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area centred on the Loop, stretches from the Uptown district
in the north, as far west as Kedzie along Madison and Roose-
velt and tc Woodlawn and Englewood in the South. The "fingers"
described in the 1950 pattern are less identifilable, mainly
because of coalescence in the interstitial areas. However,
the pattern in its general outline is simllar and the details
need not be repeated. The suburban area shows very little spa-
tial variation although the southern suburbs are slightly more
differentiated than other sectors, showing some concentration
in Robbins and East Chicago Heights -- see Fig. 15. An inter-
estlng-point is that the Harwood Heights - Norridge area that
was ovefcrowded in 1950 is identifiable in this pattern as being
somevwhat blizhted.

There are almost the same number of tracts having over
25% of their dwelling units overcrowded in 1960 as in 1950,
(Figs. 16 and 8) but there are some important spatial differ-
ences. In both the northern and southern parts of the city
overcrowding has declined, particularly in Uptown, the Near
North Side and Ashburn. However, the most overcrowded condi-
tions are more widespread on the West Side and the South Side;
this 1s particularly true at the leading edge of these black
residential areas, in Woodlawn, Englewood and North Lawndale.
In contrast, there seems to be somewhat of a decline in over-
crowding around the Loop area.

In the suburban area, overcrowding is somewhat more

common than poor physlcal condition, but there are still very
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few tracts which are severely overcrowded. There 1s a general
similarity to the 1950 pattern although the rural component 1is
considerably less (Fig. 17). The areas showing some over-
crowding include Robbins, East Chicago Heights, and the Harwood
Heights - Nofridge area (all areas with the highest amounts of
blighted housing in the suburbs): also included are pockets in
central Evanston and Maywood, Crestwood, and the suburbs around
Bedford Park (elong the line of the South Chicago River and the
Stevenson Expressway). v

Mary of the spatlal associations identified in 1940 and
1950 still persist in 1960. This is especially true when the
pattern of blighted housing is considered (Fig. 14), rather
than dilapidated or deteriorating housing (Figs. 13, 10). The
spatial association with the industrial areas 1s still evident,
although thlis relationshiv has weakened through time. Another
component of the pattern that has weakened is thé "rural-shack"
type of housing associated with the urban periphery (compare
Figs. 6 and 15). However, certain suburbs can be characterised
as showlng evidence of deterioration and overcrowding. It is
not surprising to find that these suburbs are‘generally of low
soclo-~economic status, sometimes black, and more frequently
found in the southern sector of suburbs.

Table 1 shows four sets of factor scores for certain
suburbs that have been identifled as containing overcrowded
and deterlorated housing. The municlpalities with the lowest

soclo-economic status are Robbins and East Chicago Heights,
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both of which are mostly black in population (scores of =1.78 and
-2.,61 on the first factor and ~l.76 and =1.02 on the third factor).
Iwo suburbs appear anomalous =- Evanston and Elmhurst. The
overall scores for each municipality dissuise the fact that
there are low socio-economic status “pockets" within the muni-
cipal boundary. This is also true of Maywood. Within Evanston
and Maywood, there is a strong, positive association between
black occupancy and poor housing quality ==~ these are the subur-
ban "mini-ghettos."

A gtrong association is consistently found between
areas of black residence and poor housing quality, as measured
by physical condition and overcrowding. This is not surprising
in view of the evidence from many U.S. cities that black resi-
dential areas are generally in poorer condition than other

16 In certain parts of the central city, this

areas of the city.:
relationship is well established by 1940, eego, in Douglas and
Armour Square on the South Side, along Roosevelt Rd. in the Near
West Side, and it is béginning to emerge around Madison between
Western and Ashland.

As the black population increased in.the Near North Side
and along Madison by 1950, so do these areas increasingly become
characterised by poor housing and overcrowding. This process

is continued in 1960 in such areas as Woodlawn, Englewood, and

North Lawndale. There seems to be a lag effect present. These

16D. McENTIRE, Residence and Race, (Berkeley, Univer-
sity of California Press, 1960), Chapter 9, Housing Qaulity,
Quantity and Cost, pp. 148-156,
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TABLE 1

Factor Scores - 19602

Socio~- State in Race Immigrant
Economic Life and and

Municipality Status Cygcle Resources _Catholic
Evanston 1.27 -1le45 0.75 ~1.06
Highwood -0,76 -0.64 -0l.11 0¢33
Harwood Hts., -0425 0428 -0422 0,92
Norridge 0,07 0.99 -0,08 126
Maywood -0,10 -0,93 . 0651 -0457
Elmhurst 1ol7 -0,00 0.67 -0e35
Summit-s ~-0,88 -0,25 -0438 0.73
Justice=s "0085 lell 0..1.3 0003
Robbins-s - =le 78 0,41 -l 76 2621
Harvey=-s ~0457 -0.39 0,78 ~0469
Calumet City-s -0,40 0.6 0.35 0e53
Chicago Hts.~-s -0.,13 0.13 -0.58 Os4l
E. Chicago Htse=s =2.61 0.80 -1.02 -2,19

8These factor scores are from Rees, Op. cite, (Appendix 3).

s=located in the southern sector of suburbs,

areas, which are experiencing black in-mevement (or invasion to
use the ecological term), show considerable overcrowding in 1960,
but blighted housing is still not widespread (although it is

more prevalent in Woodlawn than in the other two examples). Sub-
sequent evidence shows that physical deterioration did increase

in later yearsal7 This type of relationship has already been

17For a description of residential conditions in Lawn-
dale in 1966, see DsA. SATTER, "West Side Story," New Republic,
vol. l55v (July 2, 1966), pp. 15-19.
By 1967, redevelopment projects were under way in Woodlawn and
Englewood, while both areas and lLawndale were designated as
Conservation Areas, hopefully to prevent further deterioration
of the residential environment.

s Community Improvement Program: Proposals for Pro-

gram Expansion, (Department of Urban Renewal, City of Chicago,
March, 1967).
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‘tentatively suggested on the basis of changes in the Uptown
area and the Norridge - Harwood Heights district (both have
experienced 1§w-1ncome white, not black, in-migration). This
relationship 1s consistent with the notlion that overcrowdling
follows from doubling-up with friends and famlily and the rent-
ing of rooms to lodgers. The extra income galned from so doing
allows the household to pay high rents when family income is
low. The undue stress of this concentration of people on the
physical structure of the dwelling unit results in physical de-
terioration at a later date. For various.reasons, previously
discussed, landlords are not likely to meintaln the property

under these conditions.

Racial thanze and housing quality, 1940-1960.

The relationship between racial c¢hange and housing
gquality is examined in more detall for seven selected commun-
ity areas. The results are summarised in Figs. 18, 19 and 20.
Four of the community areas, Woodlawn, Englewood, North Lawn-
dale and Near North Side, have experienced racial change, (as
defined in the KEY TO FIGS. 18-20). The other three areas are
almost completely white, except for a Japanese minority in Up-
town. These three areas are used for comparative purposes;
Auburn - Gresham and Gage Park are random choices, while Uptown
has experienced considerable low income, white in-migration,
mostly from Appalachia. The three figures show a general ten-

dency although there are interesting local variations. Most
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KEY TO FIGS. 18 TO 20

The letters designate census tracts located in the following
community areas of Chicago:

U-UPTOWN N-NEAR NORTH SIDE
G-GAGE PAERK W-WOODLAWN
A-AUBURN GRESHAM E-ENGLEWQOOD

L-NORTH LAWNDALE

The subscripts i1, ¢, s and 1 denote the racial character of
the tract. The categories, 1 and c¢, correspond to those used
by the Duncans in their study of the Negro population of Chi-
cago. -- see footnote 11. Thus, 1 represents invasion, c rep-
resents consolidation, s represents the same (or very slight
positive change) and 1 represents loss. Although the Duncans
define their categories very precisely, they are used here in
a loose way. Invasion occurs when the percentage of the pop-
ulation that is Negro increases from a very small amount (say,
less than 2%) to a more substantial percentage (say, greater
than 10%). Consolidation occurs when there is an increase in
the nercentage. Negro, given an already significant percentage
-~ examples would be increases from 62% to 98% and 17% to 85%.
Very slight positive change, no more than 3% 1s classed as s,
and 1 represents any percentage decline. '



89

tracts that undergo racial change also show an increase in
overcrowding and poor housing condition. The tracts within the
all-white community areas, and the mostly white tracts in com-
munity areas undergoing racial change, either show little
change or & decline in the degree of overcrdwding and proportion
of poor housing. This tendency is perhaps clearest for change
in overcrow&ing from 1940 to 1950, where almost all the tracts
undergoing racial change are in the area of lncrease, below, and
to the right of, the no change line. The exception is in Lawn-
dale where sizéable decreases oceur in tracts which are invaded
by blacks and abandoned by Polish and Russlian Jews.

The tendency is weaker in the period from 1950 to 1960.
The conditions in Woodlawn and Near North Side appear to be the
major contributors to the weakening of the relationship. Unlike
tracts in other areas, those in Near North Side show 1little ten-
dency to cluster, although the majorlity of the tracts are in the
area of decrease. In Woodlawn, those census tracts which show
little or no raclal change from 1950 to 1960 are found clustered
in the areas of decrease in both Figs. 19 and 20. These are
tracts which were already 97-99% black in population by 1950.
As previously noted, i1t is perhaps too early (in 1960) to observe
deterioration in housing condition in the areas_of_recent black
in-migration.’ There are also some striking absolute differences
in housing quality between the all-whlte areas clustered on
the lower end 6f the scales, and the tracts experiencing raclal

change.
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Too little is known about other possible factors which
may be operating in these sltuations to make any strong infer-
ences or cailgal connectlons. Nonetheless, there does seem to
be a positive relationshlip between raclal change and a reduc-
tion in the quality of available housing. 1In contrast, once
the racial change has stabilised, the degree of overcrowding
declines, ss does the proportion of poor housing. The evidence

to support this last point is, however, slender.

1950-1960.

Many of the changes in the pattern of overcrowding from
1940 to 1950, and 1950 to 1960, have been discussed, The change
in physical condition can only be meésured by comparing the ca-
tegories, dilapidated and no private bath (1950) with that of
blighted (1960) -- it will be remembered that the latter is a
composite classification.

The change in percent of housing stock occurring in
these categories 1s shown in Fig. 21.18 In general, there has
been a decline in physical deterioration thréughout the city --
only about 7% of the tracts show any sizeable incfeasev(over 6%);
in contrast, almost 30% of the t:acts showed decllines of over

54, In Fig. 18, the darkest areas.are those which increased in

residential blight from 1950 to 1960; the zero contour is shown

R

1%Because the areal units are not comparable, except
in some of the older suburbs, a similar map cannot be pro-
duced for the suburban area.
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by the dark line. The areas of greatest decline are in the
}areas of poorest housing as identified from the 1950 and 1960
maps -- the broad band around the C.B.D., the areas along the
branches of the Chicago River, the area around the Stockyards
in New City, and the industrial areas in the extreme south of
the city. The impact of public programs is certainly evident
on both the South and West Side, e.g., in the Douglas district
where there has been considerable redevelopment.l9
The areas showing an increase seem to be ad jacent to
those areas which declined most; this is sqmewhat suggestive of
a displacement effect (the term slum-shifting has been used in
comments about urban renewal programs). Thus, tracts immediate-
ly adjacent to the Loop increased as did areas that were be-
yond the worst areas in 1950. Such districts as Lincoln Square,
Logan Square, North Park, and Irving Park to the north, the
Garfield Park and Lawndale areas to the west, and Woodlawn,
West Englewood, and Auburn - Greshém to the south are the devel-

oping "gray areas."zo Some, but not all, of these areas were

194 description such as thils scarcely does Justice to
the reality of the situation. A recent study of Chicago gra-
phically illustrates the conditions in the blighted areas and
the impact of renewal and expressway programs.

H.M. MAYER and R.C. WADE, Growth of a Metropolis -- Chlcago,
(Chicago, University of Chicago Press, 1969), pp. 375-%410,
p. 414, and p. 445,

2oIt is no surprise to find many of these areas appearing
on the list of the City of Chicago's renewal and rehabilitation
areas by the late 1960's.
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experiencing pressure from expanding black residential dis-

tricts closer to the central core.

Generallisation of the pattern.

In Chapter I, the idea is presented that the distri-
bution of residential blight in an urban area can be thought
of as a surface. As can be seen from the preceding maps, the
surface has considerable variation with some areas having very
high amounts of residential blight, while others have much
less; this statement 1s more true of the central city than of
the suburban area.

Trend surface fitting is one way in ﬁhlch individual
varliatlons ére smoothed out and the regional (or general) trend
becomes apparent -- local varliations are thus represented by
the residuals from the trend surface. This technique, there-
fore, provides a convenient general description.21

Figs. 22 and 23 show the third order trend surface for
1950 (dilapidated and no private bath) and 1960 (the composite

measure, blighted, which is comparable to the 1950 variable).22

21Goheen has used thlis method somewhat similarly to
map factor scores and provides a concise discussion of trend
surface analysis as a mapping tool. .
P. GOHEEN, Victorian Toronto 1850-1900, (Devartment of Geo-
graphy, Research Paper No. 127, University of Chicago, 1970),
pp. 111-114.

22The standard SYMAP procedure has been now provided
with an addlitional elective which performs a trend surface anal-
ysis on the data supplled. Specified surfaces are then mavped
in the usual manner of contour mapping. The trend surface
analysis 1s a version of the Kansas program CCO03.
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The appropriate error measures for the trend surface

fitting are shown in Table 2.

In both cases, the third order

surface is only a glightly better fit than the second order

surface which, when mapped, showed a similar pattern -- the

differentiation occurs at the city boundary where there is an

upturn on the third order surface.

The fifth and sixth order

surfaces when mapped seemed to "decompose” and were impossible

to interpret.

A very definite zonal pattern to the regional trend is

apparent for both time periods.

to Burgess' generalised zonal model for urban areas.,

This is remarkably similar

There is

gome southward distortion of the concentric zones as a result

of the importance of the South Side ghetto element and the poor

housing areas around the Calumet River,

TABLE 2

Trend Surface Analysiss FError Measures

Variation Coefficient Coefficient
Total Explained of of
Surface Variation Dby Surface Determination Correlation
1950
Firet Degree  457,812.37  72,323450 0.158 04397
Second Degree 457,812.37 167,316.44 04365 0.605
Third Degree 457,812,.37 208,405,00 0.455 0.675
L9600
first Degree 310,424,450 44,918,88 0.145_ 06380
Second Degree 310,424,50 oL ,705,94 0.305 04552
Third Degree 310,424,50 103,267.37 04333 0,578
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Summary.
The maps presented in this chapter show that poor

housing quallity 1s concentrated in only a few sections of the
urban area, partlcularly in the central city around the central
business district. Of the different measures used, overcrowding
is more widespread than either structural condition and/or lack
of plumbing facilitles.

Through time, there is a general improvement in housing
quality with fewer units being overcrowded and/or in poor con-
dition. Some areas, however, did deteriorate. These are fre-
quently adjacent to areas that showed the greatest reduction
in poor quality or blighted housing. This reduction occurred
in a broad band around the Loop area. Thus, the worst areas
are at an increasing distance from the central core of the city.
Some suburban "pockets" of low quality are also evident.

Other spatlal relationships are observed. There are
strong and persistent areal assoclations between lndustrial
areas, areas of black residence, the rural-urban fringe and
residential blight. The most persistent relationship is be-
tween the black areas and poor quality housing; the other asso-
ciations weaken_through time.

There anpears to be a cyclical quality to the nattern
of overcrowding. This, and the assoclation with areas of black
occunance, 1s investigated in greater detaill for seven selected

community areas. A tendency for overcrowding and deterloration
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of the housing stock to occur as an area experlences racial
change 1s noted. The deterioration seems to lag behind the
overcrowding, but more information as to a possible relation-
ship here 1s needed.

The sﬁatial pattern of housing cbndition is nicely
summarised in a zZonal fashlon through the fitting of a trend

surface for both 1950 and 1960.



CHAPTER VI
EXPLANATION OF THE SPATIAL PATTERN

In this chapter, the hypotheses stated in Chapter
four are tested. This done by using the results of a
number of regresslion and correlation analyses. Regression
equations can also be used in causal modelling. Followihg
Blalock, some possible causal models are proposed and
evaluated using correlation coefficients.!

The chapter falls into four sections. Firstly,
the nature of the variables used and the inter-relationships
among variaoles are discussed. Secondly, the results of
the multivariate analysis are reported. Thirdiy, the
hypotheses are discussed in the light of the empirical re-
sults and, fourthly, there 1s the evaluation of alternative

causal models.

The Data.

In Appendix 1, all variables employed in the ana-
lyses for 1950 and 1960, and in the analysis of change
from 1950 to 1960, are operationally defined. Most of the
inadequacies concerning the housing valables have already

been noted (see Chapter 2 and Chapter 5, footnote 8).

1H. BLALOCK, Causal inferences in nonexperimental
research, (Chapel Hill, University of North Carolina Press,

96
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The various socio-economic variables selected as explanatory
{or independent) variables also have certain weaknésses.
Possibly the major problem is the relative grossness of many
of the variables. This is particularly true, for example,

of the data on 1n-migrétion (see the comments in Appendix 1).
Some measures might be made more sensltive. Thus. as an
alternative to medlan income, the percent of families and
unrelated individuals above and below some specified income
levels could bé used to measure high and low income.

One problem encountered in census data is that of
missing data when medians are reported. If the base population
is below 200 for sample data, the medianh value is not re-
ported.2 The interpolation method used to overcome this
problem in the case of median income 1s outlined in Appendix 3.

A comparison of the means and standard deviations
of the variables indicates in a general way how they have

changed from 1950 to 1960 -- see Tables 3, 4 and 5.3

2'I‘he particular computer programs in the Department
of Geography Program Library at Iowa which are used, notably
CORRE, do not take account of missing data. Therefore, blanks
on the data tapes are treated as zero values and the results
are affected accordingly. Sirnce a number of library programs
had already been modified, i1t was decided to overcome this
problem differently, rather than undertake additional time-
consuming modifications.

