

is equal to the sum of the variances of the original variables [26, p.

136]. A better understanding of principal component analyses can be

facilitated by a more mathematically oriented specification of the model

for component analysis.

Mathematical Model for Principal Component Analysis

As was mentioned previously the basic task of principal compo

nent analysis is to determine, first, an axis in the p-dimensional
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sample space along which the variance is maximum; then a second axis,

orthogonal to the first, which accounts for as much of the remaining

variance as possible; and so on until all of the variance has been analyzed.

Each new orthogonal axis accounts for a smaller proportion of the original

variance.

Following Kendall [39, pp. 13-15] this basic task is accomplished

by solving a set of p-homogeneous equations which result from partial

differentiation of the function to be maximized, subject to a restriction

that is introduced by use of LaGrange multipliers. Mathematically this

can be represented in the following manner:

v^(l-X) + ̂ 2 Y 12 ^3 Y 13

^1^21 + v^Cl-X) +V3Y23

^1 Y 31 + ̂2 Y 32 ^3^^"^^

+ . . . + VP Y Ip

+ . , . + V Y 2 =0p Y p

+ , ,.+v v3p Y p

(2)

^1 Y pi + ̂2 Y p2 + ̂3 Y p3

Equations (1) can be written as matrices as follows:

+. . .+v(l-X)=0
P

(1-X) Yi2 Y13

Y 21 (1-X^)
Y23

Y 31 Y32
(1-X^)

pi p2 p3

• • •

• • •

Y Im

Y2m

Y 3m

.. . (1-X^)

'^li

1

1 °

^2i 0

•

^3i

•

=

0

•

•

•

V ,
pi

1 .=

(3)
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Again, in matrix notation,

(R - Xil) Vi - 0, i - 1, 2, , . . pj (4)
where

I = an identity matrix

0 = a null vector

R » the correlation matrix

X^= the ith eigenvalue.

There are p nontrivial solutions, each representing the coefficients

for converting the p variables to one of the new, uncorrelated components.

The trivial solution would be to set V 0. For the nontrivial

solutions, the determihant of the coefficient of V is zero.

(R - XI) • 0 (5)

Equation (5) is the so-called characteristic equation of the correlation

matrix, for which there are p possible values of X. For a given root,

X^, the corresponding vector can be obtained by substituting the X^^

in the set of equations (2) and solving for V^.

When the vectors are made normal, that is, when

P 2Z v/ - 1 (6)
i - 1 ^

the variance of each set of components is X^,. The vector produces

the component of maximum variance, the variance being the value of the



 
 

� 

 
 

49

largest characteristic root Thus, the first principal component

may be denoted as

where

C » 2 V (7)
1 j-1 J

=» the first principal component

" the elements of the characteristic vector associated with

the greatest characteristic root X^^.

Xj variables in the study.

It can be shown [39, p. 15] that the variance of is equal to X^.

If this process is continued until all the variance has been

analyzed, the original variables x^^, X2 . . . x^ will have been trans

formed into a new set of variables, C2 • • • which are uncorrelated

and have variances , X„, ... X in decreasing order. Thus, the
i' z p

sum of the characteristic roots is equal to the total variance to be

accounted for or

P P
Z X 2 r,, (8)
i=l P j=l

In conclusion, the value of principal component analysis is de

rived from its use as an objective means for summarizing the variation

in a multivariate system in fewer variables [44, p. 228]. However, it

must be remembered that while principal component analysis provides a

means for determining the total variance and how it is partitioned, it

does not provide a measure of a fundamental model for covariance structure.
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In short, principal component analysis is merely a transformation of the

original variables into new variables which may reduce the dimensions

of variation of the original observations [39, p. 37]. In the present

study this technique was utilized to derive an index of economic growth

and is applied in Chapter IV.

IV. GENERAL FACTOR ANALYSIS

Introduction

In the study of regional economic growth the multiplicity of

variables to be considered creates a complexity of relationships that

requires simplification if the essential factors responsible for growth

are to be understood. The effectiveness of researchers seeking this

simplification is hampered by the lack of precision of conceptualization

and by the lack of measurement.

In the study of regional growth some objective method is needed

to provide insight into the chaos of multitudinous variables. The research

er cannot resort only to heuristic argioments based upon intuition and

analogy in order to formulate testable hypotheseso Factor analysis is

one statistical technique that is particularly useful in the early

sta^s of a study for formulating hypotheses.

Factor analysis was originally developed by psychologists in

connection with the determination of mental factors from scores on various

psychological tests [26, p, 4]. With the advent of computer science

factor analysis has been utilized in other social science fields.

Haygood [28] used factor analysis to delineate subregions of the United
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States. Schnore [55] performed a factor analysis to obtain factors

describing world industrialization and urbanization. Anderson [5] and

Kendall [40] have demonstrated the use of factor analysis in the analysis

of economic time series. In a study of socio-economic and political change

in underdeveloped countries Adelman and Morris [3] employed factor analysis

to summarize the social, economic, and political characteristics of 74

underdeveloped countries. The results of this analysis were used in an

econometric model in an attempt to obtain a statistical explanation of

the economic and noneconomic forces which determine a country's capacity

for economic growth. In a study of watershed development projects in Okla

homa, Cox and Badger [17] used factor analysis to reveal the underlying

relationships important to watershed development. The derived factors

were then utilized in a regression analysis in an attempt to predict the

rate of change of upstream watershed development projects. In a study

of the managerial behavior of farmers Morrow [45] used factor analysis

to isolate, from observable and relevant management behavior of farm

operators, basic mental processes which explained such behavior.

The Technique of Factor Analysis

The primary purpose of factor analyses is to reduce the original

number of explanatory variables to a smaller number of independent factors

in terms of which the whole set of variables can be understood [34, p. 17].

It accomplishes this purpose by identifying and summarizing the structural

relationships of a system so as to combine highly interrelated variables

into clusters called factors. Thus, factor analysis provides an objective
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means for expressing the observed relationships presented in a correla

tion matrix in ̂  smaller, but suitable linear space or dimension [34, p.

21].

Perhaps a better understanding of factor analysis can be achieved

by comparing it with regression analysis. Factor analysis is similar to

regression analysis in that it breaks down the original variance of a

variable into variance components associated with the variation of a

set of other quantities. This variable in regression analysis and the

variables that account for its variation are known as the independent

variables. However, in factor analysis, no distinction is made between

independent and dependent variables. They all are dependent and inde

pendent in turn. Thus, while regression analysis is a study of depen

dence, factor analysis is a study of mutual interdependence [3, p. 131],

Factor analysis also differs from regression analysis in that

the final explanatory variables of factor analysis are hypothetical

constructs instead of observable magnitudes as is the case in regression

analysis [26, p. 16], These hypothetical constructs represent groupings

of the original variables into clusters known as factors. Each clioster

or factor is a result of a linear combination of the original variables

included in the study [26, p. 14]. More specifically, each factor is an

eigenvector of the correlation matrix among the original variables [26,

pp. 137-143]. The mathematical procedure for constructing each factor

from the observable variables involves the following; (1) highly inter-

correlated variables are combined to form a single factor; (2) variables

are allocated to a given factor so that they are most nearly independent
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of the variables allocated to the other factors; (3) factors are derived

so as to tnaximize the percentage of the total variance attributable to

each successive factor; and (4) the factors are constructed so as to be

uncorrelated with each other [3| p« 132],

As mentioned previously, factor analysis attempts to represent

each variable as a linear combination of several underlying factors.

As Harman [26, p, 15] has pointed out, two types of factors may be dis

tinguished. Common factors are required to explain the intercorrelations

among the variables while each unique factor accounts for the remaining

variance of that variable. Since each variable can be expressed as a

linear combination of the common factors and a unique factor, factor

analysis can be interpreted as a regression of the observed variables

on the unobserved common factors and on a specific factor [26, p. 16].

The coefficients of the factors are called factor loadings and

serve to relate the observed variables to the common factors [26, p. 15].

These coefficients or factor loadings are interpreted in the same manner

as regression coefficients in correlation analysis. The factor loadings

are analyzed with respect to size and sign. The significant factor

loadings determine the number of variables included in any one factor.

Since the squared factor loadings represent the relative contribution

of each factor to the total standardized variance of a variable, the

summation of the squared row factor loadings indicates the extent to which

the common factors account for the total unit variance of the variable

[26, pp. 17-18]. These summations are called commonalities and play the

same role in factor analysis as that played by the coefficient of multiple
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determination in regression analysis. Thus, the communalities are a measure

of the variance of each variable explained by the extracted factors.

In summary, factor analysis is a statistical technique that can

be used to sin^jlify statistical data which arise from complex relation

ships encountered in a scientific endeavor. In the usual scientific study

this simplification involves two steps, First, a theoretical model is

formulated. Secondly, the data are analyzed and checked against the

model. However, in the study of regional economic growth there is no

adequate theory from which a model can be formulated and tested enqiiri-

cally. As Adelman and Morris [3, p. 133] have demonstrated, under these

circumstances some alternative is required for formulating hypotheses.

Factor analysis offers one such alternative. The principal usefulness

of factor analysis in this regard has been pointed out by Thurston [64,

p. 56]:

Factor analysis is useful, especially in those domains where
basic and fruitful concepts are essentially lacking and where
crucial experiments have been difficult to conceive. The new
methods have a humble role. They enable us to make only the
crudest first map of a new domain. But if we have scientific
intuition and sufficient ingenuity, the rough factorial map
of a new domain will enable us to proceed beyond the explora
tory factorial stage to the more direct forms of . . . experi
mentation . . ..

To facilitate a better understanding of factor analysis a mathe

matical specification of the statistical model is required. The next

section is a technical specification of the classical factor analysis

model.
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The Statistical Model for Factor Analysis

To state the model more specifically, let Zj be the Jth variable
and Zj^ be the value assumed by the jth variable on the 1th observation. ,
In the present study, the variables were the socio-economic Indicators;

the observations were the varloxis counties Included In the study region.

Therefore, a particular Zj^ represents the score assigned to the 1th
county on the jth socio-economic characteristic.

Recalling that the purpose of factor analysis la to represent

each variable Zj (j-1, . . . n) as a linear combination of several
underlying factors, the classical factor analysis model can be specified

as [26, pp. 15-16; 45, p. 59]:

4-
+ • • • <3 - 1- 2 n)

;3-
where

Zj ^ variable j
a... . . . a. ■ common factor coefficients
jl jm

F- , . . F w common factors
X m

Uj " unique factor
dj = unique factor coefficient.

Assuming; (1) the common factors and unique factors have zero

meaus and unit variances

(2) the unique factors are uncorrelated with each

other and

(3) the total variance In the data matrix Is composed

pf that 4ue to common factors (communallty) and
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that due to a specific factor in each item and

to error in measurements (uniqueness).

Following Morrow [45, p. 59], assumptions (1) and (3) can be

expressed mathematically as:

2 1 u2 . j 2Sj - X . h J + dj

where

2Sj = total variance of variable
2h j - communality or variance of variable; attributable to the

common factors

2dj = unique variance or variance of variable j attributable to

unique factors.

Assumption (2) can be expressed mathematically as:

+ a,„a, „ + . . . + a, = r,, (11)

where

^jl\l ®j2\2 +• • • ■•"

a.- . . . a. " common factor coefficients for variable j
Jl jm

\l • • common factor coefficients for variable k

r^j^ = correlation coefficient for variable J and k.
Equation (11) states that the correlations among the variables is accounted

for by m common factors [26, p. 15]. Thus, the basic computational

problem of factor analysis is the estimation of the mm factor loadings
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of the conunon factors [26, p. 16]. This is accomplished by determining

a matrix of common factor coefficients which will produce a reproduced

correlation matrix that best approximates the observed correlations in

the data matrix [43, p. 60].

In sum, the primary purpose of factor analysis is to reduce the

original number of explanatory variables to a smaller number of indepen-r

dent factors in terms of which the whole set of variables can be under

stood. It accomplishes this objective by combining highly interrelated

variables into factors which provide the researcher with a simpler, more

compact explanation of the regularities apparent in the empirical results.

Factor analysis was used in this study to simplify the complexity of

interrelationships which evolved from a multiplicity of variables affecting

regional economic growth. This technique is applied in Chapter V.

V. MULTIPLE DISCRIMINANT ANALYSIS

Introduction

In this study it was hypothesized that socio-economic data were

reflections of man's reaction to his environment. If this is true, observa

tions on data of county variables can be utilized to classify coimties

according to their performance in terms of economic growth. In order to

make this classification some objective means was needed for detecting

the differences among counties. One such statistical technique is

discriminant analysis.

Multiple discriminant analysis is a statistical method which may

be used in a multivariate comparison of several groups. The comparison
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is made through an examination of the group membership of individuals

on the basis of a set of attributes of those individuals [39, p. 144],

More specifically, multiple discriminant analysis determines statistically

by an analysis of variance, those linear combinations of variables which

best discriminate among various groups of individuals [53, p. 237],

While discriminant analysis is a fairly new tool in the economist's

tool kit, it has been applied to a variety of problems. Durand [19]

applied discriminant analysis to a set of financial data in an attempt

to discriminate between good and bad loans. In a study of the differences

between prices of producers' goods and prices of consumers' goods, Tintner

[67] employed discriminant analysis as a means of distinguishing between

the two groups of prices on the basis of certain measurements connected

with their behavior during the business cycle. In a study of agricultural

land prices in Oklahoma, Abdel-Badie and Parcher [1] used discriminate

analysis to show whether it is possible to discriminate between groups

of land sales which had a wide range in price. Adelman and Morris [2]

used discriminate analysis to devise relatively objective criteria for

selecting underdeveloped countries with immediate development potential.

Cox and Badger [17] applied discriminant analysis to a set of socio-economic

variables in order to discriminate between four groups of upstream water

shed representing different rates of development.

The Linear Discriminant Function

As mentioned previously discriminant analysis is a statistical

method that can be used to discriminate between i groups of observations
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on the basis of several observed variables. The discriminant function

accomplishes this by (1) separating the means of the i groups, and (2)

concentrating the variables in each group about their respective means

in order to make the probability of correct classification as large as

possible. Thus, the discriminant function cosibines a set of variables

in such a manner that the difference between the means of the i groups

per unit of dispersion about those means is maximum [51, p. 408]. In this

sense the discriminant function can be said to be an optimimi discriminator

[53, p. 288]. Furthermore, given certain assumptions, the multivariate

populations of the groups which serve as inputs for determining the dis

criminant function can be used in a test of the effectiveness of the dis

criminatory power of the function [51, p, 408].

Some insight into the usefplness of the linear discriminant func

tion can be obtained by briefly comparing it to linear regression analysis.

The discriminant function differs from the linear regression function in

its treatment of the dependent variable. In a linear regression function

the values of the dependent variable are used to determine a linear func

tion that will predict the values of the dependent variable. However,

in the linear discriminant function a classification of the data among

the various groups is used to determine the linear function. Therefore

discriminant analysis overcomes the problems usually associated with

quantitatively specifying a dependent variable [32, p. 180].

A better understanding of discriminant analysis is facilitated

through a mathematical specification of the statistical model for linear

discrimination. While the model presented in the next section is for
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discriminating between two groups of Individuals, It Is equally applicable

to a problem Involving several groups.

The Statistical Model for Linear Discrimination

The statistical model for linear discrimination Is based on several

assumptions. First, It Is assumed that the group assignment procedure Is

derived from a model of a multlvarlate normal distribution of observa

tions within groups. It Is further assumed that Individuals from the

groups appear In Intermingled random order for assignment to one of the

groups. Before assignment It Is not possible to tell to which group an

Individual belongs. Observations of k variables, *2, . . . Xj^, are

made for each group and are multlvarlate normal In the k variables.

2Let 1 variance of the 1th variable In the first group

and 0 T be the covarlance of the 1th and jth variables In the first
Ij • X

2group. The counterparts for the second group are Cf 2 "^ij 2'

The model assumes that the varlance-covarlance matrix of the first group

equals, component by component, the varlance-covarlance matrix of the

second group or

tolj.l' ("11.a>

for all pairs of 1, j formed from the numbers 1, 2, . . , k.

Since the varlance-covarlance matrices are equal no distinction

will be made between the variances and covarlances of the g groups In

2
the following discussion. In the remainder of the discussion will



� 

� 
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represent the variance of the ith variable in any of the groups and

will represent the covariance of the ith and jth variables.

A second assumption of the model for linear discrimination is

that the means of the two groups differ [32, p. 180]. Mathematically

this means that the point denoted by • • • » does not coincide

with the point (yj^2* • • • » ^1^2^ where represents the mean of the

ith variable (i 1, . . , , k) in the jth group (j = 1, 2).

Given the above assumptions it is possible to form two univariate

normal groups of individuals. This is accomplished by taking a linear

combination of the set of k variables by means of which it is desired

to discriminate among the two groups of individuals or

Y " ̂1 *1 + X2 X2 + . . . + (13)

where

Y the value of the linear combination of k variables

Xj^ . . . X^= the coefficients of the k variables in the linear

combination

.. . Xj^= the k variables.

