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The "Factorial Ecology of Dallas County" deals with the 

differentiation of census tracts based on combinations of 

census tract variables for Dallas County* The study examines 

this differentiation, using five factors which are analyzed 

in relation to concentric son© and sector theory® All cf 

the analyses are baaed upon data which are available by 

census tract from the 1970 national census. 

Chapter One, "Theories and Developments," introduces 

concentric zone and sector theories, aa related to the 

spaeial analysis of social variables. Social area analysis 

and factorial ecology are introduced, and limitations are 

discussed. Chapter Two explains the methodology employed, 

including sampling procedures, variables used, descriptions 

of the areas of analysis, and factor analysis. Chapter 

Three includes the results and conclusions of the study, 

focus ing on the limitations of ehe study,, 

The results of the study indicate that the segregation 

in Dallas County varies by sector, while socio-economic 

status varies by zone., However, the results are limited by 

the boundaries that are drawn for the aones and sectors 

and the fact thsfc the sample drawn was somewhat biased. 
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different types of rotations are rseoaimended for futura 

studies. 



A FACTORIAL ECOLOGY OP DALLAS COUNTY 

THESIS 

Presented to the Graduate Council of the 

North Texas State University in Partial 

Fulfillment of the Requirements 

For the Degree of 

MASTER OF ARTS 

By 

Louis Pol, B. A, 

Denton, Texas 

August, 1973 



TA3LB OP CQNTBHTS 

LIST OP TABLES . , « ^ 

LIST OP ILLUSTRATIONS. . . v 

Chapter 

I. THEORIES AND DEVELOPMENT* 1 

Introduction 
Concentric Zona Theory 
Sector Theory 
Social Area Analysis 
Factorial Ecology 

XI » METHODOLOGY • Xijt 

Selection of the Area of Analysis 
Selection, of Variables 
Factor Analysis 
Rotation and Factor Sooroe 

III. RESULTS AND CONCLUSIONS , . , 27 

Findings 
Limitations of the Study 
Concilia ions 

BIBLIOGRAPHY • k-Z 

11: 4 



LIST OP TABLES 

Table 

X. Initial Faotors, , , , , , . • 29 

II, Final Factors, 3^ 

III, Analysis of Variance by Zones and Sectors, , . , , 36 

IV, Analysis of Variance for Sight Sectors * 37 

iv 



LIST OP ILLUSTRATIONS 

Figure Pag© 

1. Concentric Zones 15 

2. Sectors. . . « • 16 

3. Eight Sectors 3§ 



CHAPTER I 

THEORIES AND DEVELOPMENTS 

Introduction 

The United States of America is a country in which the 

process of urbanization has increased since the eighteenth 

century. However, it was not until the late nineteenth and 

twentieth centuries that the full impact of urbanisation, 

began to be realised. Beginning in the 1920r s, aooial 

scientists first became very interested in the results as 

well as the process of urbanisation. Since that time, social 

scientists have been interested in city growth, changing * 

land-use patterns, family structure, and patterns of segre-

gation; and it is from this background of collected data 

and developed theory that social scientists of today work, 

In this paper, a methodology of urban classificatiQn, 

factorial ecology, is discussed, as well as its development 

from prior research, its value as a research tool, and ita 

shortcoinings from a methodological and theoretical point 

of view, Explanation is baaed upon an analytical con-

vergence of concentric zone and sector theories. 



Concentric Zone Theory 

Louis Wirth de-scribed cities as being characterised by 

size, density, and heterogeneity. These characteristics are 

the key determinants of many kinds of social action. In 

broader terras, Wirth viewed the effects of urban development 

as "distinctive and independent of those stemming frcra 

1 

cultural values or from urbanization.n~ The result is that 

these effects underlie the complexity of the city, Tho 

expansion of a city takes place as outaida areas ara incor-

porated with concomitant changing uses of land* Land us© 

interested E. W. Burgess; after a study on the land us® and 

social characteristics of Chicago, ho femulated a concentric-

zone theory which summarized urban patterns in five con-

centric zones: (1) central business distri at, (2) the zona 

of transition, (3) the zone of independent working men's 

homes, (Ij.) the zone of better residencesf and (5?) tha 

computer sons,~ The expansion process took place radially 

from the inner zone as its land area was extended outward 

to the next zone through a. process called succession. This 

succession could only take place when transportation to and 

from work became efficient enough to allow for expansion. 

According to McXenzie, expansion became a function of tiwe 

1 
'Phillip M» Hauser and Leo F, Schncre, Urbanization 

(New York, 1965), p. 160. = ~ 
p 
-Robert E. Park, Ernest W, Burgess, and K* D, KrJvo.nzi«, 

editors, The City (Chicago, 1925), pp. ^7-62. 
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and cost over distance,' Immigration into the city increased 

the expansion of the city. Expansion of outer boundaries ot 

the city necessitated a new or different transportation 

system that could serve populations. 

Several criticisms can and have been made of this 

theory. Concentric zones assume that a city has a single 

nucleus, or central business district, and many cities 

have multiple nuclei. James Quinn criticized this model 

because he thought that heavy industry was left out of the 

model entirely, while only cities characterized by light 

industry were considered.^" Cities characterized by heavy 

industry generally had separate areas for business and 

industry. Employees of these heavy industries had their 

own business district. Quinn also criticized Burgess for 

implying that these zones were natural areas. In many 

cases, these zones were planned from the standpoint that 

certain types of housing or industry were constructed which 

determined the characteristics of that area. 

Sector Theory 

Richard Hurd suggested a sector type of model for urban 

land use when he wrote that transportation stimulates axial 

3James Quinn, "The Burgess Zonal Hypothesis and Its 
Critics," American Sociological Review, 5 (April, 19lj.O)» 
212. ~ — ' " 

^Ibld., p. 215. 