3The abbreviated names listed in Tables 3, 4 and 5
are used throughout this chapter.
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TAELE 3

Standard Deviation of

Variables Used in the Annlysis - 1950

Variable

No private bath
or dilanidated, percent

No running water or
dilapidated, percent

Persons>per room, percent
Foreign born, percent
Non-white, percent
Negro, percent
Households, number of
Migrant 1, percent
Migrant 2, percent
Median income

Fertility ratio
Owner-occupied, percent
Rented, pnercent

Vacant, percent

Single femily dwelllng
units, percent

Apartments, percent
Distance to CED

Populntion change, 1940-
1950, percent

Change in non-whites
1940-50, percent

97

Coefficient

Standard of
Abbreviation Mean Deviation Varintility

NPBORD 18.55 21.65 .17
NRWORD 7.18 12.57 .75
PERPRM 14,18 9.78 69
FORBRN 13.73 7.02 .51
NONWHT 12.06 28.138 . 35
NEGRO 11.60 28.09 Lz
HHSLD 1302.56 915. 81 .70
MGRNT1 3.02 3.59 .19
MGRNT2 10.16 6.15 LA
INCOME 3631.13  1074.01 . 30
FRTRAT 0.%0 0.17 s
OWNED 38.40 2k, 98 .65
RENTED 59.76 24,78 Nl
VACANT 0.80 1.02 27
SFDU 27.48 28.47 N
APTS 29.5% 27.01 .9
DIST ?7.62 5.12 .67
POPCHG 12.80 Ly, 3 )
CHGNWT 1358.50 8435 A7 .21

Coefficient of variability

standard deviation/mean
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TABLE 4

Standard Deviation of

Variables Used in the Analysis - 1960

Variable
Deteriorating, percent

Deteriorating, lacking

plumbing facilities, percent

Dilapidated, percent

Residential blight
(1950), percent

Bathroom, shared or
none, percent

Persons per roon,
percent

Negro, percent

Other race, percent
Forelgn stock, percent
Forelgn born, percent
Migrant 1, percent
Migrant 2, percent
Fertility ratio

Owner occupied, percent
Rented, percent

Vscnnt, percent

Single family dwelling
units, percent

Apartments, percent
Distance to CBD

Median income

98

Coefficlent
Standard of
Abbreviation Mean Deviation Variability

DETER 11,47 14.18 1.24
DETLPF 3.28 6.67 2.03
DILAP 2.94 8.14 2.77
RE1950 11.22 17.20 1.53
BTRMSN 9.43 15.39 1.63
PERPRM 10.90 8.84 0.81
NEGRO 15.92 32.92 2.07
OTRACE 0.60 2.48 b3
FORSTK 33.99 17.34 0.51
FORBRN 10.71 7.43 0.69
MGRNT1 7.30 6.20 0.85
MGRNT2 Lo. 61 10.57 0.26
FRTRAT 0.54 0.18 0.33
OWNED 47.16 29.76 0.6%
RENTED Lg. 65 31.10 0.64
VACANT 3.26 3.40 1.04
SFDU k3.17 36. 64 0.85%
APTS 2h b6 27.87 1.1k
DIST 9.71 6.92 0.7
INCOME 6389.16 2214.11 0.35



TABLE 5

Mean and Standard Deviation of
Variables Used in the Analysis 1950 -

Variable

Change in percent of
residential blight

Change in percent of
persons per roon

Percentage change
in populsation

Change 1in percent
of forelgn born

Change in percent
of Negro

Change in percent
of non-white

Percentage change
in households

Percentage change in
inconme

Change in fertility
ratio

Change in percent
of owner occupled

Change in percent
of rented

Chance in percent
of vacant

Change in percent
of apartments

Change in percent of
single family dwelling
units

Change in vercent
of movers

Distance to CED

1960
Coefficient
Standard of
Abbreviation Mean Deviation Variebility

CHRBLT b2y 11.29 -2.65
CHPPRM -2.71 7.53 -2.78
POPCHG 2.99 63.21 21.14
CHFORB -2.05 6.05 -2.95
CHNGRO 10.15 ?25.33 2.50
CHNWHT 10.41 25.06 2.4
CHHSLD 14,57 99.90 6.86
DIFINC 6. 72 184.51 2.85
CHFRAT 0.14 0.15 1.07
CHOWN 0.33 L. 4o 13.33
CHRENT -3.23 4.50 -1.39
CHVAC 2.60 2.92 1.12
CHAPTS -1.33 11.48 ~8.63
CHSFDU 3.66 11.15 3.05
CHMOVR 39. 54 14.66 0.37
DIST 6.13 2.94 0.48
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As expected from the map interpretation, there 1s a substantial
drop in the means for housing condition from 18.55 for NPBORD
to 11.22 for RB1950. The decline is less for overcrowding
with PERPRM in 1950 = 14.18 and PERPRM in 1960 = 10.90.

Other changes in the Chicago data are consistent with
general trends in U.S. urban areas - the black bopulation is
increasing while the foreign born immigrants are decreasing,
relative to the total population. There is a large increase
in median income and, not unexpectedly, home-owning has
increased relative to renting. The increased amount of
vacancy indicates a relatively looser housing market in 1960.

The distribution of the varlables can be determined
from the construction of histograms and the use of a test
for normality.u None of the varlables are normélly distri-
buted, as ilndicated by the test for normality, except for
FORBRN; 1950. For both 1950 and 1960, the housing varlables
are positively skewed and, in general, have a reverse J shape,
The frequency distributions for the independent varlables

are summarised in Table 6. Given that almost a2ll of the

4The test for normality used ls a Kolmogorov-
Smirnov test, which compares the cumulative frequency dis-
tribution of the test variable agalnst that of a normal
distribution. This test is provided in NORMI, a progran
in the Department of Geography Program Library, University
of Iowa. This, and all other computations, were carried
out on the University of Iowa's IBM 360.



Summary Table for Frequency Distributions

Variable Name

FORERN
NEGRO
HSLD
INCOME
MGRNT1
MGRNT2
FRTRAT
OWNED
RENTED
VACANT
SFDU
APTS
DIST

NEGRO
OTRACE
FORSTK
FORBRN
MGRBNT1
MGRNT2
FRTRAT
OWNED
RENTED
VACANT
SFDU
APTS
HSLD
INCOME

v.

TABLE 6

Skewness

1950

normal
voslitive
positive
slieht negative
positive
positive
slight negative
positive
negative
nositive
positive
poslitive
positive

1960

positive
nositive
negative
positive
vositive
slight positive
slight positive
positive
positive
vositive
positive
positive
positive
slightly negative

a

Type of Modality

unimodal
bi-nmodal
unimodal
unimodal
unimodal
unimodal
unimodal
bi-modal
tri-modal
unimodal
bl -modal
unimodal
unimodal

bl -modal
unimodal
tri-modal
unimodal
unimodal
unimodal
unimodal
bi-modal
bi-modal
unimodal
bi-modal
unimodal
unimodal

unimodal -

8411 variables are leptokurtic
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varlables are non-normal, this railses the question of trans-
formations to achleve normality. The necesslty of having
normally distributed variables is less of a problem here
since no statistical inference is undertaken. Also, with
transformation, the meaning of the original data is distorted.
No transformation of varilables 1s undertaken.

Inter-relationships among variables.

Not only is it useful to know somethirig about the
nature of the variables prior to a regression (or any sta-
tistical) analysis, but the amount of inter-relationship among
the dependent (criteria) variables, and among the independent
(predictor) variables should be known. This is determined

by principal components analysis.

The Dependeht Variables.

There are three possible measures of hbusing quality
in 1950. As can be seen from Table 7, they are quite highly
1ntercorre1ated.5 No test of significance is reported here
or elsewhere in the analysis, since no inferences are being
made from a sample to a population; rather, the number of tracts

at each time period is the population. Gould observes:

5Unless otherwise stated, all caloulations using 1950
data are based on 1060 observations. A number of tracts were
excluded from the analysis

(a) where eilther the total: population or number of

dwelling units was less than 50 and

(b) where a tract could be identified as completely

containing institutional or public land.



TABLE 7

Housing Quality Variables - 1950
Correlation Coefficients?
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NPBORD NRWORD PERPRM
NPBORD 1.000 0.780 0 L
NRWORD 1.000 0.634
PERPRM 1.000

fcorrelntions equal to or greater than 40.5 are underlined.

TABLE 8

Housing Quality Varlables - 1950
Factor Matrices®

Unrotated factor matrix:

Fl1 F2 F3
NPRORD 0.938 ~-0.039 0. 344
NBYWORD 0.791 -0.404 -0.208
PERY'RM 0.07¢ 0.451 -0.156
Percent
total
variance 81.5 12.2 6.2
Eigen
value 2.45 0.368 0.186

Rotated factor matrix:

F1 F2 F3
NPBORD 0.426 0.407 0.708
NRWORD 0.890 0.293 0.349
PERPRM 0.20R 0.900 0.328
Percent
total
variance 35.2 35.4 29.5

0.999
1.000
1.000

99.9

8Factor loadings equal to or greater than 10.50 are

underlined.,
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"Very often whole populations can be

investigated, yet the results of 1nferential

tests of significance are stlll conscien-

tiously reported. But having investigated

a whole population, ghat are we now

inferring our results?"

Others,lsuch as Harvey, have attempted to answer this ques-
tion.7 He argues that inferences are possible if certain
addlitional assumptlions are made.

Table 8 shows that in the orthogonally rotated factor
matrlix, each variable loads strongly on a distinct cluster.
One measure, however, NRWORD, 1s a sub-category of NPBORD,
and 1s subsequently dropped from the analysis. This is
partly for reasons of economy of effort and partly because
there is no 1960 variable similar to NRBORD; almost all
housing units would likely have running water. In 1950, this
category is e small proportion of the urban housing stock
-~ 6%.

The principal component in the unrotated factor
matrix, Fl, explains 81.5% of the total variance. This
factor can be interpreted as a poor quality housing dimension.
The factor scores from this principal component are used

ln a regression analysis as the dependent wvariable. The

independent varliables are factor scores from the rotated

6P. GOULD, "Is t'statistix inferens! the geographlical
name for a wild goose", Economic Geography, vol. 46, no. 2,
supplement, (1970), p. 442,

7D. HARVEY, Explanation in Geography, (London,
Edward Arnold, Ltd., 19205. pp. 281-286.
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factor mat:!x of the variables selected as independent variables
in 1950. (s== Table 13).

Tr~re are six variables 1n 1960 which measure various
aspects of housing quality, such as physical sondition,
plumbing - facilitles, and overcrowding.8 The intercorrelations
among these variables are shown in Table 9. It should be
remembered *that the variable, DETLPF, is a subcategory of DETER,
and the var able RB1950 1s a composite variable, including
DETLPP and ©ILAP. It 1s not too surprising, therefore, to
find RB1950 inter-correlated with every other variable. Both
DILAP and PXRFEM are related to RB1950, but their relationshlps
with the other varlables are somewhat less. Conslderation of
the rotated factor matrix in Table 10 lends some support to
the idea th#t DILAP and PERPRM are somewhat independent of
the other vuriables, since they load highly and singly on
F2 and F3. The other variables tend to load (i.e., to cluster
together) on F1, although F4 might be interpretable as a
deterloration factor. 1In light of this, and bearing in mind
the composites mature of RB1950 and 1ts comparabllity to
NPBORD (1950, this variable is selected for further analysis.
DILAP, whlch measures the worst physical conditions, and

PERPRM, the scole measure of overcrowding, are also retalned

8Un1eas otherwise stated, all calculations using
1960 data are based on 1216 observations. A number of tracts
were again excluded on the same grounds as those in 1950.



DETER
DETT.PF
DILAP
BB1950
BTRMEN
PERPRM

DETER

1.000

TABLE 9

Housing Quality Variables - LQ&O
Correlation Coefficlients’

DETLPF

0.771
1.000

DILAP

0.348
0.306
1.000

RP1950  BTRMSN
0.612 0.563
O.E?? 0.793
0. 601 0. 492
1.000 0.964
1.000
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PFRPRM

0.h04
0.4731
0.7396

8Correlation equal to or greater than +0.5 are underlined.

TABLE 10

Housing Quality Variables - 1960

Unrotated factor matrix:

RB1950
BTRMEN
DETLEF
DETER
PERPRM
DILAP

Percent total
vartance 6

Elgen value

F

0.2”9
Q;?OS
0.068

.7n6
0.651
0.62?

5.37
3.922

Fe

0.097
-0.036
-0.404
-0.350

0.190

0.699

13.67
0.820

Rotated factor matrix:

RB1950
BTRMSN
DETLFF
DETER
PERPREM
DILAP

Percent total
variance 3

F1

0. 847
0.97°4
0.616
0.7290
0.209
0.260

5.7

F2

0.376
0.204
0.049
0.140
0.172

Ly

:

16.8

Factor Matrices?®

F3

-0.231
-0.2M1
-0.085
0.215
0.693
-0.113

11.30
0.678

F3

0.218
0.184
0.162
0.221
0.939
0.166

17.%

Fh

0.143
0.277
-0.016
-0.436
0.245
-0.299

7.29
0.437

-0.
-0.
=-0.

092
-0.
-0.

5

F5

.086
111
. 274
.153

.021
.082
.088

.125

F5

097
101
)
057
022

A

F6 n?

0.097
-0.081
0.000
-0.007
-0.002
-0.020

-999
. 999
-999
-999
-999
-999

OCOOOOO

0.275 99.8
0.017

F&

112
.070
.002
.00k
L003
.001

OO OCD O

0.3

8Pactor loadings equal to or greater than +0.5 are underlined.
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but the other varlables are dropped.

Since there are only two pailrs of variables that
are comparable from 1950 to 1960 - NPBORD (1950) and RB1950
(1960), and PERPRM (1950) and PERPRM (1960) - there can only
be two measures of change in housing quality.’ They are un-

correlated with a correlation coefficilent of 0.052.

The Independent Variables.

The inter-relationships between the independent var-
lables are assessed in a similar manner. Most of the inter-
correlations in 1950 are as expected, given some knowledge of
urban spatial structure and soclal structure in American
cities - see Table 11. Thus, FORBRN is negatively related to
NEGRO and NONWHT which are themselves highly and positively
inter-correlated, NEGRO being a subset of NONWHT. This is
guite reasonable considering the antipathy between immigrant,
ethnic populations and blacks in U.S.cities. The relative
economiec disadvantage of the coloured groups 1s 1llustrated
by the negative correlations with the income measure. The
measures of migration and the fertility ratio are not strongly
related to any of the other variables. There i1s a set of
strong inter-relationships amongst the tenure, type of
dwelling unit, income, and distance varlables. These are also
as expected. Home owning, OWNED, is poslitively and strongly
related to SFDU, INCOME, and DIST, and strongly negatively

9Unless otherwise stated, all calculations using
1950-1960 data are based on 718 observations -- see Appendix §.



TABLE 11

Independent Variables - 1950
Correlation Coefficients8

FPORBRN NONWHT NEGRO HHSLD MGRNT1 MGRNT2 INCOME FRTRAT OWNED RENTED VACANT SFDU APTS
1.000 :gégg% ;gégg% -0.015 -0.133 -0.226 0.089  -0.056 -0.076 0.0%%  .0.103 -0.215 -0.15%
1.00 0.2% -0.078 -0.078 0.229 =0.532 0.047 -0.384 0.3%%  -0.022 -0.28 0.328
1.0 -0.082 -0.086 0.220 -0.52 0.049 -0.372 0.373 -0.032 -0.271 0,314 .
1.000 0.089 0.039 o.%?g -0.178 -0.048 0.04%4 0.085 0.001  0.248% 0.1%3
¥sanTl 1.000 0.217 -0.123 -0.025 -0.049 0.030 0.2850 0.100 0.155 2
¥3ENT 1.000 -0.252 0.036 -0.180 0.165 0.242 -0.031  0.295 -0.081
INCCME 1.000 -0.021 0.678 -0.668  -0.011 0.510 -0.445 (.433
1.000 0.1 -0.17% -0.0C0 0.175 -0.29% 0.131
1.000 -0.99%6 -0.066 0.627 -0.798 0.6ke
1.000 0.018 -0.93 3.7C3 ~0.6c7
1.0C0 €.035 C.16C 0.073
1.000 -0.859 0.730
1.000 -0.837
1.000
8Correlations equal to or greater than 10.5 are underlined.
TABLE 12
Independent Variables - 1260
Correlation Coefficlents
WEGRO OTRACE PORSTK FORBRN MGRNT1 MGRNT2 FRTRAT OWNED RENTED VACANT SFDU AFTS DIsT INCCME
1.000 -0.006 -o.?%z =0. 0.061 0.313 0.383 =0.441 0.405 0.015 ~0.316 0.330 =-0.24k9 -0.322
1.000 .049 .19 0.075 -0.039 -0.016 -0.212 0.184 0.1%5  -0.17%  0.2%1 -0.140 T0.13%
1.000 0.871 -0.366 -0.256 -0.495 <0.119  ~0.085 -0.106  -0.082 -0.17% -0.165 0.2%7
.00 -0.289 -0.217 ~0.408 -0.221 0.219 0.011 -0.375 0.039 -0.363 -0.047
1.000 0.006 0.177 -0.059 0.030 0.216 0.078 ¢.175% 0.363 -0.05%7
1.000 0.388 -0.041 0.029 0.045 -0.007 0.073  -0.0.2 -0.0%0
1.000 -0.005 -0.026 v.035% 0.105 =0.184 0.1%% -0.199
1.000 -0.902 -0.322 0.912 -0.739 0.681 ¢.7<2
1. 0,291 =0.5%% s 0.6% -0.730
1.000 -0.213 Q0.397 <=C..02 -c,zng
1.000 -0.70; ¢.7231 0.72
. -07597 J0FE7
1.000 0.:39
1.03C

INCOME

8Correlations equal to or greater than #0.5 are underlined.
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related to APTS and RENTED. The latter two are negatively
related with DIST and INCOME. There 1s alsc a poslitive rela-
tionship between INCOME and DIST but it is not especially
marked. |

Scze of these inter-relationships are reflected in the
rotated factor matrix in Table 13. For example, Factor 2
reflects the non-white-immigrant antipathy, while Factor 1
is the cluster of tenure, type of dwelling unit, incone,
and distancz varliables. The other factors represent a mi-
gration dim~nsion (F3) and dimensioné characterised by single
variables,e.z., fertility ratio.

The inter-relationships are very similar in 1960 -
Tables 12 ani .%. The black - immigrant antipathy has in-
creased, whiie the negative relationship betwszen NEGRO and
INCOME stil’ persists (-0.522). The cluster of inter-rela-
tionships ir. tenure, type of dwelling unit, distance, and
income is very similar to that in 1950, although the effect
of the lncreased vacancy rate can be observed. Distance from
the Central Buriness District 1s more strangly assoclated
with income, iuczreasing from 0.438 to 0.509. Comparison of
Tables 13 anc 14 also shows a similar factor structure, a
not unexpecte: result.