When each k variable observation in the two groups of individuals is

subjected to equation (13) the resulting groups will have identical

variances or

2 2 2
(14)

y.l y.2 y
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but their means and will differ. Thus the problem in discriminant

analysis is to determine the X's that will enable y to serve as an index

for differentiating among members of the two groups [32, p. 180], This

is accomplished by solving a set of simultaneous linear equations derived

from equations (13) and (14) of the form,

XlO + X2aj_2 + f . . + ' ^11 ' ^12'

(15)

^l\l ^2^2 + • • • + V^k " ̂kl " ̂k2'

Hoel [32, pp, 181-183], and Kendall [39, p. 147] have shown that the

values of 0^ determined by solving equations (15) will maximize the

expression

(y„, -h„9)2
, . (16)

y

Therefore, the determination of the X's will maximize the square of the

difference between the means of the linearly transformed observations

per unit of their variance. In order for the difference between the

means to be a maximun the square of the difference has to be a maximum

[51, p. 410], This property is illustrated by equation (16), In sum,

when the lambda coefficients of equation (13) are determined by the

above procedure the resulting equation becomes a linear discriminant

function.
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In conclusion discriminant analysis can be used as a unified

approach in solving a problem involving multivariate comparisons of

several groups. In this study the technique was used to evaluate several

different environmental variables which may affect group performance and

to establish significant grovqj differences. The discriminate analysis

is performed in Chapter VI.

VI. SUMMARY

In this study it was hypothesized that man's reactions are a

function of the socio-economic characteristics of his environment or

community. It was also hypothesized that observations on these character

istics can be analyzed so as to gain insight into the mechanics of regional

economic growth.

In order to accomplish this analysis three multivariate statisti

cal models were employed along with stepwise regression analysis.

Principal component analysis was proposed as a technique for transforming

the original variables into new variables which may reduce the dimensions

of variation of the original observations and serve as an index of econo

mic growth.

Factor analysis was proposed as a technique for explaining the

possible interactions or groupings of the socio-economic variables so as

to provide a simpler, more compact explanation of the regularities apparent

in the data. The established patterns or regularities can then be used as

a basis for an analysis of the forces affecting regional economic growth.
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Multiple discriminant analysis was proposed as the statistical

method to use Ih a multlvarlate comparison of several groups of counties.

The results of this analysis can be utilized to classify counties on the

basis of their performance as It relates to economic growth.

The examination of the three statistical models suggested that

they were highly complementary and provided a way to comprehensively

and objectively analyze the relationship between man's socio-economic

environment and regional economic growth. These analyses Included not

only the delineation of Important variables and factors contributing

to regional economic growth, but also the capability to predict future

economic growth of the region,



CHAPTER IV

PRINCIPAL COMPONENT ANALYSIS OF ECONOMIC GROWTH

IN THE TENNESSEE VALLEY REGION

I. INTRODUCTION

The problem of measuring the rate of regional economic growth Is

difficult. The usual approach uses some proxy variable such as the

level or change In per capita Income as an overall Indicator of economic

growth. However, while such an approach Is parsimonious It does not

always suffice as the sole criterion of the level of regional economic

growth [30, p. 10], The problem of deriving an Index of economic growth

may be approached by the use of principal component analysis. The pur

pose of this chapter Is to Illustrate how the technique was applied to

the study of economic growth In the Tennessee Valley region.

II. DATA REQUIREMENTS

Principal component analysis was applied to 13 of the 23 measure

variables In an attempt to construct an Index of economic growth for

the 150 county Tennessee Valley region. Using correlation analysis as

a screening technique on the Initial 60 variables, the following 13

measure variables were selected for the principal component analysis:

(1) rate of population change, (2) change In median Income of all families,

(3) change In median Income of rural families, (4) change In median

Income of rural farm families, (5) change In total property tax, (6)

65
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change in median value of owner occupied housing units, (7) change in

the percent of dwellings structurally sound with all plumbing facilities,

(8) change in the percent eiiq)loyed in agriculture, (9) change in retail

sales per capita, (10) change in value of farm land and buildings, (11)

ratio of bank deposits to aggregate Income, (12) change in total payroll

per capita, and (13) change in the value of manufacturing per capita.

III. THE ANALYSIS OF THE 150 COUNTY

TENNESSEE VALLEY REGION

Computational Procedure

The computational procedure [18, pp. 150-154] utilized in the pro

gram can be specified as follows. Given the observations in the form

where i « 1, 2, , . . n counties and j - 1, 2, ... m variables, the

data were centered and normed such that

W - (.^j) . (Xy - x.j) .
1/2

(1)

1 ^
where 4 " v7 ^ i

or the mean value of the jth variable in the ,ith county.

The correlation matrix R of the standardized variables was

computed

n

C » (Cjj^) " 2 ^^ij^ * ^^ik^ k - 1, 2, ... m (3)
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Next, the eigenvalues and corresponding eigenvectors of the correlation

matrix were computed so as to solve a system of linear simultaneous equa

tions specified as

(R - Xl)v - 0 (4)

where

R " the correlation matrix

X = eigenvalue

V = the matrix whose colunlns are the corresponding eigenvectors.

Denoting X^ as the jth eigenvalue and setting V = data

(W's) were transformed into th^ir orthogonal components by the matrix

multiplication

<"lk>

The results obtained from equation (5) were used to rank order each

standardized county by the size of each principal component separately.

Results of the Analysis

The data representing the 13 selected variables for the 150 county

study region were utilized in a principal component analysis program

[18, pp. 150-154]. The results pf this analysis are reported in Table

XV-1 and indicated that the first principal component accounted for 40

percent of the total variation of the 13 variable multivariate system.

In other words, 40 percent of the variation in the multivariate system
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TABLE IV-1

COMPONENT COEFFICIENTS FOR THE FIRST PRINCIPAL COMPONENTS OF THE
MEASURE VARIABLES FOR THE 150 COUNTY TENNESSEE VALLEY REGION

Variable Component
Number Description Coefficient

1 Rate of population change 0.3747

2 Change in median income of all families 0.3843

3 Change in median income of rural families 0.2981

4 Change in median Income of rural farm families 0.3019

5 Change in total property tax 0.1567

6 Change in median value of owner occupied housing
units 0.2515

7 Change in the percent of dwellings structurally
sound with all plumbing facilities 0.1817

8 Change in the percent employed in agriculture 0.2066

9 Change in retail sales per capita -0.2091

10 Change in value pf farm land and buildings 0.2849

11 Ratio of bank deposits to aggregate income 0.2093

12 Change in total payroll per capita 0.3578

13 Change in the value of manufacturing per capita 0.1568

Variance 5.1568

Percentage of total variance 40.0

, ^ - -r *■ • V ■' . :
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of 13 responses was accounted for by a simple weighted average of the

response values. Thus, it would appear that the variation in the measure

variables of economic change can be expressed along a single continuvim

rather than in a multidimensional space.

As Table IV-1 indicates, the first principal component of the 13

measure variables was the linear compound given by

• 0.3747 + 0.3843 X2 + 0.2981 X3 + 0,3019 X^

+ 0.1567 X- + 0.2515 X, + 0.1818 X., + 0.2066 Xq
5 6 7 8

- 0.2091 Xg + 0,2849 X^^q + 0.2093 X^^^^ + 0.3578 X^^

+ 0,2678 X,
13

where

"the first principal component of the 13 measure variables, and

Xj^ . , . Xj^2 " measure variables of economic change.

Not only is this linear compound, more parsimonious, but the relative

importance of each original variable in the newly derived component is

indicated by the coefficients of the 13 variables in equation (1). It

would appear that in the linear index of economic growth represented by

C^, the most important variables were (1) change in median income of all

families, (2) rate of population change, and (3) change in total payroll

per capita (Table lV-1).

As a check on the representativeness of the newly derived com

ponent as an index of economic growth, the correlation coefficients for

the first principal component and the measure variables were computed

(Table lV-2). The resulting component correlation coefficients were
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TABLE IV-2

COMPONENT CORRELATION COEFFICIENTS FOR THE FIRST PRINCIPAL
COMPONENT OF THE MEASURE VARIABLES FOR THE 150

COUNTY TENNESSEE VALLEY REGION

Component
Variable Correlation
Number Description Coefficient

1 Rate of population change 0.8509
2 Change in median income of all families 0.8727
3 Change in median income of rural families 0.6769
4 Change in median income of rural farm families 0.6856
5 Change in fotal property tax 0.3558
6 Change in median value of owner occupied housing

units 0.5711
7 Change in the percent of dwellings structurally

sound with all plumbing facilities 0.4126
8 Change in the percent employed in agriculture 0.4692
9 Change in retail sales per capita -0.4748
10 Change in value of farm land and buildings 0.6470
11 Ratio of bank deposits to aggregate income 0.4753
12 Change in total payroll per capita 0.8125
13 Change in the value of manufacturing per capita 0.6081

" V

. • '■ < "• '-f-
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■ V L "

• s



71

of sufficient magnitude to justify interpreting the first principal

component as a general index of economic growth. Thus, the linear com

pound of the 13 measure variables as defined in equation (1) became

the index of economic growth which was utilized in the remainder of

this study.

The first principal component was provisionally identified with

economic growth smd the 130 counties were arranged in order according

to the magnitude of as given in equation (1). The results of this

ranking are presented in Table IV-3. The ranked counties were then

grouped into fast growth, medium growth, slow growth, and no growth

groups according to the values of which they bore. The results

agreed with general knowledge about the geographical distribution of

economic growth in the Tennessee Valley regionn

More specifically, the fast growth counties included the first

13 counties listed in Table XV-3. To be included in this group a county

had to have a value of which was equal to or greater than 0.3143.

The second group or the medium growth counties was composed of 21

counties. This group included those counties which had a value of

less than 0.3143 but equal to or greater than 0.1057. The third group

of counties was (jlesignated as slow growth counties and contained 25

counties. To belong in this group a county had to have a value of

which was less than 0,1057 but greater than or equal to zero. The

fourth group contained 90 counties and was labeled no growth counties.

To be classified as a no growth county a county had to have a value of

which was less than zero. Thus, as Table IV-3 indicates the majority
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TABLE IV-a

THE RANK ORDER OF EACH COUNTY IN THE TENNESSEE VALLEY REGION ORDERED

BY THE SIZE OF THE FIRST PRINCIPAL COMPONENT OF ECONOMIC GROWTH

Size of

the First

Principal County
Component Number County Name

0.6718 124 Roane (Tennessee)
0.5308 11 Madison (Alabama)
0.A611 31 Marshall (Kentucky)
0.4364 70 Davidson (Tennessee)
0.4267 84 Hamilton (Tennessee)
0.4114 24 Walker (Georgia)
0.3863 133 Sullivan (Tennessee)
0.3859 30 McCracken (Kentucky)
0.3657 130 Shelby (Tennessee)
0.3611 2 Colbert (Alabama)
0.3572 25 Whitfield (Georgia)
0.3305 83 Hamblen (Tennessee)
0.3143 16 Catoosa (Georgia)
0.2966 14 Morgan (Alabama)
0.2892 57 Bradley (Tennessee)
0.2857 43 Henderson (North Carolina)
0.2799 98 Knox (Tennessee)
0.2749 49 Transylvania (North Carolina)
0.2676 105 McMinn (Tennessee)
0.2504 42 Haywood (North Carolina)
0.2265 21 Rabun (Georgia)
0.2188 104 London (Tennessee)
0.2166 67 Coffee (Tennessee)
0.1966 17 Dade (Georgia)
0.1930 8 Lauderdale (Alabama)
0.1655 126 Rutherford (Tennessee)
0.1520 111 Maury (Tennessee)
0.1489 141 Washihgton (Tennessee)
0.1422 38 Buncombe (North Carolina)
0.1381 5 Etowah (Alabama)
0.1332 56 Bloxmt (Tennessee)
0.1330 52 Anderson (Tennessee)
0,1118 121 Polk (Tennessee)
0.1057 114 Montgomery (Tennessee)
0.0793 26 Calloway (Kentucky
0.0769 101 Lawrence (Tennessee)
0.0743 53 Bedford (Tennessee)
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TABLE IV-rS (continued)

Size of

the First

Principal County
Component Number County Name

0.0726 109 Marion (Tennessee)
0.0688 146 Wilson (Tennessee)
0.0615 128 Sequatchie (Tennessee)
0.0605 96 Jefferson (Tennessee)
0.0600 102 Lewis (Tennessee)
0.0599 13 Marshall (Alabama)
0.059A 134 Sumner (Tennessee)
0.0552 110 Marshall (Tennessee)
0.0517 33 Alcom (Mississippi)
0.0504 150 Washington (Virginia)
0.0490 145 Williamson (Tennessee)
0.0465 77 Franklin (Tennessee)
0.0319 129 Sevier (Tennessee)
0.0256 117 Obion (Tennessee)
0.0254 27 Graves (Kentucky)
0.0204 20 Lumpkin (Georgia)
0.0177 140 Warren (Tennessee)
0.0173 81 Greene (Tennessee)
0.0131 73 Dickson (Tennessee)
0.0108 28 Livingston (Kentucky)
0.0102 125 Robertson (Tennessee)
0.0079 91 Henry (Tennessee)
-0.0022 48 Swain (North Carolina)
-0.0030 22 Towns (Georgia)
-0.0177 62 Cheatham (Tennessee)
-0.0178 92 Hickman (Tennessee)
-0.0237 47 Mitchell (North Carolina)
-0.0242 66 Cocke (Tennessee)
-0.0256 136 Trousdale (Tennessee)
-0.0274 45 Macon (North Carolina)
-0.0287 108 Madison (Tennessee)
-0.0331 44 Jackson (North Carolina)
-0.0337 113 Monroe (Tennessee)
-0.0352 10 Limes tone (Alab ama)
-0.0352 29 Lyon (Kentucky)
-0.0456 50 Watauga (North Carolina)
-0.0464 103 Lincoln (Tennessee)
-0.0467 1 Blount (Alabama)
-0,0502 23 Union (Georgia)
-0.0533 15 Winston (Alabama)
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TABLE IV-3 (continued)

Size of

the First
Principal County
Component Number County Name

-0.0533 147 Grayson (Virginia)
-0.0541 123 Rhea (Tennessee)
-0.0548 61 Carter (Tennessee)
-0,0555 74 Dyer (Tennessee)
-0.0583 137 Unicoi (Tennessee)
-0.0633 144 White (Tennessee)
-0.0691 94 Humphreys (Tennessee)
-0.0728 59 Campbell (Tennessee)
-0.0756 32 Trigg (Kentucky)
-0.0775 4 DeKalb (Alabama)
-0.0785 88 Hawkins (Tennessee)
-0.0794 19 Gilmer (Georgia)
-0.0806 87 Hardin (Tennessee)
-0.0820 82 Grundy (Tennessee)
-0.0836 120 Pickett (Tennessee)
-0,0868 41 Graham (North Carolina)
-0.0880 69 Cumberland (Tennessee)
-0.0881 93 Houston (Tennessee)
-0.0888 143 Weakley (Tennessee)
-0.0897 115 Moore (Tennessee)
-0,0907 7 Jackson (Alabama)
-0.0920 122 Putnam (Tennessee)
-0.0925 54 Benton (Tennessee)
-0.0962 34 Itawamba (Mississippi)
-0.1010 39 Cherokee (North Carolina)
-0.1030 12 Marion (Alabama)
-0.1035 138 Union (Tennessee)
-0.1051 18 Fannin (Georgia)
-0.1051 60 Carroll (Tennessee)
-0.1060 37 Avery (North Carolina)
-0.1070 80 Grainger (Tennessee)
-0.1074 127 Scott (Tennessee)
-0.1078 107 Macon (Tennessee)
-0.1146 78 Gibson (Tennessee)
-0.1164 ?.39 Van Buren (Tennessee)
-0.1266 6 Franklin (Alabama)
-0.1270 51 Yancey (North Carolina)
-0.1275 90 Henderson (Tennessee)
-0.1290 58 Campbell (Tennessee)
-0.1319 72 DeKalb (Tennessee)
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TABLE IV-3 (contii;\ued)

Size of

the First

Principal
Component

County
Number County Name

-0.1349 142 Wayne (Tennessee)
-0,1363 76 Fentress (Tennessee)
-0.139 7 71 Decatur (Tennessee)
-0.1445 63 Chester (Tennessee)
-0.1479 36 Tishomingo (Mississippi)
-0.1580 119 Perry (Tennessee)
-0.1620 149 Scott (Virginia)
-0.1624 40 Clay (North Carolina)
-0,1628 3 Cullman (Alabama)
-0,1635 79 Giles (Tennessee)
-0.1662 135 Tipton (Tennessee)
-0.1676 9 Lawrence (Alabama)
-0.1722 131 Smith (Tennessee)
-0.1773 35 Prentiss (Mississippi)
-0.1775 65 Clay (Tennessee)
-0.1785 46 Madison (North Carolina)
-0.1793 118 Overton (Tennessee)
-0.1813 116 Morgan (Tennessee)
-0.1824 55 Bledsoe (Tennessee)
-0.1954 86 Hardeman (Tennessee)
-0.1955 68 Crockett (Tennessee)
-0.1958 132 Stewart (Tennessee)
-0.1968 112 Meigs (Tennessee)
-0.1992 97 Johnson (Tennessee)
-0.2108 106 McNairy (Tennessee)
-0.2130 89 Haywood (Tennessee)
-0.2538 64 Claibome (Tennessee)
-0.2639 95 Jackson (Tennessee)
-0.2828 99 Lake (Tennessee)
-0.2856 85 Hancock (Tennessee)
-0.3046 148 Lee (Virginia)
-0.3214 75 Fayette (Tennessee)
-0.3393 100 Lauderdale (Tennessee)
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of the counties In the Tennessee Valley region can be classified as no

growth counties on the basis of their values for the first principal

component.