^Ibid., p. 216. 



growth.and, -land, .value diminishes out<w&r£ from the .center of 
a 

the city. In 1929* McKennle added to this the observation 

that distance was related, to tir̂ s and that -the automobile 

had increased the distance.- that one could live from M s 

7 
place of work. In 1939? Homer Hoyt proposed a sector theory 

A 

of urban land development based upon his study of Chicago*0 

He observed that high-rent areas stood on high ground, were 

near main arteries of good transportations and were situated 

away from factories. The low-rent areas, or the areas of 

the workingmsn!3 home3, wore located near factories and on 

low ground, subject to floods, Hoyt argued that these areas 

developed axially and were totally dependent on the availa-
9 

billty and quality of transportation. ' According to Schwirian,. 

r"the sector model is much more specific*, about the processes 

of ecological change than is the gradient m o d e l . A few 

of the testable hypotheses put forth by Hoyt on urban 

sectorial change were 

&Richard M. Hard, Principles of City Land Values (New 
York, 1903), p. 11̂ 5* " - - - "" 

*7 
'Amos H. Hawley, editor, Roderick D. McKenzie on Human 

Ecology (Chicago, 1968), p. 9k~* ~ ~ ~~ ~ " 
P 
Homer Hoyt, According to Hoyt (Washington, D.C.$ 1966). 

p. 569. " ~ " 

^Kent P. Schwirian, "Analytical Convergence in Ecological 
Research: Factorial Analysis, Gradient and Sector Models," 
paper presented at the conference on models of urban structure, 
Battelle Memorial Institute, Columbus, Ohio, -June 9, 1969. 

-^Hoyt According to Hoyt, p. 590. 



(1) High-grade residential growth tends to procci««5 
from the. given point of origin, either along established, 
lines of travel or toward -another existing nucleus ol* 
building or trade areas* 

(2) High-rent residential districts tend to grow 
toward the section of the city that has free open 
country beyond the edges and away from "dead end." 
sections which are prevented from expanding by natural 
or artificial barriers. 

(3) High-grade residential areas tend to develop 
along the fastest existing transportation lines* 

(!}.) The growth of high-rent neighborhoods continues 
in the same direction for a long period of time.H 

Social Area Analysis 

Social area analysis was developed by Eshref Shevky 

and his colleagues as a technique for classifying census 

tracts on the basis of three indexes: social rank, urban-

ization, and segregation. Shevky and Wendell Bell applied 

social area analysis to the study of San Francisco because 

they felt that urban phenomena were regional manifestations 

of changes in the total society. Differentiation of economic 

status and power had significance transcending the signifi-

cance of relations occurring within the boundaries of the 

IP 

local community. A priori assumptions were made to allow 

these indexes to represent the important factors within an 

urban area. The index of social rank dealt with the change 

in the distribution of skills, or the movement from primary 

and secondary to tertiary occupations. Urbanization, or the 

^^•Ralph Thomlinson, Urban Structure (New York, 1969}, 
pp. Iif6-1^7. 

^Eshref shevky and Wendell Bell, Social Area Analysis 
(Stanford, California, 1955)s p. 1. ~ 



development of modem society, was treasured, by differential 

rates in fertility, the number of women in th® labor force-, 

and changes in housing characteristics. Segregation* 

change in population distribution, was measured &y d^ftsr*" 

ential distributions of minority groups. 

Shevky and Bell' s analysis of the San Franc iuoo B&y 

region was an attempt to develop a new methodology to measure 

urban differentiation. Urban differentiation referred to 

the different iation of areas within an urban area QTK th® 

basis of relative degrees of segregation, social rank, and 

urbanization. The indexes that were developed and standard-

ized provided the means of comparison of structure and change 

among census tracts. Tracts were differentiated, on ©aoh 

index by a single index score, and further differentiation 
3 1 

was accomplished by averaging scores on the three indexes,* 

The social areas analysis of San Francisco was highly 

criticized for several reasons. Otis Dudley Duncan criti-

cised the study as not systematically discussing or investi-

gating the relationships between social areas.^ Scores 

were computed, but actual comparisons were never really 

discussed; when average scores were computed, comparisons 

became unreasonable because the effect, or lack of effect* 

from one index could be averaged out by the other two. 

13por a detailed description of the standardization 
process, see Shevky and Bell, pp. 54"*53, 

•^Otis Dudley Duncan, "A Review of E, Shevky and W* Bell; 
Social Area Analysis/5 American Journal of Sociology, 61 
{July, 1955), 
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However, Duncan agrsed with Sh.av.fcy and Bail in that urban 

research should be comparative„ and not merely & aeries ot 

case studies. He also agreed that the process of urbani-

zation should be studied in the context of related social 

1 *5 

and economic concepts. Duncan and Amos Hawley were 

critical of social area analysis on the basis that the 

reasons for the differentiation of residential areas were 

ex post facto and had no real theoretical basis. They felt 

that the differentiation of residential areas was accomplished 

by the formulation of indexes and that it was methodology, 

not theory, that explained the differences in index scores. 

They were also critical of the ©x post facto method of 

identifying factors as a justification of the choice of 
1 & 

indexes. Furthermore, Hawley and Duncan thought that 

confusion was added when classifying geographic units as 

areas. The use of census tract data was not sufficient to 

identify basic factors of 'urban differentiation and strati-

fication.1^ 

Van Arsdol, Gamerilli, and Schmid performed a factor 

analysis of census tract variables in ten cities to empir-

ically test the Shevky and Bell m o d e l . F o u r of the cities 
^Ibld. p. 85. 

•^Amos H. Hawley and Otis Dudley Duncan, "Social Area 
Analysis: A Critical Appraisal," Land Economics, 1+3 (Novem-
ber, 1957), 337. - " 

17Ibid., p. 338* 
! 

•^Maurice Van Arsdol, Jr., Santo F. Camerilli, and Calvin 
F. Schmid, "The Generality of Urban Social Area Analysis,n 

American Sociological Review, 23 (June, 1958)3 277. 



analyzed did not fit the model because the intarcorre.Ia.t.to.!i3 

of dimensions made it too difficult to differentiai.§, 

1 Q 

factors. For example, the intercorrelatior* of tfa§ sqqIhI. 

rank and segregation factors ranged from -.010' in op.@ city 

to -.675 and -.752 in other cities. Anderson and Scan w 

countered the same problems in their factor analysts ©,f 
? 0 

fifty-five census tracts in Toledo, Ohio.~ There w&a % 

problem of identifying factors because some variables th&fc 

seemed to be obvious indicators of certain factors did not 

load very highly on any factors. Also, the urbanisation 

factor separated into two factors, urbanisation and family* 

Factorial Ecology 

Factorial ecology is the application of the method ot 

factor analysis, described in Chapter II, to census 

variables. While social area analysis assumes the existence 

of three factors based on given variables which differentiate 

urban areas, factorial ecology allows for the inclusion of a 

large number of variables that may in fact produce more than 

three factors. The nature of the variables produces the 

factors through differential factor loadings. Factorial 

ecology allows for a larger number of and different factors 

which are named on the basis of their factor loadings. 