Ther+ 1s less inter-relationship among the varlables
measuring charge from 1950-1960 in the independent variables,
than in the 1950 and 1960 sets themselves. There are only



Unrotated

FORBRN
NONWHT
NEGRO
HHSLD
MGRNT1
MGRNTZ2
INCOME
FRTRAT
OWNER
RENTED
VACANT
SFDU
APTS
DIST

Percent
total
variance

Eigen
value

TABLE 13

Independent Variables ~ 1350
Factor Matrices

factor matrix:

Rotated factor matrix:

FORBRN
NONWHT
NEGRO
HHSLD
MGRNT1
MGRNT?2
INCOME
FRTRAT
OWNER
REMNTED
VACANT
SFDU
APTS
DIST

Percent
total
variance

F1 F2
0.094 -0.863
-0.606 0.711
-0.595 0.713
-0.00F -0.075
0.007 0.171
-0.283 0.328
0.772 -0.1k4s
0.17% 0.264
0.947 0.219
-0.956  -0.23%
~0.087 0.122
0.1880 0.368
-0.793 -0.101
0.67% 0.394
36.5 17.2
5.10 2.4
F1 F2
-0.231  -0.8335
-0.303 0.921
-0.292 0.927
-0.01% -0.030
-0.012  -0.032
-0.0144 0.228
0.716  -0.353
0.135% 0.042
0.969  -0.113
~0.071. 0.114
T0.016 -0.071
0.950 0.011
=0.753 0.156
0.739 0.074
33.4 18.8

F3

-0.162
0.016
0.008
0.041
0.2172
0.717

-0.022
0.033

~0.06%
0.02°F
0.719
0.04L0
0.261

-0.025

9.5

F4

-0.200
0.148
0.152

0.597

-0.291
-0.301

0.261
-0.611

0.037

~-0.016
-0.290
0.032
0.164
0.088

8.4

1.18

Fh4

-0.066
-0.05
-0.055
0.969
0.072
-0.007
0.203
-0.075
-0.053
0.053
0.05h
0.012
0.285
0.225

8.1

-v.001
0.006
0.007
0.083

-0.57

0.3

0.229
0.033
0.073
-0.089
0.4ul
0.031
0.0k2
-0.272

5.9

F5

0.140
0.079
0.075
-0.041

-0.944

~0.070
0.192
0.012
0.033
-0.0°1
-0.125
0.116
-0.101
-0.459

n.7

F6

0.076
-0.006
-0.026

0.567
~0.045
-0.026

0.650
-0.065%

0.069
-0.127
-0.056

0.01%

0.098

F6

o.0h2
0.049
0.050
-0.072
-0.025
0.087
~0.163
0.967
0.05%
-0.061
-0.050
0.050
-0.250
0.065

7.6

0.803
0.952
0.949
0.949
0.939
0.600
0.7u42
0.965
0.963
0.964
0.697
0.920
0.814
0.81%

86.2
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8Factor loadinzs egual to or greater than +0.5 are underlined.



Unrotated factor matrix:

OWNED
RENTED
SFDU
INCOME
APTS
DIST
NEGRO
VACANT
OTRACE
FORBRN
FORSTK
MGRNT?
MGRNT1
FRTRAT

Percent
total
variance

Eigen
value

Rotated factor matrix:

OWNED
RENTED
SFDU
INCONE
APTS
DIST
NEGRO
VACARNT
OTRACE
FORERN
FORSTK
MGRNT?2
MGRNT1
FRTRAT

Percent
total
variance

F1 F2
0.969 0.032
-0.G21  -0.059
0.919 0.22R
o.R}g -0.164
-0.72 0.016
0.734 0.322
-0.50¢ 0.700
=0. 34R 0.069
-0.259 -0.130
-0.187  -0.R86
0.158 =0.937
-0.086 0.425
-0.022 0.420
-0.014 0.666
36.14 22.59
5.06 3.16
F1 F2
0.959  -0.040
-0.919 0.017
0.9kl 0.139
0.808  -0.240
-0.79% 0.076
0.790 0.229
~0.467 0.7656
-0.278  -0.131
-0.159  -0.096
-0.252  -0.77
0.071 -o.QH%
-0.0134 G.116
0.0”5 0.367
0.073 0.478
35.47 19.95

TAELE 14

QOO0OOO0OTO
[=
W
0

1.39

F3

-0.132
0.106
0.017

~0.044

0.304

0.29%
-0.159
0.765
0.072
-0.101
-0.159
0.076
0.725
0.025

9.93

Independent Variables - 1960
Pactor Matrices®

Fl

0.03¢€
-0.0%6
0.031
0.040
-0.038
-0.016
-0.141
0.240
0.469
0.237
0.181
0.645
-0.08&7
0.429

?7.20

1.01

9.50

Fs h2
-0.03} . 9Ll
0.045 .8s58
-0.040 .907
0.079 .729
0.09 .7u8
0.012 . 768
-0.150 . 880
0.045 .716
—0.?1g -955
0.038 L8727
0.104 .9LE
0.310 . 794
0.051 .712
-0.031 .654

6.21 £2.07

0.87

F5

0.07%
~0.042
0.030
0.114
-0.079
~0.011
0.024
0.035
~0.957
-0.140
~-0.012
0.070
-0.151
-0.140

7.23

111

Afractor losdings equal to or greater than +0.50

are underlined.
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a few high correlation coefficients in Table 15 ane of which
is because of a subset condition, CHNWHT and CHNGRO (0.996).
Population change and change in the number of households are
quite naturally vositively related. The lack of inter-cor-
relation between the change variables 1s reflected in the
rotated factor matrix in Table 16 where there is a difference
of only 12% in the amount of total variance explained by the
first and seventh factor. Although all of the selected var-
iables are used in the regression analyses, an effort is made
to obtain a more parsimonious solution wlthout removihg
meaningful variables. Some variables are removed from the
set of independent variables and the correlation and factor
vmatrices asslst in choosing the variables for removal.

For 1950 and 1960, the scores of the rotated factor
matrix, shown in Tables 13 and 14, are used as independent
variables 1n a_regression analysis. All of the factors
are reasonably interpretable and are normally distributed

and independent of each other.

Canonlcal Correlation

Canonical correlation 1s a procedure whereby the
inter-relations between two sets of measurements can be
observed. 1Inltially develoned by Hotelling; the canonical
correlation is the maximum correlation between linear |

functions of the two sets of measurements. One set 1s the



TABLE 15

Independent Variables 1950-60
Correlation Maxtrix®

POPCHG  CHPORB CHNGRO CENWHT CHHSLD DIFINC CHFRAT CHOWN  CHRENT CHVAC  CHAFTS  CESFCU  DIST  CHMOVR

POPCEG 1.000  -0.127 0.072 0.070 0.505 0.007 -0.046 0.292 -0.110 -0.134 0.010 0.025  0.270  0.927
CEFORB 1.000 =0.700 -0.696 =-0.031 0.086 -0.362 0.127 -0.0%1  -0.062 0.259  -0.132  C.0l%  -0.24%
CENGRO 'IT%UG . -0.021 -0.071 0.431 -0.141  0.117 0.026 -0.280 0.118  0.001 0.397
CENAET . -0.022 -0.070 0.428 -0.14%  0.116 0.037 -0.275 0.116 -0.002  0.407
CEHSLD 1.000 -0.00% -0.108 0.075 ~0.025  -0.037 0.257  -0.013  0.100 -0.0%0
DIPINC 1.000 -0.059 0.0l 0.002  -0.021 0.027  -0.025  0.011  0.010
CEP2AT 1.000 -0.361  0.148 0.200 -0.056 0.013 -0.332  0.425
CEOWN 1.000° =0.71 -0.239  -0.180 0.270  0.312 -0.158
CHRENT “1.000  -0.353 0.113  -0.209 -0.022 -0.002
 CHVAC 1.000 0.125  -0.063 -0.3%%  0.1868
CEAPTS 1.000 . -0.472 -0.075 -0.0%%
CESFDU 1.000  0.070  0.053
DIST 1.000  -0.157
CHMOVR 1.000

&Correlations equal to or greater than +0.50 are underlined.

€11



TABLE 16

Independent Variables -- 1950 -
Factor Matrices2

Unrotated factor matrix:

F1 F2 F3 Fh F5

POPCHG  0.039 0.55% -0.538 0.397 0.042
CHFORB 0.761 -0.254 ~0.112 -0.009 0.069
CHNGRO -0.797 0.250 -0.108 -0.039 0.011
CHNWHT -0.79F 0.2kl -0.105 =0.032 0.014
CHHSLD ~0.126 0.286 -0.615% 0.516 -0.042
DIFINC ©.104 -0.031 Z0.12¢ -0.007 0.971
CHFRAT -0.676 -0.266 0.043 0.175 0.028
CHOWN 0.37% 0.749  0.290 0.161 0.026
CHRENT -0.221 -0.4BT -0.57% =0.s546 0,010
CHVAC  -0.172 -0.3%1 0.h12 0.622 -0.064
CHAPTS  0.305 ~0.464 -0.427 0.39% -0.015
CHSFDU -0.135 0.507 0.414  -0.146 0.008
DIST 0.227 0.552 -0.310 ~0.327 0.01>2
CHMOVR -0.571 -0.073 0.09% 0.278 0.219

Percent totsl
variance 24.16 16.65 12.51 10.95 7.19

Eigen
values 3.38 2.33 1.75 1.53 1.01

Rotated factor matrix:
Fl F2 F3 F4 Fs

POPCHG -0.087 0.176 -O.Rgg -0.248 0.016
CHFORB  0.844 0,073 70.09 -0.079 -0.135
CHNGRO -0.932 -0.054 0.007 -0.037 0.077
CHNWHT -0.931 -0.052 0.009 -0.031 0.071
CHHSLD ~0.00% -0.025 =-0.919 0.052 -0.09%
DIFINC 0.057 -0.004 =0.003 -0.009 -0.009
CHFRAT -0.336 -0.282 0.020 0.311 0.074
CHOWN 0.1?9 0.£36 -0.127 -0.319 0.208
CHRENT -0.065 -0.G31 0.034% -0.259 -0.102
CHVAC  -0.107 ~0.2'7 0.075 0.864 -0.167
CHAPTS 0.275 -0.095 -0.210 0.127 =0.768
CHSFDU -0.028 0.14h -0.077 0.014 TO. 7N
DIST -0.113 0.2 -0.100 -0.724 -0.067
CHVMOVR  -0.2739 0.095 0.028 0.071 -0.03%

Percent total
variance 19.6 13.0 11.7 11.6 10.6

1960

0.909

F6

0.087
-0.022
0.321
0.237
-0.1720
0.004
0.602

.013
.006
.03)

.276
600

OO0 0

10.3

F7

.009
.0ks
.017
014
.00h
. 997

~0.007

.002
L0059
.006
.005
.01k
L0117
.039

.2

.812
.753
.933
.97
.a7
. 997
L6672
.883
.950
Lho
.735
L7973
L6P6
LF43

£3.5]
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f8factor loadings equal to or greater than +0.50 are underlined.
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predlctors and the other set is the criteria. In the program
used in this analysis, there are as many canonlcal correlations
as there are crlteria.lo
Thé attraction of this method is that it allows the
relationship to be considered between the sets of variables
chosen to represent housing quality and the sets of indeven-
dent variaktles. This is helpful since PERPRM, RB1950 and
NPBORD are all aspects of the basic phenomenon which is being
studied. Thus, the analysis is not confined to how each
one of these relates to a set of predictors, as in the multiple
regression case.
Although there are a number of canonical correlation
coefficients reported, the first canonical correlation 1ls
of most interest. The contribution made by the individual
variables to the canonlical variates can be observed from
the canonical vectors associated with the first canonical
correlation.

The results of the canonical correlation analysis

for 1950 are shown for two sets of predictors in Tables 17

10The program used 1s CANON, a version of the
Canonical Correlation program presented in Cooley and Lohnes.
This program finds q latent roots of the canonical equation
(where q 1s the number of criteria). The elements of
the canonical equation are substituted from a matrix. This
matrix is the matrix of inter-correlations between p predic-
tors and q ecriterila, and is square, symmetric, and of the
order (p + q). The first canonical correlation is related
to the first root, the second coefficient to the second root

and sO0 on
W. W. COOLEY and P. R. LOHNES, Multivariate Procedures for

the Behavioral Sciences, (New York, J. Wiley and Sons, Inc.
1962), pp. 52-5&.
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and 18, The first correlation coefficient of 0.897 is only
reduced to 0.874 when some predictor variables are removed.

The variables dropped are NONWHT, APTS, and SFDU, because

they are highly and positively correlated with NEGRO, RENTED,
and OWNED respectively. The criteria are dominated by the
overcrowding variable. The variables measuring tenure, colour,
and income seem to be the most important predictors.

In the 1960 analysis, the correlation coefficients
are again high. The same pattern i1s detected in the criteria
as in 1950 (one set of criteria comprises 4 single census
measures; the other comprises the composite measure, EB1950,
and PERPRM, -~ see Tables 19 and 20. In the case where four
criteria variables are used, the most important predictors
are INCOME, FORSTK, and NEGRO. For the two variable criteria,
they are FRTRAT, NEGRO, INCOME and MGRNT2.

The correlation coefficlient is lower for the change
variables, the criteria are still dominated by CHPPRM, and
the strongest predictors are CHNGRO, CHFORB, and CHRENT --
see Table 21.

The conclusions drawn from the canonical analysls
are that there are fairly strong relatlonships between the
selected independent variables and thé housing quality variables,
especlially with PERPRM, the variable measuring overcrowding.
The relationshlp between the varlables measuring change ih
residential blight and a set of variables measuring change

in the independent variables 1s less strong. The variables



TABLE 17

Predictors (13)

NONWHT 0,559
SrDU 0.235
FRTRAT 0,1i¢
VACANT ~0,003
MGRNT2 ~0,006
FCRBRN =0,01li
MGRNI1 -0,017
APTS -0.017
NEGRO =0,109
DIST ~Co114
RENTED =G,157
INCOME =C.255
CWNED =0.,640

TABLE 18

Canonrical Vectors 1950
(From Firet Correlation)

redictors (9) Criteria (2)

0.479 PERPRM 0.960
0.0172 NPRORD 0.281
0,004

VACANT =0,0C1
FORBRN =0,047
DIST -0,062
INCOME =-0,287
RENTED =0.523
CWNED =-0.639

First correlation
coefficient = 0,807

Second correlation
coefficiert = ¢

rst correlation
coefficient = 0.874
cond correlation
coefficient = 0,362

TABLE 19

Canonical Vectors 1960
{From Pirs+ Correlation)

Predictors (10) Criteria (&)

NEGRC C.400 FZRPRY 0,920

CTRACE (.032 BIRL 0.342
VACANT 0.071 LE1= 0.18%
0.020 DILAF 0.048

-O:O"-‘5

-01096

~C.166

-0,185

< -00506

~-0.712

Pirst correlation
coefficient = (¢,.839

Second correlation
coefficient = 0,582

“hird correlation
ceefficient = 0,245
Zourth correlazicn
= 0,

coefficient 188

AN



Predictors
‘FRTRAT 0.701
NEGRO 0.504
APTS 0.167
SFDU 0.146
VACANT 0.034
FORSTK 0.009
OTRACE -0.013
MGRNT 1 -0.023
RENTYER -0.052
FORBRN -0.061
OWNER -0.095
MGRNT 2 -0.149
DIST -0.212
INCOME ~0.348
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TABLE 20

Canonical Vectors 1960
(From First Correlation)

Criteria

PERPRM 0.969
RB1950 0.244

First correlation coefficient = 0.920
Second correlation coefficlent = 0.613

TABLE 21

Canonical Vectors 1950-60

(From First Correlation)

Predictors (11) Criteria (2)
CHNGRO 0.768 CHPPRM 0.990
CHRENT 0.407 CHRBLT 0.139
CHOWN 0.096
DIST 0.081
CHHSLD 0.052
CHAPTS 0.037
CHMOVR 0.018
DIFINC -0.000
CHVAC 0.010
CHSFDU -0.113
CHFORB -0.460

First Canonical correlation = 0.570
Second Canonical correlation = 0,382
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that appear most consistently as the primary predictors are
NEGRO and INCOME, Other variables that stand out are the

tenure variables in 1950 and FORSTK, MGRNT2, and FRTRAT in 1960.
This gives some indication as to what might be expected from
the multiple regression analyses, which are a form of canonical

correlation where the number of criteria variables 1s one.

Multiple Regression Anslyses.

A number of regression analyses are reported in a
summary fashion in Table 22. These are least'SQuares linear
regression models and are used here in an exploratory fashion.

The éummary results are quite satisfactory in the
sense that, for some equations, there 1s an excellent goodness
of fit, as neasured by the multiple correlation coefficlent,

a reasonably high percentage of the sum of squares is "eéx-
plained", and the standard error of estimate for the predlicted
value i1s low. This 1s particularly true for the case where
PERPRM, the overcrowding measure, is the dependent variable.
This also holds true in both 1950 and 1960, the results being
fairly similar. The most noticeable difference is that the
reduction of the independent variable set has little effect
on the 1950 results, but considerably more on the 1960
results.ll The correlation coefficient 1s reduced from

0.911 to 0.813 and thus, the percent sum of squares explalined

1l7he variables removed in the 1950 analysis are
NONWHT, SFDU, APTS. 1In the 1960 case, the variables removed
are SFDU, APTS, FORBRN. All, are highly and positively inter-
correlated with other variables which are retalned.



TABLE 22
Multiple Regression Analysls
Summary

Number of Multiple Standard Percent
Dependent Idependent Correlation Error of tExplained’
Variable Variables Coefficient Estimate Sum of &gs.

19 6 0
PERPRM 14 0.911 3.67 82.96
PERPRM 10 0.813 5.18 66.03
RB19508 14 0.763 11.19 5%3.18
RB1950 10 0.735 11.71 54.05
DILAP 1k 0.518 7.00 26.91
DILAP 10 0.477 7.18 22.76
195690
NPBORD 14 0.788 13.41 62.14
NPBORD 9 0.764 14,04 58.32
PERPRM 13 0.6889 .53 78.80
PERPRM 9 0.R66 4,92 24,94
NPBORDP 11 0.818 4.19 66.91
PERFRMDP 11 0.910 4.65 82.81
1950-1960

CHRBILT 14 0.433 10.28 18.74
CHRBLT 11 0.366 10.59 13.42
CHPI'RM 14 0.700 5.3 43.99
CHPPRM 11 0.679 5.58 46.06
CHRELT® 11 0.??] 10.55 13.78
CHPI'RM® 11 0.hss5 6.76 20.70

t=

1216
1216
1216
1216
1216
1216

1060
1060
1060
1060
617
617

717
717
718
717
729
718

acomposite mencure comparable to the NPBORD (1950) category.

b
included in set of indewendent variable

S.

population change and change in non-white population {(1940-50) are

c
a sct of 1950 measures are usced as independent variables.

120
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falls from 82.96 to 66.03.

When the physical condition of the dwelling unit and
lack of plumbing faciiities are consldered, as measured by
NPBORD (1950) and RB1950 (1960), the goodness of fit is
consistently less than for PERPRM using the same independent
variables; the level of explanation is also correspondingly
lower. The standard error of estimate 1s much higher, indi-
cating that the predicted value lies ﬁithin a wlder range of
values than is the case for PERPRM. When the 1950 and 1960
results are compared, they are again fairly similar. 1In
neither the 1950 or 1960 results does the reduction in the
number of independent variables have much effect on the good-
ness of fit.12 The level of explanation is much less satis-
factory for the one variable that measures only the structural
condition of the dwelling unit -- DILAP in 1960.

The weakest results are obtained rfor the analysis
of the spatial variation in those varlables which measure
change in the physical state of the dwelling unit and over-
crowding from 1950 to 1960. Again, however, it is noticeable
that the results are more satisfactory for CHPPRM than for
CHRBLT.13

127he variables removed are the same as those 1listed
in footnote 11.

13Two-variables. CHHSLD, CHNWHT, are removed from
the set of independent variables with relatively 1ittle effect
on the results. CHHSLD 1s highly and positively correlated
with POPCHG and CHNWHT is similarly related to CHNGRO.