A clearer picture of the geographical distribution of economic

growth in the Tennessee Vallsy region was obtained by identifying the

four groups of counties on a map. This is accomplished in Figure IV-1

and, in general, indicated that (1) economic growth during 1950-1960

in the Tennessee Valley tended to be urban oriented, and (2) the faster

growing counties were generally located along an improved waterway or

river.

Reference to Figure IV-1 gives a visual confirmation of the hypo

thesis that regional growth occurs in specific locational matrices which

are urban-indxastrial in composition. For example, every one of the 13

counties designated as a fast growth county was located in or around a

metropolitan area. Figure IV-1 also indicates that these fast growth

counties serve as podes for economic growth with outlying counties being

classified either as medium growth or slow growth counties. It would

therefore seem likely that the sphere of influence of each of the nodal

coxinties or fast growth counties can be estimated with the aid of princi

pal component analysis.

The second indication derived from the mapping of the four groups

of counties concerned the apparent relationship between economic growth

and location along a river. Reference to Figure IV-1 indicates more

clearly this relationship. It would appear from this figure that the

fastest growing counties in the Tennessee Valley were generally located
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along a river or waterway which had received some type of installation

such as a dam or steam generator plant. This leads to the hypothesis

that there is some positive relationship between economic growth in

the Tennessee Valley region and natural resource investments in the

form of dams and steam generator plants.
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CHAPTER V

USE OF DISCRIMINANT ANALYSIS TO EVALUATE THE ECONOMIC

GROWTH OF THE 150 COUNTY TENNESSEE VALLEY REGION

I * INTRODUCTION

In this chapter multiple discriminant analysis was applied to

detect the differences in the value of the index of economic growth among

the counties under study. As was reported in Chapter IV the indices of

economic growth were arrayed in order of magnitude and divided into

four groups. If it can be shown that the selected groups were signifi

cantly different then the derived classification functions will facilitate

the separation of the counties under study into groups exhibiting similar

characteristics of economic growth. Thus, discriminant analysis was used

to make a multivariate comparison of the four groups. In this approach

it had two phases: (1) the establishment of significant group differences

and (2) the study and explanation of these differences. In this study

the technique was utilized primarily to evaluate several different socio

economic variables which may affect group performance and to establish

significant group differences.

II. DATA REQUIREMENTS

Twenty-five independent variables for the system under study were

selected from more than 37 socio-economic characteristics which were

thought to affect regional economic growth. The following variables

79
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were selected for the year 1960: (1) percent urban population, (2) per

cent rural farm population, (3) percent non-white population, (4) percent

of population 65 and over, (5) percent of population voting in the 1960

Presidential election, (6) percent of families with incomes under $3,000,

(7) percent of families with incomes over $10,000, (8) median school years

completed, (9) percent of migrants from different county, (10) percent of

population in labor force, (11) percent of employment in white collar

occupations, (12) percent of employment working outside county of resi

dence, (13) average size of household, (14) per capita property taxes,

(15) number of towns and municipalities, (16) non-worker to worker ratio,

(17) value of mineral indiistries shipments and receipts, (18) percent of

farms with sales under $2,500, (19) percent of farms with sales $10,000

and over, (20) average per farm value of farm products sold, (21) farm

operator level-of-living index, (22) local government general expenditures

on natural resources, (23) percent of land in capability Classes I-IV,

(24) location of TVA steam generator plants (dummy), and (25) location

of TVA dams (dummy).

III. COMPUTATIONAL PROCEDURE

The data representing the 25 selected variables for the 150 county

Tennessee Valley region were utilized in a multiple discriminant analysis

program for several groups [18, pp. 196-203]. The computational proce

dure of this program can be outlined as follows:

Given the observations in the form

^ijk
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where

1 1, . . . g, number of groups

j 1, . . . n^, sample size of the ith group

k - 1, , , , m, number of variables

and denoting the means of variables considered within each group as

^i.k

the matrix S^, which represents the sum of cross products of deviation

from the means can be computed. This matrix can be described by

Si = k' - 1, . . . m (1)

where

®kk' ^^IJk " \.k^ ^^ijk' " ̂l.k^

Based on the matrices S^, the pooled dispersion matrix D was computed

such that

g
D " Z s.

i=l ^
g

(' )\ i=l/ -g

(3)

with the common mean

.k -', W.J I ,
i=l / i«l

The pooled dispersion matrix is then inverted to obtain D^j^|-1 which was
2

used to calculate the Generalized Mahalanobis D statistic, V or
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^ ^ ^\k-^ k'^
lc"l k "X i™X •*••" ••IV x«iv ••Ar

2
The D statistic can be used as a chl-square with in(g-l) degrees of free

dom to test the hypothesis that the mean values are the same In all groups

[18, p. 201]. If the null hypothesis of no difference Is rejected then

the Independent variables can be said to be capable of discriminating

among groups. However, if it is not rejected, then the data indicate

no significant group differences and alternative variables should be

selected and the above processes repeated.

Upon failure to reject the hypothesis of no difference among means,

the second phase was to calculate the (l*)th discriminating function

such that

= Z Z^C,.. + C, . (6)
^i* 1-1 ^ ^ °

where

and

1* «■ 1, , . . g, the number of functions

1 - 1, . . . m, the number of variables

- observation for each variable

« classification function coefficient

C.. = constant
1*0

m

C, — Z d-. X. .1*1 , 1 Ik l.k
k-1

m m

k-1 k -1
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where

\2» • ' • W =

The (i*)th discriminating function can then be used to evaluate

each data point such that for each observation,

<^1* - maxf^*)
P = (7)
1 Z e (f,^ - maxf.

i* ^ ^

results in probabilities of classification into each of the i groups.

The final classification into a particular group is determined by the

selection of the highest probability among each of the groups for every

observation. If the experimental groups are widely separated, then the

diagonal of largest probabilities of the frequency matrix will contain

a large percentage of the frequencies compared to the off-diagonal ele

ments, This gives a visual test of the ability to discriminate among

groups.

IV. THE ANALYSIS OF THE 150 COUNTY

TENNESSEE VALLEY REGION

Multiple discriminant analysis was used to examine the group

classification of counties on the basis of a set of 25 socio-economic

characteristics of those counties. An examination of the mean scores

by group for these variables revealed no significant patterns or trends

between groups (Table V-1). Thus, a precursory examination of the data

did not indicate that the four groups were different from each other.
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2
However, the calculated Mahalanobis D statistic of 276.9773 when tested

as a chi-square with 75 degrees of freedom allowed rejection at the .05

significance level of the hypothesis that the mean values were the same

in all the four groups for these 25 variables.

2
The distinctive feature of D is that it is a measure of distance

rather than a criterion for testing the hypothesis of zero distance.

This provided the additional information that the four groups were

2 2widely separated since D calculated (276.9793) is greater than D

tabulated (96.2000) by a large margin. It must be remembered that

distance, being a scalar quantity, does not exhaust the information

in a comparison among three or more groups unless the latter happens

2
to be collinear. The D statistic allowed transition from the multi-

group concept of configuration to a two-group concept of distance, which

is similar to canonical reduction.

The multiple discriminant analysis program was used to compute

the matrix of classification function coefficients and constants (Table

V-2). Comparisons between the classification function coefficients and

the original mean values indicated that certain variables underwent

considerable change in relative importance (Tables I-l, page 6, and V-2).

For instance, variables 8, 13, 16, 24 and 25 increased greatly while

variables 2 and 7 decreased. This indicates that median school years

completed (8), average size of household (13), non-worker to worker

ratio (16), location of TVA steam generator plants, and location of TVA

dams were more important in discriminating among groups than the raw

data indicated. On the other hand, percent rural farm population (2)
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and percent of families with incomes over $10,000 (7) were less important

as discriminators.

The classification matrix of the original 150 counties provided

a visual test of the discriminant functions (Table V-3). This matrix

was constructed from the evaluation of the discriminant functions for

each group. In the derivation of the classification matrix each county

within a group was assigned four probabilities by the program, one for

each classification function. The largest of the four probabilities

determined within which group the individual county was classified. The

results of this classification are presented in Tables V-4, V-5, V-6,

and V-7.

In the classification matrix (Table V-3) a perfect discrimina

tion would occur when there was agreement of group and function. In this

case all the nondiagonal elements of the matrix would be zero. In this

analysis, fewer mis classifications occurred in the extreme groups, sug

gesting that the fast growth and no growth groups were more easily deter

mined. The fast growth group had 12 out of 13 classifications in agree

ment while the no growth group had 69 out of 91 classifications in agree

ment.

V. SUMMARY

The discriminant analysis technique provided a method for testing

the significance of the four groups into which the 150 counties were

divided by the principal component analysis of Chapter IV. The four

groups were compared on the basis of 25 selected socio-economic
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TABLE V-3

CLASSIFICATION MATRIX FOR THE 150 COUNTY TENNESSEE VALLEY REGION

Function

Group 1 2 3 4 Total^

I (12) 1 0 0 13

II 1 (10) 4 6 21

III 1 1 (18) 5 25

IV 3 9 10 (69) 91

Grand Total 150

The probabilities for each of the 150 counties in the Tennessee
Valley region are given in Tables V-4, V-5, V-6, and V-7, pages 90
through 95.
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TABLE V-A

EVALUATION OF THE DISCRIMINATING FUNCTION FOR GROUP I FOR EACH
COUNTY IN THE 150 COUNTY TENNESSEE VALLEY REGION

County Value of the Discriminant Rinctlon
Number 1 2 3 4

Largest
Probability

Function
Number
for Largest
Probability

1
2
3
4
5
6
7
8
9

10
11
12
13

0.89853
0.99998
0.97555
0.99932
0.99723
0.35169
0.99117
0.99532
0.98854
0.99228
0.91380
0.97022
0.87784

0.06474
0.00001
0.01940
0.00010
0.00051
0.42528
0.00041
0.00215
0.00453
0.00097
0.01867
0.00855
0.06035

0.00718
0.00001
0,00084
0.00020
0.00116
0.11236
0.00009
0.00103
0.00020
0.00014
0.04147
0.01483
0.00433

0.02955
0.00000
0.00421
0.00038
0.00111
0,11067
0.00833
0.00150
0.00673
0.00660
0.02607
0.00640
0.57480

0.89853
0.99998
0.97555
0.99932
0.99723
0.42528
0.99117
0.99532
0.98854
0.99228
0.91380
0.97022
0.97784

1
1
1
1
1
2
1
1
1
1
1
1
1
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TABLE V-5

EVALUATION OF THE DISCRIMINATING FUNCTION FOR GROUP II FOR EACH

COUNTY IN THE 150 COUNTY TENNESSEE VALLEY REGION

Funcftion
Largest Number

County Value of the DLscrlminant Hmction P rob a- for Largest
Number 1 2 3 4 billty Probability

1 0^97480 0.00470 0.00394 0.01656 0.97480 1

2 0,00116 0.99754 0.0-044 0.00086 0.99754 2

3 0.26241 0.73748 0.00001 0.00009 0.73748 2

4 0.00486 0.60633 0.05570 0.33311 0.60633 2

5 0.01403 0.80780 0.14566 0.03251 0 . 80 7 80 2

6 0.00031 0.43524 0.52588 0.03856 0.52588 3

7 0.00628 0.98841 0.00026 0,00505 0.98841 2

8 0.00788 0.30164 0.52844 0.16205 0.52844 3

9 0.00074 0.04647 0.94278 0.01001 0.94278 3

10 0.00010 0.16651 0.64014 0.19326 0.64014 3

11 0.00000 0.99984 0.00009 0.00007 0.99984 2

12 0.00032 0.9 8895 0.00474 0.00599 0.98895 2

13 0.00043 0.39575 0.04755 0.55627 0.55627 4

14 0.00010 0.23113 0,08999 0.67678 0.67878 4

15 0.00002 0.96060 0.01560 0.02379 0,96060 2

16 0.01997 0.95271 0.02502 0.00230 0.95271 2

17 0.00010 0.38909 0.06131 0.54951 0.54951 4

18 0.00103 0.43997 0.23156 0.32744 0.43997 2

19 0.00002 0.18505 0.32363 0.49127 0.49127 4

20 0.02237 0.07314 0.04999 0.85450 0.85450 4

21 0.03852 0.35024 0.07497 0.53627 0.63627 4
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TABLE V-6

EVALUATION OF THE DISCRIMINATING FUNCTION FOR GROUP III FOR EACH
COUNTY IN THE 150 COUNTY TENNESSEE VALLEY REGION

Function

Largest Number
County Value of the Discriminant Function Proba for Largest
Number 1 2 3 4 bility Probability

1 0.15132 0.21785 0.04943 0.58140 0.58140 4
2 0.57314 0.06871 0.05752 0.30063 0.57314 1
3 0.00053 0.00168 0.97265 0.02514 0.97265 3
4 0.02343 0.02522 0.94478 0,00658 0.94478 3
5 0.00003 0.08536 0.87499 0.03962 0.87499 3
6 0.00044 0.22202 0.76701 0.01052 0.76701 3
7 0,00005 0.00981 0.93974 0.05040 0.93974 3
8 0.00008 0.01353 0.97878 0.00761 0,97878 3
9 0.00005 0.34976 0.59812 0.05208 0.59812 3
10 0.00002 0.00492 0.97382 0.02125 0.97382 3
11 0.00000 0.03012 0.91345 0.05642 0.91345 3
12 0.00174 0.01317 0.96108 0.02402 0.96108 3
13 0.00021 0.02785 0.88342 0.08852 0.88342 3
14 0.00000 0.00934 0.98431 0.00635 0.98341 3
15 0.00003 0.00451 0.99290 0.00256 0.99290 3
16 0.0029 7 0.00588 0.97868 0.01247 0.97868 3
17 0.00010 0.06696 0.88517 0.04777 0.88517 3
18 0.02932 0.00291 0.96495 0.00283 0.96495 3
19 0.00168 0.12296 0.21831 0.65705 0.65705 4
20 0.00005 0.49763 0.04347 0.45885 0.49763 2
21 0.00127 0.06283 0.24349 0.69240 0.69240 4
22 0.00481 0.18345 0.58502 0.22583 0.58502 3

23 0.00598 0.27712 0.11526 0.60164 0.60164 4
24 0.00185 0.04696 0.30858 0.64261 0.64261 4
25 0.09145 0.03073 0.66127 0.21656 0.66127 3
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TABLE V-7

EVALUATION OF THE DISCRIMINATING FUNCTION FOR GROUP IV FOR EACH
COUNTY IN THE 150 COUNTY TENNESSEE VALLEY REGION

Function

Largest Number
County Value of the Discriminant Function Proba for Largest
Number 1 2 3 4 bility Probability

1 0.07676 0.06898 0.13390 0.720 35 0.72035 4
2 0.00015 0,06343 0.53662 0.399 79 0.53662 3
3 0.00014 0.33748 0.03137 0.63100 0.63100 4
4 0.00160 0.04899 0.06952 0.87989 0.87989 4
5 0.01399 0.01372 0.19845 0.77384 0.77384 4
6 0.00148 0.00881 0.14691 0.84280 0.84280 4
7 0.00042 0.05407 0.44659 0.49892 0 . 49 892 2
8 0.13039 0.34942 0.18467 0.33552 0.34942 4
9 0.30088 0.15918 0.00827 0.53168 0.53168 4
10 0.00135 0.11790 0.20915 0.67159 0.67159 4
11 0.00204 0.00552 0.02372 0.96871 0.96871 4
12 0.00010 0.08157 0.28262 0.63571 0.63571 4
13 0.00705 0.01815 0.16547 0.80933 0.80933 4
14 0.05374 0.20281 0.07065 0.67280 0.67280 4
15 0.00515 0.91268 0.00677 0.07540 0.91268 2
16 0.01903 0.00043 0.00021 0.98033 0.98033 4
17 0.00221 0,16838 0.24974 0.57966 0.57966 4
18 0.02698 0.06087 0.09295 0.81920 0.81920 4

19 0.17751 0.03403 0,01184 0.77662 0.77662 4
20 0.00022 0.02965 0.05591 0.91422 0.91422 4
21 0.00053 0.03450 0.02714 0.93782 0.93782 4
22 0.06059 0101671 0.18043 0.74228 0.74228 4
23 0.01127 0.21110 0.04449 0.73314 0.73314 4
24 0.00804 0.12343 0.28492 0.58360 0.58360 4
25 0.10608 0.07853 0.65435 0.16105 0.65435 3

26 0.01095 0,04937 0.14159 0.79809 0.79809 4
27 0.96700 0.00485 0.00052 0.02764 0.96700 1
28 0.02841 0.04705 0.45954 0.46500 0.46500 4
29 0.14064 0.02387 0.02 491 0.81057 0.81057 4
30 0.00201 0,00085 0.00070 0.99645 0.99645 4