19Ibid., p. 283. 
OA 
twTheodor« R. Anderson and Lee L. Bean, "The Shevky-Bell 

Social Areas: Confirmation of Results and a Reinterpretation," 
Social Forces, I4.O (December, 1961), 119-12i|. 
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Comparison of different tracts and areas is accomplishad by 

contrasting of factor scores which are standardised scores 

for each factor* 

Many studies of urban areas have been completed util-

izing factor analysis as a means of areal unit differentiation. 

Most of these studies have used subareas based upon zonal or 

sector theories to make comparisons. Berry and Horton, in 

their study of fifty-seven variables for each of 222 areal 

units taken for the I960 census of Chicago, reduced the 

PI 

fifty-seven variables to ten factors. They concluded 

that the unidimensional socio-economic status factor varied 

by zone and by sector, but most strongly by zone, while the 

urbanization factor, labeled familial status by Berry and 

Horton, varied mainly by sector. The segregation factor 

varied by cluster so that it was not distributed by zones 

or sectors, but by a number of small clusters distributed 

around the area. They concluded that && the size of the 

city increased, the importance cf rional differences for the 

socio-economic status factor increased, as did the sectorial 

importance for the familial status factor.^ Anderson and 

Egeland, in their study of Akron, Dayton, Indianapolis, and 

Syracuse, all cities of circular shape and between 200,000 

and £00,000 people, produced opposite results. The 

^Brian J* L. Berry and Frank E. Horton, Geographic 
Perspectives on Urban Systems (Englewood Cliffs, New Jorsay, 
1970rrpT 3267" ~ ~~ 

22ibid„pa 373. 



socio-economic status factor varied by sector, while the 

familial factor varied by zone. The segregation factor 

varied in c l u s t e r s . ^ 3 These conflicting results suggest 

that city size may play an important part in the variation 

of factors by zones and by sectors; therefore, city size 

should be an important consideration in the analysis and 

interpretation of any study using factor analysis. 

Schmid and Tagashira's study of Seattle, based upon 

demographic and socio-economic variables for 115 census 

tracts from I960 census data, produced results similar to 

the already mentioned studies in that a reduction of 1+2 

variables to 10 variables and 3 factors yielded the factors Q£ 

socio-economic status, urbanization, and segregation.^ 

Results from Murdie < s study of Toronto indicated thai* 

the socio-economic status varied by sectors, while family 

status or urbanization varied by zones. Ethnic status and 

segregation varied in clusters.^ Murdie also examined 

Toronto in a longitudinal study comparing factor analytic 

results from 1951 with results from 1961. Toronto had 

23Theodora R, Anderson and Janice A. Egeland, "Spaciai 
Aspects of Social Area Analysis," American Sociological 
Review, 26 (June, 1961), 392-398. 

^•Calvin F. Schmid and Kiyoshi Tagashira, "Ecological 
and Demographic Indices: A Methodological Analysis," 
Demography, 1 (August, 1961+), 199-211. 

_ _ 
Metropolitan 

Toronto, " " " " ~ ~ ~ 
"-'Robert A. Murdie, Factorial Ecology o 
;c, 1951-1961 (Chicago, 19691, p.""l61". " 
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increased in population fr-otm 1»1 million people in 1951 to 

1.6 million in 1961, Nevertheless, the variation of the 

socio-economic status and urbanization factors by zone and 

sector was almost exactly the same for both years. The 1961 

analysis revealed a trend toward sectorial differentiation 

of the segregation factor. ° Murdie observed a decrease in 

the population of the central city and art increase in the 

suburbs, which seemed to relate to the increase in the re-

lationship of segregation by zones,41 ? Murdie recognised 

that there are shortcomings in this type of study because 

one can not make inferences from areal data about individuals 

and results which are dependent upon the variables and size 
pD 

of the area used. He wrote that "we are therefore led 

to inquire whether similar results would result if the 

analysis was carried out at different levels of analysis 

such as enumeration areas or planning districts."^9 Census 

tract3 are often used because they are the smallest available 

units of analysis offering a large selection of variables. 

Gross-cultural studies have introduced several additional 

factors in addition to those derived from American studies. 

Sweetser's analysis of Helinski produced the factors of 

progenitore, feminine careerism, and residentialism, in 

26Ibid.a p. 161, 

27Ibid., p. 1+7. 

28Ibid., p. 75, 

29Ibid., p. 172. 
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addition to socio-economic? status and familial factors*30 

Ethnicity was not a factor In itself. Tha percentage of 

Swedish-speaking population loaded highly on the socio-

economic factor because Swedes have a higher status than 

Finns. The Berry and Rees study cf thirty-seven variables 

for eighty wards in Calcutta produced a literacy factor 

that was distributed axially.3^ Ten factors were extracted, 

including land use and famillalisra factors, which were dis-

tributed gradiently, and a high status Muslim concentration, 

factor which was distributed neither axially nor gradiently* 

Berry and Rees discussed the confrontation between tra-

ditional institutions and industrial urbanization as being 

the probable explanation for the existing f a c t o r s . 3 ^ Janet 

Abu-Lughod, in her study of Cairo, extracted two basic 

factors, social rank and fami1ism, which were highly corre-

lated. 33 She interpreted these findings, unanticipated from 

studies of United States cities, as being related to a dif-

ferent culture. Social rank is more related to family status 

30prank L. Sweetser, "Factorial Ecology: Helinski 
I960," Demography, 2 (1965), 372-38*5. 

3-^Brian Berry and Philip H. Rees, "The Factorial Ecol-
ogy of Calcutta," American Journal of Sociology, 7h (March, 
1969), 1^5-1+91. " 

32ibld., p. 351*. 