122

The regression analysis of change data is modified
and continued in two ways.
(a) The lower correlation coefficients for CHRBLT and CHPPRM
indicate that there 1s a consliderable scatter of observations
about the least squares equation. Therefore,.the estimate of
the true slope 1is not likely to be particularly accurate.
The working hypothesis that change in the varlables selected
as predictors in 1950 and 1960 would explain the spatial
varlation in change in housing quality does not appear to be
particularly appropriate. An alternative hypothesis is that
the amount of change in housling quality in an area 1s related
to the antecedent conditions in the area. That is, knowing
something about the 1950 scores on selected variables allows
the prediction of the amount of change from 1950 to 1960.
However, as shown 1n Table 22, the resulting correlation co-
efficients are only slightly improved for CHRBLT (0.366 to
0.371) but are considerably less for CHPPRM (0.455 against
0.679). Neilther set of variables seems to be strongly related
to the amount of change in housing quality.
(b) Examination of individual beta weights and the amount
of sum of squares reduced by individual variables for the
1950 - 1960 change data, suggests that population change in
a tract (as measured by POPCHG and CHHSLD) is related to
change in housing quality -- see Tables 29 and 30. Since
i1t 1s possible to readily calculate percentage change in total
population and non-white population from 1940 to 1950, these

two variables are added to the set of independent variables
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for the 1950 analysis. The expectation 1s that they would be
positively associated with measures of housing quality since
they measure the change of population in a tract, which in
most cases would be an increase, and the increasing numbers

of a low income minority group that experiences discrimination
in the housing market. In so doing, however, the number of
observations is almost halved to 617. Since no suburban data
are available for 1940 all the suburban tracts are removed,
while 269 tracts had no nonwhite population in 1940 and,
hence, no base population. Thus, this regression i1s based on
central city observations, and particularly those with a
non-white population in 1940. The addition of these two var-
lables does lead to an increase in the goodness of fit, but
this may be due to the elimination of a number of observations
ﬁhose scores are at some distance from the least-squares
surface rather than these two additional variables (see the

next section for additional comment on this point).

The Effect of Individual Variables.

While the results of the regression are, in general,
reasonable, wiﬁh respect to goodness of fit, the relationships
of individuel variables are of greater interest and bear
directly on the hypotheses developed in Chapter 4. Tables
23 - 34 indicate how the individual variables relate to the

dependent varlables and how each contributes to the amount



NEGRO
RENTED
MGRXT 2
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TABLE 23

Multiple Regression 1950
Dependent Variadble -- PERPRM

Correlation
Coefficlent

0.796
0.549
0.250
0.012
-o.otg
-0.
-0.203
=0.553
-0.689

'Bl
Value

0.191

-0.152
-0.003

Beta
Weight
0.548

-0.253
0.016

Stepwise Multiple Regression:

Order of Entry

.
1060

NEGRO
INCOME
QWNED
PORERN
DIST
RENTED
MGRNT2
MGRATL
VACANT

Nultiple Correlation
Coefficient
0.866

Percent Sum of Squares

Reduced by Each Variable

6
by

.

OO0 O0OKrHOW
OO O - I\

Explained
Variation

75.00 -

Standard Brror
of Estimate
h.92

b
1060

1.

OO\ OWA SN
By H

.

TASLE 24
Multiple Rezression 1950
Deperdent Varlable -- NP3CRD
Correlation '3t Beta
Coefficlent Value Waishnt
0.59% 0.267 0.1367
0.5%9 -1.485% -1.602
0.230 0.0C8 0.002
0.070 -0.251 -0.012
0.050 0.379 0.083
-0.225 -0.056 -0.€13
-0.410 -0.762 «0.180
-0.563 -1.486 -l.6¢8
-0.67 =0.007 -0.347

INCOME
NEGRO
DIsT
BEXTED
MGENTY
VACANT
QWNED
FORBRN
MGRNT2

Stepwise Multiple Eezression:

Order of Entrv

Multiple Correlation
Coefficient

0.764

Percent Suz of Squares
Reduced by Each Variabdle

&

QOO NMA

CONIFmEOH

Explained
Variation
$8.22

Stardard Srror
of Zstizate
14,04

#2T



TABLE 25

Multiple Regression 1960
Deperdent Variable -- PERPRM

TABLE 26

Multiple Begressior 1960
Deperdent Variable -- PERPEM

Correlation B! Beta
Coefficient Value Weicht Correlation tBe Eeta
Coefficient Valua Veicht
NEGRO 0.754 0.117 0.438 ‘ ,
0.695 25.982 0.520 KZGR0 0.75% Q.03 8.35S
0.37 -0.003 -0.011 RENTED 0.373 -0.017 -3.C30
0.29 -0.054 -0.06% KGRNT2 0.254% 0.089 9.106
0.260 0.021 0.066 MGARNT1 0.103 0.00% 0.005
¥GENT 1 0.10 0.069 0.006 VACANT 0.0356 -0.003 -3.001
VACAX 0.09 0.012 0.005 OTRACE 0.016 ~0.057 i
OTRACE 0.016 -0.100 -0.028 DIsT -0.243 -0.11% g
DIST. -0.24 «0.176 -0.138 OWNED <0.424 0.030 Q
SFoU -0.29 0.018 0.07s INCOME -0.593 -0.002 s
PORBAN -0.403 -0.08 -0.070 PORSTK -0.627 -0.125 -0.245
CANED -0.420 «0.00: 20.013
INCOME -0.593 -0.001 -0.250 . :
PORSTE -0.627 0.081 0.080 Stepwise Nultiple Regression:

Stepwise Multiple Regression:

Percent Sum o

f Squares

Order of zZntry

Percent Suz of Squares
Deduced ¥y Tach Variatle

Order of Entry Beduced by Each Variable 1. NEG20 56.8
2. INCOME 5.5
1s NEGRO 56.8 3. FORSTK 1.9
2. FRTRAT 19.4% 4, MGINT2 1.0
3. INCOXE 5.5 5. OWNED 0.%
. DIST 0.7 6. DIs? 0.3
$. FMSRET 2 0.2 ?. BREXIEZD 0.1
6. POREAN 0.1 8. OTRACE 0.0
7. SFIU 0.1 9. XMGRXTL 0.0
8. OT2ACE 0.1 10. VACANT 0.0
9. AFTS 0.0
10. FO3aSTK 0.0 Multiple Correlation Exolained Stardard Errox
11. MCRXNT 1 0.0 N Coefficient Variation of Zstizate
12. VACART 0.0 1216 0.813 66.03 5.18
13. REXNTZD 0.0
14, CUNED 0.0
Kultiple Correlation Explained Standard Error
X Coefficient Variation of Estizate
1216 0.911 82.96 3.67

FAN



RENTED
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VACANT
0T3IACE
MGUNT1
FPGRNT2
PORSTK
DIsST

QW IED
INCOKE

Multiple Regression 1960

TABLE 27

Dependent Variadtle -- RB1950

Correlation 'B! Zeta
Coefficient Value Weicht
0.512 -0.083 -0.151
0.447 -0.047 -0.090
0.302 0.579 0.03%
0.219 0.723 0.104
0.084% -0.211 ~0.076
-0.070 -0.273 -0.168
0,349 <0.394 -0.397
-0.388 0. 344 -0.138
-0.598 -0.194 -0.336
~0.63% -0.002 -0.257

Stepwlse Multiple Regresslion

Order of Ent

N
1216

INCCME
FORSTK
QWKED
MGRNT2
OTRACE
DIST
VACANT
REXRTED
MGRNT1
REGRO

Nultiple Correlation

Coefficient
0.735

k0.2

3%

3:3

1.2

1.1

1.0

0.5

0.2

0.1
Explained
Variation

54.05

Percent Sum of Squares
Reduced by Fach Varlable

Standard Error
ol Estinate
11.71

NEGRO
RENTZID
OTRACE
MGRNTL
MGRNT2
VACANT
DIST

INCOXE

N
1216

TAZL

T 28

¥ultiple Rezrassion 1560
Devendent Varlable -- DILAP

Correlation
Coefficlent

«0.032
=-0.00073 -0.199

SCepuisé Multiple Begression:

Order of Entry

1. N®GRO
2. OTRACE
3. INCOME

B,

3.

6. D
?. FO3STX
8. VACANT
9. DIST

10. NGRNTL

Nultiple Correlation
Coefficlent
0.477

Percent Sun of Sguares
Reduced by Fach Varisdle

1%. 5
L4
2.%
0.5
0.3
0.2
0.2
0.2
0.1
0.0
Explained Stendard Error
Variaticn of Zsiizate
22.76 7.18

92T



TAELE 29 TAELE 30

Multiple Regression 1650-60 Hultiple Regression 1950-60
Dependent Variable - CEPPRM Deperdent Variable -~ CER3LT
Correlation B’ Beta Correlation 5 Eeta
Coefficient Value Weirht Coefficient Value Weizht
0.604 0.309 1.028 0.188 0.764 0.19%
0.600 ~0.192 0.646 0.148 0.025 0.221
0.374 7.571 0.151 0.13% 0.£53 1,258
0.272 0.47% 0.283 0.126 -0.476 =1.082
0.232 ~0.021 0.041 6.025 -1.136 -0.451
0.162 0.025 ©0.210 0.009 ~0.019 =0.049
0.027 0.045 0.018 ¢.005 ~0.728 -0.1%9
0.015 ~0.009 «0.119 o 0.005 0.00% 0.018
-0.015 -0.030 «0.04% CHSFIU -0.015 -0.02 -0.027
«0.049 -0.0000?7 «0.002 CEAPTS ~0.043 -0.086 ~0.087
-0.083 0.052 0.020 CEPRAT -0.082 -9.267 -0.121
«0.111 0.032 0.049 CZFPORB -0.088 0.036 0.019
=0.190 0.196 0.114 EMOVE «0.102 -0.11 «2.148
=0. 545 -0.274 -0.220 CHOWN «0.117 ~1.490 -0.580
Stepwise Multiple Regression: Stepwise Multiple Regression:
' Percent Sum of Squares Percent Sun of Squares
Order of Entry Reduced bv Each Variable Order of Entry : Reduced by Tech Verigble
1. CENIRT 36. 54 1. 3.2
2. CHRENT b.1 2. 2.8
2. POFCEG 3.1 3. 2.6
. CHFORB 2.4 &, 2.5
2. 1.1 5. 2.1
. 0.7 6. .3
?- 0.3 7. 1.3
8. CECWN 0.3 8. 2.2
9. C3NGRO 0.3 9. 0.8
10. CiHSFDU 0.2 10. 0.5
11. CENOVR 0.1 n. 0.4
12. DiIsT 0.0 12, 0.1
13. CHVAC 0.0 13. 0.0
1%, DIFINC 0.0 14. CHFOR3 0.0
Kultiple Correlation Explained Stardard Error ¥ultiple Correlation Explained Sterdaxd Error
R Coefficient Variation of Esticate N Coefficient Variation of Zstizate
718 0.700 48.99 5.43 718 0.433 18.74 10.2¢

AN



TABLE 21 TABLE 32

Multiple Regression 1950 Multizle Regression 1950
Dependent Variadble -- PERPRYM Derendent Variatle -~ ¥P2CRD
Correlation -1 Beta Correlation '3 Seta
Coefficlent Value Weizht Coefficient Value Welent
0.R3% 0.169 0.485 0.614& 0.2% 0.33%
0.556 9.207 0.524 0.5%2 -3.913 L4
0.335 0.032 0.145 ©.258 -0.C7? ~0.022
0.256 -0.0¢% -0.037 0.263 0.676 J.112
0.111 -0.00005 -0.043 0.113 -0.0C% -0.017
MGEITY 0.0%0 0.132 0.048 \ 0.108 -3.183 -0.150
VACANT 0.056 0.362 0.038 ChGEAT 0.030 -0.08007 -0.027
DIST «0.400 «0.137 -0.072 POR3RN -0.368 ~G.037 -0.012
OWNED -0.556 0.133 0.339 : DIsT -0.552 -1.52 -3.355
PORBRN =0.5€E9 =0.073 -0.052 OWXNED -0.557 -3.504 -&. 505
INCOME -0.759 =0.003 =0.329 INCOME -0.754 -0.008 -0.397
Stepwise Xultiple Regression: Stepwise Xultiple Regression:
Percent Sum of Squares Percent Sum of Squares
Order of Entry Beduced by Each Variable Order of Ertry Reduced bv Tach Variable
1. NESRO ?0.2 1. INCOME 56.9
2. INCOXE 10.1 2. NIGRO. 4.0
1.1 2 DIST 2.7
0.9 . OwNZID 2.4
0.1 S. MGATL 0.6
0.1 6. VACANT 0.2
0.1 7. RENTED 0.1
0.1 * 8. POPCHG c.0
0.0 9. XGAIXNT2 ¢.9
0.0 10. FO222N 0.0
Multiple Correlation Explained Standard Error Multiple Correlation Expleined Stardard Errox
N Coefficient Variation of Estinate X Coefficlent Variation of Estizate
617 0.910 82.81 4.65 617 0.818 66.91 4,19

82T
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TABLE 33
Multiple Regression 1950-60
Devendent Variable -- CHRELT
Correlation ' Bt Beta
Coefficient Value Welght
INCOME 0.226 0.001 0.083
DIST 0.162 0.095 0.026
SFDU 0.120 -0.020 -0.046
OWNER 0.115 2.339 4,596
VACANT 0.107 3.236 0.271
FORBREN 0.094 -0.023 -0.01h
MGRNT1 0.084 0.193 0.035%
MGRNT? 0.054 0.149 0.079
APTS 0.024 0.091 0.222
RENTER -0.115 2.248 4,359
NEGRO -0.237 -0.079 0.197
Multiple Correlation Explained Standard Error
N Coefficlent Variation of Estimate
718 0.371 13.7% 10.55
TABLE 34
Multiple Regression 1950-60
Dependent Variable -- CHPPRM
Correlation 'BY Beta
Coefficient Value Welght
FORBRN 0.342 0.191 0.173
INCOME 0.193 0.001 0.125
OWNIR 0.127 0.075 0.219
VACANT 0.047 1.202 0.153
DIST 0.027 0.130 0.0
SEDU 0.027 -0.079 -0.236
MGRNTZ -0.051 0.203 0.1
MG I -0.088 -0.449 0.121
RENTER -0.129 0.098 0.282
APTS -0.215 -0.080 -0.291
NEGRO ~0.354 ~0.05h -0.203
Multinle Correlation Explalned Standard Error
N Coefficient Variation of Estimute
718 0.455 20.70 6.76
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of sum of squares 1"educed.ll+

Although the results are in some ways disappointing,
in that several variables do not avpear to be related to poor
housing quality, some relationships are evident. While each
table 15 of itself interesting, only the overall results are
commented on at this point. The variables, NEGRO and INCOME,
are generally consistently and strongly related to the vari-
ables measuring residential blight in both 1950 and 1960.
There 18 an important distinction as shown by the stepwlse
multiple regression results. When PERPRM is the dependent
variable, then NEGRO is the principal explanatory variable,
followed by INCOME - Tables 23, 25, and 26. But, when vari-
ables measuring physical condition and plumbing deficlencies
(such as NPBORD, RB1950) are the dependent varlables, then
INCOME 4s the principal explanatory variable, -- Tables
24 and 27. The only measure of the structural condition of
the dwelling unit DILAP (1960), 1s explained best by NEGRO,
OTRACE, and INCOME -- Table 28.

1)‘*'I‘he detalled tables are generally presented for the
smaller set of indpendent variables except for the 1950-1960
analysis. Also, Tables 26 and 27 allow a comparison of two
sets of predictor variables for PERPRM - 1960. The con-
clusions in this section concerning the individual varlables
are based on the order of entry of a variable in the stepwise
regression analysis, the amount of sum of squares reduced
by the variable and the beta weight (magnitude and sign).
Beta welghts are the standardised regression coefficients.
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Colour, as measured by change in non-white, 1s'aga1n
the most powerful explanatory variable for CHPPRM, but when
CHRBLT 1s the dependent variable, no variables emerge as elther
powerful or principal explanatory variables'-- Tables 29
and 30,

Tables 31 and 32 show that the addition of POPCHG
and CHGNWT in 1950 is not the orincipal reason for the 1lncreases
in explained-variation, although POPCHG ranked third behind
NEGRO and INCOME in the case of PERPRM. It is the absence of
the generally all white suburban tracts which raises the
percent sum of squares reduced by NEGRO and, thus, the overall
level of explalined variation is also raised. 15 -- compare
Tables 31 and 23. A similar situation occurs with NPBORD,
where the explanatory power of INCOME rises considerably
while POPCHG reduces a very small amount of total sums of
squares -- compare Tables 32 and 24, The overall regression
results for the use of the 1950 variables as predictors of
the change in housing quallty varlables are Judged to be
sufficiently weak that this line of investigation is not
pursued -- see Tables 33 and 34.

These results are described as dlsappolinting in that
a number ofvvariables which are postulated as being related

to physical condition and overcrowding, contribute very little

15CHGNWT proves to be an unusual varlable with a very
high mean and standard deviation. This i1s readily explained
in that some tracts experienced very large absolute increases
in nonwhite population from 1940 to 1950 while the base vopu-
lation for 1940 is very small (often under §).
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to explaining the spatlal variation of the dependent variables,
i.e., they reduce very little of the total sums of squares.
Thus, even though the direction of the relatlonship may be as
specified, there are a number of hypotheses which cannot be
accepted. The hypotheses and the meaning of these results will

be discussed subsequently in this chapter.

Multiple Regression using Factor Scores.

An alternative analytical procedufe is suggested in
the research design; it is also briefly discussed in this
chapter. This procedure is to take the principal components
of the unrotated factor matrices in 1950 and 1960 and use the
factor scores as values for the dependent variable in a
regression analysis. The factor scores from the rotated factor
matrices for 1950 and 1960 are then used as independent
varliables in the regression equation.

The major advantage in thls procedure in terms of
research strategy 1s that it eliminates the need for canonical
correlation analysis, and reduces greatly the number of
variables to be handled in the regression analysis. A possible
disadvantage is that the researcher cannot draw conclusions
concerning the relationship between selected individual vari-
ables and the phenomenon under study. Also, there are often
problems in interpreting the facfors in a meaningful way.

Some expectations are develoned concerning the

outcome of the regression analysis. The hypotheses stated
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in Chapter four, the knowledge of‘the factor structures
(Tables 8, 10, 13, and 14), and the initial regression results
for individual variables, all assist in the statement of these
expectations. The presence of certain variables, loading
heaﬁily on a factor, allows some predictions as to which
factors are related to the poor housing quality component

and to the relative strength of the relationshipr. Also,

the direction of the relationship can be predicted.

It is expected that the factor measuring income and
tenure will be strongly and negatively related to the poor
housing factor. Conversely, the factor which indicates a
raclal-ethnic sntipathy 1s also expected to show a strong
relationshin but in a positive direction. The other factors,
measuring mobility, vacancy rates and the fertility ratio
are not expected to be strongly related, although it is
possible to predict direction,e.g., the factor representing
other race 1s expected to be negatively related to the principal
component.