31 0.00022 0.02903 0.11018 0.86058 0.86058 4
32 0.00009 0.12875 0.06340 0.80777 0.80777 4

33 0,00008 0.19904 0.08146 0.71943 0.71943 4

34 0.00055 0.64248 0.07226 0.28470 0.53248 2

35 0.00094 0.27903 0.03520 0.68482 0.68482 4
36 0.00010 0.03616 0.05615 0.90759 0.90 759 4
37 0,24228 0.05630 0.25555 0.66388 0.66388 4
38 0.00010 0.08297 0.55303 0 . 36390 0.55303 3

39 0.00012 0.04305 0.31731 0.63952 0.63952 4
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TABLE V-7 (continued)
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Function

County
Largest Number

Value of the Discriminant Function Proba for Largest
ProbabilityNumber 1 2 3 4 bility

0.00295 0.00593 0.03553 0.95559 0.95559 4
41 0.03750 0.01985 0.01293 0.92972 0.92972 4
42 0.00247 0.10581 0.22300 0.66872 0.66872 4
43 0.00019 0.12774 0.79057 0.08149 0.79067 3
44 0.01318 0.09781 0.13971 0.74931 0.74931 4
45 0.00359 0.29440 0.09736 0.60465 0.60465 4
46 0.03932 0.22322 0.15695 0.58051 0.58051 4
47 0.05592 0.11285 0.15593 0.67529 0.67529 4
48 0.00018 0.01105 0.05241 0.93636 0.93636 4
49 0.01437 0.08435 0.08170 0.81958 0.81958 4

0.00065 0.02421 0.07188 0.90326 0.90326 4
51 0.00035 0.19662 0.07931 0.72371 0.72371 4
52 0.00019 0.00144 0.00434 0.99403 0.99403 4
53 0.00013 0.00830 0.07734 0.91423 0.94123 4
54 0.00015 0.02860 0.13520 0.83604 0.83604 4
55 0.00000 0.03092 0.00215 0.96693 0.96693 4
56 0.03506 0.20072 0.51083 0.25338 0.51083 3
57 0.02774 0.66082 0.18293 0.12851 0.66082 2
58 0.08109 0.53466 0.03579 0.34846 0.53466 2
59 0.00007 0.07184 0.06378 0.86431 0.86431 4

0.00063 0.09434 0.72368 0.18135 0.72368 3
61 0.00004 0.01272 0.42340 0.56384 0.56384 4
62 0.00095 0.85511 0.00690 0.13703 0.85511 2
63 0.05781 0.14059 0.20629 0,59531 0.59531 4
64 0.00005 0.00583 0.00969 0.98443 0.98443 4
65 0.00364 0.02191 0.05820 0.91625 0.91625 4
66 0.00266 0.26665 0.00449 0.72620 0.72620 4
67 0.00047 0.19 896 0.03065 0.76993 0.7699 3 4
68 0.00195 0.65745 0.20624 0.13436 0.65745 2
69 0.00140 0.66928 0.14747 0.18185 0.66928 2

0.00189 0.01889 0.62730 0.35192 0,62730 3
71 0.95182 0.00145 0.00801 0.03872 0.95182 1
72 0.00007 0.02717 0.09931 0.87345 0.87345 4
73 0.00352 0.59926 0.10421 0.29302 0.59926 2
74 0.00450 0.03182 0.73417 0.22951 0.73417 3
74 0.00329 0.05391 0.00379 0.93901 0.93901 4
76 0.03094 0.00074 0.01723 0.95109 0.95109 4
77 0.00007 0.01141 0.05858 0.92994 0.92994 4
78 0.00007 0.12284 0.52951 0.34759 0.52951 3
79 0.00138 0.08605 0.10013 0.81243 0.81243 4

0.00062 0.00768 0.14220 0.84951 0.84951 4
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County Value of the Discriminant Function
Number 1 2 3 4

Largest
Proba-
bility

Function

Number

for Largest
Probability

81

82

83

84

85

86

87

88

89

90

91

0.19789

0,00124

0,00545

0.00008

0.00006

0.00013

0,00032

0,00024

0,00270

0.34472

0.01083

0.04092

0,12819

0,0 7308

0.10521

0.05675

0.15364

0,26351

14548

0,09620

0.25028

0.15684

0

0.06936

0.00808

0,56265

0.01340

0.02413

0.02529

0,04202

0.18195

0,01299

0.06550

0,00607

0.69183

0.86249

0.35881

0.88131

0.91906

0.82094

0.69414

0,72233

0.88811

0.33950

0.82627

0.69183
0.86249

0,56265
0.88131

0.90906
0.82094

0,69414
0.72233

0.88811

0.34472
0.82627

4

4

3

4

4

4

4

4

4

1

4
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characteristics of economic growth observed as of 1960. The results

of the discriminant analysis indicated that the four groups were signifi

cantly different from each other. The analysis also indicated that the

most important variables in discriminating among the four groups were

(1) median school years completed, (2) average size of household, (3)

non-worker to worker ratio, (4) location of TVA steam generator plants,

and (5) location of TVA dams. Thus, the discriminant analysis confirmed

the results obtained from the principal component analysis of Chapter

IV. In addition to the above results, the analysis also provided classifi

cation function coefficients which can be used to predict the behavior

of other counties for which data on the same variables are available.

Thus, the discriminant analysis indicated (1) that it was possible to

discriminate between the four groups of counties representing different

rates of economic growth and (2) that the performance of other counties

could be predicted with the classification functions provided by the

discriminant analysis.



CHAPTER VI

FACTOR ANALYSIS OF ECONOMIC GROWTH IN THE

TENNESSEE VALLEY REGION

I. INTRODUCTION

The multiplicity of variables which have an impact on the econom

ic growth of a region's counties creates a vast complexity of relation

ships that requires sLmplification if the essential factors of economic

growth are to be understood. Otherwise, the lack of precision of concep

tualization and measurement reduces the researcher's effectiveness.

In the study of regional economic growth, numerous hypotheses

may be suggested. The problem is to select the most meaningful hypo

theses. In this study, the technique of factor analysis provided an

objective method for formulating hypotheses and in selecting dependent

variables. As Cattell [11, p. 362] has stated:

Factor analysis is superior to most methods of explora
tion in comprehensively revealing such nexuses of interaction.
It makes no assumptions about the direction of causal action,
or about what is endogenous or exogenous to the system. If
certain variables are in fact independent and outside the
system, this will be shown by zero loadings in the factors
that comprise the system. If nature does not know about the
experimenter's favorite hypothesis which assigns pivotal import
tance to a set of supposed independent variables in a regression
equation, the factor analysis will quickly show the fallacy of
the supposed regression equation. If the experimenter has set
up a criterion which he believes is influenced by such and such
factors, the inclusion of the criterion in the factor analysis
will quickly show whether in fact these factors need to be
included in the regression equation for that criterion, and so on.
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Keeping in mind the above comments, factor analysis was used to

select common factors which accounted for the interrelationships between

variables. The selected factors then became the dependent variables of the

system. Inferences of causality and of relationships among the many varia

bles were then made possible by the identification of these functional

unities.

II. DATA REQUIREMENTS

Since the factor analysis technique does not require the selec

tion of a dependent variable, many independent variables were selected

from the socio-economic variables which were thought to affect regional

economic growth. This analysis was accomplished in two parts. First,

the same 25 independent variables used in the discriminant analysis were

selected to analyze the economic growth of the 150 county Tennessee Valley

region. Secondly, this set of 25 independent variables was increased to

38 variables by the inclusion of the 13 measure variables utilized in the

principal component analysis of Chapter IV and were utilized in a general

factor analysis program. The details of the computational procedure are

presented in the following section.

III. COMPUTATIONAL PROCEDURE

The computational procedure of this program [18, pp. 169-184]

can be outlined as follows:

Given the observations on the variables in the form where

i = 1, . . . n and J = 1, . . . p variables, the means.
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X - E X,,/n
J i»l

(1)

the standard deviations.

sj

n-1

and the correlation coefficients.

(2)

p

j=l,2j • • • p OtF=l

E (Xa =XJ
j j'a=l

rij
" - 2
E (Xa -X
a=l ^ ^

- 2E (Xa.-X,)^
= 1 J i

(3)

were calculated In order to provide a correlation matrix Indicating the

degree of relationship between variables [18, pp. 174-175]. From this

correlation matrix the eigenvalues and eigenvectors were derived and then

utilized to obtain the coefficients (alj) of each factor where

in ij
(4)

and

= jth eigenvalue

=elgenvector

1 = 1, . , . p variables

j = 1, , . . q factors

with the number of eigenvalues which are greater than unity determining

the number of factors to be rotated [14, p. 130]. Once this determina

tion has been made the factors are rotated In order to maximize the
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difference between, and minimize the difference within, factors which

explain the maximum variance of the individual variables. The communali-

ties (hj)

1,2 y 2

were computed as measures of the proportion of variance of the variable

explained by the extracted factors and provided a guide in the inter

pretation of the contribution made by each variable in each extracted

factor. The computational procedure was ended with the output of the

rotated factor matrix. Since all variables were included in each ex

tracted factor, each factor was reduced to its simplest form by referral

to statistical tables which gave the minimum loading that woyld provide

an acceptable level of significance.

IV. FACTOR ANALYSIS OF THE 25 INDEPENDENT VARIABLES

The general factor analysis program extracted seven orthogonal

factors based on the criterion that all factors with eigenvalues greater

than one be included as final factors. The resulting seven factors and

2
the communalities (h ), which are the summation of the squared row

factor loadings are presented in Table VI-1. The communalities are a

measure of the proportion of variance of the variable explained by th^

extracted factors. As Table VI-2 indicates, a very substantial propor

tion of the variance was explained by the seven factors. The explained

variance varied from a high of 0.9069 for variable number 6, percent of
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TABLE VI-2

DISTRIBUTION OF COMMONALITY COEFFICIENTS (h^) FOR THE FACTOR ANALYSIS
OF THE 25 INDEPENDENT SOCIO-ECONOMIC VARIABLES USED IN THE

ANALYSIS OF THE 150 COUNTY TENNESSEE VALLEY REGION

Percent of Number of Percent of
Variance Explained Variables Variables

90-99 2 8

80-90 8 32

70-79 6 24

60-69 5 20

50-59 4 16

49 and below 0 0

Total • 25 100

■ ' 'rr'''
.V

.vV

■ • ■V .

^ i jf ,, *, *■ . ■ ^

■ ' ■■ ;v; V" . ^ f

. ^ *»,s > -A'i> •>
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families with incomes under $3,000 in 1960, to a low of 0.5041 for varia

ble number 22, local government general expenditures on natural resources.

The data on the number and percent of variables with the different per

centages of variance explained are presented in Table VI-2.

Identification of Factors

The identification of factors was accomplished by inspecting the

variables with large loadings on a given factor and discovering what

they had in common which is not shared by variables not having large

loadings on that factor. The naming of factors is therefore highly sub

jective but as Cattell [11, p. 338] has stated:

The definition of a factor as an empirical construct fol
lows remarkably closely the procedures stated by Bacon and
refined by Mill for arriving at the essential nature of anything.
One observes where it is conspicuously present as a positive
influence, where it is conspicuously present as a negative
influence, and where it is generally absent . . .. These
presences and absences suffice to give a reasonably clear
picture—an empirical construct—of the dimension with which
we are concerned.

Factor loadings were included in each of the seven factors, 1,

2, 3, 4, 5, 6, and 7 for all 25 independent variables. However, only

factor loadings of an acceptable level of significance were included in

the final factors. The included factor loadings are indicated by the

asterisk in Table VI-1. The final or basic factors are analyzed and

named in the following sections.
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Factor 1. The variables loaded significantly on Factor 1 are shovm

in Table VI-3. The positive loadings on variables 2, 18, 6, and 4 when

associated with the negative loadings on variables 11, 9, 21, 7, 8, 1,

19, and 14 presented a logical and consistent functional unity Identified

as the Extent of Poverty. These factor loadings may be interpreted in

the following manner. As variable 2, percent rural farm population,

increases by one unit, the Extent of Poverty increases by 0.8211 of one

unit. Similarly, as variable 11, percent of employment in white collar

occupations, increases by one unit, the Extent of Poverty decreases by

0.6648 of one unit. Extent of Poverty emerged eis the most important

factor because it had the largest eigenvalue.

Factor 2. The variables loaded significantly on Factor 2 are

shown in Table VI-4. This factor had significant loadings on seven of

the 25 variables. It is apparent that a large number of the variables

are indicative of commercial agriculture. The high negative loadings on

variables 20, 23, 3, and 19 coupled with smaller negative loadings on varia

bles 15 and 21 suggested that this factor was measuring a functional

unit named Sub-Marginal Agriculture.

Factor Jl. The variables loaded significantly on Factor 3 are

shown in Table VI-5. The relatively high positive loading on variable

4, the percent of population 65 and over along with smaller positive loadings
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TABLE VI-3

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 1* AND FACTOR
LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

25 INDEPENDENT VARIABLES

Variable

Number Description
Factor

Loadings

2 Percent rural farm population 0.8211

18 Percent of farms with sales under $2,500 0.8189

6 Percent of families with incomes under $3,000 0.7431

11 Percent of employment in white collar occupations -0.6648

9 Percent of migrants from different county -0.6421

21 Farm operator level-of-living index -0.5639

7 Percent of families with incomes over $10,000 -0.5420

8 Median school years completed -0.5336

1 Percent urban population -0.4596

19 Percent of farms with sales $10,000 and over -0.4329

4 Percent of population 65 and over 0.3084

14 Per capita property taxes -0.2449

*Factor 1 was interpreted as Extent of Poverty.
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TABLE VI-4

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 2* AND FACTOR

LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

25 INDEPENDENT VARIABLES

Variable

Number Description
Factor

Loadings

20 Average per farm value of farm products sold -0.8054

23 Percent of land in capability Classes I-IV -0.7015

3 Percent non-white population -0.6976

19 Percent of farms with sales $10,000 and over -0.6176

5 Percent of population voting in the 1960 Presidential
election 0.6171

15 Number of towns and municipalities -0.3813

21 Farm operator level-of-living index -0.3434

*Factor 2 was interpreted as Sub-Marginal Agriculture.
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TABLE VI-5

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 3* AND FACTOR

LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

25 INDEPENDENT VARIABLES

Variable Factor
Number Description Loadings

4 Percent of population 65 and over 0.8679

5 Percent of population voting in the 1960 Presidential 0.3747
election

23 Percent of land in capability Classes I-IV 0.2926

10 Percent of population in labor force 0.2904

12 Percent of employment working outside county of
residence -0.2633

15 Number of towns and municipalities 0.2563

*Factor 3 was interpreted as Labor Force Maturity,
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on variables 5, 23, 10, and 15 suggested that this factor was measuring

the maturity of the labor force. Therefore, this factor was named Labor

Force Maturity.

Factor_4. Factor 4 had significant loadings on 10 of the 25 varia

bles as shown in Table VI-6. The relatively high negative loadings on

variables 25, 22, 24, and 15 along with the lower negative loadings on

variables 7, 1, 11, and 8 indicated that Factor 4 was measuring some rela

tionship between investments in natural resources and economic development.

The positive loadings on percent of families with incomes under $3,000

and percent rural farm population suggested that rural poverty occurred

where there had been an absence of natural resource investments of any

great value. As a result of these relationships Factor 4 was named

Inadequate Natural Resource Investments.

Factor 5. The variables loaded significantly on Factor 5 are

shown in Table VI-7. This factor had significant loadings on 6 of the

25 variables. The relatively high loading on variable 14, per capita

property taxes along with smaller positive loadings on variables 5, 24,

and 19 combined with the negative loadings on variables 12 and 15 sxiggested

that this factor was measuring the relationship between urbanisation and

work opportunities. The high positive loading on per capita property

taxes along with the high negative loading on the percent of employment

working outside the county of residence indicated that work opportunities

were greatest in metropolitan areas. As a result of this relationship.

Factor 5 was identified as Extent of Metropolitan Work Opportunities.
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TABLE VI-6

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 4* AND FACTOR
LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

25 INDEPENDENT VARIABLES

Variable

Number Description
Factor

Loadings

25 Location of TVA dams (dummy) -0.6983

22 Local government expenditures on natural resources -0,6645

24 Location.of TVA steam generator plants (dummy) -0.5508

15 Number of towns and municipalities -0.5021

7 Percent of families with incomes over $10,000 -0.4793

I Percent urban population -0.4691

II Percent of employment in white collar occupations -0.4593

8 Median school years completed -0.4354

6 Percent of families with incomes under $3,000 0.3198

2 Percent rural farm population 0.2456

*Factor 4 was Interpreted as Inadequate Natural Resource Invest-
ments.
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TABLE VI-7

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 5* AND
LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

25 INDEPENDENT VARIABLES

FACTOR

Variable

Number Description
Factor

Loadings

14 Per capita property taxes 0.7031

12 Percent of employment working outside county of
residence -0.6771

15 Number of towns and municipalities -0.3060

5 Percent of population voting in 1960 Presidential
election 0.3002

24 Location of TVA steam generator plants (dummy) 0.2796

19 Percent of farms with sales $10,000 and over 0.2559

*Factor 5 was interpreted as Extent of Metropolitan Work Oppor-
tunities.
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Factor The variables significantly loaded on Factor 6 are shown

in Table VI-8. This factor had significant loadings on 11 of the 25 varia

bles. The variables loaded significantly show a considerable degree of

homogeneity of content since all are related to the productive capacity

of the labor force. The positive loadings on variables 10, 21, 1, 8,

23, 7, and 24 along with the negative loadings on variables 16, 6, 13,

and 5 indicated that Factor 5 was measuring the productivity of the labor

force. The relatively high negative loading on variable 16, non-worker

to worker ratio, along with the relatively high positive loading on per

cent of the population in the labor force resulted in the identification

of this factor as Labor Force Productivity.