33janet Abu-Lughod, "Testing the Theory of Social Area 
Analysis: The Ecology of Cairo Egypt," American Sociological 
Review, 3ij. (April, 1969), 196-211, -
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in countries like Egypt where, due to' a relative absence of 

industrialisation., t'na extended family unit has not been 

broken down. 

These studies suggest several possible factor patterns; 

factors may vary by zones, sectors, both, zones and sectors, 

or neither. The results obtained from factor analyses de-

pend, in part, upon the initial data obtained and the choice 

of variables. Factorial ecology is meaningless without the 

careful selection of variables, availability of data, con-

sideration of size and area, and assumptions tinder lying the 

elimination of variables and factors. The results obtained 

are also dependent upon the factor models of criteria and 

rotation.^ 

This paper is a factor analysis performed on data for 

a portion of Dallas County. The basic hypothesis is that 

Dallas County would be similar to Chicago,, a a analyzed by 

Barry and Horton, and the socio-economic status factor would 

vary by sons and the urbanisation factor by sector. Unlike 

Berry and Horton's results, Dallas County's segregation 

factor was hypothesized to vary by sector because of the 

observed patterns of the residential patterns of Negroes, 

'^Alfred A. Hunter, "Factorial Ecology: A Critique a«d 
Some Suggestions," Demography, 9 (February, 1972), lOT-lld* 



CHAPTER II 

METHODOLOGY 

Selection of the Area of Analysis 

The analysis of Dallas County census tract data was 

based upon the two theories of urban development previously 

discussed? the concentric zone, or gradient, theory and tha 

sector theory, A large section of Dallas County was chosen 

as the specific area of analysis, with the boundary being 

that of a circle having a ten-mile radius with its origin 

at the intersection of North Central Expressway and Commerce 

Street, The area encompassed within this circle was gen-

erally bounded on the north, east, and south by Interstate 

635* ana on the west by the city of Irving. Figures 1 and 

2 illustrate the total area, as well as zonal and sector 

boundaries. 

Initially, the area of analysis was divided into five 

different zones, with each concentric circle having a width 

of two miles. A tract that was divided by the borders of 

these concentric circles was considered as being in the zone 

containing mors than 50 per cent of its land area. Tracts 

were listed by zone; & sample of five tracts from each zone 

was selected by randomly assigning a number to each tract and 

then randomly selecting five numbers corresponding to five 

tracts. For example, the tracts in Zone I were considered 

111 
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to be. those tracts within & two-ailo radius of the origin 

along with those tracts divided by the zonal boundary having 

more than 50 per cent of their land area within the two-mila 

radius. Because of the great deal of time involved in com-

piling the data for each tract, the sample was kept to this 

minimum of five tracts to each zone. Zone I included the 

central business district, slum neighborhoods with a high 

percentage of Blacks to the south, and areas of commerce 

and light manufacturing to the north and south. Zone II 

was composed of middle- and upper-class residential 

sections to the north and Black and Chicano lower-class 

residential neighborhoods to the south. Areas of light 

industry extended to the south, with areas of commerce 

scattered along Harry Hines Boulevard to the north. Zone 

III consisted of middle- and upper-class residential sections 

to the north and Black lower-class neighborhoods to the 

south. Commercial establishments were present along Harry 

Hines Boulevard and the Dallas-Fort Worth Turnpike. Zone IV 

included middle- and upper-middle-class residential neighbor-

hoods to the north and middle- and lower-middle-class Black 

areas to the south. Commercial areas existed along North 

Central Expressway and along Interstate 35. In the southern 

part of this zone, there were areas of commerce and light 

industry. Zone V was characterized by middle- and upper-

middle-class residential areas to the north and middle-class 

residential areas to the south. Open areas and sections of 

light industry and comuiarca were present. 
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Six sectors, each of sixty degrees, irare constructed 

for analysis. Based on Koyt's theory of sector development, 

one main artery of transportation, North Central Expressway, 

was chosen to bisect Sector II, producing the boundaries for 

Sector H, a sector circumscribed by lines running radially 

from the center of the city and thirty degrees from the line 

of bisection to the boundary of the total area of analysis. 

The boundaries of SectorII determined the boundaries for 

the other five sectors. Tracts divided by sector boundaries 

were placed in sectors according to the procedure outlined 

in assigning tracts to zones. A sample of four census 

tracts was randomly selected from each sector, following 

the process used in selecting tracts by zone. The reason 

for the seemingly small sample was the complexity of the 

variables which made the task of compiling the data burden-

some. 

More specifically. Sector I, bisected by Harry Hines 

Boulevard, consisted of a portion of the downtown area and 

the airport, with its surrounding apartments and low-rent 

housing. Commercial and manufacturing areas and residential 

subdivisions were also included in the sections to the 

extreme wast and north, respectively. Sector II, the area 

along North Central Expressway, included part of the down-

town area and nearby middle-, upper-middle-, and upper-class 

residential neighborhoods. Commercial firms were scattered 

all along North Central Exprassway. Sector III, bisected by 
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R. L« Thornton Freeway, included a section of th© downtown 

area and lower- and middle-class residential neighborhoods» 

The northern most part of this sector included an area of 

light manufacturing and commerce. Sector IV consisted of 

part of the downtown area and a low-income area including 

a section of slum apartments, as well as a large section of 

middle-class residential neighborhoods. Sector V was pre-

dominantly Black and contained a portion of the central 

city, followed by a large slum area and a lower-middle-class 

residential area. There were sections of commerce and light 

industry. Sector VI, which included a large number of 

Blacks and Chicanos, was basically a slum area near the 

central city. It exhibited an area of light manufacturing 

as well as a large upper-middle-class residential area to 

the extreme northwest. 