The results of the regression analyses are shown

16 These tables show that these expecta-

in Tables 35 and 36.
tlons are largely confirmed for both years. The only differ-

ence is that 1n 1950 the racial - ethnic factor is the most

16The factor structure for 1950 is somewhat different
from that shown in Fig. 10. This is due to the removal of
one variable, FHSLD, from the analysls; however, the structure
1s not much different. '
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TABLE 35
Multiple Regression with Factor Scores - 1950

M (Y) P2 (X)) F3 (X,) Ph (X5) F5 (X)) F6 (X
NPECRD (0.922) INCOME (0.714) AMGRT1 (0.997) NON&HT (0.899) VACAKT (0.967) FRTRAT
NRWORD (0.856) OWNZR (0.963) AMGRTZ (0.997) NEGRO (0.808) (0.956)
PEREFEM (0.94R) RENTEZR(-0.964) FORBRN{ -0.869)

SFDY (0.953)
APTS (-0.738)
DIST (0.782)

Percent Sum of

Regression Squares Reduced
Order of Entry Coefficient by Each Varlable
Ph 0.573 33.6
F2 ~0.528 28.6
F6 0.230 S.h
F3 ~0.047 0.2
FS5 -0.019 0.0
Multiple Correlation Explained " Standard Error

N Coefficient Variation of Estimate
1060 ] 0.82 67.24% 0.562
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TABLE .36

Multiple Regression with Factor Scores - 1960

Fl (Y) F2 (Xl) F3 (xz) F4 (x3) Fs5 (xu) F6 (x5)
DETER {0.7P6) OWNER (0.958) NEGRO (0.767) AMGRT1 (0.725) AMGRT2 (0.880) OTRACE
DETLFF (0.869) RENTER(-0.919) FOPRSTK(-0.945) VACANT (0.765) FRTRAT (0.632) (~0.957)
DILAF (0.6735) SFDU  (0.9%41) FORBRN(-0.879)

RB1G<C (0.949) APTS (-0.798)
BTEESY (0.90%) DIST  (0.790)
PERPRY (0.651) INCOME (0.808)
Percent Sum of
Regression Squares Reduced
Order of Entry Coefficient by Each Variable
F2 -0.592 3s.
F3 0.38 1k.7
Fb -0.154 2.4
F 0.089 0.8
F 0.062 0.4
Multiple Correlation Explained Standard Error
N Coefficient Variation of Estimate
1216 0.73 53.29 0.684
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strongly related_variable, although there is not a great

deal of difierence between this factor and that of income-

tenure. In 15560, the income - tenure facter is considerably

stronger. Thils can be explained by the higher loading of

PERPREM on t 2 principal component which is also composed of

fewer varic~les in 1950. Previous results indicate that

NEGRO and NUNWHT are strongly related to PERPRM. Also, there

i1s a contrast in-the variables which load heavily on the racial-

ethnic facter; two ethnic variables and one racial variable

in 1960, art vice versa in 1950, with a separate racial

factor, F6, tn 1960.17 In 1950, the sign of the regression

coefficient is not as predicted for F3 and F5, but the

values are so close to zero that this is relatively unlimportant.
The cﬁnciusions are that these two regressions confirm

the results cbtalned from using original untransformed vari-

ables as predlctors in regression equations.

Resziduals from Regression.

In some cases, a considerable amount of sums of
squares is reduced by the selected variables (or more accurately,
by a few of the seiected variables); this ranges from 82.96 to
13.78. This; however, raises the question of whether any
order is appa-snt in the unexplained varliation which 1is repre-

sented by the »esiduals from regressioh. Or, to consider it

17Tn1~ reflects the data availability in 1950
and 1960. o
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in a different way, whether or not the residuals are spatially
distributed in a random or non-random manner. If it is
found that the pattern 1s random, then the addition of other
independent variables would nqt be worthwhile (this does
not preclude the replacement of an 1ndepenﬂent variable
by another measure, perhaps a more sensitive one). If, however,
the residual values are non-random, then there is still some
order in the unexplalned variation, and additional variables
should be sought.18

The use of the contigulty ratio is one way of mea-
suring randomness in a sbatial pattern. To use this method,
however, 1s extremely laborious for a very large number of
observations and an alternative procedure is proposed. This
1s described in Appendix 4. Only one set of results from this
procedure is presented.19 These are for PERPRM (1960) with
10 independent varlables and are shown in Table 37.

These results suggest that residuals from this

particular regression equation are non-random, since the

18A concise discussion of residuals from regression
and their utility is presented in Draper and Smith.
N. R. DRAPER and H. SMITH, Applied Regression Analysis,
(New York, J. Wiley and Sons, Inc., 1966), Chapter 3, pp. 86-99.

19The residuals investigated are from one of the
better fitting equations (r? = 0.813). Unsatisfactory results
from thls equation would suggest that the residuals from
poorer fitting equations are also likely to be non-random.
There are also time and budget constraints on applying this
procedure to other sets of reslduals.



A(Y)

A(11)

B(1)

B(11)

TABLE 37

Correlation Between Residuals:

Denendent Variable -- PERPRM 1960

Class

A1l near neighbours
within 0.5 miles

No more than 3 near

neighbours within 0.

miles

More than 3 near

neighbours within O.

miles

All near neighbours
within 1.0 miles

No more than 3 near
nelghbours within 1
miles

More than 3 near
nelghbours within 1
miles

.0

.0

Correlation
Coefficlent

0.671

0.600

0.734

0.592

0.330

0.638

138

=

843

k79

364

1117

237

880
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correlation coefficients for all near neighbours at the
0.5 mile and 1.0 mile limits are reasonably high. The
relationshlp between the residual for any given tract and
the mean residual for the near neighbour tracts 1s weaker
for the sets of tracts with no more than three near neighbours,
for both distances. The tracts which are in the set, "no
more than three near neighbours", tend to be larger tracts
and, thus, are ﬁore likely to be in the suburban and perivheral
areas where, for example, townships are used as tracts.
Variation in attribute scores between units may be greater
with these‘larger units. Also, the use of the mean as a
measure gives an undue welght to extréme values. For a larger
number of neighbours, the weight of the extreme values would
be diminished and the mean would be a more representative
measure, than would be the case for an N of 3.

A sample set of three near neighbours could be
drawn from the set, 'more than 3 near neighbours'. If the
mean residual 1s calculated for the sample set, and then
correlated against the residual for the given tract, this
would yield a coefficlent which could be compared to that
for the three or less near nelghbour set. Thls would indicate
1f the small N is having an effect on the mean and, hence,
the correlation coefficlent.

Since the residual values do appear to be correlated,

a next step would be to map the residuals so as to observe
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the areas of greatest deviance. This knowledge might ald

in the selection of additional varlables. It might be noted
that this procedure can be generalized by making the distance
1imit a variable and also varying the number of near neigh-

bours used as a determinant of subsets.

Change in Housing Quality from 1950 to 1960.

Neither the variables measuring change in the selected
independent variables from 1950-1960 or the 1950 set of
independent variables themselves prove to be strongly related
to changes in hbusing quality. It is entirely possible that
to treat the amount of change over all observations obscures
some possible relationships; it should be noted, however, that
CHNWHT reduces over one third of the total sum of squares
for CHPPRM -~ see Table 29. It also has a very high beta
welght with.a'bositive sign. Thus, some relationshivpns can
be ldentified. A

The effect of public programs is quite noticeable
in certain areas of the central city (Chapter 5, page 91).

If the amount of change 1s examined in those tracts where an
urban renewal project or a public housling project has been
initiated in the period 1950-1960, then a consistent trend
emerges -~ the location of these specific projects is shown
in Pig. 24. 1In almost all cases, there is a substantial
decrease in the amount of physically deficient housing in the

tract, which 1s only to be expected, glven the substantial



Fig. 24. CHICAGO

URBAN RENEWAL
AND
PUBLIC HOUSING
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demolition sssociated with such projects. The mean decrease
for such tracts is around -20% compared to a mean of about -8%
for all tracts showing a decline, and a mean of around -4%

for all trescts. Thus, a binary variable measuring whether

or not such projects are located in a tract could well be

used as an explanatory variable. This could be widened to
include all public works programs if data are avallable.

One way in which the analysls of change can be
extended, and hopefully improved, is to create subsets of
tracts. Thus, for example, one two-fold classification
might be (a' tracts which increased in residential blight
and (b) trasts which decreased in residential blight. A
three-fold niassification might be (a) tracts which showed
a marked increase in residential blight (b) tracts which
showed a marked decrease 1n residential blight and (c) all
other»tracts -~ this group could be thought of as being stable.
Operational definitions of "marked" can readily be made.

It should be noted that such a grouping would reduce
the varlation 1ln the dependent varliable. This procedure
would lead to some difficulties in regression analysis.
Firstly, the amcunt of &arlation to be explained 1is less
and a higher correlation coefficient will be obtéined than
if the»obserVations were to be sampled randomly. Also,
the numerical value of the slope ( or 'b' coefficient) will

20

also be mislesaing. This follows from excluding observa-

20Br.A10CK, op. eit., p. 119.
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tions whichiéay have low scores on a variable which 1is
strongly and positlively related to the dependent varlable.
Thus, the influence of the lndependent variable i1s exaggerated.
A grouping based on scores on an independent varliable
avolds these problems. Thus, a grouping based on the inde-
pendent varliables would allow the comparlson of regression
coefficlents since their value will be unaffected except for

sampling error.21

The Hypotheses and the Regression Results,

Each hypothesis stated in Chapter four is considered
in turn. _
(é) The first hypothesis deals with income and quality of
housing. The expected relationship is that, within a tract,
the higher the degree of residential blight, the lower the
level of income (other things being equal). There is a con-
sistent, negative and strong relatlionship between INCOME and
the housing quality variables, as evidenced by the correlation

coefficients, the 'b' values and the beta weights, both in

2lsuch a grouping has been created through the use
of multiple discriminant analysis. No further analysis
using these subsets has yet been undertaken. It might be
noted that INCOME proved to be the most powerful discrimlinant
variable from the 1950 set of independent varlables, when the
a priori grouping was based on CHRBLT. This emphasises the
imvortance of the relationshlip between INCOME and poor
housing quality as measured by structural condition and
plumbing deficlency. If the a priori grouping is based
on CHPPRM, then NEGRO or NONWHT would likely be the major
discriminatory variable.
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2 Thus, this hypothesis 1s accepted.

1950 and in 1960.°2
(b) The Second hypothesls concerns tenure. The relationship
suggested here 1s that the higher the level of home-owning,
then the higher the level of housing quality. The corollary
of thls is that the greater the degree of renting, the greater
is the llkellihood of residential blight. The relationship
between owner-occupancy (as measured by OWNED and SF‘DU)23

and the dependent variables is not especially strong, although
in the case of PERPRM (1950) and RB1950 (1960), OWNED ranks
third in the order of variables reducing the sums of squares.
Also, with respect to CHRBLT, change in owner-occupancy is

the most powerful varlable. The direction, however. is as
expected -- negative. Thus, this hypothesls can probably

be accepted although it is clear that owner--occupancy 1s

not an important variable.

The relationship between renting (as measured by

RENTED and APTS)24 and the housing quality variables is

22The correlation coefficlents, the 'b' values,
and the beta weights from the individual tables are used
repeatedly throughout this sectlion as evidentce for statements.
Thus, this phrase 1s understood for the review of each
hypothesis.

233FDU is included in the full set of independent

variables but is removed to achieve a smaller set of inde-
perdent wvariables.

2HAPTS 1s treated like SFDU - see footnote 23.
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consistently weak and the direction is not always as expected.
For RENTED, the direction is negative and not as expected; for
APTS, however, the direction is not consistent., In the case

of the chang= analysls, the relationshio 1s stronger and, for
CHPPRM, 1in tne predicted direction. This hypothesis, therefore,
cannot be accepted.

(¢) The relsticnship between non-whites and housing quality

is expressed in the third hypotheslis. The expected relationshin
is positive, %Z.e., the greater the percentage of the ponulation
which is norn.white, the greater the incdidence of poor housing.
This hyvothesis 1s accepted. The non-white vopulation is
dominated by the black population, as measured by NEGBO.25
NEGRC is very strongly related to PERPRM and is the most powerful
npredictor after INCCME, for the housing deficiency variables.
This is not trae for RB1950, however. The direction of the rela-
tionship 1s 2is0 consistently as predicted, except for K21950.

In the 1950-1940 analysis, CHNGRO is over-ridden by CHNWHT.26 In
the case of PERPRM, CHNWHT 1s strongly related in the expected

direction.

25In ~ few parts of the urban area, CTRACE (non-white
but not black; is the more dominant category, e.g., in China-
town and Untor~.

26ayr »art for this statement comes from the fact
that when CHNWZT 1s removed from the set of inder~rndant
variables, then CHNGRO becomes the primary predictor.
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In the case of CHRBLT, however, CHNWHT has a high beta welght
but does not contribute a great deal to the reduction of
sums of squares; the direction 1s as predicted.

The results for OTRACE in 1960 are interesting.
This variable 1s quite strongly related to DILAP (1960) but
only weakly related to the other dependent variables. There
is an interesting change in the direction of the relationship,
however. With PERPRM, the direction is negative but with
RB1950 and DILAP, the direction is positive. A possible
interpretation is that while other raclal minorities do not
suffer greatly from overcrowding, thelr residential environ-
ment 1s not of high quality.
(d) Another hypothesis stated is that there is a positive
relationship betweer the percentage of foreign born and/or
non-native Americans and residential blight. Except for one
case, this relatlonship is weak and negative. 1In 1960,
FORSTK is more strongly related to RB1950 than most other
variableé (except INCOME), but it is still not a strong rela-
tionship and the direction is still negative. Thls hypotheslis
is, therefore, not accepted, since it appears that there is
little or no relationship between the immigrant population
(elther first or second generation) and housing quality.
(e) The hypotheses concerning recent migrants and rates of
natural increase are related. It is through in-migration
and natural increase that the low income population concen-

trations "maintain" themselves. Natural increase is of
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necessity operationally measured by the fertility ratio

since data on natural increase are not readlly available

for census tracts (see Appendix 1). As discussed in
Appendix 1, the variables on migration are crude, especially
MGRNT2 for botﬁ 1950 and 1960 -- it is an over-estimate of
the amount of short distance in-migration into a census tract
but how much of an over-estimate is not known.

The expected direction of the relationship is posi-
tive. In general, the two migration varlables show only
weak relationships with the housing quality variables. It
is difflcult to find any consistency in the direction of
the relationship. There is a tendency for the direction to
be as predicted for 1950 but this is reversed for 1960.

When the 1950 analysis based on the central city tracts is
considered, the relationship between MGRNT1l, the long dis-
tance in-migrants, and NPBORD strengthens somewhat and

for both NPBORD and PERPRM, the direction 1s predicted.
The in-migrants being measured here do not, therefore, in-
clude those migrating directly to the suburban areas from
outside of the county. This latter group is likely to be
wealthler than most migrants and less likely to be
associated with areas of poor housing quality. On the
basis of these results then, this hyvothesis is not

accepted.
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(f) The hypothesis on the "spillover" effect from public
clearance activities is not tested in the‘regression analysis.
This hypothesis states that, within the areas adjacent to
those parts of the city where large scale public works |
projects have occurred, the level of residential blight 1is
expected to be higher than if such projects had not occurred.
A binary variable on whether or not a tract was withln e
speciflied distance of a tract containing public clearance
activities might be a useful independent variable for the
analysis of change for 1950 to 1960. The expectation is that
tracts within the speciflied distance are likely to show
increases in residential blight than tracts which are not.

A partlal test of the "spillover" hypothesis is
possible, however.27 For each census tract containing a
public housing or urban renewal project initiated in the
period 1950-1960, it is possible to rank the tracts closest
to the project tracts up to a range of one mile. The amount
of change 1n residential blight is known -- NPBORD and BRB1950
are used although PERPRM (1950) and PERPRM (1960) could
equally well be used. Table 38 contains the mean and median

amount of change for the flrst near nelghbours, i.e., the

27An attempt was made to collect data on public
works activities that lead to clearance but it is extremely
difficult to allocate this on a census tract basis.



148

closest tracts to the project tracts, the second near
neighbours, and so on to the 30th near neighbour. Beyond
thirty, the sample size becomes quite small. The number of
near neighbours is determined only for an area of one mile
surrounding each tract. These results are also plotted in
Fig. 25. They show that the areas immediately adjacent

to the project tracts do not experlience an incfease. but
experience a decrease throughout the one mile range. Before
rejecting the hypothesis however, further investigation is
necessarj. Ammost 75% of the tracts in the central city
experienced a decrease, and the mean decrease was around -8%.
This raises the guestion of whether or not the decreases in
tracts adjacent to project tracts are less than might be
expected, as a result of possible offsettinglincreases in
blight which may follow from the "spillovers". A similar
test 1s required with a sample of tracts with no major public
works activities equal in number to the number of project

tracts.

Some other data at the household level bear
on this hypothesis. A study of Chlcago households dils-
placed by clearance for public housing projects in 1957-58
Indicates that the majority of relocatees interviewed found

housing which i1s in better condition and less crowded than
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thelr former residences.28 Generally, however, this housing
is obtained at increased cost to the household.

For all households (N = 197) thé percentage living
in substandard housing (same definition as variable NPBORD)
declines from 83.1 to 41.5 after relocation. The decline
in overcrowding is much less; 33.7% lived in housing units
with 1.01 or more persons per room, and after relocation this
falls to 29.8. The percentage of households rénting is the
same before and after relocation - 84.6%. The gross rent
paid by these households, however, rises from $57 vper month
to $85, an increase of almost 32%. Overall, the percent of
income allocated annually for rent increased from 16.6% to
26.3%. This would likely bring about some re-allocation of
expenditures within the household budget. Thelincreased cost
1s particularly serious for those with low 1ncomé. Of the
renting households, 40% had incomes of less than $3000 annually.
The percent of household income spent for rent by this group
rises from 35.3% to 45.9% after relocation. A commonly guoted
rule of thumb is that a household should spend about 20% of
its annual income on housing. After relocation, 65% of the

renting households (which comprise most of the sample households)

28

. » Rehousing Residents disvlaced from public
housing clearance sites in Chicago, lgj? - 1§§§. {Department
of City Planning, City of Chicago, 1960). ‘
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are paying 24% or more of their annual income for rent.

Those households which purchased homes also experience
increased housing costs. Half of the owner households made
down payments‘of more than $8,500 which is equivalent to -
more than 33% of the median purchase price of $21,500. By
contrast, the median price received for the former residence
is $10,400 (this is the acquisition price paid by the Housing
Authority). For over 65% of the owner-occuplers, such a
down payment is substantially in excess of the household
annual income. Most owners purchased their new homes through
installment contracts (57.6%) and conventional mortgages (33.3%).
The former arrangement, however, does not provide the usual
equity protection afforded by a title deed and mortgage loan.
In terms of monthly payments for these loans, 57% of the home-
owners are paying $150 or more per month or $1800 or more
per annum. This represents 31% of the median owner-occupier
incomne.