Factor_7. As Table VI-9 indicates Factor 7 had significant load

ings on eight of the 25 variables. The relatively high positive loading

on variable 17, value of mineral industries shipments and receipts, along

with the positive loadings on the remaining variables except number 25,

location of TVA dams, indicated that Factor 7 was measuring the economic

contributions of mineral industry locations in each county. Accordingly,

Factor 7 was identified as Extractive.

Discussion of Results

The above factors are independent as possible, given the power of

the statistical technique. Nevertheless, there was some overlapping due

to the interdependent nature of the socio-economic forces at work in the
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TABLE VI-8

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 6* AND FACTOR
LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF

THE 25 INDEPENDENT VARIABLES

Variable Factor
Number Deacription

16 Non-worker to worker ratio -0.9025

10 Percent of population in labor force 0.8741

21 Farm operator level-of-living index 0.5108

1 Percent urban population 0.4746

8 Median school years completed 0.4641

6 Percent of families with incomes under $3,000 -0.4480

13 Average size of household -0.4095

23 Percent of land in capability Classes I-IV 0.3752

5 Percent of population voting in the 1960 Presidential
election -0.3545

7 Percent of families with incomes over $10,000 0.3405

24 Location of TVA steam generator plants (dummy) 0.2339

*Factor 6 was interpreted as Labor Force Productivity.

y.
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TABLE VI-9

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 7* AND FACTOR
LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

25 INDEPENDENT VARIABLES

Variable Factor
Number Description Loadings

17 Value of minerals industries shipments and receipts 0.7552

11 Percent of employment in white collar occupations 0.3623

24 Location of TVA steam generator plants (dummy) 0,3407

1 Percent urban population 0.3391

7 Percent of families with incomes over $10,000 0.3240

8 Median school years completed 0.3122

15 Number of towns and municipalities 0.3107

25 Location of TVA dams (dummy) -0.2943

*Factor 7 was interpreted as Extractive,
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region. For example, of the 25 variables listed in Table VI-1, page 101,

five appeared as significant variables in four different factors and five

others appeared as significant variables in three different factors.

The five variables that appeared as significant in four factors were per

cent urban population, percent of population voting in the 1960 Presi

dential election, percent of families with incomes over $10,000, median

school years completed, and location of TVA steam generator plants,

The five variables that appeared as significant in three factors were

percent of families with incomes vinder $3,000, percent of employment in

white collar occupations, percent of farms with sales $10,000 and over,

farm operator level-of-living index, and percent of land in capability

classes I-IV. One variable, number of towns and municipalities, appeared

as significant in five different factors. The analysis indicated that

along with economic variables, social and political variables were also

important in investigating the economic growth of the Tennessee Valley

region. This might indicate a need for more research emphasis upon social

and political forces when investigating economic growth.

Relationship of the Seven Factors to the Index of Economic Growth

The present section attempts to analyze the statistical relation

ship between the factors identified in the preceding section and the

index of economic growth that was derived in Chapter IV by principal

component analysis. The general hypotheses tested was that some portion

of the variation in the index of economic growth would be explained by

variations in the seven derived factors.
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The analysis of the relationship between factors and the index

of economic growth was completed by utilizing the following procedure:

(1) factor scores were computed^ to indicate the degree to which the 150

individual counties possessed each of the seven factors; and (2) the

computed factor scores were then treated as independent variables in a

linear multiple regression, using the index of economic growth derived by

principal component analysis as the dependent variable. For purposes of

comparison, multiple regression analysis of the 25 independent variables

and of the seven factors» was run on the dependent variably represented

by the derived index of economic growth.

2
The Regression Analysis. The regression of the index of economic

growth on the seven identified factors resulted in the following regres

sion equation, where the variables are arranged in the order in which
3

they entered into the equation:

Y = 0.0000053 - 0.020056X* + 0.01843X*

+ 0.016765X* - 0.017422X* - 0.0075402X^

- 0.0088316X^ + 0.0013345X5

Computer programs are currently available for efficiently perform
ing this computation. This study utilized the BMDO 3 M program in the
BMP Biomedical Computer Program series outlined in [18, pp. 169-184].

^The model used in this study to evaluate the relationship be
tween the hypothetical factors and the index of economic growth was the
Stepwise Regression model as outlined in [18, pp. 233-247].

^The asterisk (*) indicates statistical significance at the .01
level. The variable X4, Inadequate Natural Resource Investments, was
significant at the 0.15 level; X5, Extent of Metropolitan Work Opportuni
ties, was significant at the 0.85 level; and X^, Extractive, was signi
ficant at the 0.20 level.
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where

^ = the index of economic growth

= Extent of Poverty

X2 = Sub-Marginal Agriculture

X^ = Labor Force Maturity

X^ = Inadequate Natural Resource Investments

X^ = Extent of Metropolitan Work Opportunities

Xg = Labor Force Productivity

Xj = Extractive.
2

The R for the above equation was .7633 indicating that Just

over 76 percent of the variation in the index of economic growth was ex-

plained by the equation. This R value was significant at the .01 level.

For comparison the index of economic growth was regressed on the same

25 independent variables utilized in the discriminant analysis. For

this regression equation the R was .8242. However» only one of the

independent variables had a significant student t-value. Thus, while

the regression of the index of economic growth on the seven factors
r\

reduced R by .0609, a gain from 4 percent to 57.1 percent of the signi

ficant student t-values of the independent variables was achieved.

This implies that the factor analysis technique permits a simplification

of confounding effects, thvis revealing the underlying relationships

important to economic growth in the Tennessee Valley.

The coefficients in the above regression equation can be inter

preted as follows. As the Extent of Poverty increased by one unit, the

index of economic growth, Y, decreased by 0.020056 of one unit indicating
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a decline in economic growth. Similarly, as Labor Force Maturity, Inade

quate Natural Resource Investments, and Extractive increase by one unit,

the index of economic growth decreases 0.017422, 0.0075402, and 0.0088316,

respectively. On the other hand, as Sub-Marginal Agriculture, Labor Force

Productivity, and the Extent of Metropolitan Work Opportunities increase

by one unit, the index of economic growth increases by 0.018142, 0.016765,

and 0.0013345 of one unit, an increase in the economic growth of the

region.

All of the above signs for the coefficients were in agreement

with a priori reasoning. The relatively small values of the coefficients

'reflect the complexity of the relationships involved in economic growth

and probably indicate that several other factors outside the above system

of 25 independent variables are involved. Therefore in the next section

this system will be enlarged to 38 variables and the factor analysis

and regression analysis will be repeated.

V. FACTOR ANALYSIS OF THE 38 SOCIO-ECONOMIC VARIABLES

The previous analysis indicated that several factors outside the

system were involved in the explanation of economic growth in the Tenn

essee Valley region. Therefore in this section additional variables

were added to the 25 independent variables in an attempt to improve

the explanation of economic growth. More specifically, the system of

variables was increased to 38 by the addition of the 13 measure varia

bles utilized in the analysis conducted in Chapter IV. These 38 socio

economic indicators were then subjected to factor analysis and the
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factors were utilized in a regression analysis of economic growth follow

ing the same procedures as outlined in the preceding sections of this

chapter.

The general factor analysis program extracted 10 orthogonal fac

tors based on the criterion that all factors with eigenvalues greater

than one be included as final factors. These 10 factors and the communali-

ties are presented in Table VI-10. As Table VI-11 indicates, a very

substantial proportion of the variance as measured by the communalities

was explained by the 10 factors. The explained variance varied from a high

of 0,9235 for variable number 19, percent of families with incomes under

$3,000, to a low of 0.3970 for variable number 30, value of minerals

industries shipments and receipts (Table VI-10). The data on the number

and percent of variables with the different percentages of variance are

presented in Table VI-11.

Identification of Factors

The identification of factors in this section followed the same

general procedure as outlined in the previous factor analysis. Factor

loadings were included in each of the 10 factors, 1, 2, 3, 4, 5, 6, 7,

8, 9 and 10 for all 38 socio-economic variables. As in the previous

analysis only factor loadings of an acceptable level of significance

were included in the final factors. The included factor loadings are

indicated by the asterisk in Table VI-10. The final or basic factors are

analyzed and named in the following sections.



 

� 

�

T
A
B
L
E
 
V
I
-
1
0

T
H
E
 
R
O
T
A
T
E
D
 O
R
T
H
O
G
O
N
A
L
 
F
A
C
T
O
R
 L
O
A
D
I
N
G
S
 
M
A
T
R
I
X
 F
O
R
 
T
H
E
 
3
8
 S
O
C
I
O
-
E
C
O
N
O
M
I
C
 
V
A
R
I
A
B
L
E
S

U
S
E
D
 I
N
 
T
H
E
 
A
N
A
L
Y
S
I
S
 
O
F
 T
H
E
 
1
5
0
 
C
O
U
N
T
Y
 
T
E
N
N
E
S
S
E
E
 
V
A
L
L
E
Y
 
R
E
G
I
O
N

V
a
r
i
a
b
l
e

N
u
m
b
e
r

D
e
s
c
r
i
p
t
i
o
o

1
0

1 2 3 4 5 6 7 8 9

1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
3

2
4

2
5

2
6

2
7

2
8

2
9

3
0

3
1

3
2

3
3

3
4

3
5

3
6

3
7

3
8

R
a
t
e
 
o
f
 p
o
p
u
l
a
t
i
o
n
 
d
i
a
n
g
e

C
h
a
n
g
e
 I
n
 
m
e
d
i
a
n
 I
n
c
o
m
e
 
o
f
 
a
l
l
 f
a
m
i
l
i
e
s

Q
t
a
n
g
e
 I
n
 m
e
d
i
a
n
 
I
n
c
o
m
e
 o
f
 r
u
r
a
l
 f
a
m
i
l
i
e
s

C
h
a
n
g
e
 
I
n
 
m
e
d
i
a
n
 
I
n
c
o
m
e
 o
f
 
r
u
r
a
l
 f
a
r
m
 
f
a
m
i
l
i
e
s

C
h
a
n
g
e
 I
n
 
t
o
t
a
l
 p
r
o
p
e
r
t
y
 
t
a
x

C
h
a
n
g
e
 I
n
 
m
e
d
i
a
n
 
v
a
l
u
e
 o
f
 o
w
n
e
r
 o
c
c
u
p
i
e
d
 h
o
u
s
i
n
g
 
u
n
i
t
s

C
h
a
n
g
e
 i
n
 
t
h
e
 p
e
r
c
e
n
t
 o
f
 
d
w
e
l
l
i
n
g
s
 s
t
r
u
c
t
u
r
a
l
l
y
 s
o
u
n
d
 w
i
t
h
 a
l
l
 p
l
u
a
b
l
n
g
 :

C
h
a
n
g
e
 I
n
 
t
h
e
 
p
e
r
c
e
n
t
 e
n
^
l
o
y
e
d
 i
n
 
a
g
r
i
c
u
l
t
u
r
e

C
h
a
n
g
e
 
I
n
 
r
e
t
a
i
l
 s
a
l
e
s
 
p
e
r
 
c
a
p
i
t
a

C
h
a
n
g
e
 
I
n
 
v
a
l
u
e
 
o
f
 f
a
r
m
 l
a
n
d
 
a
n
d
 
b
u
i
l
d
i
n
g
s

R
a
t
i
o
 o
f
 b
a
n
k
 
d
e
p
o
s
i
t
s
 
t
o
 a
g
g
r
e
g
a
t
e

C
h
a
n
g
e
 i
n
 
t
o
t
a
l
 p
a
y
r
o
l
l
 p
e
r
 c
a
p
i
t
a

C
h
a
n
g
e
 I
n
 
th

e 
v
a
l
u
e
 o
f
 m
a
n
u
f
a
c
t
u
r
i
n
g
 p
e
r
 c
a
p
i
t
a

P
e
r
c
e
n
t
 
u
r
b
a
n
 p
o
p
u
l
a
t
i
o
n

P
e
r
c
e
n
t
 r
u
r
a
l
 f
a
r
m
 p
o
p
u
l
a
t
i
o
n

P
e
r
c
e
n
t
 
n
o
n
-
w
h
i
t
e
 
p
o
p
u
l
a
t
i
o
n

P
e
r
c
e
n
t
 o
f
 p
o
p
u
l
a
t
i
o
n
 6
5
 
a
n
d
 
o
v
e
r

P
e
r
c
e
n
t
 o
f
 p
o
p
u
l
a
t
i
o
n
 
v
o
t
i
n
g
 I
n
 
t
h
e
 1
9
6
0
 P
r
e
s
i
d
e
n
t
i
a
l
 e
l
e
c
t
i
o
n

P
e
r
c
e
n
t
 o
f
 f
a
m
i
l
i
e
s
 
w
i
t
h
 
I
n
c
o
m
e
s
 
u
n
d
e
r
 $
3
,
0
0
0

P
e
r
c
e
n
t
 o
f
 f
a
m
i
l
i
e
s
 w
i
t
h
 
I
n
c
o
m
e
s
 
o
v
e
r
 $
1
0
,
0
0
0

M
e
d
i
a
n
 s
c
h
o
o
l
 y
e
a
r
s
 c
o
m
p
l
e
t
e
d

P
e
r
c
e
n
t
 o
f
 m
i
g
r
a
n
t
s
 
f
r
o
m
 d
i
f
f
e
r
e
n
t
 c
o
u
n
t
y

P
e
r
c
r
a
t
 o
f
 p
o
p
u
l
a
t
i
o
n
 i
n
 
l
a
b
o
r
 
f
o
r
c
e

P
e
r
c
e
n
t
 o
f
 e
m
p
l
o
y
m
e
n
t
 I
n
 w
h
i
t
e
 
c
o
l
l
a
r
 o
c
c
u
^
a
t
l
o
a
s

P
e
r
c
e
n
t
 o
f
 e
m
p
l
o
y
m
e
n
t
 w
o
r
k
i
n
g
 o
u
t
s
i
d
e
 
c
o
u
n
t
y
 o
f
 
r
e
s
i
d
e
n
c
e

A
v
e
r
a
g
e
 
s
i
z
e
 
o
f
 f
a
m
i
l
y

P
e
r
 c
a
p
i
t
a
 p
r
o
p
e
r
t
y
 
t
a
x
e
s

N
u
m
b
e
r
 o
f
 t
o
w
n
s
h
i
p
s
 
a
n
d
 m
u
n
i
c
i
p
a
l
i
t
i
e
s

N
o
n
-
w
o
r
k
e
r
 
t
o
 
w
o
r
k
e
r
 
r
a
t
i
o

V
a
l
u
e
 o
f
 m
i
n
e
r
a
l
s
 I
n
d
u
s
t
r
i
e
s
 s
h
i
p
m
e
n
t
s
 a
n
d
 
r
e
c
e
i
p
t
s

P
e
r
c
e
n
t
 o
f
 f
a
r
m
s
 
w
i
t
h
 
s
a
l
e
s
 
u
n
d
e
r
 $
2
,
5
0
0

P
e
r
c
e
n
t
 o
f
 f
a
r
m
s
 w
i
t
h
 
s
a
l
e
s
 
$
1
0
,
0
0
0
 a
n
d
 
o
v
e
r

A
v
e
r
a
g
e
 p
e
r
 f
a
r
m
 v
a
l
u
e
 o
f
 f
a
r
m
 p
r
o
d
u
c
t
s
 s
o
l
d

F
a
r
m
 
o
p
e
r
a
t
o
r
 l
e
v
e
l
-
o
f
-
l
i
v
i
n
g
 I
n
d
e
x

L
o
c
a
l
 g
o
v
e
r
n
m
e
n
t
 g
e
n
e
r
a
l
 e
x
p
e
n
d
i
t
u
r
e
s
 o
r
 n
a
t
u
r
a
l
 r
e
s
o
u
r
c
e
s

P
e
r
c
e
n
t
 o
f
 l
a
n
d
 i
n
 c
a
p
a
b
i
l
i
t
y
 C
l
a
s
s
e
s
 I
-
I
V

Lo
ca
ti
on
 o
f 
T
V
A
 s
t
e
a
m
 g
en
er
at
in
g 
pl
an
ts
 (
d
i
m
^
)