Selection of Variables 

The variables used in this analysis were chosen from 

available census tract data. They were also chosen because 

they have been treated as measures or indicators of a dimen-

sion of urban structure and/or differentiation of various 

areas of the county. For example, the fertility ratio, the 

number of children leaa than five years of age per 1,000 

women fifteen to forty-four years of age, is a measure of 

urbanization in that these ratios vary between areas 

showing different degrees of urbanization. Living in 

urbanized areas of various degree affects the number of 
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children that women bear. Oris of the Shovky and Bell "indexes* 

appears as a variable in a slightly modified form. The seg-

regation index, the number of Blacks, Mexican-Americans, and 

foreign-born Whites per one hundred people in a census tract, 

has been modified to the number of Mexican-Americans, Blacks, 

and foreign stock per 1,000 people in a census tract.^ 

All of the data used in the analysis were converted 

either to percentages or rates. The use of aggregate data, 

because of the differences in the population sizes of census 

tracts, would have raa.de the results uninterpretable, as it 

make3 little sense to directly compare data from census 

tracts with 56 and 13*000 peoplet respectively, without 

first standardizing the data. Because of the small popu-

lation size of one tract and nonexistant data in three 

others, substitutions for missing data had to be made. In. 

these instances, the assumption was made that the tract in 

which there were data missing was similar to the other tracts 

in its zone or sector. This procedure allowed for an average 

of the percentages or rates for the remaining tracts to be 

substituted for the missing data. In one tract, three data 

substitutions were made, and in three tracts, one substitution 

was made. 

•̂ •Eshref Shevky and Wendell Bell, Social Area Analysis 
(Stanford, California, 1955)» pp. SI+-58. 
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Factor- Analysis 

Factor analysis is a "'body of methods by which the 

relationships among a group of variables may be accounted 

for by a smaller number of variables or common factors. 

It is a data-reduction technique by which a battery of 

intercorrelated variables may be reduced to a fewer number 

of underlying factors. One begins a factor analysis "with 

a set of observations from a given sample by means of & 

priori m e a s u r e s . T h e outcome presents a smaller number 

of reference variables based upon these measures® Through 

factor analytic procedures, variables such as income, edu-

cation, and occupation may be converted to a single factor: 

socio-economic status• Spearman was among the first to use 

factors in an analysis, fie performed mathematical manipu-

lation on correlation matrices to ascertain the relationship 

of several intelligence tests with a central intelligence 

factor under the assumption that only one factor was opera-

tive.^- This model was expanded by Spearman into a bi-factor 

theory consisting of a specific learning and experience 

factor, as well as an intellective factor. Thurstone en-

hanced the value of factor analysis by introducing multiple 

factor analysis which was again based upon the evaluation of 

o 
Margaret Jarmen Hagood and Daniel 0. Price, Statistics 

for Sociologists (New York, 1952), p. 

^Benjamin Fruahter, Introduction to Factor Analysis 
(New York, 195U)» p. 1. 

^•Charles Spearman, The Attributes of Man (New York, 
1927). - — 
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intelligence t e s t s M o r e recently, sociologists end dem-

ographers have incorporated this methodology into what la 

sometimes called factorial ecology. 

Factor analytic operations originate from a, computed 

n x r correlation matrix, with n referring to the number of 

dimensions and r to the rank, derived from a linear regres-

sion equation which measures the relationships between all 

possible combinations of variables taken two at a tiffius* 

The results are n(n-l)/2 different correlation coefficients 

with n referring to the number of variables• The basic 

idea is to reduce these n variables into N factors based 

upon a group of underlying concepts. For example, several 

variables which are thought to measure segregation and 

several other variables which are thought to measure urban-

ization may be summarized as being separate segregation and 

urbanisation factors. 

Spearman's simple bi-factor model was based upon this 

equation: z=f(F,U), where z is a function of a common 

factor F and a unique factor TJ. Rewriting this equation, 

zij~ajFi+^iJ' yields a formula differentiating the common 

factor F and the unique factor U into an additive model. 

In the formula, i refers to the respondent, J to the variable, 

and aj to the factor loading or the correlation between an 

individual variable and the common factor. This equation 

^L. L. Thurstone, Multiple Factor Analysis (Chicago, 
191+7). " 



I 23 

may also be regarded as an additive variance equation with 

the total variance ^ equal to the coiamoxi variance 

plus the unique variance 11̂  plus the error variance e2%& 

Therefor®, r One assumption that is generally 
•*> 

made is that K c equals zero, or that the error variance is 

so small that it is insignificant. It will also be assumed 

that the sample used in this study la sufficiently large as 

to minimize sampling error. 

Multiple factor analysis has contributed to the analysis 

of factor models on the basis of several common and unique 

factors. There are several methods of extracting multiple 

factors out of a correlation matrix. Among these is the 

principle-axes method, the method used in this study. Each-

factor extracts the maximum amount of variance (i.e., the 

sum of the squares of factor loadings is maximized on each 

factor) and gives the smallest possible residuals.7 Geo-

metrically speaking, all variables may be considered as 

individual points plotted in free space, all with their 

own dimension. Factor I may be considered as the vector 

or a line of least squares explaining the largest amount of 

variance within the model. Factor II is the next such 

vector, and so on. This is the method by which n space is 

reduced to N space. Each factor is orthogonal to all other 

factors. The number of factors extracted ceases to increase 

^Fruchter, Introduction to Factor Analysis, p. 

7Ibid., p. 99. 
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when the added variance espXa.ia.sd ceases - to increase sig-

nificantly.® 

The variance aquation inay also bo written in th.® f orn. 

a2 = a 2+s
 2+ . . „ +s <T,2+s 2, or the total variance equals 

jl Jx J u 

the sum of the common variances for a variable across all 

factors plus the unique variance. The sura of the common 

? ? P 

variances is called the commonality of h~. So l=h +13" and 

l-h 2=U 2. 9 The factor loadings for one variable squared 

across all the factors and added together yields the 

commonality. 

Rotation and Factor Scores 

After the factors have been identified, rotation of 

the axes usually aids in the identification of factors which 

can then be compared with other studies. Rotation also 
10 

allows for more meaningful positions for interpretation. 

The reason that these positions are more meaningful is that 

the complexity of the n variables is reduced by rotating the* 

axes so that many of the variables will have near-zero load-

ings on at least some factors. Rotation is based upon the 

original factors and, theoretically, should result in the 

absence of variables that load highly on more than one factor. 

For a step-by-step explanation of Principle Axes Factor 
Analysis, see Fruchter, Introduction to Factor Analysis, pp. 
99-105. For the more mathematically Inclined, see Harry H. 
Harmon, Modern Factor Analysis (Chicago, 1967). 

L. Thurston©, The Vectors of the Mind (Chicago, 1935),p• 63« 

^Fruchter, Introduction to Factor Analysis, p. 106. 
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However, it is possible to gat a rotated matrix directly 

from the data matrix without first having to identify factors. 