Thus, on. an individual household basis it 1s true
to say that quality of the housing unit imporved after
relocation. However, there is only a small decrease in the
proportion of households living in crowded dwelling units.

To achleve this improvement, the majority of,hoﬁseholds,
whether they owned or rented, pald substantially more for
theilr housing. It is reasonable to assume that cuts in other

areas of household expenditures would be necessary unless
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household irncome somehow increased. Since those with low
incomes alrzady pald what appears to be a disproportionate
amount for icusing, the increase in cost for housing would
pose serious problems. Thessdata ralse the question of

how long the poorer households could remain in costly,
standard, but crowded, dwelling units. Howlong the units
might remali: standard 1s another question.

| Twi. other aspects of thesedata deserve comment.
Almost 60% <f the relocating households moved to dwelling
units in ceisus tracts which are within approximately two
miles of the»tract in which the former residence is located.
Few households moved more than four miles. The residential
environment w:nich the households were leaving was of low
quality. I 1950, in the tracts containing the project sites,
the percentace of dwelling units substandard is 61% (taken
over all 12 tracts). Also, 26% of the units are overcrowded
(more than 1.51 persons per room). These percentages did not
differ greatly, however, from the non-white average for
Chicago -~ 5(% and 24% respectively.

In 1750, two years after the clearance and the forced
move, housing condlitions in the census tracts which "received"
the relocated nouseholds are considerably poorer than in
the city as a whole. Of the central ecity housing stock,

13.6% are substandard and 11.2% are overcrowded (more than
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1.01 persors per roonm). Arouhd half of the reception tracts,
however, hsdi over 25% of theif stock in these categories.

Since 1t 1s possible to identify trects into which
the individual households moved, the notion that "spillover"
is associated ﬁith increases 1n poor housing quality can be
examined for these reception tracts. 72% of the reception
tracts show a decline in substandard housing (CHRBLT) but 54%
show an inec-ease in overcrowding (CHPPRM). Five tracts
received almost a quarter of the relocation households; they
all show an increase in CHPPRM, while two increase and three
decrease in CHRBLT; This suggests that there is a positive
assoclation between "splllovers" and change in 6vercrowd1ng,
but the relstionship with change in substandard housing
tends to be negative.

Thus, while the nelghbourhood context has iImproved
for the rélocatee‘households, it 1s stlll an inferior re-
sidential environment.29 It is unfortunate that more data
are not avallable on this hypothesis. With the 197 relocated
households mcving into 82 tracts theilr impact is difficult

to assess (aimdst half the reception tracts received only

297he sample on which thése data are based represents
- 38% of the households relocated from public housing project
sites during 1957-58 (or 0.66% of all families displaced by
public works and redevelopment projects in the period 1948-1958),
The sample houscholds were contacted through a varlety of
sources; a forwarding address left at the relocation office:
accounted for nuearly half the contacts. The quality of housing
occupied by thz other 62%, and the cost of this housing to
them 1s not krown.
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one sample household). The discussion of this hypothesis
11lustrates some of the problems, and insights that can be
gaihed; from cross-level analysis, éven on a descriptive basis.
(g) The two hypotheses concerning distance from the CBD
can be tentatively accepted although the relationship is
not strong. Figs. 26 to 29 show that the housing quality
variables do decline with distance; the gradlents for physical
deterioration and plumbing deficiencies are steeper than those
for overcrowding. The relationship as measured by the cor-
relation coefficient, is weaker for PERPRM. Thils is supported
by other evidence, e.g., abllity to reduce total sums of
squares. The relationship between NPBORD and DIST 1s stronger
wheh only the central clty tracts are considered. This is
as expected when the scattergram of these variables is consi-
dered -- Fig. 26.

Through time, the gradients do become less steep
in both cases, with the most marked change being for NPBORD
and RB1950. This is again indicative of the reduction in
physical deterioration in those areas closer to the CBD core
~- Plgs. 30 and 31.
(h) There is.a hypothesls concerning the relationshlip between
a tract contalning some amount of residential blight and the
surrounding tracts and their levels of residential blight.

The question at 1ssue here is whether or not the values of
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fesidential biight are spatially distributed in a random
or non-random manner, il.e., are they spatially autocorre-
lated or not. The dlagrams oresented in Chapter 5 indicate
that they are, quite highly in some cases. Although this
1s a subjective intervretation, no formal test of conti-
guilty seems necessary. |

Had the pattetrn been random (or spatially non-

correlated) then the research would have been rather trivial

for, as Gould says,

", ...why we should expect indepen-

dence in spatial observations that

are of the slightest intellectual

interest....I cannot imagine."3l

Finally, it should be noted that the hypothesis

on the relaﬁlonship between change in the housing quality
variables and change in the independent varliables has been
discussed and rejected. However, an alternative hypothesis
suggesting that the antecedent conditions in 1950 (as mea-

sured by the independent variables) are related to change

in residential blight from 1950 to 1960 is also réjected.

3oEsnecially when the effort required to create
a contiguity matrix for such a large number of observations
1s considered--recall the comments in Appendix 4.

31Gould, op. cit., p. L43.
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Partial Correlation Analyslis

The acceptance or rejection of the hypdtheses is
based on the results of the regression analysis, using the
beta weights to assess the relative strength and direction of
the relationslp.between independent and dependent variables.
These relatiornships can also be examined using partial
correlation coefficlents.

Since NEGRO and INCOME are consistently and strorigly
related to the measures of housing quality, it is these
inter-relationships that are examined. This also allows con-
sideration of Muth's position that it is INCOME ( or poverty
to be more specific) that is the cause of substandard housing.32
He 1implies that the association between poor quality housing
and the black population is a function of the low incomes of
the black population relative to the population as a whole.

If this is true, then holding income constant leads to the
expectation of zero correlation between NEGRO and substandard
housing.

Table 39 contains the results of the partial corre-
lation analysis. Holding income constant, the relatlonship
between NEGRO and NPBORD in 1950, and between NEGRO and RB1950,
and DILAP, in 1960 still persists (though weakly for DILAP).
There 1s some reduction from the zero-order correlation but

this is expected. For comparison, the partlal coefficient

~ 32p, MUTH, Citles and housing; the spatial pattern
of urban residentlal land use,( cago, University o
Chicago Press, 1969), p. 127. ‘
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TABLE 39

Partlal Correlation Analysis

1950
NEGRO=1, INCOME=2, NPBORD=3, PERFRM=4

ry,= =0.52, Tyg= 0.59, T = 0.80, Tp3= -0.67, rpy= -0.69, ray= 0.75

Partial Correlation Coefficilents

r13-2 = 0.38 r23.1 = -0.51
Tyy.p = 0.71 roy.q = =0.52
1960

NEGRO=1, INCOME=2, RB1950=3, DILAP=4, PERPRM=5

r12 = ..0.52, r = 0.’45. I’lu’ = 0,38’ r15'= 0.?5

13
T3 = -Of63, Toy = -0.36, rys = -0.59
Tay = 0.64, ryg = 0.51, Tyg = 0.%40
Partial Correlation Coefficients
r13,2 = 0.18 r23.l = ~0.99
Tigep = 0.24 Toy.q = -0.21
rlS-z = 0.65 r25,1 = -0.35
1950
Partial Correlation Coefficlents
r13.4 = -0.03 r23.u = =0.31
1960
Partial Correlation Coefficlents
r13.5 = 0.12 r23.5 = -0.48
rlb-5 = 0.13 ,rZu.5 = -0.16
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between INCOME and the same housing measures is shown,

holding NEGRO constant. Agaln, the relationship persists

‘and quite strongly (DILAP is again weaker). Similarly, the
relationships between NEGRC and PERPREM in 1950 and 1960 persist
when income is held constant. This procedure'allows inves-
tigation of another possible inter-relationship. The suggestion
1s made in sgyé literature that congestion and overcrowding
breed slums,) In Chapter flve, there is also the suggestion
that overcrowding in certain areas occurs with racial change,
and that declines in quality (as measured by structural conditions
and plumbing deficiency) lag behind.

Glven the strong relationship between NEGRO and PERPRMN,
and the weaker relationship with housing c¢ondition, 1t is
hypothesised that the relationship between NEGRO and substandard
housing occurs because PERPRM is an 1ntervening variable in
the relationship. Agaln referring to Table 39, it is clear
that this hypothesis has some merit. The partial coefficient
between NEGRO and NPBORD in 1950, holding PERPRM'constant
is almost zero while in 1960, the partial coefficient is very
low. Agalin, the partials for INCOME and substandard housing

are shown for comparison. In this case, controlling for PERPRM

33Ibvid., p. 13. Muth also notes this point although
he does not subscribe to it. He argues later (p. 271)
that crowding in poor quality housing areas i1s a response
to higher housing prices.



159

has less impact and the relatlonship persists. A second
order partial for INCOME and NPBORD, controlling for PERPRM
and NEGBO,_pToduces'no change from T23.4

This analysis indicates that the relationships between
INCOME and NEGRO and the measures of housing quallty are
independent of each other. An alternative gppfoach. not
explicitly considered so far, leads to a suggestive conclusion
-~ that overcrowding in some way acts as a link between NEGRO
and the housing condition measures. This kind of hyvothesis
suggesting direction, sequence and causality can be considered

in a causal model framework,

Causal Models

Blalock argues that one can use correlational data
to make inferences about the adequacy 6f causal models, by
eliminating those causal models which make predictions that
are inconsistent with the data.Bu .To do this, however, requires
certain basic and restrictive assumptions.

One assumption is that the researcher 1s dealing
with a recursive systém in which ordinary least squares

procedures can be used to estimate constants. Such a system

¥BLALOCK, op. cit., p. 62.
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is shown hers:

X1 = e1 (1)
Xo = b21X1 + e v (2)
X3 = b31,2X1 + b32,1X2 + eg (3)

and so on to the 1 th case.

X4 is a2 variable, biJ is the regression coefficient between
1 (dependent) and }J (1ndependent); and ey is a'measure of the
effect of allhoutslde variables on X4. 1In this system, Xj
is independent of other variables in the causal system. X3,
however, depends on X1 and Xo and e but 1t has no effect
on either previous variable. Other assumptions are that the
error terms are uncorrelated, that outside variables, while
operating dc not have a confounding influence on the variables
under examination, that the relationships between variables
are linear and that the effect of several variables 1s additive.

Basic to the argument is the point that if b2 is
zero, then X, does not depend on Xj and the rz] = 0. The
disappearance of a 'b' value under a control, as b31,2, is
equivalent to the disappearance of the comparable partial
correlation. Consider this causal model:

X1 X |

X ::: l where Xj— X2 means

X#*‘——‘—‘f—‘x3 Xy causes X3. . :

If the causal links between four variables are as shown above,

then by3 » should be zero (as should be rjj3,2). Note that
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the causal links suggest that there is an indirect relationship
between X, and X5 operating through X, and that b3 (or f13)

is not likely to be zero. Simple correlation coefficients

can be used, hbwever, thereby simplifying the computations.
Consider again the above model. The prediction is that there
is no direct relationship between X; and X3; hence r13.2 =0
Substituting the complete formula for the partial correlation

coefficient, r e aT
ri3.2 = 132 12.223 3 =9 (+)
El-rlg)(l-TZBﬂ
Therefore, ry4=T12.T23 = 0 , (5)
and | Tyy =T1p - Tp3 (6)

Thus, 1n the model used, the predictions are:

1‘13 = r12.r23 | (6)
and

Ty = Typ.T24 (7)
which is the same as saying r13.2 and riy 2 should be zero.

To test the predictions, the expected value obtained by
multiblying T12 and rp4 1s compared to the actual value for r13.
Using this procedure, some hypothesised causal

models are evaluated. These models suggest causal links
between some independent variables and the variables measuring

residential blight for both 1950 and 1960. The procedure

1s also used to test a causal structure suggested by Muth
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using this data. This illustrates the two principal uses ;X/

!

of causal mcdels.

Medel 1

\x\

———————a X4
where X1 is NEGRO, X2 is AMGRT1, X3 is INCOME, Xy 1is NPBORD
in 1950 and EB1950 in 1960, and X5 is RENTED. This model
describes the following situation. Many of the inmigrants
into Chicago from other parts of the U.S. are black and are
from rural areas. Thus they are likely to be poor. X2 is
seen as a common cause of X, and XB. Two dlrect causes are

1

posited for X, ~ they are the percentage of black peovle

4
in a tract and the median income in the tract. The amount

of renting in a tract is assumed to affect the amount of blight,
since many blacks are renters.

The predictions and evaluation for Model 1 are
shown in Table 40. They indicate that a direct 1link is
necessary for X, (NEGRO) and X5(INCOME). Otherwise the
degree of fit is quite good. To evaluate the link X3 to Xz,
both X2 and Yl, which operate on X5 andvx3 must be held constant.
The procedure is exactly the same, the difference being that
equation (4) 1s for a second order partial. Following as before,
this gives r3s = T35 q - (r23.1)(r25.1).

It 1s hypothesised that INCOME will directly affect

RENTED (XS)' particularly with Xy being linked to X3.
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TABLE 40
Fredictions and Degrees of Fit
1950 : 1960

Predictions E A )

Model 1 ,
r13=r12.r23 _ -0.52 0.01 -0.52 0.00
r2u=r23.r3u 0.05 0.08 0.08 0.04
r25=r12.r15 0.03 -0.03 0.02 0.03
r35=r35.1-(r23 1)(r25'1) -0.67 -0.61 -0.72 -0.65

Model 2
T 4=T13-Tqy 0.59 0.39 0.45 0.33
r15=r13.r35 0.37 0.36 0.41 0.37
r2h=r23.r34 0.05 0.08 0.08 0.04
r25=r23.r35 0.03 0.08 0.03 0.05

Model 3
r15=r13.r35 0.37 0.36 0.41 0.37
T ¢=T13:T36 0.80 0.36 0.75 0.36

= . . .08 . .0

r25 r23 r35 0.03 0.0 0.03 0.05
T26=Tog 1-(r23 l)(r36 1) -0.01 -0.00 0.10 0.06
r36=r35.r56 -0.69 -0.38 -0.63 -0.27
A = Actual
E = Expected

(conttd.)



TABLE 40 (cont'd.)

Predictions and Degrees of Fit

. 1950 1960
Predictions A E A E
Model 4

r14=r16.r64 0.59 0.60 G.45 0.38
T 5T 5.Ts 0.37  0.36 0.1 0.37
T19=T14°T67 -- - 0.38 0.30
r24=r12.r16.'r64 +0.05 0.05 0.08 0.03
Tou=T23:Tag Ty, +0.05 0.06 0.08 0.02
r25=r23.r35 0.03 0.08 0.03 0.05
r6=T26.1-(T23.1)(T3¢,,) -0.01 -0.00 ¢.10 0.06
Y5y=T15-T1¢6: T6p - - 0.04 0.02
r27=r23.r36.r6? - - 0.04 0.02
r3b=r36.r64 -0.67 -0.52 -0.63 -0.35
r37=r36.r67 - - -0.36 -0.28
r5u=r56.r64 0.55 0.41 0.51 0.19
r57=r56.r67 - - 0.25 0.15
A = Actual

E = Expected

164
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Muth, as has already been noted, implies that the black
population does not have a direct causal relationship with
substandard housing:; the influence 1s through the operation
of thé income variable. To test thls notion, the 1link
between X, and X, is removed. This ylelds Model 2. (The

1 4
terms are similar‘to Model 1).

Model 2 X ym—————X

Table 40 contains the predictions and results for thils model.
The evaluation of the model does not support Muth's vosition
since the decree of fit is poor for both 1950 and 1960 on Ty
(less so in 1960). The 1link is restored. The degree of fit
1s good for the other predictions; the relationship between
NEGRO and RENTED operates through income.

With the 1link restored, Model 2 becomes Model 3.

X, 1s replaced by Xg (PERPRM) and this variable is in turn

4
replaced by X7 (DILAP).

Model 3

Il

PERPRM
= DILAP

The fit for Mocdel 3 1s generally good, as Table 40 shows.

The direct 1inks between X1 and X6,and X3 and X6, are
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removed (not simultaneously) but the resultant prediction
does not correspond with the empirical data in either case.
Very similar results are obtained if DIIAP replaces PERPRM
(these results are not tabled).

| Another hypothesised causal model 1s evaluated. This
is akin to centrolling for PERPRM in the preceding section

on partial correlation analysis.

Model & X,
- +
iS\J{ : 7

The goodness of fit is quite high, especially in 1950, and

the model can be accepted as structured. This model also
supports the notion that PERPRM 1s caused by NEGRO and INCOME,
vartly operating through RENTED, and that it precedes poor
housing condition (as measured by DILAP, RB1950 and NPBORD).
X3 (INCOME), however, retains an influence on Xj, since the
degree of fit on Tay is not especlally good for 1960 data.

The same is true for X5 (RENTED).

X2 (AMGRTI) i1s an exogenous variable which is conceived
as a common cause of X3 and X;. The model could be further
developed, perhaps, with the addition of other exogenous vari-
ables such as AMGRT2 and FORSTK. OTRACE could be substituted
for NEGRO, and FRTRAT might well intervene betwesn NEGRO and

PERPRM.
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It should be emvhasised that these models have
only been evaluated, not tested, and under some severe but
necessary assumptions (which will usuaily be only very
imperfectly met). Lack of criteria for evaluating the
goodness of fit is another problem. Nonetheless, this use
of causal models in an exploratory manner allows consideration
of causality, unlike the usual use of regression and cor-

relation analysis where the emphasis is on estimation.

Summarx

This chapter contains the results of the empirical
analysis. Firstly, the nature of the data, and the inter-
relationships among the dependent and independent variables
are examined. Thls indicates that there 1s a considerable
amount of variation in the dependent varlables. Almost all
the variables have skewed distributions. The correlation
and factor matrices show that there are strong correlations
among the dependent variables (as expécted). There are
also some marked clusters in the independent variables
(except in the 1950 - 1960 set). The principal components
analysis allows the identiflication of such variables as
APTS, SFDU, NONWHT, and FORBRN which are very.strongly inter-
related with other varlables. 1In some of the subsequent
regressions, these varlables are removed from the indevendent

variable set. A set of interpretable factors is also
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identified. As an alternative approach to using each inde-
vpendent variable, the factors are used as independent varlables
in a regression model.

Secondly, the results of the canonical correlation
and the multiple regression analyses are reported and
discussed. The canonical correlation indicates that there
are strong relatlonships between the sets of the independent
and dependent variables. Among the important predictor vari-
ables are INCOME, NEGRO, and the tenure variables. Using
the regression equations as an estimating procedure, a generally
satisfactory goodness of fit is achieved (as measured by the
multiple correlation coefficient). This is especlally true
for PERPRM in both 1950 and 1960. The weakest results are
for the measﬁre of structural condition, DILAP, in 1960, and
for the smount of change in substandard housing (CHRELT).