L
o
c
a
t
i
o
n
 
o
f
 
T
V
A
 
d
a
m
s

0
.
7
1
3
5
*

0
.
8
2
3
1
*

0
.
0
5
2
6
*

0
.
5
6
8
9
*

0
.
0
9
5
6

0
.
7
5
7
1
*

s
0
.
6
0
7
2
*

0
.
1
0
1
8

-
0
.
0
2
7
4

0
.
1
4
8
4

0
.
2
4
0
4
*

0
.
4
9
4
8
*

0
.
1
6
8
5

0
.
4
6
9
4
*

-
0
.
6
8
6
5
*

0
.
0
4
0
6

-
0
.
3
8
4
9
*

-
0
.
0
6
0
9

-
0
.
7
2
2
2
*

0
.
5
9
3
3
*

0
.
6
4
6
3
*

0
.
7
0
4
6
*

0
.
1
3
7
8

0
.
6
6
8
8
*

0
.
2
1
8
1

-
0
.
1
6
9
6

0
.
2
9
3
7
*

0
.
1
4
7
8

-
0
.
2
4
1
3
*

0
.
0
7
6
5

-
0
.
5
4
4
0
*

0
.
1
8
5
8

-
0
.
1
8
6
2

0
.
3
5
4
7
*

-
0
.
5
1
3
7
*

0
.
1
2
0
1

0
.
1
3
2
7

0
.
1
2
8
4

-
0
.
2
5
9
8
*

-
0
.
0
2
5
1

-
0
.
0
6
8
9

-
0
.
0
4
6
0

-
0
.
0
4
9
4

-
0
.
2
5
4
0
*

0
.
2
1
8
6

-
0
.
1
3
8
3

0
.
0
5
6
9

-
0
.
0
0
6
7

-
0
.
0
0
3
5

-
0
.
0
6
7
5

0
.
0
2
2
0

-
0
.
0
2
0
4

0
.
D
0
2
4

-
0
.
0
0
2
8

-
0
.
1
2
6
9

-
0
.
0
0
6
9

-
0
.
2
1
0
0

0
.
3
6
0
5
*

0
.
3
1
4
4
*

0
.
0
5
6
8

0
.
1
3
0
2

0
.
3
1
9
0
*

-
0
.
1
7
2
0

-
0
.
0
7
1
3

0
.
2
2
5
9

0
.
2
0
5
9

-
0
.
1
2
5
3

0
.
0
7
7
5

0
.
0
5
4
5

0
.
0
1
4
3

0
.
0
8
7
8

0
.
1
0
8
9

0
.
1
4
0
5

0
.
6
9
2
4
*

0
.
7
1
3
8
*

0
.
6
5
4
2
*

-
0
.
0
2
8
5

0
.
0
9
7
4

0
.
1
2
4
9

0
.
0
6
1
6

-
0
.
0
0
1
1

0
.
0
1
4
7

-
0
.
0
1
5
1

-
0
.
1
3
8
2

-
0
.
0
2
5
4

0
.
0
2
2
5

-
0
.
0
0
4
4

0
.
0
0
8
3

0
.
0
2
5
2

-
0
.
0
8
4
5

0
.
0
7
5
9

-
0
.
0
4
4
1

0
.
8
0
6
5
*

0
.
4
3
3
8
*

0
.
0
0
7
7

-
0
.
1
6
4
7

0
.
1
2
5
0

0
.
0
7
6
5

0
.
3
3
0
8
*

0
.
0
5
0
1

-
0
.
1
5
3
7

-
0
.
0
8
6
9
*

0
.
1
2
0
0

0
.
1
2
9
2

-
0
.
0
5
1
6

-
0
.
0
0
2
1

-
0
.
2
0
0
4

-
0
.
0
5
8
1

-
0
.
0
5
9
5

0
.
2
4
3
1
*

0
.
0
2
7
0

0
.
0
0
0
3

-
0
.
0
1
8
4

0
,
0
2
7
1

0
.
0
2
8
5

0
.
0
9
7
4

0
.
1
2
4
9

0
.
0
6
1
6

-
0
.
0
0
1
1

0
.
0
1
4
7

-
0
.
0
1
5
1

-
0
.
1
3
8
2

-
0
.
0
2
5
4

0
.
0
2
2
5

-
0
.
0
0
4
4

0
.
0
0
8
3

0
.
0
2
5
2

-
0
.
0
8
4
5

0
.
0
7
5
9

-
0
.
0
8
3
3

0
.
0
4
6
9

0
.
3
7
7
5
*

0
.
0
0
8
8

-
0
.
0
6
2
1

0
.
1
1
1
3

-
0
.
1
8
5
0

-
0
.
0
3
8
3

-
0
.
0
1
6
3

0
.
1
0
8
4

-
0
.
0
4
5
4

-
0
.
1
4
4
0

-
0
.
0
8
0
5

0
.
1
1
1
4

0
.
0
8
3
2

0
.
3
9
9
6
*

-
0
.
8
6
7
4
*

-
0
.
7
4
5
8
*

-
0
.
3
1
3
4
*

0
.
1
0
8
5

-
0
.
0
5
1
2

-
0
.
0
3
7
4

-
0
.
0
2
4
4

-
0
.
0
9
0
3

-
0
.
0
5
8
0

0
.
0
9
5
4

-
0
.
2
0
3
1

-
0
.
2
1
0
4

0
.
0
5
0
1

0
.
3
7
5
6
*

-
0
.
7
4
6
5
*

0
.
3
2
4
2
*

-
0
.
0
5
5
5

-
0
.
1
O
8
8

-
0
.
1
8
1
7

-
0
.
0
6
3
7

-
0
.
3
5
2
6
*

0
.
4
6
8
0
*

0
.
0
4
5
4

0
.
1
6
9
9

-
0
.
0
9
3
7

0
.
3
3
1
3

-
0
.
3
5
5
1
*

-
0
.
2
5
2
9
*

0
.
0
9
7
0

0
.
1
3
1
8

-
0
.
4
5
2
3
*

0
.
1
3
5
2

0
.
0
1
3
8

0
.
0
7
2
1

-
0
.
0
8
5
9

-
0
.
0
3
6
0

-
0
.
5
9
6
8
*

0
.
3
0
9
2
*

0
.
0
0
7
9

0
.
0
5
2
7

-
0
.
2
9
2
6
*

-
0
.
3
5
7
2
*

-
0
.
0
2
5
9

-
0
.
2
2
5
2

0
.
0
3
3
8

*S
lg

nl
fl

ca
nt

 l
oa

di
ng

s 
o
f
 0
.
2
4
1
 o
r 
ab

ov
e 
a
t
 a
 

.
0
1
 a
nd

 1
1
0
 d
eg
re
es
 o
f
 f
re

ed
om

.

e
e
C
o
m
m
m
a
l
l
t
l
e
s
.

-
0
.
2
4
0
5
*

0
.
0
8
1
2

-
0
.
3
4
4
5
*

-
0
.
2
3
9
4

0
.
0
6
1
9

-
0
.
3
1
4
8
*

-
0
.
2
0
1
4

0
.
0
7
1
9

-
0
.
2
6
0
0
*

-
0
.
1
5
4
0

0
.
1
3
4
3

-
0
.
1
9
8
4

0
.
0
2
7
9

0
.
0
7
2
6

-
0
.
1
3
8
4

-
0
.
0
4
0
9

-
0
.
0
2
8
3

0
.
1
2
7
0

-
0
.
1
4
5
2

0
.
2
2
9
8

-
0
.
0
3
3
0

-
0
.
1
5
7
1

0
.
1
6
0
4

-
0
.
2
3
1
2

0
.
1
4
5
6

-
0
.
1
7
7
9

0
.
5
9
7
5
*

-
0
.
9
1
1
8
*

0
.
0
4
0
5

-
0
.
2
O
6
3

-
0
.
0
7
9
2

0
.
8
8
4
2
*

-
0
.
1
0
2
2

-
0
.
5
6
9
7
*

0
.
0
6
4
8

-
0
.
1
5
2
1

-
0
.
9
0
6
7
*

-
0
.
0
0
1
2

-
0
.
1
2
3
5

-
0
.
1
7
2
1

-
0
.
0
4
7
3

-
0
.
4
7
2
3
*

0
.
2
5
0
4
*

-
0
.
1
5
5
1

-
0
.
0
5
4
6

0
.
0
2
5
2

0
.
9
1
5
3
*

-
0
.
0
5
2
3

0
.
0
8
1
2

-
0
.
0
7
9
1

-
0
.
0
5
1
4

0
.
0
8
5
7

0
.
0
»
4
*

-
0
.
3
7
7
7
*

0
.
2
3
9
7

-
0
.
1
3
6
3

0
.
4
0
4
7
*

-
0
.
1
0
0
5

0
.
1
1
3
2

-
0
.
3
4
9
4
*

-
0
.
0
2
5
4

0
.
0
3
7
9

-
0
.
4
1
9
8
*

0
.
0
7
1
3

0
.
0
1
1
8

-
0
.
1
2
2
0

-
0
.
1
5
2
2

0
.
0
6
6
4

-
0
.
8
3
1
2
*

-
0
.
0
4
6
8

0
.
0
9
2
3

-
0
.
1
1
8
8

0
.
2
1
2
5

0
.
1
1
1
3

0
.
1
2
8
6

0
.
0
4
6
6

-
0
.
0
0
0
6

0
.
4
0
8
9
*

-
0
.
1
2
5
1

-
0
.
1
1
1
1

-
0
.
0
3
8
8

-
0
.
1
4
8
3

0
.
0
9
1
0

-
0
.
0
4
6
2

0
.
1
5
7
2

-
0
.
0
3
9
5

0
,
8
6
2
7
*

-
0
.
0
1
0
4

-
0
.
0
5
1
8

0
.
0
8
3
7

0
.
2
1
2
3

-
0
.
0
0
6
6

0
.
0
5
1
6

-
0
.
0
1
2
5

0
.
0
7
0
8

-
0
.
0
3
6
5

0
.
0
8
9
4

0
.
0
2
1
1

-
0
.
0
8
3
5

-
0
.
1
1
8
1

0
.
0
0
9
2

-
0
.
5
6
5
1
*

-
0
.
0
1
8
0

-
0
.
1
8
6
3

-
0
.
2
6
7
3
*

0
.
0
1
2
0

0
.
0
7
6
4

-
0
.
0
8
7
1

0
.
0
2
7
0

0
.
0
5
8
8

-
0
.
2
4
1
2
*

-
0
.
3
5
0
0
*

-
0
.
1
0
2
9

0
.
0
9
4
2

-
0
.
0
3
1
2

-
0
.
1
2
6
6

-
0
.
5
5
3
8

-
0
.
4
6
4
7
*

0
.
0
2
9
7

0
.
0
5
7
4

0
.
1
8
8
9

-
0
.
0
8
2
1

0
.
1
4
6
4

-
0
.
0
1
8
3

-
0
.
0
2
8
6

-
0
.
0
8
0
9

0
.
0
5
9
9

0
.
2
3
1
1

0
.
1
1
9
0

0
.
0
5
3
0

0
.
0
9
0
9

-
0
.
4
6
3
3
*

0
.
0
7
5
1

0
.
0
7
8
4

0
.
1
3
7
8

0
.
0
5
2
5

0
.
0
0
7
7

0
.
0
9
6
0

-
0
.
1
7
5
8

-
0
.
0
9
7
6

-
0
.
2
2
1
0

0
.
7
5
5
7
*

-
0
.
0
0
6
2

0
.
1
0
8
0
 

0
.
2
8
6
7
*

-
0
.
0
1
8
6

0
.
2
3
5
7

-
0
.
0
8
1
0

-
0
.
1
7
6
1

0
.
0
1
6
3

0
.
0
7
7
4

0
.
0
4
9
3

0
.
0
4
1
2

0
.
0
2
7
0

0
.
0
6
0
3

0
.
1
7
5
4

-
0
.
0
9
6
5

-
0
.
2
1
8
6

0
.
2
0
6
6

-
0
.
0
0
6
5

0
.
3
3
9
3
*

-
0
.
1
2
3
8

-
0
.
0
7
5
3

-
0
.
1
4
2
6

-
0
.
0
8
0
2

-
0
.
2
6
1
2
*

0
.
0
5
1
9

0
.
1
7
1
9

-
0
.
0
3
7
1

-
0
.
2
2
5
3

-
0
.
0
4
9
4

-
0
.
2
6
4
5
*

-
0
.
2
4
6
2
*

0
.
2
2
3
9

-
0
.
0
6
0
2

-
0
.
3
0
8
3
*

0
.
7
0
0
9
*

0
.
1
5
6
3

-
0
.
5
6
9
8
*

0
.
0
2
1
4

-
0
.
0
1
9
1

-
0
.
0
2
4
4

-
0
.
0
9
2
6

-
0
.
0
9
5
3

-
0
.
1
0
4
2

0
.
1
5
2
6

0
.
3
0
4
8
*

-
0
.
1
3
3
2

-
0
.
2
0
4
7

0
.
2
8
6
4
*

9
.
8
2
1
4

0
.
8
8
5
2

0
.
7
2
7
3

0
.
6
9
9
3

0
.
7
3
4
5

0
.
7
2
0
7

0
.
7
2
3
7

0
.
7
7
6
4

0
.
6
7
2
8

0
.
9
1
7
0

0
.
9
0
0
7

0
.
7
5
0
0

0
.
8
8
1
1

0
.
8
5
1
9

0
.
8
2
4
5

0
.
8
8
6
2

0
.
8
7
0
9

0
.
7
5
9
5

0
.
9
2
3
5

0
.
8
6
0
1

0
.
 8
6
5
2

0
.
6
2
2
1

0
.
8
8
6
4

0
.
8
8
2
9

0
.
7
2
7
1

0
.
8
9
0
4

0
.
5
8
0
6

0
.
6
9
8
7

0
.
8
6
1
2

0
.
3
9
7
0

0
.
7
3
2
8

0
.
8
0
6
4

0
.
6
8
6
7

0
.
8
1
6
5

0
.
6
5
4
1

0
.
5
2
8
7

0
.
6
8
9
8

0
.
6
7
3
3

v
o



� �

 

.,1

s','- V;-;' /'i ,.. ■;■ *■ . 'i. f y«-'.-¥-T<=« V,
120

TABLE VI-11

DISTRIBUTION OF COMMUNALITY COEFFICIENTS (h ) FOR THE FACTOR ANALYSIS
OF THE 38 SOCIO-ECONOMIC VARIABLES USED IN THE ANALYSIS

OF THE 150 COUNTY TENNESSEE VALLEY REGION

Percent of
Variance Explained

Number of
Variables

Percent of
Variables

90-99 3 8

80-89 15 39

70-79 9 24

60-69 8 21

50-59 2 5

49 and below 1 3

Total 38 100

.. f -J, ^ i A A:
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Factor 1, Factor 1 emerged as the most important factor because

it had the largest eigenvalue. The 21 variables loaded significantly on

Factor 1 are shown in Table VI-12, Positive loadings on variables 2, 6, 1,

22, 24, 21, 7, 20, 4, 3, 12, 14, 34, 27, and 11 when associated with

negative loadings on variables 19,15, 31, 35, 17, and 29 presented a

logical and consistent functional unit that was named Level-of-Living.

Factor 2^. Factor 2 had significant loadings on 10 of the 38

variables as shown in Table VI-13. The relatively high positive loadings

on variables 5, 37, 36, and 38 coupled with the lower positive loadings on

variables 20, 14, 21, 24, 12, and 8 indicated that Factor 2 was measuring

some relationship between natural resource investments and economic growth.

As a result Factor 2 was identified as Natural Resource Investments.

Factor 3. The variables loaded significantly on Factor 3 are shown

in Table VI-14. This factor had significant loadings on seven of the 38

variables. The significantly loaded variables in this factor showed a

considerable degree of homogeneity of content since many were indicators

of the relative maturity of the population. The relatively high positive

loading on variable 17, percent of population 65 and over^ and the lower

positive loadings on variables 18, 23, and 34 along with the relatively

high negative loadings on variable 26, average size of household, and the

lower negative loadings on variables 1 and 6 led to the identification of,

Factor 3 as Population Maturity.
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TABLE VI-12

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 1* AND FACTOR
LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

38 VARIABLES INCLUDED IN THE STUDY

Variable

Number Desgrlp tion
Factor

Loadings

2 Change in median income of all families 0.8231

6 Change in median value of owner occupied housing units 0.7571

19 Percent of families with incomes tinder $3,000 -0.7222

1 Rate of population change 0.7135

22 Percent of migrants from different county 0,7046

15 Percent rural farm population -0.6865

24 Percent of employment in white collar occupations 0.6668

21 Median school years completed 0.6463

7 Change in the percent of dwellings structurally sound
with all pltimbing facilities 0.6072

20 Percent of families with incomes over $10,000 0.5933

4 Change in median income of rural farm families 0.5689

31 Percent of farms with sales under $2,500 -0.5440

35 Local government general expenditures on natural
resources -0.5137

3 Change in income of rural farm families 0.5026

12 Change in total payroll per capita 0.4948

14 Percent urban population 0.4694

17 Percent population 65 and over -0.3849

34 Farm operator level-of-living index 0.3547

27 Per capita property taxes 0.2937

29 Non-worker to worker ratio -0.2413

11 Ratio of bank deposits to aggregate income 0.2404

*Factor 1 was interpreted as Level-of-Living.