This is referred to as a variraax solution. The lorth Texas" 

State University statistical library program StOll, th« 

program used in this study, offers a varimax solution, 

Paotor scores are used for comparative purposes. The 

equation for computing a factor score is as follows: Factor 

Score (w) - a1(x1-x1)/s1 + a2(
x2"^2^/s2 + * * • * an(xj"*j)^8j® 

where a^ is the factor loading for the variable 1 on factor I, 

&2 variable 2 on factor I on through the j variables. The 

symbol x^ refers to the score on variable 1 with x^ equaling 

the mean of all scores across all factors on variable 1. 

s^ is the standard deviation for variable 1. It is, in a 

sense, "fitting a least squares line to the data and the 

factor loadings, which by analogy is what is done in deter-

mining a linear regression line for a bivariate problem."^ 

The results yield standardized scores for each factor. 

Factors have been weighted by each individual factor loading 

pertaining to that factor. A factor score is obtained for 

each factor for each unit of measurement. For example, 

obtaining five factors based on census data for forty-six 

census tracts means that five factor scores for each of the 

forty-six tracts are calculated. 

^••Werne Nelson, "Factor Analysis," unpublished paper, 
Department of Sociology, Florida State University, Tallahassee, 
Florida, 1969, p. 5* 
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The resulting factor scopes assy be evaluated toy an 

analysis of variance, allowing for comparisons of factor 

scores by zones and by sectors. An P ratio is computed 

taking a ratio of between-zene variance to within-zone 

variance, and from this, P ratio levels of significance are 

attainable. The same may be done by seetors to establish 

whether each factor varies by zone or by sector at a certain 

level of significance. 



CHAPTER III 

RESULTS AND CONCLUSIONS 

Based on the literature reviewed in Chapter I, tha 

following hypotheses ware formulated: 

(1) Factor analysis of the data from Dallas County 

will yield at least three factors; socio-economic status, 

segregation* arid urbanisation, 

{2} Initial analysis will show that there will b® 

more than one dimension representing each factor. 

The following null hypotheses were tested for significance 

at the ,05 levels 

(1) The socio-economic status factor will not vary 

by zones. 

(2) The segregation factor will not vary by sectors. 

(3) Ths urbanization factor will not vary by sectors. 

The following is a list of variables used: 

VI—Median contract rent for individuals and families 

V2—Per cent sixteen and seventeen years of age in school 

V3--Median number of school years 

Vij„~-Per cent sixteen to twenty-one years of age out of high 
school with no high school education 

Y5--Per cent of all people below poverty level 

Vo—Per cent of all people belew poverty level receiving 
public assistance 

Y7—Per cont Nagro 

27 
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V8--Number of Negroes 

V9—Child-woman ratio--number of children O-ij. years of age 
per 1,000 women 15-M»- jears of ag® 

V10~-Woraen 16 years old and older in the labor force per-
1,000 women 

Vll--Sex ratio—the number of males per 100 females 

V12--Median income for family and individuals 

V13—Children ever born per 1,000 women ever married 

Ylij,--Median number of persons per occupied housing unit 

Vl5--Median number of rooms per housing unit 

V16—Per cent female-headed families 

V17--Per cent of women as a part of the total labor fore® 

Vl8--Segregation index—the number of Negroes, foreign 
stock, Spanish speaking, and Spanish surname per 
1,000 people (Spanish surnamed who spoke Spanish were 
not counted twice,) 

VI?—Youth dependency ratio—the number of people 0-ll| years 
of age divided by the number of people 15-64 years of 
age 

V20—Aged dependency ratio-~the number of people 65 years of 
&ge and older divided by the number of people 15-61}. 
years of age 

V21--The number of laborers, craftsmen, and operatives per 
1,000 people employed 

V22--Per cent owner occupied housing 

V23—Per cent housing built before 19ij.9 

¥2l|,--Per cent housing with more than 1.01 persons per room 

V25"-Per cent Spanish surnamed and Spanish speaking (Spanish 
surnamed who spoke Spanish were not counted twice.) 

Variables were chosen from published census data by tract. 

These variables were used in the initial factor analysis• 

In several cases, variables had to be converted from raw 
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numbers to percentages to allow for the uneven population-

distribution by tract. In other cases, variables were in 

fact a combination of two or more tract variables* For 

example* variable 18, the segregation index, was a combi-

nation of four variables: the number of Negroes, the number 

of foreign stock, the number of Spanish-speaking and Spanish, 

surnamed, and the total population in the census tract. 

Findings 

The initial factor analysis of the 25 variables pro-

duced 10 factors explaining per cent of the variance* 

These factors were three socio-economic status factors, two 

urbanization factors, a segregation factor, an ethnicity 

factor, a housing factor, and an aging factor. Table I 

lists these factors, the variables, and their respective 

factor loadings. 

TABLE I 

INITIAL FACTORS 

Variable Factor I Factor II Factor III 

Socio-economic Status Factors 

Median rent .7612 • * « * » * 

Median school years .?i+17 • # • • * * 

Sex ratio .5959 • 9 « m 9 * 

Median income .8593 * # * * « e 



.30 

•TAB T& I - - C en t i r o.a A 

Variable Factor I Pae tor I l T F a c Factor III 

Socio-economic Status Factors 

Median person per housing 
unit .71+78 * * # ® ® • 

Median number of rooms 
per housing unit .9128 * • # « * • 

Per cent 16-21 out of 
school, no high school 
education • • » .7055 • * • 

Laborers, craftsmen, 
operatives • .811+6 • # • 

Per cent receiving public 
assistance • # » # c e .6683 

Segregation Factors 

Per cent below poverty 
level .8390 • * 0 • « * 

Per cent Negro .9)442 • # m • * • 

Number Negro .9096 • * * » © • 

Child-women ratio .6062 • # • * * * 

Children ever born .5897 
• « 0 # 0 » 

Segregation index .881*1* » % * • * * 

Youth dependency ratio .6861 • # » • • # 

Ethnicity Factors 

Per cent Spanish .91+95 * m « • • * 
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TABLE I—Continned 

Variable Factor-f • Factor II Factor III 

Urbanization Factors 

Per cent 16-17 in school .9172 » « • • « • 

Per cent women as part 
of labor fore© • 71+76 • 9 % * *• « 

Per cent women in labor 
force • • • .7397 • * • 

Per cent female-headed 
family & • # * • • .9285 

Housing Pactors 

Per cent owner occupied 
housing .951+7 • • # • • • 

Per cent housing built 
before 191+9 .9621 • • # • • * 

Per cent housing with 
more than 1.01 per-
sons per rcoin .9503 • • • so » « 

Aging Factor 

Aged dependency ratio .9397 e * a # » * 

The housing factor was the strongest factor, with the 

three variables having loadings of ,95 or greater* The 

aging and ethnicity factors, even though they were single 

variable factors, were very strong, having loadings greater 

than »93* These results surest three new divans ions arid 
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three additional hypotheses which -were tested, la the null 

form, they are 

(1) The aging factor will not vary by sones—.05 level 

of significance. 