In on effort to improve the analysis of the change
data, a laggsd regression equation is used with 1950 data as
independent variables and 1950-1960 data as a dependent
variable. This improves the fit for CHRBLT but the fit for
CHPPRBRM weakens conslderably. Introducing some change data
for 1940-1950 into the 1950 regression model strengthens the
fit, but, with a smaller number of observations from only the
central city, 3t 1s the removal of suburban tracts which
produces thls change rather than the addition of tThe change

variables.
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The 1ndiﬁidual indenendent variables vary considerably
in the strength of thelr relationship with the various
dependent veriables. The strongest relationshins are between
NEGRC and PFIPRM, and DILAP, and between INCOME and NPRCRD, and
RB1950. These variables have high beta weights compared to
the other 1lndependent variables and are the major contributors
to the reduction of sums of squares. The relationshin of the
devendent variables with those measuring tenure are uneven
but are generally weak. The remaining variables tend to have
weak relationishins with the »oor housing qualitj measures,

The aultinle regression analysis using the factor
scores confirms the relationshinps aiready de=scribed. The
principal explanatory factors with the strongest beta welghts
are the income-tenure factor and the black-forelgn oricin
factor. This holds for both 1950 and 1960. The direction
of the relaticnshiv is as exvected for almost all factors.

The vesiduals from one of the regression equations
(PERPRM with 1.0 variables, 1960) are examined by a method
which tests for correlation among the resicuals. The cor-
relation coefficients for this one case suggest that the
residuals are snatially correlated. This in turn suggests
that additions variables might be sought to account for the

deviances frorr the regression surface.,

The third sectlon of the chapter deals with the
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accentance or rejection of the hypotheses ueineg the beta

welght results. The hyvotheses relating inbome, and home-
owning in a negative manner, and non-whites in a nositive

manner with residential blight sre all accepted. The hyno-
theves relating measures of ethnicity, in-migration, renting

and natursal .ncresse are not accepted. There is an extensive
diécussion ¢f the "snillover" hypotheris for two reasonrc.

This hyvpothesis has important causal implications with resnect

to nublic policy. The partial test of thile hyvpothesis illustrates
how ecological and survey data might be combined, Unfortunately,
the amount o7 survey data 1s limited. Two other hypotheses
concerning d.=tance from the C,.R.D., and autocorrelation in the
devendent variables are tested gzravhically. These hynotheses
are accented.

The immortant relatiornshins between NEGRO and INCUM™
and vpoor housing quality sre further examined using vartiasl
correlation analysis. Controlling for either NEGRU or IHCCHE
does not remcve the relationship. Thus the hypotheses are
confirmed. Controlling for overcrowding, however, suggests
that this measure may be acting as an intervenlng variable
hetween NEGRC and the measures of structural condition and
nlumbing deficiency.

Finally, various causal models are evaluated using

correlation an-lysis., These include hypothesised models and



171

a causal connection suggested by Muth. The Chicago data
do not confo:m tuv Muth's expectation thaé the black pooulation
1s related te poor housling quallty through the operation
of the 1nbome variable. However, another causal model suggests
that this relationshin does operate through overcrowding which
1s seen in this causal structure as preceding and causing

substandard housing.



CHAPTER VII
CONCLUSIONS

This chapter contains an overview of the findings
of this study, these having been summarised at the close of
various chapters, Here it i1s seen that an integration of
these findings supports further conclusions. The rela-
tionship of the findings to present knowledge and directiorms

for future research are then discussed.

The Findings.

The spatial arrangement of residential blight,
as measured by the census variables, 1s highly concentrated
in a few parts of the urban area, primarily in the central
clty. A broad arc of blighted housing, centred on the C.B.D.,
is identified. Overcrowding, however, is generally more
extensive than either structural deficiency or structural
and plumbing deficiencies combined.1

.The surface of residential blight comes to a peak

around the C.,8.D, (the Loop)? It slopes away quickly towards

lThis is shown by the maps and is confirmed by
the difference in slope of the two gradients with respect
to distance (Figs. 30 and 31).

2The census tracts which include the Loop are

excluded from the analysis since the number of dwelling
units is less than fifty.

172
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the suburban “prairies" of standard housing. This general
decline is biroken by some upstanding ridges; along the
northern branch of the Chicago River, to the west of the

Loop along the axis of Madison Avenue, and southwards where

the ridge broadens into a plateau~like area which reaches

to Lake Michigan and is broken only by a few "sink holes",

such as the Hyde Park-Kenwood area., There 1s a southern

"range of hills" around the lake Calumet - Calumet River area,
While the suburban "prairie" is occasionally punctuated by some
'small outliers, particularly in the southern sector,

The generalisation of the pattern of the structural
deficiencies in both 1950 and 1960, as shown by the trend surface
maps, ylelds a strong concentric zone arrangement with a south-
wards distortion. One 1s immediately reminded of Burgess'
Well-known zcnal patterns of land use in the city.3

There is a considerable decrease in poor housing quality
from 1950 to 1960. Only 25% of the tracts show anvincrease
(using poor structural condition and plumbing deficiency as
the measure), With respect to overcrowding, change has been

less pronounced. In 1960, about 80% of the tracts have less

than 15% of the housing stock overcrowded and only 574 of the

3E.W. BURGESS, "The Growth of the City: An Introduction
to a Research Project," in R. PARK, E.W. BURGESS and R.D. McKENSIE,
(eds.), The City, (Chicago, University of Chicago Press, 1925).
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tracts have more than 30% of thé dwelling units overcrowded;
the corresponding figures for 1950 are 70% and 113%.

On the condition measure, the tracts experiencing the
greatest decreases are those which have high percentage scores
in 1950, In part, thls is a consequence of public Works pro-
grams in these areas, such as urban renewal and expressway con-
struction., The tracts showing increases tend to be adjacent
to the areas of greatest decrease, but are more distant from
the city'centreu4 Thus poor housing conditions appear to be
spreading outwards but not in all directions -~ certain axes
are favoured. This pattern of growth is somewhat similar to
that déve10ped for the city as a whole by students of urban
growth, e.g., H’urd.,5

The pattern of overcrowding is quite similar from 1950
to 1960; the major changes are increases to the west and south
of the 1950 areas of prbportionately high overcrowding (more
than 30% of the units are overcrowded). The change is mostly one
of intensity with fewer tracts being overcrowded.6 There is,
however, a decline in overcrowding in the rural periphery.

Positive change 1n overcrowding in the central city seems to be

4The rajor exception is the tracts immediately adjacent
to the Loop area - see again Fig. 21.

5R.M. HURD, Principles of City Land Values, (New York,
Record and Guide, 1903), Chapter 1.

6From 1940 to 1950, in the central city, there is an
increase in the number of tracts with a high proportion of dwel-
ling units which are overcrowded, but the spatial pattern 1s
less extensive in 1950,
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associated with racial minority in-migration in this time period;

this 1s also true for 1940 to 1950.

The multivariate analyses allows the specification
of the relationships between these spatial variations and
changes in residential blight and selected variables, Consi-
dering the exploratory nature of this study,'the results are
both informative and encouraging. The canonioél correlations
suggest that there is an established relationship between the

sets of independent variables and the dependent variables

N

(although this is admittedly weaker for the 1950-1960 change data).

The multiple regression analyses confirm and clarify the nature

and strength of these inter-relationships for both 1950 and 1960.

The goodness of fit, as indicated by the multiple correlation
coefficients, is pleasingly high. This is especially true for
the variable measuring overcrowding. It is least true for the
measure of structural condition alone and change in structural
and plumbing deficiency from 1950 to 1960. This indicates that
the set of selected variables is quite strongly related to the
individual dependent variables,

The relationship between the individual variables and
the various dependent variables is of greater Interest, since
this bears directly on the hypotheses tested., Many of the
hypotheses are accepted. The relationship between poor housing
quality and non~wnites i1s as predicted =-- posipive. This 1is a

strong relationship, particularly with respect to overcrowding.
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Furthermore, change in the non-white vopulation is strongly
related to change in overcrowding in the predicted direction.
This confirms the nersistent s»atial association between black
resldential areas and blighted areas noted in the mav» interore-
tation. These conclusions nertain to the black population which
1s by far ths dominant non-white group. However, other racial
grouns are nlso poglitively related to residential blight. Incone
is another nowerful and imvortant variable in the analysis.

The relationshin here is also as nredicted -- negative. The
relationshiﬁ 1s pnarticularly strong wlth resvect to the measures
of structursl condition and plumbing deficiency. These =trong
and imvortant relationships are independent of each other as
demonstrated by the vartial correlation analysis and the causal
models,

Thé other variables are, in general, less strongly
related to:the'houeing quality measures. The hynotheces concerning
tenure are narﬁly accented, however. As expected, there is less
residential blight in areas of owner-occupancy and more in
areas of renting (the relationship with respect to renting is
somewhat inconsistent, and the beta weights are‘not in the
exvected direction).

Other hHynotheses which are accepted ars as follows:

(a) Distance to the C.B.D.: as distance increases, blight
decreases. Again, this confirms the mavn evidence though the
relationshin 1s not esvecially strong. This relationshiv also

changes througn time as expected, with the 1960 gradient being
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less steep, for both overcrowding and structural deficiency.
This also confirms some of the changes noted in the map inter-
pretation.
(b) The contiguify effect: the closer an area is to other
blighted areas, the more likely it is to be blighted. This
hypothesis is aqcepted on the basis of map evidence and no
formal test 1is made,
(c) Natural increase in population: the greater the rate of
natural increase, the more likely the area 1s to be blighted.
Theré is a positive relationship between the fertility ratio and
the overcrowding variable, and change in this ratio is also
positively associated with change in overcrowding,

The variables measuring ethnicity are postulated as
being positively related to blight but this is not the case,
This hypothesis might have been confirmed with data from earlier
censuses when this group was actively experiencing discrimination
in housing. It was anticipated that a vestige of this would
remain.-and that the lower status of the ethnic population would
also be reflescted in a relationship with poor housing. This group,
however, 1s galning access to economic resources, and their
propensity for home-owning also reduces the likelihood of this
hypothesls being confirmed. The variables measuringlin-migration
are only weakly related to residential blight and the direction
1s inconsistent., This 1s likely a consequence of the census

definltions, a problem discussed elsewhere, (Appendix 1).
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The data are also inappropriate to properly test the
notion that public works in blighted areas create population
"spillovers® and thereby create pressurejon the existing housing
stock in ad jacent areas, which possibly leads to deterioration.
The evidence tends to contradict the hypothesis, both at the
ecological level and on the basis of limited survey data drawn
from another study. This evidence does suggest, however, that
overcrowding does not greatly decline at the individual house-
hold level after :elocation, and the tract data indicate a
general lncrease in overcrowding in the receiving tracts.
Therefore, the pressure is possibly being cr«cted but the data
do not yet reveal the structural deterioration.7

This evidence, together with map evidence and the graphs
of racial chenge and housing condition (Figs. 18, 19 and 20)
lead to a consideration of overcrowding as an intervening variable.
Both the partial cérrelation analysis'and‘Model 4 in the evalua-
tion of causal models suggest that this is a valid interpretation
when the relationship between the percent of population that is
black and stfpctural deficiency is examined. Overcrowding does
not play this role, howevef, when the relationship between income
and structural deficiency is considered.

The strengﬁh and validity of the relationships between

the selected variables and the housing quality variables is also

7See again, footnote 17 in Chapter five.
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demonstrated by the results of regression analyses utilising the
factor structures derived from the principal components analysis.
The orthogonal factors (representing the individual variables)
are strongly related to the principal component (representing
the.dependent variable) in both 1950 and 1960, The direction

of the relationships for all factors is as}predicted in almost
all cases, The most important explanatory factors for both
periods are (1) a factor which is interpreted as a high income,
owner occupancy of a single family dwelling unit dimension (with
apartment renting loading in an opposite direction), and (2) a
factor Wwhich 1s interpreted as a non-whité racial dimension

(with foreign-origin or ethnicity loading in an opposite direction).
The former factor has the expected negative relationship and

the latter factor has the expected positive relationship with
the poor housing quality dimensidn.

Two other relationships are observed from the map
interpretation but there is no statistical evaluation of these
relationships, There is an assoclation bétween poor quality
housing and the areas of industrial activity in the study area.
Poor quality housing is also found in the periphery of the Chicago
area and this perhaps indicates a "rural shack" type of resi-
dence. Both occurrences are expected (on the basis of other

studies) but lack of data precluded a test of the relationships.8

8The other studies referred to are: (1) B.J.L. BERRY
and R.A, MURDIE, 3ocio-economic Correlates of Housing Condition,
(Toronto, Metropolitan Toronto Planning Board: Urban Renewal Study,
1965),0on the poor quality housing in the fringe areas of Toronto
and (2) the other references cited in footnote 5, Chapter three.
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The Findings and Present Knowledge.

' The conceptual framework developed in Chapter four
is at the level of the household, The testing of the hypotheses
admittedly does not increase our knowledge of the relationships'
between the béhavior of the important decision-makers (households,
landlords, owner-~occupiers, public officials), and the condition
of the dwelling units in an area, But our knowledge of the
contextual relationships is greatly increased. This in itself
is desirable since, as noted in the summary of;the review of
the literature, there 1s very little lliterature concerning the
spatial pattern of residentiallblight. As to the literature
on what causes blight, this i1s more extensive, though often
speculative, The causal models also assist in relating the
findings to the literature, although the scale of analysis should
be borne in mind since cross level inferences are decidedly risky.9

There are some similarities between the spatial asso-

ciations observed here and those commented on in Chapter 3.
‘These are the dedline in blight with distance from the city
centre, and the close relationship between blight and industrial
areas, It is not true to say that blight is increasing. It is
true however that blight is spreading into areas of previously
standard housing while it declines in the innermost part of
the city. Existihg blighted areas are strongly related to

other blighted areas and it might be inferred that poor resi-

9This does not prevent Muth from making this type of
statement, He ignores this problem completely.
R, MUTH, Citles and Housing; the spatial pattern of urban resi-
dential land use, (Chicago, University of Chicago Fress, 1969).
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dential condition itself acts as a "blighting influence".

The extensive litefature on the poor quality of housing
occupied by the black minority up to the nineteen sixties is
summarised and reviewed by McEntire.lo The findings here confirm
this relationship and indicate that it is a strong relationship.
It also holds for other racial groups. Further insight is galned
as to the nature of the relationship through specifying the
inter-relationships between the variables measuring structural
deficiency, covercrowding, non-whites and income., Muth tends to
discount the relationship between blight and the black population,
arguing that it is the low income of the non-whites that is the
major determinaﬁt of housing condition.ll He finds that this
is the case in his study. The findings here demonstrate the
persistence of the black minority group - poor housing rela-
tionship., Taking the notion of residential discrimination against
blacks as a fact in U. S, soclety, the persistent relationship
identified strengthens the implication that continued discri-

mination leads to the minority group being housed in crowded,

lOD. McENTIRE, Residence and Race; Final Report to the
Commission on Race and Housing, (Berkeley, uUniversity of California
Press, 1966),

1lyyTH, op. cit., p. 127.
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substandard accommodation.12

The actual price-quality relationship is not investigated
here, but the survey data indicate that non-white relocatees pay
a very substantial proportion of their income for standard (and
substandard) nousing in areas which are generally inferior to
the rest of the urban area, Some people would term this “gouging".
Math correctly argues that much of the previous literature
is deficient 1n not regarding income as a principal cause of
blight (this is discussed in Chapter three). The findings here
support his conclusion that income is a major causal factor,
The causal models indicate that low income leads to overcrowding.
Math, however, interprets overcrowding as a response to higher
housing prices.13

U, S. housing policy is based on the premise that

12Many people have argued that residential discrimination
eXists, Helperts study indicates that real estate brokers do
practice discriminatory racial policies., The organised community
resistance to open occupancy legislation and the necessity of
having human rights commissions to investigate residential and
other forms of discrimination also attest to its existence.
R. HELPER, Bacial Policies and Practices of Real Estate Brokers,
(Minneapolis, University of Minnesota Press, 1969).,

130n another but related point, these models agree With
Muth's interpretation of the influx of low income in-migrants
as a major stimulus of demand for housing in the central city.
MUTH, op. cit., p. 271 and p. 127.
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owner-~occupancy is the ideal state of tenure. Implied in the
rhetoric on this point is the belief that, given the "stake" in
the property, the owner-occupier will maintain the property.
’Owner-occupiers also generally have a higher 1n¢ome than renters;
thus they may have the resourées to protect thelr "staker,
The data here support the belief that there is a negative
relationship beitween home owning and residential blight. Those
who rent depend on the landlord to maintain the property. As
rent strikes in New York and other cities indicate, they are
often disappointed. Landlord behaviour is crucial to the whole
problem of poor housing quality in urban areas. More studies
of the type carried out by Sternlieb are urgently needed.14

As a consequence of housing and transportation policy
decisions, many people have been uprooted from their residences
and reiocated. Gans and others have suggested that this process
currently leads to relocation in areas likely to be redeveloped
in a few years.15 Other critics have used the term "slum-shifting".
The evidence is slender but at the aggregate level it suggests
that overcrowding does occur in the reception areas and that

deterioration do=s indeed subsequently occur,

14;. STERNLIEB, The Tenement Landlord, (New Brunswick, N.J.,
Urban Studies Center, 1966),

¢ 15H. GANS, The Urban Villagers, (New York, The Free Press,
1962). ‘ _
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Finally, the findings add to our knowledge concerning
an important aspect of the spatial structure of the Chicago
metropolitan area, Although the results are based on the
Chicago mefropolitan area, there are no grounds for not expecting
similar results in other large metropolitan centres in the United

States, Thus, the findings have wider application.

Future Research.

Since this is a complex problem which cuts across levels.
of analysis, there are many possible directions for future research.

One area of research is to seek confirmation of these
results in other cities in the U. S. and for different sizes of
urban areas, Use of Census data makes this possible, Also,
the 1970 Census data will be available shortly. These could
be used to extend the time perspective of the study for the
Chicago metropoliitan area. Unfortunately, data are no longer
collected on structural condition and hence comparability is
not completely possible,

Comparison with Canadian urban areas would also be useful
since the underlying spatial structure of such cities 1s generally
Similar to many U, S. cities., Naturally, the non-white variable
would be less important; perhaps recent Southern European
immigrants might be the corresponding group in this situation.

The present framework could be further examined., The

residuals from regression indicate areas of deviation from the
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regression surface,

Consideration of these areas might lead to the addition
of other varliables to help reduce the residual terms, Linear
relationships between the independent and dependent variables
have been assumed. Determination of the functional relationships
would assist in the development of a model which might include
some non-linear relationships.

The somewhat disappointing results for the analysis
of change in residential blight have already been discussed and
a procedure for creating subsets of tracts based on change
behavior outlined, Some specific hypotheses might be tested
here; for example, that increases in overcrowding occur with
increases in the non-white population andvthat these lag behind
changes in structural condition.

Other wvariables might be added to the set of independent
varlables, Certain hypotheses could be developed concerning the
relationship between educational levels and occupational group and
housing quality. These variables ére important in two ways.
Filrstly, allied to such variables as income and ethnic or racial
character, this creates a set of variables whigh might define
"1ife style"., The underlying hypothesis here is that attitude
toward consumption of housing and quality is a function of

nlife style".16 Secondly, education and occupation are also

16Robert Schmltt, a graduate student in the Department
of Geography at the University of Iowa, is currently investigating
this problem at the aggregate level, using 1960 Census data
for Pittsburgh. His results should be available shortly.
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the principal determinants of income.