123

TABLE VI-13

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 2* AND FACTOR
LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

38 VARIABLES INCLUDED IN THE STUDY

Variable Factor

Number Description Loadings

5 Change in total property tax 0.8021

37 Location of TVA steam generator plants (dummy) 0.7138

36 Percent of land in capability Classes I-IV 0.6924

38 Location of TVA dams (dummy) 0.6542

20 Percent of families with incomes over $10,000 0.3605

14 Percent urban population 0.3509

21 Median school years completed 0.3144

24 Percent of employment in white collar occupations 0.3190

12 Change in total payroll per capita 0.2978

8 Change in the percent employed in agriculture 0.2448

*Factor 2 was interpreted as Natural Resource Investments<
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TABLE VI-14

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 3* AND FACTOR
LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

38 VARIABLES INCLUDED IN THE STUDY

Variable Factor

Nvimber Description Loadings

26 Average size of household -0.8069

17 Percent of population 65 and over 0,8065

18 Percent of population voting in 1960 Presidential
election 0.4338

23 Percent of population in labor force 0.3308

1 Rate of population change -0.2598

6 Change in median value of owner occupied housing
units -0,2540

34 Fajnn operator level-of-living index 0.2431

*Factor 3 was interpreted as Population Maturity,
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Factor_4. Factor 4 had significant loadings on five of thd 38

variables as Indicated In Table VI--15. The very high negative loadings

on percent of farms with sales $10,000 and over and average per farm

value of farm products sold and the lower negative loading on varia

ble 34 along with positive loadings on variables 31 and 18 suggested an

agricultural sector characterized by low Income farms. Accordingly,

Factor 4 was Identified as Sub-Marginal Agriculture.

Factor_5. Factor 5 had significant loadings on 13 of the 38 varia

bles as shown In Table VI-16. Negative loadings on variables 8, 30, 24,

35, 20, 14, 34, and 21 along with positive loadings on variables 15, 7,

19, 9, and 31 Indicated that Factor 5 was measuring some relationship

between agricultural employment and the degree of geographic Isolation.

Accordingly, Factor 5 was Identified as Agricultural Employment.

Factor The variables loaded significantly on Factor 6 are

shown In Table VX-17. The relatively high negative loadings on varia

bles 10 and 13 and the lower negative loadings on variables 12 and 38

along with the positive loading on variable 15 Indicated a strongly

oriented rural economy. The positive loading of variable 15, the per

cent rural farm population, resulted In the Identification of Factor 6

as Rurallsm.
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TABLE VI-15

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 4* AND FACTOR
LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

38 VARIABLES INCLUDED IN THE STUDY

Variable Factor
Number

32 Percent of farms with sales $10,000 and over -0.8674

33 Average per farm value of farm products sold -0,7458

34 Farm operator level-of-living index -0.4134

31 Percent of farms with sales under $2,500 0.3996

18 Percent of population voting in the 1960 Presidential
election , 0.3775

*Factor 4 was inter^jreted as Sub-Marginal Agriculture.
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TABLE VI-16

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 5* AND FACTOR
LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

38 VARIABLES INCLUDED IN THE STUDY

Variable Factor
Number Description Loadings

8 Change in percent employed in agriculture -0.7465

30 Value of minerals industries shipments and receipts -0.5968

15 Percent rural farm population 0.4680

24 Percent of population in labor force -0.4523

7 Change in the percent of dwellings structurally
sound with all plumbing facilities 0.3756

35 Percent of land in capability Classes I-IV -0.3572

20 Percent of families with incomes over $10,000 -0.3551

14 Percent urban population -0.3526

19 Percent of families with incomes under $3,000 0.3313

9 Change in retail sales per capita 0.3242

31 Percent of farms with sales under $2,500 0.3092

34 Farm operator level-of-living index -0.2926

21 Median school years completed -0.2529

*Factor 5 was interpreted as Agricultural Employment.
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TABLE VI-17

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 6* AND FACTOR

LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

38 VARIABLES INCLUDED IN THE STUDY

Variable Factor

Number Description Loadings

10 Change in value of farm land'and buildings -0.9118

13 Change in the value of manufacturing per capita -0.9067

12 Change in total payroll per capita -0.5697

38 Location of TVA dams (dximmy) -0.3500

15 Percent rural farm population 0.2504

*Factor 6 was interpreted as Ruralism.
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Factor 7. Factor 7 was difficult to identify because as Table

VI-18 indicates, only two of the 38 variables had significant loadings.

In order to identify this factor those variables in Table VI-10, page 119,

which were not loaded significantly were also considered. The relatively

high positive loadings on variable 16, percent non-white population and

variable 11, ratio of bank deposits to aggregate income, indicated a

plantation-type social structure characterized by a highly dependent

population of low wage earners. As a result of these relationships.

Factor 7 was identified as Extensiveness.

Factor Factor 8 had significant loadings on 15 of the 38 socio-r

economic variables as shown in Table VI-19. The relatively high positive

loading on variable 29, non-worker to worker ratio, along with the posi

tive loading on variables 9, 26, 19, and 18 combined with the relatively

high negative loading on variable 23, percent of population in labor

force along with the negatively loaded variables 34, 14, 21, 1, 20, 2,

35, 3, and 37 indicated that Factor 8 was measuring the state of welfare

of the population. Accordingly, Factor 8 was designated as Welfare Needs.

Factor 9_. The variables loaded significantly on Factor 9 are

shown in Table VI-20. This factor had significant loadings on 5 of the

38 variables. The high positive loading of variable 28, number of

towns and municipalities, and the lower positive loading on variable 31

along with negative loadings on variables 3, 4, and 18 suggested a rurally
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TABLE VI-18

SOCXO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 7* AND FACTOR
LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

38 VARIABLES INCLUDED IN THE STUDY

Variable

Number Descrlption
Factor

Loadings

16

11

Percent non-white population

Ratio of bank deposits to aggregate income

0.9153

0.8842

*Factor 7 was interpreted as Extensiveness,

'-f - ... .vv:. V 
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TABLE VI-19

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 8* AND FACTOR
LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

38 VARIABLES INCLUDED IN THE STUDY

Variable

Number Description
Factor

Loadings

29 Non-worker to worker ratio 0,8627

23 Percent of population in labor force -0.8312

9 Change in retail sales per capita 0,5975

34 Farm operator level-of-living index -0,5651

14 Percent urban population -0,4723

26 Average size of household 0,4089

21 Median school years completed -0,4198

19 Percent of families with income under $3,000 0.4047

18 Percent of population voting in the 1960 Presidential
election 0.3777

1 Rate of population change -0,3545

20 Percent of families with incomes over $10,000 -0.3494

2 Change in median income of all families -0.3148

35 Local government general expenditures on natural
resources -0.2673

3 Change in median income of rural families -0,2600

37 Location of TVA steam generator plants (dummy) -0,2412

*Factor 8 was interpreted as Welfare Needs,
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TABLE VI-20

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 9* AND FACTOR

LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

38 VARIABLES INCLUDED IN THE STUDY

Variable Factor
Number Description Loadings

28 Number of towns and municipalities 0.7557

3 Change in median income of rural families -0.5538

4 Change in median income of rural farm families -0.4647

18 Percent of population voting in the I960
Presidential election -0.4633

31 Percent of farms with sales under $2,500 0.2867

*Factor 9 was interpreted as Local Government Ineptness.

v., „■ ■■ ■ , V, '
• -t-'. ' I



133

oriented community in which local governments were small and poor. As

a result of these relationships Factor 9 was named Local Government

IneptnesSo

Factor 10. Factor 10 had significant loadings on nine of the

38 variables as Indicated in Table VI-21. The relatively high positive

loading of variable 25, percent of employment working outside county of

residence, along with the negative loadings on variables 27, 24, 20, 14,

and 21 Indicated a preference for the home community. Accordingly,

Factor 10 was identified as Immobility.

Discussion of Results

While the above factors are independent as possible, given the power

of the statistical technique, there was some overlapping similar to that

in the first factor analysis. For example, of the 38 variables listed In

Table VI-10, page 119, five appeared as significant variables in four dif

ferent factors; four appeared as significant variables in five different

factors; and three appeared as significant variables in three different

factors. The five variables that appeared as significant in four factors

were rate of population change, percent urban population, percent of employ

ment in white collar occupations, percent of farms with sales under $2,500,

and local government general expenditures on natural resources. The four

variables that appeared as significant in five different factors were percent

of population voting in the 1960 Presidential election, percent of families

with incomes over $10,000, median school years completed, and farm operator
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TABLE VI-21

SOCIO-ECONOMIC VARIABLES USED TO IDENTIFY FACTOR 10* AND FACTOR
LOADINGS DERIVED FROM THE FACTOR ANALYSIS OF THE

38 VARIABLES INCLUDED IN THE STUDY

Variable Factor

Number Description Loadings

25 Percent of employment working outside county of
residence 0.7009

27 Per capita property taxes -0.5698

9 Change in retail sales per capita 0.3393

24 Percent of employment in white collar occupations -0.3083

35 Local government general expenditures on natural
res ources 0.30 48

20 Percent of families with incomes over $10,000 -0.2645

14 Percent urban population -0.2612

21 Median school years completed -0.2436

38 Location of TVA dams (dummy) 0.2864

*Factor 10 was interpreted as Immobility.
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leve1-0f-living index. The three variables that appeared as significant

in three factors were change in retail sales per capita, percent rural

farm population, and location of TVA dams. As was the case in the first

factor analysis the second factor analysis indicated that along with

economic variables, social and political variables were also important

factors in the economic growth of the Tennessee Valley region. Thus, it

would appear that future research should place more emphasis upon social

and political forces as well as economic forces in studies of regional

economic growth and development.

Relationship of the 10 Factors to the Index of Economic Growth

In this section, multiple regression analysis was used to test

the general hypothesis that some portion of the variation in the index of

economic growth derived by principal component analysis in Chapter IV

would be explained by variations in the 10 derived factors. The analysis

of the relationship between factors and the index of economic growth

was completed utilizing the same procedure that was employed in the pre

vious analysis of the 25 independent variables

The Regression Analysis. The regression of the index of economic

growth on the 10 identified factors resulted in the following regression

equation, where the variables are arranged in the order in which they

4
entered into the equation.

4
The asterisk (*) indicates statistical significance at the .01

level. The variables X- and Natural Resource Investments and Immo
bility, were significant at the 0.25 and the 0.70 levels of significance,
respectively.
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Y - 0.000005354 - 0.024748X* + 0.0079191X*

- 0.011300X* + 0.0096339X* - 0.010402X*

+ 0.0066783X^ + 0.0062459X* - 0.0042086X*

+ 0.0018649X2 - 0.00064529X^q

where

Y =■ the index of economic growth

Xj^ = Level-of-Living
X2 = Natural Resource Investments

X^ = Population Maturity
X^ = Sub-Marginal Agriculture

X^ = Agricultural Employment

Xg = Ruralism
X^ = Extensiveness

Xg = Welfare Needs

Xg = Local Government Ineptness

Xj^Q= Immobility
2

The R for the above equation was .9767 indicating that almost 98

percent of the variation in the index of economic growth was explained

by the equation. This R value was significant at the .01 level. Eight

of the 10 regression coefficients had significant student t-values at

the .01 level.

The coefficients in the above regression equation can be interpreted

as follows. As Level-of-Living increased by one unit, the index of

economic growth, Y, increased by 0.0079191 of one unit indicating an
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Increase in the level of economic growth. Similarly, as Ruralism, Local

Government Ineptness, Population Maturity, Welfare Needs, and Immobility

increased by one unit, the index of economic growth decreased 0.024748,

0.011300, 0.010402, 0.0042086, and 0.00064529, respectively. On the

other hand, as Extensiveness, Sub-Marginal Agriculture, Isolationism, and

Natural Resource Investments increased by one unit, the index of economic

growth increased by 0.0096339, 0.0066783, 0.0062459, and 0.0018649 of

one unit, respectively.

All of the above signs for the coefficients were in agreement

with a priori reasoning. As was the case in the analysis of the 25

independent variables, the relatively small values of the regression

coefficients reflect the complexity of the relationships involved in

economic growth. These small coefficients probably also indicate that

there are several more factors outside the set of 38 variables which

are in^jortant in explaining economic growth in the Tennessee Valley,

VI. SUMMARY

In this chapter factor analysis was used as an objective method for

formulating hypotheses about regional economic growth and in selecting

dependent variables which constituted the basic or functional unities of a

complex system of interrelated variables. The derived factors were then

utilized as independent variables in a multiple regression analysis of

the variations in the index of economic growth that was derived by princi

pal component analysis in Chapter IV.
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The first factor analysis was carried out on a set of 25 independent

variables. In this analysis seven factors were derived and identified

as (1) Extent of Poverty, (2) Sub-Marginal Agriculture, (3) Labor Force

Maturity, (4) Inadequate Natural Resource Investments, (5) Extent of

Metropolitan Work Opportunities, (6) Labor Force Productivity, and (7)

Extractive.

The regression of the index of economic growth on the seven identi-

2
fied factors yielded a regression equation with an R of 0.7633. In

this equation Extent of Poverty, Sub-Marginal Agriculture, Labor Force

Maturity and Labor Force Productivity had significant regression coef

ficients at the .01 level of significance. Inadequate Natural Resource

Investments, Extent of Jfetropolitan Work Opportunities, and Extractive

were significant at much lower levels of significance.

Because the regression coefficients were relatively small in the

first regression analysis it was thought that there was variables out

side the set of 25 variables that might be important in explaining the

variation in the level of economic growth as indicated by the derived

index of economic growth. Therefore, a second factor analysis was com

pleted on a system of 38 variables which included the original 25 varia

bles from the first factor analysis plus 13 more from the analysis con

ducted in Chapter IV.

The second factor analysis derived 10 factors from the 38 varia

bles: (1) Level-of-Living, (2) Natural Resource Investments, (3) Popu

lation Maturity, (4) Sub-Marginal Agriculture, (5) Agricultural Employ

ment, (6) Ruralism, (7) Extensiveness, (8) Welfare Needs, (9) Local

Government Ineptness, and (10) Immobility.
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In a regression equation these 10 factors explained 97.67 percent

of the variation in the index of economic growth and had eight regres

sion coefficients with significant student t-values. Again the values of

the regression coefficients were relatively small indicating that because

of the complexity of the interrelationships in regional economic growth

it is difficult to identify and include all the relevant variables in an

analysis. In conclusion, while the selection of original variables is

still a subjective process, and while important dimensions may be left

out, factor analysis did facilitate the generation of inferences of

causality and of relationships among the many variables important to

regional economic growth. Also, the factor analysis emphasized the im

portance of the interrelationships between economic, social, and political

factors in explaining economic growth.

. : iV"'' ' .



CHAPTER VII

SUMMARY AND CONCLUSIONS

Despite large investments in natural resource projects, economic

growth in the Tennessee Valley region during the decade from 1950 to

1960 was not evenly spread across the region. While some areas of the

region grew at rates equal to or above the national rate of economic

growth, other areas within the region suffered from poverty^ unemploy

ment, and lagging rates of economic development. Thus, while it is

apparent that economic growth has taken place in some areas of the re

gion, it is not so apparent why some areas within the region have pros

pered while others have not. In an attempt to provide information

that will give some insight into the problem of ascertaining how effec

tive various kinds and amounts of natural resource investments are in

stimulating regional economic growth this study was undertaken.

In this study it was hypothesized that regional economic growth

is a function of the socio-economic characteristics of the region in

question. Therefore, in order to investigate the economic growth of the

Tennessee Valley region various socio-economic variables were observed

and analyzed in order to fulfill the objectives of this study. The

overall objectives of this study were (1) to ascertain the factors that

determine the rate of economic growth in the counties making up the

Tennessee Valley region, and (2) to assess the multistatistical approach

as a method of analysis in regional research. Specific objectives of the

140
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study were (1) to determine the relationship of various types of socio

economic changes with the level and pace of economic development and

growth in the Tennessee Valley region, (2) to estimate the relationships

between various kinds and amounts of investments in natural resources

and the economic growth of the Tennessee Valley region, and (3) to dis

cover the causes of disparity in the rate of economic growth between

counties in the Tennessee Valley region.

A review of the literature and research applicable to the study

of regional economic growth revealed that there is no one generally

accepted theory of regional economic growth. Because the processes in

volved in regional growth are extremely complex, the theoretical work

to date suggested that some consideration should be given to alternative

methods of investigating the relationships involved in regional growth.

Observations on the various socio-economic variables thought to

affect regional growth were collected from secondary sources for the 150

county study region. The statistical methodology chosen to analyze the

data so as to provide meaningful and testable hypotheses was multivariate

analysis. In the present research the multivariate statistical analysis

employed included the following statistical techniques: (1) principal

component analysis—a technique for transforming the original variables

into new variables which may reduce the dimensions of the original

observations and serve as an index of economic growth; (2) factor analy

sis—a technique for explaining the possible interactions of the socio

economic variables so as to provide a simpler, more compact explanation

of the regularities apparent in the data; (3) multiple discriminant
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analysis—a technique for making multivariate comparisons of several

groups of counties on the basis of their performance as it relates to

economic growth; and (4) multiple regression analysis—a technique used

to analyze the relationship between the extracted factors derived by

the factor analysis and the index of economic growth derived from the

principal component analysis.