(2) The housing factor will not vary by zones--.05 

level of significance. 

(3) The ethnicity factor will not vary by sector--.05 

level of significance. 

The socio-economic status factors, the urbanization factors* 

and the segregation factors were neither as strong nor as 

clearly defined as was expected. Much of the lack of clarity 

was explained by the fact that several variables were at 

least moderately correlated with more than one factor. For 

example, the moderate loading of the variable child-women 

ratio on the segregation factor (.6062) was due to moderate 

loadings on the other factors, ethnicity (.3573) and one of 

the socio-economic status factors (.i|7^8). A more obvious 

example was the variable, children ever born, which had a 

loading of .5897 on the segregation factor, .3306 on on© of 

the socio-economic status factors, .3612 on the aging factor, 

and .3523 on one of the socio-economic status factors. One 

other example was the variable, per cent receiving public 

assistance, which had a loading of .6683 on one of the socio-

economic status factors and a loading of .6368 on the 

segregation factor. 



One of the purposes of this factorial ecology was to 

reduce the twenty-five varieties into a smaller number of 

clearly defined factors, This was accomplished in two ways: 

by the elimination of variables and by a reduction in the 

number of factors. This was the point in the factorial 

ecology where the method really became an art. The central 

idea was to examine different combinations of variables and 

numbers of factors in order to decide which combination of 

variables and which number of factors was best for the data. 

It was partly an "eyeballing method" of variable omission, 

as well as a procedure employing other statistical tech-

niques. These techniques included a series of stepwise 

regression equations that allowed for the examination of 

variables through the proportion of variance explained. One 

stepwise regression program was completed on each of the four 

variables: per cent Negro, sex ratio, per cent female-headed 

families, and median income. Variables that appeared at or 

near the bottom of the list of variance explained in two or 

more stepwise regressions were eliminated* 

Table II lists the results from the final factor anal-

ysis with seventeen variables and five factors explaining 

forty-four per cent of the variance. Factor I, the segre-

gation factor, consisted of the following variables: per 

cent below poverty level, per cent receiving public assistance, 

per cent Negro, number Negro, children ever born, per cent 

female-headed families, and the segregation index. Factor II, 



FIK/vL FACTORS 

3h 

Factors 

Variable 
I II III IV I V 

Median rent . 3 9 1 8 . 7 9 3 5 - . 0 8 5 3 .12614- | . 0 3 2 1 

Median education .14-171 .7I1CI - . 1 2 I 4 2 . 3 2 1 1 . 0 0 7 0 

% 1 6 - 2 1 , no high 
school education — . 1 0 5 5 i - . 7 5 6 6 - . 1 5 0 7 - . 3 3 7 U - . 1 2 7 0 

% below poverty 
level - . 7 5 0 7 - . 1 4 0 5 8 .31714- - . 2 2 2 5 . 0 1 3 9 

% public assistance - . &U1|.7 - . 3 7 3 0 . 2 U 7 6 - . 0 6 1 1 . 0 6 2 3 

% Negro - . 9 6 3 7 - . 0 7 5 9 -.051414- - . 0 3 3 0 . 0 3 1 4 2 

Number Negro - . 9 1 7 0 .027I4 . 0 2 8 2 . 0 3 8 0 . 0 1 2 3 

Median income . 1 3 2 7 . 8 6 6 5 - . 2 1 4 7 0 - . 0 6 5 5 . 0 1 6 2 

Children ever born - . 5 8 1 4 6 - . 2 6 2 3 - . 0 1 3 1 - . 1 4 - 7 5 3 - . 0 5 3 3 

Median number of 
t'ooma . 1 0 5 1 . 8 8 1 6 .O3I4.O - . 1 5 6 3 - . 2 U S 1 

fi female-headed 
families - , 6 6 0 9 - . 3 8 5 1 4 . 1 4 0 5 8 - . 0 5 1 + 5 . 0 3 5 2 

Segregation index - . 8 5 5 3 - . 2 7 7 1 .0314.2 - . 2 1 3 5 .0b3k 

Youth dependency 
ratio -.1014.3 . 1 2 7 1 • 83814. - . 1 0 5 2 - . 0 0 1 4 2 

Agad dependency 
ratio - . 0 9 2 3 - . 3 3 1 3 . 6 9 1 6 . 1 2 8 5 - . 1 7 1 4 - 6 

Laborers, craftsmen, 
etc. per 1 , 0 0 0 -.07I1.2 - . 0 0 7 8 - . 0 6 1 5 . 1 0 6 3 . 8 6 8 2 

% housing built 
before 19U9 - . 1 3 3 1 ) . | - . 0 1 4 - 3 3 . 0 5 2 3 - . 7 6 3 9 - . 0 1 9 0 

$ Spanish - . 0 0 9 0 j - . 0 6 0 8 

L . — L — 

- . 0 9 2 9 - . 1 4 6 7 3 . 5 5 6 8 
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the socio-economic status factor, included the following? 

median rent, median education, per cant 16-21 out of school 

without a high school education, median income, and median 

number of rooms. It was apparent that factors I and II 

were related from the practical standpoint of factor load-

ings, and from a theoretical standpoint of the relationship 

between segregation and poverty. Factor III, the age factor, 

contained the youth variables and aged dependency ratios. 