An analysis of the process that generates residential
blight would be,stfengthened by incorporating data at the house-
hold level, If these are combined with ecological data, then the
"micro-macro" approach advocated by Dogan and Rokkan is possible.17

Thus, for example, a small section of a "slum" area
might be selected for detailed investigation., Data would be
sought on such variables as landlord maintenance expenditures,
rates of return, investment in property, perception of market
conditions,'attitude toward tenants, etc., For the household;
housing costs, residential case histories, attitude to dwelling
unit and neightourhood, are examples of appropriate variables,
Others might well be considered. Clearly, there might well be
serious problems in data collection, but it is argued here that
these data would certainly assist in the development of explanatory
models.

Poor housing quality 1s regarded as a public problem, It
dbes not seem likely that it wiil disappear if we close our eyes
and wait, If public policy is to be effective, it must be based
on a clear understanding of the processes at work and the nature

of the problem, This study is a first step in that direction,

1714, DOGAN and S. ROKKAN (eds.), Quantitative Ecological
Analysls in the Social Sciences, (Cambridge, Mass., M.I.T. Press,
1969), Introduction, p. 3.
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APPENDIX 1

LIST OF VARIABLES AND DEFINITIONS

1950

1. No private bath or dilapidated, percent -
(Number of dwelling units with no private bath or
dilapidated/all dwelling units) x 100.

2. No running water or dilapidated, percent -
" (Number of dwelling units with no running water or
dilapidated/all dwelling units) x 100.

3. Persons per room, percent -
(Number of dwelling units with 1.01 er more persons
per room/all dwelling units) x 100
The ratio, persons per room, is found by dividing the
number of persons in a household by the number of rooms
in the dwelling unit (where these rooms are used as living
quarters).

4, PForeign born, percent -
(Number of persons born outside the United States/total

population) x 100.

5. Non-white, percent -
(Number of non-white persons/total population) x 100
Non-white 1s defined as Negro and other races which are
not white, e.g., Japanese, American Indian.

6. Negro, percent -
(Number of negroes/total population) x 100.

7. Number of households -
A household includes all the persons who occupy
a dwelling unit.

8. Migrant 1, percent -
(Number of persons who resided in a different county or
abroad in 1949/number of persons, 1 year old and over,
1950) x 100. This variable essentially measures migration
into an urban area. On the one hand, however, nothing 1is
known about the distance moved, and secondly, in very large
metropolitan areas (such as Chicago), persons residing in
a different county may well be within the metropolitan ares.
Such people, however, did move into any given census tract
and can be so classified.



10.

11.

12.

13.

14,

15.

16.

17.
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Migrant 2, percent -

(Number of persons who resided in a different house, but
in the same county, in 1949/number of persons, 1 year old
and over, 1950) x 100. '

Some of the persons in this category have almost certalnly
moved into any glven census tract, but it is impossible to
determine how many of the intra-urban movers should be so
classified; one need only move into the nelghbouring dwell-
ing to be measured by thls variable.

Median income -

The income figure used is the amount recelved by familles
and unrelated individuals before deductions for taxes. Thus,
i1t is an over-estimate of disposable income avallable to
households.

Fertility ratio -

(Nuﬁber of children under 5/number of women between the ages
20-49)

The age group 20-49 has commonly been used to define women
in the child bearing range, although obviously this 1s not
an all-=inclusive category.

Owner-occupied, percent -
(Number of owner-occupied dwelling units/all dwelling units)
x 100. A dwelling unit is defined as owner-occupled if it

‘is owned, wholly or in part, by a member of the household.

All other occupled units are renter occuplied.

Rented, percent - »
(Number of rented dwelling units/all dwelling units) x 100.

Vacant, percent -

(Number of vacant dwelling units/all dwelling units) x 100.
This category includes those vacant units which were avall-
able for sale or rent. :

Single family dwelling units, percent -
(Number of units which are one dwelling unit, detached/all
dwelling units) x 100.

Apartments, percent -
(Number of units in the category "five dwelling units, or
more, in a structure"/all dwelling units) x 100.

Distance to C.B.D. - _

Distance between any tract and a tract in the Loop district
(tract 511) as measured by the straight line distance

(in miles) between tract coordinate points.
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18. Population change, 1940-1950, percent -
(Total population in 1950 - total population in 1940/total
population in 1940) x 100.

19. Change in non-whites, 1940-1950, percent -
(Non-white population in 1950 -~ non-white population in
1940/non-white population in 1940) x 100.

1960

Only those variables which are defined differently from the 1950
variables or are not used in the 1950 analysis are listed.

1.

Deterioreting, percent -
(Number of dwelling units which are deteriorating/all dwelling
units) x 100.

Deteriorating, lacking plumbing facilities, percent -
(Nunber of dwelling units which are deteriorating and lacking
plumbing facilities/all dwelling units) x 100.

Residential blight (1950), percent - '

(Number of units which are dilapidated + deteriorating, lacking
plumbing facilities + sound, lacking plumbing facilities/all
dwelling units) x 100.

Bathroom, shared, or none, percent -
(Number of dwelling units with no or a shared bathroom/all
dwelling units) x 100.

Foreign stock, percent -
(Number of persons, born in the U.S., one or both of whose
parents are foreign born + foreign born/total population) x 100

Migrant 1, percent -

(Number of persons who lived in a different house in 1955,
outside of the S.M.S.A./number of persons five years old and
over, 1960) x 100

Migrant 2, percent -

(Number of persons who lived in a different house in 1955,

in the same central city + number of persons who lived in a
different house in 1955, in another part of the S.M.S.A./
number of persons five years old and over, 1960) x 100

This category, though different from the 1950 variable,
essentially measures the short distance movers within the
S.M.S.A., Agaln, however, it is not possible to distinguish
between those who moved into a tract and those who moved with-
in a tract.
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8. Avartments, percent -
(Number of units in the category, "5-9 units per structure"
+ number of units in the category "10 or more units per
structure”/all dwelling units) x 100.

1950-60

" Twelve of the sixteen variables used in the analysis of
change from 1950 to 1960 are differences in percentage of the
variable in 1950 and in 1960.

e.g. Percent foreign born, 1950 = 50%
Percent foreign born, 1960 = 25%
Change in percent, 1950-1960 = 25%

Three of the other four variables are percentage change
variables i.e. (Value in 1960-value in 1950/value in 1950) x 100
These are population change, change in number of households
and charnge in income.

The fourth variable i1s change in percent of movers.
Since the categories used for residential mobility in 1950 and
1960 are not directly comparable, the best available measure
1s the crude distinction between those in a census tract who
have changed residence and those who have not.

Comment: The variables selected are the operationsl measures for
the hypotheses. Normally, there would be & full discussion of
the cholce of operational definitions, but the prior cholce of
census data (for reasons already stated) means that the varlables
(and definitions) are more or less given.

Although some comments on the variables (and possible al-
ternatives) are made in the text and in the above list, a few
additional remarks might be made.

(a) It is not possible to readily match data on natural
increase with the census tracts. After discussing this problem
with some staff members of the Population and Famlly Study Center
at the University of Chicago, the fertllity ratio is used as a
surrogate measure. However, this ratio varles so little from
tract to tract that it is dropped from the analysls.

(b) To improve the migration data would mean collecting
data on household turnover from public utility companies or tele-
rhone companies. This task 1s clearly beyond the scope of this
study.

(¢c) Most of the variables are self-explanatory and are
reasonable measures for such things as tenure, colour, and immi-
grant origin. Apart from overcrowding, and measures of plumbing
deficiency, the housing varliables are highly subjective. Their



191

reliability is discussed elsewhere (Chapter 2).

(d) The data on the location of public housing and urban
renewal projects and their date of inltiation are from material
provided by the Chicago Houslng Authority and the Department of
Urban Renewal, City of Chicago. The Northeast Illinois Metropol-
itan Planning Commission does not have such information for the
suburban areas, although it may be possible that it 1s avallable
from other sources.

(e) Other data are avallable on demolition totals (not
Just that resulting from urban renewal and publlc housing activi-
ties), but, agalin, the areal units do not readily correspond.
This correspondence problem is a difficult one in urban studies
but is unavoidatle.
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APPENDIX 2
COMMENT ON COMPUTER PRODUCED

MAPS USING SYMAP

It is possible to use SYMAP and create maps showing data
by small areal units within the larger outline, e.g., maps of
data by census tracts. However, given the problems of creating
and verifying a locational grid, and defining an outline for
over 2,000 sub-units this is not attempted. Some precision is
thereby lost since the user cannot refer to specific units (or
tracts). On the other hand, the contour map 1s more like the
natural surface that is discussed in Chapter 1.

These maps are based on a large number of control points
and to show theése on the housing variable maps would merely con-
fuse the user further. The control points are shown on Figs.
32, 33, and 34. Each control point represents a census tract
(and, thus, they are crude population distribution maps). The
1960 set of control points for the city is not exactly similar
to the 1940 and 1950, since there are 845 control points as
against 886 for 1940 and 1950. However, the pattern is very
similar, the major changes belng in those areas where the control
points are very close together (the number of tracts in these
areas were reduced), and in the peripheral areas of the city
where population increases have brought about an increase in
the number of tracts. The map for change 1950-1960 1s based
on 729 tracts. The reason for this smaller number of observa-
tions is discussed in Appendix 5.

One area where a number of census tracts are removed from
the analysis 1s the Central Business District. Because of the
interpolation character of the SYMAP program, however, this area
is mapped; thus, those tracts adjacent to the CBD have a some-
what disproportionate visual effect.

In the course of the description and interpretation of
the housing patterns, reference is of necessity made to a number
of streets, communlty areas, municipalities and natural features.
To avold "over-populating'" the maps with symbols, these are
shown on three overlays which should be used in conjunction with
the maps in Chapter 5. These overlays are Figs. 35, 36 and 37.

Although the provision of separate maps for the central
clty and the suburban areas weakens the notion of a metropoliltan
system, the variation and detall of the central city would have
been substantially reduced in the final coples if a unified map
had been used. As it 1s, some maps are not particularly satis-
factory, and the difference in symbols is obscured in the final
reduction.
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APPENDIX 3
A METHOD TO OVERCOME THE PROBLEM OF

MISSING DATA IN THE CASE OF MEDIAﬁ INCOME

One simple way to overcome this problem is to remove
the observation with missing data from the analyses. This
results in considerable loss of information, however; for 1950,
168 tracts would have been removed and for 1960, 58 tracts.

A more satisfactory procedure is as follows. It is
intultively reasonable that, in general, the socio-economic
conditions in tracts lmmedlately adjacent to those with missing
data, are more similar than in tracts which are increasingly
distant. This follows from the situation that, in many urban
areas, persons of simllar soclo-economle status tend to group
together in residential neighbourhoods. This has been demon-

- strated by research in urban ecology. It would be possible,
then, to replace the missing data by a figure which is repre-
sentative of adjacent tracts, i.e., from the neighbourhood.

Confirmation of the rationale for this argument 1is pre-
sented in Tables 41 and 42 . The near neighbours for every tract,
together with the median income for the tract and each near
neighbour are calculated. The mean and standard deviation of
the difference between the income of a tract and its first near
neighbour for gll first near neighbours, between a tract and
its second near neighbour for all second near neilghbours and so
on, is calculated and tabled. ~The number of observations for
each rank of near neighbour systematically declines with dis-
tance. Since it is possible to have as many near nelighbours as
there are observations, it is desirable to 1imit the number of
near nelghbours, e.g., an area with a radius of one mile might
be an operational definition of nelghbourhood.

The method used here as a 1limit is to sum the population
of near nelghbours tracts as they were sorted and ranked on the
basis of proximity. Once the sum reached 25,000 (an arbitrary
cholce), only those tracts which were closer than tracts already
accepted as near neighbours, and the addition of whose popula-
tion would not violate the 25,000 maximum, were added. Thus, a
continual sorting, acceptance and rejection occurs until the
final 1list of near neilghbours is a list of tracts ranked by
distance and whose population sum approximates 25,000. The mean
median income 1s also calculated for each set of near nelghbours.

The tables show that as distance increases, i.e., as the
rank of the near neilghbours increases, the mean difference of in-
come for all near nelghbours of a given rank increases. It begins
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to decline only as the number of observations substantially
falls to less than a third of the original number of observa-
tions.

This is interpreted as showing that there is an increas-
ing difference between tracts and adjacent tracts as distance
increases. Thus, to use a figure representative of adjacent
tracts as a replacement for missing data seems reasonable.

TABLE 41

Income Differences Between Adjacent Tracts - 1960

Standard Number of
Near Nelghbour Mean Deviation Observations
1 920.85 1192.86 1120
2 1010.53 1244 .17 1112
3 1021.61 1150.87 1030
b 1097.06 1279.63 838
5 1107.97 1250.25 561
6 947.96 1292.56 375
TABLE 42

Income Differences Between Adjacent Tracts - 1950

Standard Number of
Near Neilghbour Mean Deviation Observations
1 525.21 622. 64 777
2 550.87 717.21 763
3 590.56 732.51 692
L 621.43 750.66 567
g 642.98 820.31 375
6 562,32 625.21 245



APPENDIX 4
CONTIGUITY AND RESIDUALS FROM REGRESSION!

To use the standard procedure for contiguity analysis
requires the construction of contiguity matrices, with each
tract which is adjacent to any gliven tract belng listed along-
side of the given tract. Commonly, two definitions of adjacency -
are used -~ a common edge definition and a common vertex defini-
tion.?2 Thus, two contigulty matrices are often created. For
over 1000 observations for each of two time periods, this is a
laborious task. This 1s especially true when the real names of
census tracts, used on the base map, must be converted into
sequential identification numbers to correspond with the set of
residual values.

One way in which thls problem might be overcome 1s to
define adjacency in differerit terms. Thus, adjacency could be
defined as any observation within a specifled distance of a given
tract. If this is done a 1list of near neilghbours can be quickly
calculated since each tract has x and y locational co-ordinates.
Thus, the *"contiguous" tracts are obtained. In a spatlal sense,
however, some tracts are now "contiguous" which may have one or
two othﬁr tracts intervening between the source tract and them-
selves. They represent second and even third "orders" of
contiguity. This ralses serious doubts about the validity of
using the contigulty ratio as normally defined, e.g., as in the
program, VALRAT, written by Anderson to test for randomness in
a spatial pattern.5

17 am grateful to ny colleagués at the University of Iowa
for their helpful comments on this problem, particularly David
Reynolds, Peter Taylor and Clark Archer.

2M. F. DACEY, "A Review of Measures of Contiguity for
Two and K-Color Maps," in B.J.L. BERRY and D. MARBLE (eds.),
Spatial Analysis: A Reader in Statistical Geography, (Englewood
Cliffs, Prentice Hall, 1968), pp. &79-0495.

3The grid system used in this study is the Standard
Location Area co-ordinates provided by the Census Bureau. This
is only available for 1960 and the conversion to the 1950 base
map is a difficult and arduous task.

uBy source tract is meant the tract from which the
ad jacency linkeges are being determined.

5D. ANDERSON, "VALRAT," in D.F. MARBLE (ed.), Some
Computer Programs for Geographic Research, (Department of
Geography, Northwestern University, Special Publiecation, no. 1,
August, 1967), pp. 107-110.
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One possibility is to develop another more appropriate
ratio and, therefore, a new program. Or, the approach used here
can be followed. This uses the concept of adjacency (or contig-
uity) based on a distance limit, which can obviously be allowed
to vary by selected increments. In some respects, this is more
satisfactory than the contiguity definltions using the common
edge and common vertex procedures. For example, where the areal
units are very large in some parts of a study but small in another
section, then, under the o0ld definitions, tracts would be
brought in as contiguous at varying distances from the source
tract -- this 1s a common situation with census tracts in
metropolitan areas. Thus, the values of tracts at varying dis-
tance are adjudged to have an effect on the value in the
source tract. But condlitions may vary considerably in short
distances. The use of this procedure gives greater flexibility
and the effects of the changes in distance can actually be ob-
served. It is also much more efficient for large numbers of
observations.

The procedure 1s as follows: The residuals are obtained
from the regression analysis for each observation. The number
of near neighbours 1s calculated and is limited by specified
distances, e.g., 0.5 miles, 1.0 miles (these are arbitrary choices).
The mean of the residuals for each set of near neighbours 1s
calculated. A correlation analysis is then performed on the
residuals for each tract and the mean residual of its near neigh-
bours. ’

One difficulty here is that the number of near neigh-
bours varies for each observation. In some cases, where the
census tracts are very large, e.g., in sparsely populated su-
burban areas, there are no near neighbours if 0.5 miles and 1.0
miles are used as limits. These tracts are removed from the
correlation analysis. The effect of the varying number of near
neighbours can be assessed by creating, in thls case, two sub-
setgs of tracts -- (a) those census tracts which have 3 or less
near neighbours and (b) those which have 4 or more near neigh-
bours. The mean residual values of the near neighbours are
again calculated for each of the subsets and correlated with the
original tract residuals. Clearly, the number of subsets could
be a varlable -- two categories are rather gross.

The end product then 1s a number of correlation coe-
fficlents measuring the association between the residuals of
all census tracts and all near nelghbours within a specified
distance, between the residuals of tracts which have 3 or less
near nelghbours and the mean residual of those near neighbors, and
between the residuals of tracts which have 4 or more near neigh-
bours and the mean residuals of those near neighbours. There
are as many sets of correlation coefficients as there are dis-
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tance limits specified.

The interpretation is that high correlation coefficients
are an indication of order in the residuals, while low coe-
fficients 1ndicage that there is little assocliation amongst the
residual values. If the latter is the case, the set of inde-
pendent variables in the regression model is a satisfactory
one.

6There will always be correlations among the residuals
and therefore very low correlation coefficients should not be
expected. _
N.R. DRAPER and H. SMITH, Applied Regression Analysis, (New
York, J. Wiley & Sons, Inc., 1966), Chapter 3, pP. 93-94.
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APPENDIX 5
THE NUMBER OF OBSERVATIONS FOR

THE 1950-1960 ANALYSIS

As mentioned in Chapter 5, 1t is not possible to com-
pletely compare the suburban areas so these data are only for
the central city. Even here, however, a number of tracts are
no longer included. Because of boundary changes, this group
of tracts 1s not directly comparable. The speclial report cited
in Chapter 2, footnote 12 on comparability, 1s of limited value.

Proportions are provided whereby tracts which have been
split from 1950 to 1960 can be compared. To use these propor-
tions would require that the assumption be made that all housing
variables were spatially distributed between the split tracts
in the same manner as the number of dwelling units (it is for
total number of dwelling units that the proportions are avalil-
able). This assumption is not made. Given the arrangement of
the data on the data tapes, 1t is extremely complicated to deal
with 1960 tracts which are combinations of 1950 tracts. These
reasons account for the smaller number of observations for the
1950-1960 analysis.
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