To test the hypothesis that regional economic growth is a function

of the socio-economic characteristics of the region, data were collected

from various secondary sources and subjected to the above mentioned

statistical techniques. In selecting the data to be analyzed the fol

lowing criteria were utilized: (1) the data had to be readily available

from secondary sources; (2) the data had to be available for the same

time period, 1950 to 1960; and (3) the data had to be available by county

for all counties in the study region.

Initially, 60 socio-economic variables were selected to represent

the socio-economic environment of the region. The first 23 of these

variables were designed to measure the magnitude of economic change

which occurred in the region between 1950 and 1960, The remaining 37

variables were observed as of 1960 and were entered Into the data analy

sis as independent variables.

Principal component analysis was used to reduce the multiple

dimensions of regional economic growth into a single dimension that was

subsequently utilized as an index of economic growth. The technique

of principal component analysis removes those variables exhibiting small

variances and concentrates attention on only those variables with large



143

variances. The analysis results in a set of principal components which

are derived from the original data matrix through a linear transformation

of the variables. The first principal component in this set is that

linear combination of the original variables which contributes a maximtan

to their total variance. Thus, the first principal component of the

original variables, which explains more variation than any other component,

becomes the index of economic growth.

The results of the principal component analysis of the data re

presenting 13 of the first 23 measure variables^ indicated that the

first principal component accounted for 40 percent of the total varia

tion in the multivariate system. Of the variables making up the first

principal component or the index of economic growth, the variables having

the most weight were (1) change in the median income of all families,

(2) rate of population change, and (3) change in total payroll per capita.

On the basis of this index, the 150 counties in the study area

were arrayed in order according to the size of the first principal compo

nent. The ranked counties were then divided into four groups represent

ing different rates of economic growth. There were 13 counties in the

fast growth group, 21 in the medium growth group, and 91 in the no growth

group, and 25 in the slow growth group.

The ranked counties displayed certain economic characteristics.

First, the results of the analysis indicated that economic growth in

^These 13 variables were selected through correlation analysis.
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the Tennessee Valley region during the 1950-1960 period tended to be

urban oriented. Secondly, the analysis indicated that the faster grow

ing counties in this period were located along waterways or rivers which

had received natural resource investments in the form of dams and/or

steam generator plants. These results suggested the hypothesis that

economic growth during the 1950-1960 period in the Tennessee Valley

was directly affected by natural resource investments in such installa

tions as dams and steam generator plants.

Multiple discriminant analysis was used to detect the differences

in the value of the index of economic growth among the counties under

study. The discriminant analysis provided a method for testing the

significance of the four groups of counties identified by the principal

component analysis by examining the group membership of the counties

on the basis of 25 independent variables.

The analysis indicated that the four groups were widely separated,

thus supporting the results of the initial grouping of counties based

on the index of economic growth derived from principal component analy

sis. However, the discriminant analysis also indicated that the extreme

groups~fast growth and no growth—were more easily determined. The

discriminant analysis also indicated that median school years completed,

average size of household, non—worker to worker ratio, location

of TVA steam generator plants, and location of TVA dams were more im

portant in the discriminating equations than the raw data indicated.
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Factor analysis was used as an objective method for formulating

hypotheses about regional economic growth and selecting dependent variables

which constituted the basic or functional unities of the complex system

of Interrelated variables In the regional economy. The primary purpose

of factor analysis was to reduce the original number of explanatory

variables to a nianber of Independent factors In terms of which the whole

set of variables could be understood. It accomplished this purpose

by Identifying and summarizing the structural relationships of a system

so as to combine highly Interrelated variables Into clusters called fac

tors. The derived factors were then utilized as Independent variables In

a multiple regression analysis of the variations In the Index of economic

growth that was derived from the principal component analysis.

The factor analysis was applied to two sets of variables. The

first factor analysis was applied to the same 25 Independent variables

used In the discriminant analysis and extracted seven factors. These

factors were tentatively Identified as (1) Extent of Poverty, (2) Sub-

Marginal Agriculture, (3) Labor Force Maturity, (4) Inadequate Natural

Resource Investments, (5) Extent of Metropolitan Work Opportunities,

(6) Labor Force Productivity, and (7) Extractive.

Following the Identification of the seven factors derived by the

factor analysis It was assumed that these factors represented certain

dimensions of regional economic growth, and thus should explain some

part of the variation In economic growth among counties within the

Tennessee Valley region. A measure of the degree to which each county

exhibited or possessed each of the seven factors was provided by the
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calculation of the factor score matrix. These scores became Independent

variables In regression analysis where the Index of economic growth was

used as the dependent variable.

The relationship between the seven factors and regional economic

growth was analyzed by regressing the Index of economic growth derived by

principal component analysis on the seven factors. The resulting regres-

2
slon equation had an R of 0.76, Indicating that 76 percent of the varia

tion In the Index of economic growth was explained by variations In the

2
factors. This R value was significant at the .01 level. In this regres

sion equation four of the seven independent variables had significant

student t-values at the .01 level while the other three variables were

significant at much lower levels of significance. The first four fac

tors to enter the stepwlse equation were Factor 1 (Extent of Poverty),

Factor 2 (Sub-Marginal Agriculture), Factor 6 (Labor Force Productivity),

and Factor 3 (Labor Force Maturity). These four factors actually ex

plained 99 percent of the total variation explained by the seven factors

at the .01 level.

Because the regression coefficients were relatively small In the

first regression analysis It was thought that there were variables outside

the closed system of 25 variables that might be Important In explaining

the variations In the Index of economic growth. Therefore, a second

factor analysis was completed on an expanded system of 38 variables. The

second factor analysis extracted 10 factors which were tentatively

Identified as (1) Level-of-Llvlng, (2) Natural Resource Investments, (3)

Population Maturity, (4) Sub-*Marglnal Agriculture, (5) Agricultural
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Employment, (6) Ruralism, (7) Extensiveness, (8) Welfare Needs, (9)

Local Government Ineptness, and (10) Immobility,

Following the same procedure as was used with the first factor

analysis, the relationship between the 10 factors and the index of

economic growth derived in Chapter IV was analyzed by regressing the

index of economic growth on the 10 factors. The resulting regression

2
equation had an R of 0.977 and eight regression coefficients with signi

ficant student t-values at the .01 level. The first five factors to

enter the equation were Factor 6 (Ruralism), Factor 1 (Level-of-Living),

Factor 9 (Local Government Ineptness), Factor 7 (Extensiveness), and

Factor 3 (Population Maturity). These five factors actually explained

99 percent of the total variation explained by the 10 factors at the .01

level.

The results of the present study supported the following hypothe

ses: (1) regional economic growth is a function of the socio-economic

characteristics of the region, (2) the observed socio-economic charac

teristics can be analyzed by various multivariate statistical procedures

as a means for gaining an understanding of the process of regional

economic growth, and (3) when the socio-economic characteristics represent

ing man's reactions to his economic environment are hypothesized to be

relevant to regional economic growth, on the basis of a sound theoretical

framework, then the resulting factors derived from the data through

factor analysis will explain variations in a derived inddx of economic

growth.
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The present research led to the following conclusions and implica

tions regarding additional research: (1) The present study appeared to

indicate the importance of the interrelationships between economic, social,

and political factors in explaining economic growth. It may well be that

social and political factors may actually play a more important role in

explaining regional economic growth than strictly economic factors. There

seems to be a definite need for research aimed at developing a system

of social, economic, and political variables that can be utilized in

future analyses of regional economic growth. (2) The results of the

analyses of the present study appeared to indicate that natural resource

investments such as dams and steam generator plants had very little direct

2
impact on county economic growth rates during the period 1950 to 1960.

However, variables representing natural resource investments appeared in

several of the factors extracted by the factor analysis. This would seem

to indicate that natural resource investments during the 1950 to 1960

period played an indirect role in stimulating local economic growth.

Additional research is needed that will be aimed at identifying and quanti

fying the various types of natural resource investments that have been

made in the Tennessee Valley region, and measuring the indirect and direct

effects of these investments on regional economic growth. (3) The factors

2
This conclusion is supported by the results of Wiebe's study [94]

of the role of natural resource investments in stimulating economic
growth in the Tennessee Valley. He found that TVA investments did not
show a strong impact on the counties where the investment projects were
located but perhaps had their greatest impact on the urban growth centers
of the region.
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identified in the present study are considered to be a contribution to

some subset of the regional economic growth process, which will ultimately

define the dimensions of regional economic growth. However, the present

study was considered exploratory in nature and the processes identified

through the multistatistical approach require additional empirical valida

tion as well as the identification and evaluation of additional dimen

sions of economic growth.

As is the case with much of the research in regional economic

growth, the findings of the present study are highly tentative. While

a high proportion of the variation in the derived index of economic

growth was explained by the extracted factors, the principal component

analysis used to derive the index of economic growth left a large propor

tion of the total variation of the 13 variable multivariate system un

explained. Clearly, additional research is needed that will be aimed at

determining the set of socio-economic variables which are representative

of the changes that occur in regional economics over a given time period.

Nevertheless, the results of the present study should be of value to sub

sequent researchers who are interested in the factors affecting economic

growth in a regional economy. The present research also demonstrates

the usefulness of the multistatistical approach as a methodology for

systemization and rationalization of facts that will allow the expres

sion and testing of meaningful hypotheses about regional economic growth.

It is hoped that the results of the present study will provide some

insights and inspiration to those who are interested in continuing

research in this important subject area of regional economic growth.
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APPENDIX A

LIST OF VARIABLES SUBJECTED TO MULTIVARIATE STATISTICAL ANALYSIS



 
 
 
 
 
 

 
 
 

TABLE A-1

LIST OF VARIABLES SUBJECTED TO MULTIVARIATE STATISTICAL ANALYSIS

Variable

Number Variable Identification

1 Rate of population change, 1950-1960
2 Change in median income of all families, 1950-1960
3 Change in median income of rural families, 1950-1960
4 Change in median income of rural farm families, 1950-1960
5 Change in per capita income, 1950-1960
6 Change in the ratio of school enrollment to population, 1950-

1960

7 Change in the percent of owner occupied dwellings, 1950-1960
8 Change in total property tax, 1950-1960
9 Change in the median value of owner occupied housing units,

1950-1960

10 Change in the percent of dwellings structurally sound with all
plumbing facilities

11 Ratio of part-time to commercial farms, 1960
12 Change in the percent employed in manufacturing, 1950-1960
13 Change in the percent employed in agriculture, 1950-1960
14 Change in the percent employed in trades and services, 1950-

1960

15 Change in retail sales per capita, 1950-1960
16 Change in the value of wholesale trade per capita, 1950-1960
17 Change in the value of manufacturing payroll per capita, 1950-

1960

18 Change in the value of selected services per capita, 1950-1960
19 Change in the value added in mining per capita, 1950-1960
20 Change in the value of farm land and buildings, 1950-1960
21 Ratio of bank deposits to aggregate income
22 Change in total payroll per capita, 1950-1960
23 Change in value added by manufacturing per capita, 1950-1960
24 Population density
25 Percent urban population
26 Percent rural farm population
27 Percent non-white population
28 Percent of population under 5 years
29 Percent of population 21 years and over
30 Percent of population 65 and over
31 Percent of population voting in the 1960 Presidential election
32 Percent of families with incomes under $3,000
33 Percent of families with incomes over $10,000
34 Median school years completed

161



35 

40 

45 

50 

55 

60 

* )/
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TABLE A-1 (continued)

Variable

Nuniber Variable Identification

Percent of population over 25 who completed less than 5 years
of school

36 Percent of population over 25 who completed high school or
more

37 Percent of migrants from different county i
38 Percent of population in labor force
39 Percent of employment on white collar occupations

Percent of employment working outside county of residence
41 Average size of household
42 Per capita property taxes
43 Number of towns and municipalities
44 Non-worker to worker ratio

Number of manufacturing establishments
46 Value added by manufacture ($1,000's)
47 New capital expenditures in manufacturing ($1,000's)
48 Number of retail establishments

49 Value of minerals, industries, shipments, and receipts
Average size of farms

51 Percent of farms with sales under $2,500
52 Percent of farms with sales $10,000 and over
53 Average per farm value of farm products sold
54 Farm operator level of living index

Local government total general expenditures ($1,000's)
56 Local government general expenditure on natural resources

($l,000's)
57 Percent of land in capability classes I-IV
58 Number of new and expanded plants in the TVA area
59 Location of steam generator plants

0 - none

1 - one or more

Location of TVA dams

0 - none

1 - one or more

:? ;
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APPENDIX B

COREELATION MATRIX FOR 60 VARIABLES USED IN THE ANALYSIS OF ECONOMIC

GROWTH IN THE 150 COUNTY TENNESSEE VALLEY REGION
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APPENDIX C

IDENTIFICATION OF THE COUNTIES INCLUDED IN THE STUDY REGION
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TABLE A-8

IDENTIFICATION OF THE COUNTIES INCLUDED IN THE STUDY REGION

County
Number

County
Name

Alabama

1

2

3

4

5

6

7

9

10

11

12

13

14

15

Georgia

16

17

18

19

20

21

22

23

24
25

Kentucky

26

27

28

29

30

31

32

'I ' *» 1 • i , "i.. . • ' . '».

f

Blount

Colbert

Cullman

DeKalb

Etowah

Franklin

Jackson

Lauderdale

Lawrence

Limestone

Madison

Marlon

Marshall

Morgan
Winston

Catoosa

Dade

Fannln

Gllmer

Lumpkin
Rabun

Towns

Union

Walker

Whitfleld

Calloway
Graves

Livings ton
Lyon
McCracken

Marshall

Trlgg
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TABLE A-8 (continued)
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County County
Number Name

Mississippi
33 Alcom
34 Itawamba
35 Prentiss

36 Tishomingo

North Carolina

37 Avery
38 Buncombe

39 Cherokee

40 Clay
41 Graham

42 Haywood
43 Henderson

44 Jackson

45 Macon

46 Madison

47 Mitchell

48 Swain

49 Transylvania
50 Watauga
51 Yancey

Tennessee

52 Anderson

53 Bedford

54 Benton

55 Bledsoe

56 Blount

57 Bradley
58 Campbell
59 Cannon

60 Carroll

61 Carter

62 Che a th am

63 Chester

64 Claibome

65 Clay
66 Cocke

67 Coffee

68 Crockett

69 Cumberland

70 Davidson
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TABLE A-8 (continued)

County County
Number Name

Tennessee

71 Decatur
72 DeKalb
73 Dickson
74 Dyer
75 Fayette
76 Fentress
77 Franklin
78 Gibson
79 Giles
80 Grainger
81 Greene

82 Grundy
83 Hamblen
84 Hamilton
85 Hancock

86 Hardeman
87 Hardin
88 Hawkins
89 Hajrwood
90 Henderson
91 Henry
92 Hickman

93 Hous ton

94 Humphreys
95 Jackson

96 Jefferson
97 Johnson

98 Knox

99 Lake

100 Lauderdale

101 Lawrence

102 Lewis
103 Lincoln

104 Loudon

105 McMinn

106 McNairy
107 Macon

108 Madison

109 Marion

110 Marshall

111 Maury

: V *■ i- •y'i- . \i V, .■
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TABLE A-8 (continued)

County
Name

County
Name

Tennessee

112 Meigs
113 Monroe
114 Montgomery
115 Moore
116 Morgan
117 Obi on
118 Over ton
119 Perry
120 Pickett
121 Polk
122 Putnam
123 Rhea
124 Roane
125 Robertson
126 Rutherford
127 Scott
128 Sequatchie
129 Sevier
130 Shelby
131 Smith
132 Stewart
133 Sullivan
134 Simuier
135 Tip ton
136 Trousdale
137 Unicoi
138 Union
139 Van Buren
140 Warren
141 Washington
142 Wayne
143 Weakley
144 White
145 Williamson
146 Wilson

Virginia
147

148

149

150

Grayson
Lee

Scott

Washington
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Vemon Glenn Chappell, Jr^ was born November 6, 1942, in Newport

News, Virginia, the son of Mr. and Mrs. Vemon G. Chappell. He graduated

from Rich Square High School in Rich Square, North Carolina, in 1961.

In the summer of that same year he entered North Carolina State Univer

sity, located in Raleigh, North Carolina, where he pursued an agricultural

economics curriculum.

He graduated from North Carolina State University with a B. S.

degree in Agricultural Economics in 1965. While attending North Carolina

State University he was initiated into Alpha Zeta, Blpe Key National Honor

Society, and the Order of Thirty and Three. He was also a member of

Lambda Chi Alpha social fraternity.

Upon graduation he took a position with International Minerals and

Chemical Corporation in Augusta, Georgia, as a production trainee in

fertilizer manufacturing.

In September, 1966, he entered the Graduate School of the University

of Tennessee where he was a National Defense Education Act Fellow in the

Agricultural Economics Department. In January, 1969, he became a candidate

for the Ph.D. degree in Agricultural Economics. His major area of concen

tration was in General Agricultural Economics, with minor concentrations

of interest in Agircultural Marketing and Price Analysis and Economic De

velopment, While attending the University of Tennessee he was initiated

into Gamma Sigma Delta.
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Vemon Glenn Chappell, Jr., was married in March, 1965, to the

former June Tolson of Woodland, North Carolina. He and his wife are the

parents of two children, Christopher and Kimberly Anne. Presently, he

is employed by East Carolina University as an Assistant Professor in the

Department of Business Administration.
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