The housing factor (Factor IV) included the variable, pes? 

cent hous ing built before 19^9. Factor V, the ethnicity 

factor, was composed of the variables per cent Spanish and 

laborers, craftsmen, etc. per 1,000 people employed. Faotpr 

scores were also requested for the four factors on forty-

seven census tracts. 

Table III is a list of variables, degrees of freedom, 

variance estimates, F ratios, and significance levels from 

the analysis of variance tests for the zones and sectors 

based on the factor scores for the five factors. The only 

factor that showed a significant difference was the socio-

economic status factor by zones. All other analyses proved 

insignificant at the .05 level. The fact that segregation 

did not vary by sector seemed unexplained because of the 

differences in the per cent of Negroes in various areas of 

the country and because these differences, when observed, 

seemed to be distributed sectorially. A different analysis 

was attempted. It was thought that the sectors might have 



5?ABLE III 

ANALYSIS OF VARIANCE BY ZONES AND SECTORS 

Zones 

Variable (factor) df Variance Estimate Ratio P 

Segregation k «6966 .7789 «5520 
20 .8982 

Socio-economic Status k 2.5809 U-59U.5 , 0 0 8 6 
20 ,5617 

Ag© k ,9606 1 . 2 0 9 8 •337? 
20 . 7914-0 

•337? 

Housing k ,6815 .7062 *5972. 
20 .9650 

*5972. 

Ethnicity 4 2,0223 2,2i|.08 .1009 
20 .9025 

Sectors 

| 
Variable (factor) 1 

1 
| df Variance Estimate Ratio P 

Segregation I r* 
P 

• 1.5283 1 J4.892 .21+23 
[ 18 1.0262 

.21+23 

Socio-economic Status 5 .7312 . 6076 *6925 
18 1,2035 

. 6076 *6925 

Ag© 5 3a (S 1x2̂'iL 1.3092 * 3014,0 
18 1*0885 

* 3014,0 

Housing 1,3937 1.0979 .3955 
18 .1.2695 

.3955 

Ethnicity 5 .8116 1.1527 .3969 
10 , 70I4.I 

1.1527 .3969 



been drawn too large, thereby permitting considerable vari-

able fluctuation within tlis sectors. It was also observed 

that there was an artery of automobile transportation in ©r 

near the border of all of the sectors. The decision to re-

draw the sectors was made, and Figure 3 shows tho new 

boundaries of not six, but eight, sectors. Table IV i n -

cludes the results of the analysis of variance tests i n 

terms of the new sector boundaries. This time the segrega-

tion factor was significant at the . 0013 level. None o f tl4® 

other factors differed significantly be sector. 

TABLE IV 

ANALYSIS OF VARIANCE FOR EIGHT SECTORS 

Variable (factor) df 
_ — — | 

Variance Estimate Ratio P 

Segregation 7 
37 

2.9570 
.6757 

14-3765 ,0013 

Socio-economic Status 7 
37 

1.68*1.9 
.912k 

1.81{.66 • 1072 

Age 7 
37 

1.1*537 
.9205 

1.5792 ,1722 

Housing 7 
37 

1.1510 
*9513 

1.2100 .3218 

Ethnicity 7 
37 

.1*350 
1.0710 

.1+062 ,6923 

L ™ _ 

Redrawing of sector boundaries made it possible to dem-

onstrate sectorial distribution of the segregation faetor. 

The socio-economic status factor had already been demonstrated 
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to vary by sector, However, the other factors did not vary 

by son© or sector. The housing factor did not significantly 

vary by zones because of the widespread distribution of 

housing built before 191+9, and failed to vary sectorially 

because of an averaging-out effect that tracts Kith high 

percentages had on tracts with low percentages. The 

ethnicity factor failed to vary significantly by zones or 

sectors because the per cent Spanish variable loaded only 

moderately on the ethnicity factor, .5568, but also loaded 

moderately on the housing factor, 1̂ 873* which was not 

distributed by zones or sectors. The aging factor did not 

vary significantly because of the fact that old and young 

people were distributed differently, tending to average out 

each other in a factor analysis. Summarizing, the factors 

identified and tested for significance in this study varied 

in distribution due to the boundaries drawn for the sectors 

and zones and the strength in the loadings of variables 

identified with specific factors. 

Limitations of the Study 

Several qualifications must be made in analyzing the 

results of this study. Because a sample of tracts were 

used instead of all of the tracts, student's t tests were 

performed to examine the extent of randorcneas in the sample. 

These t tests were calculated on the following variables: 

sex ratio, per cent Negro, per cent female-headed family, 

and median income. The results of these tests demonstrate 
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that all of tho var .*able?.s with the exception of per cent 

Negro, were selected randomly. However, this exception, 

places limitations on the study, since complete randomness 

cannot be assured. Because ths sample may be biased for 

certain variables, certain areas may be oversampled or 

undersampled. All of the conclusions must be weighted by 

these limitations. The problem of relationships of vari-

ables was also considered. Because factor analytic opera-

tions are based on analysis of correlation matrices, this 

study was subject to these effects. The extent to which 

relationships among variables might affect a factor analysis 

was examined by comparing factor loadings from analyses of 

seventeen of the variables used in the study with sixteen 

of the same variables, without the variable per cent Negro, 

which was highly correlated with the variable number of 

Negroes used in both analyses. The effects on factor 

loadings were large enough to shift one variable from one 

factor to another, as well as changing the factor loadings 

of three other variables by .0300 or more. 

Conclusions 

Based on the results of the analyses, the following 

conclusions may bs made. Socio-economic status, as oper-

ationally measured, varies by zone in Dallas County. 

Segregation varies by sectors in Dallas County. Housing, 
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age, and ethnicity do not vary "by ZOTIBS or sectors in Dallas 

County® The3® conclusions are based on the assumption that 

the variables chosen as indicators of these factors were, in 

facta valid indicators. Any factor analysis is only as good 

as the data that are used and the resulting statistical sig-

nificance, or lack of, is related to the boundaries chosen* 

Zonal significance of the socio-economic status factor 

may be interpreted in the following way. Socio-economic 

status is different for areas of varying distance from the 

center of the city. The combination of variables chosen to 

indicate socio-economic status differs significantly when 

all five zones are taken into account, However, this does 

not imply differences between two contiguous zones. The 

segregation factor differs by sectors in the same manner. 
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